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Easy Step-by-step Operation - Follow Main Menu Flow

1

Load New Design File

l

Define PCB Construction

l

Define Layer Construction

l

Create Electrical Technologies

l

Define Classes with Technologies

l

Wire Widths by Class by Layer

l

Define Gaps, Max Noise, Threshold

l

Noise Sources to Receiving Classes

l

Set Time Delays

Read nets and layer construction directly
from CCT Design File.

Define default values for board
constructions.

Graphical cross-section view of board created
from CCT Design File. Specify dielectrics and
conductors and store in Construction Library.

No need for models! Just characterize rise time
and impedances. Store in Technology Library.

Create classes with full netlist editor or read classe
from Design File. Map Technology to Class - it's thi
quick and simple.

Specify wire width by layer for each class.
Completely describes wire cross-sections for
controlled impedance boards.

Specify gaps for parallel and tandem
noise coupling, PCB default values for
maximum noise and coupling thresholds.

Powerful spreadsheet format is easy to use
- just pick which source classes couple into
which receiving classes.

Specify time delays by class by layer
and match delays within class.



Layer Construction Defaults
Set PC Board material and wire width default values

Default values for your overall PC Board construction are set in this screen. These form a basic set of
values that can then be fine-tuned to describe particular board constructions. This is similar to setting
PCB level commands in SPECCTRA.

Further refinements to these base values are done in other screens. Individual layer values are set in the
Board Layer Construction screen. Wire widths by class by layer are set in the Class/Layer Width
Table screen.
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Board Layer Construction
Define construction method and values for each layer

Your SPECCTRA design file defines the total number of copper layers in your PC Board and the order of
signal layers and power planes. The order of the layers describes a unique board structure. The way in
which this structure is built, the thicknesses of the layers and the values of the dielectrics, describes a
construction.

The exact construction of your board is specified in this screen. Overall default construction values can be
inherited from the Layer Construction Defaults screen. Values for individual layers are set in this
screen.

CONSTRUCTION TYPE

Choose: Example 1
Foil OUTER LAYER
. Cap TYPE
Foil places outer layer wireson Choose:
prepreg; Cap places wireson Air
b Solder mask

This choice defines the overall A .
board structure. It determines stz This example uses
which material, prepreg or core, | M peayf Cointnd AT

is used for each dielectric layer.

This exampleis Cap
construction.

DESCRIPTION

3 Outer layersare
labeled ATool Top
& AtoolBot.

Dielectric constant
must be spec’d if
solder mask is
selected.

[DIELECTRI

C

Set for:
Di€electric
Constant
Thickness

VECFTEEEE

[SIGNAL
: LAYER
\ oK | SCROLL BAR POWER  Hep | Set for:
| Usescroll bar to || LAYER Thickness
display boards Thickness can be Wire Width
with many defined for each

layers. power plane.




SOLDER MASK

FOIL Example 2

CONSTRUCTION Example 2 outer
layer is solder

Example 2 is defined mZd,

ac fail ~Anctriictinn

Compare dielectric
layersin Example 2 ||
with Example 1
which is cap

Board Construction Library Matching

A T M ASK
o miss |\VALUES
DIELECTRIC LN Dielectric
ORDER - g constant and
Foil construction i | thickness defined
sets the outer layer '
dielectric as . T
prepreg. 1
A .
.
T T

AutoTools displays all constructions or matches the board structure in your Design File to similar

Eﬁggg I(lj:ﬁ nes AutoTools checks _
the number and for match with New Construction
order of signal ?é'ri't ?gcti on
layers & power : Create |—p Ng;nvee&
No
CCT SPECCTRA
Design File AutoTools @
Yes
Review Match Existing
Pt Board Construction
Structurein
Desian File




structures in the Board Construction Library. Many different constructions can match a single board
structure. For instance, you may have a .062 thick construction and a .125 thick construction that both
match the same six-layer board structure.



Technology Library Editor

Define electrical characteristics of source and receiving classes without

models

Classes of wires that produce crosstalk are called source classes in AutoTools. These source classes couple
crosstalk into receiving classes.

Crosstalk is produced by a rapid change in voltage on the source wire. Using the change in voltage, dV, and
the rise time of the change, dT, AutoTools accurately characterizes pulses, like clocks, without models.

Pulses on source classes with a transition dV/dT travel thru a driver impedance, along a source wire, and
thru a receiver impedance into a receiver. This is described in AutoTools as a source technology.

The crosstalk that is coupled into a receiving wire is determined by the driver impedance and the receiver
impedance of the receiving class. This is described in AutoTools as a receiving technology.
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Class Editor

Create & extract net classes and associate technologies with classes

AutoTools analyses noise coupling and time delays for net classes. The Class Editor extracts and displays
a complete netlist from your CCT Design File.

