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Welcome

Chapter 1. Getting Started

Welcome to Easy-PC, the Windows generation of the original award winning EASY-PC that
was launched in 1988. At that time the product was revolutionary in its affordability and
usability and many tens of thousands of licences have been sold to customers in over 100
countries world-wide.

All features provided make the task of designing Schematics and printed circuit boards
(PCBs) easier than ever before. Transparent links to Spice simulators and PCB autorouters
provide an integrated solution. Web-based library content is instantly available for simply
dropping into your designs.

The use of Technology Files, the equivalent of Style Sheets in a word processor, greatly
reduce the set-up time for new projects and enable companies to standardise their operating
procedures and design rules according to the type of product being designed or the
manufacturing technology being used. Technology files also include company standard net
names and the track widths and clearance rules to be applied to those nets. This will ensure
that proven standards can be maintained over a range of similar products with the minimum
of effort.

In addition to this, all the expected professional output and manufacturing features are
provided, including Photo plotting outputs to Gerber and Excellon NC drill, ODB++,
IPC-2582, Windows printers, PDF and pen plotters. Mechanical CAD programs are supported
using the DXF and IDF formats. Additional reports for assembly machine drivers are
provided as part of the standard product to further aid productivity.

About this Manual

This manual has been created to guide you through a reasonable ‘normal’ design flow.
Obviously, what might be normal for one person is not normal for another. Don’t be alarmed
if you find that you have not used some of the options featured, you can skip a section without
it being detrimental to the end result!

The manual doesn’t take you through every small detail of the product but will guide you
through the essentials to produce a design. It is directed at users who understand the
fundamentals of designing PCBs, it is not intended as a course in designing PCBs.
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Chapter 2. Installation

Hardware Requirements

The table below shows the hardware requirements. It shows both the minimum and the
recommended specification. It should be said that this product will run pretty much on any
oft-the-shelf PC available in most computer stores.

Recommendation
Processor i5 processor or better, such as i7 or 19
RAM 4GB or more, such as 8 or 16GB

Hard disk space 1GB for product and library content

Operating System | Windows 10 or 11
Graphics Better than 1024x768

Mouse Wheel Mouse

* MAC O/S or Linux are not supported. All supported operating systems are supported in
both 32 and 64-bit formats. Please visit our web site for the latest news on supported
operating systems www.numberone.conv/lifecycle.asp

Installing the Product

Regardless of whether you are installing a new system or updating your existing system, the
procedure is the same. The setup program will automate as much of the process as it can for
you with minimal input.

Download and Save

You would have received your installation via as a download link that enables you to access
product from our web site.

Save this downloaded file, it is a self-extracting executable program. This is not a ghost
installer; this is the whole program in one file. In the event that you require a backup copy of
the installer, save this executable to a location on your system that gets backed up. It can then
be recalled and used in future. It will be the current ‘base’ version at the time of download. To
bring it up to date in the future, you would also need to apply any services patches that you
would have also downloaded over the life time of this version. These should also be
downloaded and saved in a backup location.

Installation
The Easy-PC install program is straight forward and efficient to use.

Double-click on the install program to run it once it has been downloaded to your local hard
drive.

On running, it displays the Welcome dialog:
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Installation

4] Easy-PC x

Easy-PC Version Easy-PC

E License Agreement | Registration | Directories | Other Options

Welcome to the Easy-PC installer

You will need enter each tab to provide the information required, such as agreeing to the
License Agreement, your Registration details and product install code. The two other tabs
inform you where the product will be installed (Directories) and changing file extensions
(under Other Options).

You will be asked for your customer number, this would have been identified to you in the
email with the download link.

You will be asked for your Name and Company Name. If you don’t have a company, just
type your name again.

For each major version of the product, you would also need to have your 16-digit installation
serial number to hand. This would have been provided to you when the product was
purchased. This can be copied and pasted into the entry box or typed in. Care should be taken
when typing in the Serial number sequence, as this causes many unnecessary support calls,
especially regarding the I and 1, 0 and o keys!! Make sure you use the correct code for the
product that you are installing (another cause for support calls!). It is better to copy/paste if
you can to save typing errors. Do not pass this number to anyone else, it does identify you and
is traceable back to you.

Once the install process has been completed a ‘Finished’ button appears, click this to exit.
The product is now ready to run.

Moving Your Installation

Your product can be installed onto any logical drive that is part of your computers’
environment. If you decide to relocate the installation once an initial install has been made,
you may do this but you cannot simply move it. The product must be reinstalled using the
downloaded executable file using the new location. As predefined Registry settings are used
to set up many of the functions and to store data; the only way to restore these settings is to
save the existing settings by saving a Configuration file.
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Updating Your Menus

For existing users where the latest version of the software is installed alongside the old
version, the installer is designed to make minimal disruptions to the existing installation. It is
assumed that you have created the menu and toolbar set required so this is not changed.

To reset the menus and toolbars to the new set, go to the Settings menu and Customise. Use
Reset on the Menu tab for the relevant menu type.

Installing Cost Options

Cost options are available to increase the capabilities of the product. Our web site also
contains information about cost options.

Some cost options are automatically installed during the installation of the main product. All
cost option products except the Pro-Library, Micro Library, Connector Library and IPC
SM Library options are installed. These libraries are installed using their own separate
downloaded installations.

Each of the cost options will require an additional serial number supplied when purchased -
Trace-Router, Pro-Router, GenCAD Export etc. These cost options are preinstalled and
must be activated for use.

The main product must be installed and already running. Cost options are initialised through
the Settings menu, Optional Features dialog. Each of the features can be selected for
authorisation but the process of applying the code will be requested for each of the options
required. The product serial number is supplied on the License Authorisation page or by
email and are used for activation.

Set Up Optional Features s

This list shows the Optional Features that may be available for use with this
application. Call your Mumber One Systems software supplier for details on
purchazing any of these options.

To install a Feature, check the box alongside the name. An Autharization Code
will be requested for each Feature installed,

To uninstall a Feature, uncheck the box alongside the name.

Anyp changes ta the list of installed Optional Features will only take effect the
st time the application is started.

[CJEasy-Rauter I Apply |

erber Impaort
IDF Export
Inteligent Gerber Import (includes Gerber | mport]
Pra R outer

[15peccira Router

Trace Router

Cancel

Select the relevant option from the list (you must have purchased this option first and been
given the serial number to install it with). Click the Apply button. Type in the serial number
provided to you (copy this carefully from the license page or copy/paste from the email).

Authorisation Code x
Enter Authorization Code For: GenCAD Export
1234567890

Cancel

Help
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With the correct serial number entered, a message will verify that the code number has been
successful, click OK to accept it.

You can license more than one option in this session, license each option required.

You must restart the product to activate the options. Each cost option authorised is now
available to run and will be indicated by the 'tick' in the product check box next to the product
in the Optional Features list.

Installing Cost Option Libraries

Unlike other cost options, the Pro-Library, Micro Library, Connector Library and
IPC SM Library are installed from separate install programs supplied to you as download
links at the time of purchase.

On double-click of the downloaded install executable, the installer will check and verify an
existing library, once found, it will offer this folder to install the optional libraries into. Once
installed, the library will be immediately ready for use.

Running The Program

The program can be started using a button on the Start menu under Programs and Number
One Systems. When selected, this will start Easy-PC in its default location. This mechanism
is perfectly adequate, but for more frequent users who wish to run the program from their own
location, a more convenient way of running the program is via a desktop shortcut that has
been setup for you to include a suitable working folder.
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Introduction

4] Easy-PC by Number One Systems - controller.pch

File Edit View Add Settings Output Utilities Tools

Chapter 3. Concept of Operation

Please note that this chapter contains important information relating to the concepts behind
this program. It is highly recommended that all first time users read this chapter first.

This program has been designed to provide an integrated design environment for as many
aspects of the design cycle as possible. Tools to assist this aim include project files, which co-
ordinate all aspects of the design; Technology files, which standardise design parameters; and
libraries, which provide easily managed component resources.
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The design process usually involves the creation of the initial Schematic design (although it
doesn’t have to be, you can create your design directly into the PCB design editor itself if you
wish), the transfer of the schematic into the PCB design editor, and the layout of the PCB.

During this process you may need to create library items, modify existing ones or download
available libraries off the internet.

A Glossary of Terms is available at the back of this manual to help you with electronics
design terminology.

Creating designs — the ‘basics’

As a very basic guide, this short section will help you understand the way some of the options
are used.
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“True’ connectivity in Schematics are automatically transferred to the PCB design editor, this
in-turn is transferred right through to a final plot or print thus retaining the original concept
but in a physical layout.

The first of these concerns the ability to maintain the connectivity of your circuit when you
move from drawing its Schematic diagram to laying out its Printed Circuit Board (PCB). This
facility ensures that, when you start to layout the PCB, the connections on your board are the
same as those in the circuit diagram. Obviously, as you work on the board layout, you have
the power to alter the connections, for example, by adding or deleting tracks. An ‘update’
facility is included to make sure that the Schematic and PCB stay in-step electrically at all
times. This where the program extracts the connection information from the PCB layout and
compares it with similar information extracted from the Schematic. A full report warns you of
any discrepancies between the two and will automatically update your PCB to bring them in
line.

In the PCB design, the DRC (Design Rules Check) facility ensures that you have not violated
the spacing rules defined, where tracks are crossed or they have been routed too close to other
objects on the board for example. These methods of checking allow you to decide whether to
make alterations to your circuit either on the Schematic or the PCB, and still ensure that the
two parts of your design contain the same connective information.

Projects (Overview)

Projects can be optionally used to collate and present your design and associated files. You
can decide to use them from the start, add them part way through a design or not use them at
all.

Projects are used to tie single or multiple Schematic sheets with a PCB design. Each sheet of a
Schematic is effectively a single design file. Projects can also contain blocks of hierarchical
circuitry within a design, they can also contain associated files, such as BOMS, reports etc.

The use of a Project will enable net names and Component names to be tracked through each
sheet so that duplicates are not produced. The Project file is also a neat way of grouping
related design information in one file.

Bloces: ==l

schernticDesio]
Fsksch
controller.sch
PSU.sch

[) PCE Design
& Fskpch

= Other Files
= Revision Notes.bet
— Bill Of Materials.bt
| ECO Notes.bt

Schematic Files

Schematic files have the extension ".sch'. They represent the interconnections of the circuit in
a logical way so that its operation becomes clear. The symbols used to represent components
are highly stylised, rarely bearing any physical resemblance to the actual device. Single lines
join these symbols, with the logical flow of information normally being from left to right.
These signal lines may be named, and where several run together, they may be represented by
a much thicker line known as a Bus.

A Schematic may be broken into several sheets for clarity, with signals crossing between
sheets. The schematic editor allows multiple sheets, which will translate to a common PCB, to
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PCB Files

Libraries

co-exist in one working area. It is customary for each sheet to be surrounded by a drawing
frame (or drawing blank or drawing border). This contains information such as the project
name, design title, author, date, revision, and sheet number. If several Schematics are saved

together as a project, they will merge together providing the Translate to PCB is performed
within the project environment.

A copy of every style used, and every component used is saved in the file. Any component
already in the file will be used in preference to importing a new definition from a library.

PCB or layout files as they are sometimes known, have the extension ".pcb'. They represent
the physical layout of the interconnections between components. Generally, a standard view
of the board is taken from the top side. The actual component footprints are used with
associated silkscreen legends to aid placement. A copy of every style used, and every
component used is saved in the file. When a component is requested, a check box gives you
the option of choosing from the design, or browsing the current library. If a definition already

exists in the file, you will be asked if you wish to update the existing component from the
library.

The library structure must combine the necessary information for both Schematic and PCB
use tied in together with a Component. Each component normally combines at least two
symbols; for the Schematic, and for the PCB. As extra package types are added, the number
of PCB symbols increases correspondingly.

Library Manager

X
Schematic Symbols PCB Symbols Components | Associated Pats 30 View  Folders
Library: | Discrete Z New Lib
Re-ndex
Library Corttents: 63 Preview
. - | | Add Fie Symbol 7SEG2 Supplier=DigiKey
Eattery = (Discrete ssl) Fart_Number=160-19275-ND
C 1 gate MFR=Lite-On Inc.
cP Newkem... | |p,rage:  DIP MFR_Part_no=LTD-5340HR
CP-SM — FCB Symbol: LED10DIL300* Descrption=LED 7-SEG 2DIGIT HER 0.56" C
CF1 Leteiees (Discrete psl) Display_Type=7-Segment
cP3 Common_Pin=Common Cathods
CPe Edi.. ImA=20mA
CP5
CP6 Find
cTi
cT2 Delete
o
D Copy To...
D-5M
oPOT Move To.
FUSE
FUSE2 Addto Comp Bin |1 =
e Eename... Addto Design | [ P =
L Save Ta Lib
LED
NEET o ] —
NPNTRAN | |
PFET Repott
PMOS pra |
FNFTRAN ¥ | | Values..
[ Fiter: [ Close on =,
Edit
] —x

Close Aop Help

To support this structure, the symbols (which form the actual graphics seen in the design) are

separate from the components (which are stored in a database handling labels, names etc., and
specifies how the symbols should link). Every component is aware of each symbol it requires

both by symbol name.



18 Concept of Operation

PCB Manufacturing Files for Plotting

Plotting files for manufacturing are created using the Plotting and Printing mechanism.
These consist or files exported to industry standard formats such as Gerber and Excellon but
also include ODB++. Additional plotting and printing formats such as Windows and PDF are
also exported so that all media requirements can be supported.

Job Files for Plotting

Job files can be created for use with the plotting mechanism. They provide you with a method
of creating a set of plot options to plot your designs for manufacturing. These settings are
stored in one Job file and can be loaded and applied to any design.

Panel Files for Plotting

Individual or multiple PCB designs can be added to a panel in the Panel Editor to create a

single plot of different designs (or panelised designs of the same type). These panels can be
saved to a file for reuse.
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Technology Files

A technology file contains much the same information as other design files, with the
exclusion of the actual design itself. It may perhaps best be viewed as a template, as standard
design elements such as a Schematic drawing frame or board outline may also be included.
One of the easiest ways of creating a technology file is to save a Schematic or PCB file as a
technology file. The necessary information is automatically extracted.

The styles saved within the files are discussed in detail in the menu reference section under
Settings, Technology Files. It is sufficient to note here that styles may be copied between
technology files and the currently loaded design.
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The Online Help System

Help is supplied in the form of a HTML-based online help system. This provides detail about
the options within the product.

= -
Hide  Back d Pt  Options
Symbols ke
‘ Q»Orvtems\ Index \ Search | Favori_teS\
Type in the keyword to find: Symbols by themselves cannot be used in a design. They are referenced by Components o represent the
Schematic Gates and the PCB Footprint. The same symbol can be referenced by several different Components, o
|uhmry Symbols thus saving time during Compenent creation.
Eat 30 Fack Symbols are created in the appropriate Schematic or PCB Symbol Editor. These editors are the same in operation i
it 3D Package o to the Schematic and PCB editors, with commands tailored to the job. You can share the same technology files to
Edit 3D User-Defined Package -
PCE Symbols maintain consistency with the styles used

Schematic Symbols

Library Structure

Manual Route

Manufacturing Designs E|
Mapping Pins To Pads o
Measure

Menus

Merge Nets

Merge Shapes

Metafile

Micro Library

Milling Settings

Mimor Components (Flip) -

Context sensitive help is available from all dialogs in the design by pressing the <F1> key on

the keyboard, (you can redefine all the keys on the keyboard but it is recommended that you
keep F1 as Help).

The Index tab has a list of all topics available from which you can select the option required.
The Search tab allows you to locate items in the help system by typing in the word required.
Word strings can be found by using double quotes, for example “Add Component”.
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Chapter 4. Using The Interface

Overview

You are provided with an intuitive user interface that can be used to produce designs and
multi-layer PCBs. The user interface means it is easy to learn and pick-up even when it hasn’t
been used for some time. Likewise, for the professional user, there are many shortcuts and
context menus to assist and speed up the design process.

As with most Windows programs, the functions in this product can usually be accessed in
many different ways - through the main menu, toolbars, context menus and direct shortcut
keys. In this guide only one method is usually mentioned.

The User Interface

The interface uses standard Windows features and shortcuts wherever possible. This makes

the learning curve for infrequent users and regular users alike as easy as possible, there is an
immediate familiar feel with it. This standard will make you feel at ease with the layout and
controls of this design environment within no time at all.

Sliding Browsers

Floating Toolbar i
Rulers World View Browser Windows

Menu Bar

#] EasyPC by Humber One Systems|- contraller.peh N u]

File Edit |View Add Settings Output Utilities Topls Window Help

DS we RO SRR ERE S SR W.io [y 85 .

%| [ copronersen World View x Layers x g
@ ® | 5000 | 6000 | 700D 1] 800D | | 9000 | 10000 I 11000 3
2 =

& |2 =

W e k

| [T g

L 5

2| |z Bottom Blectrical g

al 1EF &2 m Bettom Sik Screen =

L | m Battom Paste E

a |- W Batiom Resist g

a lzk = B Dimensions é‘
S -

=INE _t — z

il [Ree<] Show Fick True B

= — Areas: =

il = 1 Connections: -

2 = Shapes: E

& = at Foured Shapes ]
1 =

2. - Sym. Shapes i
4l ] Pads

= Routing

=l | = Text/Values

8g| |2 Grd: [
]

i |2

vg| |-
=
2
2
=

T o

Al

k21 B = eni

D 1€

it niets g Component Sear

%] controllerpcb*  x rtmmm
h

Grid: 100,0000 Tenth Ts 24683 15804  mm

Workbook Mode PCB Window
Status Bar

Schematic Window



Using The Interface 21

During its use, you are presented with terminology and commands that are as close to the
Windows standard but with a PCB ‘flavour’. The image above highlights some of the major
framework features. Each of the features will be discussed in the following chapters.

Menus

The majority of the program is accessed through menus, toolbar buttons or context menus.
Most of the features have been located on the menus in the approximate order that they would
be used during the design process moving from left to right across the menu bar. For example,
Open is on the File menu (as it would be for any Windows product) and the Undo option is
on the Edit menu.

,ﬂ,’] Easy-PC by Mumber One Systems - [controller.pcb®]

“E’J File = Edit Wiew Add Settings Output Utilities
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00 new Ctrl=N
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Ay, B Close
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A B save Ctrl=S
5 S5ave As..
@ Save Copy As...
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14
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Status Bar

The status bar at the bottom of the display gives you information about the current items
selected, any prompts for input or messages and information about the cursor position.

. , oy
tutorial.sch L lowpass.sch L div.sch L Dive.sch 2| interface.pcb s X :f_z‘*

Abs||5250.0236/583.3583 |/thou

—

As the cursor moves around the active drawing area (within the square border), the co-
ordinate display at the bottom of the window changes. If you move the cursor from one side
of the border to the opposite, you will see the co-ordinates go from 0.000 to approximately
39.000 (with Imperial units and 3 decimal points set). This represents the largest board that
can be handled, 39 inches square or the metric equivalent. The status bar will also show you
the units (thou in the example below). Changing between Imperial and Metric units is
covered later.

3 %E—gx
< x o

Abs||5250.0236)583.3583 |[thou

The status bar shows more than just the X, Y coordinates, it provides instant information
about any selected item(s). This information is the most commonly required during use, more
detailed information is also available if the item is selected and the Properties option selected
using the context menu accessed from the right mouse button.

During editing of items, the status bar is important. It continuously shows you information
about the items you are editing and prompts you for action. If the operation fails, it will give
you information as to why this has happened.

The status bar is also active. You can double-click on fields within it to reveal additional
information. For example, double-clicking on the Abs field will change it to Rel (Relative).
Likewise, double-clicking on a Line or Pad style will display the styles dialog for that item.

The status bar can be switched on and off from the View menu. You may switch it off to gain
you valuable design space on your screen.

Opening Multiple Documents

You can operate in a number of different design modes and use the modes at the same time,
depending on whether you are working on a Project, a PCB layout, a Schematic circuit
diagram, a Technology file, or on a Component or Symbol.

Workbook Mode

Use the workbook mode to switch between applications by simply selecting the tab required.
The mode can be switched off using the View menu to maximise the design area.

L

tutorial.sch L div.schi-, i¥ interface.pch
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Customising the User Interface

Toolbars
The toolbar is divided into ‘palettes’ of commonly used tools. The toolbars can be moved and
customised as you require. The example below shows the default set of toolbars in the docked
position.
#4] Easy-PC by Number One Systems - [controller.pcb in Project Controller]
_L‘."I File Edit View Add Settings Output Utilities Tools Window Help
DMy e fIO. eEeREERE S SEQH W . =] [} %8 P BEBC B .
%l‘\5\1D\15\10\ZSIEDIESIAD\AS\SDISSIEDIES\7D\?5\ED‘\SSIBDIBSITDD\WS\HD
« |l=l

As you move your cursor over each button, if you pause momentarily, a small label will
appear. This is called a tooltip and will provide you with the function of each button when
selected.

tput Tools Window Help
S @ @& g

Each of the toolbars can be individually switched on or off and can be docked against the
furniture or left floating in ‘space’.

In docked mode, a toolbar is fixed along any of the four borders of the main window
framework in either a horizontal or vertical position and will have a Gripper bar across the
top or down the left. You cannot modify the size of a toolbar when it is docked.

:> Dw ML

The toolbar can be moved by selecting the window border and 'dragging' it away from its
current location (by dragging the small dots on the left side of the toolbar). When dragging, it
becomes detached from the framework. When the toolbar is then moved over another area of
the framework to which it can be attached, it changes shape to indicate it can be docked there.
You can also make it floating by double-clicking on the window gripper bar or in the toolbar
area itself, but avoiding the buttons that will select an option.

The toolbars can also be floating. This is a toolbar that has been moved into free space on the
design and outside the framework. This toolbar can now be reshaped to make it fatter or
thinner by dragging the outer edge in or out. The toolbar can be shaped to be one tool wide or
long by as many tools as are loaded on the toolbar in the opposite direction. By selecting the
outer framework edges of the toolbar, a small arrow 'handle' will appear to indicate that the
toolbar can now be reshaped. Drag the handle until you have the shape you require.

Add or Remove Butkons «

You can restore the toolbar to its last docked position by double-clicking on the name caption
on the toolbar, in the example above, this would be the word Edit.

To move a floating toolbar, select and drag any part of the toolbar framework. The toolbar
will move dynamically with the mouse movement. Release the mouse button to release the
toolbar.
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Customising Toolbars

Toolbars can be customised to contain the buttons (and underlying options) of your choice.
You are provided with a default set of toolbars that cover different design types and some
designs tasks, such as editing etc.

You can create toolbars for any task that appears on the menu or context menus.

To edit or create your own toolbars you must use the Customise option on the Settings menu.
Once in this dialog you can move tools on existing toolbars or add/create your own. Other
than in this dialog, you cannot add or remove tools from toolbars. Buttons can be moved by
pressing the <Alt> key and dragging the button from one toolbar to another. This technique
can also be used to remove the button from the toolbar. Press the <Alt> key and drag the
button into free space away from a toolbar.

Customise *

Commands Toolbars  Menu  Keyboard Options

Toolbars:

[ 3D view ~ Reset

|:| Component Design

[ pocument Reset All

File New...

|:| Library Databook
Menu Bar

[] Panel Design

PCE Design

[ pcB symbal

|:| PCE Technology

Ml o -

Rename...

Delete

[1Show text labels

Commands and Shortcut Keys

As well as the toolbars, you have the ability to program your keyboard for commonly used
options or commands. This means that once programmed, you can press a key or key
combination to enter a function. For experienced users, this makes the program's operation far
more efficient (and quicker).

When the program is first installed, you will find a set of shortcuts already defined for you.
This is only a default set and can be modified to your own preference through the Customise
dialog. Almost all of the keys on a standard keyboard can be utilised giving you extensive
coverage of shortcuts.

P To define shortcuts

1.  From the Settings menu, select Customise

2. Select the Keyboard tab.
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7.
8.

Customise *
Commands Toolbars Menu Keyboard  Options

Fitter

Assigned Shortcuts:

Commands:

Alt+3 Bemove
Add Angular Dimension
Add Area For Copper Pour Reset Al
Add Bias Voltage Markers
ﬁg g{ton;ip Press New Shortcut:
Add Board
Add Board Circle &
Description:
\iew a 3D4mage of a PCE design Shortcut Report
Save...
Load...

Each of the currently assigned shortcuts are displayed when the command of the same
name is selected. You may assign more than one shortcut to a command if required.

Select the Command that you wish to create a shortcut key for. The Category selection
will help you choose the command. These are categorised by menu option with an <All
Commands> option also available.

Click the shortcut key(s) that you wish to use.

The dialog will display any command that already uses this by name and the shortcut
will be displayed in the Press New Shortcut Key box.

Click the Assign button to assign it.

Click Close to exit this dialog.

For a report of all shortcut keys defined, run the Shortcut Keys Report from the Settings
menu, Customise and Shortcut Keys Report. The dialog will allow you to choose the
sorting order and the shortcuts to report.

Rulers

Shortcut Keys Report X
Report Order:
(C) Sort By Command
Cancel
@ Sort By Key
Which Shortouts:
(@) All Shortcuts

(O) shortcuts Usable In Current Document Type

You can choose to have vertical and horizontal rulers displayed along the left and top margins
of the design window. Rulers can be useful for sizing or aligning design items in terms of
physical units such as millimetres, inches or thou.
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#4] Easy-PC by Number One Systems - [controller,pcb (PCB Design) *]
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Rule Stop settings

The ruler lines and snapping to the ruler lines is controlled through the Ruler Stops Settings
dialog. To display the Ruler settings dialog, select Rulers from the View menu, or right click
on a ruler bar to use Ruler Settings from the shortcut menu, or alternatively, you can use a
defined shortcut key or toolbar button.

You can right click on the ruler bars and use a context menu to access the dialogs and also to
perform some other operations on ruler stops.

3% Fle Edt View Add Settings Output

DEHL SR @il o 8

= 10 lal 1 1100 1200 1
E“ Ruler Settings...
1=

o Ruler Stops...
3 Delete All Ruler Stops
ra -
gl = v | Snap To Ruler Stops
v =
A Edit Ruler Stop
i S Delete Ruler Stop
mlls L I

e Use Delete All Ruler Stops to quickly remove all the stop positions from both axis.

e  Use Snap To Ruler Stops to toggle interactive snapping of design items to stop
positions.

e  Use Add Ruler Stops at Selection Origin to add a horizontal and vertical stop position
at the origin of the selected items. This command is available to put on a shortcut key,
and is useful for displaying a line through particular items to use to line up other items.

If a ruler stop existed at the point that you right clicked on the ruler bar and one or more items

of the same type are selected in the design, two Align To Ruler Stop options will be



Using The Interface 27

available. These allow you to align either the lower or upper side of each selected item to the
picked ruler stop position.

If a ruler stop existed at the point that you right clicked on the ruler bar the Edit Ruler Stop
and Delete Ruler Stop will be available to allow you to change the value of, or delete, the
picked ruler stop. If no ruler stop was underneath the picked position, the Add Ruler Stop
option is available. Use this to add a new stop at the position picked on the bar.

A new ruler stop can also be added by double-clicking on the ruler bar.

You can reposition a ruler stop by dragging it along the ruler by pressing and holding the left
mouse button, release the button at the new location.

Dockable Windows

There are a number of dockable windows available for use. These will speed up your design
work and provide you with convenient access to features: Component Bin, Add Component
bar, Layers bar, Colour Files bar, World View and Goto bar. Each of these may be
displayed, hidden, docked, floated, auto-hidden (so they can ‘slide’) or combined together in a
tabbed bar.

To view any of these menus, either select Dockable Bars > from the View menu or right
click on the menu bar or the framework to access the shortcut menu.

REPUIL DIOWSET.,

Dackable Bars o] % world view
Tabbed Designs % Add Component
Pjﬁ Properties.. | a Component Bin Crl+F9

Side y|VE Layers

|_T|. Nets

Bl Colour Files

M Goto Bar

'|~|; Shape Information

Notes

= Properties Bar
Component Search

When docked, these bars can automatically hide when they go out of context and re-display
when they come back into context. They come into context by hovering the mouse over the
relevant option tab.

= Add Component - X

+ || 7dhc.eml [in "C\Users\..\Librar v]
T4HCO0 -
T4HCO02
T4HCO3
T4HCOE
T4HC10 -

ulg uauodwos [y

DIL = |

Layers * 0 X

[¥| [l Top Electrical ‘

dwos

Top Silk Screen
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The three small icons (shown circled) on the top of the sliding bar indicate additional
functionality. Moving left to right; these reveal the context menu, a pin to enable the dialog to
be sliding to conceal it or docked to be permanently displayed. A cross indicates the Close
option to dismiss the dialog altogether.

Component Bin

The Component Bin itself consists of the Component Bin Preview (showing both
Schematic and PCB symbols) and the Component Bin. The component bin is provided to
store and view unplaced components in the PCB design editor, and unused gates in the
Schematic design editor.

Component Bin * ax

uiE

Unconnected Components
US - 74HCO0 [DIL]

U7 - 74HCO0 [DIL]

U17 - 7T4HCO0 [DIL]

U18 - 74HC74 [DIL]

U19 - T4HCT6 [DIL]

U20 - 7T4HCT6 [DIL]

U21 - T4HCT6 [DIL]

The Component Bin Preview window shows the component currently selected in the bin,
along with its pad numbers and names. This updates automatically as each component within
the bin is selected.

Component Bin - BX

The Component Bin window lists the components currently in the bin by Component Name.
This shows the component name and component type and is sorted alphabetically on the
component name. For a Schematic design and for multi-gated components, the gate name and
symbol name are listed for each gate of the component. The components (or gates) are
selected by clicking in this list.

R1-R[D5C]
Gate -R

Rz - R [D5C]
Gate -R

L1 - 741500 [DIL

Gate b - ZNANDP
Gate ¢ - ZNANDP
Gate d - ZNANDP
U2 - LM741 [DIL]
Gate - OPANMPL
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To use the component bin, select and drag the component required into the design. You will
see the component on the end of your cursor in the design ready for placement.

Add Component Bar

The Add Component dockable bar is effectively an ‘always-accessible’ modeless dialog for
adding components. This is available for a Schematic or PCB design.

Add Component x
User V|

CB3
MS5P430FR5968IRGE

QFNS0PT00XT00X100-49N ~

Supplier_Name=RS Components

RS Part Number=28254387

Manufacturer_Mame=Texas Instruments
Manufacturer_Part_Mumber=MSP430FR3969IRGZ

Datasheet Link=http://www.ti.com/lit/ds/symlink/msp430fr3%69. pdf
Height=1

\Allied_Mumber=

3D Package=

Other Part Number=

Colour Files Bar

It allows a component to be

‘dragged’ from the selected library
directly into the current design view.
Alternatively, double-clicking
activates the normal ‘button-up’ add
component mode and allows multiple
instances of the component to be
added. The component package name
is also displayed allowing an
alternative package to be chosen.

This window is more basic than the
Add Component dialog as there is
no name filtering or Find option.
However, because this uses the
sliding bar, then it is accessible very
quickly.

The Colour Files bar will display a list of previously saved colour files in the colour files
folder. The folder is predefined and named in the Preferences dialog on the Settings menu.
Clicking on any of the files by name from the list will load that file and change the current

display.

Colour Files x

pcb bottom
pch top

pch white
pch

special effect
view all

view selection
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Goto Bar

A basic selection of colours files is installed by default but the list can be added to and
modified to your own requirements. Colour files are defined and saved from the Colours
dialog.

Different design items can be located by using the Goto Bar. You can go to Components and
Nets in both the Schematic and PCB design editors, as well as Errors in the PCB design
editor. Additional Goto options include Goto Pad/Line/Track, Text and Text Styles. The
Goto X,Y, Relative Origin, Selection Origin, System Origin and Previous/Next Error
options are available from the View menu.

Goto x

Component ~

1

c7
c8
(-]
CONN2
CONN3

LK3
LKS
LK10

Use Fiter (] |57 ":J ﬁ ﬁ

The Goto Error selection will show all the design rule errors in the design once the online
DRC or batch Design Rules Checking options have been run. Clicking on any of the errors
will ‘pan’ the display to the selected error. Errors can be sorted by Type of error and Layer of
the error using the context menu in the window.
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Goto x
Ermor ~
Component to Board (Cm-B) -
[Top]
(3547.5000, £967.5000)

(6797.5000. 7767.500 v Floating
Component to Component ({Cr

[Top] Daocking
{4102.5000, 7467.500
{4115.5000, 7117.500
{4128.5000, 7067.500
Hide

[Bottom]
{4102.0000, 6957.500
Padto Board (P-B)
[l v Flash Found ltem
(33225000, 6958.189 Auto Zoom On Found Item
(3345.0000, 7067.500

Select Found ltem

Padto Pad (P-F) Centre View On Found ltem
[M]{-l'IZZ_&[H}D, 6967 500 Highlight [tems From Design Selection
Track to Board (T-B) Refresh Find List
Top Blectrical Select All Find Items

{3335.5000, £567.500
Track to Pad (T-F)

Top Blectrical Deselect
{3495.5000, &967.500
(3607.5000, £967.500
(36615000, 7067500 $ Goto Xt.
(3714.7480, 6968.248 %' Properties...
(3757.1220. £558.874

\Use Fitter :? Design Rule Check

Select All Visible Find Items

Remove Highlight

+  List Errors By Type
List Errors By Layer

Design — Lists the names of all open designs, projects and library items. Also lists all
schematic and PCB designs in a project even if they are not open.

Select an entry from the list to switch to that design.

Goto x
Design ~
Controller

Controller.pr

Controller.prj [controller peb]
Controller.prj [controller. sch]
CPP

Use Fiter (] 77| || a0 |58

Goto Filter
You can filter found items in the list by using the filter on the Goto dialog.

Check the Use Filter box to activate the filter. A dialog will be displayed into which you can
type the name you wish to find. You can use standard wildcards (* and ?) in this field.
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Goto x

Component ~

c4 Goto Filter s
c5
Cé Use Fitter: |C' | | 0K
-
ca Cancel
[ot:}

Layers Bar

The Layers Bar is used for switching named layers on and off. This is only available from
within the PCB design editor and PCB symbol editor. This will list all the layers in the design
(created in the Layers dialog on the Settings menu).

Layers *
+  Floating
Z!D Docking
[/] ® Top Paste
[+ Top Copper
[] ® Top Resist
[~] ® {3Gnd
[ m (3 Vee Hide
[/] m Bottom Paste
[] ¥ Bottom Copper All Layers On
% : gﬂgm ;leks'ﬁ All Layers OFf
z‘ W [Dimensions Set Toggle Layers...
1% Toppp
©@H Top Layers On/Off Ctri=1
hhdets Ehan i g ©E Inner Layers On/Off Ctri=2
Areas:
Bz Bottom Layers On/Off Ctri+3
Shapes: ) . )
Poured Shapes: Wiew Side - Top Only Shift=1
Sym. Shapes: View Side - Inner Only Shift=2
Fads: View Side - Bottom Only Shift=3
Routing:
Teat/Values: True Width On
Grid: X
True Width Off

All Displayed On
All Displayed OFf

¥ Reverse Draw Order

R

% Colours.. Shift=F

Each layer is shown with a check box. Clicking the check box toggles that layer’s visibility on
or off. A single click on the layer name highlights that layer in the list, whereas double-click
will make just that layer visible and all other layers invisible. There are also context menu
entries available to switch All Layers On and All Layers Off.

Defining Current Electrical and Documentation Layers

The colour squares next to the layer name have a black square outline to denote both the
default electrical and documentation layers. Left click on the square to set that layer as the
default. The black ring will appear next to that layer to indicate this. If there is no common
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World View

default (i.e. all categories do not have their default set to the same layer) the black square is
not drawn.

[][W] Silkscreen Top
[ Solder Mask Top
[] % Paste Mask Top

() Top

When starting a new track or adding a new doc shape, the default layer will be used.

Showing and Hiding Powerplane Layers

On the Layers Bar, power plane layers are indicated by a small thermal pad icon to the right
of the coloured square. Powerplane layers are defined in the Technology file under Layers.
These are layers that have a Layer Bias as Power Plane.

|| 1 OP
B\ > |5plit Power Plane
=

P hlmrrnal Plame en

If the power plane is being displayed in the design the icon is in negative. Left click on the
icon to toggle the display to show/hide the power plane.

B B Splt Power Plane

Note, this option is a quick way to access the View Powerplane functionality. View
Powerplane is still available from the View menu.

Categories

Within the Layers bar, you also have the details pane showing additional design categories.
This is revealed using the More>> button. It can be closed using the <<Hide button. This
allows you to Show items in the design as well as making them Pickable or not.

Bottom Solder Resist

Battom Sik
Documentation?

[ide << Show Pick True
Areas:
Corinectiors:
Shapes:

Poured Shapes:
Sym. Shapes:
Pads:

Routing:
TextMalues:
Grids:

The World View provides you with a view of the whole design and working area.

For fast zoom and unzoom, the frame option can be used inside the World View window. To
use this simply click and drag in the World View (like a Frame Select). The area drawn will
define the zoom region. The design will automatically redraw at this size.
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World View x

+ Floating

Daocking

Hide

+  Show Design Extents

Show Working Area

Shape Information Bar

The Shape Information Bar is available as a dockable bar to allow viewing and editing of the
currently selected shape in your design. Shape coordinates, offsets and lengths can be edited
for easy shape creation.

Shape Information x
Poirts A:_qrteol
Closed:
Type | X | Y
Start Point 25.4000 26,0350
Line To 96.5200" 26,0350
Line To 96,5200 83.8200
Line To 34.2900 83.8200
Line To 34.2900 67.5640
Line To 25.1460 67.5640
Line To 25.4000 26.0350

If the selected shape is edited interactively, the Shape bar will dynamically update to reflect
the changing co-ordinate information for the shape being modified.

The Rel check box allows you to display the coordinates in either Absolute or Relative units.

When the Auto option is checked, this will cause the Shape bar to automatically switch to the
most appropriate mode to display a selected shape, i.e. if a circle is selected it will be
displayed in Circle mode. Polygon shapes will be shown in the most recently used of the
possible modes.

The Closed option will be automatically set to indicate whether the selected shape is Closed
(unchecked means the shape is Open). The check box allows the state of the shape to be
toggled between the two states.

More information about the Shape Information Bar is available in the online help.

Design Notes Bar

PCB and Schematic designs can contain Notes organised within subject categories. Use notes
to jot down questions, ideas, reminders, and anything you would write on paper. For example,
to document the designs progress, highlight problem areas, document any design constraints,
serve as reminders of how to do things, highlight where a workaround has been applied, and
many more reasons.
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Notes can be synchronised between a schematic and its corresponding PCB design and so can
be used to pass instructions from the schematic engineer about things to consider when laying
out the PCB. Also notes about problems can be back annotated to the schematic from the PCB
design.

Mote

Category: Manufacture

Subject: Driling Details

Created: peted 03/07/2012 14:38:58
Last Edit: peted 03/07/2012 14:38:58

, ~ 1 Diam (thou) Qly Id Plated Symbol
0 4E Y .
) 350 182 B Y X
. 420 9C Y 4+
F 50 38D Y [ |

Unlike free text and callouts, notes cannot be displayed in the design, but can have associated
markers placed in the design to show their area of interest.

There is a dockable Notes Bar containing a browser listing all the notes in the current design,
sorted and filtered in various ways, and an edit window that can be used to view, edit and
print the contents of each note.

What is a Note

A note contains a single line subject or title, and a multi-line text message. Each character in
the text message can have its own colour, size and text font. The text message can be created
in a text editor window by directly typing the text, or by pasting unformatted or Rich Text
Format (RTF) text from another application. Each note is saved in the design it was created
in.

All notes belong to named note categories to help you organise and manage them. As well as
a name, these categories contain information about the note markers. Each note can optionally
have an associated marker placed in the design. By default, the marker appears as a yellow
square. You can change the appearance of note markers, including the symbol, colour and
size, by editing the note category.

Additional help on adding and using Design Notes is available in the online Help.

Properties Bar

The dockable Properties bar allows you to see the properties of an item or multiple items
using a modeless window. Many of the features available to you from within the Properties
dialog are available in this dockable option, helping you to view and edit values for items
without accessing a different dialog. Note that not all the properties are available in the
Properties bar. It is purely a faster, more convenient mechanism for accessing Properties on
the fly.

The dockable Properties bar also provides the ability to show only the properties common to
all the items in the selection.
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6400 6450 | 6500 6550 | 660D 6650 | 6 Proparties of Track TAxXE
# | | Properties Walues ‘ ol
Start CONN2.16 =
End g
Length fus]
Length (Selected) 84.8543 3

Layer Bottom Electrical
Track Style Power 25 B
Width 25.0000 )i/
Met GND E
. . Met Class Ground é
Guard Spacing 0.0000 i

Length (Met Track) | 33571.233%

To enable the Properties Bar, click on the View menu, Dockable Bars, and click Properties
Bar. Alternatively, right click on the right-hand bar and select Properties as shown in the
illustration to the right.

Because this is a floating bar, it can be undocked once selected for use.
Viewing the Design

Mouse Operation

The mouse can be used for many operations, not only for menu and option selection but also
for interaction within the design. A single left button click can be for selection. Once selected,
an additional operation can be performed on that item. By selecting an item (with the left
button) and then right clicking, you can get access to the context menus. You can actually just
use a right click on an item to get to the context menu, this has the same effect as left click
then right click.

Functionality is also available through the use of the mouse wheel button. The wheel can be
used in two ways, by rolling it backwards (and forwards), and by clicking it.

By rolling it forwards you can activate a zoom out on the design, the same as using the <U>
key on the keyboard.

By rolling it backwards you can activate a zoom in on the design, the same as using the <Z>
key on the keyboard.

By using a single click of the wheel, you can pan to the current cursor position. If you keep
the wheel mouse pressed down and moving the cursor, a dynamic pan will be obtained. This
has the same effect as using the <P> key on the keyboard.

All the Zoom commands are available on the View menu although you will find that you will
use the mouse wheel or remember the keyboard commands more frequently.

As an alternative, you also have commands for Zoom In/Out At Centre. Instead of zooming
in and recentring the selected zoomed item, the window will remain in its current position and
zoom the item out.

Numeric Keys to Zoom In and Out

The numeric keys <1> to <9> and <0> along the top of the keyboard will give you predefined
zoom levels. These keys change the zoom level immediately to correspond with the key
pressed. For example, at zoom level 8, you will see the entire drawing area; at zoom level 1
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Frame View

the screen corresponds to an area of the drawing about half an inch (~15mm) across but will
depend on another factor, the size of the defined working area.

A Frame option is also provided to selectively zoom around the design into specific areas, the
shortcut key for this is <Ctrl-F>. Click and drag a box around items within the design, it will
then fill the screen with the selection.

A note to mention here is that quite often you will drag a box on the design and get a selection
but no zoom, this will be because you have not selected the Frame function first.

Frame can also be used in the World View by simply drawing a box in the World View
window. You don’t need to be in Frame ‘mode’ to do this.

Viewing all of the design

Pan

Auto Pan

At any time, you can press the <A> key to zoom to show all of the design. The 'design' means
anything on the screen within the design area, e.g. board outline and/or drawing blank (if
used), or the extremities of any entity regardless of where it is in the design area.

The View All option is also available on the View toolbar and the View menu.

You can use the zoom options to move around the design by successively zooming out and
then zooming in on different areas. A Pan option is also provided to navigate your way
around a design without having to zoom in and out. This can be done using the <P> key on
the keyboard (this assumes you haven't yet switched on the Autopan feature which is
discussed below). You will see that the screen pans to the previous position of your cursor.

By keeping the <P> key pressed down and moving the cursor, you can achieve a dynamic pan
on the design.

By pressing the middle mouse wheel button on the mouse, you can also do a Pan. Keeping the
wheel mouse pressed will enable you to move the mouse and dynamically pan around the
design.

Pan can also be used in the World View. With the cursor in the World View press the <P>
key on the keyboard, the design will pan in the direction at each key press.

As well as the Pan option, you can also use the scroll bars on the window to move from side
to side or top to bottom.

A smooth Auto Pan option is also provided. This operates when you move the cursor to
within approx. 1/4 inch (0.7 cm) of the current design window edge (this value is approximate
for a full screen design on a 15" monitor). The design pans until the cursor is moved outside
the panning tolerance. Panning works with and without design items selected ensuring an
optimum user defined view of the design at all times.

The switch enabling the Auto Pan control is selected through the Preferences dialog,
Display tab on the Settings menu.



38 Using The Interface

tion Schematics Interaction  PCB Interaction  PCI The delay before the pan is started can be also
controlled on this dialog using the Delay Before
Starting slider. Moving the slider to the right
makes the autopan work sooner, whereas moving it
Delay Before Starting: to the left makes it less sensitive that means you
have to leave it at the edge longer before it pans.

