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Speedstack Specifications

Maximum layer count 64+
Via rules Conventional, blind and buried
Materials library Foils
RCC foils
Cores
Prepreg
Solder mask
Ident
Peelable mask
Coverlay
Post press compensation Yes (user defined)
Finished thickness Yes
compensation
Cu thickness calculation Yes
Board thickness calculation Yes
User library Yes
Save builds Yes
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Personal Computer Requirements

Computer IBM PC AT or compatible
Processor Pentium 1GHz or better
Operating system Windows 2000 SP4, Windows 2003 SP1,
Windows XP SP1 or later
Environment Requires .NET Framework v1.1
System memory required 512MB recommended
Hard disk space required 200MB (min.)
Video standard XGA (1024 x 768) or higher
Hi color 16 bit or higher
CDROM drive
Mouse Microsoft compatible
Licensing Fixed: Parallel/USB key

Floating FlexLM licence
(Windows servers only)
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Guide To The Manual

Introduction Introduces the Polar Instruments Speedstack.

Getting started with Steps through the process of using Autostack to create
Speedstack — Autostack a simple stack from a set of manufacturer's data.
Using the Speedstack Discussion of the Speedstack user interface; creating

and editing stackups.

Adding controlled impedance Working with the Si8000/Si9000 field solver to add

structures controlled impedance structures to the stackup model.
Using the goal seeking facilities of the field solver to
obtain the correct impedance for a structure.

The Speedstack Materials Using the Speedstack materials libraries, creating new
libraries libraries, adding material to the library.
Design rule checking Using the Speedstack Design Rule Checker to correct

stackup design errors.
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Introduction to Speedstack

The Speedstack Stackup Design System

With its Autostack VSR (Virtual Stack Realization) engine the
Polar Speedstack PCB Stackup Design System is designed
to automate the PCB stack design process and deliver
significant reductions in the amount of time consumed in
PCB stackup documentation and control. Given designer
specifications the PCB fabricator can use the Speedstack
Stack Builder to create in just a few steps the most cost
effective stack for the range of available materials. The
Speedstack offers interconnect designers (PCB layout
engineers), PCB front-end engineers and fabricators a fast
and professional solution to layer stackup creation. The
Speedstack software provides formal documentation for
everyone involved in ensuring the correct materials are used
in the build process. Each potential stack is built by the
Speedstack Autostack Virtual Stack Realization engine over
10000 times in order to predict the finished thickness yield,
providing confidence that production yields will be achieved.

Speedstack PCB

Speedstack is a powerful PCB layer stackup design tool
featuring both automatic layer stackup generation and
powerful stackup editing capabilities. For PCB fabricators
Speedstack PCB interfaces with the industry standard Polar
Si8000m Controlled Impedance Design System. It includes a
link and license for Polar’s Si8000m controlled impedance
design system, using the proven Polar Si8000m multiple
dielectric boundary element field solver to provide the
impedance data for the stack. In addition, Speedstack PCB
licence holders have full access to the stand alone Si8000m
Quick Solver licence.

Speedstack PCB is especially tailored for PCB fabricators
and PCB brokers — any one with a requirement to design or
communicate controlled impedance PCB stackups.
Speedstack PCB customers are able to share stackups and
read impedance requirements from designers who are using
Speedstack Si.




Speedstack Si

For electronic engineers involved in stackup design
Speedstack Si interfaces with the Polar Si9000e
Transmission Line Design System.

Both Speedstack Si and Speedstack PCB are able to directly
output controlled impedance test files associated with each
stackup. For the fabricator this is an ideal way to link the
impedance test requirements to a particular job. For the
OEM this offers a clear method of sending impedance test
specifications out to suppliers or brokers. Designers and
fabricators can work together and select the best material
combinations for minimising build costs. Fabricators can
share their in house material libraries with OEMs and ensure
the most effective material choice is employed in the build.

3 routes to stackup creation

Polar's Speedstack can provide automatically built stacks
with its Autostack facility but users who require more control
over the stack creation process may specify the stackup
semi-automatically with the powerful Stackup Wizard or
alternatively build the stack manually, layer by layer.
Speedstack is flexible and allows full manual editing of
stacks created under the Autostack VSR (Virtual Stack
Realization) engine or the Stackup Wizard.

Easy stackup editing

The Speedstack allows the user to view stackup in 2D or 3D
format. Layer and material annotation is clear and easy to
read and each layer may be selected and queried to display
the associated material type and properties, including the
associated data file. Visible drill information ensures that
designers instantly know which layers support conventional,
blind and buried vias.

Speedstack allows you rapidly to build and share stacks and
verify via aspect ratios and track spacing rules. The stack file
contains base material information combined with layer
description and a complete listing of transmission line
structures deployed in the stack. Keeping all stack
information in one file ensures that manufacturing data is
accurately shared between original designer and fabricator.

Integration with the Si8000/Si9000

The Speedstack is fully integrated with the Polar Si8000
Controlled Impedance Quick Solver and the Si9000 PCB
Transmission Line Field Solver so the user can quickly add
controlled impedance structures to layers in the stackup. The
designer or board fabricator can use the Goal Seek facility of
the Si8000/Si9000 to arrive rapidly at the controlled
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impedance structure parameters to produce the target
impedance.

Materials library

The Speedstack supports a flexible materials library. This
allows the designer to use standard materials data and also
provides the facility to create new material libraries. PCB
fabricators can also build libraries of commonly stocked
materials to give interconnect designers visibility of the
materials held in stock. Speedstack thus supports three
types of library — custom user libraries of materials, generic
designer libraries of materials of given dielectric
characteristics (for example, thicknesses) along with a
comprehensive set of materials libraries from PCB base
material suppliers who are members of the Polar Speedstack
Material Partner program.

Preferred builds

PCB fabricators are able to create and share preferred builds
and exchange the associated information with designers.
Build information also includes blind and buried via
information. This simplifies the task of sharing stackup and
drilling information between board shops and the design
community.

Dimensional information

Finished board thickness is a critical dimension in many
applications; the Speedstack keeps track of the finished PCB
thickness and tolerance, and allows fabricators the flexibility
of adding in-house post-press thickness for prepreg layers.
Additionally, Speedstack takes into account plating thickness
where appropriate.

High layer count boards

On boards with high layer counts it can be very easy to make
a change that would produce a non-symmetrical stack. The
Speedstack Design Rules Check monitors symmetry across
the stack, and ensures that material symmetry is maintained.
Speedstack also makes it easy to set the symmetrical build
mode to ensure that any changes you make are applied
equally across the stack.

Documentation and file format

In addition to saving the stack in efficient electronic format,
Speedstack outputs stack graphics in a variety of formats to
suit your requirements. Stack data may be output in
GERBER, DXF, bitmap, JPEG and XML. In addition, the
stack data can be exported in comma-separated form for
inclusion in other systems. Speedstack’s customisable
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printouts make it easy to discuss alternate builds and pricing
impacts with fabricators.

Applications engineers, front end and production engineers
benefit from receiving stack information in an intuitive, easy
to understand format. The Speedstack .sci file contains full
details of the layer stackup of a particular job. If changes are
necessary or preferred stacks are to be shared with
customers, Speedstack can cut the time for documentation
and information sharing to a fraction of the time taken when
employing traditional methods such as spreadsheet, word
processor or presentation software.

Supplier management

When multiple-sourcing PCBs or when moving from
prototype to volume production, the stack and fabrication
design rule checks ensure that the manufacturing capabilities
of your chosen suppliers are not overlooked. In addition the
professional documentation output from the SB8000/SB9000
ensures that layer stack information is accurately conveyed
to PCB suppliers.

Graphical interface

The Speedstack offers an easy to interpret graphical
interface. Clearly showing the layers supporting blind and
buried vias, the Speedstack also records the data file for
each layer (including ident and peelable mask layers). The
graphical interface is especially designed to simplify the
process of communication between interconnect designer
and fabricator. OEMs who need to manage boards sourced
from multiple suppliers will also find this facility invaluable. In
addition to physical layers Speedstack adds mask and
notation for electrical layers.

4 o Speedstack 2008 Automated PCB Stackup and Construction Builder



Installing Speedstack

Installing and activating Speedstack

It will be necessary to install and activate the product license
and set operating options prior to building stacks or
performing calculations with Speedstack. Consult your Polar
representative for installation/activation directions.

Uninstalling the software

Caution Prior to uninstalling, make a copy of the Speedstack
folder structure and store in a safe place.

To uninstall the Speedstack software, click the Windows
Start button and choose Settings and Control Panel.

Double-click Add/Remove Programs and choose Speedstack
from the list. Click Remove.
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Getting started with Speedstack — Autostack

Creating a stack with Autostack

The Polar Instruments Speedstack PCB Stackup Builder
allows users to create and modify stacks manually via the
Stack Editor or automatically using Autostack. This section
steps through the process of using Autostack to create a
simple stack from a set of manufacturer's data. When
completed the stack will be transferred to the Stack Editor for
manual editing.

Autostack offers three methods of specifying dielectric height,
Finished thickness, Isolation distance and Auto Generate.

Dhelectric Height Data
" Finished Thickness

" Isolation Distance

" Mo Generate

In this example we assume the values of dielectric height are
unknown and select the Auto Generate method. For a
discussion of calculating dielectric height with Speedstack
refer to Polar Instruments Application Note AP507.

When using Auto Generate the dielectric heights are
calculated automatically so only the following information is
required (the manufacturer's sample data values chosen for
this example are typical for a standard PCI card):

e The overall board thickness — in this example we
specify 64 mil (1.6mm) = 10%.

e Build type (foil or core)

¢ A reference dielectric constant — in this example, 4.2.

e The controlled impedance requirements:

— 50 ohm (£10%) single-ended on Layer 1 referenced to
Layer 2. Trace width (W1) 22 mil ~ 0.56mm.

— 100 Ohm (£10%) differential on Layer 1 referenced to
Layer 2. Trace width (W1) 13 mil ~ 0.33mm, Separation
(S1) =9 mil ~ 0.23mm.

6 ¢ Speedstack 2008 Automated PCB Stackup and Construction Builder



— 100 Ohm (£10%) differential on Layer 3 referenced to

Layers 2 and 5. Trace width (W1) 6 mil ~ 0.15mm,
Separation (S1) — 7.5 mil ~ 0.19mm.

— 75 Ohm (x10%) single-ended on Layer 6 referenced to

Layer 5. Trace width (W1) 9.5 mil ~ 0.24mm.

The trace dimensions and their tolerances — + 20%.

Finished copper weights — 10z, 1.4 mil (35um).

Solder mask requirements.

Inputting designers’ information into Speedstack

When Speedstack is first opened the Stack Builder screen is
displayed. The Stack Builder screen allows for selection
between stack data, the project defaults and stack overview.

The Stack Data screen provides a data entry interface for

Stack Data l Defaults ] Ohverview ]

specifying stack parameters and predefined material filters.

Creating a new stack

From the File menu Choose New to begin a new stack. The

Stack Data screen is displayed; enter the values from the

manufacturer's data:

Stack Data

Build Information

MNumber of Layers 6 hd
Board Thickness 64 Preferred Core Thickness 12
Positive Telerance % o Maximum Prepregs/Substrate Region 3
Negative Tolerance % w Minimum Prepregs/Substrate Region 1
Symmetrical v Stack Selection Criteria
@+ Reduced Prepreg Types " Thickness Accuracy
Flane Layers 1
3
4
Dielectric Thickness Tolerance % 10
[
Mixed Layers 1
‘2: Build Type
i + Foil " Core " Seguential/HDI
6
Nominal Dielectric Constant 42
Solder Mask Top. i il
Soldermask  |Liquid Photolmageable Mask SM/001 J Clear
Cancel | Finish | Next > |
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Adding stack data

For this example we specify a board thickness of 64 mil
(1.6mm) and a tolerance of 10%.