CCT NetList
Design ———p AutoTools ———p from
File Design File

Existing classes in your DSN file are automatically displayed, or use the Class Editor to create new classes.
Wildcards are used to easily select nets and assign them to classes. Power plane nets are automatically
assigned to a special class called AToolPWR. All nets not assigned to other classes are automatically
assigned to a class called Atool. Each class is described electrically by associating it with a specific
Technology.

Netlist Divided Associated
DEFINE CLASSES into Classes Technology
These classes are
defined in the Class
Editor. Nets selected ADDRESS
from your board netlist — Class CMOSSource
are assigned to each
class. .
In this example, the Source/Receive
classes are associated
with source
technologies, potential I CLOCKS BICMOSSource
sources of crosstalk. Class
Sour ce/Receive
DATA
ATOOL CLASS T Class Q—[ CMOSSource ]
AutoTools automatically
assigns all random nets not Source/Receive
assigned to other classes to
a class called Atoal. Thisis
useful if you want to
manage nhoise coupling on \
all nets on your board. ATool
In this example, Atoolsisa IOO ALSReceive
receive only class. Class
Receive only
ATOOLPWR CLASS
Power nets are assigned to
the AToolPWR class. It is — AToolPWR ><
. . ¢«
not associated with a Class
technology.

None



The Class Editor Screen

ASSOCIATE
TECHNOLOGY

Displays selected class and
selected technology. Press
Associate button to associate
the technology with the class.
Thisiswhere electrical
characteristics are attached
to classes of nets.

In this example, ADDRESS s
associated with CMOSSource,
as displayed in the Select
Class window. Pressing the
Associate button will instead
attach the ALSReceive
technoloov.

SELECT CLASS

Displays all classes
with associated
technologies.

Select and highlight
classfor editing.

SELECT TECHNOLOGY

Displays all technologies.

Select and highlight
technology to associate with
selected class.

S50 it o -

NETLIST LISTING
Displays nets with assigned class and
associated technology. Options are:
All nets

Unassigned nets (Atool nets)

FEHLEEE LY

SELECT NETS

- highlighted nets in Classes,
gg%ﬁzg ?gt tshe and out of selected Nets can be sorted:
selected class. class. Net name
Use pattern Assigned Class
m}ﬂ;ﬂ% and Associated Technology




Using the Grid Cell Display

How to quickly organize crosstalk and timing analysis

AutoTools uses a spreadsheet-like grid display for selecting values and relationships.

Below is an example of the Class Width by Layer Table. Each row is a different signal layer. Each column
is a different class. Each grid entry is the width of the class wiring on a particular layer. This is especially
useful for controlled impedance designs.

You can change the values for any selected cells, which are shown highlighted in black. These are
examples of different ways to quickly select cells.

Select Row Salect Column

Clars Mamey flass Nemes

R R R
-l.'l:'lln—- Ewwaz

To select row: To select column:

Click mouse in row label. - Click mouse in column label.
In this example, SIGNAL_2 box was In this example, CLOCKS box was
clicked clirked
Select Multiple Entries Select Block

Clare Namen

Cizss Mamwa |

: :
¥ S :
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: . :
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To select multiple entries: To select block:
Click mouse in 1st entry (row - Click mousein lower left, hold
label). mouse button and drag to upper
Hold shift key, pick 2nd entry right.
(column).

In this example, SIGNAL_2 box was
clicked



Class/Layer Width Table

Setting wire widths by layer for each class

AutoTools needs to know the wire width of each class on each layer to properly analyze crosstalk and
time delays.

The default width of all wires is set in the Layer Construction Defaults screen. This is similar to PCB

level rules in SPECCTRA.

The default width of wires on each layer is set in the Board Layer Construction screen. This
refinement is similar to Layer level rules in the SPECCTRA hierarchy.

You can further specify the width of wire on each layer for each class in this screen. This is especially

important for controlled impedance designs.

DEFAULT WIDTHS

Widths by layer are
displayed here for
reference. These default
values were set in the Board TR
Layer Construction screen. '

CLASSES

Each column is a classes. All
classes, both source and
receiving, are displayed except
for AToolPWR.

P Dk

Ey =, 3 Fy B

SIGNAL
LAYERS

Eachrowisa
signal layer.
Power planes

are not
Aienl avind

THISWIREWIDTH
EXAMPLE

In this example, the default
wire width value for layer
SIGNAL_3is8mils. The

wire width for class DATA
............... on layer SGNAL_3is6

il

EDITING WIREWIDTH
SIZE

RESET
DEFAULTS

Resets all values
to default values
from Board Layer

Construction

To change values:

Select and highlight
cells

Typein new value

Selected cells will change
to new value.