Auto Pan
[ Enable Auto Pan

soeed Default Seftings Th§ I?efaulF Delay bqtton setting will ?pply a
built-in setting that will be a compromise between
Pan being usable and speed of operation.
Mouse Sensitivity:
I Defautt

Reversed Mouse Pan

Design Item Selection

Standard Selection Operations

There are a number of ways that items can be selected in your design and libraries.
. Single select

U <Ctrl> select (modify selection)

U <Shift> select (extended selection)

. <Ctrl-Shift> select

Select
Ctrl-Select
Select (ﬁSelect
Shift-Select Shift-Select again

o o

The diagram above shows how using the different combinations will allow you to select the
entities of the design item.

Single select

A single click of the left mouse button will make a single selection of any item. By selecting
another item, the first item will be deselected. Once an item is selected, you can add to that
selection or remove the item from the selection (see the <Ctrl> and <Shift> selection sections
below).

Control (Ctrl) select

Using the <Ctrl> key while clicking the mouse button will enable you to modify the
selection. In other words, if you already have an item selected, you can add another item to
the selection. It also allows you to remove items from a selection. This is a very useful option
for making a selection of multiple items in the design.



Using The Interface 39

Shift select

Using the <Shift> key while clicking the mouse button will extend the selection to the whole
item. This could be used for selecting a complete track path between two pads on the same net
for example. If the Shift-Select operation was executed twice on the same track, it would
select and extend the selection to the first track path, then extend it further to include the
whole net outside of the point-to-point connection path.

You can also use <Shift-Select> to select a whole shape, a copper shape for example.

Ctrl Shift select

By using the <Ctrl-Shift-Select> keys together you can extend the selection to the whole
entity but then use this combination again to add to the selection. For example, for selecting a
whole track path but then adding another whole track path to the selection of a different net.

Other Selection Mechanisms

There are also other modes of operation that can be accessed using the mouse: Double-click
editing and Frame select.

Double-click editing

By using a Double-click of the mouse on an item, such as a connection in PCB, you will
automatically be entered into Edit mode. This means that the connection is converted to a
copper track and you can ‘draw’ in its electrical path using corners and changing layers.

Frame Select

By dragging a box when in free space, if any items are enclosed within that area, they will
become selected. This is called a Frame-select. Any item inside this selection will be drawn
in the Selection: colour taken from the Colours dialog.

This type of selection is of use for making a selection of a group of items that could then be
moved for example. You may also use this selection to delete sections of the design.

To deselect the selection, click the mouse in free space on the design or right click and choose
Deselect from the context menu.

Polygon Select

From the context menu, you can choose the Polygon Select mode. In this mode you define a
polygon by clicking at its corners. Use backspace to delete a corner and double-click to
finish. Any item crossing the polygon will be selected.

Frame Select

Palygon Select

Select All Ctri=4A
f\z Fetch Component...

Select Mask 4

Remove Highlight

Set System Origin At Cursor
Set Relative Origin At Cursor (o}
Set PCE Panel Origin At Cursor

aba Curbnem Plrimin
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You can also use this mode as a single line for selection by dragging the cursor. This is useful
for selecting angled tracks for example. This option ignores the Select If Completely
Framed setting.

To do this, enter the Polygon Select mode, drag a line (not a polygon) across items you wish
to select:

? ®
[+ 2+ B

-

o

A

The items under the line are then selected once the cursor is released.

®
X
ole

o R

Like Frame Select, Shift key down means select whole items, and if the Ctrl key is down
nothing is deselected before selecting the items with the shape.

Controlling the Selection

Cyclic Picking

Having selected a design item, it is possible to select the next nearest item within picking
distance. This may be done either by using the Select Next option on the context menu, or by
pressing the shortcut key <N>. Repeating Select Next will cycle through all items that are
within close proximity. Once the required item is selected you can then execute another
command on it.

This is especially useful for selecting design items in a dense area. You can also use this
effectively when the display of particular items is set to be non-selectable.

Colour selection flags

As well as the ability to select Next and Previous using the cyclic selection mechanism you
can also make design items selectable and non-selectable from within the Colours dialog.
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Layers and Layer Spans |Seﬂings and Highlights I Nets |

Layer Display||Selecta TrueW| Track;| Areas| Pads| Shapes‘Text| Sym. Pad;| Sym. Shapes| Sym. Text| Value P

Displayed Yes | Yes  VYes | Yes Ves Yes Yes Yes ¥

Selectable ~ I Yes | Yes | Yes | Yes | Ves Yes Yes Yes A

True Width Ves | Wes  Ves | VYes  Ves Yes Yes Yes ¥ |
V| 1am Yes | Yes | Ves -

[Tep] Yes Yes Yes - -

Top Electrical Yes Yes Yes

TopSilkScreen | Ves | Ves | Ves CIC 1T I

Within the Layered Items dialog, you can make an item not selectable by unchecking the
Selectable check box. With this box unchecked, if you try to select that type of item, it will
not be selected. Likewise, if you make a frame selection and the selection contains this item,
again it will not be selected.

B Colours

Layers and Layer Spans

Board:

I Fill On Special Effect Layer

Connections:

[ Pin Names:

[ Pin Numbers:
Top Wire Link:
Bottom Wire Link:
Top Fying Wire:

Bottom Flying Wire:

Bitmaps:

MNotes
Dimensions:
Text Callouts:
Inserted Tables:

[ System Origin:
[] Relative Origin:

*
Seftings and Highlights  Nets  Net Classes  Comp Colours
Selection: — -~ BackGround: —1 ~ —
Highiight: I [ Sereen Giid Primary: | ~ Save...
Met Highlight: I Screen Grid Secondary: | ] o Display Al
—/1 ~ Highlight Tracks with Stripe [m] Ruler Stops: [ Hide Al
. [ Diff Pairs: | — [oveday: —1 ~
. [[] Dangling Tracks: e [ Symbol Origins: s
—1~ [ Angled Tracks: O - [JPlacement Origins: | M@ | [ Force Everything
. [ Tracks fixed for Router: | | - Draw Drill Holes 0 Force Al
/1~ [ Lowlight Fixed tems [JUnconnected Pins: | NI - Walue Posttions
. [ Testlands: 1 ~ [ Unplated Holes: .
[ Protected Vias: O - No Connect Pins: 0 -
Terted Vias: [ [ Variants e
Urfitted Components:  |[_] ~
I
| —
. Key Merge Colours Show Clearances: Finish Markers:
[ Wt Visibie [ 5hapes Eror | NN ~ Direct H: | I -
. Visible [ Tracks )
. [m] Mot Selectabie Waming: | g ~ Nearlt: |01
Cancel Apply Help

On the Settings & Highlights dialog you can also make non-layered items non-selectable by

using the tri-state check boxes. The tri-states are unchecked (Not Visible but Selectable),
checked (Visible and Selectable) and checked/greyed (Visible but not Selectable), these are
shown on this dialog under Key.

Key

] Mot Lise

[ Visitve

(W] Mo Saiectabie
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Selecting from a list

As an alternative to using the <N> key to cycle through the picking list, if you press the <Alt>
key while selecting the required item, anything within the picking tolerance will be displayed
on a small context menu. From this list pick the required item and it will be selected.

o I)

Component
| Comporpent Pad C32.2, Layer [All], Net NO&53
Track " Horiz, Layer Top Electrical, Net NOB52

[ Tows s siooiofa

User Defined Preferences

There are many aspects that can be tailored to suit your own needs. These options are defined
in the Preferences dialog on the Settings menu.

Preferences *
General Design Backups Display Cross Probe Dual Screen | ion  Schematics Ir ion  PCB Ir ion PCB Tracks Wamings
General Reports
Number of Undo Levels: 20 w Header...
Recertly Used Files: [ View Reports in Report Browser [ As HTML Suppress Text Reports
= )
[ Enable Sounds All Reports Use Same File Extension
Write Reports to Folder: | With design s

Document Mame First in Window Caption
Project Mame in Window Caption

[T]Open From Explorer Opens New Instance of Application

[ Workbook Tabs at Top Save As Integrity Check
[JCheck For Duplicates on Save to Library Copy Associated Files: 5CM Sheet Names to PCB
Use ‘Recent Files' version of File Open dialog Mo ~ Wam SCM/PCB Only

Ovenwrite Existing Associated Fles

BoardMaker Import SCM Sheets in Project
Seftngs... it ekt
C5V Separator Char Prompt First >
Startup |:| g Sg:ll:inag" ;':nej:t:t when
Show Start Page File Extensions Library Manager | Save all sheets when saving
ary sheet

Live Content Reopen Previously Open Files [] Floating Library Manager
Aways On Top
[ Synchronise Library Names

Each tab on the dialog contains logical groups of functionality for different purposes. The
General tab (shown above) is used to set general system information for example.

More complete detail for each of the options on these tabs is discussed during their use
throughout this manual.

There is also a Design Options option on the Settings menu.
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Design Options X

[ Adiust Text Ratation [Ensure Readable]

Bus Teminal Size: [50.00

Cancel

This has one option on it for setting an automatic text adjustment during text rotation so that it
is readable from the bottom or right-hand side of a page.

Properties Dialog

Additional information can be obtained for any item using the item Properties option. You
can get to the item Properties by selecting the item and using the shortcut key <Alt-Enter>,
or selecting it from the context menu.

Properties - Component X

Component  Values Nets  Associated Parts

Dt
Position: Rel
Angle: (I Mimored [ Fixed
[ Component: Change...
[JPackage: |LCC
Opeomon |
Clgmnt

Pin Mames Pin Numbers

The Properties dialog shown above is an example for a Component in the Schematic design
editor, it shows more detailed information about its Position, Angle and Component etc.

Much of the information within Properties can also be edited, a components’ physical
Position or Angle for example.

Multi-item Properties

The Properties dialog can be used for changing multiple selected items, components for
example. When two or more similar items are selected and the Properties option entered,
various fields will show that there are differences.

cz . c3
c c
bsC DsC

Using the above design example, the component Properties dialog looks like this:
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Properties - Component *
Component  Values Nets

Mame: [Different]

Position: [Differert] | |[Different] Rel
Angle: [ Mimored [ Fixed
[JComponent: |CAPD Change...

If the Component Position in the X axis is different to the Y axis, this will be indicated in the

dialog by the word [Different] in the coordinate field. Obviously, the component Name will
also different and is greyed out.

From here you could also apply the same Rotation (Angle) to all the selected components or
Mirror them for example.

If you are currently using Relative Coordinates in the design, you can use the Rel button to
switch between showing (and accepting) relative coordinates or absolute co-ordinates.

Values
From the Properties dialog you can also add Values to design items.
Properties - Component X

Component Values Nets  Associated Parts

[Value=100pF E Add... i

[ Mfr=\ishay
[IP/N=099853BS Delete

When a value is added, the name of the value and actual value is shown, in the example
above, C is the value name and 100nF is its value. You can display the value on the item in
the design by clicking the check box next to the value.

To add values to a component, use the Value Positions option from the Add menu. For more
information, see the next chapter under Working With Values.

The Key shows the colour code for the entries in the list. So, a value just defined on the
selected component instance is drawn in black, and a value inherited from the library
component is drawn in light blue.
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Chapter 5. General Utilities

Undo and Redo

Multi-level undo and redo facilities are provided for all major design items and Projects to a
maximum of 50 levels. System memory (RAM and Virtual Memory) will have an impact on
the larger undo levels available. The memory used for undo depends on the items and number
of items preserved by the system.

Preferences *

General Design Backups Display Cross Probe Dual Screen  Interaction  Schematics Interaction  PCB Interaction  PCB Tracks  Wamings

General Reports
Number of Undo Levels: 20 w Header...
Recently Used Fies: [] View Reports in Report Browser [ As HTML Suppress Text Reports

] Enable Saunds [ All Reports Use Same File Extension

The number of undo levels are set on the Preferences dialog on the Settings menu. Standard
Windows functions for Undo and Redo are used as shortcuts, <Ctrl-Z> and <Ctrl-Y>,
respectively, as well as the inclusion of menu options on the Edit menu for each item.

The use of undo and redo in design practice are invaluable. They allow you the flexibility of
being able to try different iterations of design and restore the previous attempts if the effect
isn't what you require, or if you, by any remote chance, make a mistake, undo allows you to
recover the situation without incidence.

One last point about undo and redo, if you set your undo levels to 3, for instance, when level 4
is required by the system it will remove and overwrite level 1 and so-forth overwriting each
previous level in turn and continually cycling through this sequence. If you rely on undo (as
most of us do) set the levels to 50 and forget it! Check your memory and adjust to a level
suitable for your system.

Be aware though, once Save or Save As have been used, the undo buffer is reset to zero (0)
levels available. This means after saving the design you cannot undo an iteration made before
the save. From this point forward the undo buffer would start saving again.

Do not rely on Undo or Redo as a substitute for regularly saving your work.

Interactive Operations

During the normal usage of the product you will need to make interactive operations to design
items in order to manipulate them to where you require. The following sections outline the
major interactive features of the product and explain their use.
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Moving and Placing ltems

There are two interactive methods of moving items in your designs (don’t forget you can also
use Properties and Position to type in a location).

The first is using the standard Windows drag and drop, where an item is selected and with
the mouse button still pressed, is dragged into its location and dropped. This is very fast and is
modeless, it does not require that you are in any ‘mode’ of operation to perform this. When
using drag, the amount of item that is moved will depend on how much of it is selected. A
track segment for example can be ‘stretched’ until released. Where the stretching takes place
from depends on how many segments were selected (you may have used the Ctrl or Shift
keys to extend the selection). If a whole shape is selected, the shape will be moved rather than
stretched. Selection of any part of a component (other than its name or values) will move that
item. A component is effectively a small group created by the symbol or footprint library item
and will act as a complete ‘unit’.

The second method is by selecting the item and using the Place option from the context
menu.

During both drag and Place, options available to you through the shortcut keys and context
menus are the same. While moving an item, if you decide that it was the wrong item or the
move is no longer required, press the <Esce> key to exit the mode.

When placing items, the grid used will be determined by the interactive grid setting. During
move, use the shortcut key <H> to display the menu. Select the grid setting required.

Grid
Half Grid

¥ Quarter Grid
Tenth Grid
Fortieth Grid

0.5mm
1.0mm
2.0mm
25 Thou
50 Thou
~  Working Grid

H Grids...

The grids are taken as fractions of the current grid selected; this is set up in the Grids dialog
on the Settings menu. You may create your own named grids, these will be displayed on the
Grid Snap context menu when using Place. Grids are discussed later on in this chapter under
the heading Grids.

Line segments that are mitred or fillets can also be moved but will retain their size and make
the adjoining segments each side dynamic. If you wish to resize a mitre or fillet, use the edit
facility (using double-click) and drag the corner to a new position.

On straight line segments, you can pick the end of the line and drag it to a new position. The
pick and drag must be continuous and must be accurate on the end of the line. If it isn’t, you
will move the whole line.
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Mirror (Flip)

Mirroring of items is done using the Flip command. This can be performed on most design
items. The command is available when placing or editing an item, or from the context menu.
It can also be used by selecting the shortcut key <F>, and is available on some Properties
dialogs, Components for example. It is not available for all design items.

Flip in Schematics

The Flip option on components in Schematics works by mirroring the symbol about its
symbol origin.

Ma
100310QC
UL = an 2
fl = |
»-—1 DO Qo —
2 z
UL T [T
ORI ! @ty
7 A
w—1 D3 Qz —x
16 5
%o | s oz |2
15 = 10
»—1 D5 a3 —
03 %X
i i a1y
Axis Paint at %x
o 14
Qs ¢
uib U1b
100310QC 100310QC
st VEE H“E VEE
o lvee w O lvee
8 8
*— VeCA Se—{VecH
O e lveen
e e i
Before After

In the above illustration, you can see that the gate Ula has been flipped about its origin axis
(origin is on Pin 19 [top left pin]). You can see the effect in the Before and After pictures.

Flip components in PCB

In PCB, Flip still works by mirroring the symbol about its symbol origin, but because PCBs
are layer based the Flip command moves the item from one layer to its opposite outside layer.
For example, a surface mounted pad on the Top layer would be Flipped to the Bottom layer,
and vice-versa.

tu

[«

Axis Point
Before After

In the PCB example above using a surface mounted device (SMD), you can see that the axis
point will be the centre of the device. By convention, all SMDs in the library have their origin
defined in the footprint centre. Where text exists on the Top layer, this will also be
automatically mirrored to the Bottom layer and will appear backwards.
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Rotate

Rotate can be used on most items in the design. From selection or during Place or Edit, it is
available on the context menu and by using the shortcut key <R>. Rotate is also available
from the item Properties dialog. You can type the Angle of rotation into the box provided.

Properties - Component X

Component Values Nets — Associated Parts

e
oe oo Claross Dl

Preferences

General Design Backups Display Cross Probe Dual Screen  Interaction  Schematics Interaction PCB Interaction  PCB Tracks Wamings
General Design Clearance Distance Maximum
Shape Segment Mode: | Orthogonal ~ Distance: thou Grd Steps: E
| Rotation step: [s000 | |
Move Cursor when editing segments Display layers without prompt Component Pushaside
[ Edit segment towards nearest end Autonumber Blec Layers in dropdowns

= e o Ml omn o o

Push Components: | Never ~

Rotation Steps are defined in the Preferences dialog and Interaction tab on the Settings
menu. These are defined for the use in the Schematic and PCB applications. Rotation steps
can be defined down to 1/100 of a degree (2 decimal places).

In the PCB design you should always bear in-mind your final manufacturing process, a
rotation step of 32.75 degrees may cause unnecessary problems and costs!

As well as rotational steps, you can also use the Rotate> option on the context menu for
predefined rotation steps.

[z Onine DRC
Enable Mudge

&y Fix Item

[ Rotate M[[~] Angle 0
Fiip Angle 90

% Duplicate Angle 180

o Replicate... Angle 270

-

Edit Component In Library...

Edit Symbol In Library...
Update Component...
Auto Weld Now

Save To Library...

Move to Component Bin

Rotate One Step
Rotate Step Back

R
Alt+R

Rotate By

Rotation can be applied to multiple selected items using all the rotation methods above. This
is useful if you wish to rotate all the resistors in your PCB design by 45 degrees for example.

You can rotate one step back by using the shortcut key <Alt-R>.
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Fix & Unfix ltems

Design items can be fixed using the Fix Item command on the context menu. You must select
the item first, then use Fix Item from the context menu.

Deselect

Select Next N

Place
Place Horizontally
Place Vertically
Type Coordinate... =
Type Offset... Shift+=
Ed online DRC
z‘ Enable Nudge
@ Fix Item |
Rotate 4

Clir c

You can also use the Properties dialog and the Fixed check box. The one shown below is for
Components.

Properties - Component X

Component  Values MNets  Associated Parts

Bltone
Position: 4100.0000 | |6400.0000 Bel
Angle: [IMimored | [] Fixed

If you try and delete or move fixed items, the program warns you. You can override this by
selecting Yes, or cancel with No. If you use Yes, once you have finished with that item the fix
status is reapplied.

o The selection contains one or more fixed items,

Include fixed items?

Multiple components can be fixed by making the selection using the <Shift> and <Ctrl> key
option, and with the Properties dialog.

1=
o

Fixed components cannot be interactively moved, flipped, rotated, changed or moved to the
component bin without confirming the warning dialog.

Fixed tracks
Tracks can be fixed for when using the router. For the selected track or track segments, use
the Properties dialog and Track Segments tab has a Fixed for Router check box.

End: Junction §675.0000  BB00.0000

Length: = 7550.0000 34250000
[C1Rel

Style: Signal 15 -

Width: | 15.0000 Fixed for Router

(e [ERE— 1
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Using the Fix and Unfix Dialog

In addition to the interactive ‘one shot’ Fix and Unfix options, there is also a dialog-driven
method of doing this too. Available within a PCB design on the Edit menu.

This allows you to fix or unfix multiple items by layer, on only visible layers or on selection
of an item. The selection is then applied to an item category selected from the list. This can be
items of different types, for example, Areas, Components and Pads.

Fix and Unfix *

What To Do:

®Fix (O Unfix

Where It Applies:
(®) All Layers (D) only Visible Layers () only Selection

Apply To:
[areas Select Al
[Board
Components (Top Side)
[ components (Bottom Side)
[Jrads

[ shapes (Electrical Layers)

Select None

[ shapes (Mon-electrical Layers)
|:| Text

[rracks

|:| Vias

Cancel

With an item is fixed, a warning dialog will be displayed if you try to move, edit or delete it.

Cut, Copy, Paste and Duplicate

You can use Cut, Copy and Paste on design items to ‘cut’ (remove) and move them, or copy
and paste as an additional copy into the design. The design items Cut or Copied are added to
the Clipboard ready to be pasted into the design. They are also saved into the clipboard as
bitmaps to be pasted into other applications.

Paste is used to retrieve design items from the clipboard and add them into the design. Only
text cut or copied from another application can be pasted back in.

Duplicate is used to copy selected design items and paste them back into the design in one
process. This works exactly the same as Copy/Paste but on one command.

These options are available on the Edit menu and use standard Windows shortcut keys that
have been preassigned but which can be changed if you require.

Cut <Ctrl-X>
Copy <Ctrl-C>
Paste <Ctrl-V>
Duplicate <D>

These options can be used on any selected items regardless of whether they are the same type
of design item or not.
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Replicate

When pasting design items that contain net names, these must be resolved when being added
to the design. As duplicate net names are introduced, you will be requested to either connect
them to existing nets of the same name, or allow it to make them unique. Net names like
GND, V- and +5v would normally be connected to each other, whereas net names like CLK
or RESET may be renamed to be unique.

The Paste Nets dialog helps in the process of resolving these names.
Paste Net bt

Met """ already exists in this design.

The pasted net can be merged with the exizting net or can
be automatically given a new name.

Merge net with existing net?

Yes Mo All'Yes AllNa Cancel

The options on this dialog allow you different choices for the nets in the paste group.

The Replicate option will duplicate an item and then make a number of copies into an array.
This is available for all design items, includes shapes and components.

From a selected item, a component or shape, from the context menu, select Replicate.

Deselect - -
Select Mext ]
- Deselect
Rtz Seleck Mext M
Place Horizonkally -
Place

Place Vertically

Type Coordinate. .. Flace Horizontally

Type Offset,,. Place Vertically

T Online DRC Type Coordinate. .,

Twpe Offset, ..

| Fix Item ,
Rotate One Step R I orline DRC
Rotate Step Back  Al+R (& Fix Teem
Rotate By Rotate »
Flip E Flip E
% Duplicate o] % Duplicate D
||:| Replicate. ..

|_|:| Replicate. ..

hEme | e | it mrrrmamank Tl ike e
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Delete

The Replicate dialog is displayed.

Replicate X

Step Offset

%: [ 5925.00 | ¥:[s100.00 | setto Minimum

Mumber of Items
X2 = ¥i|2 S
Insert Order

@ Insert Rows O Insert Columns

[ switch Direction at end of Row/Column

-

From this dialog set your required parameters and click OK.

The pattern now looks like this:

= m = m =
[ H Il [
| Il Il |
(93 L uta
- m [~ |m =~
[ H Il [
| Il Il |
s Ue 7
- m mm = .
| Il Il |
[ H Il [
Uz Uz U4

Delete is available for almost every design item. It can be used by selecting the item then
clicking the Del (or Delete) key on the keyboard, by selecting Delete from the Edit menu or
by right clicking and selecting Delete from the context menu. Delete is also available on the
Edit toolbar as an icon.

There is no confirmation for delete if an Undo level is set (in Preferences option under
General tab) but deletions can be recovered by using the Undo option. If the Undo levels are
set to None, a delete confirmation dialog is displayed from which to make absolutely sure you
want to delete the item. It is recommended not to use this setting, keep Undo levels to at least
1 level!

o Selected items have been deleted,

Do you wish to commit these changes?

Yes

1=
=]

Special cases of delete in Schematics

If deleting multi-gate components from the design, when a single gate is selected, the whole
component is deleted not just the selected gate. Gates from the same component that are in the
Component Bin are also deleted.
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Adding Text

Special cases of delete in PCB

There are no special cases in PCB, you should be aware that when using delete on a track in
PCB, the track and its connection path will be deleted from the design. This is a setting that
can be switched in the Preferences option and Interaction. Select the Delete Removed
Attached in, the underlying net path is still retained even when delete is used.

If you wish to delete the connection path as well you must make the deletion first then use
Nets> Change Net and rename the other side of the net but ensure that the check box Change
Name Of Sub-Nets Only is checked.

Text is added using Add Text from the Add menu or from the toolbar.

Add Text X
Lawer nurmber - =
Shyle: | Mormal W |
Size: | 25.00 |

Fant: |<S_l,lstem Stroke Fonts |

®) Left O Right
Top Silk w

O Middle

Alignment:

Layer:

Ok Cancel

Type your text into the text field. If you wish to add multi-line text, click the small down
arrow next to the text, this now allows you to use <Enter> to add multiple lines. Choose the
text Style required and the Alignment. For a PCB design, you are also able to choose the
Layer.

Once a text string has been entered click the OK button. The text will now be on the end of
your cursor ready for placing within the design.

Once the text is in the design it can be edited or changed by selecting it. Right clicking now
displays the context menu to change Style (text height, style and line thickness), to Rotate,
change Layer, Flip (Mirror) or Cancel.

Rotate offers a choice of each of the four principal axes, or a rotation anticlockwise by the
default step. This default rotation is defined using the Preferences option from the Settings
menu.

Once released using a single click, the Add Text dialog is displayed again ready for the next
text string, Cancel from the context menu ends the operation, you can also use the <Esc>
button to cancel.

If you wish to edit existing text, double-click on the text and edit it in the edit box provided.

Text sizes are defined from the Setting menu under Design Technology and Text Styles. On
the Text tab you can add text styles that will be required in the design or technology.



54 General Utilities

[ Design Technology X

Value Names Spacings Fules Comp Rules Variants Wire Lengths
Pad Styles Text Styles Line Styles Hatch Styles Track Styles Layers Layer Types Layer Spans Nets Net Classes

MName | Width| Line Width| Font Underlined | Proportional | Char Percent| Line Percent £ AddShle
| Dimensions 50.0 5.0) <System Stroke Font= No No 100 120 Copy Style As...
Mormal 70.0 4.0/ < System Stroke Font> Mo No 100 120 T
¥ | Text 60 60.0 5.0 <System Stroke Font> Mo Mo 100 120 —
[Errors] 50.0 5.0 <System Stroke Font> | No No 100 120 it
X [[Pin Names] 35.0 5.0) <System Stroke Font= Mo MNo 100 120 Delete
i [Pin Mumbers] 350 5.0 «<System Stroke Font= Mo Mo 100 120 < Unused
X | [Symbol Names] 33.0 3.0 «<System Stroke Font> Mo Mo 100 120

Within this tab there are a number of 'system' text styles which cannot be renamed but can be
edited for different values. These are shown in square brackets, e.g. [Net Names]. Text style
names should be reflective of a useable name for speed of recognition during use.

True type fonts are used as well as the original stroked font. These can be used by selecting
the drop-down list box under Font on the main Text dialog, or by using the Add Style or Edit
buttons. These will display the Text Style dialog.

Text Style *
M arme: |Text EO |
Fant: |<System Stroke Fonts v |
Size: 1.5240 Line width: [0.1270

Char 'width: 100 %

Line Step: 4
[ Proportional ‘width
[ Underline Used:

From this dialog you can also make the style Underline when displayed by selecting the
check box.

True type fonts can be used in both Schematic and PCB designs. When using these fonts in
the PCB design, consideration must be made to how the boards will be manufactured.

If you wish to use the ‘stroke’ (or stick) font, you should select the <System Stroke Font>
entry from the list of available Fonts in the drop-down list. This is shown in chevrons < > to
indicate that it is the built-in font rather than a Windows system font.
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Text Style X
Mame: |Te:-ct B0 |
Font:

Cizey oht>

) <Barcode Interleaved 2 of 5
|06 23
Ehar Width: | @rial Unicode M5
) @MS Gothic

Line Step: | @MS PGothic
@5 Ul Gothic
@t algun Gathic

Additional parameters on the edit dialog allows you to change the proportions of the Stroke
Font. It can be Proportional Width to specify the text is to be spaced proportionally to close
up the amount of white space between characters or you can change the Character Width or
Line Step.

Adding Barred Text

To add text that is barred, add text as normal using the Add Text option but precede the
characters you wish to be barred with the barred text delimiting characters which by default is
the double underscore character (_ _).

As an example, if you wish to have the word barred of This is barred text barred, you
would define the text string as This is _ _barred_ _ text, (a space has been used in this
example to show that two underscore characters have been used). This would then be written
to the screen as.

This 1s barred text

If you wish to have barred text and use the underscore character you can either set the default
delimiter character to another character or use an additional underscore character within the
text string.

It is possible to change the barred text delimiting character via the General tab on the
Preference dialog using the Text Barring Character.

The character specified as the Text Barred Character will cause all doubled occurrences of
that character to enable or disable the barring of subsequent characters in that text.

Preferences

General Design Backups Display Cross Probe Dual §

Drawing A

Cursor: | Cument Windows ~ [

Text Baming Character: |:|
{when doubled)

A Wiz 8l am Minarinn Macinn

Note that this facility is provided mainly for use when importing other designs that already
use other text barring delimiters and that changing the specified character will not convert
existing barred text to the new delimiting characters.

Adding Barcodes

You can define a barcode using a text style but only named barcode styles are allowed using
the Technology dialog.
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To enable barcodes, you must use the Barcode Interleaved 2 of 5 text font. Once this is
selected, you can then define the bars and gaps used for your barcode.

Text Style *
MHame: |Barcode Used
Eont: | <Barcode Interleaved 2 of 5= w
Size: 50.0000

Start Black Wwidth: Marrow B ar width:

()3 Cancel

In the design, use the Add Text to add the numbers that will define the barcode, i.e.

05505223. Then change the text style of the barcode to your barcode font and the design will
now display a barcode.

Text Style *

Style: |(EElsalnlz | ok I

Cancel

Mormal
Text 60
[Errarg]
[Fir Mames] W

[ Underline

Fort:  |<Barcode Interleaved 2 of 5>

@dvial Unicode M5
@0 engxian Baold
@Dengwian Light

Until this special barcode font is used, the text will still appear as normal readable text.
Detailed information about setting up bar widths and gaps can be found in the online Help.
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Mitres, Fillets and Arcs

Mitres (45-degree corners) and Fillets (curved corners) can be added to any shape item in the
design, this includes connections in Schematics and PCB tracks. Mitres can only be added to
90-degree corners on straight line segments. Mitres and Curves both behave in the same way
and are added and edited the same.

The principle for editing corners to make them mitred (or filleted) is straightforward: you
double-click on a corner and drag it into the position required. With the grid switched on, you
can snap the diagonal corner to a grid point at varying mitre lengths. An Edit Mitre/Fillet
option is available on the context menu as well for use.

to create the
mitre here or here

Drag this corner
to here

You can use the Fillet command from the context menu option to switch between Mitres and
Fillets. You can also enter the radius using the Enter Radius command from the context
menu for a selected Mitre.

Mitre Tracks

Mitred tracks can easily be inserted into the design using the Mitre segment mode. During
addition of tracks or the editing of existing tracks, if you right click you can select Segment
Mode> and then Mitre.

When adding or editing tracks, you will now be using orthogonal tracks in the X and Y bias
but will use a Mitred corner on the direction change.

Show Design Clearance
[ZZ onine DRC
Change Segment 3
| Segment Mode >| Free
Fip F QOrthogonal
Delete Segment  Backspace RRCAndie
Headup Display it
Reposition Headup Display Fillt

Curved Corners

When adding and editing corners, it is also possible to insert arcs and curves. While editing
items you can switch the segment mode into Fillet (toggled using the <M> shortcut key). This
will insert corners now as Fillets (Curves) instead of Mitres or 90 degree angles. The example
below shows how a track segment might look using a filleted corner.

‘l[@ggn



58 General Utilities

Adding Curves/Arcs

For an existing selected segment (Track or Shape), Arc> is available from the context menu.

Edit Segment
| Arc >| | v| Arc To Line
¥ Delete Delete Andichs
Angle 90
Cacs i’ Angle 180
# Grids... Angle Free
&' Properties... Alt+Enter Enter Radius...

Enter Diameter...
Enter Angle...

Flip Arc

The menu provides you with fixed angles but also Angle Free. During the Angle Free mode,
the bottom status bar shows the Angle and Radius.

You can drag the arc out to the size required.

I(—T\I

To use this, select a straight line segment and from the context menu, select Arc>. Using one
of the edit arc options, create the arc or edit it using Angle Free and move the arc to required
radius.
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Projects

Chapter 6. Setting Up The Design

Projects are an optional feature; you can decide to use them from the start or not use them at
all. If you decide you want them after the design has been started, then they can also be used.

Projects are used to tie single or multiple Schematic sheets with a PCB design. Each sheet of a
Schematic is effectively a single design file. The use of a Project will enable net names and
Component names to be tracked through each sheet so that duplicates are not produced. The
Project file is also used to group related design information in one file.

E]Schemaic Desions
Fsk.sch
controller.sch
PSU.sch

= PCB Design
& Fskpch

[E Other Files
—| Revision Notes.bd
— Bill Of Materials.txt
=] ECO Motes.txt

» To add files to a Project
Multiple Schematic designs can be added to the Project.
1. You can add files to a Projects with or without any design files open.
2. From the Project menu, select the Add Files To Project option. Or:

3. Right click with the cursor over the Project document tab at the bottom of the design
window and select Add Files from the context menu:

Open File Location

B Close

EH save Ctrl=5
Save As

(2 Save Mew Project Version
Save All

B, Add Files

|§¢|} Mew Sheet For Project
@ Project Properties
E’]Controllenprj x|

4. From the browser, select a design file to add to the Project. Other types of files, reports
or Parts lists etc. can be associated with the Project as well using this option.

» To maintain a Project

You can do maintenance activities to a Project by using the options available on the context
menu for a selected design file with that Project:
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1. Open the Project.
2. Right click on a design.

[ Schematic Designs

Fsk.sch

PSU.sch
& PCE Design Open

# Fskpch Remove From Project
[E) Other Files Rename...

B Fask Pic Duplicate...

& BOM.bd

& ECO.txt Move Up

Sort Project Files

3. From the context menu, you can select Open, Remove From Project, Rename,
Duplicate or Sort Project Files in the list.

P To save a Project to a Zip file

You can save the contents of a Project to a Zip file. This is useful if you wish to send the
whole Project to another party:

1. Within the Project, from the File menu, select, Save to Zip.

ﬂ,’] Easy-PC by Mumber One Systems - [fsk]
?3] File | Edit View Project Settings ¢«
0l O Mew ctri=N

& Open.. cti=0 ———
& B’ Close
) & Close Al
_‘?ﬂ Save Ctrl+5
L] H Save As..
C. M2 Save New Version...
i | Save to Zip...
2 Save Al
"

Print Setup...

2. From the Save As dialog, type the name and location you will save the file to.

File Operations

There are some basic commands available from the File menu that will help with the general
upkeep of your designs:
Save/Save All allows you to quickly save all currently open designs and library items.

Close/Close All allows all open designs to be quickly closed. If a design has not been saved,
you will be warned.

Reload is used to discard the current edit and reload the design from the previously saved
version on disk.

Open From Backup is used to open a design from a backup file if required. The backup file
will be auto-named starting with a ~, i.e. ~designl.pcb
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Folders
You can predefine where Technology Files, Libraries and Colours Files will be saved and
loaded from. The Folders dialog is used to manage these from the Settings menu.

Folders X

Colour Files  Libraries  Report Files  Technology Files

Folders and Search Order:

C:\Users\Public\Documents' Technology' Up
Edit... Down
Delete Explore...
Folder Enabled

Include Subfolders

[ Include Project Folder

Files Found: 14
C:\Users\Public'Documents' Technology |PCB Technology File
ﬁ:gi:[zﬁﬁ |AdvancedTech
I, 1] Atoselect to math Folder
Databook ptf
Enabled
Databook sif L Enable
Defautt.ptf
Defauk <tf Enable Al
DefauttBlack stf Delete
Fineline ptf -
Metric ptf Move
Panel ptf
SpecialEffect ptf Copy.
Ssided ptf
Edt

Saving Your Files

During usage you should regularly save your designs. You can use Save or Save As to do
this. In addition to these features, you can also switch on the automatic security copies feature
(see Security Copies below).

To 'force' a save or to save the design to a new name, you can use the Save command from
the File menu, or the Save As command from the same menu.

The file extensions will automatically default to the type used for that application. e.g. .sch for
Schematics and .pcb for a PCB design.

Save Technology on the File menu allows you to save the Technology within a design. This
can be used again on a new design or applied to a different design to give it the same
parameters.

The Load button on the Colours dialog will allow you to save Colour files, these can be
applied to different designs.

Saving Libraries

When creating a Symbol (Schematic or PCB), you have the Save To Library option on the
File menu as well. Once your new symbol is ready to save to the library, you should use the
Save To Library option and not the Save or Save As options. This is covered later on.
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Security Copies

Making regular backups is a basic necessity when working with computers. A requirement,
unfortunately, more honoured in the breach than in the observance. Hence, an automatic
security backup service is provided. This can be switched on or off and set to specific
intervals for use as required.

During use, the design is held in memory, if you make any mistakes the undo and redo
functionality can save the situation by allowing you to recover commands previously
executed (but only up to the number of undo levels set in the Preferences dialog). Major
faults, like someone pulling the mains lead out of the computer will normally mean that you
have lost any work back to the last save or security save, depending on which was the last
used. Obviously, the more save is used the less design work is lost in one of these situations.
Saving your work really is an essential part of the design process as well.

The status bar at the bottom of the screen will inform you that the application is making a
security copy, this happens automatically at the time interval set. There is no user interaction,
the security copies just happen.

An automatic security back-up facility is provided. This can be pre-defined for regular
intervals. Back-up copies are automatically created of your design when the security interval
is activated. The control you have for updating the security copy at intervals is determined by
the Security Copy Level selection on the Design Baclups tab of the Preferences dialog.

Preferences

General Design Backups Digplay Cross Probe Dual Screen  Interaction  Schematics |

Create Security Copies

Every minutes
Keep |5 : copies
(®) Same folder as design fils

() In this folder:
(O In this folder below design file:

Create Design Backups:

Keep Versions

(®) Same folder as design file
() In this folder:

Browse

(D) In this folder below design file:

Min waork time between backups: seconds

ldle time before stopping work: seconds

By making an entry of 0 (zero) minutes, the security copy is switched off. Any value greater
than zero will activate the security copy.

The location of the security files can also be defined. By selecting the Location button, a
dialog allows you to set the location to be the same folder as the design or one defined by
you (In this folder:). The Browse button allows you to browse to a location to be used.
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Security copy files are designated using the tilde ( ~ ) character. For example, opening
‘Div.sch' will automatically produce a security file ‘~Div.sch’ when the security interval is
activated. You should not use these files but instead, copy them to a new name (removing the
~) and continue with the design. If you load a security file, you will be warned. The file
names are incremented if the Keep copies value has been set.

When using the product, you should not open files which start with the ~ character, this
means you are opening your back-up which could be out-of-date with the design you intended
editing. If you open the back-up file, you will notice that a back-up of the back-up will be
made e.g. ‘~Design66.sch’ will become ‘~~Design66.sch’

Units and Co-ordinates

It is possible to change the display from Imperial units to Metric units and vice versa. This is
done with the Units entry on the Settings menu. The database precision used is 1/10" Micron,
this means there are true Imperial / Metric conversions at all times, with no rounding errors.
This accuracy is essential in modern designs where mixed Imperial and Metric components
are created and placed. You can also use the shortcut key <Shift-I> to toggle between
Imperial and Metric units.

Changing the units does not affect the pitch of the grid but simply changes it to be the same
size in both imperial and metric units.

Units >
Current Unitz
Uiz thou ~

Precision: |0 = Cancel

Alternate Units

Units: o - Switch Units

Angular Precision for Properties

Precision: |2 =

Imperial (Thou) (or Mils) units would normally be defined to 0 (Zero) decimal places, while
Metric (mm) units would be defined to 2 or 3 decimal places. This is because of the rounding
and accuracy required when using Metric units, this is especially important for the definition
of drill sizes.

The Units used and Coordinates are shown on the status bar at the bottom of the design.
You'll note that Abs (or Rel) are shown to indicate that you are working in Absolute or
Relative modes. With the active status bar, double-clicking on these fields will display the
relevant options.

F X

Layer: [All]||Abs |968.7323 (|8520.8465|thou
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Grids

Grids x Grids are used for both defining the
points or steps that items will snap to

acd... when they are placed and for visible
S — e references in the design. For this, use

= Working Grid o the Grids dialog on the Settings menu.

You can add and use your own named

grids each with its own display settings,

FEECOCE add and use polar (radial) grids, and

Make Comp have your own grids displayed in the

Grid Snap context menu.

Delete

[ Grids Visible Only Draw Current Grid

Step  []Polar (Radial) Grid

[ pifferent v: 0.635

Qrigin
Follows Design Coordinate Origin

Snap
Snap Mode: Grid i

Display
visible [ ]Draw Grid First [ Draw Crosses

[A secondary Colour: [CLines

Grids

The first section of the dialog shows you a list of all the Grids currently defined in the design.
From here you can carry out actions such as adding new grids or changing the name of an
existing grid. Apart from adding a new grid, all other actions on this dialog will act upon the
grid that is currently selected in this list.

Add : add a new grid to the list. You will be prompted to supply a new name for the grid,
which must be different from the names of any grids that exist already.

Rename : change the name of the selected grid.

Copy : make a copy of the selected grid under a new name, copying across all the settings
from the selected grid.

Delete : remove the selected grid from the design. Note that there always needs to be at least
one grid, so the application will not let you delete the last grid from the list.

Make Current : sets the selected grid as the current working grid to use for placing items.
The 'current' grid is marked in the list with an asterisk. As a shortcut to changing the current
grid you can simply double-click on the required grid in the list. This will make that grid the
current grid, and close the dialog.

Make Comp: sets the selected grid as the preferred grid to use for placing any selection
containing one or more components. The 'component' grid is marked in the list with a letter
'C.

Grids Visible : this is a global switch that toggles the display of grids on and off. This is the
same as using the Toggle Screen Grid toolbar button or command. Note that each grid also
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has a Visible check box, so that you can choose which of your grids should be drawn when
grids are set as Visible.

Only Draw Current Grid : when drawing grids, normally all grids which have their Visible
check box ticked are drawn. By checking the Only Draw Current Grid box, you can choose to
draw only one grid, the grid that is set as the current working grid. Using it this way will
mean that as you flip from one grid to another, the display changes to draw only the grid that
is current (active).

Display

This section allows you to control how each grid is displayed. As with the other settings, each
grid has its own display values.

Display
W | Visible Draw Grid First Draw Crosses
Primary Colour: | Lines

| Secondary Colour: NN ~ Lines

Change to the Grid Snap context menu

:"Grid ! ! \ The Grid Snap Mode shortcut can be displayed during
= editing by selecting the direct command <H>. By selecting
Half Grid the snap mode setting you to choose current grid, and
Quagterferid access Grids dialog. These can be changed interactively
Tenth Grid when editing or placing items in the design. The default
\ Fortieth Grid shortcut for this is the <H> key. A small menu will be
} displayed which allows you to select the Snap Mode (for a
=i step grid), to change the current working grid to a different
2Slion grid (if more than one grid is defined), or to access the
Polar Grid 50 thou Grids dialog.
working Grid
H arids... /
7 T T

Shortcut for toggling grids

The Visible check box enables the grids to be displayed on or off, this can be set at any time
in the design using the shortcut key <G>.

Changing the Working Area

The Working Area option can be used to control the size of the design ‘desktop’ that your
design is working in. By setting the working area to be slightly larger than your actual design
it will enable you to zoom in closer and to use all of the Zoom shortcut keys on the keyboard.
If the working area is set too large for a design, some of the shortcut keys will have no effect.
When this is the case, select the Working Area option from the Settings menu. Unless you are
familiar with the program use the Best Fit option.

Waorking Area *

Working drea Width/Height: 1000.000

()3 Best Fit Cancel
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This will set the design area to make the best use of its size relative to the actual design or
design items (this is the maximum area of design items, board outline or drawing blank).

Changing the System Coordinate Origin

You can change the system coordinate origin to be any other position within the design, the
lower left corner of the board outline or design centre for example. By default, the coordinate
system is defined as the lower most left corner of the working area (0,0). These are changed
or set from within the Relative Coords option on the Settings menu.

Coordinates *

Coordinate System Origin

Fielative to bottom left of working area
Origin ;| 10.000
v (10,000

Usze Relative Coordinates
Qrigin *: (10,000
Y |10.000

The system coordinates can be changed using the Relative Coords dialog on the Settings
menu, or by using the option Set System Origin from the context menu (with nothing
selected in the design). This option is also available for some selected items, such as pads or
terminals.

Frame Select

Polygon Select

Select All Ctrl=4
fbg, Fetch Component...