We specify a symmetrical build, designate layers 2 and 5
plane layers and choose a solder mask from the materials
library. Note that for a symmetrical build it is only necessary
to specify a mask for the top layer.

We specify a dielectric constant of 4.2, a preferred core
thickness of 12 mil and a maximum of 3 and minimum of 1
prepreg per substrate region and choose to build the stack
with a minimum of prepreg types (in some applications
accuracy of finished thickness will be of greater importance
than reducing the number of prepreg types).

For this example we specify a Foil build. Click Next to
progress to the Add Drills screen.

Electrical Layers ]
Column First Electrical Layer No Second Electrical Layer No
1 = i =l fs =]
Drill Information Hole Information
* Mechanical Hole Count
" Laser "I[.‘DG—
[v Through Plated Different Hole Sizes
Data Filenames 0
‘ Minimum Hele Size
20.0000

Add | Delete Last Delete All

Cancel <Previous | Finished Mext=

Adding drills

From the Add Dirills screen choose the drill type, mechanical
or laser and, for each drill, the first and second electrical
layers; click Add. Up to six drill columns can be specified; for
this example we specify a minimum hole size of 20 mil.
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Changes made to the stack are reflected in the stack
overview graphic. Click Next to display the Project Defaults
screen

Use the Defaults screen to provide controlled impedance
structure defaults for the current Autostack session.

Project Defaults
Trace Width e
Gap Width 6
Trace Tolerance % 20
Default Copper Thickness Caore r Fail IE_’i
Etch Factor for Layer: Inner 0.5 QOuter |17
Impedance Tolerance % 10
Adjustment Alowed [+
Adjustments
Adjust Impedance [v
Adjust Trace Width v
Adjust Impedance First -
Adjust Trace Width First o

The Project Defaults screen provides default values as a
starting point for the impedance structures and other settings
and provides for minor adjustments of impedance and trace
widths to allow the Si8000/SI9000 goal seeker to produce a
stack meeting all specifications.

Set trace and gap widths, copper weights and etch factors to
the values shown.

Impedance and trace width adjustments

Click the Adjustments Allowed check box to enable the
adjustments options and allow the target impedance and the
trace width to be adjusted within specifications; allow the
trace width to be changed first. Click Finish; the screen
returns to the Stack Definition Page with its graphical
representation of the data fields.

With the stack defined we can add the finished copper
weights and the impedance structures. In this example
symmetrical mode has been selected so layer type and H
values are disabled on the lower half of the stackup.
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Note: Although the stack is defined as symmetrical,
controlled impedance structures can be specified on an
individual layer basis.

Base 0.7000 Finished 0.7000 Coverage % |0
Impedances
1 2| o] a] a] o
Signal n | il | il | il | n |

Base 1.4000 Finished 1.4000 Coverage % |0

|Impedances
2 2| 2| a] a] al|
Plane n | n | n | il | it |

H 0 Er
Base 1.4000 Finished 1.4000 Coverage % |0

Impedances
3 2| 2| a] a] a]|
Signal n| n| n| n| ﬂ|

M e

Adding copper weights

The stack is symmetrical so only the top half of the stack is
shown. The finished copper weights — 1.4 mil ~ 35um — are
taken from the sample designer supplied data. Note that the
signal and plane layers and core and prepreg layers are
shown as designated.

From Dielectric Height Data select the Auto Generate option
to enable Autostack to derive dielectric heights automatically.

Edit

Dielectric Height Data

" Finizshed Thickness
(" |zolation Distance

{* futo Generate
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As symmetrical mode has been specified it is not necessary
to setup layers 4, 5 and 6. Stack definition data supplied for
layers 1 — 3 will be reflected into the lower half of the stack.

P :
Dielectric Height Data
Base 0.7000 Finished W Coverage % lr " Finished Thickness
imeegences " |sclation Distance
1 2o | i i i
¥ Auto Generste
Signal il | il | fl | fl | il |
H 0.0000 Er G;I::?ate E
Base 1.4000 Finished 1.4000 Coverage % |0.0
i Impedances . Rapid Stack ?
2 ol e I (I |
Plane 1 | 1 | 1 | 1 | 1 |
H 0. 0000 Er
Base 1.4000 Finished 1.4000 Coverage % |0.0
i~ Impedances |
3 ol e I (I | E
Signal g |lm | g |lal] &l
- Ste!ch
H li[.‘-.l}[‘r[)ﬂ Er ,7 Editor

Adding impedance structures

Click the upper left Impedance button on Layer 1 to specify
the first impedance structure via the Structure Data dialog —
50 ohm (£10%) single-ended on layer 1 referenced to layer 2.
Trace width (W1) 22 mil ~ 0.56mm.
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Target Impedance 50.00

= :Di_ﬂerential Target Tolerance % ’W
Lower Trace Width w1 22,0000
Upper Trace Width W2 |21.0000

I Coplanar Trace Separation 51
Ground Strip Separation D1 fooooo
Trace Offset o1 ’—

I~ Critical Structure Lower Ground Strip Width G1

Upper Ground Strip ‘width G2
Upper Reference Layer
Lower Reference Layer

Cancel | Apply | |

Z|

Click Apply and repeat for the remaining structures on their
associated layers.

Base 0.7000 Finizshed 1.4000 Coverage % |00

Impedances
1 sos | wo| a| o o |
Signal [ T O T

Up to ten impedance structures may be specified for each
layer, note that for each impedance defined the omega
symbol has been replaced with text describing the structure.

Click Auto Generate to create a set of candidate stacks that
match the stack definition criteria.

Cost Mumber Of Prepreg Type | Lead Time o 3o Mominal Thickness |+3 0
h_

65 7 2 0 09843 629306 6586 68.84

BB 6 1 0 211739 597683  GE16 724762
&7 6 2 ] 18302 623368 6BO6 73677
67 7 2 0 14114 61888  BRI16 70.3575
BB 7 2 ] 18455 625323 6B16 736055
68 ] 2 0 15683 614105 BR1E 70.8241
BB ] 2 ] 16158 612288 6606 70,5238
69 9 1 0 16311 61168 BE.16 70.9544
70 ] 2 0 17704 6280%3 6BI16 734316

Using the Stack Preview screen, examine each stack and
sort the stacks by cost, mean thickness, lead time for
materials and the sigma functions. It will normally be most
appropriate to choose the most cost effective or the most
accurate stack, taking into account the material costs and
availability, process costs, design parameters, etc.

Click Retain original specified trace width, select the stack
and click Apply. With the virtual stack chosen Speedstack will
re-validate all impedance structures and open the Stack
Editor window. See Using the Speedstack Stackup Design
System for a detailed discussion of the Stack Editor.
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Using the Speedstack Stackup Design System

The Speedstack Stackup Design System

Double-click the Speedstack icon to start the Speedstack
program.

In installations with the Autostack (Virtual Stack Realization)
feature activated Speedstack opens the Stack Definition
screen; otherwise the Stack up Editor screen is displayed.

E‘LESpeedstack PCE Stack Up Builder:  Stack :Untitled.stk Project : Eval Mil.sci ;lilﬁl

File Edit Stack Tools ‘Window
Edit

i Dielectic Height Data

Stack Data I Dafaults | Qvarview |

Mumber of Layers g

Board Thickness &0 [o.7000] Finished ™ Finished Thickness
: b i Impedances
Pogitive Tolerance = 10 1 TeH] lolion Diterice
Megative Tolerance 2 10 n
Auto Generate

Symmetrical I Slgnal

—Filters . £t :
P ENEdle
Fails |POIar Samples LI i
Cares PalarSampl -
I ‘alarSamples _I Boie 1.4000 Finished 1.4000 Coverage %

Prepregs |POIar5amples LI I~ Impedances Hapid Stack

—Build
& Foil ) Core € Sequential

Nominal Dielectric Constant

42

Prefened Core Thickness 8 Base 1.4000 Finished 1.4000 Coverage %
3 | Impedances
— 3

Stack Selection Criteria Slgnal
’7 ' Feduced Prepreg Types  Thickness &ccuracy ‘

WValidate
Stiuctures

M axirnum Prepregs/Substrate Region

tinimum Prepregs/Substrate Region Generate

Stacks

Stack
E ditor

A

Mairnurn Number OF Stacks

Il

Dielectric Thickness Tolerance %

Base 1.4000 Finished 1.4000 Coverage % IU-U Test |
[ Impedances
4 — i "
Enter Data o

The Stack Definition screen

This section provides a brief introduction to the Autostack
process. Detailed Speedstack definition training
documentation is available from Polar Instruments.
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Creating a new stack with Autostack

From the File menu select New to initiate a new stack. Most
initial data are provided from the Configuration Options.

Stack data

In the Stack Data section, select the required number of
electrical layers and specify the board thickness and the
dimension tolerances.

Specify the plane layers, mixed layers, dielectric constant
(Er) and solder mask type.

If Symmetrical build is specified it will only be necessary to
define the “top” half of the stack; Speedstack will reflect the
supplied settings into the lower half of the stack.

—Stack Data
Muriber of Layers
Board Thickness 0
Positive Tolerance % 0

Megative Tolerance % 0

Symmetrical

Flane Layers

ixed Layers

1 ;mj

Maminal Dielectric Constant

Solder Mask Top - Salder Mask Bottom r

Soldermask _I [Clear, |

If solder mask is to be used click the Solder Mask browse
button to open the library at the Solder Mask database.

NIEAA?
A ————

Supplier SupplierDesc Description Stock Num| Mask| Dielectric Con Colour| Typ & | Cost | Tolerance | Lead Time

» PolarSsmples  SM001 Liquid Phot 500001 1 4 Grean SoldarM 0.5 10 0
PolarSamples SM002 Liquid Phot 500-002 1 4 Green SokderM 0.6 10 1]
PolarSsmples  SM003 Liquid Phot 500-003 1 4 Bluz  SoldarM 0.6 10 0
PolarSamples  SM004 Liquid Phot 500-004 1 4 Red SoldarM 1 10 1

Select the mask and click the Add Material Above button;
mask will be added to the top side (or both sides for a
symmetrical build.)
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Build Information

Use the Build Information section to refine the build
parameters used by the Virtual Stack Realization engine.

Specify the preferred core thickness and the maximum and
minimum numbers of prepregs per substrate; use the Stack
Selection Criteria option box to direct the Autostack engine to
design the stack for the lowest number of prepreg types or
for accuracy of finished thickness.

Specify the tolerance for dielectric thickness and the build
type (Foil, Core or Sequential build).

r—Build |nfarmation

Prefemed Core Thickness I8
Marimum Prepregs/Substrate Reaion |3
Minimum Prepregz/Substrate Region I'I
Stack Selection Critena

’7 * Reduced Prepreg Types " Thickness Accuracy
Dielectric Thickness Tolerance % I'I 0
Build Type

’7 " Foil " Core " Sequential/HDI

If required these defaults can be changed (for this project) on
further pages. In addition, drills can be added or lamination
and HDI sequences can be defined.

With the stack defined, for Foil or Core builds click Finish; all
other parameters will be defined from the Tools/Options
settings.

If Sequential/HDI is chosen via the Build Information screen
click ‘Next’ to define the sequence.
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Defining sequential builds

Define Sequential Build

=
=
1=l
ZX—
]!
*
[l
I
(wy]
P
(wy]

Sequential build toolbar

Type | stack
N

Type Il stack
N

Type Il stack
N

* | Set number of foils added to foil build

Foil build subsection with one core

Foil build subsection with two cores

Foil build subsection with three cores

Set number of cores in foil build subsection

= Reset to foils and prepregs
FB

Reset to foil build
CB

Reset to core build

Upon first entry to the Define Sequential Build screen the
stack view shows that the stack consists simply of foils and
prepregs. The stack can then be defined as required.

Using the toolbar buttons shown above preset combinations
can be defined.