AutoTalk Parameters
Setting values for gaps, maximum noise default and minimum thresholds

Parallel and Tandem Gaps

Noise coupling is monitored by SPECCTRA at gap distances from a source wire. Gaps are set for both
parallel and tandem coupling. AutoTools simulates and analyzes noise coupling at these gaps.

Minimum Noise Threshold

SPECCTRA monitors and accumulates only segments in which coupled noise exceeds the minimum noise
threshold. This value sets the threshold for filtering out very small segments that increase routing
overhead.

Maximum Accumulated Noise

SPECCTRA controls crosstalk by monitoring the noise that accumulates in each net. When the noise
exceeds the maximum accumulated noise value, the net is marked as a conflict and is re-routed until the
noise is less than the max accumulated noise. This screen sets the general PCB default for all nets.

TANDEM GAPS

PARALLEL GAPS Tandem gaps set the edge-to-

Parallel gaps set the edge-to- edge distances from a source

edge distances from a source wire on one layer to wires on
wire to adjacent receiving adjacent layers. A gap of zero,

wires on the same layer. one wire overlaying another, is
automatically included.

A\ L

- ANctalk Paramuturs \ | SPECIFIC GAPS
e e \ \ ific gaps are input
€Ci
GAPMULTIPLES oo\ miz-mns | SPOCOC SR AE
For boards with mI— T | o0 (andemn gaps are
equal widthand ~ fsereass [ [t individually set.
spacing, like 8/8, you To-peonis | ot mts
can quickly setup 1 eglermmecs Ptk = = : e a—
gap multi pI es. Iﬂ h..‘ LEL S Y _.I.Ill.l.'l
1 m‘““—\ hdd | Dekae ! hadd | Deieie
W huhples 08 [0 mils g bltiples o |60 mils

Dl B Theeanadiols,

Aitiovers Mobie Theeshobd: | 0x;  mv Mix Accomulsted Helae:  |rm mv
MINIMUM NOISE wia s MAXIMUM ACCUMULATED
THRESHOLD NOISE
The threshold is set asa Thisisthe PCB default value.
minimum coul ping voltage. Individual values for each class
AutoTools automatically are set in the AutoTalk
converts this to length units as Source/Receiving screen.




AutoT alk Source/Recelving Table

Define source class to receiving class coupling and max noise for each class

All nets on your board are divided by AutoTools into classes. Random nets not assigned to a particular
class are defined in a special class called Atools. Each class, including Atools, can be defined as a source
class or a receiving class.

Sources of noise

ADDRESS
Class

CLOCKS
Class

DATA
Class

The source classes are
defined in this example
as sour ces of noise
because they are driven

by source technol

These classes are
associated with
technol ogies that

described by a source
pulse with rise time and

voltage change -

>

Receivers of noise

ADDRESS
Class

ogies.

CLOCKS

are Class

dv/dT.
DATA

Class

ATool
Class

The receiving classes are
defined in this example as
receivers of noise because
they are associated with
receiving technologies.

Receiving technologies are
described by a driver and
receiver impedance.

Sources of noise are
automatically always also
potential receivers of
noise, since driver and
receiver impedances are
defined..

The ATool classis
optionally a source of
noise if associated with a
sour ce technology.

You may not want to control all possible coupling relationships betw: _ 3Ses. The
AutoTalk Source Receiving Table is a fast, easy way to define just which coupling relationships you want
SPECCTRA to manage. You can also specify whether you want parallel and/or tandem coupling managed.

Possible Parallel and Tandem class-to-class coupling

ralatinnchine

Class-to-itself Class to other classes Class to Atool random
nate
ADDRESY P ADDRESS! p CLOCKS p DATA ADDRESY P| ATool
Class ® Class T Class T Class Class | T Class
&___/—/‘ u
A"_\‘ . |
CLOCKS P CLOCKS p ADDRESS p DATA CLOCKS [P | ATool
Class \TD Class T Class T Class Class | T| Class
w \_,-‘
g—'_\‘ |
DATA P DATA P ADDRESS P CLOCKS DATA |pP| ATool
Class \TD Class T Class T Class Class | T Class
w \\_,A




The AutoTalk Source/Receiving Table Screen

AutoTools automatically sets up a spreadsheet-like table for specifying coupling relationships between
classes. The source classes are represented by rows and the receiving classes by columns. The maximum
accumulated noise for each class is also set in this screen.