Select Mask 3

Set System Origin At Cursor

Set Relative Origin At Cursor o}
Set PCE Panel Qrigin At Cursor

Goto System Origin

H Grids...

"E" Toggle Units Shift=|

[55’ Design Properties... |

Working in Absolute and Relative Modes

Two origins are maintained for the coordinate system, these are displayed at the bottom of the
screen on the status bar. The status bar shows the mode as Abs or Rel for Absolute and
Relative, the Coordinates and the Units (as previous discussed).

[}

X

Rel ||1647.0827)156.8622 | thou

The Absolute (Abs) origin is fixed at the bottom left hand corner of the drawing area defined
by the design area or border. All coordinates reported are positive in both X and Y directions.

The Relative (Rel) origin can be set to any point within the design. The co-ordinates reported
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will always be relative to this position.

The Relative origin is very useful when it is necessary to position a pad or track accurately
with reference to another pad or track in, for example, the case of component fixing holes. It
is also an ideal tool for the measurement of distances and clearances.

Switching between Abs and Rel mode can also be done using the Settings menu and Switch
Rel/Abs Coords option. This will be shown with a tick next to Relative Coords when in
Relative mode.

Setting the Relative Origin

To use the Relative co-ordinate system, select the Relative Coords option from the Settings
menu. From the dialog you have to select the Use Relative Coordinates check box to toggle
to the Relative mode. You can enter the Origin position as an X and Y co-ordinate. You can
also define the system origin, the relative origin is taken from this location.

Coordinates *

Coordinate System Origin

Fielative to bottom left of working area
Origin 3 |10.000
. |10.000

II

Usze Relative Coordinates
Origin 4 |10.000

II

. |10.000

This will toggle the co-ordinate display on the status bar between the Relative and Absolute
origins, shown as Abs and Rel as the origin mode changes.

As well as selecting the Use Relative Coordinates check box to select the Relative mode you
can also use the <Shift-R> shortcut key to toggle between the Abs and Rel modes. Once in
Rel mode, to use this option, move the cursor to the origin point required and then click <O>.

You can also set the Relative Origin using the options from the context menu for a selected
item:

h|\FI vupiedLe u
B0 Replicate... Set System Origin At Ttem
Set System Origin At Cursor
E Group... Goto System Origin
Disconnect From Net
Nets 5 Set Relative Origin At Item |
Set Relative Origin At Cursor O
X Delete Delete Goto Reltive Origin shift+0
| Origins >| Set PCB Panel Origin At Cursor
H  Grids...

Any mouse movement will now be shown relative to this position.

Using Rel mode

When using the Relative origin mode, you can go to the origin by using the Goto> and
Relative Origin option from the View menu or by selecting the shortcut key <Shift-O>.
There is also an option on the context menu with nothing else selected.

Mostly, you will use the co-ordinate system in Absolute mode which shows the cursor
position relative to the Absolute Origin, but there are times when it would be more useful to
be able to see the cursor position in relation to the Relative Origin, for example when we are
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laying down related pads, tracks or connectors.

Using Technology Files

Overview of Technology Files

Technology files are like the start-up files used by word processors, such as Word. These files
contain groups of predefined styles that can be applied to design items, items such as tracks or
connections or text for example.

These can be used on successive designs to greatly speed up the setting up for new designs of
different types. The setup required for a four-layer, fine line surface mount device board with
internal power and ground planes is totally different to how a low cost double-sided board
might be. Technology files can also help standardise company standards or practices.

Technology files provide a means of setting most of the important parameters. They are read
once when starting a new design and the design then inherits the contents of the technology
file. The technology within the design can be edited and modified or added to. If you wish
you can save the then edited technology back out to a new Technology file or overwrite an
existing one. Having started a new Schematic or PCB, those designs will not be affected by
subsequent changes to the technology files. There is no danger that subsequently modifying
Technology files will affect previous good designs.

Existing Technology files can be applied to existing designs using the Technology Files
option from the Settings menu. This is discussed later on.

Technology Files minimise errors and produce faster results, it is highly recommended that
you use them.

Using Technology Files

Technology Files are design application specific, for example, you cannot use a Schematic
Technology files in a PCB design vice-versa. However, you can use and should use a
Schematic Technology File when creating Schematic Symbols. The Technology File that you
expect to use for the design should be the same one used when creating the Symbols, this will
help synchronise the names and values used for styles etc.

How to create and save Technology Files

Technology Files can be created as a specific non-design related task in their own editors, or
created/modified from a design using a new or existing Technology File as the starting point.

If starting from new, you can use the New option from the File menu. On this dialog you can
use the Technology tab. This will allow you to access the Technology editor application. This
is like a design editor application but you can only edit Technology related information, such
as Styles or Net Classes etc.

Once the Technology has been created (by editing the various entities of the Technology), use
the Save option from the File menu. This will request a name for the Technology File and its
location. By default, the location will be that previously defined in the Preferences dialog
under Directories and Technology Files.

When saving a Technology file from within an existing design use the Save Technology File
from the File menu. This will extract all the necessary entities from the design and save them
to the Technology File.
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Styles in Technology Files

One of the most important entities of the Technology is Styles. Styles are used to define the
shape and size of items, such as Pads and Text. When design items have styles, it means that
you can modify all the pads in a design or example by editing one value in the Pad Styles
table. Obviously, local styles can be applied to one or more selected items in the design if
required. All styles are defined in the Design Technology dialog under their respective styles.

Pads

The Pad styles are used to define the style of Pads and Vias in a PCB design and Pin or
Terminal styles in a Schematic design. The main difference between these two types of styles
is that the Schematic pad style only defines the Shape, Width and Length of the pin, whereas
the PCB pad style has a Layer and Drill Hole information as well.

Design Technology *
Met Classes Value Names Spacings Rules Comp Rules Comp Colours Variants Wire Lengths
Pad Styles Text Styles Line Styles Hatch Styles Track Styles Layers Layer Types Layer Spans Mets
Mame | Layer | Shape | Width| Length| Corner| Width2| Hole Size| Plated| Thermal Spoke| I Add Style... I
| X Oval (B0 x 110) | [All] Oval 60.0000) 110.0000| 0.0000 0.0000 32.0000 Yes 0.0000 Copy Style As...
X |Round 80 [All] Round 60.0000  0.0000 0.0000 0.0000 32.0000 Yes 0.0000 -
% |Round6032  [[A] |Round | 60.0000] (0.0000 0.0000 0.0000 32.0000 Yes 0.0000 e
7 Round 60 33 [All] Round 60.0000,  0.0000 0.0000 0.0000 35.0000 Yes 0.0000 Ei
7 Round 65 [All] Round 65.0000 0.0000 0.0000 0.0000 40.0000 Yes 0.0000 Merge...
E Round 70 [Al] Round 70,0000, 0.0000 0.0000 0.0000 37.0000 Yes 0.0000 Delcte
X [Round 173 [All] Round | 175.0000 0.0000 0.0000 0.0000 100.0000 Yes 0.0000
— Delete Unused
X | Square 65 [All] Square 65.0000 0.0000 0.0000 0.0000 40.0000 Yes 0.0000
E Square 123 [Al] Square | 125.0000/ 0.0000 0.0000 0.0000 45.0000 Yes 0.0000 Export ta CSV
X |Via 40 [All] Round 40,0000, 0.0000 0.0000 0.0000 25.0000 Yes 0.0000
X |viads [Al] |Round | 450000 00000 0.0000 0.0000 32.0000 Ves 0.0000 -
thou

The Add Style or Edit buttons provide you with a Pad Style dialog:

Pad Style X

MName: | Hexagon B0.00 |

Shape: |Hexagon v|
Width:  |60.0000 Length: |110.0000
Used:

Thermal Spoke width: 0.0000

[0 to uze Design and Area rules]

Hole:
Shape: Round ~

Width:

Plated

When defining pad styles in PCB, the style is assumed to be on all layers (shown by default as
Layer [All]), this is the default pad ‘stack’. The only time this setting changes is when a pad
exception has been added to a particular pad style.



70 Setting Up The Design

Pad Exceptions

In the PCB Pad style dialog, it is also possible to give a pad a different style on a given layer
using the Add Exception button.

Once the pad exception has been applied, the grid then displays a layer exception for the pad
style changed, in the example below, this is shown on the pad style Pad. A layer exception for
the Bottom Electrical has been added to increase the pad size and pad shape.

Design Technology *
Met Classes Yalue Mames Spacings Rules Comp Rules Comp Colours Wariants ‘wire Lengths
Pad Styles Text Styles Line Styles Hatch Styles Track Styles Layers Layer Types Layer Spans Nets
Layer | Shape | Width| Length| Comer| W\dth2| Hale Size| P\ated| Thermal Spoke Add Style..
X [&1] Rectangle 55,0 60,0 0.0 0.0 00 Wes
X [&1] Rectangle 25,0 80.0 0.0 0.0 00 Wes
X 1241 Rectangle iy B Pad Style Exception x
X [&1] Rectangle 40.0
X (&I Round 125.0 Mame:  [Fiound 60 || 00 Merge..
| Owal (B0 1100 | [Al] Orval 6.0 1 Lk |GND |v| 0.0 Delete
Round 40 [&I1] Round 40,0 0.0 e y
. ~ elete Unuse:
% COEE 1~ Found 60.0 Shaps: [Fround T
i Round 70 [&l1] Round 0.0 width 0.0 Export to OS5V
Round 125 [&l1] Round 125.0 . 0.0
— Length: oo Import Fram CSW
3 | Square 60 [&1] Square 60.0 0.0
] 0o
% 1 Round 200 Bty

Corner

Thermal Spoke Wwidth

[0 to use Design and Area ules|

I Ok | | Cancel |

Slotted Pads

You can create slotted pads using the Pad Styles dialog, you can specify a Hole as being a
non-round shape, a Rounded Rectangle for example. Using the non-round shape will create a
slotted pad.

Pad Style *

Marne: |S|otted Pad |

Shape: |F|ectangle v|
widh: |150 | Length: |sn |
Used:

Thermal Spoke Wwidth:

[0'to use Design and Area rules)

Hole: Hale:
Shape:| Rounded Rectangle w~ | Shape: | Rounded Rectangle ~
§ Chamfered A ectangle
iidth: |m | Lenath: |35 | Width: | Dyal
Fectangle
Plated Cormer: Fiound

[ Rotated
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Text

As with Pad styles, Text styles can be created and edited from the Design Technology dialog.
Within the grid, predefined system names are shown in brackets, [Errors] and [Pin Names] for
example. These can be edited but cannot be renamed or removed.

Design Technolegy X
Spacings Rules Comp Rules Comp Colours Variants Wire Lengths
Pad Styles Text Styles Line Styles Hatch Styles Track Styles Layers Layer Types Layer Spans Nets Met Classes  Value Names
Name Width Line Width | Font Underlined | Propertional | Char Percent| Line Percent| | Add Shyle... |
Default 50,0000 5.0000 <System Strok.., Mo Mo 100 120 [ Copy Siyle As...
Dimension 50.0000 3.0000| < System Strok... Mo No 100 120 =
Text 60 60.0000 10.0000| «System Strok..  No No 100 120 —
[Drill Table] 50,0000 5.0000| <System Strok... Ne No 100 120 Merge...
[Errors] 50,0000 5.0000 < System Strok... Mo Mo 100 120 Delete
X |[Pin Mames] 35.0000 3.0000) < System Strok... Mo Mo 100 120
X | [Pin Numbers] 35.0000 3.0000) < System Strok... Mo No 100 120
X | [Symbol Names 35.0000 3.0000) < System Strok... Mo No 100 120
Import From CSV
thou

Text styles can be given a Font as well. The fonts will be selected from any Windows fonts
that are installed and available in the drop-down list. If no font is selected then the Font box
will show an empty grid box or <System Stroke font>, these are the same. The System
Stroke Font is a built-in font made up of very simple lines.

Lines

Line styles are used for line items within the design, items such as Symbol outlines,
Silkscreen outlines, Bus lines and Connections. As well as the Name of the Line style, the
Width of the line is defined. In a PCB design, Line styles will also be used for Dimension
Lines and Board Outline as well.

[ Design Technology
Mets Met Classes Value Names Spacings Rules Comp Rul
Pad Styles Text Styles Line Styles Hatch Styles Track Styles Layer
MName Pattern Width Dash Gap
Dimension Arrow Lines Solid 0.203 0.000
| Dimension ArrowHead Lines | Solid 0.025 0.000
] Dimension Lines Solid 0.025 0.000
? Line 8 Solid 0.203 0.000
7 Line 10 Solid 0.254 0.000
? Line 15 Solid 0.381 0.000
7 Line 20 Solid 0.508 0.000

Lines are not used for Connections or Tracks, these have their own style definitions.

Connections in Schematic Technology Files

There are no Track styles in a Schematic design so the Connection style is defined. This
style is used when adding connection to the design. By changing the style and thickness you
could show different connections that are more or less significant than others.
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|87 Design Technology

Pad Styles Text Styles Line Styles Hatch Styles Cornections  Nets  Net Classes  Value Names  Variants

Name | Width

Connections

Tracks in PCB Technology Files

The Track styles dialog in PCB Technology files is used for defining the thickness of tracks.
These can be used locally on specific nets or as part of a Net Class that defines the track
width limits (and via style) when autorouting or manual routing.

|87 Design Technology

MNets Met Classes Value MNames Spacings Rules Comp R
Pad Styles Text Styles Line Styles Hatch Styles Track Styles Lay

MName
Power 20
Power 30
Track 8
Track 10
Track 12
Track 15

2]
|2]

| >

x|

With a nominated net class on a net, from then on, it will automatically pick up all of the
parameters of that net class. What is more, changing the net class in a design will
automatically change all of the elements that have been given that net class. (Net Classes are
discussed in more detail below).

Merging Styles

There is a Merge button on the Styles pages of the Design Technology dialog.

X

= | | [

MName Layer | Shape | Width | Length | Comn er| Wid‘th2| Hole Size | Add Style... |
Oval (60x110) |[Alll  Oval 60.0000 1100000 0.0000 00000 320000 VRSN
Reound 40 [Al] Round T
ception...

i -

[All] Edt...
Round 70 [Al  Round Merge... < |
Round 125 [All] Round Delete
Square 60 [All] Square 60.0000 0.0000  0.0000 0.0000 35.0000
Via 40 [All] Round 40.0000 0.0000 0.0000 0.0000 32,0000

This allows you to select two or more rows in the table and merge them together. This will
update the design to replace all instances of the ‘merged’ styles with the one style you have
elected to retain.

Merge Styles X

Choose the style name to keep, all instances of the
other styles will be replaced with the chosen one.

Round 60

Round 60 32
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From the dialog, choose the style name that you wish to keep and click OK. All the other
styles will then be merged with the selected style, including updating all references to that
style in the current design. Note that you cannot remove built-in styles (those with names
enclosed by square brackets), so if you select any of those you may not be able to perform the

Merge action.

You may find the Merge facility useful if you have combined sections of data (components,
connections, etc.) together from several different sources, where the styles used in those

sections may not be consistent. Note

that merging styles will only affect the current design, it

does not go back to the library and rationalise style settings there.

Note: The ability to select multiple rows required for Merge means that you can also use

Delete on several entries at once.

The relationship between Net Names and Net

A Schematic design and PCB design

Classes

would have the same Net Name for the equivalent

design (in theory!). When designing a Schematic, you can assign a net a Net Class name. Net
Names are stored on the Design Technology dialog under Nets.

[ Pad Stytes | Text Styles | Line Styles | Hatch Styles | Connections | Nets

Name [ Class

| own Colour [colour |

| [asv
15v

Power Ne

Power No

b
[ Pad Sty | Text Siyes | Line Styls | Hatch Siyles | Conmections | Nets | Net Classes [v

[Type | own Colour | colour |

Signal Mo
No

No

Power

Power

| low Ground
—I; Sigg Signal
A signal )
ikPgwer
Translate to PCB I
‘ /x| Ground
[ PadSiyies | Tex Stles /| Line Siyles |
N Net Class: Value Name
C1 ame | Class /| Own Colour/[ cole
| ]luv Power / No
o —D— - L |qsv Powey No
i a Dl W Grovhd No 7
N9 | e

R1
of{ I

[ Nets | NetCasses | VaucNames |  Sp
Pad Styles | Toxt Styles | Line Styles | Hatch Styles

=
Name: Signal )

Tope: Signal

acngs |

Rules
Track Styles |

Mirimum Track Stle

— widh 000

Name I Width
2500

———2000]
1000

— 1500
800

Power Min

Power Nom_ — Nominal Track Siyle

I

Signal Min
Signal Nom

Wire

Signal Nom
15.00

it

[ =& =]

[ Masimum Track Length Difference
000

[ PadStyles | Text Styles [ Line Styles | Hatch Siyies | Track Sty

Nets Net Classes Value Names Spacings

Mame | Type | Min. Track | Moe. Track | vis
7&5@"@ Signal CSignal Min _ Signal Nom  Via
Power ower Min — Powerfom  Large Via

Power

X |Ground  Powsr” PowerMin  PowerNom  Large Via
[ hets [ MNetCasses | VaueNames | 5
i Pad Stles | TewStyles | LineStyles | Hetch Sies
S hame R W . Name [Layer [shape [ width]Le
o D ; ] Lorge Via [AI]  Round 6,00
\ = Pad [l Round 50.00
Shape  Round . s
M| Small Via [All  Found 200
- Length S0 ™~ AD Dadl [AN] __ Rectangl 00l 4
il 0 x| via [Al  Round 1200 ‘

[ Min and Max Track Lengths

0.00 0.00

When a Schematic is translated to the PCB, the matching net class is found (matched by
name, the net has the net class assigned to it) and the PCB net properties applied to that net
class. The Net Class in the PCB design has inherent properties that give the net more
intelligence. For example, the Net Class will also contain track thicknesses and via styles that
will be used once routing is started. The diagram below illustrates the relationship between

the Schematic and PCB designs.
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Net Names in Technology Files

Two types of naming are supported: the first is a default system supplied net name (an auto-
named net), such as $1, $22, N0O11 etc., the second is a user defined name, such as Gnd,
Ve, Sigl, Clock, Reset etc.

Once a net name is used in the design it then appears in the Nets dialog. The Nets dialog for
Schematic and PCB Designs are slightly different. The Schematic Nets dialog shows the Net
Name, the Net Class and a Colour for that net.

Net Names can be edited within this dialog and the new name applied to the design. Where a
net name is shown as used (by a small X next to the name) it cannot be deleted from the

design.
MName | Class | Own Colour | Colour | Show Connectit| 2
X |DRIVE Signal Mo Yes
E Feedback Signal Mo Yes
X |GND Power Yes _ Yes
E High_speed Signal Mo Yes
X |Low_speed Signal Mo Yes
Y\H Power Yes _ Yes
7\1‘- Power Yes _ Yes
E MO Signal Mo Yes

You have a check box at the right of the dialog for Showing Auto-Named Nets in this grid,
this helps clarify user defined and system named nets.

The colour can be edited by double-clicking on the colour box and selecting a colour from the
drop-down list.

The colour shown in this dialog overrides the colour used for Connections in the Colours
dialog but only if it is different.

The PCB Nets dialog shows the Guard Spacing and not the Colour. Guard spacings are used
to add extra spacing to a net.

Net Classes

The Net Class is used to define a ‘group’ or collection of net names which have the same
characteristics, i.e. track thickness or Via style.

In the Design Technology, on the Nets dialog, the Net Class name can be selected from the
list. Only names that have been previously defined in the Net Class dialog are available in

this list.
Mame ‘Typa |Mm.'ﬁ'a(k|NDm‘Tra(k‘V\a |LEnD|ﬁ‘Enab|Ed| Length D\Ff| MinMax Enahled|M|n| Max|0wn Culuur|(u\nur|TEntEd|Dwff Pairs. | Diff Pair GEp‘DIﬁCPEIr SkEw| Manc Skew|
Signal  Signal | Signal Mon Signal Min  Via No 0 Mo 0 0 Mo Mone Mo 39 No 0
Power  Power | Power Min Power Nom Large No 0 Mo 0 0 Mo Mone No 39 No 0

Ground Power | Power Min Power Nom Large No 0 MNo 0 0 MNo Mone No 39 No 0
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The Edit Net Class dialog enables you to make your selections:

Net Class *
Mame: | Signal |
Miriraurn Track Style ‘Wia Style
Name:  |[Unnamed] V] Mame  [Via 40 ]
wadidth: 222 Sige: 40.0000
Mominal Track Stol Shape: Round w |
ominal Track Style
: 0.0000
Mame: |Trac:k 12 w | el Q
ize; 320000
widthe 12,0000 Hole Size:
[ tasimum Track Length Difference [ Min and bax Track Lengths
0.0000 0.0000 0.0000
[ Differential Pairs Tented
Gap: | 39.3701 Skew Length: | 0.0000 Mone w
[ M awirnum ia Count [ Marimum 5tub Length
1 250.0000

Net Classes in the Schematic Design

In the Schematic design, Net Classes are defined as simply a name, there is no physical
attributes at this point. The physical attributes of the Net Class are assigned in the PCB design
Net Class dialog and are passed through when using Translate to PCB.

It is the Net Class name that is important, this is the name matched in the PCB design. From
this Net Class name the physical information is assigned.

Net Classes in the PCB Design

The Net Class dialog in the PCB design contains the physical attributes of the net as well as
its name. It is the Net Class name that makes the association between the Schematic and PCB
design. The attributes defined will be used when the net is converted to a track using a manual
or automatic routing process.

MName |T)rpe | Min. Track | MNorm. Track |Via | Len
X | signal Signal  Track 10 Track 13 Via 40
| X |Power  Power  Power20 Power 50 Via 40
| |Ground |Signal  Power 20 Power 50 Via 40

By selecting the Edit button on this dialog, you can change the track and via styles used by
that net class. You can also edit the grid directly by double-clicking on the name in the grid.

The styles used are taken from the Track and Pad Styles dialogs on the Design Technology
dialog.

The Net Class page is also used to define Diff Pairs and Tented Vias, more about these later.
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Net Class to Class Spacing Rules

You can define spacing rules which match by Net or Net Class name and Layer Name. These
are used to produce extra clearances between items on different Net Classes, to allow for
creepage for example.

Value Key

Tra cks|
Inherited value

2.0000!

Ovemidden Value

F Exportto CSV

Impart From CSW

=]
&

Rule Level

by
Match Net 1 (Row) | Match Met 2 (Column) | Match Layer Bi-Directional
[Power] * Top Electrical Yes
[Power] * * No
High_speed = * Yes
- * * Yes Delete Unused

Down

Press the Add button to add a rule. You need to define three wildcard strings which will
match two sets of nets (or net classes) and layers. (Note: if they are not wildcard strings
(containing "*' or '?"), then they will explicitly match a single net or layer). You can match a
set of net class names (instead of net names) by enclosing the Match Net string in [square
brackets].

The Bi-Directional flag indicates that the rule applies to the design types of either net (so the
Pads to Tracks spacing will always be the same as the Tracks to Pads spacing). This does not
have to be the case. For example [Power] nets might need a large Pads spacing against Tracks
on all other nets (*), but a smaller value is needed for the reciprocal Tracks on [Power] to
Pads on the other nets.

Once a rule has been defined, it is added to the Net Match grid. You can move a rule Up or
Down the list. The rules are applied strictly in the order that they are defined in the grid, until
the first one which matches. So if you define the first rule as * to * on layer *, which matches
everything, then none of the subsequent rules would ever be applied.

If you select a row in the Net Match grid, then the spacing grid above will show the values
which apply. Initially, all values are inherited from the design level (indicated by grey text).
Typing values into the grid will set an override value for this rule (indicated by blue text).
You can also delete an override value to turn it back to the inherited value.

If you have defined the rule as Bi-Directional, then the top right half of the grid is greyed,
because those values are the same as in the lower half of the grid. In the case when Bi-
Directional is disabled and the Match Net criteria would match either way round, then the
larger value is used. Note that the net string * also matches with items not on a net. If you use
this string, then the Text and Board values become available. So, for example, you can define
a specific value between net Gnd and the Board.
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PCB Specific ltems in the PCB Technology File

Layers

The Layers dialog (on the Settings menu) is where the ‘structure’ of the board is defined.
This will define electrical, non-electrical and documentation layers as well as construction
layers.

Spacings and Clearances

The Spacings dialog (on the Settings menu) is used to define the clearances used for design
rules checking. These clearances will be required by your PCB Manufacturer, they are a set of
rules or tolerances to which they can make your board.

How layers and Spacings are used is discussed in the PCB Design section later on.

Changing Styles Globally and Locally

Styles can be changed in several ways:
For new designs, changing the style in the Technology File will affect all subsequent designs.

For existing designs, a style can be changed either by editing the style using the Style dialog
from the Settings menu, or directly on an object. Editing a style on an item is done using the
Properties option from the context menu or by using Change Style from the context menu.
Alternatively, double-clicking on a component or text will automatically open the Properties
dialog.

If you edit a style using Properties and give the changes a style name you are given the
option of adding that named style to the design it will not be added to the Technology File,
you must use the Save To Technology File option from the File menu to do this. If you
change a style using the Styles dialog it will affect all objects in the design that use that style,
i.e. the changes will apply globally to that design.

Track Length Rules on Net Classes

For advanced rules, you can add extra values on a net class:

e length difference value
®  min length value
*  max length value

You can optionally enable the Maximum Track Length Difference and Min and Max
Track Lengths options within the net class.
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Net Class X
Mame: |Signal |

Miniraumn Track Style ia Style
Narme: | [Unnamed] “ | Mame: |Via 40 w |
it 22z Size:
Marninal Track Style R Round > |
Mame: | Track 12 w | Length: 0.0000
Width: Hole Size:

[ Masimum Track Length Difference [ Mir and Max Track Lengths

0.0000 0.0000 0.0000
[ Differential Pairs Terted
Gap: |39.3701 Skew Length: | 0.0000 Mone w
[ b airmum Wia Count [ Maimum Stub Length
1 250.0000

By adding these values and using the appropriate net class in your design, you can define a
minimum and maximum length that the routed track must finish with. By adding a length
difference value to the net class, you can then check that all the tracks using that net class will
finish with their length within that tolerance.

These values are used by a DRC check (Net, Track Lengths), and a Track Length Rules
report available from the Output menu and Reports.

Headup Display

There is an interactive PCB tooltip based headup display to show track and net lengths as you
add and edit track segments to the design.

This is available from the shortcut menu when using Edit Track, Mitre Corner and Move
on track segments.

The display will also include rules from the Net Class if they are set up. The values in the
headup display will change to red when the rule has not been met. There is also an option on
the shortcut menu to reposition the headup display relative to the moving cursor.

There are some options in the Preferences dialog and Display page to control how unrouted
connections are treated when working out the track length of a net.

Preferences *
General Design Backups Display Cross Probe Dual Screen  Interaction  Schematics Interaction  PCE Interaction  PCB Tracks  Wamings

Drawing Auto Pan Headup Display While Editing

Cursor: | Cument Windows w [J Enable Auto Pan

Text Baming Character: |:|
(when doubled)

[ View Al on Opening Design
Detailed True Type Text

Delay Before Starting:

Speed
Default Settings

[ Show Headup Display

Include Unrouted Lengths

Mitre {45 = 30)

Cffset thou/mil):




Setting Up The Design 79

Using the Headup Display

Check the Show Headup Display box to show a tooltip based headup display of track and net
length information when adding, moving or editing tracks (including Differential Pairs).

If the track being edited lies on a single path between two component pads, the names of the
pads are included at the top of the headup display.

b Track Path: 23.4312

Met: 234312
Met Min: 550.0000
MNet Max: 1500.0000

!

I
Across Met Class: h
Shortest: 0.0000

Longest: 375.3777

Difference: 375.3777

Max Diff: 2500000

N —-
. O —

If minimum and maximum track length rules are defined on the net class of the track being
edited, their values will be included in the display and will be drawn green if the net track
length is within the defined limits. If the net track length is outside one of the limits it will be
drawn with red text as well as the rule that failed.

L

If the net being edited belongs to the same net class as other nets, and the net class has a
Maximum Track Length Difference rule defined, the shortest and longest net lengths will
be shown. If they are different, the difference between them will also be included along with
the maximum rule limit. If the actual difference in net track lengths is greater than the limit it
will be drawn with red text as well as the rule value.

Check the Include Unrouted Lengths box to include unrouted connections in the overall net
track length. Choose the Method to be used when calculating the estimated track length for
each unrouted connection. Manhattan is the minimum distance from one end of the
connection to the other using just horizontal and vertical lines. Mitre is the minimum distance
from one end of the connection to the other using horizontal, vertical and 45 degree lines.
Point to Point is the length of the single straight line between the two ends.

You can also specify an offset here, which is the distance between your current cursor
position and where the headup display is drawn. You can change the value here to anything
between 0O (no offset) and 4000 (4 inches).



80 Setting Up The Design

DRC Opt|on Design Rule Check
Within the DRC option, the Track Spacing L] Merufactui
Tracks [ #acid Trap
Length check calculates length of all Pads + ias ] Compone
tracks in the class, finds the median Siepes () G
value, then shows you any net that is too Tewt [ Compane
far either side of this value. The same Board []Copper s
check box enables the Min/Max check Ol [ Copper T
to simply verifies track length of each Components [1DrilBreal
net against specified values, either value [MNets EI[::L? ?IC:
can be set to zero to ‘ignore’ that length. [] Met Completion [ Max Stut
Nets with no tracks are always flagged [ Diangling Tracks [ Min Anre
as errors. Orly'
[J'with Mo Comps [ Min Drill +
[]0n Na Connect Fins [ tiry Paste
[ Single Pin [ Min Salde
[ b Wias [ tir Sl
CIPCE Only [ Mire Tt
Lo VRN 3 1
DRC Report
When the DRC option reports Track Length Diffs errors, the report typically might look like
this:

Design Rule Check Report

Report File c:\temp\ProDesign.txt

Report Written Thursday, July 04, 2025
Design Path c:\design\Job77Design_A.pcb
Design Title PSU Board

Created
Last Saved

22/04/2021 1:28:41 PM
04/07/2022 10:47:57 AM

Editing Time 6470 min
Units thou (precision 4)
Results

Track length differs from other nets of same class Net SIG009
too long, length is 602.7795 thou but needs to be no more than
600.0000 thou from rules in net class HS1

Net SIG009 too long, length is 602.7795 thou but needs to be no
more than 600.0000 thou from rules in net class HS1.
Number of errors found : 1

Track Length Rules

When run from the Qutput menu and Report option, an example Track Length report might
look like this:

Track Length Rules

Report File c:\temp\ProDesign.txt

Report Written Thursday, July 04, 2025
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Design Path : c:\temp\ProDesign.pcb

Design Title : PSU Board

Created : 22/04/2021 1:28:41 PM

Last Saved : 04/07/2025 10:47:57 AM

Editing Time : 473 min

Units : thou (precision 0)

Net Class Net Length Range from to Diff Min Max

HS1 FS1 602 590 605 15 580 600
FS2 592 590 605 15 580 600

Power - - - - - - -

Signal - - - - - - -

Defaults

The Defaults entry on the Settings menu allows you to set up styles that will be used when
first starting a design and when using design items such as text or tracks.

For example, after loading a few components to the Schematic and starting to add
connections between them, the initial default connection width of those connections will be
defined by the entry under Defaults and Net Class and Defaults and Connection. A new Pad
added would only use the Defaults and Pad entry.

Defaults *
Busses Nets Text Callouts Inserted Tables
Teut Shapes Connections Blocks Block Ports

Connection Style
Style: |C0nnedions w
Width: 5.00

It will not be necessary if you normally translate from a Schematic. In this instance, the track
styles used will be from the Default Net Classes. They can be changed after translation if
required.

Loading and Reusing Technology Files

If a style has been added to a design and it is required for use in another Technology File for
subsequent use in other designs - or if a Technology File contains a style that is required in a
design, the Technology Files option on the Settings dialog provides a method of bi-
directional transfer.
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Technology Files *
Layer Types Layer Spans  Nets MNet Classes  Value Names  Varants  Miscellaneous
Pad Styles  Text Styles  Line Styles  Hatch Styles  Track Styles  Grids Layers

Selected Technology File
|4sig2pwr v Folders...
Pad Styles in Current Design: Pad Styles in Technology File:
Oval (60x 110) Large Via
Rect 25x80 Pad
Rect 4048 Small Via
Rect 55«60 SMD Pad
Rect 80x110 Via
Round 125
Round 40
Round 60
Round 70
Square 60
\ia 40
<< Copy All Copy Selected =
Selected Pad Style: Rectangle shaped pad, size 40.0000 thou. length 480000 thou

P To transfer Technology items

1. Select the required Technology file from the drop-down list next to Name:

Selected Technology File
AsigZpwr |v Folders...
C\Users\Public\Documents' Technology

Databook
Default
Fineline
Metric
Panel
SpecialEffect

Ssided
- [

—inmmmmm

2. Select the tab containing the required style type.

3. The main box on the left is the style in the Current Design and the box on the right is
the contents of the Technology File.

Pad Styles in Cument Design: Pad Styles in Technology File:
COval (60x 110) Large Via
Round 125 Pad
Found 40 Small Via
SMD Pad
Round 60 32 Via
Round 70
Square 60
ia 40
<< Copy Al Copy Selected »»

Selected Pad Style: Round shaped pad, size 60.0000 thou, drill 32.0000 thou, plated hole

4. Highlight the style or group of styles to be transferred by selecting them, then press the
<<Copy All or Copy Selected>> buttons, depending on your selection.
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5. The style(s) will be copied and shown in the other box.

6. If the Technology file has been changed you will be asked to confirm that the changes
should be saved.

Exporting & Importing CSV Files

All tabs of the Design Technology dialog (except for Wires and Rules) have buttons to
Export To/Import From CSV format files. The exported files can be easily edited in Excel
for example, then imported back in with the new values.

During import, checks are made to ensure the right number of fields are imported and values

are legal.

Tracks| Pads| Vias| Shapes|
Tracks 8.0000 8.0000 8.0000 8.0000
Pads 8.0000 2.0000 8.0000 8.0000
Vias 8.0000 8.0000 8.0000 8.0000/
Shapes 8.0000 8.0000 8.0000 8.0000
Text 8.0000 8.0000 8.0000 8.0000

50.0000 50.0000

thou

Once exported into Excel, the file looks like this:

H @ ?; & Spacings.csv - Excel
HOME = INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW eDocPrinter

&D X% A abe = % %Conditional Formatting - ﬁ
Emy ~ . . @Format as Table~
Paste Font  Strikethrough Alignment Number Cells
Lo . . - [EFcelstyles~ -
Clipboard Strikethrough Styles
A E C D E F
1 |Object Type Tracks Pads Vias Shapes Text
2 |Tracks 10.0000thou  10.0000thou 10.0000thou 10.0000thou 10.0000thou
3 |Pads 10.0000thou 10.0000thou 10.0000thou 10.0000thou 10.0000thou
4 |Vias 10.0000thou 10.0000thou 10.0000thou 10.0000thou 10.0000thou
5 |Shapes 10.0000thou 10.0000thou 10.0000thou 10.0000thou 10.0000thou
6 Text 10.0000thou 10.0000thou 10.0000thou 10.0000thou 10.0000thou
7 Board 75.0000thou 75.0000thou 75.0000thou 75.0000thou 75.0000thou
-

All values are written in design units. If you change the Units in the CSV file for one of the
values, to 1mm say, the imported value will be converted to the current design units.

The CSV file can also be edited in a text editor but care must be taken to retain the correct file
formatting.

Changing Colours

Using the Colours dialog, you can customise the colours of almost all the design items.
Although the PCB dialog is shown below, the Schematic one is more simplified as it has no
layer structure to it.
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B Display

Layers and Layer Spans  Settings and Highlights  Mets  Net Classes Comp Colours

Layer Di;play| Selectable‘ True Width ‘ Tracks | Routing Areas Pour Areas | Comp Areas| Pads| Shapes| Poured Sh # Load...
Displayed Yes Yes Yes Yes Yes Yes Ves el
Selectable Yes Yes Yes Yes Yes | Yes Yes
Display All

True Width Yes Yes Yes Yes Yes | Yes Yes
[AI] Ves Yes Ves . Hide Al
[Topl Yes Yes Yes | -
Top Electrical Yes Yes Yes  —

]
Top Silk Screen | Yes Yes Yes | — -- Apply to Row
Wires Yes Yes Yes | Aoplyta Col
Bottom Electrici| Yes Yes Yes E—

[—) Apply to Al
Dimensions Yes Yes Yes N --
iottom Silk Scre|  Yes Yes Yes — -- . "

|

I
Layer Spans Vias I
Displayed Yes I

|
Selectabl Yes

electable re—

True Width Yes I
[Through Hole] [

[—

[E—

[

More.. OK Cancel Apply Help

To change the colour, double-click on the colour cell in the grid and pick a colour from the
list. Each of the colour drop-down lists has a More... entry at the bottom. When selected this
displays the standard Windows Colour selection dialog to allow a custom colour to be
defined.

Multiple custom colours may be defined and will be retained in the Windows colours dialog.

Save & Load Colour Files

Colour settings can be saved to disk and later re-loaded, allowing you to set up commonly
used groups of settings that you can then use to switch quickly between different ‘views’ of
the design.

You might, for example, set up two colour files that only show top and bottom layers
respectively, and use these to switch between a top and bottom view of your board.

You may also use the Colour Files bar to quickly switch between colour files.

To save the colour settings from the Colours dialog, click the Save button. When the file
browser dialog opens, enter a name for the colour file and press Save.

To load a previously saved colour file, click the Load button and use the file browser choose
the correct file. When the file is loaded, the design will be redrawn using the new colour
settings, and the colours and visibility shown on the dialog will be updated to match.

Selectable Items

For most design items you can set how selectable items are. This is useful for restricting what
may be picked to the particular type of items being worked on while still displaying other
relevant parts of the design. It is available in PCB, Schematics, PCB Symbol and Schematics
Symbol designs.
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On the Layered and Layer Spans tab, an additional Selectable row and column allow
selectability to be set for each item type or entire layers respectively. Each entry in these, like
the existing ‘Visible’ row and column may be toggled between Yes and No as shown below:

B Display

Layers and Layer Spans  Settings and Highlights ~ Nets Met Classes Comp Colours

Layer Displa)r| Selectable| True Width | Tracks | Routing Areas | Pour A
Displayed Wes Yes Yes
Selectable Wes Yes Yes
True Width Yes Yes Yes
[4l] Yes Yes Yes
[Top] Yes Yes Yes
Top Electrical Yes Yes Yes
Top Silk Screen | Yes Yes Yes
Wires Yes Yes Yes
Bottom Electrici| Ves Yes Yes

True Width display status in PCB

To aid the de-cluttering of PCB designs, you can switch on and off the true width of
individual items. When switched off, the item is shown as a centreline object. The exception
to this are Pads and Vias which are displayed as their outer edge (as an outline) and the pad
diameter inside.

There are two extra fields next to Display and Selected named True Width. You can switch
the true width of items on and off in columns for each layer or in rows for each item. For
example, you could switch the true width off of all items on the top layer to make the lower
layers more prominent. Likewise, you could switch the true width off of all pads in the
design, making the tracks more prominent while routing.

~r

o

ot 1] Sinadong e

I =2 = =613 il
= = =0 =

==k Y= = | ° —

— < — O Q = —2 o

— :|° = | G Q- oo

— —

il i 1

With True Width switched off in the Colours dialog, you can also display items as ‘hollow’
rather than centre line. To enable this feature, check the Hollow Tracks when True Width
off box in Preferences and Display.
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Preferences

General Design Backups Display Cross Probe Dual Screen  Interaction  Schematics Interaction  PCE Interaction PCB T

Drawing Auto Pan Headup Display Wl
Text Baming Character: |:| Delay Before Starting: Include Ur
(when doubled) | Method:
View All on Opening Design ISpeed . Offset fthousi
Detaled TrueType Text Default Settings
Draw in Layer Order Pan Performance

Draw "Empty’ Val
[ Draw ‘Empty’ Values Mouse Sensitivity: Redraw on Par
Moving ltems Use Sel Colour I Fiicker Free Re
Lowlight Inactive Layers Fast Locat

Reversed Mouse Pan a cale

All In Same Colour
[ 71 Hollow Tracks when True Widih off | Zoom
[] Draw Pad Names Inside Pads Sensttivity: [] Tooktips on Desi

Ml leab e Rt Blamnn I Default [ VR,

Tracks appear as ‘hollow’ when enabled:

Fast Redraw

v

You can also switch the True width on/off quickly by pressing the Ctrl key and selecting the
layer name in the Layers Bar.

[ twires

A0 Tap Sik

[~]®] Top Copper
[ W Dimensiors
[~/] W Layer 2 Copper
[/] W 23 Grd

[~ ® 3o

[+ = Laver 5 Copper
[#] = Bottom Copper
[~ ® Battom Silk
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Force All Colours On

Switches are available in the Colours dialog, under Settings & Highlights:

e  Force Everything on

e  Force All Value Positions on

These switches work at a high level so they override all other switches in the Colours dialog.
However, once used and set unchecked again, the previous colour settings are totally restored.

Load...
BackGround: I
[m] Screen Grid Primary: [ £
Screen Grid Secondary: e Display Al
[®] Ruler Stops: | I Hide All
(] Cveray: — ~
[ Symbol Origins: e
[ Placement Crigins: I [ Force Everything

Draw Drill Holes
[ Unconnected Pins:
[ Tlnnlated Holes:

Force All
| Walue Positions

Use the Force Everything check box to force everything on so that it is visible, true size and
selectable. This will be everything except Values which has it own check box.

Use the Force All Value Positions check box to force all Values in the design to be
displayed.

Working with Values

What are Values?

A value is an attribute that can be attached to a component to enhance the information that
this item contains. The value is a Name that contains a text string (a piece of information).

You can use values on components for example, the value name could be Height with a value
of 2mm, or Tolerance with a value of 1%.

Adding or Editing Values

Values can be added or edited using the Properties dialog of the component found on the
context menu and the main Edit menu, the Values dialog of a component on the context
menu, and from the Component Values editor on the Settings menu. For a library, the dialog
is accessed by clicking on the Values button on the Components page o the Libraries dialog.

Set Systerm Crigin
Set Relative Origin ]

Goko System Crigin

[:*5’ Properties... Ale+Enter

|,§> Yalues... |

Using the Properties dialog

The Component Properties dialog has a tab for adding and editing Component Values.
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Once a value has been added using the Add dialog, the window will indicate three pieces of
information. The check box (selected by you) will indicate whether that value is displayed in
the design or not (a value can be added but not displayed). The next item is the Value name,
for example Height, followed by the value itself, in this example 3.2mm

Properties - Component *

Component  Values  Nets  Associated Parts

[ Value=360K Add...
O
[[ICost=£0.32 Reset
[IMFR=0Omron

Edit..

When you click the OK button, the values in this dialog are applied to the component(s) in
the design.

The Values dialog is much the same as the Properties dialog but without the extra
Component tab. When displayed in the design the values would look something like this:

The position of the values is initially relative to the
14y component name but these can be moved
2 5 independently as required.
3 6
o—

7 T U2a
£0.02
3.2mm

P To position and add values

1. Select the component to add the Value to.

2. Values must already exist on the selected Component. Use Properties or Component
Values editor first or add them to components in the component library.

3. Select the Value Position option from the Add menu.

Ae, Text... F&
A Text Callout

] Bitmap

|H—B Value Position

HH Dril Table

Ch note...

4. Position the default name — Designl (Designl will be the design name before it has been
saved).
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R1
1K

5. Once positioned, select the value name and right click (you can also double-click on the
name).

6. From the context menu, select Properties.
7. From the Values tab, switch on and off the values you require to view in your design.
Properties - Component X

Componert Values Nets  Associated Parts

ZIR=1K [add

D‘Naﬂ=D.125‘N

O | e
Edit...

8. To switch all Values on or off, you can select Values to display from the Text tab.
Properties - Value Position - Reference Name... *

Text Baox Component Values MNets  Associated Parts

Tet:  [RI.
i

Aignment: @) Left (O Middle () Right
Show

Reference Mame
Component Name
Package Name
Symbal Name
Descrption
Values

<JHEIEIETE]

9. Click OK to exit. The result might look something like this.

e <

R1
1K
0.125W

10. Use the Add Value Positions option to show more values on the component.

Tooltips Displaying Values

If you prefer not to show Values names in the design, Design Tooltips can display user-
specified Values (Attributes) when hovering over components. The Value Names to display
are configured on the Display page of the Preferences dialog.
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c8
ce Value: 100nF

Volts: 50V
Wattage: 0.125W

A Values check box and button appear on the Preferences Display dialog:

| Fast Hearaw

Headup Display While Editing [A Tooltips on Design ttems
[ Show Headup Display Name
Include Unrouted Lengths Layer
Method Net
0d: i
Mier (45+30) Values Values...
Offset {thou./mil):

Cancel Aoly Help

From the Values button, you can select the Value Names to display on the tooltip.