16 e Speedstack 2008 Automated PCB Stackup and Construction Builder



Sequential build combinations

Name [Tooltip Purpose

1N1 Type | Makes foil build stack with 1
extra foil on either side

2N2 Type Il Makes foil build stack with 2
extra foil on either side

3N3 Type Il Makes foil build stack with 3

extra foil on either side

XNX Set number of foils [Makes foil build stack with X
to be added to foil extra foil on either side

build
F1CF  Foil build sub- Makes multiples of foil built
section with 1 core sub-sections with 1 core in sub-
section
F2CF  [Foil build sub- Makes multiples of foil built
section with 2 cores sub-sections with 2 cores in
sub-section
F3CF [Foil build sub- Makes multiples of foil built
section with 3 cores sub-sections with 3 cores in
sub-section
FXCF [Foil build sub- Makes multiples of foil built
section with X cores |sub-sections with X cores in
sub-section

Reset |Resetto Foils and |Makes stack simply of foils and
Prepregs prepregs probably as a start
point for a more complex
laminated stack

FB Reset to Foil Build Makes a foil build stack
probably as a start point for a
more complex laminated stack

CB Reset to Core Build Makes a core build stack
probably as a start point for a
more complex laminated stack

To produce non-standard sequences it is possible to start
from any predefined sequence and by changing components,
from combinations of foils and prepreg to cores and vice
versa, any sequence can be defined (both practical and
impractical.)

To select multiple components hold down the control key
while left-clicking on materials.
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Right click options

Right Click

Action

Single Foil

Mirror (invert) Foil

Single Prepreg

Nothing

Single Core

Convert to components, i.e. Cores
and Prepreg

Two Cores with a
prepreg sandwiched
between

Convert to Core

N Materials

Copy block, this will copy a block
of materials for pasting elsewhere
in the stack. NB this will only copy
the materials not copper layer

types

Single Copper Material Paste Block this will paste a block

of materials in four different
orientations

Adding drills

|Add Drills N

Colurrs First Electrical Layer No Second Electical Layer No
[1 7] | 7| b
& Mechanical el
C Laser 0
I T Py Different Hole Sizes
Dala Fienames 0
Minimur Hole Size
0.0000
Add Delote Last Delete &l
Cancel viaus | Finished | s |

Drills are added in a similar manner to that below, see Core

layer Information.
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Project defaults

— Project Defaults
Trace ‘width

Gap 'width
Trace Tolerance %
Default Copper Thickness Care Foil 0.7

|1 A
Etch Factor for Layer: |fter ID-5 Cuter

Impedance Tolerance % 10

Adjuztment Allowed

—Adjustments

Adjust Impedance

Adjust Trace YWidth

Adjust Impedance First
Adjuzt Trace 'width First

il

The Project Defaults screen allows the Tools/Options
defaults to be overwritten for the current project only. It also
allows for the setting of allowable adjustments to be made in
the Automatic generation of stacks.

Allowing adjustments during goal seeking

When goal seeking takes place the initial goal seek is
performed using the nominal values provided. Should that
fail, the user may allow the target impedance and/or the
nominal trace width to be varied in an attempt to find a
solution.

The Adjustments Allowed check box enables the
adjustments options: whether the target impedance and/or
the trace width can be adjusted and, if both are allowed,
which should be changed first.

When the Stack has been fully defined the screen returns to
the Stack Definition Page.
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Stack Definition page

'-;"Eﬁpeedstack PCB Stack Up Builder: Stack :Untitled.stk Project : Exal
File Edit Stack Tools Window

Stack Data | Defaultsl Dverview

Mumber of Layers

]
Board Thickness IED
Pozitive Tolerance % I1 0
Meqative Taolerance & I1 0
Syrmmetrical r
—Filkerz
Foilz IF'u:uIar Samples j
Cores IF'u:uIarS amples j
Frepregs IF'u:uIarS amples j
—Build
% Foil " Core ) Sequential
Mominal Dielectric Caonstant 2

Preferred Core Thickness

b aximum Prepregz/Substrate Region

{11

tinimum Prepregz/Substrate Region

Stack Selection Criteria
’7 {* Reduced Prepreg Types " Thickness Accuracy

b awirnurn Murmber OF Stacks 10

|

Diglectrc Thickness Tolerance & 10

Enter D1ata

The left-hand side of the Stack Definition screen includes a
series of tab-pages showing a summary of the data which
has been selected. The screen also includes the means of
selecting, via filters, the materials from the current library
which are to be used. Many of the parameters provided in
the definition stage can be amended.

20 ¢ Speedstack 2008 Automated PCB Stackup and Construction Builder



Filters

Where it is envisaged that a filter or set of filters will be used
regularly then that/those filter(s) should be saved with the
name “Default”. These will then be the default filters loaded
on launch; they should be paired with the correct default
library defined in the Tools/Options.

If a filter named “Default’ is not available then the Filter with
the name which occurs first in alphabetical order will be
loaded on launch.

Stack Data Defaultsl Owverview I
Trace Width IE
Gap Width IE
Trace Tolerance I2D
Default Copper Thickness Core |1 4
Foil IU-?
Etch Factor for Layer: Inner IU-5
Outer I'|
Impedance Taolerance % |1 ]
Adjustment Allowed v
—Adjustments
Adjuzst Impedance v
Adjuzt Trace YWidth Il
Adjuzst Impedance First g
Adjust Trace wWidth First g
Enter Data
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Stack Overview

Stack Data| Dot DV

Enter Data

Clicking on any material in the Overview screen will cause
the stack representation to jump to that material, aiding the
input of data on large layer count stacks.

Speedstack will accommodate dielectric heights (H)
calculated on the basis of finished thickness or isolation
distance. H values are extracted from the stackup and used
for calculating impedance (via the integrated Si8000
Controlled Impedance Quick Solver or Si9000 PCB
Transmission Line Field Solver) in controlled impedance
structures included in the stackup. H is the effective height of
a dielectric substrate after the pressing of the stack.

The VSR engine will calculate for the minimum number of
prepreg types (for ease of manufacture or minimum cost) or
accuracy of board thickness at the user’s option.
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Specifying finished thickness

Finished thickness is the thickness of a prepreg after
pressing between two solid sheets of copper, and should be
defined in the materials library; it will be a lower value than
the Base Thickness. Its value will be dependent upon the
board shop’s process parameters and is a critical dimension
in many applications.

Speedstack keeps track of the finished thickness and
tolerance, and allows fabricators to add in house post press
thickness for prepreg layers, taking into account plating
thickness where appropriate.

100% Copper

Finished Thickness

100% Copper

Copper may be embedded into the prepreg from either or
both sides. Embedding copper in the prepreg reduces the
thickness from the Finished Thickness. This reduced
thickness is referred to as the Isolation Distance (see
diagrams below).

\\_ \\\\ \\ \\ \\\\ \\

Isolation

H Value Distance

/./' /,// // // /,// //

Note: where more than one prepreg layer is involved the
reduction is averaged across all the prepregs. A figure for
Isolation Distance of less than zero implies an impossible
build (i.e. the embedded copper totals more than the
thickness of the prepreg).

Plane
T [solation
H Value Distance

| |

// /,// /./ /./' /,// //
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The H Value is the sum of the isolation thickness and the full
thickness of the adjacent copper(s). See Polar Instruments
Application Note 507 for a discussion of calculating dielectric
height with the Speedstack.

Adding controlled impedance structures

Apply the Stack Data and click on the Impedance buttons to
add the controlled impedance structures for each layer,
setting trace widths and H values if available. Up to ten
structures may be specified for each layer; if the H values
are unavailable then set for Autogenerate.

If a set of structures is required to be placed on more than
one copper layer, define them on one layer, right click on that
layer and select ‘Copy Structures’. Right click on the layer to
receive these structures and select ‘Paste Structures’. Be
aware that pasting structures will overwrite any existing
structures on that layer, so define the common structures
first then add any additional structures.

Critical structures

When defining structures for a layer a critical structure for
that layer can be selected. This is the structure that will be
the basis for all goal-seeking on that layer. The default
critical structure is the one which has the widest trace width.

Validating structures

Click Validate Structures to validate each specified controlled
impedance structure; valid structures may be unachievable
with the current settings (H, trace widths, etc.); it may be
necessary to return to the board designer to resolve. With all
structures validated generate the stacks.

With all structures resolved the Speedstack will generate a
series of stackups along with the associated costs.
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Reviewing the stack

Candidate stacks are displayed in the Stack Review screen
(below). With the stacks generated, from the Stack Review
screen specify the calculation method:

trim the trace widths to obtain the optimum impedance
calculate the impedances with the original trace widths
perform no impedance calculations.

£l Speedstack PCB Stack Up Builder: Stack Review: 60
Window

Cost Lead Time |o Mean Thickness |+3c

’ -_
14292 5 DBJS &1 42 55 669

0
84 ] 12234 B77377 6142 65.0784
54 ] 12288 577307 6142 65.1036
64 ] 12479 576378 6142 65.1254
64 ] 1277 576098 6142 £6.2715
66 ] 1267  Bieded 6142 £5.2485
62 0 14153 572076 6142 65.6992

] 14316 570863 6142 65.6858

0

68

70 12085 57823 5142 65.0803

Cancel | Bpply

The Stack Review screen

With the stacks displayed in the Stack Review screen,
choose from the list of generated stacks and click Apply.

The completed stack will be transferred to the Speedstack
Stackup Editor in asymmetrical mode.

Switch between the Speedstack screens, the Stack
Definition screen, the Stack Review and the Stackup Editor
screen using function keys, F10, F11 and F12.
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Editing the stack

The completed stack may be edited in detail via the Stack
Editor. The Stack Editor screen displays all details of the

stack, including copper and prepreg materials, solder masks
and ident layers, drilling information, controlled impedance
structures and design rule check results. Controlled
impedance structure data may be transferred between the
Speedstack and the associated Polar field solver to goal
seek for the target structure dimensions.

| Stack UpEditor] DRE: 0 Controlled Impedance |

ﬂESpeedstack PCB Stack Up Builder:  Stack :Untitled.stk Projeck : Eval Milsci == ﬂ
File Edit Wew Tools Window Help

Ere et — e —— > 55 D.
RAT RS XO=2==7771Tr 93 A

XX 2T OE

L7 I<|(|W) >]

Substrate 1 Height
Substrate 1 Dielectric
Lower Trace Width
Upper Trace Width
Trace Thickness
Coating Above Substrate
Coating Above Trace

Coating Dielectric

Impedance

Target Impedance

Tamat Trlaranra %

H1 |7.3500

En [4-2000

wilizzsm
welizzso0
T [o7oom
o oo

C2 |1.0000

EErI-l 0000
Zo I-dS a7

50.00
nn

1

Board Thickness Target = 60.00

Actual= B3.45

W 1 30.2888.13779

v

The Stack Editor screen

The Speedstack Stack up Editor screen comprises:

e The menu bar — drop-down menus containing all the
Speedstack Editor commands

e The tool bar — incorporating short cut tool buttons to
the most common menu commands

e The stackup build and construction window — where

the board stack up is built and edited

e The Controlled Impedance window displaying the
controlled impedance structures (if any) for the

selected layer.

e Stack Up Editor/Notes tab— a free form text area for

explanatory or commentary notes
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¢ Design Rules Check (DRC) tab — allows design rules
and manufacturing constraints to be specified and
violations displayed

e Stack Up Information properties area — table
containing information related to the whole stackup

e Selected Item Information area — properties table
containing the attributes of the layer currently selected
in the stackup

The Speedstack Menu System

The File menu

The File menu allows for creation of new stackups and
projects and opening, saving, printing and converting existing
stackups and projects.