Coupling into the Exampl €
Atool random netsis Tandem coupling only
not turned on in this | ADDRESS CLOCKS DATA from ADDRESS to

example. Class w Class CLOCKSand DATA.
CLOCKS ’/;D m Parallel and tandem
Class CLOCKS [ P "% | ADDRESS| P DATA coupling from CLOCKSto
\TD Class w Class itself, and to ADDRESS
and NATA

Tandem coupling only

DATA ADDRESS CLOCKS from DATA to
Class T Class T Class ADDRESS and
w CLOCKS,
PARALLEL AND RECEIVING CLASSES
TANDEM

Receiving classes are shown as

M'_A‘X NOISE Parallel and tandem columns. The Atool random net
Thisrow lets you coupling can be classisincluded, but the
set the max noise individuallv set for each AToolPWR power net classis

value for each not.

receiving class. EmE
The default isset in
the AutoTalk
Parameters screen.

[ MAXIMUM NOISE
VALUE

Sets the maximum
accumulated noise for
each selected receiving

SOURCE class.
CLASSES In this example, DATA
Source is set to 150 mV.
classesare
defined as ptiuiss j
rows. i
SET TRANSMITS  [S5i bt fuiem
jarl Faaciorn
Sets parallel and —
tandem coupling ON | ! fapt | ¢/ SET COUPLING ON AND OFF
and OFF for selected : :
Sets coupling ON and OFF between
source classes. source and receiving classes for selected
classes. Coupling is shown by from-to

arrows.




AutoTime Delay Table
SHlect time delay analysis, tolerances and matched delays

AutoTime analyses and produces correct time delays/length. Values are computed for wiring on each layer
for each selected class.

SPECCTRA allows total time delays to be set within a range of time units. This range is expressed as a
minimum total delay and a maximum total delay.

SPECCTRA also allows matched delays for all nets within a class. A delay tolerance defines how closely
the net delays match. For instance, the total matched nominal delay is specified as a range of 2 to 4 ns,
and all nets within the class must match within 1 ns.

CLASSESFOR AUTOTIME
All defined classes, both source and

MIN MAX DELAY

receiving, are automatically displayed Select to input min
AUTOTIME as columns in AutoTime. and max delay times.
ON Atool isincluded; AToolPWR s not. Valuesfor selected

cellsare set in the

Select to turn Delay Times input
AutoTime ON | boxes.
and OFF for
each class.
Clock shows —
AutoTimeis MATCH NET
turned on. Select to turn matched net

delay ON and OFF for each
class. In this example,
CLOCKS:is set for match
delay.

IMATCH
TOLERANCE

Select to set tolerance
for matched delay

En:b.lvl!:llil'l'irnll,:;ri:lnr Oriay Times:  Mmich Nt Oicday:

| - T | Mrmune] LS P E T
e AT Modauns] s | Desesius K / ........ -
ENABLE B \ s -/ -
AUTOTIME ox| DELAY TIMES MATCH NET / :
Enables AutoTime || Input minand e DELAY — [MATCH
E())r eac(l; élassf Sets max delay values Enables matched TOLERANCE
%IN ar;d F(!i: 31 for selected g”d delays for selected |nput tolerancein
ected grid cefls. cells. classes. time units for
selected matched
net delay classes.




Using and Viewing the AutoTalk Coupling Optimizers

AutoTalk produces the noise coupling weight values in your output DO file. The Optimizer Viewer
displays the weight vs gap curve for the computed values as well as the curve adjusted by your coupling
optimizer.

The viewer can be initially used for sensitivity reviews of the class-to-class relationships. AutoTools can
be set to keep the values for the axes of the graph constant for all curves, so the strength of the curves
can be easily compared with each other. By reviewing each curve, you can quickly spot those class-to-
class coupling relationships that produce very weak coupling and therefore contribute insignificant
crosstalk. These relationships do not need to be controlled and you can avoid using valuable router
overhead to monitor these weak coupling relationships.

The SPECCTRA model for crosstalk always assigns a value for noise coupling equal to or smaller than the
real coupling value. Using the coupling optimizer can make the router see a more optimal value.

ADJUSTED BY COUPLING
OPTIMIZER
The light curve is the adjusted curve and
0.18 gap values created by a coupling optimer of
Pl 1.5. Thisincreases the values of the original
0.16 — crirve hv 15004
0.14 +
0.12=
0.1 + —+— 1 X Parallel
0.08 + 1.50 X
0.06 +
0.04 +
0.02 + /4
0 1 1 1 1 1 1 1 1 1 1 1

4/ 8 12 16 20 24 28 32 36 40 44

WEIGHT VS GAP CURVE

SPECCTRA uses a weight value of about .04
for all wiresin the gap region between 8 and
24 mils. The weight range is really the curve
between .115 and .04.

The viewer displays both the original computed curve and the curve adjusted by the coupling optimizer, so
you can see the effects of a particular optimizing factor. Use the autoscale option to expand the curves
to fit the graph for easier viewing.

Since the curves are created from the coupling values in the DO file, you can only view these curves after
an initial analysis. If you then adjust the coupling optimizers, an adjusted DO file is written for you.