Tooltip Value Names X
Tol Add
Valts Edit
Wattage
Delete
Up
Dawn
Sort

The Up and Down buttons will allow you to choose the order in which the values appear on
the tooltip.

Ly

8

Value: 100nF
Volts: S0V
Wattage: 0.125W

Pressing the Sort button will sort the list in alphabetical name order if required.

Using the Add button, choose the value required from the drop down list or type the value
name you wish to use.
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Value Name

C

Capadtance (Farads)
Category

D

FT
HFE

Ic

Mfr

M

R

Supplier
TOL
Tolerance
Type

v

Volts |

Drag and Drop Values

You can drag-and-drop one or more text files, or a block of text from a text application such
as Word or Notepad?2 to add Values to Components. This feature can be used from the Values
tab on the Properties dialog for Components and the Values page in the Component Editor

(available from Libraries).

7| dragndro...  — O

File Edit Format View Help
MFR=5TM

Value=99

Tol=18%

Watts=33

MTEF=23,008
Supplier=RSC
PartNo=402848842

X

Properties - Component X
Component  Values  Nets
[CIMFR=STM E Add... i
[Value=59
[ Tel=10% Delete
[Jwatts=33
[CIMTBF=23,000 Edit...
[]Supplier=RSC
[PartNo=402840342
Key
On Instance
On Component

It is hard-wired to expect the attribute text in name=value form, using = as the separator. Any
line of text that does not fit with this form will be ignored. Any name that already exists, will
have the value replaced without prompt or warning. The syntax will accept the name=value
format with or without spaces but nothing else.

Using Drag & Drop Values onto a component

There are two methods to drag and drop Values onto a Component:

1. Using the Windows Explorer, you can select a text file containing legally formatted
values text and drop it onto the Values tab of either the Component edit dialog or the
Component Properties dialog, or;

2. Select portions of the required text from the file, again, formatted using the expected
syntax, and drag it out of the text file and onto the Values page for the desired item, such

as this below:
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Note: Copy Paste does not work for this function, the text must first be selected, then
dragged to the appropriate dialog.

Also note that the standard Windows Notepad program will not allow you to drag and drop
individual text items due to the technical limitation of this basic program. Other enhanced text
programs such as MS Word or Notepad2 etc. do however allow this functionality.

Using the Component Values Editor

The Component Values editor on the Settings menu displays a list of the components, and a
table or ‘grid’ of all the values on those components. For a design, the name shown on each
row is the reference name of the component; for a library, it is the component name itself.

As well as the grid, there are a set of buttons down the right-hand side of the dialog that allow
you to modify the values.

B Component Values m] X
| o ]
Filter: Cancel

Eomp:l:l PCE Symbo\:l:l
Pins: l:l Ref Mame: l:l Apply | Clear

Narne ‘ Component ‘ Description | PCE Symbol | Pin Count ‘\f’alue | HFE | FT | (3 |D " Add..
D3 i} 0805 H 144001 Edit..
PL1 WP 5 5 5wy Pi, Eind.
PL2 AP 4 4 Awvay Pi...

Lopy
o1 BC1EAL 50723 3 10md, 450 150Mbz 10ma

Past
Q@ BC2ML SOT23 3 10mA 140 200Mhz 10méA ==
Q3 BCT84L SOT23 3 10ma 450 150Mhz 10ma etz
04 BCISAL 50723 3 10rnd 450 150Mbz 10ma Shaw
a5 TIPAIC Tow 3 0.58 0 IMhr D54 Hide
06 TIP3IC Tozo 3 0.58 0 Mz 054 B

Hevert
07 BCZIAL 0723 3 10ma, 140 200Mhz 10mA

Colours.
Al R 0605 H 10K
R2 R 0RO H 10K
R3 R 0805 H SE0K Ta Same Comp
R4 R 0805 H SEOK Dider
RS R 0805 H 12K Eupottta TSV
3 R 0605 H Ee]
- . e . e w Irnport From C5W

The cells in the table are colour-coded to show you the status of each value type. Four
different colours are used, described below. The default colour of each is also shown,
although you can change the colours used by clicking the Colours button on the dialog.

U Undefined (cream) - this value is not present on this component
. Empty (pale green) - this value is defined, but has no text

. Hidden (pale blue) - the value is defined, and has text, but is not displayed in the
design

. Visible (white) - this value is defined, and has text, and is visible in the design

As well as changing the colours, you can also resize the dialog by dragging the corners or
sides. The new size is remembered so the dialog comes back the same size next time you open
it
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To change the actual component values, you can use the buttons down the side of the dialog,
click the right mouse button in the table and use the pop-up menu, or use the keyboard to type
text directly into the grid cells.

Any changes are done to the selected part of the table, you will need to select the required
value or values first and then click the appropriate button. For example, to set all the values
for a given component to be visible, click the left mouse button in the first 'cell’ of the row for
that component, then drag across to the last cell and release the mouse button.

C151 100n
152 100n
C153 100n

Then click the Show button to set all those values visible.

C151 100n 0305 X7R
C152 100n i
153 100n 0305 7R

The cells will change colour accordingly.
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Chapter 7. Creating Schematic Designs

Overview and Getting Started

Before we get started, you should be aware that a PCB design can be created straight into
PCB design editor without creating the Schematic design first. You can also use a netlist from
some other system and load this into the PCB design editor.

The working concept of the Schematic design editor and the PCB design editor are
fundamentally the same. There are some small technical differences in the two editors;
Schematic components are connected together by lines known as connections, rather than
connections/copper tracks as they are in PCB, and there are no equivalents to PCB pad stacks
in Schematics. Obviously, the PCB design contains ‘layered’ items whereas the Schematic is
‘flat’.

The difference between Tracks and Connections is that Tracks are physical connections made
in copper and used in the PCB design editor, whereas connections are logical connections
between items only. The confusing part is that tracks also have underlying connections (the
'rats nest') until converted to copper tracking.

Starting a New Schematic Design

To use a Project file or not?

When starting a new Schematic, you may need to think about whether you need to use a
Project or not. The decision for using a Project is governed mainly by how many Schematic
sheets you intend creating and whether it has hierarchical blocks or not. If there is more than
one sheet, then create a Project first and add all the design sheets to this Project. If there is one
sheet, and only ever will be one sheet, you probably won’t need a Project. A Project file
enables you to maintain unique component and net names throughout all of the Schematic
sheets without any duplications or errors.

Schematic Technology File

| } |

Designl.sch Design2.sch Design3.sch

A

Design4.sch Design5.sch

Hier block Hier block

Translate To PCB

PCB Design

Project File
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The Project file may contain many Schematic sheets but only one PCB design. Technology
files are independent of the Project file and are used with the design files. A schematic design
may also contain hierarchical blocks of ‘lower’ level functionality, these would also be
contained within a Project file.

Starting the design

You can start your design using one of two methods; using the New, Schematic Design
dialog or New, Wizard, Schematic Design. The New dialog for both options is located on
the File menu.

Using the New dialog

The New, Schematic Design dialog will start a new Schematic design using just the
Technology File. You can also elect to use no Technology File, [None], but we don’t
recommend this.

New *

Design  wizard  Technology

PCE Design
P

5 i Cancel
Component

Project

Panel Design

Using Technology File

Folders...

Add To Project

Browse...

There are two Technology files supplied for Schematic designs, Default.stf that uses a white
background and Default (Black).stf that uses a black background. You can of course, change
the colours as required from within the Schematic editor.

You can also elect to add the new design to the Project file using the Add To Project check
box and choosing its name.

If the design is new and no Project file exists, use the Browse button and locate the folder
required. Now type a Project name and a new file will be created when you click OK. If one
exists, select it by name.

Click the OK button to start the Schematic design editor.

Design Options for Schematics

If you start a new Schematic design using the standard settings and one of the supplied
Technology files, there isn’t anything else essential to set up in order to get started. However,
you can edit the user defined options in the Preferences dialog, the Defaults, the Units dialog
and the Folders dialog. These are discussed in detail as used throughout this guide.
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Setting Up a Schematic Technology

Styles

The diagram below shows the relationship between the major design items Styles.

The styles used in this dialog should be as required for your drawings and for any company
standards that may exist. When choosing styles, consider how the drawing may be finally
printed or plotted. The thicknesses used will have an impact on the look of the drawing.

Sigl =

Ao

e

Pad Styles |Tert Styles I Line Styles I Hatch Styles I Connections I MNets I Met Classes I Walue Names |’

Mame |Shapa | Width|
CrossG0 Cross 60.00
| Terminal Cross 60,00
" |punctions] | Round 30,00

Pads styles are used to define look of component terminals and junctions, where two
connections are truly connected. Connections may overlap each other but will not be
electrically connected.

Text is used to contain the styles of text items within the design.

Lines styles are used for the shapes and outlines of the symbols. They can also be used to
define any detail within the drawing such as the drawing border.

Connections styles are used to define the thickness of ‘real’ connections within the design.
These are not the same as Line Styles and should not be confused.

Net Names and Net Classes

When creating a new design, you should ensure that each Net Name on the Nets dialog has a
Net Class associated with it. It is this association that will give you your track thickness in the
PCB design. The Net Class dialog in the PCB design also has track and via styles associated
with it.

When translating from the Schematic to the PCB design (using the Translate To PCB
option), the Net Class name used on a net is also transferred, this then picks up the physical
characteristics defined in the PCB Net Class section.
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|87 Design Technology
Pad Styles Text Styles Line Styles Hatch Styles Connections Mets  Net Classes  Value Names Variants
MName Class Own Colour | Colour

X |DRIVE Signal MNo
7 Feedback Signal MNo
7 GND Power MNo
7 High_spe Signal MNo
7 Low_spee Signal MNo
7 W+ Power MNo
7 V- Power MNo
7 MNO1 Signal Mo
7 MN02 Signal Mo
E MO Signal Mo

Without a net class name, the net class used will be that of the Defaults, Net Class dialog.

Net Names and Net Class names are described in more detail in the previous chapter.

Drawing Borders

As well as Styles and Colours, Technology files can also contain drawing blank information
and text. These are added as shapes and text from the Add menu. Drawing blanks that are
created using a component cannot be saved in the Technology file. See below.

Changing the Colours of the Schematic

All of the colours within a Schematic design can be changed using the Colours dialog. This
dialog has been discussed in the previous chapter.

The diagram below shows how the design is constructed using different colours for different

design items.

A
t ;

1

Shapes:
Text:

Symbel Terminals:
Symbol Shapes:

J Rl

| I .y Settings and Highlights  Nets  Met Classes
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1

[ Auto Fil:

Symbol Text:

[+ Emars:

Cannections:
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[®] Pin Names:

[®] Pin Mumbers:

Met Names:

[ Value Positions:

BackGround:
~ [ Grids

<

I

- [m] Ruler Stops:
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b [ Connected Pins Notes
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Key
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Use the small arrow on the right side of the list box to drop down a colour palette when a

colour change is required.

Symbal Shapes:

T




98 Creating Schematics

Some of the switches are slightly less obvious that others.

Connected Pins - Use the Connected Pins option to control display on component pins.
Normally you would have the Symbol Terminals switch on and the Connected Pins switch
off so that you only see the cross on unconnected pins. This makes it easier when adding
connections to the schematic to see which pins are left to be connected.

The Dangling Connections option allows you to highlight unfinished connections. With the
Show All Dangling Connections option checked, any connection which is not connected at

one end is considered dangling. With the option unchecked, only such connections which are
the only instance of that net on the current sheet are considered dangling.

Adding Drawing Borders

There are two methods of adding drawing borders to your Schematic design; using a
component, or by drawing in the border using the shape drawing tools.

You will find a number of standard drawing borders in the component library, schema.
See the next section in this chapter on how to add components to the design.

If you wish to add a drawing border using shapes, add the shapes to the design using the Add
Shape options from the Add menu. The drawing border can be further enhanced by using free
text from the Add Text option on the Add menu. Both Add Shape and Add Text are covered
later on in more detail in this chapter.

Adding Components

Once components have been created in the appropriate library, they can be added to the
design using the Add Component option from the Add menu or by using the Add
Component icon on the Schematic Design toolbar.

During the Add Component process, you may decide to use the Component Bin, you don’t
have to but it does help simplify the design area by keeping components out of the way until
needed.

Using the Component Bin

The Component Bin bar has been described in detail in the previous chapter.
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The component bin provides you with an off-screen location for holding components before
placing them on the design, it is also used for holding unused gates on components that have
more than one gate (called heterogeneous components).

Schematic components can be added directly to the component bin using Add Component and
interactively by dragging components from the design into the bin.

When using the component bin, if you have components that are connected, if you drag them
into the bin the connectivity will be lost when you bring them back out again. Of course, if
you do this by mistake, you can use Undo to recover them.
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Components placed in the bin will also be transferred to the PCB design during Translate To
PCB.

Using the Add Component dialog

Once the design preferences have been set and the drawing border added, the Schematic
editor is ready for the design to be created.

One of the first major processes is the addition of components into the design; you are
provided with the Add Component option for this purpose.

Components and Symbol contents are created and saved into corresponding libraries. The
component entry contains a Component name, a PCB Symbol (Footprint) (optional if
translate to PCB isn’t required) and a corresponding Schematic Symbol or multiple symbols
if the component represents a multi-gated component.

The Add Component dialog allows you to find and select components from your component
libraries.
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X

8" Add Component

Librany: Opamps v

LComponent: | Find... Add

ADS15 A
ADR4D Cancel
ADE49
ADE4S

ADE4S ;
e [ Filkes

Apply

Clear
CA3078
Ca3on
CA3130
CA3140

CAZED Package: |DIPS w '

CA3240

Desc: |AD844AN Dp&mp | []&dd to Comporent Bin -~ 1

The dialog allows you to choose the library, find a component, chose the component, to
preview it and to add it to the design or component bin.

The Library list allows you to choose the library to select components from. From the drop
down list, you can also choose [All Libraries]. This will display the components from all of
the libraries found in the search path defined in the Library Manager under Folders. The

[Recent] list will display all component names that have been recently added to your design.

Once a library has been selected the Component list will update with all the components in
the selected library. You can locate specific components by using the Find button and the
options within this. The Find dialog allows you to search libraries and enter names based on
wildcard names. This dialog is described in more detail.

The Add button will place it on the end of your cursor ready for positioning in the design.
You will notice it will snap to the screen grid while placing. You can adjust the snap mode
using the <H> key and by selecting one of the snap modes from the context menu.
Alternatively, you can use the Add to Component Bin check box to send the selected
component directly to the component bin. The Count entry will allow you to specify multiple
copies of the selected component.

The Preview button can be used to show you the component before it is placed on the design,
it also shows you a preview of the PCB Symbol. Once you create your own library you will
probably not use this unless you need a reminder of what they look like.

Lol [ ey |

1@ 3 Supplier=R5
Allied_Numnber=
H— A Fr—x -
2 ] Height=5.3mm
»—E G M anufacturer_Mame=
7 c & Manufacturer_Part_Mumber=
’ % DEi Other Part Nurnber=
)TD 3 s RS Stock No=111-1137
iy . : Yalue=7 Seament Display
*—E COoM—X Hyperlink'web=https: / Awww. analog. com.
HyperinkDS=https://docs. emea.rs-onling

Using the Find dialog

When selected, Find displays a dialog that allows an item name to be found in the libraries. It
then searches the libraries for the given Component/Symbol and selects the appropriate
library and item. It searches the current library first, then all the libraries in the library
directory. This has been specified in the Preferences dialog under Directories.
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Find *
Mame Starts Wwith ~ ||74L53 | | Find |
[ Mumber of terminalz/pads is 1
Save...
[JPchSym |z Exactly
N Load...
[ Value MFR | Containg | Temas
Walue Family | Starts With  ~ |74 Clear
Walue Supplier ~ ||ls Exactly  ~ |RS
[walue |z Exactly
Only search in Enabled libraries
Matching items found: 0
Close
Add

Matching on the library item Name can be done in three different ways:

U Is Exactly: only matches items with exactly the name specified

U Starts With: only matches items that start with the given text

U Contains: only matches items that have the given text anywhere in their name

The Number of terminals/pads field allows you to limit the search to match only those
library items with the specified number of pins.

For the Value field, when searching for components, you can also choose to search for items
that have a particular value. Leave the 'is' field blank to match all items that have this value
regardless of its actual setting, or enter the desired setting to search for a specific value.

On pressing Find, there may be a delay whilst any library index files are updated. Having
done this, the libraries are searched for matching items. Any matches found are listed on the
dialog, showing their name and library file and for components their ‘package' as well.

To select the desired item, simply click on it in the list. As you select the item, the
corresponding 'master' dialog (Libraries, Add Component, etc.) will update its details and
preview to show you the selected item. To close the Find dialog, either click on Close or
double-click the required library item in the list.

Value

When searching for components, you can also choose to search for items that have a
particular value or values. If you specify more than one value, only those components that
match all the value criteria will be displayed. In other words, the value checks are combined
with 'and' and not 'or".

If you want to match items that have a particular value regardless of its actual text setting, set
the 'operator' to 'Contains' and leave the value text field (the last field on the line) blank.

Interactively positioning components

Once the first component is positioned in the design, press the Esc key to cancel the addition
of the next Component. Each time you add a component, notice that the component reference
Name has incremented by one to the next number available automatically. You can overwrite
this name and name stem if you wish but you will not be allowed duplicate component names
on the same design, you will be prompted with a message box informing you of this.
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While adding the component you can use the context menu to manipulate the component.

Cancel Est
Cancel Mode

Type Coordinate. .. =

Tvpe Offset. .. Shift+=
| Rotate >| | v | Angle 0
Flip F Angle 90
Show Design Clearance Angle 180
T online ORC [ angezro
Push Mod; 3
ush Hode Raotate One Step R
A 5
plshiDicction Rotate Step Back  Al+R
Springback.

Add Multiple Ttems
Auko Weld Mow

Flace Horizontally

Flace Vertically

From this dialog you can Flip and Rotate the component to give it a more precise position.
These options are also available by using shortcut keys.

The Styles used

The values in the styles used for text, pads, terminals and shapes in the symbols from the
library are retained when adding an instance of the component to a design. In this way the
component will look exactly like it does in the library. This is managed by copying the styles
from the symbol into the design. If the style name is already in the design, but contains
different values, a new style name will be used.

Introduction to manipulating Components in the design

A component may be selected by clicking on any part of the outline or by pressing <Shift>
and clicking on any part of the component. If a placement reference or any pin names or
numbers are inadvertently selected, an attempt to drag the component will move the text
instead. If this is a problem, use <Shift>-click to select the whole item.

Moving is done by dragging and dropping. Snap modes are adhered to at all times but can be
changed by using the snap mode shortcut <H>.

Once a component is selected, there are several entries available on the context menu.

To rotate the component, either right click and select Rotate, or use the shortcut key <R>.
From this menu you can also choose an alternative angle for rotation other than the default
angle set for the single step rotation command.

Flip (shortcut <F>) will mirror the component. On the odd occasion that this is required in a
Schematic design it will work by mirroring around the component origin. This has been
discussed in detail in the previous chapter.

Each component in the design of the same type is referenced from the first one added. This is
a copy of the item in the library that makes it independent of any changes to the source
library. The Update Component function is provided to force a new definition into a design
from the library. This intelligently replaces the component in the design with the new one
from the library without affecting the connectivity.

With connected components, you may also wish to ‘unconnect’ them, to change the
component perhaps. For this you can use the Disconnect From Net option. This will keep the
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component in the same location but will disconnect all connections attached to it.

The values associated with a component have a variety of uses. Firstly, they can obviously be
used to associate a supplementary label with the placement reference. As this is most
commonly a value, it gives the function its name. Secondly, it provides a convenient way of
specifying entries for export to parts lists, etc. These can be accessed through the Properties
dialog or the Values option, both on the context menu.

Properties - Component X

Component  Values Nets  Associated Parts

] Value=360K Add...
(T
[JCost=£0.32 Beset
[CIMFR=0mron

Edit..

Using Decoupling Capacitors

Decoupling capacitors, or by-pass capacitors as they are also known are usually used adjacent
to ICs to ‘decouple’ the voltage rails to that device. These are usually shown as a ‘string’ of
capacitors between the corresponding voltage rails without being shown in the proximity to
the device they are intended for. In most cases the relationship between decoupling capacitors
and the ICs is only that each IC is required to have a value (10pf for example) capacitor. In
instances where there is a close relationship between the two, you should position the
capacitor next to the device.

+5Y Py Py

c3 c2 C4 Cs
100nF 100nF 100nF 100nF

ov . . .

cB [ory
100nF 100nF
-5V I J

The picture above shows how the Schematic might look. This example shows positive,
negative and OV power rails.

Adding Connectors

Connectors are created as ‘normal’ components with associated Schematic Symbols and PCB
Symbols, there are no special additional items to create.

Your only consideration for connectors is whether you have one multi-pin Schematic symbol
representing a PCB footprint, or whether you have multiple single pin Schematic symbols
representing a PCB footprint. The decision is based on whether you want to position the
different Schematic Symbols across the design or have them clustered in one place as you
would with a single Schematic symbol.
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B Add Component X
Librany: Connector | e |
LComponent: |0 Find... Add
" Cancel
[ Filkes
Apply
Clear
Dam Package: |[DSC -
D1EF
D115k v | Ref Mame: |PL1
Desc: 5 wap Pin Header | [ Add to Component Bin 1

The Add Component dialog above shows an example of a single Schematic symbol. Where a
connector Component is defined with multiple Schematic Symbols, each pin of the connector
is added to the design individually. The creation of connectors is covered in a later Chapter on
Creating Components.

Reloading Components

Once components have been added to the design, you may need to change the Schematic
symbol or the component definition and then reload it into the design.

You can reload components individually, or the whole design or by browsing and selecting
the ones to update. There are three commands on the Tools menu under Update Components
to do this.

You can also select a component or multiple components in the design then select the Update
Components option from the context menu if you wish.

The dialog you are presented with allows a number of key functions to be performed.
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3 Update Components From Library x

Comp Name Selected| controller
4WP (DSC)  [No
SWP (DSC) | Yes
535 (DIL) Yes
BC184L (DSC) | Yes
BC214L (DSC) | Yes
C (DSC) Yes
CP (DSCV) Yes

DO |ves  |UREOINGNAAS

PRESET (DSC) | Ves
R (DSC) Yes
R_POT (D5C) | Ves
TIP31C (DSC) | No
TIP32C (D5C) |No
TLC272 (DIL) | Yes
ZEMER (DSC) | Ves

[ Only update item if version different in ibrary

[ Remove pad style exceptions

[ keep existing component values | All | | Mone | | Selected |
[ keep value positions
[ keep associated parts | Check | | Update | | Cancel |

You are presented with a list of all the components in the design, or across all sheets in the
design if invoked from a Schematic within a Project.

This list shows you the timestamp on each component in the design as an initial guide to
which library items are currently in use.

You can toggle the 'selected' state of each component, or use the All/None/Selected buttons to
toggle all the states, as a quick way of choosing the components to be updated.

All components that use the same Component or Symbol will be reloaded, even if only one
item was selected. You cannot have two different versions of the same Component or Symbol
in the design.

Adding Connections to the Design

Connections are added to a Schematic design to make electrical connectivity between
component pins. You can also add connections to other connections forming junctions or tie
dots as they are sometimes called.

You are also allows you to add connections that don’t connect to anything. These are called
Unfished or dangling Connections and are useful during the design process but should be
resolved before the translation to the PCB design. You may wish to start a connection path
from one device without knowing where it connects to. Leaving it dangling will allow the
path to be created ready for connection late on.
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The Undo option can be used at any time to undo connection. While editing a connection, you
can also use the <Backspace> key to unto the last connection segment.

Properties of a Connection

When you first start adding connections you can predefine the connection Width using a style
Name (the physical size that will appear on the plot), and the Net Class. The Net Class is
used to create a relationship between the logical Schematic connection, and the physical track
thickness that is used in the PCB design once translated (see below).

There are two items to define in order to use the connection width that you require. The first is
the style of the connection, the Name and the Width. These are edited in the Design
Technology dialog under Connections. You can assign a sensible name for a connection
style and a real width. A value between 5 and 8 thou is normally acceptable for most modern
laser printers but you may decide that you want the connection on the paper thicker or fainter.

8" Design Technology

Pad Styles Text Styles Line Styles Hatch Styles Connections  Nets  Net Classes  Value

Name | Width|

Connections 5.00

| >

The next items to define are the defaults for the Connection and the Net Class. These are
used to give the new connection a thickness (Connection) and a Net Class name for use
when translated into the PCB design. Both of these items can be found on the Settings menu
under Defaults.

As previously discussed in this chapter under Setting Up A Schematic Technology, the
connection also carries a Net Class. This is used when the design is translated to a PCB
design where it then picks up the PCB connection’s physical properties. With the Nets
selection, you choose a Net Class name from the drop-down list.

Defaults X
Text Shapes Connections Blocks Block Ports
Busses Nets Text Callouts Inserted Tables

Class:
Signal w

The Connections dialog is a list of Connection style Names with a given Width. The name
chosen from this list will be the one first used when adding connections to the design.
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Blocks

Inserted Tables
Block Ports

Defaults
Busses MNets Text Callouts
Text Shapes Connections
Connection Style
Style: |C0nnedions
Width: 5.00

When a connection is added to the design, it now has a drawn (and plotted) thickness, a Net
Class Name and a Net Name (defined by you or a default net name).

Properties dialog

You can view and edit the connection’s characteristics using the Properties dialog.

Properties - Connection

Connection Segment  Net

b

Properties - Connection X

Connection Segment  Net

Track Selected Segmets Choose From All Nets In Design:
Start: Q21 5200.00 7925.00
End: Junction 1002500  7925.00 Name: | TRIGGER ~]
Length: 1650.00 875.00 Change Name Of Subnet Only
Class: |Signal v|
[ Use This Colour: ]
Urel
Style: |C0nnedions -
Width: Pads: Junction
R9.1
R10.2
uiz
Cancel Apply Help Cancel Apply Help

Changing the Connection style

During the addition of a connection you can change its style very easily. To do this just right
mouse click and select Style from the context menu. You can also do this by using the
shortcut key <S>.

Adding Connections

Connections can only be made by using the Add Connection option from the Add menu or
from the Add connection button on the Schematic Design toolbar, or by double-clicking the
mouse on an electrical terminal and then moving the mouse to draw the connection.

Double-click and move methods of adding connections are ‘one-shot” modeless operations. It
is fast but once the connection is completed, you are automatically put back into Select mode
again. The Add Connection option allows you to continue ‘stitching’ in multiple connections
until you exit this mode.
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Connections cannot be added by adding a line item or bus item, they have to be proper
connection items (using Add Connection). Likewise, just placing Components so that the
connection points touch will not form a connection. Components must also have electrical
terminals on them to connect to.

To check that a connection really is a connection, select it in the design and view the status
bar at the bottom of the window. If you have used a connection the status bar will say
Connection.

However, once a real connection has been made, moving that component will move the
connections with it, a truly connective design structure is used throughout. You will see and
understand the power of this as you design with the product.

When adding connections, each click of the mouse will add a corner, from this you may make
a direction change.

You will also find useful a switch in the Colours dialog which allows you to show
Connected Pins only. When selected, only pins that are not connected to will show their X
terminal position.

In Schematics, it is usually easier to add the connections if the Segment Mode is set to
Orthogonal. This is set in the Preferences dialog Interaction tab on the Settings menu. The
Segment Mode can also be changed while in Add Connection mode using the Segment
Mode> option on the context menu.

S
Highlight Net
Disconnect Con End
Change Segment 3
| Segment Mode >| Free
v
Flip E Crthogonal
Delete Segment Backspace Right-Angle
ity
Invert Shape e
Fillet
Fixed Angle

From this menu you can choose various options. In Schematics the Orthogonal mode is
mostly used but other modes are available.

drid When adding connections, you can use the Grid Snap
Half Grid mode. While the connection is dynamic on the end of your
Quarter Grid cursor, click the <H> key. From the context menu you can
Tenth Grid select any of the grid settings and named grids.
Fortieth Grid

[w] z5thou

Mekric 0.5mm
Polar 25thou
wiorking Grid

H# arids...

Make sure that the connection begins and ends exactly on the electrical pins/terminals (using
the Grid Snap mode makes this easier).
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Adding Net Names to the connections

All connections are allocated a default net name and net class. It is a good idea to give
significant signals a net name instead of the allocated name in the form a of number, such as
NO0022. It may also be desirable to reallocate the net class, by default each new connection
acquires the same net class as the previous one.

Multi-sheet Schematic projects use common net names for the links that join them together.
All net names are automatically associated with the Project and after first use can be selected
from the drop-down list on each sheet rather than being remembered and re-typed. Predefined
net names can also be picked from the external technology file associated with the design. It is
worth the slight extra effort using meaningful net names rather than numbers.

Once a connection has been started (or once it is added to the design), you can give it a net
name. It you don’t give it a ‘user defined’ net name at the start, an ‘auto-named’ net name will
be assigned for you. These will be sequential and unique, and will start with N, (N0OO10,
NOO0OS etc.). They can still be renamed afterwards using the Change Net option.

The Net name does not appear automatically on the drawing, but it does always appear in the
Status line at the bottom of the screen and can be viewed when the connection is selected. If
you need to change the name of the net itself there are a number of methods for doing this.

You can use the Properties dialog from the context menu and Net page for a selected net, or
you can use the Change Net option, also on the context menu.

B Change Met X

Chaoose From All Nets In Design:

Net Name: | IETEEE: [ ok ]
NO7 "
MO79 Cancel
Mg
NO8]

il
V-+ v
Show Auto-named Mets
Change Mame Of Subnet Orly
Net Class: ‘ Signal |

Power

The net name can also be changed from the Nets page of the Design Technology dialog on
the Settings menu. This lists all the nets in the design and is shown below:

MName | Class | Own Colour |Cn|nur
|0 Power Yes
o) Signal Ne
|_ QlL_E Signal Yes _
| Q3_E Signal Mo
_ |FLN Signal Ne
R2_N Signal Ne
: R3_N Signal Mo
__|RsP Signal Ne
_V2_P Signal Ne
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Displaying Net Names on the design

To display the net names on the design you should select the net. From the context menu
select the Display Net Names option. You will notice the net names appear on the Symbol
terminal on one end of the connection. The terminal used for the name to be displayed is the
closest terminal to the point on the selected net.

If you select a Component, you can also display all the Net Names associated with that
component for connected pins. Use the Display Net Names command from the context menu
with the component selected to do this.

Dangling Connections

Dangling connections are connections that start on an electrical point in the design but finish
in ‘free space’. You may do this naturally as you design so that the aesthetics are worked out
as you design.

If you wish to add a connection and leave it dangling, double-click to end it in free space. To
continue using that connection, double-click on the end of it and continue drawing in the
connection path. You can also continue using it by using the Add Connection option and
select the end of the dangling connection as the start point.

There are two features that will help you when using dangling connections, the first is the
Unfinished Connections colour setting found on the View menu that can be chosen these
connections, and the second is the Unfinished Connections Report which is located on the
Output menu under the Reports option.

Starting a connection on a bus

To start a connection on a Bus (Busses are described in more detail later on in this chapter)
you must use the Add Connection option. You may however end on a bus using the
modeless method.

Disconnecting connections from terminals

If you make a connection between two terminals and you decide that one end should have
been connected to a different terminal, you can move it using the Disconnect End Con
option.

To use this, edit the end which you wish to move (double-click on the connection). Once in
edit mode, right click and select the Disconnect End Con option from the context menu. The
connection will now be on the end of your cursor ready to connect to the new end point.
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The context menu shows the Disconnect End Con option:

Cancel Esc
Finish Here

Type Coordinate, ..

Type Offset. ..

Change Style. .. 5
Change Net...
Highlight Met

Disconnect Con End

Change Segment 3
Seqgment Mode 3
Flip F

Delete Segment  Backspace

Invert Shape

Showing Junctions over terminals

If two connections are attached to a component pin, a junction is only drawn if the Display
Implied Junctions on Pads switch is on in the Preferences dialog under Schematic
Interaction. By default, this is switched on. This only affects junctions on pins and not
normal connection junctions.

Add Connection to Bus Displays Net Hame

Dizplay Implied Junctions on Pads

[rrag Unconnected Fin Startz Mew Connection

The picture below shows how (on pin 1) the junction is shown on the component pin.

Ula
74AC11000D

Inserting components to split a connection

Once a connection has been added to the design, it is possible move or add a component over
this connection and to split the net. This is useful if adding components such as resistors or
capacitors to the design.

The situation can only occur with 2 pin components and where the connection is orthogonal
horizontally or vertically.

First the component is selected or added, and moved over the connection.

!
I

R1

Once the component has been moved over the connection and released, a warning dialog is
displayed. This will warn you that two nets will be created and the name of the split net.
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*
| Warning! The component has been inserted into net "V+",
: The resultant net attached to pin 2 has been renamed
o NO00T",

The finished result looks like this.

Dragging off Pins to Start Connections

An easier way to add connections is by ‘dragging’ the connection off the pin to start it. When
enabled in the Preferences, Schematics Interaction tab, dragging from an unconnected
component pin in schematics will start a new connection from that pin.

Preferences

General Display Cross Probe Dual Screen  Interaction  Schematics Interaction  PCE Interaction PCE Tracks Wai

General Move
General Segment Mode: Orthogonal N Weld On Drop [ Allow
Rotation Step: [ Show Posttion Highl
e
[1"stitch" Connections Allow
[] Dynamic Align

Move Cursor When Editing Segments/Shapes
[ Edit Segment Towards Nearest End
Display Implied Junctions on Pads

Align With: Exterts [

Snap Tolerance:

Pads
| Drag Unconnected Pin Starts New Connection
Prompt for new Net name
M ot Add Connection Displays Net Name
Highlight Net being edited ] Clear Highlight after edit
Always On Bus
Selert Nelete TS it Din iCn

To aid the display of a legal landing site, finish markers can be enabled through the Colours
dialog.

Finish Markers:
[ Text Callouts: | —

[ Blocks: I -
[ Block Ports: I -

Direct Hit:

I
Near t: | —

To use this mode, set the Finish Markers to on.
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Drag off a source pin to start a connection or track, draw your corners and then move the
cursor over the target pad. The Finish Markers will highlight to show that the connection can
be finished there and the connection will finish.

of +f of «f

6 VCC RST 6 VCC RST
| THR s—{ THR
2 3 2 3
“{TRIG out |— »—TRIG ouT
7 7
“pIs “pris
ND cv 8ND v
1J< 5J< Ut 1>L 5| u2
555 555
DIL DIL

Adding Nets that aren’t shown on the design (Implied Nets)

When creating connectivity in the Schematic design you may not wish to show all the
connections. Like the concept of a bus, or a power and ground nets, by using net names on the
terminals of components, implied connections can be made. There must obviously be two or
more net names of the same name in the design to make the connectivity.

Ula
74AC11000D

Al 1

L Az, 16

Ulb
74AC11000D

- 15
2

3 14

The design above shows how the connectivity might look by using Net Names and implied
connections, and physical connections. On the net marked A1, the net name has been applied
directly to the pin using the context menu option Add To Net. For the A2 net name, a small
dangling connection has been shown. This might be used to clear the component to make the
connection clearer without drawing in the whole connection across the design. The dotted
lines show the implied connections on this picture only, they wouldn’t appear on the real
design.

When the design is translated to PCB, any nets with the same name (even though there isn’t a
physical connection drawn) will be connected together. This helps keep the Schematic free
from connections that don’t need to appear. Likewise, this would happen also if two nets had
the same name on different locations of the Schematic but weren’t actually supposed to be
joined. You can use the Highlight Net option to view the entire net.

If you really wanted, you could create the whole design using this connectivity style.
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Naming and Renaming Nets

At any point nets can be named using a user defined name or renamed from an existing name.
When a connection is added to the design it will be assigned a ‘system’ name, such as N00O09,
NO0O0O1 etc. These names are unique but can be changed to one of your own during the add
connection process or afterwards as you wish.

Renaming a net

A net name can be changed by picking the connection and selecting the Change Name option
from the context menu.

B Change Met *

Choosge From All Mets In Design:

Net Mame: | [TEIEEE: ok |

W07 A
MO79 Cancel
MO8

MO
MOg2
M0g3
MO85
MOg7

M09
TRIGGER

W+ W
Show Auto-named Mets
Change Mame Of Subnet Only

Met Clazs: | Signal |

Power

From the Change Net dialog, you can choose an existing net name to use or type in your own
name into the Net Name box.

Connecting nets together

If two connections with different net names are connected together, the resulting single net
will retain one of the original names. In this situation you should check the net name on the
Status line at the bottom of the screen and change it if required. Use the Change Net option to
do this.

Joining Nets

Where named connections are connected together, the Join Nets dialog will be displayed.
This will inform you of the changes that will take place and to the name of the merged net. If
the net name is not to your liking, use the Change Nets option to rename it.

Join Nets X

Thiz operation will cauze the following bwo nets ba
be joined:

NO87

WARNING: This will make one net:

For connections where one or both of the nets uses a default net name, no warning dialog will
be displayed.
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Power and Ground Symbols in Schematics

Power and ground supplies can be shown in various ways; they can be shown by adding
connections or by using power symbols, or by simply naming the terminals using implied
connections.

+5V

The most normal way is to use small power and ground symbols that use named nets to give
implied connectivity.

Where there is a requirement to show power connections a symbol can be used. The symbol
has no electrical significance and is not translated to PCB, so it is purely there as cosmetic
representation on the final Schematic drawing. The importance in the symbol will be the net
name used in the terminal of the symbol or the net attached to it.

These symbols are created as Schematic only components in the library. The supplied
libraries contain a selection of basic power and ground symbols as well as generic symbols
that can be copied and adapted for other power symbol representation. Because these symbols
have a Schematic symbol and component representation but have no PCB symbol assigned to
them, this means they will not be translated to PCB.

Alternatively, where terminals require power connections, these can be named with a
nominated power name (using Add To Net from context menu) and all nets of that name will
be connected together during Translate To PCB.

Component Editor

Within the component editor you can use the Net Class Name field for the signal pin to define
the name of the net that will be pre-assigned when the component is added to the design. This
is used to auto-connect this pin to the given net / net class when the component is added to a
design.

Cross Sheet References

As with power and ground symbols, cross sheet signal references are purely cosmetic. They
are created as Schematics only components that have a Schematic symbol and component
representation but not PCB symbol assigned to them.

When this type of symbol is used on a sheet, it is the net name that carries the significance not
the symbol. The same net names used will be connected together when the Schematic design
is translated to the PCB design.
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Al

A2

e

For the example above, all nets called A2 will be connected together regardless of which
sheet they are on. The cross sheet reference is a neat symbol that denotes the connection.

Page Links

You can use any piece of text which names another sheet in the Project as a page link. The
text must be the schematic design name and must have the .sch file extension, for example
PSU.sch. The referenced design also must exist in the current Project. The name format can
also contain a comma to create a list of sheets, for example, PSU.sch,Memory.sch,FPGA.sch
You could add a Value, such as PageLink, to an item and reference the sheet(s) as the value.

Text Box Component Pad Met
Values Nets Pssociated Parts
®|Sheet=P S sch,Block 1.sch Add...
Delete
Value *
Edi...
Name: |Sheet | Open Link...

Walue: [PSL.schBlockl.sch |

Carcel

The value must be displayed in order to select it to use the Open Sheet option from the
context menu.

YRS wiiatia. TS o
Enable Nudge

. Rotate 4

=

14 % Duplicate D
k=10 h

Al =e Replicate...

11
Change Style... 5

Show Owner
Open Sheet

GHD

Paste Ctrl+v
¥ Delete Delete

Origins 3
H Grids...

Eﬁ' Properties... I




Creating Schematics 117

Where the net appears on multiple sheets, a dialog will be displayed from which you can
select the sheet to browse to.

Select Sheet *

Blockl.sch oK.
PSU.SCh Emmj

Cancel

Page Link Components

This can be used in conjunction with the Nets where sheets are used attribute (see above) to
create page link components. Add the Nets where sheets are used attribute to the Schematic
Symbol to provide the link reference.

N1
+
Sheets1+

Using Busses

A bus is a shape that represents a collection of signals on the Schematic design. Instead of
drawing all the connections across the design and connecting them to every pin required, you
can make the design less cluttered by using busses. You can add connections from an
electrical pin to the bus that carries the signal.

1+ %
o VAR VT I

1 1z
A]%% INFUTE =LY

2 Voo
ag
&
ac =
z il
AQLAAAAAAAAAAAAAAAAAAQA— RO11 an
E}
A3 e Uz
7iLaaa

GHD |18
GMND
v

Open/Closed Busses in Schematics
There are Open and Closed busses.

An open bus means that it can carry any net names. You simply attach the connection to the
bus and the bus inherits that connection’s net name. A closed bus is where all the net names
are predefined in the bus (using Properties). When you add a connection to the bus, you are
prompted with a dialog requesting the net name selected from a list.

Closed Busses

This is the process for defining a 'Closed' bus with the net names pre-defined.
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P To define a Closed bus

1. Using the Add Bus option from the Add menu, draw the shape of the bus. The Add Bus
uses an open polygon shape.

2. You should use the Segment Mode of Mitre to add the mitred corner to any corners of
the bus shape.

3. Exit Add Bus by double-clicking the mouse.
4. Select the bus and select Properties from the context menu.

5. Select the Add Net button.

Bus

Style:  Bus
Bus |
Line &
Line 50
Symbol Outlines

Width: 50.00 Length: 11025.00
[] Net Names on Teminals
[] Name: -

Mets:

ooo
oo
oD2 lemove Met
oD3

o
QD6
ooy

6. At the bottom of the dialog in the New Nets boxes, enter the net name range required in
Name and to.

Add Net to Bus *

DRIVE ~ oF
Feedback I—I
GHD

Cancel

High_speed

Low_szpeed

MO

MOZ2

M04

MO5

W07 v

Mew Mets
Mame: [2DD1 |to [4DD3 | | add Tolist

7.  You can add a name range by entering the first and last numbers in the sequence, or a
single name in the Name box and then selecting Add to List. This is the only place you
can add bus net names for use with this bus (now a closed bus).

8. You must use Add to List to add the name to the list so that it can be selected and added
to the bus.
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Add MNet to Bus *
Ok
Cancel
Mew Nets
MHame: || |t0 | | I Add Ta List I

9. Select the names required from the list for the bus and click OK.

10. If you have missed a net name or wish to add others, enter the Add Net to Bus dialog
and select or add the net name as before.

11. Press OK to exit the Properties dialog once all the net names are visible in the display
window.

12. The dialog below shows the net names A0 to A15 entered.

Properties - Bus *

Bus

Style: |Line 50

0
Line &
Symbol Outlines

mdth: Length:  1000.00

Net Names on Terminals

I Name: | vl

ADD1 E Add MNet... i

Bemove Met

ADDE Remove All Nets

QK Close Apply Help

Adding Connections to busses
» To add a connection to a closed bus

1. You have defined a closed bus (in the above description), now when you add a
connection from a terminal and click on the bus to finish, the system will give you the
choice of which net name to choose (taken from the bus net names list just entered).

2. Select one of the names and press OK or double-click to add it.
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Choose Bus Met *

Cancel

3. Any connection can be added to the bus but only one of the names from the list, no other
name can be used without adding to the Bus Properties dialog first.

4. If two connections are added and both use the net name ADDI, for example, the
Translate to PCB option will connect them both together, in other words the connection

is implied by the name of the net.

Bus Net Names

When connecting to a bus you can choose to display the net name or leave it not shown. There
is a check box in the Preferences dialog under Schematic Interaction that sets this, by

default it is switched on.

®en Interaction Schematics Interaction  PCB Interaction

al ~

s/Shapes

.onnection

Delete

Remove Attached Connections On:

MAe o noas

PCB Tracks Wamings
Move
Weld On Drop
[] Show Position

] Allow Weld To Split Connections
Highlight Net on Move Net Name

[] Dynamic Align
Snap Tolerance: thou
Align With: Edents [ Original Posttion

Pads

Add Connection Displays Met Name:

Always On Bus
[] Always On Component Pin (For Named Signal Nets)
I Mamed Met Mot Already Displayed On Sub-MNet

Clratrh CAamnartinn

The picture below shows the net name on and off for the three connections.

1 P
AZ

A3

nn

PL1
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In summary:

Busses are cosmetic and have limited intelligence.

Busses can be open or closed - closed is where the net names are predefined and internal

to that bus.

Connections are made by clicking on the bus which inserts a 45-degree bus terminal.

Connectivity is made though implied net names, e.g. net names that are the same.

Busses can be named, the name displayed and busses located using the Goto bar.

Adding more Sheets to the Project

If more than one person is working on a design, you may split the schematic into a number of
design sheets. When the sheets need to be combined you can add them to a Project. For

multiple sheets you’ll need to have them all in a Project so that they can be translated into the
PCB design.

P To add a schematic design to a Project

1.