Hews M Stack Up Wizard... Ctrl+Shift+N
Open Stack... Ctrl+0 Empty Stack Up Ctrl+N
Open Project... Ctri+A

Save Stack Ctri+5
Save Stack As... Ctri+shift+5
Save Project Ctri+B
Save Project As... Ctri+shift+B

Convert Existing Files

Export To L4
Import XML

Print... 4

Properties

Exit cirl+q

Saving stackups

Click the Save button to save the stackup. Users are
recommended to save the stackup frequently during the
stackup creation process to avoid data loss; stackups are
saved as .stk files, speedstack projects are saved as .ssd
files.

Saving projects

Stackups that incorporate controlled impedance structures
are saved as projects. Use the Save Projects command to
save a stackup and its controlled impedance structures;
projects are saved as .sci files.

Printing stackup information

To print the stackup information, choose the Print...
command from the File menu.

Full Print
Summary Report
Print Technical Report
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Select print options from the Print sub-menu:

Full Print includes the full stackup graphic (in either 2-D or 3-
D aspect) with details of stackup layer materials and
controlled impedance structures (dimensions, impedance,
tolerance, etc.)

Summary report includes a 2-D diagram and details of
materials in the stackup and controlled impedance structures
Print Technical Report A includes the Summary Report and
information entered into the Stack File Properties.

Print Technical Report B is a revised version of Technical
Report A with options to print drilling and select data columns
(see below).

Technical Report B

The Technical Report B print format provides options to
customise the printout of the stackup and controlled
impedance data. Select this print option under the File menu,
the Printing window will appear showing a large preview of
the printout.

% Speedstack Report Printer

u,.,|ww
{1 o
e e e e e =

S
e =]
= E e e

Use the File menu under the Printing window to save and
load print settings.

File Options
Save Print Settings
Load Print Settings

Exit

Whichever settings were last used in a session will become
the default when the Printing window is next loaded.
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The options menu contains all the settings for printing.

e Page Setup: standard page setup dialog to change
paper sizes, printer (hardware) settings and margins.

e Stack Data Columns: select, combine and order the
data columns available for the stack as desired.

e Font Size: a range of fonts sizes to print at.

e Margin Guides: Toggles on and off a boundary
marking the margins of the page.

e Colors: Allows for the colors of printable items to be
customised.

e Note Field Aliases: allows for the 5 free-text note
fields (under material properties and material library)
to be given a descriptive name when printing.

¢ Print Order: toggles the ordering of the Stackup notes
and the Controlled Impedance table.

e Polar Logo: toggles on and off the Polar Instruments
logo.

e User Logo: toggles on and off the user-defined logo
(as set in the application configuration).

¢ File Path: toggles on and off the file path/file name
e Drills: toggles the drilling on and off
e Copyright: toggles on and off the copyright information

e Data Number Format: sets the precision of numeric
data in the printout.

e Board Thickness Value: sets the board thickness
value to either Percentage or Absolute/Actual.

¢ Restore Default Settings: resets settings to the default

e Data Alignment: specifies alignment (left, centre, etc.)
for stack and impedance data

Options
Page Setup
Stack Data Columns. ..
Font Size 3
Margin Guides 13

Colours

Mote Field Aliases
Print Grder

Polar Logo

User Logo

File Path

Drills

Copyright

Data Mumber Format
Board Thickness Valus
Data Alignment

T T YT WY T

Restore Default Settings
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Assigning properties to projects and stackups

The stack file Properties dialog may be displayed
automatically each time a new stackup is created (see
Tools|Options|General) and provides a range of text fields for
descriptive information, e.g. stackup author, company name,
file create date, stackup name, version, etc.

From the File menu choose the Properties command to add
descriptive text fields — information contained in the
Properties dialog will be displayed on stackup printouts.

To display the Properties dialog each time a new stackup or
project is created, from the Tools menu choose Options and
click the check box below on the General tab

‘W Msplay File Properties Dialog for New Stackups and Projects ‘

Exporting stackup information

Speedstack incorporates the facility to export printed output
in XML, Gerber, DXF, CSV as well as graphic image formats.

From the File menu choose the Export To command and
choose the format from the Export To sub-menu.

%ML File
Gerber...
D&F...

C5V...

StackUp Image

Backing up stackups and libraries

It is strongly recommended that stackup files (assigned the
.stk extension), project files (assigned the .sci extension) and
library files (assigned the .mlbx extension) be backed up to a
secure location.

The Edit menu

e

Core
RCC

| Prepreg

Set to Signal Soldermask
Set to Plane Coverlay
Set to Mixed Ident

i 1 Peelable
Copy Ctrl+5hift+C
Paste Above Cirl+5hift+A Crill
Paste Below Cirl+5hift+8
Delete Cirl+Del
Swap Ctrl+Ins
Mawve Up Ctrl+U
Move Down Cirl+D
Properties Ctrl+I
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The Edit menu contains the commands necessary to create
and modify board stack ups. The designer or fabricator
works within the free-form stackup build and construction
window and adds layers of core, prepreg, foil, etc., from the
materials library. The items that can be edited depend upon
whether the Stack Up Editor or Controlled Impedance tab is
selected.

Layers can be changed to signal, plane or mixed, moved up
or down or copied and pasted, or assigned properties as
required.

The Speedstack will apply design rules to the finished
stackup to ensure compliance with good board design, (for
example, the Speedstack will check for symmetrical layers,
misplaced layer types, adjacent copper layers, etc.)

The View menu

The View menu allows the Speedstack to display the stackup
in a 2-dimensional or 3-dimensional aspect.

The Speedstack toolbar

The Speedstack toolbar comprises shortcut links to the most
popular commands.

EATO S XO-==/,771T7 00 20 i AEE

Note: the toolbar buttons will activate/deactivate to allow
stack editing or controlled impedance calculations. Pause the
mouse over each tool button to display the tool's screen tip

File operations

==

: Create new stackup
1 Stackup Wizard
Stack Building Operations
- et

' Symmetrical Mode
Mirroring Mode
="
= Add layer to the stackup

Click to select the layer type. The list of layer types is
displayed in the associated sub-menu.
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Layers available include:

Foll... Add foil layer to the stackup
Core... Add core layer

Prepreg... Add prepreg layer

RCC... Add resin coated copper layer
Soldermask... Add solder mask

Coverlay... Add Coverlay layer

Ident... Add screened ident layer
Peelable... Add peelable mask

+
ﬁ. Add mechanical/laser drill between layers

Editing the stackup

Delete selected stackup layer or drill

Swap selected material

Copy material of the selected layer

_—
% Paste material above selected layer

Paste material below selected layer

& Set the selected electrical layer as a signal
layer

Set the selected electrical layer as a plane

Set the selected electrical layer as a mixed
signal/plane layer

Move selected layer up one layer

Move selected layer down one layer

Display properties dialog for the selected
= layer or drill

@ Apply Finished Thickness

Reset Finished Thickness

32 ¢ Speedstack 2008 Automated PCB Stackup and Construction Builder



Changing the stackup view

-ﬂ'A Display 2-dimensional view
=
L] Display 3-dimensional view

Managing the materials library

Ei Display materials library
Exchanging data with the Si8000 or Si9000 Field solver

Copy controlled impedance data to Field
Solver

Paste Controlled Impedance Data From
Field Solver

Re-engineer Current Stack

Configuring the Speedstack

When first run, the Speedstack environment is initialised to
its factory settings. These may require adjustment before
outputting a finished stackup and/or project. Default settings
are changed using Tools|Options, Tools|Manufacturing
Constraints and Tool|Edit Thickness Options.

Manufacturing Constraints

The Manufacturing Constraints options consist of a collection
of manufacturing capabilities, minimum gaps and trace
widths, buried and blind via and trace aspect ratios, drill
aspect ratios, etc. that can be applied during design rule
checking (see figure below).

Iv Manufacturing Tests !

v Min. Trace Width v Min. Gap width
Aspect Ratos

Iv Mechanical Drill Iv Buried Laser Microvia
Iv Blind Laser Microvia v Trace

[ Excess Resin

They will normally refer to differing levels of technology
offered by one or more PCB manufacturers for a range of
prices. The required information (shown in the example
below) can normally be obtained from the manufacturer.
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Manufacturing Constraints

| BlindViaA R. | BuriedViaA R. | Mechanical Drill A.R.|  Minimum Gap | Minimum Trace Width| ~ Trace A R. | Units

05 8.6 3 3 1 Millimetres
0.6 8.5 2 3 1 Iillimetres
2

2 Millimetres

Highlight Set New
Close

"Currem Active C

A

Click the Highlight button to highlight the current active
constraint; to apply a new constraint select the constraint row
and click Set New.

Editing and adding constraints

To modify a constraint or add a new constraint, double click
within the constraint row to be edited.

Units
 Mils " Microns
" Inches & Millimetres
Option Name W
Minimum Gap l2—
Minimum Trace Width IZ—
Mechanical Drill AR. s
Blind Viz AR. s
Buried Viz AR. s
Trace AR. [
<< < Jof 3 | |
add | Delete | Cancel
Dane |

Modify each setting as required; click Done to confirm the
settings and close the dialog.

To add a new constraint click the Add button, fill in the
settings fields and click Done to finish. The new constraint
will be added to the table of current constraints. Click the
Delete button to remove the constraint from the list.
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Setting the board thickness

Set Board Thickness

Board Thickness W
Pasitive Tolerance e ,|}|}7
Negative Tolerance % ,m}i
Enable Prepreg Finishing v
Enable Copper Finishing rd
ok | [ Cancel |

Uncheck Enable Finishing options to allow the finished
thickness to be modified via the layer Properties dialogs (the
Apply and Reset Finishing buttons are disabled).

Thickness Options

From the Tools menu choose the Edit Thickness Options
command to display Set Thickness Corrections dialog.
Speedstack offers two methods: Simple Percentage Method
and Copper Coverage Method

5 Set Thickness Corrections E|

Simple Percentage Method

Copper Coverage Method

Simple Percentage Method Currently
Selected

Cancel | oK

Each method requires that the amount of copper to be added
where plating is required be set. In addition, where the
Excess Resin design rule check is used the minimum
acceptable value must be set.

Simple Percentage Method

The Simple Percentage Method allows the user to set the
percentage of Prepreg base height, which will be used to
determine the Isolation Distance. The percentage is set for
each electrical layer type pair.

e Signal — Signal
¢ Signal — Mixed
e Signal — Plane
e Mixed — Mixed
e Mixed — Plane
e Plane —Plane
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£lE Percentage Prepreg Corrections rg|

Prepreg
Set Finished Thicknesses of Prepreg materials (% of base material)
when prepreg is pressed between:

Signal and Signal layers
Signal and Mixed layers
Signal and Plane layers
Mixed and Mixed layers

Mixed and Flane layers

Flane and Flane layers

Copper Plated Thickness

Please enter a value of thickness that will be added to base
thickness of copper layers when plating

Copper to be added 0.7000

Excess Resin Test

Minimum Excess Resin 15

Cancel oK
[ Corcel ]

Copper Coverage method

The Copper Coverage method allows the user to set the
amount of copper that will be embedded into the Prepreg.

This can be set as a single value for each electrical layer
type. Alternatively the amount of copper embedded will be
calculated on an electrical layer by layer basis dependent
upon the copper coverage for the layer set in the properties
window. The greater the copper coverage the smaller the
amount of copper that is embedded.

iz Copper Coverage Based Prepreg Corrections [5__<|

Percentage Copper To Be Embedded in Prepreg

v Set by Layer type

Signal Layer % |75
Mixed Layer % |20
Plane Layer % 110

" Proportional to Coverage

Copper Finishing

Please enter a value of thickness that will be added to base thickness of
copper layers when plating

Copper to be Added 0.7000

Excess Resin Test

Minimum Excess Resin % |19

Cancel | oK |

Note: The two methods of finishing are not compatible with
each other. The Copper Coverage method requires that the
finished thickness of prepregs be entered in the library; that
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value stays locked in the stack unless the Simple Percentage
method is set up; if Reset Finishing is then clicked the
finished thickness reverts to the base thickness.