2.

3.
4.

You should be on the Project page (if a Project has been defined). If a Project hasn’t

been defined you should create one.

An existing Project might look like this:

] fskepr -

B]schermstic Desins]
Fsk.sch
controller.sch
PSU.sch

[Z PCE Design
# Fskpch

[Z Other Files
= Revision Notes.txt
— Bill Of Materials.bet
= ECO Motes.bdt

[= &)

To add an extra sheet to it you must be showing the Project view (as above).

Click on the Project menu and select Add Files To Project. This dialog is displayed:

4] Open

|« Easy-PC > Bamples

Organize +  Newfolder

[Bd compensation.sch
B controller.pcb
[ controller.sch
| cpp.pcb

B cps.pch

& divpch

[Bd div.sch

i fsk.peb
[BFsk.sch
H&linterface.pcb
Binterface.sch
B lowpass.peb
[ lowpass.sch
[BdPsu.sch

[ puldemo.pch

[ puldemo.sch
& routerl.pch
& routerlu.pch
[ router2.pch
[ router2u.pch
i router3.pcb
| router3u.pch
| tutorial.pch
B tuterial.sch

X
v &/ | search Examples p

- M @

File name: | cpp.pcb

v | |ailProject Designs (~PCB;"5CH
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5. You can add Schematic sheets (designs) or a PCB design to the Project. You can only
add one PCB design though, whereas you can add multiple Schematic designs.

6.  Select the required design and select the Open button.

7. Your Project will now look like this. The extra Schematic design sheet — Div2.sch has
been added.

= Schematic Designs
Div.sch
Divz.sch
=l PLCE Designs
4 Div.pch
= Cther Files
#] C:\Program Files\Mumber One \ExamplesiDiv.rep
#] Div - Drill Data.rep

8. Now when this Project is translated into a PCB design, Div and Div2.sch will become a
single PCB.

P Alternative method to add a schematic design to a Project

1. As an alternative, you can also right click with the cursor over the Project document tab
at the bottom of the design window and select Add Files from the context menu:

Open File Location
Close

Save Ctrl=5

= oW

Save As

=
[

Save Mew Project Version

Close Other Sheets
Gl savean

G, Add Files
@} Mew Sheet For Project
L—— % Project Properties -‘

(e £
[ el —

Close all schematic sheets except this document

2. From the browser, select a design file to add to the Project. Other types of files, reports
or Parts lists etc. can be associated with the Project as well using this option.

Splitting components across Schematic Sheets

If you wish to split multiple gated components across more than one schematic sheet then this
is possible. As this is an infrequent operation, it is fully documented in the online help
provided and installed with the product.

Adding Circuitry from Other Designs

Where previous designs already exist, you may find it more practical to copy a section of
circuit and add it to your current Schematic design. Where proven circuits can be used this is
highly desirable. This process is straightforward.

P To copy existing circuitry
1. Open the Schematic design containing the circuit to copy from.

2. Open the current Schematic.



Creating Schematics 123

3. In the existing circuit, drag a box to make the selection, or use the <Ctrl> and <Shift>
key combinations to select parts of the circuit required.

4. Use the Copy command to copy the circuit.
Copy is available on the shortcut keys <Ctrl-C>, or on the Edit toolbar or on the Edit
menu.

5. Now go back to the current design (use the Windows menu and select the design from
the list, or use <Ctrl-tab> keys to toggle through the open active windows).

6. Use the Paste command to add the circuit to the design.
Paste is available on the shortcut keys <Ctrl-V>, or on the Edit toolbar or on the Edit
menu.

7.  During the addition of new circuitry to a design you may be asked to resolve duplicate
net names. This process is described below.

Resolving Net Names

When using the Paste (or Duplicate) option to paste a copied circuit into your current design,
if net names already exist in the design, you will be requested to resolve these. Component
names will automatically be resolved by being incremented to the next unique name. Net
names however need to be resolved.

The Paste Net dialog allows you to see and control how duplicate net names are resolved.
Paste Met *

Met '%-" already exists in this design.

The pasted net can be merged with the existing net or can
be automatically given a new name.

Merge net with existing net?

Yes Mo All'Yes All Mo Cancel

Once a net name is detected, you are prompted with the question - Merge net with existing
net? Using the options on the dialog, you can elect to add the net name to the existing net or
to automatically allocate a new name to it, therefore not connecting it into the existing net.

Hierarchical Designs

Overview

You can add multiple hierarchical schematic sheets to a project. This is different to multiple
sheets in a Project in that you can add a block on a schematic sheet and ‘push’ into that block
to reveal another page. For example, this could be detail that can be covered by an overview
block, say PSU or MEMORY etc. but for which you can show the lower level detail on a
separate sheet.

To use hierarchy, the designs must be contained within a Project file.
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Hierarchical Building Blocks

The diagram above illustrates how various scenarios are possible when using hierarchy, all
within the same Project file. A design sheet can contain multiple blocks (2) and multiple
hierarchical sheets. In (3) an existing block can be copied and effectively used again, it is
renamed though. Schematic (4) shows multiple blocks and a block inside a block (a nested
block).

Overview

Schematic design sheets in a project can have a hierarchical structure. This is different to
using multiple sheets in a project at the same level in that you can add a block on a schematic
sheet and push into that block to reveal the block contents on another schematic design. For
example, this could be detail that can be covered by an overview block, say PSU or
MEMORY etc. but for which you can show the lower level detail on a separate sheet. To use
hierarchy, the designs must be contained within a Project file.
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The above shows a top level schematic design with two blocks. Under this, each block’s
contents is a separate schematic design within the Project.

There are two reasons for using a hierarchical schematic design structure.

e To allow a schematic design to be structured, so that it can be broken down into its
functional elements. This promotes "Top Down" design; break down a problem into
functional elements, then define the detail of each element.

e To facilitate the re-use of commonly used circuit elements. This promotes "Bottom Up"
design; use predefined elements to build a solution.

In practice, you may want to use a combination of both "Top Down" and "Bottom Up" design.

What is a block?

A block consists of two parts. The first part is a block symbol, inserted into a schematic
design to represent the block at the higher level. The second part is a complete schematic
design containing the design elements that define the contents of the block, and this represents
the implementation of the block at the lower level.

The two halves of the block can be defined separately, but are eventually linked within a
project by using a common block name. The block symbol has a name, and a schematic
design representing a blocks contents can be allocated a name using the Design Properties
dialog.

The block symbol can contain block pins that can have schematic connections attached to
them to pass signals to a corresponding block ports in the blocks contents design. The block
ports are single pin symbols that can be separately placed anywhere in the lower level design.

The link between a block symbol pin and its corresponding block port is set by both having
the same port name.

Blocks are not copied to the PCB design, but exist to place a hierarchical structure on the
schematic representation of the design. When translating the schematic into a PCB design a
check will be made to ensure each block symbol pin and its corresponding block port are on
the same net.

A hierarchical design is easier to navigate, because you can Push into the design representing
the block contents, from its block symbol, and Pop out of the block design, back to the block
symbol.
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In a project tree view, schematic designs that represent the contents of blocks will have a blue
icon and display their block name. If their block symbol is also defined, they are shown as an
indented branch below the design that contains the block symbol. This way the hierarchical
structure of the design is clearly shown.

Adding Blocks

There are three ways of adding a block into a design.

1.

Add Block

Use this option from the Add menu to insert a new block into the design. A dialog
will be displayed for you to define the block name, set the number of block ports,
choose the block symbol and supply the name of the block contents design.
Define what the block symbol will look like by either using a schematic symbol
from the library, or generating a standard rectangular shape using user specified
parameters.

The block contents design can be a new design or you can hook up to an existing
design either already in the project or a design file in the project folder.

The block symbol can be placed in the current design and the block design will be
automatically added to the current project. Block ports will not be initially added to
a new block design, but you can add them when editing the design by using Add
Block Port when the port is needed.

Add Block *

Block Mame: | Memary

Description: | 8Mb DRAM

Block Details

Symbol Mame: |<Generated Symbol> () From Library LChange...

(®) Auto-Generate | Specify...

Mumber of Block Ports: |0 5

[ Block Preview
Schematic Design for Block Contents
(O Use Schematic Design aleady in the Projsct
Fsk.sch
() Add Eisting Schematic Design to the Project
Browsze...

(® Generate New Schematic Design

| M emary

Add Cancel

Cut To Block

Use this if you want to take an existing schematic design and cut a section of it into
a block. This option prompts you to draw an outline around the items to be pushed
into a block, and across any connections that are to be passed down into the block.
The connections are cut at the outline and terminated on a block symbol pin. The
other half is pushed to the new block design and terminated on a corresponding
block port.

The drawn outline and new block pins become the block symbol, and all data
within it is moved into the new block design. The block symbol can now be
replaced with a more suitable shaped symbol using Change Block Symbol.
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The new block design will take a default file name based on a name stem defined
with the Block Defaults dialog. You can change this name in the project view by
selecting the schematic design and using the Rename option from the context menu.

3.  Duplicate Block
Once you have added a block using one of the two methods above, you can create
multiple copies of it using the Duplicate command. This will allow you to copy the
block symbol and the designs that it uses to define its block contents.
All component and block names used in the original block will be incremented in
the duplicated block designs. User named nets will be merged with the original nets
if they are used a higher level outside of the cut block, or will become new nets
with incremented names if they are used just within the cut block.

Navigating a Hierarchical Design

To navigate the hierarchy of a project, you can either use the project view to switch to the
design representing a block, or you can use the Push and Pop commands within a design.

To Push into a block, select any part of the block symbol and use the Push Into Block
command from the context menu. The blocks design will be opened and if you had selected a
block symbol pin the corresponding block port will be selected. You can use double-click on
the block symbol outline, or on a connected block symbol pin to quickly perform the same
operation.

To Pop out of a block contents design, back to its block symbol, select the Pop Out Of Block
option from the context menu. You do not need to select anything in the block design to do
this, but if you select a block port the corresponding block symbol pin will be selected instead
of the whole block symbol. You can use double-click on the block port outline to quickly
perform the same operation.

Hierarchical Nets

The span of nets in a project containing blocks is no different to a project with separate
schematic sheets in it. If the net in a block design has a user defined name, it may also be used
anywhere in the entire design. The user named net can be used inside and outside of a block,
and all items on the net in both designs will be connected together when a PCB design is
created. Therefore, all user defined net names are always global in a project. Auto named nets
are only unique within a single schematic sheet, and so these cannot be used to connect from a
block symbol pin in one design to its corresponding block port in another design, as they
would end up as different nets in the PCB design.

Each block symbol pin and its corresponding block port must therefore be on the same user
defined net. If two different named nets are used, an error will be given when running the
hierarchy report, or when attempting to create a PCB design or adding forward design
changes to a PCB design.

To help keep these nets the same, when you start a new connection from a block port, its
corresponding block symbol pin from the higher level design will be accessed to retrieve the
name of the net attached to it. This net will then be automatically used for the new connection.
Thereafter, though, the nets will not be kept in line automatically, but can be checked at any
stage using Design Rule Check or the Hierarchy Check Report.
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i Reports x
Built-in Reports Run
Assodated Parts
Design Rule Check Report Close

Design Status Report
Generic Netlist

Hierarchy Check Report

Integrity Check

Options...

Creating Commonly Used Blocks

You may want to create a set of separate schematic designs representing commonly used
blocks, such as power supplies or signal converters. These designs can contain block ports to
terminate signals to be passed in and out of the block. It is then possible to copy these existing
block designs into a project and link them to block symbols added to a higher level design in
the project. This is done by using Design Properties (View menu, Properties with nothing
selected in the design) to change the block name for the design. The block port names will
have to be resolved at this stage to ensure the correct ports are linked to their corresponding
block symbol pins. You must be pushed into the block to be able to do this.

Properties *

Block Design  Values Associated Parts

] Name: |B1 |

[ Description:

Block Symbol Design:
[PSU.sch |

Editing Block Symbols

Blocks and block ports resemble schematic symbols, but are implemented as an internal
"group” of shapes, text and pins representing the symbol. This enables them to be easily
altered within the design, for example to have extra pins, a wider box, or descriptive text
added. You can use Edit Block Symbol on a selected block symbol or block port symbol to
open a new window to edit its contents, add shapes, pins and text etc. After edit, use Save to
replace it in the design and it will again act like a single item. Edit Block Symbol is available
on the context menu for a selected block outline.

When adding block symbols or block ports to a design, you can choose to auto generate them
using some simple parameters, or use a schematic symbol from a library. The symbol from
the library itself will not be used, but a copy of its elements will from the block symbol or
port. This enables you to predefine standard block and block port symbols in your libraries to
ensure a consistent interface. For example, you could define separate input and output block
port symbols.
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Flip F
% Duplicate n}
oo PReplicate. ..

Change Block Symbal. ..

Edit Block Symbal
% Check Block
ﬁ Push Into Block, Pgdown
ﬁ Pop Qut OF Block Pgup
X Delete Delete

MFimine »

A block port created from a library symbol will remember its symbol name and can be
replaced by a changed symbol from the library at a later stage using the Change Block
Symbol function from the context menu, this is available for a selected block outline.

Change Block Symbol X

Block Name:

Murnber of Block Ports: |4 3

Block Symbol

Symbol Mame: |<Generated Symbol: () From Library LChange...

(® Auto-Generate Specify...

[ Block Preview

You can set up a highlight colour to force all Block Symbols and Block Ports to be the same
colour, thus differentiating them from components in the design. Block symbols can also be
individually changed to have their own colour using the Properties dialog.

Adding A New Connection To A Block

If you have a new signal that you wish to physically take down to an existing block design,
you can start or end the connection directly on a block symbol outline. A new block symbol
pin will be added to the outline to terminate the connection on, taking an automatically
generated port name. You can then double-click on the block symbol to push down into the
block design and use Add Block Port to add the port, from which you can start a connection
to continue the signal in the block design. The net will be automatically set to the net used in
the upper level.

Checking the Hierarchy

You can use the Design Rule Check option to check the consistency of the two halves of
each block in a design or project. An error marker will be placed on a block symbol pin if it
has no corresponding block port, or if its block port is connected to a different net.
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Design Rule Check X
Bridged 2-pin Component iew Report
Bus Teminal o
[ Coincident Nets @ Whole Design e
Common Pins On Different Nets elete Emors
Hierarchy Help
Net Pin With No Connection

[ ¥ No Visible Net Name

Alternatively, if you don't want to produce error markers, you can run the Hierarchy Check
Report from the Reports dialog to get a report of any problems in the hierarchy. You can run
this report on the whole project (from the project view), on a specific schematic design, or just
on the selected block symbols from the context menu.

Hierarchical problems can be serious and difficult to fix once the PCB design has been
created, so the Translate To PCB, Integrity Check and Forward Design Changes options
will run the Hierarchy Checker prior to their operations and will not continue if there are
problems.

Finding Blocks

You can use the Goto Bar to find any block symbols and block ports in the entire project.

Goto X
Goto X

Block. -
’BIcu::k Part v]

T-Segment
B3a b ernarny
B3k PsU

Deleting Blocks

‘When block symbols are included in a selection that is being deleted you will be asked if you
want to delete entire hierarchical blocks by removing all of their block designs from the
project. At this stage you can also decide to just delete the block symbols and leave the block
designs in the project. These designs can be re-introduced into the hierarchy at a later stage by
linking by name to free block symbols, or can be deleted from the project using the project
view.

Removal of entire blocks, including their contents, with the Delete option does not delete the
actual design files from disc. The files can be restored to the project at a later stage or moved
to another folder to be used in a different project.

Block Default Settings

The Defaults dialog has sections for setting the parameters that define what a generated
Block Symbol and Block Port will look like. Here you can also set up the default name stems
for block names, block design names, port names and default block net names.
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Defaults X
Busses Nets Text Callouts Inserted Tables
Text Shapes Connections Blocks Block Ports

Block Design Name Stem:
e

Block Net Name Stem:  |Hier

Block Name Stem:

Generated Block Symbol

Fin Style: Block Fin b
Outline Style: | Block Outline i
Name Style: | Block Text v
Gap Between Pins: Show Port Names
Outline Width:
Pin Leg Length:

Using Hierarchy

Starting with Top Down Design
P To create a top-down hierarchical design
1. Start with an open schematic from within a Project file.

2. We will first use a new block with no circuitry, we will assume the circuit will be added
afterwards.

3. Select Add Block from the Add menu.

Add Block X

Block Mame: | Memmary

Descriptior:. [BMb DRAM

Black Details
Symbal Mame: | <Generated Spmbal> () Fram Library LChange. ..
(@ Auto-Generate | Specify...
Humber of Block Ports: [0 15 .
AL Bl ARER [E [ Block Preview
Schematic Design for Black Contents
(O Use Schematic: Design already in the Project
Fsk.zch
(O &dd Existing 5 chematic Design to the Project
Browse...

(®) Generate Mew Schematic Design

|Mem0r_l,l
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10.

11.

12.
13.
14.

15.

The dialog is split into three sections; Block Name and Description, Block Details for
the block ‘outline’ and the number of ‘ports’, and the bottom box containing the block
schematic contents.

For Block Name: this identifies the block. It can be a system allocated name, like B1, or
a user defined name, like MEMORY. A name to reference the actual contents of the
block would be more useful.

For Block Details: we will select Auto-Generate. Once you have established some
block shapes, you can save these to the library and reuse them using the From Library:
option. The definition of the auto-generated block shape can be altered by selecting the
Specify box. A dialog will allow you to create the auto-generated block using your own
criteria.

For this example, make the Number of Block Ports: 4
We will create a new schematic design for the Block Contents.
Select the Generate New Schematic Design: radio button.

A default name is entered for you (Blockl1), change this to be more meaningful, we’ve
typed Memory. This will be the new name for your lower level schematic design. It also
matches the Block name but this isn’t essential.

Click the Add button. This will add your new block symbol to the current design. Don’t
forget, it will also add you a new lower level schematic design named Memory.

1
X

1
|

MEMORY

Once added, the Add Block dialog is displayed again to allow you to add another.
Click the Cancel button on the dialog to close it, we only need one block.

In the design, double-click on the block outline to push down into it. You could also
select the outline and then select Push Into Block from the context menu. If you have a
shortcut key allocated to this option, selecting the block and pressing the shortcut key is
also a quick way to push into the block.

The lower level schematic will now come to the front and be editable.

You now need to add corresponding Block Ports (pins) to the schematic.

P To add Block Ports to the lower level schematic

1.

From the Add menu, select Add Block Port.
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Add Block Port *

Port Mame: |a <Mew: - |

Block Port Appearance

Symbol Mame: | <Generated Symbal: (O From Library LChange...

(®) Auto-Generate Specify...
[ Port Prewiev

A list of Port Names: is shown in a drop down list. This will be a list relating to the
number of block ports shown on the top level block symbol.

You'll see that the list contains the same number of Block Ports plus one extra, shown as
<New>. The list knows how many should be added to match the top level block.

Add Block Port *

Part Mame:

Elock Port

Symbal Mgf rom Library Change...
g <Mew:

(® Auto-Generate Specify...

The Block Port Appearance is the shape of the block port itself. This can be a symbol
from the symbol library or an Auto-Generated one.

If using an Auto-Generated symbol, the Port Style and Port Outline can be defined
using the Specify button and dialog box.

For now, we will keep things simple and leave the default Auto-Generated values.

Press the Add button to add a block port to the design.
L >

Each block port is added to the design in sequence. Once one port has been released, you
are returned to the Add Block Port dialog to add the next.

When the option gets to the first new port (the one marked as e <New> in our example,
and the fifth port to be added, a warning dialog is displayed to inform you that there is a
mismatch in numbers of ports between the top and lower levels.

10. Press the Cancel button to close the dialog.
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11. Your block is complete with both upper and lower levels.

Cutting your design to block

If you have an existing non-hierarchical design, you may wish to divide the design into
blocks. The Cut To Block command allows you to select a piece of circuitry and create a
block from it. Cutting a piece of circuitry to a block does not change the connectivity of the
design.

P To cut a design to block
1. Select the Cut To Block option from the Edit menu.

|| ||
| [
cs c3
100nF 1aenF
| . 1 |
| I I |
R2 RL
ce 1K I LK c7
1eanF i 1@anF
c4
1eanfF

2. Draw around the circuitry you wish to cut into a block. By default, this is a rectangular
frame, you can also use a polygon by selecting Polygon Select from the context menu.

Cut Selection To Block x
Desciiption:|Lower level clack |
b Nurmber of Block Ports a
Block Contents Design Name: |Block3 |
ote: The items that have been cut will be moved to a new schematic design in the

Ce Hote: Th ht have b I be moved hemalic design in th cz

proiect,If you choase to continue, this action cannot be undane. The curient design
1@@nF will be saved and all undo levels will be removed 1a@nF

ol
Circuit

3. Once the selection is completed, a block is created which contains all the items that were
fully selected.

4. Each of the connections and busses are cut at the point they cross the selection shape.
Connections are terminated on the upper level at a block symbol pin, and on the lower
level by a block port.
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Ce Cc7
10@nF 10@nF

Circuit

5. If a cut connection does not have a user defined net name, its net is changed to a name
generated using the name stem taken from the block defaults.

6. The block symbol outline on the upper level is created using the selection shape. The
symbol line style and block pin style for this symbol are taken from the Block Defaults.

7. You can later edit this block symbol shape using Edit Block Symbol from the context
menu, or generate a standard box shape, or use an existing schematic symbol, by using
the Change Block Symbol option from the context menu.

8. Pushing into the block by double-clicking on its outline will reveal all the items removed
from the upper level.

cs c3
1eenF LeenF
DS F— e
R2 RI
1K l 1K
ce
taanF

9. Connections which were cut will end on corresponding Block Ports.

Adding Shapes

When creating a Schematic design, you may need to add extra shapes to the circuit for
annotation purposes. These shapes have no electrical significance but may be used for
documentation purposes or suchlike.

To add shapes, you can use the Add shape options from the Add menu, or use the Add shape
buttons on the Schematic Design toolbar. When a shape is added, it uses the Line Style
defined in Defaults and Lines dialog under the Settings menu.
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Defaults x
Busses MNets Text Callouts Inserted Tables
Text Shapes  Connmections  Blocks  Block Ports

Line Style
Style: |N0rrna| |v |
Filling
[ Closed Filled
Hatched
45.00

Once a shape has been added, its style can be modified by using the Properties option on the

context menu.

Schematic Design Rules Checking

From the menu option Design Rule Check on the Tools menu you can check using the
electrical rules available. From the dialog, you can check across a Project, or on the current

design using the options available.

Design Rule Check

Bridged 2-pin Component
Bus Teminal
Coincidert Nets
[ Common Pins On Different Nets
Hierarchy
Met Pin With No Connection
[ ¥ No Visible Net Name

MNet On No Connect Fin
Pin Not On A Net
Schematic Only Component
[ Mo Net Name/Class Assigned In Component
Split Nets
[ # Mot Linked By "Signal’ Symbaol
[ # Not Linked By Visible Net Name
Unfinished Connection
Urfinished Net
Unlabelled Net/Subnet

Set Al
Unset All

>
View Repot
Cancel
(®) Whole Design TR
Help

All rules in this dialog are described in detail in the online help under the Index heading,

Design Rule Check (Schematic).
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Transferring Schematics into PCB Layouts

In creating the Schematic, the names of all the components and the connections between them
have been defined. The final process is the translation of the Schematic design into the PCB
design environment.

With the checking and procedures that are used, you should find that there are very few errors
when translating to the PCB design. All errors must be resolved before proceeding; otherwise
you may find your PCB design has errors. Warnings should be checked and action taken if
required.

Before using the Translate To PCB option you should save your current work by selecting
the Save or Save As option from the File menu.

Running the Translate To PCB option
P To translate to PCB

1. Select the Tools menu and select Translate To PCB, the option will automatically cross
reference the Schematic symbols to PCB symbols and will resolve the correct pin
numbers for all the component pin names.

2.  This process automatically collates the netlist and resolves nets to create the netlist.

Translate to PCB X

PCB Design:  |Fsk

Technology File: |4sig2pwr ~ Folders...

Usge Component Bin
3. You must give the PCB Design a name. This is normally the same name as the

Schematic design but not necessarily.

4. You can use a PCB Technology file to start the PCB with. This is recommended as it
ensures that layers and styles are setup for you.
The file chosen here will contain your design requirements matching the type of design
being generated e.g. SMT, double sided, single sided etc.

5. The check box to Use Component Bin may be selected. All components will then be
sent to the Component Bin. This will make the start of the design process easier.

Usze Component Bin

Cancel

6. The alternative is to allow the components to be added directly to the design. These
would be positioned in a stack near the bottom left hand corner of the design.

7. Once the OK button is pressed, the translate process will begin.

8. During this, any warnings and errors are displayed and saved to a report. You should
correct any errors and observe and correct any warnings. The possible errors and
warnings are described below along with detail of how to resolve them.

9. Once an error-free translation has taken place, you must remember to switch on the
component bin in the PCB Design editor, use the shortcut key <Ctrl-F9>.
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Resolving Warnings and Errors

A report is generated if there were any problems with the translation. This includes details of
any connections made to only one terminal of a device, and any component for which a PCB
symbol could not be found. The latter would be fatal and would need to be corrected.

Any problems reported following translation should be sorted out depending upon the
severity.

"Net NNNN contains a single pin"

. This suggests a Schematic error where a connection should have been taken to a device
pin, but failed to connect.

"Could not load component XXXXX / package YYYYYY into PCB design"

. This suggests that a Schematic component has no corresponding PCB symbol allocated
(at least for the chosen package type).

It is best to sort out any problems and re-translate, as it is less work to correct errors now.

Exporting Netlists

You can export a netlist in various neutral formats.

From the Output menu you can use the Reports option and select Generic Netlist. There is a
limited amount of customisation that can be achieved using this option. The netlist style is
fixed with the Generic format but you can include items by selecting or deselecting them.

Output Netlist *
[ Include Components Cancel
Include Mets
Wiew Metlist File

Dutput To: | C:hUgerstPublichDocumentshE xamplesiPS U net | Browse...

The netlist generated will also include any components in the component bin and nets that
have been defined in the Nets dialog but not used in the design.

As well as the Generic Netlist output option, there is also the Netlist option that appears on
the Output menu, this produces a native format netlist (this format is detailed in the online
help).

Reverse Engineer

The Reverse Engineer tool is designed for use where there is no corresponding Schematic
design for the existing PCB design. It is not intended for use where a PCB design is modified
and the changes are to be reflected in the Schematic (the Schematic is always considered the
‘master’ design in this situation). This option is only available in the PCB design editor under
the Tools menu and Reverse Engineer.
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Reverse Engineer *

Schematic | Designy/2

Technology File: |Default " Folders..

] Route Design

Carcel

Where a PCB design has been created, and if the PCB design is used to create ‘local’ libraries
with the Schematic symbols added to the components in the new library, you must update the
components into the PCB design first before using the Reverse Engineer option. Use the
Update Component option from the Tools menu.

If you opt to use PCB only components, the Schematic Symbols/Components will be auto-
generated for you when the Reverse Engineer option is selected. This method will work fine
but will create dummy Symbols only, symbols that are shown as boxes with a representative
number of terminals.

Using the Reverse Engineer dialog will enable you to select the new Schematic name, which
library folder to use and the Schematic Technology File name. You can also elect to Route
the Design automatically once autoplaced. Once back in the Schematic design, all Symbols
are automatically placed.

Autorouting selected Symbols

If you choose not to autoroute the design, you can selectively route them afterwards by using
options on selected pins or components. These are available on the main menus and context
menu.

It does 90% of the work in creating a Schematic. A bit of tidying-up up is required of course
but it is a big time-saver for those who choose to work this way.

Printing the Schematics

When you wish to print the design there are a number of options to choose from. The Plotting
& Printing option on the Output menu gives you access to all printing options. This option
allows you accurately scale and position the different plot types to the plotting media.

In the setup, you can choose from Windows printers, HP pen plotter, direct PDF and
Gerber device drivers. (Note: The DXF output option is not part of this output mechanism
and is located on the Qutput menu under DXF Output).
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Plotting & Printing X

New Job. QOpen Job.. Save Job Save As...

Plot Job ‘ | Close

Description ‘ | Options...

Add Plot... Copy Plt Delgte Plot Repostion... Step & Repeat.. [ Plot Preyiew

ontroller Output  Settings  Position

Settings for plot: controller

(O Gerber (O Penplat  (®) Windows Excellon (O PDF | Device Setup..

Flot Name: ‘commller |

Flot Type Artwark v

Qutput To ‘Brother HL-L5200DW series Prin |

Copies

[] Step & Repeat

The dialog is split into two main areas; the top half allows plot ‘jobs’ to be created and saved.
By saving a job file, you can apply the same parameters to a different design saving the setup
time for each design. The bottom half of the dialog is used to create the contents of the plot.

Starting the Printing option

The process of setting up and using this dialog is much simpler than if creating a set of PCB
design plot files, Schematics is usually only one sheet and not layer based.

By default, when you first open the Printing and Plotting dialog, a single Windows plot
scaled to fit the default print page size will be created for you. In theory, you simply click the
Run button and a print will appear on your Windows printer. You don’t need to create a job
file or adjust any of the settings at to obtain this plot.

The creation of plot Jobs is detailed later on in the chapter headed Output for Manufacture as
this is more relevant for PCB design plots.

Setting up the dialog
There are three sub-pages to the dialog; Output, Settings and Position.

The Output page is used to define the device type and the plot type. It will also inform you of
the device where a Windows printer type has been selected. This confirms that you are using
the correct printer.

[ Addpot. | [ copyPot | [ DeletePot | Llbiy
[Fd dive Output | Settings | Position

Settings for plot: div
() Gerber () Penplot @ Windows Excelon  (0) PDF | Device Setup...

Plot Mame: div

Output To: Send To OneNote 2013

1 Copies
[] Step & Repeat
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The Settings page provides you with general plot settings used when outputting the plot.
Settings that can be used such as, using All Colours Black even when printing to a colour
printer, plotting the Pins/Terminals and Pin Names/Numbers.

Output | Settings | Postion

Settings for plot: div

Al Colours Black

Plot Pins/Teminals
Plot Pin Names/Mumbers

The Position page enables you to define how the plot will be positioned on the plot media.

Output | Settings | Pestion

Settings for plot: div

Scale: 1.000

Plot From: 1215750 13.44750

Plot To: 20.64500 17.15250

Offsst By:  0.00000 0.00000
Bxtents
@ Whole Design () Cumertt View

Rotat 50 i
() Board Outine ) Custom Ll 27 (T Miror

Position

Plot wil NOT FIT

For a Schematic design, clicking the Centre Plot and Fit Plot buttons will be sufficient. A
plot will be generated that fits the page and is automatically scaled. If more precise prints are
required, use the controls on this page.

The Preview check box can be used to display a preview of the selected plot.

Lestpuun | I Uptions....
Add Pla... Copy Plot Delete Plot Feposiion.. | Step & Repeat... | | 2] Flot Preview
ontroller Output  Settings  Position

Settings for plot: controller
QGerber (O Penplot @ Windows  Excelon (O PDF

Plot Name: ‘:orvtml\er |

Plot Type: Artwork v

Outout To:  [Brother HLL5200DW serics P |

Copies
[ Step & Repeat ET ‘ Iilli h %
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Chapter 8. Creating PCB Designs

Getting Started with a PCB Design

There are a number of ways to start a new PCB design. The way in which you start will
depend on whether you have a Schematic design, a netlist or a piece of paper with a schematic
scribbled on it.

You can:

. Use the built in Schematic design editor to create the schematic and automatically
translate it into the PCB design editor using the integrated libraries and translate
mechanism.

. Use a netlist derived from another source, or even hand typed into a text file created
following our netlist ASCII format.

. Use the PCB design editor interactively and create your PCB without using a schematic
or netlist. The program is quite happy to allow you to do this; you cannot automatically
create the equivalent schematic design from the PCB though.

The PCB design environment will allow you to take a ‘logical’ schematic design (we’ll
assume that under normal practice, the schematic is created first), translate it into the PCB
editor, place the components, route it in order to get the 'logical’ connectivity into a physically
and electrically correct design and onto manufacture with the confidence that the design is
correct.

In this chapter, we will also look at some of the interactive processes that may not be always
applicable to the design process presented. For example, a Schematic to PCB design flow will
not normally require the addition of component from within the PCB editor. This would be
handled by the addition of new components in the Schematic design and forward annotated
PCB. The process of adding components directly to the design will be covered to explain the
process involved.

Starting the Design

Regardless of where you start the PCB design from, you are required to provide basic
information at the start point. This would normally be the Technology filename but this is
optional. The Technology file is used to give you a fast-start of the design using predefined
parameters, styles and settings.

Obviously, how you start the design is determined by the source of the component and net
lists.

We will start with a new PCB design.
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P To start a new PCB design

1. From the File menu select New
Mew x

Design  wizard  Technology

FCE Symbal

Schematic Design Cancel
Schematic Symbol

Component

Praject

Fanel Design

Using Technology File

Add To Project

Browsze...

2. In the Using Technology File box, select a file from the drop-down list. Hovering your
cursor over the name will reveal the full name.

3. There are a number of Technology files supplied, you can also create your own that can
be added to this list. You may also choose [None] from this list.

If you are unfamiliar with this style of drop-down list, select the small black ‘down’ arrow on
the right hand side of the box. This will ‘drop down’ a list of available files from which to
select from.

4. Click the OK button to start the new design.

The PCB design editor is now ready with a Technology file loaded ready for use. From here
you may add a netlist or you may choose to start entering the design by hand on-the-fly by
adding components and nets etc. We will look at starting the PCB design using the Translate
To PCB option and from netlists later on in this chapter.

Alternatively, you can also start a new design by using the New, Wizard, PCB Design. This
will guide you through each stage of the process.

P To start a new PCB design using the PCB Design Wizard
1. From File menu select New, Wizard, PCB Design

New *

Design  Wizard  Technology

PCE Design
Schematic Design

Schematic Symbol Cancel
PCE Symbaol

Compaonert

Panel Design

2.  This will start the Wizard

3. The Technology page enables you to choose the Technology file required and the Units.
Your Units would be set in the technology file anyway.
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MNew PCB Wizard - Technology

Start e -
W s Specify your required PCB technology
M Technology
B Layers
Board (®) Use Default Technology
- Finish

() Choose Technology File:

Specify your preferred design units

Units: | thou ~ | Precision: |0 o

4.  Use the Next > button to move onto the next page.

< Back Next > Cancel Help

5. From the Layers page, either use the layers defined in your Technology file (selected on
the previous page) or Define the Layers on this page (you may use a technology to set
up styles only for example).

Specify which layers you require

Use Layers From Chosen Technology File

(®) Define Layers:

Electrical Layers Paste Mask for SMT
Single Sided Board [1Top Side
L,;y [] Bottom Side
6 Layer Board
3 La?Z; Bg:rd Solder Mask
10 Layer Board .

12 Layer Board [Top Slde.
14 Layer Board [] Bottom Side
Cover Vias
Powerplane Layers Auto-Route Bias
- First Routing Direction:
Layer 2
®x
Layer 3 (@)¢
Alow Routes:
Layerd OnTop Side
Layer 5 On Inner Layers

On Bottom Side

6. The Board page enables you to define the board outline that you require:
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Define your board outline

(®) Define Board Size:

[Circle Width: |3000 thou Height: |2000 thou

Use Board Outiine From Chose

(C) Copy Board Outline From Another File:

Board Preview:

7. Define a basic Rectangle, Square or Circular board in your chosen units. You may also
select the board outline from your Technology file if it had one defined or Copy a board

outline from another design.

8. The Board Preview window verifies your selection.

9.

The Finish page enables you to type a Design name and to Save it to your hard drive.

10. Once OK is pressed, your design will open using your selections.

Design Setup for PCB layout

There are a small number of design settings that can be set before the design is started.

Many of the characteristics of the design items are set up in the Preferences dialog. You
check settings in the General, Interaction and PCB Interaction pages.

Default Styles

The Defaults have been discussed previously but in brief, this dialog allows you to define
how items with in the design will be added for the first time. Now is a good time to check and
adjust them before starting your new design. They can be found on the Settings menu.

Defaults

X
Bitmaps Text Callouts Flying Wires Wire Links
Text Shapes Dimensions Nets
Track Style

Style:  [Signal 8

Layer:
1 Top Blectrical
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Setting up a PCB Technology

Pad Styles

The concept of Technology files has already been discussed in previous chapters. This section
details specific items for the PCB Technology file.

Pad styles, regardless of their type, can be defined from the Settings menu, Design
Technology under Pad Styles. It is recommended that the Sizes, Shapes and Drill Holes are
defined as a style so that they can be reused for other Pads or Vias where the same pad sizes
are required.

B Design Technology
Met Classes Value Names Spacings Rules Comp Rules Comp Colours Variants Wire Lengths
Pad Styles Text Styles Line Styles Hatch Styles Track Styles Layers Layer Types Layer Spans Nets
Name |Layer | Shape | Width| Length| Corner| Width2| Hole Size| Plated| Thermal Spoke| | Add Style... |
X |Oval (60x 110) [[Alll  Owal £0.0000 110.0000) 0.0000 0.0000 32.0000 Ves 0.0000 Cony
¥ |Round 60 [All  |Round | 600000/ 0.0000 0.0000 0.0000 32.0000 Yes 0.0000
X|Round 6032  [[Al |Round | 60.0000/ 0.0000 0.0000 0.0000 32.0000 Yes 0.0000
X|Round 6035 [[Al  Reund | 600000 0.0000 0.0000 00000 35.0000 Yes 0.0000 £t
¥ |Round 65 [All  |Round | 650000 0.0000 0.0000 0.0000 40.0000 Yes 0.0000 lerge.
¥ |Round 70 [All  |Round | 700000/ 0.0000 0.0000 0.0000 37.0000 Yes 0.0000 Delete
X |Round 175 [All  |Round | 1750000 0.0000 0.0000 0.0000 100.0000 Yes 0.0000
— Delete Unused
X | Square 65 [All  |Square | 650000 0.0000 0.0000 0.0000 40.0000 VYes 0.0000
X | Square 125 [All  |Square | 1250000 0.0000 0.0000 0.0000 45.0000 Yes 0.0000 Export o CSV
X |Via 40 [All  |Round | 400000/ 0.0000 0.0000 0.0000 25.0000 Yes 0.0000
o Import From C5W
X |Viads [All  |Round | 450000 0.0000 0.0000 00000 32.0000 Yes 0.0000
thou
The names used for these pad styles should be something recognisable to you so they can be
recalled and used without having to think what size etc. has been defined. For example, Vias
could be called something like, Via 45, for a 45 thou diameter via, Pad Round 35, Free Pad
60, etc.
Where the layer is shown as [All] this means that the default pad 'stack’ is shown for all layers
except where an 'exception’ is shown for the same pad.
Where pads are defined, you define the pad as it appears on all layers — called the pad ‘stack’.
You may change part of the entity for that pad for a given layer, for example you want a pad
stack of 60 thou, Round with a drill of 35 - this might have a pad size for the GND power
plane layer defined as 80 thou instead of the 60 'default'.
The exception can be any of the shapes allowed and the size but not the drill size. The drill is
always defined for the layer stack regardless of exceptions. The exception can contain zero
sized pads on layers but will still be drilled (if a drill has been defined).
The pad length can only be adjusted for asymmetrical shapes, otherwise it is defined as zero
size, shapes such as rectangle.
Track Styles

Track styles are defined from the Settings menu, Design Technology option and Track
Style. However, track styles are used as part of Net Classes that are assigned to connections
and tracks.
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Spacing Rules

Track Styles

X P 0300 Copy Shle Az
¥ [ Power Min 0635
X | Power Nom 1.270
% [SignalMn P _ Mege. |
# | signal Mom 0150 Deete
X styled 0336 Nelete Linused
¥ [5hded nIsn

Track styles can be changed at any time during editing or on selection by selecting Style from
the context menu or by using the shortcut key <S>. It is more organised to retain net classes
and track styles rather than creating track styles on-the-fly but for expedience this can also be
done. Any local track style added can be added to the Styles table anyway automatically. This
is done when the track style is edited using the confirmation prompt.

Track style widths can be set to any value but it is better to use standard widths for the
designs in hand, and also with the manufacturing rules and requirements in mind at all times.

Track styles and Net Classes

By default, the net class used for tracks and connections is taken from the Settings menu,
Defaults option and Net entry. This means when a track or connection is added to the design,
the Remembered Style for Net Class is used, which in-turn has a Track style defined within it.

Connections that are translated from the Schematic will generally (should) have a Net Class
assigned to them, when they don’t, the Default for Net is used.

Spacings rules on the Design Technology define how close one type of item is allowed to be
to another item. For example, Tracks to Pads or Vias to Pads. These are used by both the
Online Design Rules checking (Online DRC) and (batch) Design Rules Checking (DRC)
options.

They relate to the distance between objects in the design, a Track to a Pad for example. These
rules relate to the possible tolerances used when actually manufacturing the PCB. If changing
these, it is highly recommended that you consult with the person manufacturing the PCB for
you. If you change these clearances, you may not be able to get the board made!

Rule Level
(®) Design

Import From CSV

thou

(O Net Match | Stop at first Net Match

[ Check Against Same Net
[] Use Board Certreline

[] Use Track spacings for Teardrops
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Design Rules

Layers

Practical Use

When creating designs, 10 thou (0.254 mm) is a good relatively low cost clearance for all
conductor patterns for photographically produced boards. For boards produced using more
basic methods you may need to look at higher clearances, around 15-20 thou perhaps to
ensure that copper is sufficiently clear. Allow at least 20 thou clearance to the board edge for
tracks and 100 thou for component pads (which allows a margin for holding equipment in the
assembly and flow soldering processes).

In addition to Spacing rules, you also have design Rules. These are available on the Rules tab
under the Design Technology. Design rules are additional rules that need to be considered
when manufacturing a PCB. They also relate to general design rules for use when actually
design the PCB.

Power Planes Component Height Checks

mm

<Default> ~ OTop
] Battom 0
Isolation Gap: 0.254
Component to Component Spacing
\ .
Spoke Width: 0.254 Top Side:
Number of Spokes: 4 S Bottom Side
Minimum Spokes 2 o Boards
Pads and Drills Board Spacing:
Drill Spacing: 0.000 Fanel to Board: 0.000
Min Annuiar Ring: Test Land Checks
Min Paste Size Mirimum Pad Width:
Min Via Annular Ring: Minimum Separation: 6.350
Min Hole Size 0.000 Probe Side: Bottom v
Min Via Hole Size: 0.000 Acid Trap Checks
Viato SMD Pad 0.000 Minimum Allowed Angle:
Tracks Mirimum Allowed Gap:
Minimum Track Width: {0051 Pad Style Exceptions

Min Meck/Fatten Length:|6.350

] Mimor with Component

An unlimited number of layers is supported in a PCB design. This limit is regardless of
whether the layers are construction, documentation, electrical or non-electrical or any
combination of these. Layers are normally defined to detail the physical make-up of the PCB,
the board that will eventually be manufactured.

As a flexible system, you can add or remove layers from a design as you require, but remove
can only be used on unused layers. Generally speaking, the loading of your technology files
will pre-load your layer choice, the number of layers that will be used. You can always add to
this afterwards but it gives you a good starting position.

Layer construction

The picture below shows a 4 layer PCB showing the 4 electrical layers (Top Copper, Gnd,
Vce and Bottom Copper), plus the basic non-electrical layers. Non-electrical layers are used
to define layer information for solder paste masks, or solder resist masks for example.
Additional non-electrical layers can also be used for documentation purposes.
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Electrical Layers Non-Electrical Layers
Top Paste
I, m— ——— Top Silk

Top Copper
Gnd
wee
Bottom Copper

j —————— Bottom Silk

Bottom Paste

Layers that are defined as non-electrical can be defined as being on the Top side, Bottom side
or Inner layer.

Any number of electrical layers can be contained within a design and it is not restricted. The
number and type of layers that the PCB design editor uses is controlled by the use of either a
technology file or by starting with (no technology file) loaded [None] and creating layers,
styles, colours etc. from scratch. We have supplied a range of default technology files to aid
you with the starting process.

If we take the most basic technology file (Default.ptf), this contains two electrical layers (Top
and Bottom Electrical) and two non-electrical Silk Screen layers (Top and Bottom Silk
Screen). This example is shown below:

MName |Type | Side | Usage | Bias |Net Colour |
Wires Wire Top Wire Nene
_Top Silk Silk Screen  Top MNen-Electrical Nene
_Top Copper Electrical  Top Electrical X _
| Dirmensions Dirmensions  Top MNon-Electrical None _
| Layer 2 Copper Electrical  |Inner  Electrical Y _
| Gnd Electrical | Inner  Electrical Power Plane _

Layers can be named anything you like but it is better to give layers a sensible name,
something meaningful and reflective of its function or its physical layer topology, e.g. Top
Electrical, Top Silkscreen etc.

The example below shows a 4 signal and 2 power plane layer setup (6 electrical layers in
total):

| Mame Type | Side | Usage | Bias | Met | Colour |
Wires Wire Top Wire MNeone

_Top Silk Silk Screen Top MNon-Electrical None

_Top Copper Electrical  Top Electrical X -

] Dimensions Dimensicns Top MNon-Electrical None -

] Layer 2 Copper  Electrical  |Inner  Electrical Y -

] Gnd Electrical  Inner  Electrical Power Plane -

_Vcc Electrical  Inner  Electrical Power Plane -

] Layer5 Copper  Electrical  |Inner  Electrical X

] Bottormn Copper | Electrical Bottom | Electrical Y

r Bottom Silk Silk Screen | Bottern Mon-Electrical Mone -

Layers are not numbered but are instead named using a name. It is normal to assign these with
logical layer names. They should appear in the Layers dialog in the physical order in which
they are manufactured. This logical approach will make it easier for you to quickly see and
locate layers by name and sequence. Because many of the options that use layer names are
drop-down lists or selections of lists, the names and length of names are unimportant; you do
not need to remember their names!!
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Creating Layers

Before any design item (other than a board outline) can be added to a PCB design, there must
be at least one layer available on which to place it. If a technology file is in use, this will
normally define the necessary layers for you, otherwise they must be added to the design.

P To create new layers

From the Settings menu select Layers.

Select the Add button.

Layer X

M ame: |Assembly |

Type: | Electrical w |
Colour: |1 |~| Usage: Electical

Met: | v|

Cancel

Type in a layer Name. Usually this will be a name to define the layers functional in the
final design, Ground, Solder Mask etc.

All the other options on the dialog use drop-down menus. They will reveal a list of
options from which to select. To access this selection, click on the small ‘down’ arrow
on the right side of the list box.

From the drop-down menu, select the Layer Type. The layer types offered will be as
defined in the Layer Types dialog. A standard set will be offered if using one of the
supplied technology files.

Layer *

M ame: |Assembly |

Type: | Electical > |
Sl Dimenzions
| Paste Mask.
Colour: | 5ilk Screen
Net: Solder Mazk
G5 Speial Effect
ire
[Mone]

Choose the layer type from the list.

From the Side list, you must choose the side that this layer will be related to. You can
only choose Top, Inner or Bottom.

The bias setting is principally used to describe layer properties for autorouting and for
power planes.

From the Bias list, choose from Minimum Tracks, No Tracks, None, Power Plane, X or
Y. For the layer to behave correctly as an intended power plane, the layer bias must be
defined as Power Plane.
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10.

11.

12.

13.

14.

15.

Memmes |Bottom Silk.

Tupe: | Silk Screen w
Side: | Bottom w | Biaz  |[Mone w
i Track:
ek Bt Power Plane
x
Y

When a layer is defined as a power plane, it will be necessary at some point to define the
net name associated with the plane.

The Colour selection is used for the new layer default (for all items on that layer), it can
be changed afterwards in the Colours dialog.

Usage will be pre-defined from the Layer Type selection made previously. This box is
simply a display of the setting and is not editable in this dialog.

Net is used to define a net name associated with the layer. This is only required where
the layer Bias is defined as Power Plane.

When complete, the new layer is added to the list and other layers shuffled around it so
that it slots in into its logical physical order within that category, but not outside it.

Click the OK button to save the Layer changes.

Remember that most designs will need at least one Electrical and one Silk Screen layer as a
minimum design requirement.

Layer Types
The Layer Types page is accessed from the Design Technology dialog on the Settings
menu. This allows you to define a type of layer and its usage for down-stream processes, e.g.
colour display or manufacturing output selections etc.
Narne Usage | Surface Pads |AII Layer Pads |L|rfa(e Sym. Pad| I Layer Sym. Pa(‘ Vias | Oversize ‘ Size| Placement |ErEak Shape;| Break Gap |
g Silk Screen MNon-Electrical No No No No No None No Yes 9.00
X | Electrical Electrical Yes Yes Yes Yes Yes None No No 0.00
X | Dimensions MNon-Electrical No Neo No Mo Neo None No Mo 0.00
K| Wire Wire Yes Yes Yes Yes Yes None No No 0.00
Spcial Effect Special Effect Yes Yes Yes Yes Yes MNone Mo No 0.00
Paste Mask Non-Electrical Yes Ne Yes Mo Ne Absolute -5.00 Mo Mo 0.00
Solder Mask MNon-Electrical Yes Yes Yes Yes Yes Absolute 5.00 No No 0.00

The Name used for the layer type is the one that appears in the Layers dialog under Type, it
is not the one used for the layer name, although they can be the same if required. Layers
names are unique whereas Layer Type names can be used for many layers.

The Layer Types can be Added, Edited or Deleted using the three buttons on the dialog.

From the Add or Edit button you can make the changes:
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Edit Layer Type e The Name: field is the name of the Layer Type and
denotes its usage, not the plot name.
Mame: ik Soreen | The Usage of the type can be Electrical, Non-
Usage: [ Non Electrical Electrical, Wire or Special Effect. Electrical is only
Il used for a physical electrical layer, for example Top

[ 5urface Sym. Pads ] TestLands Only
[0 Layer Sum. Pads [ Exceptions Only
[ 5urface Free Pads [ |Vias

[0 Layer Free Pads [ Star Paints

Copper or Inner Layer 2 etc. Non-Electrical is used
for layers such as Silk Screen or Solder Resist. Wire
is used for displaying wires that are used for jumpers
when the Wire option is used (these are not

Settings: connections or nets). Drawing will be used when the
[] Placement Shapes Real Life PCB view is used.
[ Break Shapes Around Pads . .
The selections below Name and Usage define the
b display and output of pad types within the design and
(] Dversize their eventual usage. These switches have an effect
N on the design view. They control what is viewed and
- Smaller in conjunction with the Colours option will provide
control and views of the specified layer with the
Absolute Radius Adjust. | 0.0000 pads/vias showing on or off depending on the
Percentage of Pad Width: |0 selections made.

When used with the Output menu option Plotting & Printing, the Oversize settings will
affect the pads/vias output to printer or plotter. These settings for the specified layer override
the Plot Pads Only switch settings in the Qutput options regardless of the switch settings.

Layer Types for placement areas

Any shape on the top or bottom layer can be defined as Placement using the Layer Types
dialog. A check box under Layer Types for Placement Shapes should be checked to enable
this feature.

Edit Layer Type *

Hame: Flacement

Usage: | MNonElectical
Inciude:
[ Surface Sym. Pads TestLands Only
&l Layer Sym. Pads Exceptions Only
Surface Free Pads Wias
All Laver Free Pads Star Paints

Settings:
Placement Shapes
Break Shapes Around Pads

Gap: | 10.00

Once checked, when the DRC option for Spacing and Components is selected, the shapes
defined on that specific layer will then be checked. If a component does not have a placement
area defined on one of the checked layers (top or bottom), the bounding box of the component
extents will be used.

In the example above, we have created a new layer called Placement which will have shapes
that will be added to the footprint and which will be used to check the placement rules. You
could simply nominate the Silkscreen layers as Placement Shapes if you wish to use existing
shapes.
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Layer Spans

Blind and buried via technology is supported. This technology support allows two additional
layer spans to be defined as well as the ‘normal’ through-hole span.

Blind vias are vias that span an external layer to an inner layer, for example Top
Electrical to Inner Ground.

A Buried via is a via which spans two internal layers, for example Inner 2 to Inner 3.

Both, blind and buried vias are considered more advanced technology and should only be
used after consulting your manufacturer as there may be cost implications when being
produced.

To add and modify layer spans, use the Layer Spans dialog, this is available from the
Settings menu.

Mame | From Layer |T0 Layer | Colour
[Through Hele] [Top] [Bottom]
" | Blind Top > Inner 2 [Top] [Top] I
r Blind Inner 5 » Botton [Bottom] [Bottem] _

When the Add or Edit buttons are pressed, the Layer Span dialog is displayed:

MName: Blind 2 Innter 2 -Bottom

From: [ [Battom] -
Ta: [ [B atkom] - ]
Colour: DD ~

If you enter an illegal or un-manufacturable layer span, the program warns you with a
message:

Layer span "Blind 2 Innter 2 -Bottorn” starts and ends on layer
l % "[Bottom]".

You should only use this arrangement if your
particular manufacturing process requires it.

When using this dialog, the <Through Hole> span is automatically added.
Via Properties allow the changing of layer span and finding the best fit span.
Properties - Via *

Via MNet

Postion: 2087514 Bel
Angle: [ Protected

[ Fixed [ Testland

Plane Connection: | Default Connection ~
Span: |ﬂ'hr0ugh Hole] v|
Style: |\-"|a ~ |
Width: Shape:
0.00 Hole Size:
0.00 Plated

When editing a track, the interactive change of track layer will use the best via span.
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Layer stack Preview

The Preview button on the Layer Spans dialog displays a graphical representation of the
layers defined in the design.

Layer Stack Preview *

Top Electrical
Top Silk Screen———""

Bottom Electrical Through Hole]
Bottom Silk SCI'EEH\
Dimensions

The Print button can be used to send this picture to a printer. You can also add this picture to
the design using the Add Layer Stack option from the Add menu.

Changing Colours in PCB

Like Layers, the colours of items within a design should be assigned before commencing the
design process. The colours can be edited from the View menu and Colours dialog.

This dialog is split into sections; the first, Layer and Layer Spans is for defining the colours
of items that are layer specific, i.e. Pads, Tracks etc.

B Display *

Layers and Layer Spans  Settings and Highlights MNets  Met Classes Comp Colours

Layer Display| Selectable| True Width | Tracks | Routing Areas Pour Areas| Comp Areas| Pads| Shapes| Poured Sh * Load...
Displayed Yes Yes Yes Yes Yes Yes Yes e
Selectable Yes Yes es Yes Yes | Yes Yes
Display Al
True Width Yes Yes es Yes Yes  Yes Yes
[All] Ves Ves Ves . |- Hids Al
[Top] Yes Yes Yes ] -
Top Electrical Yes Yes Yes E—
]
Top Silk Screen | Yes Yes Yes | — -- Apply to Row
Wires Yes Yes Yes ] Applyto Col
Bottom Electrici| Yes Yes Yes —
[E— Apply to All
Dimensions Yes Yes Yes . --
Bottom Silk Sere|  Yes Yes Yes I 1] y
< >
]
- I
Layer Spans Vias I
Displayed Yes | ——
[
Selectabl Yes
electable —
True Width Yes ||
[Through Hole] (E—
[E—]
| E—|
More... oK Cancel Apply Help

You can change the colours of each cell by double-clicking in the cell and selecting the colour
from the drop-down list.
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Colours should be created that contrast between different electrical layers, e.g. Top and
Bottom electrical layers should be distinctive against each other. This contrast will make it
easier to identify layer changes and electrical differences.

You can also specify that items are Selectable as well as being displayed. This means you can
make items displayed but when you try to pick them they are not pickable. This could be
useful if editing tracks and you don’t want to pick pads for instance or text.

The second page, Setting and Highlights, is used to define non-layered items and generic
design items, such as the board outline, connections, pin names etc.

7 Colours X
Layers and Layer Spans i Nets MNet Classes Comp Colours
Load
Board: . Selection: e - BackGround: /] ~
[CJFil On Special Effect Layer Highlight : = - [1Screen Grid Primary: | ~ &I
Met Highlight: N Screen Grid Secondary: | ] Display All
[ Connections: | — Highlight Tracks with Stripe [®] Ruler Stops: | ’W‘
[]Pin Names: e Diff Pairs: — - [ oveday: —1 ~
[Pin Numbers: s [] Dangling Tracks I [ Symbal Origins: .
[ Top Wire Link: | — [ Angled Tracks: o/ - [ Placement Origins: I [ Force Evenything
Bottom Wire Link: [ [ Tracks fixed for Router e Draw Drill Holes 0 Force All
[ Top Fying Wire: /1 ~ [ Lowlight Fixed kems [JUnconnected Pins: | Value Postions
Bottom Flying Wire: | [N - [ Testlands: O - [ Unplated Holes: [
Bitmaps: [ Protected Vias: o/ - No Connect Pins: | —
Terted Vias: o - [ Variants [
Notes Unfited Components: —/ ~
[ Dimensions: |
A Text Callouts: e
Inserted Tables: . il(:e‘y Merge Colours Show Clearances: Finish Markers:
Not Visie
[ System Origin: [ Visibie E?:;:: Eror: | I Direct Hit: | I
[ Relative Origin: r—— ) Mot Sefectzbie Waming: | Iyl ~ Near tt: | ] ~
The Merged Colours items will help you contact the layered items that ‘cross’ each other in
the display. Obviously, they don’t physically cross because they are on different layers.
Colours files can be saved and loaded from this dialog. These are saved with the .ECS
extension and when saved to the colour files path can also be recalled to the design using the
Colour Files dockable Preview bar.
The Nets tab is used to define net settings. A net can be drawn in its own colour and
selectively displayed using Show Connection.
MName | Own Colour |Co|our Show Connectic Load...
12y = 4
-12v ves [
AD Mo Yes
Al Mo Yes
A2 Mo Yes
A2 No Ves [ Show
Auto-Named
Ad Mo Yes Nets
A5 No Yes

The Net Classes tab is used to set the colour individual Net Classes within the design.
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MName Own Celour |COI0ur

Signal Mo

Power Yes

The Comp Colors tab allows you to set up 'rule based' colours for the components in your
design that will override the colours specified by the shapes, text or layers in the symbol
definition.

These can be used for example to construct an Assembly drawing where different categories
have their own colour, or to draw components matching a particular Value in a bright colour
to assist with things like component obsolescence.

Enabled | Walue Mame | hatch | Type | Layer | Sweap Layer | Colour |
Yes FRAGILE * All Top Silk Screen | Yes

Ves  OBSOLETE |*  Shape Top ik Screen Ves I

Translating from Schematics

Within the integrated environment you can translate the Schematic design into the PCB layout
editor with a simple button click. There are no netlists to use or other commands to use.

The Translate To PCB option is available from the Tools menu within the Schematic editor.

Translate to PCB *

PCB Design:  |Fsk

Techniology File: |4sig2pwr ~ Folders...

Ise Compaonent Bin

Cancel

By setting up this dialog, this will give you the name of the PCB design, the Technology File
and whether or not to use the Component Bin.

Once this is completed, you are ready to start the component placement and track routing.

The Translate To PCB option has been discussed in detail at the end of the previous chapter,
Creating Schematic Designs under Transferring Schematics into PCB Layouts.

Adding a Board Outline

The board outline (or Profiles as they are sometimes called) is used to define the edge of the
PCB design. This will often be the shape or size required to fit the PCB into a box or
enclosure.



Creating PCB Designs 157

o o
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You can create board outlines in a number of methods. You can use the Add Board option to
simply create the shape or you can use the Import DXF option to use an existing shape
created in a mechanical package such as AutoCAD where the shape maybe very complex.

This shows an example of a more complex board
outline imported via the DXF import option.

Using Add Board

Board outlines can be created using the Add Board Rectangle/Polygon/ Circle/Line options
from the Add menu. The board is added directly to the design and created on the fly. You
can also a add board using the Add Board option from the PCB Design toolbar. The Line
shape style allows you to create a simple line board item that could be used for board detail
for example.

Board outlines are created using an Unfilled shape that is normally Closed, i.e. the start and
end point are the same, unless you use the Line shape style. They cannot be self-intersecting
where part of the shape extends outside itself (the option will check this for you when you
finish the shape). You may edit a shape after it has been added by double-clicking the shape
segment.

Board outlines are not layer biased in that they appear on all layers.

The Board outline default style is taken from the Defaults dialog and Lines page on the
Settings menu. Whatever is defined here will be used as the initial board outline. You can of
course change this afterwards by selecting the shape and using Properties or Change Style
from the context menu. Defaults are saved with the Technology file.

If you require cutouts in your board then you should use the Add Board option to create this
cutout shape, or use Add Copper to define the area of cutout. The advantage of using copper
is that other items placed near or on it will be checked during a Design Rules Check.
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P To add a board outline
1. From the Add menu select Board shape. Select the shape type required.

2. Click to add the first corner or the centre point of a circle (if Add Board Circle was
selected).

3. If Add Board Rectangle option was selected, move the mouse to create the opposite
corner and click to finish adding the shape.

4. If the Add Board Polygon option was selected, click to add the first corner, each
subsequent click will add another corner. You will notice that during the mouse
movement, a trailing line segment joins your current position back to the start position.
This indicates that the shape is closed.

5. To finish this shape, double-click the mouse.

6. If the Add Board Circle option was selected, click to start the circle at its centre point,
then move the mouse to the required diameter. Click again to finish the circle.

7. Atany point, if you want to exit or make a mistake and need to start again, press the
<Esc> key on the keyboard.

8. During the addition of the board shape, if you right click you will see options available
on the context menu.

It is recommended that you create board outlines in the centre of your working area although
this can be changed using the Working Area option later on.

Adding 'Free' Pads

There are a number of pad types that can be used during your PCB design. For components,
regular Pads are used. Vias are automatically added during a layer change when using add or
edit track. Vias can also be added interactively to copper for example, if stapling is required
(the process of attaching extra vias to an electrical item and plane).

Free pads are pads that are not part of components and are not vias but can be used as
additional pads within the design to define special uses such as mounting holes etc. They
should not be used for component pins or vias as they have no pad number and are not
recognised by other options.

These pads take their style from the Design Technology option and the Pad Styles page, their
styles can also be set locally as can other normal pads and vias. Local means a style on that
item only and not added to the Design Technology.

Free pads can be connected to, but are not identified with a component reference number or
pad number. If connected into the design, for example a mounting hole might be connected to
GND to earth it, this additional connection will not be checked in the integrity check.

Free pads can be added to the design using the Add Pad option from the Add menu, or from
the Add Pad option on the PCB Design toolbar.

When a free pad is selected, there are additional options on the context menu that can be used.

Adding Components

Once the technology file has been loaded and the board outline created, the next process to
attempt is the insertion of components into the design. Components are a fundamental design
item for PCBs. As with most design items there are numerous ways to work with them.
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Components can be added interactively from the Add Component option, or loaded
automatically from the library during the Translate to PCB phase without using an existing
netlist or using a Schematic design.

Components are used in both the Schematic and PCB design editors and are used to reference
both the Schematic symbol and the PCB symbol depending which design editor is being used
at the time. For components to be used, you must have a PCB Symbol. You may also have an
associated Schematic Symbol with this component. The actual creation of components is
covered later on in the chapter Library Creation.

Within the PCB design editor, PCB symbols are used. These are 'footprints' of the pad land
patterns and Silk Screen details required for the placement of the actual devices onto the
manufactured board. These symbols are made up of the footprint detail and stored as a single
item within a PCB symbol library.

As well as adding components to the design, if you previously translated the design from the
Schematic editor, you may have components located in the Component Bin ready for
placement. This option will be covered a little later on in this section.

Adding Components Interactively

The Add Component option can be found on the Add menu, on the PCB Design toolbar and
with the shortcut key <F8>.

B Add Component *
Library: Opamps e
LCompaonent: |5 Find... Add
Cancel
[ Filter
Apply
Clear

Package: |DIPS v I

Desc: |AD844AN Opdimp | [] 4dd to Comporment Bin - 1

This dialog allows you to search libraries and find components, then add them to the design or
component bin.

The Library list allows you to choose the library to select components from. From the drop
down list, you can also choose [All Libraries]. This will display the components from all of
the libraries found in the search path defined in the Library Manager under Folders.

Once a library has been selected the Component list will update with all the components in
the selected library. If you wish to use specific search criteria for components, the Find button
and options within this will enable you to do so. The Find dialog allows you to search
libraries and enter names based on wildcard names. This dialog is described in more detail
below.

The Add button will place it on the end of your cursor ready for positioning in the design.
You will notice it will snap to the screen grid while placing. You can adjust the snap mode
using the <H> key and by selecting one of the snap modes from the context menu.
Alternatively, you can use the Add to Component Bin check box to send the selected
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component directly to the component bin. The Count entry will allow you to specify multiple
copies of the selected component.

The Preview button can be used to show you the component before it is placed on the design,
it also shows you a preview of the PCB Symbol. Once you create your own library you will
probably not use this unless you need a reminder of what they look like.

Uesc |oEl Uispiay |
Ta P Supplier=R%5
Allied_Murnber=
e A Fr—x -
) ] Height=5.3mm
»—E G Manufacturer_Mame=
7’ c & Manufacturer_Part_Mumber=
’ % DE Other Part Humber=
>TD s RS Stock No=111-1137
* . : Yalue=7 Segment Display
x—E  COMX Hyperlink'web=https: / Avwvw. analog. com.
Hyperlink DS =https: / /docs. emea.rs-online

Using the Find dialog

When the Find button is selected it displays a dialog that allows an item name to be found in
the libraries. It then searches the libraries for the given Component/Symbol and selects the
appropriate library and item. It searches the current library first, then all the libraries in the

library directory.
Find X
Mame Containg ~ | 7419 | | Find |
] Mumber of terminals/pads is 1
Save..

[CJPch Sym |z Exactly

" Load...
Walue MFR | Starts with | T
Yalue Farnily | Starts Wwith |74 Clear
[walue |z Exactly
[value |z Exactly

Only gearch in Enabled libraries

b atching items found: 0

Matching on the library item Name can be done in three different ways:

. Is Exactly: only matches items with exactly the name specified.
° Starts With: only matches items that start with the given text.
. Contains: only matches items that have the given text anywhere in their name.

The Number of terminals/pads field allows you to limit the search to match only those
library items with the specified number of pins.

For the Value field, when searching for components, you can also choose to search for items
that have a particular value. Leave the 'is' field blank to match all items that have this value
regardless of its actual setting, or enter the desired setting to search for a specific value.

Choose Only Search in Enabled Libraries to refine the search into enabled libraries. If not
selected, you will be able to search all of your libraries in the Folders path.

On pressing Find, there may be a delay whilst any library index files are updated. Having
done this, the libraries are searched for matching items. Any matches found are listed on the
dialog, showing their name and library file and for components their ‘package' as well.
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To select the desired item, simply click on it in the list. As you select the item, the
corresponding ‘'master' dialog (Libraries, Add Component, etc.) will update its details and
preview to show you the selected item. To close the Find dialog, either click on Close or
double-click the required library item in the list.

Using the Component Bin

The Component Bin bar is available as a sliding window. This feature provides you with a
facility for holding unplaced components in an off screen location. This frees up the design
space while placing other components and generally makes it less cluttered, especially on
dense designs.

The component bin has been discussed in detail in the previous chapter on Using the Product.

The component bin itself consists of the component bin preview and the component bin. It is
used to store and view unplaced components in the PCB design editor.

Component Bin A x

uie

Uncennected Components
U5 - 74HCO0 [DIL]

U7 - 74HCO0 [DIL]

U17 - 7T4HCO0 [DIL]

U18 - 7T4HC74 [DIL]

U19 - T4HCT6 [DIL]

U20 - 74HCT6 [DIL]

U21 - 74HCT6 [DIL]

The Component Bin Preview window shows the component currently selected in the bin,
along with its pad numbers and names. This updates automatically as each component within
the bin is selected.

The Component bin window lists the components currently in the bin. This shows the
component reference name, the component name and component type and is sorted
alphabetically on the component reference name. The components are selected by clicking in
this list.

Placing Components on to The Design

To place components onto the design while they are located in the component bin you can
click on the required component in either the Preview window or the Bin itself, and drag it
across onto the design.

Note: the drag may be cancelled either by dropping the component back into the bin, by
pressing the <Esc> key or once released, by selecting Undo (<Ctrl Z>).

In summary, components can be placed in the bin:
U From the Add Component dialog.

U By dragging the component from the design to the bin.
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. By selecting a component in the design and choosing Move To Component Bin from
the context menu.

o From the Autoplace option dialog.
. During the Translate To PCB option.

In a PCB design, layers have to be considered when adding components from the library. If
the PCB symbol has shapes or text on layers that do not exist in the PCB design, these shapes
and text items will be removed from the Component used in the PCB design. The matching is
performed by layer type and side.

Updating Components

Components and Symbols can be updated or changed in the design using two features:
Update Component and Change Component.

Update Component

Update Component is available on the context menu when a component is selected and also
on the Tools menu. It is used to update the current component on the design to an updated
component from the library. This feature can also be used to force component updates from
the library if required, to globally replace all components to the latest ones that exist in the
library.

Components within a design are always unique as are Symbol instances. A design cannot
contain a DIL14 for example that has two different shapes or pad shapes they must always be
identical. Once a component or symbol is added to the design, the next addition of that item
will be duplicated from the design not accessed from the library.

On selection of the Update Component option, the dialog presented allows a number of key
functions to be performed.

87 Update Components From Library X

Comp Name
BAV70S (SOT-363)

BAVIOW (SOT-323)

CAP-50402 (C0402)

CAP-S04025 (C04025)

CAP-506035 (C06035)

CAP-508035 (C0803S)

CE (CE_LOGO)

CHIPKIT (CHIPKIT_LOGO)

CON-COAX-KLDO202-5 (KLD-02025)

CPOL-SA [CPOL3216)

DIGILEMT_INC-BT-1500 (DIGILENT_BEYOND_1500_LOGO)
DIODESMA (SMA)

FDN340P (SOT23)

FT232RQ (QFN32)

HDR-1X2 (HDR-1x2)

Only update item if version different in ibran:

Remave pad style exceptions

[[] Keep existing companent values Al None Selected
[ keep value positions

Keep associated parts Check Update Cancel

Firstly, it enables you to select particular devices to update, or you can choose them all using
the All button. Then check boxes allow control of the facets within uploaded components:



Creating PCB Designs 163

Only update item if version different in library effectively allows you to 'force' an update
even if the library items are the same. Leave the check box unchecked if you wish to force the
update.

Remove pad style exceptions is used to control local pad style exceptions that have been
added to components that are to be updated from the library. It is also used if the technology
file used for the library creation and the design technology files are different.

Keep existing component Values is used to control local attribute values which have been
added to the components which are to be updated from the library.

Keep value positions If this is checked the positions and layers of the components value
positions are retained. Otherwise the value positions will revert to the symbol or footprint
defaults.

Keep associated parts If this is checked, any associated parts for that component are
retained.

Change Component

Change Component is available from the Properties option on the context menu when a
component is selected. By selecting this option, you are able to change components and/or
Packages for that component in the design.

Component  Values MNets  Associated Parts

e
Position: 1250.0000 | (3100.0000 Rel
Angle: 90.00 [IMimored ] Fixed
[ Component: Change...
[JPackage:  [DSC Change Component X
[] Description:
Library: Cannectar -
[ Symbol: 5 Y | |
Fin Names [
Cormponent: |5W'F' | | (n] 4 I
leny [3P ] Find...
Suppress Component
[ Parts Lists |  Package: |DSE | Cancel
[J5cMtofrom PCB | Mew: DSC ~
[ 1DF Export |
[ Preview
QK Cancel Apply Help

The dialog gives you options to change the Component or the Package from a selected
library. The information displayed shows the item before and the changed item. Find allows
you to select different library items using the Find facility.

The ‘Delete’ option is not to be used!

The net effect for both of these options (Update Component and Change Component) is
that if a component or PCB symbol is incorrect in the design, instead of removing the device
and its connections/tracks, you simply replace the component or symbol for the one that is
required or updated.
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Replacing Components

The Replace Components option on the Tools menu enables you to perform ‘global’ find
and replace on components in a design or project. It allows you to choose a replacement
component to apply across the design or project.

Use the Replace This: selection of Component and/or Package to select the item to replace.
The Replace With: option allows you to choose the Library and the Component/Package
as the replacement. Once selected, the PCB Symbol name and number of Pins will be
displayed as confirmation.

The Preview check box and windows allow you see previews of the new replacement
Schematic and PCB symbols before replacing them in the design.

The Find button will display the standard Find dialog from which to make an advanced
search and selection.

1" Replace Component X
Replace This:
Component: | 26WDP v|
Package: | DsC v|
Description: | |

PCB Symbal: | 2 |

Replace With: Settings:

Library: Connector w Apply to selection
Component: | 26WDP - Apply to all 5CM sheets
Package: | DSC v|

Keep Local Values
Description: | Single Pin Header | [keep

PCB Symbal: | % |

Cancel

Settings switches are available to Apply to selection (rather than the whole design) and
Apply to all sheets in a Schematic design.

Placing the Design Interactively

Once the components have been added to the design (by hand or during the translation form
the Schematic) they will be either in the component bin or in the design unplaced. From here
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you have two options, to place them interactively by hand, or to autoplace them using the
Autoplace option. For now, this section will concentrate on manual placement.

This product follows Microsoft standards, the movement of components is straightforward,
you simply ‘pick’ the component and ‘drag’ it to the required location. As well as individual
components you may also use the Frame Select mode to pick a group of components for
moving (Frame Select is activated by dragging a box around the items required).

You may also put the component into Place mode, this means that the component is
‘attached’ to your cursor until released. This mode is available from the context menu of a
selected component. It is sometimes more convenient to move the component like this
without having to concentrate on keeping the mouse button pressed while dragging. This
method is slightly slower as it requires more mouse button presses and is not dynamic.

Using the Place mode, you can also use the arrow keys on the keyboard to make precise
positional changes, it is more difficult to do this with the mouse alone.

Component placement options

During component move you have a number of features available.

Cancel Esc

Type Coordinate... =

Type Offset... Shift+=
Rotate 3
Flip Horizontal F
Flip Vertical

+  Dynamic Optimise Ctrl+D

+  Show Design Clearance

Online DRC
Push Mode 3
Push Direction 3
Springback

Free Rubberbanding
Preserve Attached Segments
Treat Vias As Fixed

Auto Weld Now

Headup Display

Repasition Headup Display
Use Dynamic Align

Show Placement Position
Place ltem Centre

Flace Picked Pad

Place Horizontally

Place Vertically

Grids 3
Reset Delta Coords Shift+Z

As part of the component interaction, you also have many features available to you that can be
accessed on component selection from the context menu (in addition to those found on the
Place menu).
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Setting up placement options

Most of the options available during Place can be pre-defined ready for use. These are located

on the Preferences dialog (on the Settings menu), on the PCB Interaction tab.

General

Preferences

Design Backups

General

Shape Segment Mode: | Crthogonal

Move Cursor when editing segments
[ Edit segment towards nearest end
Prompt for new Net name

Rotation Step:

Select

[lgnore Fixed tems

[ Minimum Pick Telerance

[ Only Select F Completely Framed
Only for Right4o-Left Selection

Select From Popup List

Delete
Remove Attached Tracks On:

Display Cross Probe Dual Screen

Display layers without prompt
Auto-number Elec Layers in dropdowns
[ Mitre/Fillet Any Angle

Maove

Dynamic Optimise

Auto Mimor Bottom Texst

[Weld On Drop

[ Allow Weld To Spit Tracks

[] Show Position

[ Treat Vias as fixed on move Track
] Mllow Maove Names in Tight Group

[ Dynamic Align

Interaction Schematics Interaction

PCB Interaction  PCB Tracks Wamings

Design Clearance Distance Maximum

Digtance: thou Grid Steps:

Component Pushaside

Push Components: | Newer ~

Both

Springback

Polar Grid
AutoRotate Applies To:

Components Free Text  []Mames

Unroute Nets

Remove Protected Vias  (only if Unroute makes them
isolated)

Nets and Track Paths: []Ignore Segs Fixed For Router

Comp Pads Cther tems
[IRemove lsolated Pads From Net

_____ thou [Jignore Fixed Tracks

Selected Track Segs: [ Ignore Segs Fixed For Router

Align With:
D Delete Track Does Unroute ign Cllore Fied Tracks
Extents Vias
Pads Adding Components Online DRC
Original Position [ Suppress Values [IMeck Tracks

Rotate

During move, press the <R> key and the component will be rotated by the default rotation
step, this will be set to 90 degrees by default but can be changed in the Preferences dialog
under PCB Interaction. This is also available on the context menu on Rotate>. On this sub-
menu, you are also able to Rotate By and specify the rotation value.

Type Offset,,. Shift+=
T Orline DRC
& Fix Item
| Rotate >| | v | Angle 0
Flip F Angle 90
% Duplicate a} Angle 180
g Replicate... Angle 270
Edit Component In Library... Raotate One Step R
Edit Symbol In Library... Rotate Step Back.  Al+R
f‘ Update Component. .. Raokate By
Move ko Component Bin
" Malaka Falaba

Dynamic connections during move

When you place components, you’ll notice how the connections move with the components;
this is called rubber-banding'. Move of components is also equipped with a de-clutter
mechanism for ensuring that the function is as smooth and accurate as possible. This means
that during place (and is especially noticeable when using larger PCB components such as
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BGAs) that the entities within the component are only drawn if the system performance
allows it. If the mouse is rested momentarily then the component will be fully redrawn.

On movement of a large pin device, you would only see the pads and connections drawn once
the movement has stopped or paused momentarily.

Placing surface mounted components

The placement of surface mounted components is no different to that of through-hole
components except that they can exist on both sides of the design (Top and Bottom sides).
When placing you may need to make consideration of any down-stream processes such as
automatic assembly machines and their physical restraints. For example, the jaws of a
placement machine may need to be accounted for when placing SMD components next to
each other.

The only main difference is in the way they behave when the component is flipped (mirrored)
but this is purely only for SMD components.

Flipping (Mirroring) Components

For SMD components in a PCB CAD system you need to be able to indicate that the
component has been physically moved from one side of the PCB to the other. This entails the
view of the component being mirrored from the Top layer to the Bottom layer, including all
pads and text as well as moving drawing items such as Silk Screen idents. This is an easy
process using the Flip option.

If a component is selected and the <F> key on the keyboard pressed, the component will flip
to the other side of the board. This means that when it pads and silk screen detail (outline and
component reference name) were on the Top side, they will now only exist on the opposite
(Bottom) layer.

IC1

The picture above shows the effect of mirroring this device using the Flip command. Pin 1 is
now shown on the top right hand side of the device on the right, whereas it is on the top left
on the non-flipped device. You’ll also notice the silk screen name, IC1, has also been
mirrored.

Pushing Components

Components can be ‘pushed’ while interactively moving them. This feature is enabled though
the Preferences dialog and PCB Interaction, or while actually moving the component using
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options on the context menu. Options are available for pushing to select the push mode as
Never, Continuous and On-drop. The push direction can also be set to Both, Vertical and
Horizontal. You can also set whether components use Springback (with Springback set the
component being pushed will continually attempt to return to its original position before the
pushing started. This is particularly useful on a tightly packed board where space is at a
premium).

Fixing components

Components can be fixed in position. The Fix Item option is located on the context menu for
a selected component.
Place Horizontally
Place Vertically
Type Coordinate... =
Type Offset... Shift+=
Ed online DRC
7‘ Enable Nudge
& Fix Item | |
Rotate 4

Flip
B Duplicate D
go  Replicate...

If they are selected and dragged for placement, a warning dialog is displayed. You can
confirm that you want to move the device by clicking Yes, if you want to leave it fixed and
not move it, click No. If Yes has been selected, the component can be moved. Once the move
is completed, the fixed status will be reapplied.

'-.I The selection contains one or more fixed items.

"~ Include fixed items?

Using the Properties option to place components

When a component is selected, the Properties option is available from the context menu. This
displays information about the component including its X and Y position, Mirror status,
Rotation and Fixed status.
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Properties - Component >

Component  Values Nets  Associated Parts

Angle: [IMimored [ ] Fixed

From this dialog you can interactively change fields that are not greyed out.

Grid settings

During placement you can snap the component on a grid. By pressing the shortcut key <H>
the grid setting menu will be displayed. You can then select the grid required for placement.

| v | Grid |
Half Grid
Quarter Grid
Tenth Grid
Fortieth Grid

25thou

Metric 0.5mm

Place Grid 50

Polar

whorking Grid

e oarids. ..

The grids here are taken from the Grids dialog on the Settings menu. From this dialog the
Grid Snap mode can be set to the setting required. This will ensure that the placement is 'on-
grid' and that the footprints are aligned.

From within the Grids dialog you can also set a grid to be the component grid by selecting it
and pressing the Make Comp button. This has been discussed previously under Grids.

Adding Connections

Connections are used to indicate the point-to-point connectivity of the netlist. When designing
PCBs on the fly directly into the PCB editor, you may wish to add connections to create the
design. You may also add tracks directly to the design without adding connections; the track
path still makes the connectivity but is not so easy to work with at the start of a design.

Where a design has been translated from the Schematic, the netlist will already be defined
with the associated components and connections. In this situation all you need to do is to
place the components and route the track paths in.

Connections or nets carry a number of properties:

. The net always has a net name, whether it is user-defined (like GND, CLK, RESET
etc.) or a system-allocated net name (like NOOO1, NOO11).

U A net class — this name provides an inherent set of physical characteristics to the net,
such as track thickness and via sizes to be used when routed.

Each of these properties has already been discussed earlier in this chapter under the
Technology File section.
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Connections may be connected to any electrical items, such as copper, pads, vias and free
pads.

Note: Guard Spacings can also be defined for connections, these are optional — an additional
spacing value can be applied to a net where it requires more spacing over the design spacings
or net class spacings. Usually not used now as Net Class to Class spacing rules are available.

Note: there are also Wire items, these are not connections, they are used for adding jumpers
and suchlike to the design.

Default Connection Settings

When adding a connection to the design, the net class of the net will be taken from the
Settings menu, Defaults and Nets. The net class contains properties for setting the track and
via styles when the connection is converted to a track.

If the design has been translated from a Schematic, the net class would have already been
defined. The net class properties will be taken from the PCB technology file.

The Net Class can be changed using Properties of the net or by using Change Net for the

selected Net.
Lhange Mame Ut Subnet Unly
Met Class:

Ground
Pawer

Using Highlight Net with Connections

Connections can be highlighted at any time, during adding or during editing, you can use the
Highlight Net option from the context menu. This will display any pads and connections on
that net using the highlight colour defined in Display under the Settings and Highlights tab.

» To add a connection

1. This option can be used if starting your design from within the PCB editor. If starting
with a design translated from the Schematics, then the netlist will already be defined for
you.

2. From the Add menu, click Connection.
This option is also available from the PCB Design toolbar icon.

3. Click on the first pad to add the connection, click on the second ‘target’ pad. A
connection will be made between the two pads.

4.  The Add Connection option will work on ‘pairs’ of items. If you want to ‘daisy chain’
the pads together then switch on the Stitch Connections/Tracks option in the
Preferences dialog, Interaction page.

5. Click <Esc> to exit the Add Connection mode.
During Add Connection you can also use the context menu to change or highlight the net.
Change Net will enable you to add or edit the net name and add or edit the net class.

Highlight Net is used to highlight the whole net to make it stand out from the other
connections in the design.



Creating PCB Designs 171

o

Cancel Esc

Type Fin Mame... =

Change Met

=

Highlight Met

o8 O

Once the connection has been added, if you select it, there are additional items on the context
menu.

Disconnect From Met

| Net >| Change Met...
¥ Delete Delete pichichciet
Change Met Colour...
DOrigins 4
H Grids... Optimise MNets Ctrl+D
Show Only Select Net Connections
B Properties... Alt+Enter

Hide Selected Met Connections
Show All Met Connections
Unroute Mets

On the Net> sub-menu, there is Optimise Nets. This is used to optimise the selected net only
(Optimise is the process of shortening the connection to the nearest connection point on the
same net).

PCB Net Names

By default, all PCB nets (nets added to the PCB design, not ones originating in the Schematic
editor) have a net name of Nxxxx, for example NOO1, NO10 etc. This name can be changed
during or after the Add Connection process using the Change Net option from the context
menu.

Net Optimisation

Before starting to route the tracks, you can make use of the Net Optimiser. This is used to
make the shortest possible connection lengths within the unrouted design (it only works with
unrouted designs). When creating the logical net list in the Schematic design, it won’t
necessarily be the shortest connection path when passed into the PCB design editor for layout.
The Net Optimiser enables you to get the most optimised connection length as you design.

The Net Optimiser is invoked from the Tools menu, Optimise Nets> option. As soon as the
option is selected, the layout will be redrawn with all the nets optimised. You have three
options for performing an Optimise on All Nets, Browsed Nets and Selected Nets.

You can perform a dynamic optimise during component move. This is enabled from the
Settings menu by selecting the Dynamic Optimise switch on the Preferences option and
Interaction tab.

As the Net Optimiser is a commonly used option, we suggest you set it on a shortcut key
using he Customise dialog and Keyboard tab.
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Adding Tracks and Routing the Design

Following on from component placement (and the addition of netlist/connections if you
started in the PCB design itself), you will now need to convert the connections into copper
tracks. Routing can be done both manually using the interactive tools provided, or
automatically if the autorouter is available to you.

This section will guide you through the interactive manual routing tools. The automatic
routing tool can be found in a later chapter Automatic PCB Features.

The design may also be created directly into the PCB. You can add connections to
components in the design or you can add tracks directly into the PCB. By doing this, the
underlying connectivity will be constructed from the track node to node connection (if you
were to remove the tracks using Unroute, the connection base would still remain).

P To edit track manually
1. To start editing a track (and subsequently convert them to tracks) you can:
e  Select Add Track from the Add menu and select the pad to start from, or:
¢ Double-click on a connection.

2. The Add Track mode can be started from both the Add menu and from the PCB Design
toolbar.

When a track is referred to as being ‘edited’ this means double-clicking on the connection
when it is then dynamically converted to a track

The picture below shows the Add Track method of adding tracks:
o

-

The picture below shows the alternative method of directly editing the connection showing
the ‘flying’ connection from the end of the track to the target pad. This is the normal
recommended method of manually editing connections to tracks.

g

Overview of the basic modes of routing
The basic commands for editing tracks are:

Single-Click, once editing a single-click will add a corner and enable you to change direction.
In the appropriate mode, a change of direction will also add a mitre to the corner. When using
Add Track, a single click over the picked item will end the track on that item.
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<L> (Change Layer) followed by <Enter> will enable a layer change of the track to be
made. This will automatically insert a via at the point of the layer change.

Track Layer *
0id Layer: | Top Electrical | | 0K |
New Layer: | EEfliay Cancel

[ Apply To &ll Segments

Layer changes automatically inserts a via and changes layer. The current track segment will
now be on the new layer and will stay there until another layer change is made. If a new layer
change is made another via is inserted. This rule is only applied if starting on a through-hole
pad and finishing on a through-hole pad. If the track starts and stops on a surface mount pad a
via will automatically be inserted regardless of any layer changes, obviously, this is required
anyway to change the track to the correct layer for completion.

<S> (Change Style) followed by <Enter> will enable the style of the track segments from
that point onwards to be changed. Choose from the styles presented in the dialog.

Track Style *

Old Style:  [Power 50 | [ o ]

Mew Style: (& Cancel

Paower 50
Track 10
Track 12
Track 15
Track 8

width: 20.0000 [ &pply To &l Segments

Double-click, during edit this will finish the track in mid-air with a connection back to the
target pad.

<F> (Flip) enables the current segment and the previous one to be mirrored.

e T ey

This shows the original track path. This is how it looks when the Flip
command is used. The fine dotted line
shows the original track path.

<I> (Insert shape), using this mode will enable you to determine which end of the net the
track will start from. You can also fix this by setting the Edit Segment Towards Nearest
End switch on the Settings menu, Preferences dialog and PCB Interaction tab.
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Preferences

General
Shape Segment Mode: | Orthogonal ~

Retation Step:

Frompt for new Net name

Select Move

Editing from the resistor adds
the vertical track and 45-degree
segment with the flying track

Move Cursor when editing segments Display layers without prompt
| [ Edit seqment towards nearest endl Auto-number Blec Layers in dropdowns

General Display Cross Probe  Dual Screen  Interaction  Schematics Interaction  PCB Interaction  PCB Tracks  Wamings

Design Clearance Distance Maximum

Distance: (100.00 thou Grid &

Component Pushaside
Push Components: | Never v
Both

Springback

Flipping the direction then starts
the vertical track and 45-degree
angle from the IC with the flying

back to the IC. track back to the resistor.

Show Nearest Node on Net

There is an option on the context menu when adding a track or sketching, called Show
Nearest Node on Net. Use this option to show a line to the nearest item on the net to the end
of the track being added, a dynamic optimise mode. The option can also be set on the PCB
Tracks tab in the Preferences dialog.