Environment and default settings

From the Tools menu choose the Options command to
display the Configurations Options dialog.

Setting user defaults

Information added to the User tab will be transferred to the
File Properties dialog and used on printouts

Click the User tab

Enter information as appropriate into the associated text
fields; optionally, select a graphic for use as the company
logo — optimum graphic size is 180 x 32 pixels — the
graphic is printed in the preview box.

Default user information - will be used to fill in stack property fields when
starting a new stack file.

Author |J Travers

Company |}{YZ Comp

Department |Engineering

Site [North Bridge

Company Logo |C:"-.Pu:ular"-.Speedstal:k.J'l:lg Browse..

The recommended size for the logo bitmap is
180 x 32 (pixels)

Speedstack

Controlled impedance calculations

" Mo License
{* Use Polar Si2000 License

™ Use Polar Si%000 License

If Polar Si8000 or SiS000 has been purchased and you wish for interactivity
Fe’meen Speedstack and either of these products, select the appropriate
icense.

To activate the Speedstack controlled impedance function,
ensure that the Si8000 or Si9000 is installed; from the
Licencing tab choose either Use Polar Si8000 License or
Use Polar Si9000 License option as appropriate.
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Choosing default file locations

Users can choose which materials library the Speedstack
uses at start-up. Click the File Locations tab and use the
Browse button to navigate to the library (.mlbx) file.

The File Locations tab provides for default locations for
stackup or project files and Material Filter (.mlf) files. Browse
to the target folders and click OK to confirm (create new
folders if necessary).

Select default matenials library file

C:\Program Files\Polar'Speedstack\Samples\Speedstack Browse...

mils. mlbx
Select default folder to store Stack Up (* stk] files

Browse...
C:\Program Files'\Polar'Spesdstacki\Samples

Select default folder to store Material Filter (*.mif) files
Browse...
C:\Program Files'\Polar'Speedstack'SamplesiFilters

Choosing background and stackup layer colours

Choose the Colours tab to change stackup component
colours from their factory defaults.

| Background j

Front and Side Colours Border Colour

Upper Surface Colours Default
Dark Light

Specifying the default view and opening file

Select the General tab to specify the Default Stackup View
(two or three-dimensional).
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Default Stack Up View
2D & 3D

Display Data
Display Fields 1and 2 are reserved for Layer Numbers and Layer Types

Display Field 3 |Descripti0n j
Display Field 4 |Base Thickness j
Display Ficld 5 |lsolation Distarce |

Print Report
Display: v Colour v Material Type [v Data Filename

v Supplier W Supplier Description

™ Display Polar logo in print outs

¥ Cpen last used file on application start up

Iv Display File Properties Dizlog for New Stackups and Projects

From the Display Data section select which data to display
alongside the stackup; from the Print Report section select
which data to display in the printout, click the Open last
used... check box to specify that Speedstack should open
the last used file on start-up.

Clicking the Display File Properties Dialog... will display the
File Properties Dialog each time a new stackup or project is
initiated.

Security — setting passwords

The Speedstack security system provides for multi-level
password protection. If a User password is defined, it will be
requested each time the Speedstack is started. Setting an
Administrator password will prevent unauthorised changes to
the Speedstack configuration. Select the Passwords tab, and
then Log In.

The checked items below are password protected

They are accessible

Save Library Iv
Modify Library v
Change Finishing Parameters i3

Set New Password |

Default Passwords are blank for both the User and the
Administrator. With blank passwords the password protection
is transparent, and no protection is provided.

Click Set New Password.
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Change Password?

Administrator I User | Cancel |

Chose whether it is the User password or the Administrator
password that is to be changed.

|- - Change UsersPassword x|
Enter Existing Password I

Enter Mew Password (Maximum 8 chars) I

Apply | Cancel I

Enter the existing Password; this will be validated when
moving to the Enter New Password text box. If the password
is incorrect the focus will not leave the “Enter Password” text
box.

Enter the new password then retype it in the Confirmation
text box that will appear. The two passwords will be
compared and if different will enforce password re-entry.

Note: the new Users password will not be applicable until the
program is re-started.

The Administrator’s password will be requested each time
the Configuration Options are opened.

Specifying default CITS test file parameters

The Speedstack allows the user to generate a CITS test file
for each controlled impedance structure within the stack.
Each test file contains the test parameters (test units,
distance, number of channels, etc.) to be used when testing
the stack’s controlled impedance structures using a Polar
CITS (Controlled Impedance Test System).

Select the CITS Test tab to specify the default test
parameters to be used when initiating a CITS test file.
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Harizentzl Units
Units Inches -
Test From 3
TestTe 7
Channels
Single Ended Channel 1 -
Differential Channel 142 -
Test Method Absolute -
Vertical Scale 10 -
Differential Unbalanced ‘warning Level ’757

The test file may be edited via the Edit Test Data dialog.

Specifying default Autostack settings

The Autostack options will be used as starting values for the
Stack Definition window when creating a new stack. They will
typically be obtained from the manufacturer’s material library.

Trace Width e
Gap Wigth G
Trace Tolerance % ’2[)7
Dielectric Constant ,“7
Dielectric Thickness Tolerance ’mi
Default Core Copper Thickness ’147
Default Feil Copper Thickness 0.7

Inner Etch Factor ’[)5‘7
Outer Etch Factor ,17
Impedance Tolerance % ’mi
Maximum Prepregs/Substrate Region ’37
Minimum Prepregs/Substrate Region ’27
Preferred Core ’37

Specifying default trace parameters

Structures
\t1 Default Trace \width [too000
W2 Default Trace Width [pooo0
G1 Default Trace Width [1000000
G2 Default Trace Width [s9.0000
51 Default Trace Separation ,W
01 Default Trace Separation ’W
01 Default Trace Offset [pooo0
REr Default Resin Puddle Er [40000

When adding a new structure default values are entered for
the trace widths and separations. These values are set under
the ‘Defaults’ tab
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Specifying minimum drill hole size

Drilling

Minimum Hole Size 20.0000

In the Drilling section set the default value for the minimum
drill hole size.

Specifying default board thickness

Board Thickness

Board Thickness 0.0000
Plus =z |10.00
Minus % |10.00

In the Board Thickness section set the default values for
board thickness and tolerances.

Specifying Goal Seeking Parameters

Click the Goal Seeking tab to specify the defaults for trace
widths and separations used during goal seeking.

W1 Maximum Trace idth [200000
W1 Minimum Trace \idth [zooo0
S1 Maximum Trace Separation ’W
S1 Minimum Trace Separation ’W
01 Maximum Trace Separation ’W
D071 Minimum Trace Separation ’W
Convergence ’D5I}7
Maximum lterations ’1['.'7

During goal seeking the calculated value for impedance will
progressively converge upon the target value. In the
Convergence text box specify the difference between the
target impedance and the actual impedance at which goal
seeking will terminate.

Use the Maximum lterations text box to limit the number of
iterations used during goal seeking.
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Creating and editing stackups

Stackups may be created manually using the Stackup
Wizard or using the editing window.

Using the Stackup Wizard

1 The Stackup Wizard guides the user through the process
of creating complex stackups in only a few steps. Click the
Stackup wizard button Stackup Wizard button or choose Stackup Wizard from the

File|New sub menu. The stackup editing window is cleared
and the Stackup Wizard displayed.

E
—General
Layer count Ii,
Build Type [[Select] =l
—Materials
Fail [ | clear |
Prepreg | | Gl |
Core | _Clear |
Soldermask | _| ﬂar_|
—Planes
= |7 Remove |
9
—Drilling
™ Through-Plated I Mon Through-Plated @l
sy | Cancel |

Using the Wizard the user can specify the layer count and
build type, stackup materials, planes and drill types in a
single operation.

Electrical layer count

Begin by specifying the electrical layer count — up to 64
electrical layers may be specified. Choose the number of
layers from the drop down list box.

Build type

Choose the build type (Foil or Core) from the drop down list
box. Core builds contain only core materials; most builds will
be foil builds — containing internal layers of cores with two
outer foils.

General
Layer count 2 -
Build Type  |Foi =~ @J
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Choosing stackup materials

Note; if Core build type has been specified the Foil material
control will be disabled.

|:| To include a foil layer click the Foil Add Material button; the
library of foil materials is displayed. Choose the foil material
from the list of materials available and click the Select
Highlighted Material button; the material is added as a foil
layer to the stackup.

ElETT—
E!m|....=...'.+. Y Yx

Supplier | Supplicr Description | Description | Stock Number | Cu Base Thickness | Type
» Polar Samples 100 Copper Fail |1 07 Copper
Polar Samples Copper Fail |1 14 Copper
Polar Samples Copper Foil |1 28 Copper
Polar Samples Copper Foil |1 0.35 Copper
Pelar Samples Copper Fail |1 07 Copper
Polar Samples Copper Foil 1 14 Copper
Polar Samples Copper Fail |1 28 Copper
Polar Samples Copper Fail |1 0.35 Copper
Polar Samples Copper Fail |10 07 Copper

Repeat the procedure for prepreg and core materials and the
(optional) solder mask layers.

Use the Clear button to remove a layer from the stackup.

Materials

Erul [Copper Foil FO/001 .| Clear
Prepreg |F‘rePreg 1080 PP/DO1 J Clear
Core |FH4 Core CO/D0 J Clear
Soldermask |Liquic| Photolmageable Mask £ J Clear @

Stackup materials selected

Nominating power planes

Use the drop down list box to specify that a plane should be
a power plane. Select all planes as required. To remove a
power plane from the list select the plane number from the
list and click Remove.

Layers 4 and 5 specified as power planes
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Adding drill information

To add a drill information between electrical layer 1 and the
last layer click the Through-Plated and Non-Through-Plated
check boxes as required.

With all build options specified click Apply to complete the
stackup. The finished stackup appears in the stackup
window.

Filtering Materials

When using the Stack Wizard, adding or swapping materials,
available materials (Foils, Prepregs, etc.) are listed in the
associated material library dialog. Lists can be filtered for
materials matching desired parameters (dielectric thickness,
Er, etc.)

In the library window click the ‘Filter’ button to display the
Set Filter String dialog.

Set Filter 5tring

]Dielectric Finished Thickness _:j |<= _:_i |AND _:_i
Field | Operand | Criteria | ANDIOR
L Dielectric Finished Thicknes >= h AND
| Dielectric Finished Thicknes <= Fi (null)

Up | Down Delete Row Clear All

| Dielectric Finished Thickness >= 5 AND Dielectric Finished Thickness <=7

FinishedThickness >=5 AND FinishedThickness <=7

SaveFiIter| LoadFiIter| oK ] Cancel ]

Filter strings can be created and saved for future use. To
recall an existing filter click the Load Filter button, choose the
filter file and click OK.

Building the filter string

Build the filter string by selecting parameters, operands and
criteria from the drop-down boxes. If the AND/OR box is

selected another row is automatically added to the grid. The
filter language is a sub-set of common database commands.

Use the Up/Down buttons to select a row for deletion. The
arrowhead at the side of the grid indicates the selected row.

Click OK to apply the filter immediately to the selected
library. If desired, save the filter string for future use. (The
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Speedstack provides for interaction between the library
dialog and filter form. This allows complex strings to be built
line-by-line and tested without saving until the string is
completed.)

When saving the filter choose a descriptive name for the file
that reflects the purpose of the filter. The Speedstack
automatically names the files for the material type.

Using the Like operator

Use the Like operator to filter results via wild card characters.
The characters * and % can be used to represent groups of
starting or ending characters.

For example, specifying Like ‘Po%’ or ‘Po*’ as the criterion
for the Suppliers field will show all suppliers beginning with
‘Po’.

Similarly, specifying Like ‘%es’ or *es’ as the criterion for the
Suppliers field will show all suppliers ending with ‘es’.

Click the Clear Filter button to display all materials of the
selected type.