—

Setting up preferences

As well as the General preferences, there are also preferences specific to the PCB design
editor on the PCB Tracks tab:
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Preferences X

General Design Backups Display Cross Probe Dual Sereen  Interaction  Schematics Interaction  PCB Interaction  PCB Tracks  Wamings

General Double Click To Start Track Sketch Track
Track Segment Mode: Mitre: ~ @) Add Track [] Use Pairt Ta Point Made
= i
[]"Stiteh" Connections/ Tracks (O Pull Tight Track Mitre: Resuit
o O Sketch Track [ Use Any Layer
Adding or Editing Tracks [ Use Grid When Sketching
Use Selected Track Style
[ Allow Duplicate Tracks Double Click Ta End Track Adjust Track
Allow Pick Connections (O Complete Track Mitre: Result
[ Edit Connection As Track (®) Finish Here

Track Hugging

[] Show nearsst Node on Met ] Aways Use Minimum Gap

[ 5how Legal Completion Path

[THighlight Met being edited [] Clear Highlight after edit
[ Prefer adding on visible Layer

[ Drag unconnected Pad starts new Track

[ Dont use Track and Via Styles from the Net Class

[ Auto Neck

Show Corfirm Add Via Dizlog: | § not different nets ~

PCB Track Segment Mode — there are four modes available on the drop-down list, Fillet,
Free, Mitre, Orthogonal and Right Angle.

For all of these modes, the ‘trailing’ segment back to the target pad is always left as a free-
angle track. In the examples below, this is shown as the right most track segment back to the
resistor leg of R8.

Free — the track will exit the pad or corner at any angle following the cursor until the next
mouse click.

3

—O
o p-
IC1 Rg

Orthogonal — the track will remain in 90 degree mode at all times during the addition of
corners. Alternate track segments are horizontal and vertical with the previous segment being
dynamic.

iﬁé_[/’
—oo T

Right Angle — the track will remain in 90 degree mode at all times during the addition of
corners. Alternate track segments are horizontal and vertical.
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?{Hé_l/
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Mitre — following the orthogonal track, the corner added will be a 45 degree mitre. The size
of the mitre will depend on the length of the movement away from the corner.

—O
o o{
IC1 Rg

Fillet — following the orthogonal track, the corner added will be a filleted track with a radius.
The size of the fillet will depend on the length of the movement away from the corner.

3

—O
o\
1ct RE

Fixed Angle — this segment mode can be used for adding single segments at a supplied angle.
The default will be to add single segments at 45 degrees.

2 &
—oo I

Selecting this mode again from the menu returns it to the previous segment mode you were
using. Use Enter Angle from the context menu to change to the required angle, you will then
be able to add segments at this angle and at 45 degree rotation increments from that angle.

Enter Angle *

Cancel

Select Snap to Angle Step from the context menu to snap to steps equal to the angle
originally supplied. For example if the angle supplied was 15 degrees then you will be able to
add segments at multiples of 15 degrees.

Select Grid the Length from the context menu to grid the length of the angled segments
being added using the current grid value. For example, if your working grid is set to 100, then
the length of the segment in this mode will be 100. If this feature is not selected the line ends
will snap orthogonally to the nearest grid point.
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Changing Segment Modes

These modes can also be set while editing the track using the context menu. The shortcut key
for this mode is <M>.

INUW esgii wical dNCE
Online DRC
Change Segment ¥
| Segment Mode > Free
Invert Shape Orthogonal
Headup Display Right-Angle
Mit
Reposition Headup Display it
Fillet
Fixed Angle
Enter Angle...
Snap To Angle Step
Grid The Length

Advanced options on the context menu
Some useful features to note on the context menu (note, not all are listed here):

Edit Segment — this option is available on the context menu when an existing track segment
is selected. It has the same effect as if you double-clicked on the track segment directly. It
allows you to edit the track path of the selected segment, you may also change the style and
layer once in the edit mode.

End On Via - this option is used to end the track being edited on a via, effectively creating a
‘stub’ route. This is discussed further on in this section.

Disconnect Track End — this option is used for disconnecting tracks from pads when an end
segment of a routed track needs to be connected to a different end location. This option is then
available on the context menu. You can also use the shortcut key <E> when in edit mode on
the track. This will leave the track end segment on the end of your cursor from which you can
then select a new pad or land site for the segment.

tife
\—['%o

1 ™

The sequence above shows how this might be applied, moving from left to right.
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If working with a master Schematic, you would edit the schematic and then run the Forward
Design Changes option to apply the net changes to the PCB design.

Autoroute — for a selected connection or for a partially routed track, you can select Autoroute
to finish the track. This is only available if you have the Easy-Router option installed.

Auto Adjust Track — this option will attempt to correct track errors but adjusting the track
with minimum deviation from its path.

Smooth Track — for a selected track, the smoother will try and reduce the track length,
number of vias and number of staircases. This option is described in more detail later on in
this section.

Auto Mitre Track — for a selected track, a 45-degree mitred corner will be applied to it using
the values set in the Auto Mitre dialog on the Tools menu.

Arc — when selecting an existing track segment, the Arc command converts a segment to
curve. As well as the pre-defined arc angles of 45, 90 and 180 degrees, there is a flip
command to reverse the sense of the arc. An Angle Free Mode option will enable an arc of
any angle to be created using the cursor position to define the required size. This gives quite
fine control, providing that the rotation step size has been set sufficiently small (0.1 degree is
possible). There is one illegal value, 360 degrees. If an attempt is made to create effectively
an infinite circle, the segment defaults back to a line. The Arc To Line mode provides you
with an option to snap the arc back to a straight line segment.

Editing Existing Tracks

Where tracks have already been routed but the path needs to be adjusted, the manual editing
feature is very easy and powerful to use. Some basic, (and standard Microsoft), techniques
have been used to make the edits a familiar format.

Moving a Track

Moving a track segment is a simple process of selecting the track segment and dragging it to
the required position. During this pick and drag you may also (from the context menu) change
the tracks’” Style and Layer, toggle the Online DRC on and off, and allow the tracks to have
free rubberbanding (rather than be fixed orthogonally).

Editing and Selecting a Track

To edit an existing track, double-click the cursor while over the track, this then makes the
segment 'flexible' so the path can be changed using add corners etc. To finish the edit, double-
click again.

A <Single-Click> selects the tracks and then waits for something to be done with it, e.g.
right-hand mouse key and change layer etc.

A <Single-Click> and drag will move the track segment, but will move it either orthogonally
if the track is at 90 degrees, or if the track is on a free angle or 45 degrees, will move it
parallel to its existing position.

Editing a Corner

The same principles will be applied to a corner track. One point to make is that the selection
or editing of a corner track has to be reasonably accurate otherwise the track segment could be
selected by mistake.
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Double-Click on a corner will edit the corner, the corner must be orthogonal though. This
means that the corner will automatically be edited to be a 45-degree mitre. Once editing, you
move the mouse and the mitre will snap to the Working Grid.

A <Single-Click> and drag on a corner will move the corner retaining its orthogonality but
will allow you to reposition the corner.

Other editing options and techniques

‘T’ Routes

When using the Add Track mode it is possible to connect a track into an existing to tracks,
effectively 'copper sharing'. This is particularly useful when a 'T" junction is required. A
hidden connection will be automatically created to the nearest node on the net to retain its
connectivity (this would only be visible if the track was unrouted).

R1

M ol F

Finishing Tracks

To finish the track on the target pad you simply Double-click the mouse over the pad. If you
wish to finish the track before reaching the pad and then come back to it later and edit the
remaining track path, click to add a corner, then Double-click to finish. An angled track will
be drawn to the target pad. This track can be edited later on. Finish will always work from the
current corner not the current cursor position (they could be the same though).

You may also use the context menu options to Finish - finish at the current corner and add
orthogonal segments back to the target, Autoroute — allows the autorouter to complete the
track, this will not be available if you don’t have the Easy-Router option.

Adding Corners

During edit corners can be inserted in a track path by a single mouse click at any point. After
the mouse click, move the mouse and continue with the track.

The shape of the corner will be affected by the Segment Mode that you have selected. When
editing the track, select an option from the Segment Mode> option on the context menu.

Exiting the edit option

If you get lost with the routing or make a mistake you can use the <Esc> key to cancel the
edit. You can also use Finish from the context menu which will complete the track, then use
the Undo option <Ctrl-Z> to remove it.

Using Delete to Unroute Tracks

If you wish to unroute a track back to its connection, use the Unroute Track option (see
below). If you use the <Del> key on the keyboard there are two situations that you should be
aware of:

o Delete on a track that is in the ‘middle’ of a net will remove the track and the
connection. However, when you run an Optimise on the design or that net, it will
reinstate the connection path.
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Unrouting Tracks

Ic1

39 g 2248

In the above example, with the end Even when Optimise is run, the
connection between R4 and R9 routed, this connection is not reinstated.
track is selected and the Del key pressed.

Delete on a track that is at the end of net will remove it completely from the design even
if Optimise is run afterwards.

o o o

o o
With the middle The track is deleted. The If Optimise is then
connection routed, this nets on each side of the run, the connection
track is selected and deleted connection retain reappears
the Delete key pressed. their original Net Name.

Tracks within a design can be unrouted back to their 'connection'. To do this, use the Unroute
Nets> option from Tools menu and choose either All Nets, Browse or Selected Nets
depending on the refinement of unroute that you require.

The context menu also contains unroute options under the Nets> option. From this menu you
can choose Unroute Track Segments, Unroute Track Path, and Unroute Nets. This gives
you control over unrouting the individual selected track segment(s), the point-to-point track
path and the whole net.

A0 _OFNEY
Edit Segment
arc »

Tet ¥ Change het...

Auto Adjust Track Highlight Met
Fatten Selected Tracks

Optimise Mets Chrl+D
Delet Delet
K| Delet =t Unroute Track Segments Chrl+l
Origins » Unroute Track Path /'i
L ke Net:
E& Properties... Alt+Enker nrodte hlsts O‘L_/
Fix Track Segments

Unfiz Track Segments

R4

After selecting the track segment(s), choose Nets> and The selected track segment
Unroute Track Segment from the menu. only is unrouted.
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Viewing the Grids

A visible grid is helpful when positioning tracks. If the grid dots are not displayed, press the
<G> key on the keyboard. You may also switch on the grid dots from the Settings menu and
Grids. Each named grid has its own visibility switch.

Grids X

Grids

Add...

C  25thou Cancel

Polar Grid 50 Rename. ..
*  Working Grid
Copy...

Display

Visible []Draw Grid First  [_]Draw Crosses

Secondary Colour: [CLines

You can also make the grid dots displayed as lines on the design. Use the Lines check box
next to the Primary or Secondary Colours.

By selecting the check box, Draw Grid First, you can control whether the grids are draw in
front or behind design items. Selecting this box will draw them behind design items. This
switch really depends on whether

The Grid Snap settings will use the grids defined in the Grids dialog. To access this menu,
while designing, press the <H> key, see below for more information. Experienced users
usually work with the grid displayed.

Snapping Tracks to Grid

The Grid Snap menu is accessed at any time during the design process using the shortcut key
<H>. It can be changed for the placement of components and routing of tracks for example as
well as all other interactive options.

Grid

Half Grid
Quarter Grid
Tenth Grid

Fortieth Grid

Metric 0.5mm
Polar 25thou
Working Grid

. Grids...

It also allows you to set fractions of the currently selected named grid using the shortcut key
<H> while editing the design. By pressing this key, you will be shown a context menu that
contains alternative grid modes. These grid snap modes are useful when routing fine tracks
between the pins of ICs and where more than one track between is required.
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For the neatest layouts, always try to work to the largest snap grid possible, use the snap
modes where required and only move off-grid using freehand when absolutely necessary.

Using named grids allows you to swap grids between imperial and metric if you require
mixed-unit designs. By defining a grid of 0.5mm for example, this will be exactly defined
once Metric units are invoked (using the Units option and Metric). When using Imperial
units, you can ignore this grid until it is needed.

Adding Stub Routes

Stub routes are short segments of track, normally with a via at the end of them. These might
connect a surface mount pad to an inner layer power plane. Because surface mount pads have
no way of connecting to a power plane (unlike through hole pads which have plated drill
holes), a track and via are required to make the connection as the picture below illustrates.

o 6 ’%‘
The nets act as an indicator of the connectivity and can be used later on to highlight gaps in
the 'copper’ path when the Connectivity Report is run (from the Qutput menu). This picture

also shows the nets before Net Optimisation has been run, showing the actual connection
path and not the nearest path.

Once run, the nets now take the shortest connection path between the vias.

ik

» To add a stub route

To add a stub route, you must be in Add Track mode and not be editing the connection
directly.

1. From the Add menu, click Track, you can also use the Add Track option from the PCB
Design toolbar. As explained before, the connections and nets are only there for clarity
of connectivity of the nodes in the design.

2. Select the pad to have the stub route, and click on the pad centre.

3. Drag the track to the length required as indicated below on the left hand surface mounted

capacitor:
|_-
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4.  From the context menu select End On Via.
Track Style... 5
Change Yia Style. .
Change Met...

Highlight Met

End On Via

AutoRoute
Start: Track Hugging

Show Mearest Mode on Net

Shows Design Clearance

Frd Anlina noe

5. This will give you a dynamic via on the end of the track ready for placement. The via can
be moved around to place it on a grid point or to the location required.

-

6. Double-click the mouse button to release the via in its current position. If the position of
the via is critical and you are working on a very fine grid you can also use the keyboard
keys to add corners and release the via. The up and down arrow keys can also be used to
move the via. The spacebar will add a corner and the <Enter> key release the via.

Protected Vias

On the Properties dialog for selected vias, you have the ability use the Protected switch.
This is used to lock a via against being automatically removed when a track attached to it has
its layer changed so that the via is no longer required. Protected vias are never automatically
deleted, and are usually used for stub routes from a surface mounted pad to reach an inner
plane or the other side of the board.

Track Fattening

Tracks can be ‘fattened’ up allowing more track copper to be laid down on the PCB.

:ﬂ
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The Net Class track settings on the Design Technology dialog are used to define the
Nominal and Minimum widths.

Where the Nominal width used causes a DRC violation and with the Neck Track feature
enabled, the option will ‘neck’ down to the Minimum Track Width defined.

MName |T)rpe | Min. Track
X |Signal Signal Signal 10
iPower Power Power 25
X | Ground Power Power 25




184 Creating PCB Designs

The option to Fatten Tracks is available on the context menu while editing tracks.

é P N[NNI Y - [N 0
ml_- Auto Mitre Selection

Unmitre Selection

| Fatten Selected Tracks

' Malaka Falaka

The minimum length setting can be defined in the Design Technology dialog under Rules
and the Min Neck/Fatten Length rule.

Pads and Drills Board Spacing: 0.0000

Drill Spacing: Panel to Board:
STy Test Land Checks
Min Paste Size: m Minimumn Pad Width:
Min Via Aninular Ring: Minimum Separation:
Min Hole Size: Probe Side: Bottom ~
Tracks ;
Minimum Track Width: J::i:n;run::;l:i‘c::ﬁngle:
Min Meck/Fatten Lenath: [100.0000 HMinimum Alowed Gap:

This rule is also used to define the ‘stub’ distance when routing and fattening. This is the
distance between the pad and the start of the ‘fat’ track segment.

Automatic Track Necking into SMD Pads

While editing a track, it is possible to enable automatic track necking if the ‘fat’ track is too
wide to enter a pad without causing a design rule violation.

glllllllllllllllll_‘ E.IIIIIIIIIIIIIIIII_

Like the Fatten Track option, the Net Class settings are used to define the Nominal and
Minimum widths. Where the Nominal width used causes a DRC violation and with the Neck
Track feature enabled, the option will ‘neck’ down to the Minimum Track Width defined.

Mame |Type | Min. Track
X |Signal Signal Signal 10
iPower Power Power 25
X |Ground Power Power 25
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To operate in this mode, you need two features enabled. The Online DRC and Neck Tracks
options should be enabled. Both of these features are enabled in the Preferences dialog under
PCB Interaction.

Push Direction: Bath - [#] Online DRC

Springback Meck Tracks

Auto Neck Track

The Auto Neck Track option allows you to dynamically track segments to automatically
neck down to use a smaller track width to pass by obstacles when the normal width would
produce a design rule error. When the obstacle has been cleared, adding a corner to the track
will automatically swap back to the fatter normal width.

The necked track width will be taken from the minimum track style associated with the Net
Class of the track being edited. Necking will not be performed if there is no minimum track
style, or the current track width is not greater than the minimum from the net class.

Use the Auto Neck option on the context menu when adding or editing a track, this can also
be set in the Preference dialog under PCB Tracks.

Preferences X

General Design Backups Display Cross Probe Dual Sereen  Interaction  Schematics Interaction  PCB Interaction  PCB Tracks  Wamings

General Double Click To Start Track Sketch Track
Track Segment Mode: Mitre: ~ @) Add Track [] Use Pairt Ta Point Made
= i
[]"Stiteh" Connections/ Tracks (O Pull Tight Track Mitre: Resuit
o O Sketch Track [ Use Any Layer
Adding or Editing Tracks [ Use Grid When Sketching
Use Selected Track Style
[ Mliow Duplicate Tracks Double Click Ta End Track Adjust Track
Allow Pick Connections (O Complete Track Mitre: Result
[ Edit Connection As Track (®) Finish Here

Track Hugging

[] Show nearsst Node on Met ] Aways Use Minimum Gap

[ 5how Legal Completion Path

[THighlight Met being edited [] Clear Highlight after edit
[ Prefer adding on visible Layer

[ Drag unconnected Pad starts new Track

[1Dontt use Trackfand Via Styles from the Net Class

Show Corfirm AddWia Dizlog: | § not different nets ~
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Swap Layers Mode

You may have a requirement for swapping track layers (this also works for shapes) from one
side of the board to the other, the Swap Layers option allows you to interactively do this for
selected items. This is generally useful for a post-routing clean up, you work your way around
the design swapping items to the other layer to reduce the via count.

The Swap Layers option is available from the Edit menu in a PCB design.

As a quicker mode of swapping layers, it is easier to select the track and use <L> (Change
Layer). It will do exactly the same as the Swap Layers mode including adding or minimising
vias.

Note: A certain number of vias can usually be removed automatically using the Smooth
Track option (see the Tools chapter below).

Swap Layers works much like the normal Select mode, including the ability to select single or
multiple items, but the selection is restricted to the type of items that can be swapped. Once
selected, the items are swapped to the opposite side of the board. When swapping tracks to the
other layer, vias are automatically inserted into the ends of the tracks where they swap layers.

Note: Online DRC is not carried out within this option, as it would prevent much of its
usefulness in ‘untangling’ track patterns.

Display Clearances

The Display Clearance option is used to show the Spacing clearances around items within
the design.

This is enabled through the Display option, Settings and Highlights page using the Show
Clearances switch and the colour settings for Error: and Warning:

Merge Colours Show Clearances: Finish Mart
[l Shapes Emor: i Direct Hit: [l
[ Tracks S——

Waming: N ~ Neart: @

This will highlight potential obstacles when performing various editing options (such as track
editing or moving a single item). You can specify how far away potential obstacles should be
before they are highlighted, this can be specified as an absolute distance, or as a number of
grid steps (the larger of the two is always used). If both values are 0, then obstacles are only
highlighted if actually in error.
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Pull-Tight Mode

The maximum distance to a highlighted item is set in the Preferences dialog on the PCB
Interaction tab using Design Clearance Distance Maximum.

raction PCB Interaction PCB Tracks Wamings

Design Clearance Distance Maximum

Distance: thou Grid Steps:

Camnnnent Pozhasgide

When adding a track for example, you are able to switch on the display clearances using the
Show Design Clearance option from the context menu when you right click.

Auto Meck

<

Show Design Clearance |
i Online DRC

Change Segment »

The Pull Tight Track mode is available to complement the Trace-Router autorouter and is
available on the Add menu. Note, without Trace-Router enabled, this mode is not available.
This works slightly different to the conventional manual routing and sketch track modes. Two
things make is different; the track is ‘pulled tight’ between the source and target pads. Think
of it as a piece of string if you like, being pulled tight around some obstacles.

This is what the appearance of the completed track would look like, the shortest track length
but pulled close to obstacles.

The second is the auto-finish option (switchable). When the track gets close enough to the
target pad, it will auto-finish, ready to start editing the next connection. This mode is available
on the context menu when in Pull-Tight mode.

Change Met...
Highlight Met
End ©On Yia

Auko Finish

[<]<

Show Mearest Mode on Met
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Using the Settings menu and Preferences, PCB Tracks tab, you can define how double-click
on a connection action will behave for Pull Tight mode.

Double Click To Start Track
@) Add Track
Pull Tight Track
Sketch Track

Online Design Rule Check (DRC)

Online Design Rules Check (DRC) will help you to detect design rule errors as they happen
whilst you are editing your PCB design.

As each item (track, component, etc.) being added, placed or edited is released, the program
checks for design rule violations against other items in the design. All affected items are
checked, including for example, any tracks attached to a component you have moved.

If errors are found by these checks, error markers are added to the design, and a message box
is displayed prompting you to choose between finishing with errors, or resuming adding or
editing the item.

i ~  Finishing here would result in

"' Design Rule Check errors.
Finish here anyway?

To control this feature, the Online DRC check box is available on the Preferences dialog
under the PCB Interaction tab.

Push Direction: Both - 7| Online DRC
V| Springback V| Neck Tracks

A shortcut to this switch is also available on the context menu when in select or edit modes on
a track and when placing items.

. ]

Cancel Esc

Rotate 3

Show Design Clearance
[£d online DRC |

Change Layer... L

The Online DRC option switch is also accessible on the main Tools menu.

Differential Pairs

As part of your tracking or manual routing process, you can define and route in Differential
Pairs.

What is a Differential Pair?

A Differential Pair is a term used in PCB design to define a pair of tracks that carry signals
that are transmitted down them. These are usually tightly coupled tracks; one carries a
positive signal and the other carries the returning signal, this tight coupling balances the pair.
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Setting up Diff Pairs

Diff Pairs are defined using Net Class settings within your Design Technology and they must
be enabled for use by selecting the Differential Pairs check box.

If Differential Pairs are enabled on a Net Class, Easy-PC will automatically detect pairs of
nets using this Net Class and then based on their Net Names, it searches for pairs of nets with
the suffix _P and _N and automatically designates those as a pair, for example, DQS_P and

DQS_N. If you had DQS1_P and DQS2_N for example, these would not match as a legal Diff
Pair.

The Net Class dialog allows you to enable Differential Pairs:

Met Class =
| Mame: | Das ||
[ 0wn Colaur:
Finimumn Track Style ‘Wia Style
M ame: |Signal Mom w M ame: |Via v|
width: 0.203 Size: 0813
Shape: Raund |

Mominal Track Style

N ame: | Signal Min » | Length: 0.000
Wwdidth: Hole Size:

b aximum Track Length Difference [ Min and bax Track Lengths
Length: 0.000 0.000 0.000
Differential Pairs Tented

Gap: Skew Length: |1.5UU | |None ~

I airnum Yia Count I aximum Stub Length

Cancel

Once enabled, controls are available for separate Diff Pair Gap and Skew Length for pairs
on the Net Class.
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A gap different to the main Track to Track Spacing rule may be required for specific Diff
Pairs. This is the gap between the edges of the tracks of a pair and overrides the normal Track
to Track Spacing rule.

The Skew Length value between each pair can be set, this effectively enables you to set a
maximum delay distance. This can be as long or as short as required depending on your
timing requirements.

Skew

Gap

Other length rules for a Net Class can also be utilised within a Diff Pair, such as Min/Max
Track Lengths, Maximum Via Count and Maximum Stub Length.

Creating Diff Pairs

When a Diff Pair is added to the design, it will be the actual centre of the two lines that is on
grid, not the Diff Pairs themselves. This means you should try and use grid multiples when
routing so that odd segments are avoided.

To start a Diff Pair, you can choose a number of options:

o Pick one of the Diff Pair connections and choose Turn diff pair connections into
paired track from the context menu:

Select 3
e Fetch Component...

(& Fix Item
Edit Segment
Met 3

Autoroute with Pro-Router

|% Turn diff pair connections into paired tracks |

K Delete Delete

COrigins 3
H Grids...
: FE' Properties.. | \.

. Pick either the connection or Pad of the Diff Pair connections and select Diff Pairs from
the Edit menu.

Once the Diff Pair option is selected you will see two ‘dots’, these present the start of the
Diff Pair, a modal cursor indicated you are in ‘pairing” mode.
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From here, you can ‘draw’ in your pair. This operates the same as when adding tracks with
most tracking modes available; Change Layer, Segment Modes, Display Clearances etc.

These are available on the context menu.

When you see the start points, you can also immediately right click to view the context menu.
This contains the Route Connection At Start Point mode.

o

When this is selected, the start of the Diff Pair will be taken from the pads and will
automatically route out (where it can) to the Diff Pair tracks.

Draw the tracking in as required:

o

\E\\

R37.1 to R36.1
Track Path: 13.9009

Net: 13.9009

Across Net Class:
Shortest: 59459
Longest: 139
Difference: 7.
Max Diff:

Diff Pair Other Net: 13.9037
Ske

=
Max Skewr: 1
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During routing, this uses the Diff Pair Gap (on the Net Class, if defined) or if not defined, it
uses the Track to Track spacing for the current Net Class and Layers (this way you can have
different gaps on different layers).

During editing, you can use Change Layer using the context menu option or <L> key. Two
vias are inserted along with suitably spaced tracking. When using Change layer, if not All
Segments then it inserts a 45-degree via pattern where vias are separated using the Via to Via
Spacing.

Double Click to finish a Diff Pair

While editing a Diff Pair, it uses the Edit Track options in Preferences to decide what to do
when double-click is used to finish, for example, Finish Here or Auto Complete.

Using Auto Complete will enable the pairing to finish on the target pads for you:

B
A A B

Partial routing of Diff Pairs

If a diff Pair has been partially completed, within Add Diff Pair mode, you can pick the two
junctions at the end of the paired section to start from. Move the gather point back over the
junctions to add paired segments to the existing ones and continue Diff Pair routing.

Diff Pairs — Nets Bar

Columns are available in the Nets Bar for Diff Pairs.

Nets x
(Tt

Name | Class |Pads Netlength | Min Length Rule | Max Length Rule | Length Diff Rule | Shortest in Class| Longest in Class | Length Diff | Viss | Diff Pair Skew Rule| Diff Pair Skew |
DQSN DG5S C161021R202U1.6 33.0287 03000 39624 53,7648 493024 0 1.5000 38500
DOSP  DQS  C720Q22R22 20,1688 03000 39624 53,7628 498024 0 1.5000 28509
DRVE  DOS | C12.2PL210Q53Q63 304784 03000 39624 53.7648 49,8024 0

BN Das | R362R3T2 16.0547 0.3000 39624 537648 499024 0 15000 27010
P DQs | R36.1R3TI 13.2607 03000 39624 53,7648 49.3024 0 15000 27010
Feedback DQS  PL24RLI 168972 03000 39624 53.7648 49,8024 0

High speed DS PL14RAD 19,6663 0.3000 39624 53.7648 498024 0

Low_speed DQS  PLI3R30 17.0361 03000 39624 53,7648 493024 0

The Edit Nets Bar Columns dialog includes Diff Pair Skew Rule and Diff Pair
Skew.
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Edit Mets Bar Columns *

Current Columns: Available Columns:

Name << Add Test Lands
Class

Pads
Net Length Remove =3>
Min Length Rule
Max Length Rule Minimum
Length Diff Rule
Shortest in Class
Longest in Class
Length Diff

i Move Up

Full

Diff Pair Skew

Move Down

Cancel

For a Diff Pair net, Diff Pair Skew Rule shows the rule on a net if its Net Class has a skew

rule defined and Diff Pair Skew shows the actual difference between the lengths of the two
nets forming the Diff Pair.

As with all Length columns in this dialog, the cells change colour to display whether the
Skew is within the limits defined.

Design Rules Checking of Diff Pairs
The DRC Track Lengths check also checks and reports Diff Pair skew errors.
Diff Pair Report

A report is available in the Qutput menu and Reports called Differential Pairs Report.

B Reports b'e
Built-in Reparts - aon
Assodated Parts =
Component Height Close
Connectivity Check :
Copper Coverage Options...

Dangling Tracks

Design Rule Check Report
Design Status Report
Generic Netlist

Integrity Check

IPC356 Testland Output

Copper Pouring

As well as add basic copper shapes to the design, copper can also be used to produce partial

copper planes or split power planes with intricate shapes and cutouts where the copper avoids
obstacles such as pads and vias.

You should use the Copper Pour Areas and Copper Pour if you wish to:
[

Add a copper shape with no net association (a shape with cutouts to avoid pads etc.);

Add a copper shape with net association, for a small ground plane area for example. The
net will be connected to the copper using thermal relief;

Add a copper pour area to a layer defined as a power plane to create a split power plane
(two nets associated with the same plane but not connected);
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To achieve the above you must add a Copper Pour Area first to the design then ‘pour’ the
copper into it.

Copper Pour Areas

B Display

A Copper Pour Area is used to define a boundary in which the copper is to be ‘poured’.
Using these areas as templates for pouring provides the ability to re-pour areas and to clear
blocks of copper within that area. It allows net association to be made where connection of the
copper to a particular net, optionally with thermal relief, if required. It also allows properties
or rules for that template to be defined.

The Copper Pour Area shape options are located on the Add menu. Choose from four shape
types; Rectangle, Closed Shape, Open Shape, Circle, Triangle, Square and Single Line.

Copper Pour Areas can only be added to electrical or power plane layers. They cannot be
added to non-electrical layers. When inserted, these areas are added to the current layer, this
can be changed using the <L> key during insertion or after insertion.

The Copper Pour Area is drawn using the Pour Areas colour in the Colours option on the
View menu. The actual copper uses the Poured Shapes colour in the Colours dialog. These
colours are layer specific depending on which layer the area or shape appears.

Layers and Layer Spans  Settings and Highlights Nets  Met Classes

Layer Display| Selectable| True Width | Tracks | Routing Areas” PourAreas”Comp Areas| Pad5| Shapes” Poured Sh +‘ i Load. . ]
Displayed Yes Yes es Yes Yes | Yes Yes T
Selectable Yes Yes es Yes Yes | Yes Yes

Display Al
True Width Yes Yes es Yes Yes | Yes Yes
[All] Yes Yes Ves Hide Al
[Top] Yes Yes Yes -
Top Electrical Yes Yes Yes
Top Silk Screen | Yes Yes Yes -- Apply to Row
Wires Yes Yes Yes Apply to Col
Bottom Electrici| Ves Yes Yes

Apply to Al
Dimensions Yes Yes Yes Copper Pour Actual Copper
Bottom Silk Scre|  Yes Ves Ves Areas Shape .

Pour Copper

P To add a copper pour area
1.  From the Add menu, select the Copper Pour Area shape required.
2. Select the area shape type and draw your shape.

3. Copper Pour Areas can be modified using the same editing methods as any other shapes
or areas.

4. When the final shape has been completed, select it and from the context menu you will
be presented with a context menu of commands applicable to Copper Pour Areas:
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9.

| Arc 4
Eﬁ Pour Copper
Add To Net
¥ Delete Delete
DOrigins 4

On this menu Pour Copper (and Clear Copper once the area is poured) are used.

As their names suggest, Pour Copper is used to create the poured area and Clear
Copper is used to remove areas of poured copper from the design.

On selection of the Pour Copper option, a dialog is displayed.

Pour Copper

MNet Mame:

Rules

Item Type:  Spoke Type:

Thr. Pads:  Prefer Orthogonal Spokes
SMD Pads:  Prefer Orthogonal Spokes
Vias: Prefer Orthogonal Spokes

Areas to pour. 1

This allows you to associate a Net Name to the copper, to control the Minimum area

Izolation:

10.0000
10.0000
10.0000

Relief:

12.0000
12.0000
12.0000

b

Cancel

Min Copper &rea

2500 Sq. thou

|zolated |slands

Bemaove Highlight

Hatch: Spokes: Min: Rule From:

Mo
Mo
Mo

4 2 Design
4 2 Design
4 2 Design

size of copper poured and the Isolated Islands. Values for Thermal relief and Isolation

gaps used for the thermal ‘connections’ of the attached copper spokes are displayed.

These are taken from the rules defined in the Design Technology dialog and Rules page.

N\

+—— Thermal spokes

\ j‘— Isalation gap

Check the Isolated Islands Removal button or the Highlight button if you wish to
control how isolated islands are handled. Isolated islands are created when copper is
required but there is not enough space to connect it to the next shape.
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By

The picture above shows the This picture shows how the isolated
effect with isolated areas area (on the right of the main
retained. copper area) has been removed

because the check box is selected.
10. Click the OK button to ‘pour’ the copper into the area.

Net Association

Poured copper areas can be made without any net association and are used to add more copper
to an electrical layer if required avoiding the tracks, vias and pads etc. Net association will
mean that thermal spokes and isolation gaps are automaticaly added to pads on that net during
the creation of the copper area.

The spoke width will be defined using the width of the Spoke Style defined in the Rules of
the Design Technology dialog:

Power Planes Component Height Checks
mm
<Default> ~ O Top tdax Allowed Height: |0.000
[ Battom M ax Allowed Height: | 0,000

Prefer Orthogonal Spokes ~ Value Name:  [Height “ |

Isolation Gap:
i Component to Component Spacing
Spoke Width: Top Side:
Number of Spokes: 4 = Bottom Side:
Minimum Spokes: 2 : Boards
Pads and Drills Board Spacing:
Drill Spacing: Panel to Board:
Min Annular Ring: 0,127 Test Land Checks
Min Paste Size: 0.076 Minimum Pad Width:
Min Via Annular Ring: 0,127 Minimum Separation:
Min Hole Size: Probe Side: Bottom
w1
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When associated with a net, leaving "Thermal Pads' unchecked will pour copper over the the
top of the associated pads. This may be a requirement for some design applications.

During the pour of an area, all spacings used are as defined in the Spacings dialog. For each
net the Guard Band spacing is also considered and added to the spacing already defined as a
default. For example, a Guard Band spacing of 50 thou would be added to a default spacing of
10 thou to create an overall clearance between the copper area and a particular track/via/pad
of 60 thou.

Copper Pour Areas can be assigned a net name and a pour order using the Properties dialog
and Shapes and Area tabs. A Pour Order means that all pour areas in the design can be
poured at once using the Copper Pour command from the Tools menu. They will be poured
in numbered order in assending order.

Properties - Copper Pour Area hat
Shape Area
Style:  Default_Min =
Width: 5 EIRel

[] Pour Keepout () Hatched
Cross Hatch |:| Owemide Design-Level Thermalz Hatch Style:
pau = . <Default>
Overmide Default
Layer: |1 Top Bectrical - [ Avaid Same
Prefer Orthogonal Spokes Net Tracks
Selected Segments
Length: 3525 10.0000
Start: 4075 g0 | L
End: 550 6250 10.0000

Closed [F]Filed [ ] Hatched [ Fored Copper Pour Area

Nt V|7 | Order: L ] | ® Sold i

I RiEs

Warning: Do not pour copper onto layers which have been defined in the Layers page of the
Design Technology as Powerplane. When plotted this can cause adverse results. See below
for Split Power Plane usage.

Editing the copper poured shape

To edit a copper shape, the poured copper should be unpoured first using Clear Copper
from the context menu. Do NOT use Delete to remove the copper shape. The Copper Pour
Area template can then be edited and re-poured. This way all the spacings and net association
are maintained.

If curved tracks or shapes are used, the shape looks like this:
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Clear Copper

Clear Copper is used to 'unpour' the copper area. This must be used to remove copper before
editing or repouring the area. Any poured copper within a Copper Area will be removed when
Clear Copper is selected. Copper which has not been poured but has been manually added
will not be removed.

P To clear a copper pour area
1. Select the Copper Pour Area boundary to unpour the copper area.

2. From the context menu select Clear Copper.

i@a Pour Copper

L@a Clear Copper |
Disconnect From MNet
Net 3

¥ Delete Delete

Origins 4

H Grids...

F&' Properties... Alt+Enter

3. All the copper associated with that poured area will be removed including thermal
spokes. Do not use delete on copper areas, this will not clear all the associated copper
shapes created.

Copper Pour Keepout Areas

Adding a Copper Pour Area to a power plane layer and designating it as a Pour Keepout
will cause that region of the layer to be kept clear of copper on the resulting plane.

To designate the Copper Pour Area as a Keepout Area, select the area and then in Properties,
select the Pour Keepout check box.



Creating PCB Designs 199

Properties - Copper Pour Area X

Shape Area

Name:

Copper Pour Area
Order: 0 Solid Fil
Pour Keepout Hatched

Cwemide Nesion-l evel Themals

When the Pour Keepout area is added to the design, copper is avoided when poured.

The area will be shown on the Preview in the Plotting & Printing dialog to assist you in
checking that the area is set up correctly.

AO00CnOcioar

10000000000

=
=
=
=1
|
=
o |
=
=9
=
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Split Power Planes

Teardrops

The Copper Pour feature can also be used to create split power planes (split planes are two or
more copper areas on the same layer, normally an inner layer that contain two different
signals).

To create a split plane there are a number of rules that should be observed:
o The layer must be defined in the Layers dialog as an Electrical type.

. The layer can be defined as Bias of Powerplane but must not have a net associated with
it.

o The Copper Pour Areas must be defined on that layer and must each be associated
with the required power/ground nets that will connect to it.

. The Copper Pour Areas must be poured.
. The layer must be plotted as if plotting a normal electrical layer.

By using Copper Pour Areas on an inner power plane layer, and a layer nominated for plane
use (although the layer doesn't need to be a type of Plane as long as it is an electrical layer)
but not associated with any nets, a split plane can be generated.

Enough space should be left between each of the copper areas, although when poured the
copper areas will be spaced to at least the distance of the Copper to Copper spacing rule
defined in the Spacing dialog.

When poured, the split planes will have this effect:

This would then be plotted as you would a 'normal’ electrical layer. The power plane has
effectively already been generated using the copper pour and no other process is now required
other than plotting it.

Teardrops are supported in the PCB design. A Teardrop is a copper shape which smoothes
the entry of a track into a pad, causing the pad shape to resemble a feardrop. Adding teardrops
would normally be done near the end of the layout process, when track positions have been
finalised.

Use the Apply Teardrops command from the Tools menu to add teardrops to all or selected
nets. A teardrop is just a copper shape which you can later apply most of the normal edit
commands on. So, for example, you can select and delete individual teardrop shapes once
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they have been added. A teardrop will not be added if there is not sufficient track length on
the track segment leaving the pad, or if it would cause a design rule error.

These shapes are not dynamically changed, so they need to be deleted and regenerated if the
design is changed.

Auto Mitre 3
Smooth Tracks 3

| Teardrops >||-b’ Apply...
Apply Vias ' &' Remove Al
Pour Copper ' ‘%  Remove From Selected Mets
AUIRRERRERE ' Remove From Browse Mets...
Auto Rename Components 3

&, | Danlara Camnnanents,,,

When the Apply Teardrops option is selected, a dialog is displayed to allow you to define
parameters of the teardrop.

Apply Teardrops X

Apply To: Parameters:

ias W-Angle:

Found Pads
= Curved Sides: [
Mon-Round Pads
Selected Mets Only Add Errar marker when
Teardrop will nat fit
Browse Mets...

: Add Teardrops Apply Seftings Cancel

You can control which types of pad receive teardrops using the Apply To check boxes. Check
the Vias box if you want Vias to receive teardrops. Use the Round Pads and Non-Round
Pads boxes to control if all pads other than Vias will receive teardrops. You may not want
Non-Round Pads to receive teardrops because they do not produce the same smooth effect of
round pads.

As well as controlling which types of pads receive teardrops, you can select which nets. If you
had nets selected when you entered the dialog, then the Selected Nets Only box will be
checked, and only those selected nets will be used. Uncheck this box if you want teardrops
applied to all nets in the design. Alternatively, you can use the Browse Nets button to select
which nets will be used, once you have done this, then the nets you selected in the Browse
Nets dialog replace those initially selected when you entered the Apply Teardrops dialog.

You can control the appearance of new teardrops by changing the Parameters. The V-Angle
is the angle formed at the sharp end of the teardrop. The smaller the V-Angle, the longer and
more slender the teardrop will be. The default value of 60 degrees is a typical value. You can
choose to curve the sides of the teardrop by checking the Curved Sides check box, this gives
a better transition into the track itself.

The Add Teardrops button will add teardrops to the design. Any existing teardrops will be
removed from affected nets, before the new ones are added.

The Apply Settings button simply stores any changes made in the dialog but it does not add
any teardrops.
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DRC Track Spacings for Teardrops

A check box on Spacings page of Design Technology dialog instructs Easy-PC to use the
spacings defined for tracks when dealing with teardrops. This is used instead of the default
setting which is to use the Copper Shape spacings.

The pouring will use the Shape to Shape spacing if this option is not checked:

Pad Styles Text Styles Line Styles Hatch Styles Track Styles Layers Layer

Spacings Rules Comp Rules Comp Ce
Tracks Pads ‘u"ias| Shapes| Text
Tracks 0.2032 0.2032 0.2032 0.1000 0.2032
Pads 0.2032 0.2032 0.2032 0.5000 0.2032

0.5000! 0.2032

Vias 0.2032 0.2032 0.2032
Shapes 0.1000 0.5000 0.5000 0.2032
Text 0.2032 0.2032 0.2032 0.2032 0.2032

Dimensions

Board 0.6350 0.6350 0.6350 0.6350 0.6350

If the Use Track spacing for Teardrops check box is selected, it will use the Shape to
Track spacing instead:

Tracks| Padsl ‘u’ias| Shapes| Text
Tracks 0203 0.203 0.203 0.203 0.203
Pads 0.203 0.203 0.203 0.203 0.203
Vias 0.202 0.203 0.203 0.203 0.202
Shapes [ o203 0.203 0.203 0.203 0203
Text 0202 0.203 0.203 0.203 0.202
Board 1.270 1.270 1270 1.270 1.270

Rule Level
(@ Design () Met Match Stop at first Net Match

[ Check Against Same Net
[ Use Board Centreline

| [ Use Track spacings for Teardrops
[ Me Same Compenent Emors

Removing Teardrops

You can remove individual teardrops by selecting and deleting them. There are three
commands which allow you to remove them in batches. Remove All Teardrops will remove
all teardrops from the whole design. Remove Teardrops From Selected Nets will remove all
teardrops from the nets currently selected. Remove Teardrops From Browsed Nets will
remove all teardrops from the nets selected from a dialog.

For documentation purposes in a PCB design, you can interactively create linear dimensions
that show the distance between two chosen points.
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@LEDI LED3
175.00 thpu

525.00 thou

On the Add menu in PCB Design you have the following options; Horizontal Dimension,
Vertical Dimension, Radial Dimension, Angular Dimension and Free Angled Dimension.
There are also three buttons on the PCB toolbar to add dimensions:

3B

Selecting one of these options puts you in Add mode for the appropriate type of dimension.

» To add dimensions

1.
2.

S

Select the Add Dimension> option from the Add menu.

The interaction is very simple; the first mouse click starts the dimension at the
designated position.

The second click places the end position.
The third click fixes the length of the construction lines.
Drag can be used at each stage instead of click and move, if preferred.

The dimension text will be automatically updated to show the measurement between the
dimension start and end arrows in current units. This will be automatically positioned
between the arrows or to one end of the dimension as space dictates.

Once added, a dimension may no longer be manipulated as a composite item, only as
individual shapes and text. For removal, rather than editing a dimension, it should be
frame-selected, deleted, and replaced by a new one.

Dimension Defaults

Dimension settings may be modified by using the Design Technology dialog and the Line
Styles and Text styles pages.

When adding Dimensions, their ‘look’ is defined from the Defaults page and Dimensions.
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Text Callouts Inzerted Tables Layer Stack Flying Wires Wire Links
Text Shapes Copper Pads Tracks Vias Dimensions Nets Bitmaps
Layer: | Dimensions w

Snap To ktem
Text: Length Units:

Text Style: | Dimensions bt
[ Define Units: | thou
Crientation:

Orthogonal: | Horizontal Radial: |Horizontal
[] Show Units

Free Angled: | Horizontal | Angular: | Horizontal

Amow Heads:
Line Style: | Dimension AmowHead Lines ~ Angle Units:
Length: |E‘ | Width: |‘fl | Filled [] Define Units: | degree
Size Multiplied By Amow Line Width 2 =
Amow Lines: Show Units

Line Style: | Dimension Amow Lines ~ Units Text: l:l
Text Gap: |20.0000

Documentation Lines: [] Display Diameter

Radial Dimension:

Line Style: | Dimension Lines i Amow Across Diameter

Start Gap: |0.0000 Extend By: [20.0000 [ No Amow Heads

This dialog allows you to view and change the line styles, text style, layer and other settings
used when dimensions are added.

The Snap To Item check box will cause the dimension start or end point to be at the closest
edge of the item selected. If a pad is being dimensioned the snap point will be at the pad's
centre. This option may also be toggled via the right mouse context menu when adding a
dimension.

Text Callouts

There is a composite design item in both PCB and Schematic designs called Text Callouts,
used for documenting points of interest.

Text callout

=t T

Text callouts consist of a text item, a shape around the text (the text box), a line from the text
to the location of interest (the pointer), and a shape at the end of the line (the pointer end).
These items are invisibly grouped so that if any one item is selected, the whole callout is
selected, and so the callout is always considered as a single item.

These are available on the Add menu, Add Text Callout and on the PCB toolbar.
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Measure

» To use Text Callouts

1.