Creating stackups manually

The Speedstack allows the designer to add or edit stackup
layers in any order, from top to bottom, bottom to top or from
the centre layer outwards. In this example we create a four-
layer stackup, starting at the centre core layer and adding
layers above and below.

Adding layers to the stackup

EEI Items added to the stackup are added from the currently
=l open materials library. The Speedstack opens Program
Files\Polar\Speedstack\default.mlb if it exists; if a different
library is required, open it via the Materials Library
command.

Display materials library

Note: the Speedstack does not ship with the default.mlb
library. For this discussion open one of the two sample
library files, Speedstack inch.mlb or Speedstack mm.mlb
(stored in the Program Files\Polar\Speedstack\Samples
folder at installation time for a default installation.)

Caution: Consistency of units

When defining dimensions for a stackup (for example, layer
thicknesses) ensure that all measurements are defined using
the same units (mils, mm, etc.) throughout the structure and
its libraries.

Note: the libraries supplied for these examples are preloaded
with sample data only.
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Click the File|New command to clear the stackup screen and
notes and information text areas.

Click the File|Save Stackup or Save Project command to
save the stackup or project. Users are recommended to save
stackups or projects frequently during the stackup creation
process to avoid data loss. Stackup files (.stk), project files
(.sci ) and library files (.mlIb) should be backed up to a secure
location.

Editing the stack

When editing the stack it will probably be most convenient to
right click an object in the stack and select the associated
command from the context menu. The menu will reflect the
commands available for the selected object — commands
that are not appropriate for the object are greyed out.

I

Core

Add C.I. Structure
RCC
Prepreg

Set to Signal Non-Copper Core

Set to Plane Soldermask

Set to Mixed Coverlay

Copy Ident

Paste Above Peelable

Paste Below Dril

Delete

Swap

Move Up

Mowve Down

Properties

Alternatively, select the object (copper, prepreg, core, etc.)
with the left mouse button and choose the command from
the Speedstack toolbar.
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Adding a core layer

-3 Click the Add Layer Material button and choose
Core...the Core library is displayed

The Core library contains full details of the core material,
including base and finished thicknesses, dielectric constant,
and upper and lower copper thicknesses.

| Baze Thickness| Finished Thickness | Diglectric Constant | Upper Cu Thickness | Lower Cu Thickness
0.05 0.05 42 0.ma 0.me
0.05 0.05 42 0.035 0.035
0.05 0.0 4.2 0.07 0.07

Click on the column button to sort the library list by the
selected column.

Choose a core type from the list of cores and click the Add
Above button

——'| Add core above selected layer. The core is added
to the stackup screen.

Core  FR4Core

Stackup core layer

Layers may also be added below the selected layer.

=
Add core below selected layer

As each layer is added the stackup information table is
updated to reflect the current status of the stackup.

—Stack Up Information

Field | Walue
Electrical Layer Count 2

Stack Up Thickness 1.0700
Dielectric Thickness 1.0000
Copper Thickness 0.0700

Stackup information table

With the core selected, the Selected ltem table displays the
properties of the core.
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—Selected [tem |nformation : Core
Field | YWalue
Supplier SuperLaminates nc
Supplier Description CO/026
Drescription FR4 Core
Stock Murmber 400-026
pper Cu Baze Thickness 0035
Upper Cu Finigshed Thickness  0.035
[rata Filenames
Dielectic Baze Thickness 1
Dielectic Finighed Thickness 1
Dielectrc Constant 4.2
Lower Cu Baze Thickness 0035
Lower Cu Finighed Thickrness 0035
[rata Filenames

Core layer information

Editing the selected layer properties

To change the properties of the selected object (for example,
to modify the dielectric constant or the value for the finished
thickness of the dielectric), right click the object in the
stackup and choose Properties from the shortcut menu; in
this example the Core Properties dialog is displayed.

(Note that the Enable Finishing setting in the Tools|Set Board
Thickness dialog must be unchecked to enable Finished
Thickness to be specified manually.)

Change the value for Dielectric Constant or Finished
Thickness to the corrected value and click Apply.
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General Information
Surplie i
Supplier Description | Close
Description |
Stock Mumber |
r Exchange

Type | Copper
Upper Copper

Base Thickness Finished Thickness 0.0350

Copper Coverage % 95.00 E

Data Filename L4 ger

Remove Copper r

Dielectric

Base Thickness CAF Resistance

Finished Thickness Z Lis Expansion

Dielectric Constant 4.2000 Excess Resin

Resin Content % Isclation Distance

Tg

Td
Lower Copper

Base Thickness Finished Thickness 0.0350

Copper Coverage % 95.00 v

Data Filename |L5.ger

Remove Copper r

Adding data file names

If available, add the data file name(s) to the upper and lower
copper layers and click Apply.

Close the dialog when all changes are completed.
Changes will be reflected in the Stackup Information table

Changing a layer function

In this example we change both signal layers above and
below the core dielectric to planes.

— Click the lower signal layer and click the Set Layer Plane
7 button. Repeat for the upper signal layer.
Set Layer Plane The changes are reflected in the stackup window

1 0.704d
- Core FR4Core 2000

Exchanging layers

D To change just the core dielectric (leaving the copper layers
unaffected), right click the core material (for example the FR4
in the graphic above) and choose Swap from the context
menu or left click the core material and click the Swap
Selected Material button. Choose the new core type from the

Library Swap button
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Add Layer Material button

I
Add Prepreg Above

(—
——

Add Prepreg Below

library and click the Swap button. The layer properties will
change to reflect the new material and changes appear in the
Stackup Information table.

Adding Prepreg layers

With the core selected, click the Add Layer Material button
and choose Prepreg...; the Add Prepreg library is displayed.

‘ Description ‘ Stock Number‘ Base Thlcknessl Finished Thickness | Dielectric Constant
PreFreg 1080 300-001 0.075 0.075 4.2
PreFreg 3080 300-002 0.077 0.o0#7 4.2
PreFreg 3113 300-003 0102 010z 4.2
PreFreg 1651 300-004 0152 0182 4.2
PreFreg 7628 300-005 0.2 0z 4.2

The Prepreg library contains details of the Prepreg material,
including the Prepreg’s base and finished thickness and
dielectric constant.

Choose the Prepreg material from the database and click the
Add Prepreg Above button.

- PP FrePreg 1080

Core  FR4Core 2.000

The Prepreg layer is added above the core.

To change the properties of the Prepreg material right- click
the layer and choose Properties from the short cut menu. For
example, the value for Finished Thickness can be modified
to reflect the effects of the pressing process.

Dielectric
Base Thickness [eooo0 Finished Thickness [so000
Dielectric Constant l— Resin Content % l—
Tg [ten.0000

Click the Add Prepreg button to display the Add Prepreg library
and click the Add Below button

The layer of Prepreg is added below the core.
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PP PrePreg 1080

Core  FR4 Core

FF FrzFreg 1080

Modify the properties as necessary.

Adding a foil layer

Select the upper layer of Prepreg and click the Add Layer
Material button and choose Foil to display the copper foil

library.
Supplier | Supplier Description | Description | Stock Number| Cu Thickness
» SuperLaminates Ine FOA001 Copper Fail 100-001 0018
SuperLaminates Inc FO/002 Copper Foil 100-002 0.035
SuperLaminates Inc FO/003 Copper Fail 100-003 0.07

Choose the foil type and click Add Above, the copper foil

layer is added above the selected Prepreg layer.

1 Foil  CopperFoi 0700

PP PrePreg 1080 3000

Core  FR4Core

[

PP PreFreg 1080  3.000

Repeat the procedure for the lower Prepreg layer: select the
lower Prepreg layer and add a layer of copper foil below the

layer.

1 Foil CopperFoi 0.700

PP PrePreg 1080 2000

Core  FR4Core

PP PrePreg 1080 3.000

4  Foil  CopperFoi

To alter the foil properties, right-click the foil layer and
choose Properties. Using the Properties dialog the user can,
for example, specify that the trace is shown inverted.
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I~ Copper

Base Thickness I 1.4000 Finished Thickness |1 4000
Copper Coverage % IZE[H] Trace Inverted v

Data Filename ILﬁ.ger

Note the stackup is built symmetrically about the centre
layer.

Adding solder mask layers

With the upper layer of foil selected, click the Add Layer
Material button and choose Soldermask to add a layer of LPI
solder mask above the foil. Repeat the process for the lower
foil layer.

- 3M Liquid Fhotolmageshls Mask

1 Foil  CopperFoi

PR FraFreg 1080

Core  FR4Core

(XY

PP PraPreg 1080

4 Foil  CopperFoi

- BM Liguid Fhotolmagesbls Mask

Adding the Ident layers

Select the lower LPI Soldermask layer and click the Add
Layer Material button and choose Ident to add a layer of
Screened Ident below the layer. The sample Ident library
includes ink thickness and colour

Supplier | Supplier Descrption | Description | Stack Number| Ink. Thickness| Ink. Calour

» Superlnks Inc  1D/007 Screened [dent BO0-001 0.05 White
| |Supernksinc |D/002 Screened ldent E00-002 0.05 “rellov
Superlnks Inc  1D/003 Screened [dent BO0-003 0.05 Black

R

D

peat for the upper layer.

D Scresnsd |dent 2,000
SM Liquid Photolmageable Mask  2.000

1 Foil  CopperFoi 0700

PP PrePreg 1080
Core  FR4 Care

PP FrePrag 1080

4 Foil  CopperFoi 0700
5M Liquid Photolmageable Mask  2.000
D Sereened |dent 2000
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Adding a drill

To add a drill between layers click the Add Drill button; the
Add Dirill dialog is displayed.

Add Drill

B il &
Column First Electrical Layer No Second Electrical Layer Ne
[ 7| El =
Dl Ink —Hole Inf
& Mechanical Hole Count
" Laser ID
[V Through Plated Different Hole Sizes
Data Filenames ID
Minimum Hole Size
ID.[H]'D'D
ad | Close |

Select the column in which to place the drill.

Choose the first and second electrical layer numbers (layers
1 and 4 in the example).

Specify the drill type, mechanical or laser and whether
through plated. Note that with laser drills the order of drill
layers is important, e.g. layer 1 and 4 is different from layer 4
and 1.

Optionally, add the NC drill data filenames.

Optionally, add the hole count, number of different hole sizes
and the minimum hole size. Click Add and close the dialog.
The drill information is added to the stackup. In the example
we have added through plated and laser drill information.

This completes the stackup; the finished stackup is shown
below

- D Screened Ident 2,000 i
- 8M Liquid Photolmagesble Mask  2.000

1 Foil  CopperFoi

- PP FrePregilEg

Core  FR4Core 2.00
= S
Lz Ly Lo /

- PP PrePreg 1080 3.00

4 Foi  CopperFod

- 8M Liquid Photolmageable Mask  2.000
- 1D Sereened |dent 2.000

- LS
z

Completed stackup
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Deleting a layer

N To remove a layer from the stackup select the layer and
click the Delete button.

Delete layer
Copying layers

_ With layers defined it will often be found more convenient to
copy an existing layer and paste it into the stackup than to

Copy Material create a new layer “from scratch”. Select the layer to be

copied and click the Copy Material button.

Click the layer nearest the destination location and choose
Paste Above or Paste Below as appropriate

Note: when modifying the stackup it may be necessary to
redefine the drill information to reflect the changes.
Moving materials

To move materials within the stackup use the Move Up and
L= Move down buttons.

Move selected layer up one

layer
___ When a material is moved it is exchanged with the layer
above or below, respectively.
Move selected layer down one
layer
Applying finishing
@ To apply the finished thickness factor throughout the board,
click the Apply Finished Thickness button with no material
Apply Finished Thickness selected.

To reset the finished thickness back to the original base
thickness of the materials throughout the board, click the
@ Reset Finished Thickness button with no material selected.

Note: when applying or resetting finishing, if a material is
selected it will be necessary to specify whether finishing is
to be applied to the selected material only or the whole
stack.

Reset Finished Thickness

Displaying the stackup in 2-dimensional view

To change the view of the stackup from its default 3-
- —d dimensional aspect, click the View 2D button.

View 2D button

The stackup is displayed in 2-dimensional view.
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Display 3D button

Mirror Build

Symmetrical Build

- 1D Sereened ldent 2000
- 8M Liquid Photolmageable Mask 2000 [

1 Foil CopperFoil 0.7 & A A A &

- PP PrePreg 1080
- Com FR4Com

- PP PrePrag 1080

4 Fol CopperFoi 0700 L AR TFvyv
- SM  Liquid Photolmagesble Mask 2 000
- 1D Scresned ldent 2. (0o e

Click the View 3D button to restore the 3 dimensional view.

Mirror Build allows the designer to consider the stack in two
halves, designing and building, for example, just the top half
and mirroring the structure into the lower half.

Build the top half of the stack, including any controlled
impedance structures and click the Mirror Build button;
specify whether the current set of layers is the upper or lower
half of the stack. To maintain symmetry, Speedstack will add
a layer of material as appropriate to the stack;

Mirror Build

Top
\which half of the new stack is this?

Bottom

It will be necessary to add another prepreg to Cancel

complete the Mirrored stack.

the stack is reflected symmetrically into the lower half.

In Symmetrical Build mode the Speedstack maintains stack
symmetry as the stack designer creates or edits a stack.
Changes in one half of the stack are reflected in the opposite
half of the stack to ensure a symmetrical stack.

In this example we build an 8-layer stack — we begin with
three cores and then illustrate how to use Symmetrical Build.

Creating a new stack

Create a new empty stackup and add three cores.
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View 2D button

Symmetrical mode button

Ceore  FR4 Core

Core  FR4 Core

Wm0 R

Cere  FR4 Core

When constructing complex structures it will often be found
easier to use the two dimensional aspect.

To change the view of the stackup from its default 3-
dimensional aspect, click the View 2D button. The stackup is
displayed in 2-dimensional aspect.

1 N
, Co FRACOR ——————————
3 —

L Cue FRACIR e —————————
5 —

, Co FRICon p———————

Adding a prepreg layer in Symmetrical Mode

In this example we need to add prepreg layers between
cores to achieve the required dimensions.

Switch to Symmetrical Mode and work in the top half of the
stack — in Symmetrical Mode as layers are added to the top
half of the stackup the Speedstack will add layers to the
lower half of the stackup to maintain stack symmetry.

To add a layer of prepreg between layers 2 and 3 select
layer 3 (the selected layer is shown highlighted in the figure
below).

Core FR4 Core J—

o i e

Core FRd Core JR——

= e

Click the Add Material button and add a layer of prepreg
above layer 3 (shown highlighted in the figure below); the
prepreg layer is automatically reflected in the lower half of
the structure.
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Core FR4 Core
PP hirePreg 1080
- Core FR4 Core

PP PraPreg 1080

tl[‘t

Cere  FR4 Core

Adding a second prepreg layer

Now we add a second layer of prepreg above the layer just
added; the new prepreg layer is reflected in the structure
below

Core  FR4 Core

- PP PrePreg 1080
- PP PrePreg 1080

- Ceore FR4Core

- FP PrePreg 1080
- PP PrePreg 1080

Core  FR4 Core

Next we add a layer of prepreg above L1 in the upper half of
the stackup; the Speedstack automatically maintains stack
balance by adding the corresponding layer below L6

- PP PrePreg 1080

[‘

1
-2 Core FR4 Core

= PrePreg 1080 &

5
P Caore  FR4 Core

|

‘i

- PP PrePreg 1080
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Adding foil, LPI and Ident layers

Next, we add a foil layer (L1 below) which is mirrored as L8;
as part of the process the Speedstack inverts layer L8.

1 Faoi Copper Foil
FP FreFreg 1080

FR4 Core

FR4 Cora

PP PraPrag 1080

g8 Foil  CopperFaoil —_—

Next, LPI solder mask is applied to the top side of the
stackup and reflected on the bottom side.

- SM Liquid Photolmageable Mask —
1 Foil  Copper Fail — i F 3 B & & A B
PrePrag 1086

8 Foil Copper Fail —_— v w w W A B B
- SM Liguid Phetolmageable Mask

Ident layers (which are not considered components of
electrical symmetry) will not be automatically reflected by the
Speedstack as they are added and must be applied
separately to each side of the board.

- I Sereened |dent
- EM Liquid Photolmageable Mask
1 Fai Copper Foil

EBLEL Copper Foil

- SM Liquid Photolmageable Mask
- 1D Screened Ident

LI
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Assigning ground planes

With all the material in place we assign ground planes; we
begin with layer L2 — it’s reflected in layer L7.

2
5 Core  FR4 Core

- PP PrePreg 1080
- PP PrePreg 1080

= Core FR4 Core

- PP PrePreg 1080
- PP PrePreg 1080

Core  FR4 Core

We repeat the process for the other ground plane layers;
layer L4 is designated a ground plane, the change is
reflected in L5 in the lower half of the stack.

- PP PrePreg 1080

q
-5 Core  FR4 Core

- PP PraPreg 1080

The completed stack is shown below

- o Sereened Ident
- 8M Liguid Photolmageable Mask
1 Fail Copper Foil

PP PraPrag 1080

|

Core  FR4 Core

PP PrePreg 1080
- PP PrePreg 1080

- Cere FR4 Core

- PP PrePreg 1080
PP PrePreg 1080

Core FR4 Core

PP PrePreg 1080

8 Fuoil Copper Foil
- &M Liguid Photelmageable Mask
- o Screened Ident

|
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Design Rule Checking

The Speedstack includes facilities to check for errors in
stackup design, such as layers placed in invalid order or
asymmetrical structures. The condition of the design rule
checkboxes is carried over from session to session.

The Design Rule Checker (DRC) displays results in the DRC
dialog. As each design rule is broken the Speedstack
increments the error count on the DRC tab.

Viewing design rule errors

Click the DRC tab to view errors.

Stack Up Editor DRC:4 ]Corrtrolled Impedance ]

DRC Test Selection
¥ Design Logic V Symmetry ¥ Copper Balance
Iv Board Thickness

Iv Manufacturing Tests

v Min. Trace \Width v Min. Gap \Width
Aspect Ratios
[+ Mechanical Drill [v Buried Laser Microvia
[+ Blind Laser Microvia v Trace

I Excess Resin

Symmetry : Different Material Types
Symmetry : Different Material Properties
Symmetry : Different Material Types
Copper not Balanced

The Design Rule Checker checks include checking for:
Two Adjacent Copper Layers

Resin Coated Copper on Internal Layer

External Prepreg

Internal Solder Mask

Internal Ident

Internal Peelable Mask

Symmetry — Different Material Types

Copper not Balanced

Board Thickness (If the board is outside tolerance the Stack
Information in the Stack editor is displayed in red)

Manufacturing tests

e Minimum Trace width (Test carried out when
calculating Controlled Impedance)
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e Minimum Trace Separation (Test carried out when
calculating Controlled Impedance)

o Drill Aspect Ratios for Plated holes
e Track Aspect ratio
o Excess Resin test

If the Excess Resin check box is ticked values are shown as
below; scroll through the layers as required

Layer | Resin

4]
> 1
2

10134.3%

2757.1%

Users can choose to display all errors or to select from a
combination of Design Errors, Symmetry errors and Copper
balance errors, etc.; check the boxes as required.

Click on the errors shown in the list to highlight the errors in
the stackup screen. Errors are highlighted in red.

Correcting design rule errors

Users are strongly recommended to work through and
correct errors in the order in which the errors are listed. Note
that clearing each error may clear other errors in the
process.

Manufacturing tests should be fixed before sending the PCB
for manufacture. Hole sizes should be adjusted to comply.
Failures with track and gap should be corrected, possibly by
changing prepreg thickness and/or dielectric constants.

A collection of manufacturing constraints can be defined and
the required one selected.

Creating and using manufacturing constraints

From the Tools menu, select Manufacturing Constraints: the
Manufacturing Constraints window opens, displaying any
manufacturing constraints added.

Blind Via A R Buried ViaA R | Mechanical Drill A R.|  Minimum Gap i TraceA R Units
T = 5 3 1

[ [ [ 1

Current Active Constraint
’7 Highlight Set New s

[Gick on any Constrant row to highicht ¢, Doble-Cick to edt . A
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By default there will always be at least one. It is important to
always have one constraint set active.

Double-click on a constraint row will bring up the Edit
Constraints dialog; use the dialog to add, delete or edit
constraints.

Edit Constraints
Units
&« Mils = Micrens
" Inches  Millimetres

Option Name W
Minimum Gap IT—
Minimum Trace Width IW—
Mechznical Drill AR s
Blind Via AR. s
Buried Via AR. s
Trace AR I1—

< Taof 1 |
Add Cancel |
Done |

To Edit a constraint set, use the navigation buttons to select
the set to modified, change the values as required and then
press Done.

To Delete a constraint set, use the navigation buttons to
select the set, then press Delete.

To Add a new constraint set, press the Add button, this will
add a new (empty) constraint row, enter the name and
constraint values and press Done.
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Adding controlled impedance structures

Note: before controlled impedance structures are added the
stack must be fully defined (at least in terms of coppers).
Attempting to add or delete coppers, or changing layer types
will result in all controlled impedance structures being
removed.

The Speedstack incorporates the facility to add controlled
impedance structures to a layer in the stackup. The
Speedstack is integrated with the Polar Instruments
Si8000/9000 Controlled Impedance Field Solver so
impedance values for a structure may be calculated at the
click of a button.

Structure parameters may be copied to the Field Solver for
processing (for example by the Si8000/9000 Goal Seeking
function) and calculated values pasted back to the
Speedstack for insertion into the stackup.

In this example we add a controlled impedance structure to
signal layer 4 of the sample stackup below.

- D Sereened ldent 2,000
- &M Liquid Photolmagezble Mask 2,000

i Foil  CopperFoi

- PP PrePreg 1080
Core  FR4 Core

- FP Prefreg 1080
4 (Rt A A J W S LS
Core FR4 Core 21

- PP PrePreg 1080

Core FR4 Core

- PP PrePreg 1080

3 Foil  CopperFoi

- 8M Liquid Photolmageable Mask  2.000
- 1o Screened ldent 2 00D

Sample stackup (showing signal layer 4 selected)

Note that in this example layer 5 is a mixed signal/plane
layer. Potential reference planes for signal layer 4 are
therefore plane layer 2, mixed signal/plane layer 5 and plane
layer 7.

With layer 4 selected, click the Controlled Impedance tab.
The Add Structure button is displayed.
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+

Click the Add Structure button; the Structure Control dialog is
displayed containing the controlled impedance structures
applicable to the selected layer in the stack. Choose values
for the target impedance and tolerance. If necessary, resize
the Structure Control dialog to view all structures.

Structure Control
Number Of Signal -
Tracks Apply |
&' Single Trace E
Apply All |
. Di - iCffs=t Strpii
Pferente LEA
" Broadside Advanced
Offset Coplanar
Strips 1B1A
Target Impedance IE,D—
Target Tolerance % l5—
Total of Structures Added ID—
Primary Reference Plane lz—
Secondary Reference Plane |5 Cancel |

Click the Single Trace, Differential or Broadside option button
as appropriate (in this case, we choose Single Trace|Offset
Stripline 1B1A).

Note: Broadside only appears as an option where the signal
trace is between two reference planes.

Specify the values for Target Impedance and Tolerance.

Choosing reference planes

As there are multiple reference planes available (layers 2, 5
and 7, it will be necessary to specify which planes to use for
this structure. Click the Advanced button.
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Choose a reference plane from the list of available planes. In
the example structure plane layer 2, mixed plane 5 and plane
layer 7 are available for reference.

Note: if plane layer 7 is chosen as reference, it will be
necessary to take into account the electrical effects of mixed

—Plane(s) Above Signal Layer ——————

7

Signal Layer = 4
—Plane(s) Below Signal Layer ——————

Caution: When using this option,
please ensure that the electncal
effects of any intervening power |
mixed planes are taken into
consideration

ok | Cancel |

signal/layer plane 5.

In this example we choose mixed signal/plane layer 5. Press

OK to confirm.

Repeat for all structures to be added. Click Apply for each
structure then click Done to finish. In this example we choose

a single structure.

- 8M

Core

- Core

- BM

Liguid Photolmageable Mask

FR4 Cone

PrePreg 1080

FR4 Core

Liguid Fhotolmageable Mask

2.000

The stackup window changes to reflect the selected signal
layer and its associated reference planes.
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Calculate button

The applied structure is displayed in the Controlled
Impedance pane.

Stack Up Editor | DRC  Controlied Impedancs |

EXX 2=

Substrate 1 Height H1 IL 0000
Substrate 1 Dielectric Erl I_' 2000

Substrate 2 Height H2 |4.7000

Substrate 2 Dielectric Er2|-' 2000

Lower Trace \Width w1 ([
Upper Trace Width W2 |2, 0000
Trace Thickness Ti I—
Impedance Zo I—
Target Impedance IW
Target Tolerance % Ir

The window displays the parameters of the controlled
impedance structure. Fields shown "greyed out" are values
derived from the choice of materials in the stackup. For this
structure, enter appropriate values for lower and upper trace
widths.

Click the Calculate button to display the impedance value of
the structure with the current parameters. The parameters
may then be varied to alter the value of the final impedance.
In the example above the user can vary the trace width in
order to approach the value of the target impedance; other
parameters are changed by modifying the stackup
dimensions (for example, core thickness H1).

Clicking Apply All in the Structure Control dialog adds a
single instance of all structures matching the stackup layer
and the chosen criteria; the user can then choose the
structure producing the value nearest the target impedance
and delete the structures that are not needed. Controlled
impedance operations are performed via the Controlled
Impedance toolbar.

Controlled impedance toolbar

XX :2OE

Controlled Impedance toolbar
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Add controlled impedance structure to current layer

Delete structure from current layer

Clear all structures from current layer

Refresh and calculate impedance

Calculate structure

Mirror Structures

- [ O & =] X -

Goal Seek

_|_|_|-_|_| Display layer and Navigate

through structures
Changing parameter values

Clicking the Calculate function yields a value for impedance.
The user can now vary parameters (for example, the
dielectric height) to yield a value for impedance closer to the
target impedance. For this example, select the dielectric
layer; click the Swap Selected Material button and choose a
different core (ensure the same dimensional units are used
throughout the structure) and click the Refresh and Calculate
Impedance button. The impedance is recalculated to its new
value. To arrive at a solution acceptably close to the target
impedance, use the goal seeking function of the Si8000 to
alter other parameters (in this case, upper and lower trace
widths).

Goal seeking with the Speedstack

The Speedstack provides the facility to solve for horizontal
parameters (e.g. trace width and separation, ground strip
separation) to produce the target impedance (or calculate
that the target impedance is unachievable with the current
values).

== (lick the Goal Seek button to display the Set Up Goal
Seek dialog; the options available will depend on the
controlled impedance structure.

S5et Up GoalSeek

Goal Seeking Parameter(s)
" W12 only
" S1only
" D1 only
& wi/w2 Constant Fitch

oK | Cancel |
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Click OK; the Speedstack attempts to arrive at the target
impedance by iteratively modifying the specified parameters.
It may be necessary to add or delete prepregs to achieve the
target impedance.

Goal seeking with the Si8000/9000

The Speedstack Stackup Design System is fully integrated
with the Si8000/9000 Controlled Impedance Field Solvers.
Users can transfer Stackup layer dimensions to the Field
Solver, solve for stackup parameters to produce the target
impedance (or calculate that the target impedance is
unachievable with the current values) then transfer the
solved dimensions back to the Speedstack.

Ensure the Field Solver is running and that its units match
the Speedstack units. With the stackup parameters displayed
in the Controlled Impedance window, click the Copy to Field
Solver button to transfer the current Speedstack parameters
to the Field Solver. Switch to the Field Solver and click the
Paste from Speedstack button to load the parameters into
the associated Field Solver fields.

For the example data below we seek a final value for
impedance of 50 Ohms; H1, Er1 and T1 are fixed.

Tolerance  Minimum  Magimum

Substrate 1 Height H [ 40000+~ oooo0 [ 40000 [ 40000 Caleulate
Substrate 1 Dielectric Bl | 42000 +~| 00000 | 42000 | 42000 Caleulste
Lovier Trace Width W1 [ 7ooo0 +-| 00000 | 70000 | 7.0000

Upper Trace ‘Width We | gooo0 +4 | ooo000 | B0000 | EOD00 |CERHERE
Trace Thickness T | o700 +-| 00000 [ 07000 | 07000 Calculate
Impedance Zo ,w Iw ’w Calculate

Click the Upper Trace Width Calculate button to goal seek on
trace width. The Field Solver returns values for trace width to
produce 50 Ohms final impedance.

Lower Trace ‘width W1 | rste0 +~| 00000 | 75160 75160
Upper Trace Width W2 | ERIE0 +~| 00000 | BSIED | EEIRD [iLE

Click the Copy to Speedstack button, switch to the
Speedstack and click the Paste from Field Solver button to
display the solved parameters for the target impedance.

It may be necessary to round some dimensions (e.g. the
dielectric heights) to the nearest practical values and
recalculate the impedance.
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Using Speedstack materials libraries

The materials libraries allow designers to manage their own
libraries of board materials.

= Click the Materials Library button to display the Materials
gj Library window.

Materials Library

Working with the materials libraries

When the Speedstack is started the material library specified
as the default materials library file (via Configuration
Options|File Locations) is opened.

View Materials Library 5 =10f x|

Fols | Prepregs | RCCs | Cores | Solder Masks | Ident Inks | Pesiable Masks | Coveriays |

Supplier | Supplier Description | Descripion | Stock Number | Cu Base Thickness | Type

Polar Samples  FO/001 Copper Foil  100-001 07 Copper
Polr Samples  FO/002 Copper Foil  100-002 14 Copper
Polar Samples  FO/003 Copper Foil  100-003 28 Copper
Folar Samples  FO/004 Copper Foil  100-004 035 Copper
Polar Samples  FO/001 Copper Foil  100-001 07 Copper
Polar Samples  FO/002 Copper Foil  100-002 14 Copper
Polar Samples  FO/003 Copper Foil  100-003 28 Copper
Folar Samples  FO/004 Copper Foil  100-004 035 Copper

4 v

Each library component type is accessible via its associated
tab. Click on the Tab to view or edit the component type.

Materials library toolbar

The Materials Library is managed via its toolbar
EIT il IR i | Wﬂ
[ |m"|ﬁl?l| ﬂ@| ul . |

I Clear Materials Library

@ Open Materials Library
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mﬁ Save Materials Library

E-- K8 Import Material into the Library

Select & arrange Column fields

Save column arrangement

Load column arrangement

Creating a new library

To create a new library, click the Clear Materials Library
button; the library is removed from the library manager. Click
the Save Materials Library button to create the new library.
To have the library load as the Speedstack starts, specify it
as the default materials library file via Configuration
Options|File Locations.

Adding material to the library

Caution: consistency of units

When defining dimensions, e.g. layer thicknesses, for a
stackup ensure that all measurements are defined using the
same units (mils, mm, etc) throughout the structure and its
libraries.

Open the library to be modified. To add materials to a library
click the associated component type tab; click onto a
material, or empty line. An editing box will open which will
contain the material clicked on, or the last material in that
type library. The material can be edited or deleted, or a new
material can be added. To speed up the process of adding
families of materials, when a material is added the properties
of the last material are copied to the new material. The
details can then be edited. Clicking OK will add any new
materials to the end of the list.
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Review/Edit Cores

Supplier
Supplier Description co.nos
Description |FH4 Core
Stock Number [400-008
Type [FR4
Base Thickness |3
Finished Thickness [3
Dielectric Constant [4.2
Resin Content |BD
Tg [180
Td [o
CAF Resistance [o
Z Mxis Expansion |D
Upper Cu Thickness |2.S
Lower Cu Thickness |2.E
< < 6of 32 = >
add | Delee |
oK

Importing material to the library

The Speedstack allows users to add existing material lists to
its library; material data must be arranged in the format and
order used by the Speedstack library.

Sampile files in comma separated value format and Microsoft
Excel spreadsheet and template formats suitable for
importing to the Speedstack are included in the
Speedstack|Material Library Import folder. Click the Materials
Library button to open the Library, and then click the Import
button to open the Import dialog.

Delimiter File Type
™~ Tab

* Comma

™ Other

% Start New Library " Append To Existing Library

| Cancel

Creating a new materials library

Choose the Start New Library option and choose the field
delimiter type. The library import function can accept files in
a variety of formats, tab delimited, comma separated and
Excel worksheet and template formats. Sections of the
sample files included with the Speedstack are shown below.
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1 2 3 4 5

* Cores

“Type |Supplier Supplier Description | Description |Stock Number
FR4 Polar Samples CO/001 FR4 Core 400-001
FR4 Polar Samples CO/002 FR4 Core 400-002

e L) RS —

Sample library file in Microsoft Excel format

[* Cores,,,,, . 0554,

¥, ,.sss.Di€lectric,Dielectric,Dielectric,Dielectric,bielectric
*Type, Supplier, Supplier Description,Description,Stock Number,Upp
Thickness,Dielectric Constant,Resin Content,Tg

FR4,Polar Samples,Co,/001,FR4 Core,400-001,0.7,0.7,2,2,4.2,75,180
FR4,Polar Samples,Co,/002,FR4 Core,400-002,1.4,1.4,2,2,4.2,75,180
FR4,Polar Samples,Co,/003,FR4 Core,400-003,2.8,2.8,2,2,4.2,75,180
FR4,Polar Samples,Co,/004,FR4 Core,400-004,0.7,0.7,3,3,4.2,60,180
FR4,Polar Samples,C0/005,FR4 Core,400-005,1.4,1.4,3,3,4.2,60,180

Sample library file in comma separated format

Files for importing into the library must be in the above
format, with columns in the correct order. Examine the
sample files supplied in the Material Library Import subfolder
for more information. (It may be helpful to export data files
from the current system into Microsoft Excel and save in
Microsoft Excel workbook or text file format.)

Specify the delimiter if necessary and choose the file type
(Foil, RCC, Prepreg, etc.) and click Apply. Choose the file
from the list displayed in the Open dialog and click Open.
Repeat the procedure for every file type; Click Done when all
file types have been imported. Save the file as an .mlbx
library file.

Adding material data to an existing library
To add material data to an existing library, open the library
and click the Import Material button

Selecting Materials from the Library

Column Order (Materials Library)

The default setting displays all columns. The columns
displayed and the order they are displayed can be set in the
materials Library form.

Arranging Columns in Library Forms

The Library windows can be customised in respect of which
columns to display and in which order.

Click the Go to Materials Library button and select Arrange
Columns; the dialog associated with the selected material
tab (Foils, Prepregs, etc.) is opened.
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§8 Select Foil Fields =113

Left Right

Supplier
SupplierDescription
Description
StockMumber
CuThickness

Type

Down
Delete

Clear All

(L

Accept Cancel

The Left box of the dialog shows the columns that will be
displayed and the order top to bottom is the order they will be
displayed left to right in the library window.

Click Accept to return to the Materials Library, which will
show the columns as set.

Until the column order is saved the column order is only
available during the current session. Click Save Column
Order to define the selected column order as the default
order whenever the program is run.
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