5.

First select the pointer end position, you will be presented with a dialog to supply the
text and layer. The layer can only be a non-electrical layer. After this the callout is
displayed on the screen and you can place the text item at the required position.

The defaults for the styles, layer and appearance of new callouts are defined in the
Defaults dialog. You can override this by pre-selecting a Text Callout or Free Text item
before using the Add Text Callout function.

Defaults *
Text Shapes Copper Pads Tracks \ias Dimensions Nets Bitmaps
Text Callouts Inserted Tables Layer Stack Flying Wires Wire Links
Layer: Dimensions ~
Text Style: Text 60 e
Line Style: Dimension Lines E

Appearance
Pointer End: Circle i
Pointer End Size:
Pointer Line: | Straight Line b
Text Box: Rectangle v
Text To Box Gap:
Box Attach At: | Comers Only w

Once added, you can alter callouts by dragging the text item, dragging the pointer end,
moving the whole callout by dragging any other part of it, and changing cutouts
appearance by double-clicking on it and using the Properties dialog. You can change the
appearance of each of the three shapes.

By default the text and shapes are drawn using the normal text and shape colour, but you
can also highlight all callouts in a single supplied colour using the colours dialog.
Individual callouts can also have their own colour using the properties dialog.

Different styles of text callouts can be achieved by changing their Properties.

The illustration below shows the various callout options:

Text Callout

Text Callout

Text Callout
/ Text Callout

This is an interactive option to measure between two design items.

» To use measure

1.

Select the Measure option from the Tools menu.
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2. The Measure option appears, this is a floating dialog.

3. This prompts you to select the first item to be measured. This window can be moved if it
obstructs the items you wish to measure.

Measure *

From: Dist.  short Gap Drill

Track Segment on net DO

Dist; | 50.0000
Width: 10,0000
Length: 160,0000 ¥ | 0.0000
Angle: 0.0
Layer: Top Electrical ‘i | 50.0000
To: Angle: | 90.00

Comp Pad U1.3
Width: 60,0000

Height: £0.0000 i
Drill Hole Size: 35.0000 Units: [18nap b9 Item
Layer: [All] Use Grid

| Hide Report...

Laver: | Top ElF
4. Select an item, then a second item.
5. The results window shows various distances between the two items.

6. This is the real distance between the points as would be calculated through the DRC
option and is measured against the closest point of each item selected. The electrical
items selected will be highlighted in the selection colour to show which are chosen. A
small line also indicates the points chosen for the measurement as confirmation.

7. The window can be cleared using the small cross [X] or by selecting <Esc> on the
keyboard. This will also cancel the option when you have finished.

8. Sometimes there is no measurement that can be shown, for example if the two items are
track segments on different layers; this is indicated in the result window too.

9.  Click the cross in the top right corner of the dialog to exit this mode or press the <Esc>
key on the keyboard.

Dual Design Units

The Measure dialog/panel can display lengths/areas in two different units. From the main
Measure dialog, click on the Units: button (the one that shows the current units) to access the
Measure Units dialog.

This dialog has an extra check box Show Two Units and a second pair of controls to let you
set up the secondary units.
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Measure Units x

() Use Units From Design

(®) Define Measure Units

Units: thou ~

Precision: |0 =

Show Two Units

Units: mm ~

Predsion: | 2 =

OK Cancel

Once this is set up, any measurements you do will be displayed in both sets of units. The
second unit set being shown in brackets ( ) on the Measure dialog:

From:
| Comp Pad U38. 1on netog52 |

Width: 74.500p (1.89 mm)
Height: 327.50D0 (8.32 mm)
Cirill Hole Size: $2.0000 (0.81 m
Layer: [All]

To:
Comp Pad U38.20n net NO653 |

Width: 60.000p (1.52 mm)
Height: 110.00p0 (2,79 mm)
Dirill Hole Size: $2.0000 (0.81 mr
Layer: [All]

Layer:l [l |

Dist.  short Gap Drill

Dist: | 1000000 (2.54mm) | |

% [ 100.0000 (2.54mm) | |

¥: | 0.0000[ (0.00 mm) |

Angle: | 0,00

Design Rules Checking

The Design Rules Checking option will allow you to check your design prior to sending it
away to be manufactured. The rules checked against are set up in your Technology file and
passed into the design in the Spacings dialog available from the Design Technology dialog
on the Settings menu.

While it is perfectly acceptable for unrouted tracks (connections) to criss-cross the board,
routed tracks must not cross each other, and should be routed with a certain minimum
clearance between each other and between tracks and pads.

When this option is run, if DRC errors are found, the error will be highlighted using an error
marker with an appropriate code for that rule violation. This will help you identify and
correct the error.
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N Tre
Setting up clearances

The clearances used for the check are set up from Spacings page on the Design Technology
dialog. All combinations of tracks, pads, vias, shapes, text and board outline can be specified

independently.

Tracksl Pads| ‘u’ias| Shapes| Text
Tracks 10.0000 10.0000 10.0000 10.0000 10.0000
Pads 10.0000 10.0000 10.0000 10.0000 10.0000
Vias 10.0000 10.0000 10.0000 10.0000 10.0000
Shapes 10.0000 10.0000 10.0000 10.0000 10.0000
Text 10.0000 10.0000 10.0000 10.0000 10.0000
Board 10.0000 10.0000 10.0000 10.0000 10.0000

Rule Level
(®) Design () Net Match

The Rules page of the Design Technology dialog is used to define rules for other design-
based objects such as thermal relief on power planes and copper pour and Component

Height Checks.
Power Planes Component Height Checks
mm
<Default> w O Top fdax Allowed Height: | 0.000
[JBottom  tax Allowed Height: [0.000
Prefer Orthogonal Spokes ke Value Name:  [Height
Isolation Gap:
i Component to Component Spacing
Spoke Width: Top Side:
Number of Spokes: 4 = Bottom Side:
Minimum Spokes: 2 = Boards
Pads and Drills Board Spacing:
Drill Spacing: Panel to Board:
Min Annuiar Ring: Test Land Checks
Min Paste Size: Minimum Pad Width:
Min Via Annular Ring: 127 Minimum Separation:
Min Hole Size: Probe Side: Bottom
Min Via Hole Size: Acid Trap Checks

Running the DRC option

The Design Rule Check option is located on the Tools menu.
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Design Rule Check

Spacing
Tracks
Pads +ias
Shapes
Text
oard
Crrills
Components

[ Mets
[ Met Completion

[ Dangling Tracks

[ Track Lengths

[]'with No Comps
[] 0n Mo Cannect Pins

[ Single Pin
[ Max vias
[C]PCE Only

[] Other Checks
[ Inteqrity Check

Checking Sets

Momal | Load

X

tanufacturing

Acid Traps (®) Whole Design

Modified Pour Areas

Component Area Routing Areas Only Selection Cancel
Component Height Stub Viaz (O Inside Board Outlines
Component Names Test Land Separation Irzide Selected Board Help

Test Land Size

Test Land Under Component
Test Land Unreachable
Undrilled Through Pads

Copper Shape Yerification Inside Mamed Area:
Copper Text Outside Board
Dirill Ereakaout

Diill Backaff () Irgide Current Vi

Inner Tracks on Unplated Pads [ Unplated vias

Max Stub Length [JUnplated Pads Beport Detailed Report

Min Annular Ring Unpoured Areas Sort By: T »
] Only twhere Track Exists [Jias In Pads

in Dril Hele Size [via to SMD Pad Settings

il [Pt Gl [iwires [] Check Test Shapes

Min Solder Mask Wwidth
Min Solder Mask To Track
in Text Size

Min Track Meck Length
Min Track ‘width

Mirrored Text

[ Include Companents in Bin

E xizting Errars

Delete All Errors
Delete Marmal Ermrars

Delete Accepted Errors
Silkzcreen Overlap
Checking Against
Shapes Board
Pads
Vias
Free Pads
Text

Accept Exigting Errors

Hide &ccepted Emrars

Save Load Save

Sign-off

A dialog controls that items are included in the check. If an area on the design has been
selected, it is also possible to check just this selection by checking the Selection check box.

The dialog is split into areas of functionality to check — Spacings, Nets and Manufacturing.

The design rule checker can be configured at any time to suit your design and manufacturing
requirements. This information is stored in the Technology File.

Resolving Errors

When a Design Rule Check has produced errors, you have a choice of either correcting the
error by re-positioning the offending elements, or of relaxing the minimum specified
clearances in order for the check to succeed.

Once you have made the appropriate edits you must re-run the checker, or to remove them
temporarily (to view a clear design for example) select the Delete Errors button on the
dialog.

Removing the error marker from the design by using delete or by switching it off in Colours
does not remove the error as well. Beware, this is dangerous in-case you forget to re-run it
before plotting.

Note that if a group of items are selected, the Design Rule Check can be applied to the
selected items only by choosing the Selection option rather than the design option from within
the Design Rules Check dialog.
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Finding the error markers

Once a Design Rule Check has been completed and one or more errors have been reported,
you can move through the errors in turn using the Goto> option from the View menu. Use the
Goto> Next Error and Goto> Prev Error options. Alternatively, you can use the shortcut
keys of <V> and <T> for Previous and Next Error respectively.

At each error the display will pan and zoom if necessary to show the offending elements in
the centre of the screen with a line linking them together. There will also be a text item
indicating the type of error, e.g. T-T is a Track to Track error marker.

You may also use the Goto Browser and the Errors option. Each error can be selected from
the list and the design will pan to the centre of the screen showing that error marker.

Goto r \x
Error v
Padto Pad [P-F)

[&N]

[18737.50, 22247 50)
Track toPad [T-F]
Top Copper
[18767.50, 22417.50)
Track to Track (T-T]
Top Copper
[18597.50, 22342.50)
[18822.50, 22417 50)

DRC Error report

The format of the report is similar to most of the others in that it starts with a header block
giving information about the design file, followed by a list of all the errors found. Each error
is described by type, location and layer, and a summary of the errors found.

Note: If there are several errors between two items, only the first is reported. The occurrence

of several errors is most likely with track to track faults. There is no risk in this as re-running

the checker will always report the next error until all are cleared, and on large designs it helps
keep the report to a manageable size.

DRC Sign-Off Checks

Two sets of DRC settings are stored in the design — one for ‘normal’ checking and the other
for running as acceptance checking within the plotting dialog before manufacturing.

The Checking Set is used at the start of the Plotting process to check your design before
producing outputs, these form the Sign-Off checks. The Sign-Off checks are used as a final
verification that your design conforms to the rules you’ve specified. It highlights important
information, errors and warnings the moment before you send off your plots to be
manufactured. It will ensure you remember to run the DRC checks and will highlight the
errors to you at a critical time in the design process.

DRC option

There are two sets of DRC settings stored in the Design. You can use the Load and Save
buttons in the lower left corner of the dialog under Checking Sets to load either of the two
sets into the dialog, and save the current dialog settings away to either set.

e Normal - The first is the 'normal’ set that is used when running Design Rule Check.

e  Sign-off - The second is a 'sign-off” set that is used when running the Sign-off Checks
prior to producing plots.
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Note: When you click the Run button on the Design Rule Check dialog to start the checking,
whatever settings are present in the dialog at that time will be saved to the 'normal’ set.

The two sets of Load and Save are used for Normal and Sign-off checking sets.

Free Pads
[ Temt
Checking Sets
Mormal | Load Save Sign-off Load Save
Sign-off checks in the Plotting dialog
A check box on the Plotting Options dialog is used to enable the Sign-Off Checks when the
plots are generated.
Plotting & Printing *
New Job... Qpen Job... Save Job Save fs...
Plot Job: | | Close
Description: | | Options...
Add Plot... Copy Plot Delete Plot Repostion... | | Step & Repeat..| LI Fiot Preview
Sign-off Checks
Output  Layers Seftings  Postion
Top Electrical
Top Electrical Resist) Settings for plot: Top Sik Screen
Top Blectrical (Paste)
Bottom Electrical T el -
Bettom Hlectical (Resist) (® Gerber () Penplot () Windows Excellon  (C)PDF | Device Setup...
Bottom Electrical (Paste)
V1Dl Data - [Mhrouah Holel Plet Nama- [Tam cil. Cammmm 1
A button on the Options dialog to setup the Sign-Off checks. This is a reduced version of
DRC dialog showing only settings, and main DRC dialog has controls for saving and loading
both sets of settings.
Job File Folder Optionz
|E:\AIIEun\EPC 'winJob Filess | Browse... [J*iews report on completion
[ wite repart ta same folder as plot files
e [ AlzB A W [ Prompt if report alieady exists
O Same folder as desin fe Close main plot dialog after producing plots
O This folder below design file: Auto-generate plots when opening main dialog with no plots defined
Plots
CEiiFEEa.. warn if no plots include the board/panel outling
&l ta this folder:
© el i [ Auto load Job File with same name as design
|E:\Users\Documents Browsze. .. [ Auto save Jab File
[ Pack output files inta a Zip [JInclude Sign-off Checks Sigreoff Checks..
[ Remove individual files after Zipping
Pattern For File Mames Dill Ident Drawing
|$[DESiQNN ame] - $[PlotM ame] [$ariant]] | Composze. .. Setup Sizes and Symbols...

The Sign-off Checks button displays a reduced set of DRC options to enable you to select the

rules to check.
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‘Accepted’ DRC Errors (PCB)

Error markers can be ‘accepted’ (as ‘signed-off’). You may find that DRC finds errors which
you are prepared to accept (or 'sign off’). This might happen for example if you have a set of
'finger' pads touching the edge of the board. DRC will flag these with 'Pad to Board' errors,
which you can then set as 'Accepted’ so that there is a positive indication that you have
examined these errors and agree that they are not faults that need to be fixed. Once you have
resolved all the faults in the design except those that you are prepared to sign off, you can use
the Accept Existing Errors button to mark all remaining errors as accepted. Alternatively an
error marker can have its Accepted property toggled using the Properties dialog.

Accepted error markers are only deleted by you, either by deleting them interactively in the
design, or using the Delete Accepted Errors button on the DRC dialog. When you run
Design Rule Check, any existing accepted errors are left alone.

Accepting errors
Individual errors can be checked as Accepted on the Properties dialog.

e |

Track to Track (T-T)
Emor between Track (Net OUTPUT) and Track (Met
IN-)
Gap is 0.0000 needs to be 10.0000

ltem1 : Track
Position:  4625.0000  3425.0000
ltem2 : Track
Position:  4625.0000  3425.0000
Layer: Top Electrical
) | | Accepted (signed-off) Emor
DRC dialog

The DRC dialog has buttons to help with clearing and accepting existing errors. These are
listed under the Existing Errors section:

The buttons in this section are used to deal with existing error markers in the design.

e Delete All Errors - removes all existing error markers from the design.

¢ Delete Normal Errors - removes all existing error markers that are not set as 'Accepted’
errors.

e Delete Accepted Errors - removes only existing error markers that are set as 'Accepted’
errors.

e Accept Existing Errors - use this button to mark all existing error markers as
'Accepted'.

e Show/Hide Accepted Errors — use button to show and hide accepted errors in the
design.

On running DRC, the option will only delete ‘normal’ errors and will leave Accepted errors
in-place.
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snd nder Component

S etti
snd Unreachable algis T
«d Thraugh Pads Bck Tent Shapes
=d Viaz E wisting Errors
ed Areas
Delete All Ermors

Pads
iMD Pad Delete Normal Ermrars

Delete sccepted Emors
ks Accept Existing Emors
~eck Hide Accepted

Colours dialog

There are different colours and visibility settings on the View menu and Colours dialog under
Layers and Layer Spans and Accepted Errors.

 ——

s| Text | Sym. Pads | Sym. Shapes | Sym. Text | Value Positions| Errors” Accepted Errors” |
Yes Yes Yes Yes Yes Yes Yes
Yes Yes Yes Yes Yes Yes Yes
Yes Yes Yes Yes Yes Yes Yes

Find Error types

From the Goto bar, on selection of Errors, you can list errors by type. From the context menu
within the Goto bar, you can select List All Errors, List Only Normal Errors and List Only
Accepted Errors.

# | Goto ... When showing a list of all errors, they are separated into
Goto Relative Origin -~ Shift+Cr two; Normal and Accepted, so they are easily visible.

Lisk Errars By Type

List Errars By Layer

List &ll Errors

List Only Mormal Errors

List Only Accepted Errors

Adding Shapes

You can add shapes both electrical and non-electrical layers. The type of shape that is added
to any layer is dependent on the layer type itself. If the layer is electrical, the shape will be
copper, if the layer is non-electrical e.g. Silk Screen, then the shape will be a non-electrical
silk screen shape. A shape type of Shape can be added to electrical and non-electrical layers.
It will appear as documentation, silkscreen or copper depending on which layer it has been
added to.

You can add Shapes (to documentation layers), add Board to create a board outline, add
Copper Pour Areas (to electrical layers) for use with the pour copper option and add
Routing Areas (to electrical layers) for use with the autorouter. You can also add Cutouts to
all shapes.

To add a shape, you can use Add Shape from the Add menu, or from the PCB Design
toolbar.
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| Shape >| 3 Rectangle
Copper Y| fd Closed Shape
Cutout 4 "3 Open Shape
Merge 4 @ Circle
Board v Ly Triangle
Copper Pour Area 4 E Sguare
Routing Area *| == Single Line
Height Check Area 4
Dimension 4

Once the shape has been started you can use the context menu to control the Style and Layer
of the shape, and whether it is Closed or Filled. The tick next to the Closed and Filled entry
shows that it is used; by not selecting one of these items shows that it is Open or Not Filled.

There are no specific rules for the polygon shape other than when filled it must have at least 3
sides, and all segments can only be on the same layer. All segments must have the same width
and style, and for polygons, they are not allowed to self-intersect.

Copper shapes on electrical layers can be associated with a net. Copper areas with contoured
shape following and net association are detailed in the following section.

Shape Defaults

When adding a shape to the design, the default style used is taken from the Design
Technology dialog and Line Styles page.

Name |Pattern | Width| Dash Gap
X |0 Solid 5.00 0.00
7 Dimension Arrow Lines Solid 8.00 0.00
7 Dimension ArrowHead Lines | Solid 1.00 0.00
7 Dimension Lines Solid 1.00 0.00
7 Line5 Solid 5.00 0.00
7 Line 10 Solid 10.00 0.00
" | Nomal Solid 5.00 0.00
| Outlines Solid 8.00 0.00

Hatch Defaults
You can make shapes hatched using Hatch Styles defined on the Design Technology dialog.

Mame |Ang|e |Coverage | Cross-hatched
Cross Hatched 450 50 Yes
Hatched 430 30 Ne

The dialog allows you to define hatch styles for hatch (single angled lines) or cross hatch (two
sets of crossing angled lines). The angle can be changed as well as the coverage. Changing the
coverage allows you to define what percentage of the hatched area has copper on it. A higher
percentage will apply more copper to the area. A 50% coverage is normal.

Available Types and their usage

The table below shows the shape type available on the Add menu, the shape available for it
and its layer usage and usage.
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Shape Type Shape Layers/Usage

Shape Rectangle, Closed Shape, Open Electrical and Non-electrical layers, Closed,
Shape, Circle, Triangle, Square, Open, Filled, Hatched
Single Line

Copper Rectangle, Closed Shape, Open Electrical layers, Closed, Open, Filled, Hatched
Shape, Circle, Triangle, Square,
Single Line

Board Rectangle, Shape, Circle, Square Only <Through-board> (all layers), only

Closed, cannot be Filled or Hatched

Merge Rectangle, Shape, Circle, Electrical and Non-electrical layers, Closed,
Triangle, Square Open, Filled, Hatched

Cutout Rectangle, Shape, Circle, Electrical and Non-electrical layers, Closed,
Triangle, Square Open, Filled, Hatched

Copper Pour Area Rectangle, Shape, Circle, Square Electrical layers, Closed, Open, Filled, Hatched

Copper Pour Rectangle, Shape, Circle, Square Electrical layers, Closed

Keepout Areas

Routing Area Rectangle, Shape, Circle, Square Electrical layers, Closed, Open, Filled, Hatched

Component Area Rectangle, Shape, Circle, Square Electrical layers, Closed, Open, Filled, Hatched

Height Area

Shape Usage

Once added to a design, the Layer of a shape can be changed by selecting it choosing <L>
Change Layer from the context menu.

The shape Style can be changed by selecting the shape and using Change Style <S> from the
context menu.

Line Style X

Style: ok |

Dimenzion Amow Lines
Dimenzion AnowHead Lines
Dimenzion Lines

Line 10
Line 15
Line 20

Cancel

Line 8
Outlines

Width: | 3.0000

If you need to change the shape type, from Silkscreen to Board for example, use Change
Shape Type from the context menu.

Change Shape Type *

Old Type:  |Routing Area | I 0K I

Hew Type: v Carcel

Shape

Board

Copper Pour Area
Component &rea
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Shape | Net If you wish to change a shape’s usage
Syle: o 10 =) (Closed/Open, Filled/Not Filled,

Hatched/Cross Hatched/Not Hatched,
Fixed/Not Fixed etc.) select it and choose
Properties from the context menu.

Width: 10,00 FIRel
Closed [] Filled Hatched [ Fixed

Cross Hatch

45.00 50

Layer: [ Top Sik -
Selected Segments
Length: 350.00
Start:  2300.00 3650.00
End:  2300.00 3300.00

Total Area:  43750.00 (centreline only)
46345 23 (inc style width)

[ Cwn Colour
|

To aid the drawing of shapes, you can use the Shape Information browser available on the
View menu.

T TIIsEst FrT
. Rel []
A

Clozed:

Type | X | ¥
Start Point| 2550.00 3650.00
Line To 2800.00 3650.00
Line To 2800.00 3300.00
Line To 2550.00 3650.00

You can also edit the shape during addition or interactively after adding, by selecting options
from the edit context menu. Type Coordinate and Type Offset can be used to place corners
and shapes whilst editing.
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Cancel Esc

Finish Here
Type Coordinate... =
Type Offset...  Shift+=

Change Layer... L

Next Layer

Previous Layer

Change Style... 5
Closed Shape

Filed Shape

Show Design Clearance
3

Online DRC

Change Segment 3
Segment Mode 3
Flip F
Invert Shape 1

The Add and Delete Corner options are available also for selected segments when editing
shapes as is the Are> option to make the segment curved.

B0 Replicate...
[B Merge Shapes

Change Layer... L
Next Layer

Previous Layer

Change Style... L}

Change Shape Type...

Add Corner
Edit Segment
| Arc " | v ‘ Arc To Line
¥ Delete Delete Angle 45
Delete Segment  Backspace Angle 90
Angle 180
. ' Angle Free
#  Grids...
Enter Radius...
) Propertis.. Aft+Encer Enter Diameter
Enter Angle...
Flip Arc

Named Areas

You can name some areas using the Properties dialog.

Shape Area

Name: |PIacementPSUGrDup |

Component Area

Height: 0.000

Naming an area allows it to be referenced by name in the Arrange Components,
Autorouting and Autoplace options, as well as the Height Checking.
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Component Height Checking

From within the PCB design editor Height Checking is available for Components. This allows
you to define a special height area on the design with a maximum allowed height. The
maximum height allowed can be assigned on the whole board (using the Design Technology
dialog and Rules) or on an area basis (using Component Areas).

Using Height Checking
The process for using this option is:
1. Define the Height Value to be used in the Rules page of the Design Technology.

2. Optionally, define the Side to be checked and the Max Allowed Height for that layer in
the Spacings dialog.

3. Add a Value of Height to the components to be checked in the design. Do this in the
component library or in the design itself (using Properties or Component Values
editor) on a component basis (it is more efficient to do this once in the component library
for each component type).

4. Run the DRC option and select Height under Manufacturing rules.

Rules dialog

On the Rules dialog on the Design Technology dialog, there are controls for setting up the
maximum Component Height Checks for Top and/or Bottom layers, and choosing the
default Value Name for components to define their height.

The values used are in your current design units.

Powemlanes Component Height Checks
<Defaut> v O Top 0.0000
[ Bettom 0.0000
Prefer Orthogonal Spokes ~ Value Name: [ Height -
lonlatine [an- [innannn |
Height Check Areas

On the Add menu, there is an option to add Component Areas. These areas are layered and
have a maximum Component Area Height setting available in their Properties.

When the area is selected, Properties will allow you to change the area Height for checking.
That is, components within this area will have their Height Value checked against the
maximum Height defined for the Area (defined in the Spacings dialog).

Properties - Component Area x

Shape Area

Name: | PlacementP S UGroup |

Component Area

Height: 0.000

Component Properties

For Properties of Components, you should add a Height value (Height is the default value
but you can define and use any Value you wish). This value can be assigned locally within
the design on a component basis but it is more efficient to define this in the Component
library.
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Properties - Component X

Component Values MNets  Associated Parts

[Height=2.2mm Add...
[CIMFR=Cmron
[JPart No=XPEET75
[]Supplier=RS

Design Rules Checking

On the DRC dialog, a check box for Component Height under Manufacturing is used. Use
this for checking the Values and Spacing Heights of components.

Design Rule Check *
Spacing [ Manufacturing .
) Silkscreen Overlap (® Whale Design
Tracks Acid Traps [lshepes [ Board :
Pads + Viaz [ Component &rea ] Text [ Pads O Dn!y Selection ] Cancel
Shapes [] Component Height [ Vias (O Inside Board Outlines
i Hel
Text [ Component Names” . [ Free Pads @] Ins!de Selected Board Help
Board [ Copper Shape Yerification [ Test () Inside Named Area:
Drills [ Copper Text Dutside Board RGA
Integrity Checking

The Integrity Checker is used to check that the Schematic and PCB are 'in-step' electrically.
Any problems with the design not being synchronised can be corrected using the Forward
Design Changes or Back Annotation options. This is an important option.

The Integrity Check option is run from the Tools menu. It begins to run immediately,
displaying its progress in a window in the screen.

On completion, it reports success or failure in the form of a Design Integrity Status report.

If any Back Annotation changes are pending, you will be warned. These must be back
annotated to the Schematic design prior to using the Forward Design Change option.

The Integrity Checker works by extracting two connectivity netlists, one from the
Schematic, the other from the corresponding PCB design. The two netlists are compared and
any differences reported. If any discrepancies are found, you can bring the PCB in-line with
the Schematic by using the Forward Design Changes option which is automatically offered.

Forward Design Changes *

Update PCE Design to bring into line with corezponding Schematic

[ Ignare Different Package Usze Component Bin
Cancel

To make the Schematic design match the PCB you will have to note the changes or print the
report and make them by hand manually. Design changes should always be made to the
Schematic and brought forward using the Forward Design Changes option.

The Integrity Check option can also be run as part of your DRC checks or Sign-off Checks.
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Bringing Design Changes Forward from Schematics

Both Forward Design Changes and Back Annotation are related although they are used
independently. They both work to achieve design synchronisation between related Schematic
and PCB designs.

Forward Design Changes executes a partial netlist translate from SCM to PCB to update the
design. This means that design changes made in the Schematic can be forwarded into the PCB
design automatically.

The diagram below indicates the 'flow' of information between the applications:

Project
Back annotate (name changes)
e ————
Schematics Translate To PCE
= PCB

Forward Design Changes

Design changes which are 'pushed’ forward include:

o Net name changes/additions/deletions.

o Connection/Net changes/additions/deletions.

. Net Class changes/additions/deletions.

. Component changes/additions/deletions.

o Component Values changes/additions/deletions.
. Package changes/additions/deletions.

. Pin changes additions/deletions*.

* disconnects track from pad end using the corner of the last segment inserted and reconnects
to new pad without altering track path significantly.

Undo levels are retained for all forward design changes (restricted within number of Undo
levels defined in Preferences).

Note: Forward design changes are often called Engineering Change Orders or ECOs and is a
terminology normally used in larger companies to describe a 'note' to inform the PCB layout
engineer of changes to the design being laid out. Forward Design Changes are used to best
describe the function being performed. It is this function used if an ECO is raised to modify
the design.

To use this option the design should have been translated from Schematics to make a PCB
design first. The PCB design doesn't necessarily have to be placed, simply having the design
components and connections in PCB is enough to be able to apply further design changes
from the Schematics. Components may also reside in the component bin.
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The Forward Design Changes option is located on the Tools menu in Schematic or PCB
design editors, or in Project. Before attempting to perform changes to the PCB, it is advised
that the Schematic design be saved though this is not essential.

When this menu entry is selected you are prompted with the dialog shown.
Forward Design Changes X

Update PCE Design to bring into line with coresponding Schematic
[Jlgnaore Different Package IJse Component Bin

The Component Library Directory browser will be used to locate the library for when
loading new components into the PCB design. Although stored in the actual application it
provides you the opportunity to change the location using the Browse button. The Ignore
Different Package check box will ensure that the component package remains the same even
if it has changed on the Schematic. Use Component Bin will add any new components to the
component bin and will make the bin visible when the design changes are made.

When the OK button is clicked, changes are made automatically and a report of the changes
and/or errors is produced. The Undo option can be used to revert the changes made to the
PCB if required.

b The PCB design has renames that have not been back annotated to the
schematic design.

Use Back Annotation option to apply these renames prier to running
forward design change option.

If the design has any name changes which have not been back annotated to the Schematic
before a Forward Design Changes process is attempted an error message is displayed. Click
on OK to clear the message and use Back Annotate before retrying Forward Design
Changes.

Connectivity Check

The connectivity is a vital part of a design. When a Schematic is being designed, the
connectivity is generated automatically as the interconnections are drawn. After Translation to
PCB, or in the case of a PCB only design, the connectivity becomes vulnerable to editing
operations. It is all too easy to decide that a net requires to be routed the long way round, and
remove the link before manually re-routing it. This is no problem. What does cause a problem
is when part of this route is accidentally omitted.

Integrity check compares net lists. A design can pass perfectly and still be faulty because
there are two clusters of tracks, electrically isolated, but with the same net name. This is a
common result of the above scenario. The Connectivity Check detects all such instances, and
generates a detailed report to enable corrections to be made. It will also detect places where a
net has been started but not finished, so that only one connection is present.

To generate the report, a PCB must be the active design. The report is run from the Tools
menu and Connectivity Check.
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Connectivity Check X The dialog displayed contains a check box for Report,
which should be checked. You can also choose whether
® Design Report the whole Design should be checked, or only Selected

items. If you choose only selected items, all nets with the
same name as any of the selection will be checked, not
just the specific highlighted items.

() Selection [ Only Erars

Cancel

The report comprises of header information for the design, followed by a detailed report of
problems found. The last few lines contain a summary, giving a quick overview as to the
extent of any problems.

Back Annotation to Schematics

Back Annotation provides a facility to make changes in the PCB design to the net names and
component reference names, either manually or in the case of component names
automatically, and to then apply those changes back to the master or original Schematic
design.

Any changes made to the PCB are automatically stored with the PCB design, there is no
separate or additional file to retain with the design. This means that the associated Schematic
design will be able to detect whether back annotation changes are required when the option is
selected.

Back annotation is run by selecting the Back Annotation option in the Schematic design
editor or from the PCB design editor from the Tools menu. When run from the PCB design
editor without the associated Schematic or project open, the system opens the Schematic
design automatically ready for the back annotation.

Back Annotation *

Back Annotate name changes from PCE design “'controller. pch” to the
cormesponding Schematics design "'contraller. sch''.

Save designs on completion

[1'iew report on completion

Wiew Fenames Cancel Delete Renames

With the Back Annotation dialog you have the option to View Renames before they take
place and to click OK to perform the changes. Cancel will exit you from the option without
performing Back Annotation. This gives you the facility to check the any back annotation
changes as you progress with your design.

Back Annotation Renames Report

Report Written : Thursday, June 05, 2025

Design Path : C:\Examples\Design99.pcb
Design Title

Created : 05/05/22 11:58:05

Last Saved : 05/07/25 12:00:56
Editing Time : 48 min

Outstanding PCB renames awaiting back annotation to the
Schematics design(s) .
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Rename Component from "U2" to "U1l".
Rename Component from "U1" to "U2".
End of Report.

The report for View Renames shows the steps which need to be taken by the program to
change the Schematic so that it is in-step with the PCB design.

When the OK button is clicked you are presented with a warning dialog which allows you to
confirm the back annotation changes. This is your final chance to escape the changes before
they are made permanent.

The changes are made permanent with no undo facility available because back annotation is
seen as a 'down-stream’' design process after the initial PCB design and one which is
synchronising the Schematic and PCB designs.

Once the changes are made to the Schematic, the design should be saved.

Back annotation should be used after any changes to PCB net names, after using the
automatic component rename option, after making any manual component changes, and
before making any changes to the Schematic (after making net or component name changes in
PCB). If back annotation changes are pending for the Schematic and a Forward Design
Changes is attempted, you are prompted to use the Back Annotation facility first.

Be warned, if Back Annotation is not run to make necessary changes, the Schematic design
can easily become out of synchronisation with the PCB design.

Using the Cross Probe Mode

This feature allows you to probe and locate items in a known design. It enables bi-directional
Cross Probing between corresponding Schematic and PCB designs, between Schematic
designs within a Project or between any open designs. This enables better integration of
design data between each stage of the design process.

FREDL

To use this option, a toolbar button is available to put the applications into the Cross Probe
'mode' prior to probing. There is also an entry on the Edit menu, Cross Probe, which selects
the cross probe mode.

RE Y
| 10000 | Crl-:uss Probe Mode [¥] FJD | 18000

Once this is selected the designs can be cross probed.
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Items which can be probed

Pins/Terminals By picking the pin.

Components By picking a component or symbol gate.
Nets By picking connections/tracks/net names or copper.
Closed busses By picking the closed bus containing the same net

names (good for viewing all similar closed buses).

Where multiple sheets have been combined to make one PCB, the sheets must be
encompassed by a Project in order for probing from the PCB design to search all design
sheets. Where Projects are not used and a single Schematic sheet is probed with a
corresponding PCB design the design names for both must be the same. These rules apply if
you wish to make sensible use of the probing mechanism and can be controlled by the settings
defined on the Preferences dialog (detailed below).

If different designs are in the same Project and do not have the same name, they can still be
probed using the Probe All Open Designs switch from the Settings menu and Preferences
option (detailed below).

Cross Probing Schematic to Schematic is useful for checking for multiple component
references and symbol gates not located together as well as checking nets spanning multiple
sheets. Again though, Schematic to Schematic sheets must be included under a single project.

The Cross Probe tab on the Settings, Preferences dialog enables Cross Probing to be
tailored to be your own preferences.

Bring Probed Design Windows to Front

Which Designs To Probe

(®) Probe Comesponding Design
(Same Project or Same Name)

() Probe All Open Designs
Single-shot Operation

As its name suggests, the Bring Probed Design Windows to Front will ensure that the
probed design is always visible by forcing it to the front as the active design.

The two other options under the Which Designs To Probe heading allow you to force
intelligence into the cross probing. Probe Corresponding Design means only designs under
the Same Project or Same Name will be probed, any other design names will be ignored. If
probing a PCB design, a Schematic design not containing probed net names will be opened
automatically. If probing a Schematic design, the PCB design will be opened and probed but
only the Schematic designs already opened will be probed.

Probe All Open Designs has the opposite effect and allows any design to be probed
regardless of its name and even if it doesn't correspond to the other open design - care should
be taken using this option as it could mean an irrelevant design is accidentally probed!!

Single Shot Operation enables cross probing
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Using the 3D Viewer

The 3D viewer allows the ‘flat’ view of the PCB to be annotated so that it can be seen as it
would be when populated with components after assembly. A menu option 3D View on the
View menu in the PCB editor is used to send the current design into the viewer.

The appearance of components in the 3D view is controlled using the 3D Package library type
edited from the Library Manager.

Using the 3D Viewer

The 3D Viewer option is easy to run, use the 3D View option from the View menu and a new
window is opened containing the design in a 3D view. Options within this window allow you
to customise the look of the design. Packages must be created in the library to represent the
3D view of the PCB footprints within the design. The standard library contains 3D Packages
for all supplied PCB symbols but more can be added of your own.

Within the viewer you can manipulate the view by using the zoom and unzoom shortcut keys,
<Z> and <U> respectively. By clicking and dragging the mouse you can roll the PCB in three
axis to show all views of it.

Options within the 3D Viewer

The Options dialog is available on the 3D toolbar and on the View menu. The tabs within it
allow you to define how the 3D view will look.

Layers | Colours | Settings

Zomponent Above Board
[¥]Layer Top Silk

[¥]Layer Top Copper
[]5ubstrate1

[¥]Layer Bottom Copper
[f]Layer Bottom Silk
[¥]Layer Dimensions
[¥]Component Below Board
[¥]Height Check Areas

The Layers tab will enable you to switch on and off the design layers within the view. Note
this is not displayed when viewing 3D Settings in the PCB Editor, only available in 3D
Viewer.

The Colours tab allows you to setup preferred colours for the 3D view.
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The Settings tab is used to define view parameters such as the thickness of the board in the
3D view. Each of the entries for Sizes defines a thickness that can be created and viewed.
Generally speaking, Board and Copper thicknesses would be consistent, whereas you may
change the Gap thickness to show internal layers more clearly, perhaps to show the internal
via stacks.

Defining the 3D Packages

In order to view components in the 3D viewer, you must define the package ‘shape’ in the
library. There is a tab on the libraries dialog called 3D View, use this to define package
libraries.

Library Manager

Schematic Symbols  PCB Symbols Components  Associated Parts 30 View  Folders

Library: |[All Libraries]

The package libraries have the file extension .pkg. The contents of the package libraries have
definitions which relate to a footprint or groups of footprints, for example DIP*. The supplied
libraries are defined by functional groups i.e. connector, CPS, SMT, DIP

Package Overview

3D Packages define how PCB symbols are represented in 3D View images of your PCB
designs. Each 3D Package has a 'style' (DIL, Quad, Axial, and so on), and various settings
that control how the 3D image is generated. It also has one or more names that specify which
PCB symbols the 3D Package applies to, allowing one package to be used to generate the 3D
image for many PCB symbols. These names can be specific symbol names, or they can
include 'wildcards' to match multiple symbol names.

To generate the 3D view of the actual components on your PCB design, the set of package
libraries is scanned to find the first package that matches each of the PCB symbols used in the
design. Because each package can have a basic name and a set of 'aliases’ both of which can
include wildcards, it is possible to create packages that can auto-generate the 3D view for
many PCB symbols.

3D Edit Dialog

The 3D View tab gives a summary of the selected item, and small pictures in 3D and 'normal'
view of a corresponding footprint. The PCB symbol that is used for this dialog will be the first
one found that matches the rules defined by the selected package.
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Library Manager X

Schematic Symbols PCB Symbols  Components  Associated Pats 30 View  Folders

Library: |[All Libraries] " Mew Lib...
Library Cortents: Preview

“DIL {defautt} A 8dd e Type: Can

3MHDR" {Connectors} = Package: CAPP*

3MS0C* {Connectors} New tem Mias: CAN", CYL", TANT", LED"

STERM {CPS} =

06" {default}

B4AB" {Connectors}
350" {Connectors}

41612" {Cornectors} S
AVH-KBD" {default}

AVH-KBF* {default} Find
BGA" {SMT}

BQFPC® {SMT} Delete...
C32" {default}

C040° {defautt} Copy To...
CAP {defautt}

CAPAE" (SMT] I

CAPP ddefaut} |
D5* {Connectars}

DIOD* {defautt}

DIOMELF* {SMT}

FUSE" {default}

INDC* {SMT}

LCC* {default}

LCC* {SMT}

QFN* {SMT} Report..
R {gefault}
RESC* ‘:STT')T)
RESCOE" {SM
SIL" {defauit} Eé:jose on
S0D* {SMT} it
SOIC* {defautt}
SOIC* {SMT}
S0J° {SMT}

enTe femTl

System Reports

There are a number of report files that can be generated. Some of these are error and status
reports, while others give information about the content of the design files.

5 Reports bes When created, all the reports
automatically open in your
Built-in R ts . . N .
Hiion repor I nominated viewer for immediate
Assodated Parts . . .
Design Rule Check Report Close display, with the exception of the

e : comma separated values (CSV)
Generic Netlist Options...

parts lists.

Integrity Check All of the supplied system reports
Parts List
Shortcut Keys can be accessed from the Custom
Source Library Report Reports dlalog on the Olltpllt
Unconnected Pins Report menu.
Variants Report
Wiring List

BOM Composer Reports
Bill of Materials

User Reports
Bill Of Materials CSV
Bill Of Materials
BOM With Names
Compeonent Positions CSV
Component Positions
Mets Table =0RY...
Pad Positions CSV
Simple Metlist
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Pick and Place

HTML Reports

Report

One report of special mention is the Pick and Place Report. This report will output
information suitable for assembly machines. Because this is created in the User Report
section, it can be edited to your own specification.

Component Positions Report

Units : mm (precision 4)

Name Component Side Place X Place Y Rotation
Jl 6-174681-6 Top 75.0452 174.6250 90.00

J2 6-174681-6 Top 75.0452 98.4250 90.00
u24 74AC17453 Top 158.7500 154.9400 90.00
U25 74AC174SJ Top 189.2300 154.9400 90.00
Ull 74LS151 Top 87.6300 91.4400 180.00

An integrated report viewer is provided, this includes ‘live’ HTML for some reports with
links back to design data. The links back enable you to probe report items within the design.

To activate the HTML reports, from within the Preferences option (Settings menu) and

General page. Under Reports, there are two check boxes: View Reports in Report Browser
and As HTML

Preferences

General Design Backups Display Cross Probe Dual Screen  Interaction  Schematics Interaction  PCB Interaction PCB Tracks  Wamings

Feneral Reports

Number of Undo Levels: 20 w Header...

Recently Used Files: [ View Reports in Report Browser [ ] As HTML Suppress Text Reports
B4 8l Reports Use Same File Extension

[ Enable Sounds

Document Name First in Window Caption Write Reports to Folder: | With design -

Project Name in Window Caption

[M1Ninan Eram Evnlarar Nnane Maw nstanes of Lonlisstion

If View Reports in Report Browser is enabled, any TXT or HTML report that would
normally be sent to Notepad or your normal web browser will instead be sent to the Report
Browser. The only files that are sent outside are be CSV files.

Report Browser

The Component Positions report would look like this for example. Where items are shown as
underlined hyperlinks, they can be queried back to the design.
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EX Reports - m} x
Report: | Component Positions (CPP.pch) “ || Settings... Print. .. Help
Component Positions Report ~
Report Written: Tuesday, July 16, 2019
Design Path: C:\Users\Public\Documents\Examples\CPP.pch
Design Title:
Created:
Last Saved: 14/07/2017 12:17:29 PM
Editing Time: 512 min
Units: thou (precision 4)
Name Component Side Place X Place ¥ Rotation
PL4 STERM Top 5100. 0000 2750. 0000 0.00
PLS STERM Top 6100, 0000 2750. 0000 0.00
PLE STERM Top 7100. 0000 2750. 0000 0.00
PLT STERM Top 8100. 0000 2750. 0000 0.00
PLE STERM Top 9100. 0000 2750. 0000 0.00
uz2s BRESDIL Top 5600.0000  5050.0000 0.00
uze BRESDIL Top 7300.0000  5050.0000 0.00

Browser Controls

Browser controls along the top of the report allow you to configure the report or print them.

- ] X

~||| Settings... Print... Help

Settings takes you to your General Preferences. Print - reports in the report browser can be

printed to your Windows printer.

Custom Reports

As well as system reports, the Custom Reports dialog can be used to create advanced Parts

lists.

\Wiring List

User Reports
Bill Of Materials CSV
Bill Of Materials
BOM With Names
Component Positions CSV
Compeonent Positions
Nets Table

By editing the selected report, you are able to add build information to the report.
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Report : Component Positions *
addText..
Standrarrd Report Header : :
E?lf:ponent st Add List... Save As...
Add Header Cancel
Eciit....
Copy...
Delete
Mowve Up
Move Down Test...

Reporting Variants:

() <Al Variants >

@ Each Variant to separate Report
() All Variants to same Report

() Only this named Variant:

This dialog allows you to edit the contents of a component list contained in a user-defined
parts list. The settings on this dialog control how the output will be formatted, which
components should be included, and in which order they are listed.

Each field can be edited to add detail for when formatting the report.

Report : Component List X
[C]csy Format Quoted E
[[]keep Repeated Lines

Indude Column Captions S

Underline Column Captions [ output Angles As Clockwise
Include Overall Column Totals [ ]Ignore Parts List Suppression
D Reverse Coords on Bottom
Components to Incude: ‘

Down
All Components Change... Sorting:
Component Add...
RefName =
Columns in the Report: Edit...
MName Add Delete
Component
Side i J
Place X S £e
Place ¥ .
Rotation Copy Down
o

BOM (Bill of Materials) / Parts List Composer

The BOM Composer allows you to create BOM reports and Parts Lists using a simple point-
and-click WYSIWYG (what you see is what you get) dialog.

Available on the Output menu the BOM Composer option opens up a new set of dialogs to

control the BOM (Bill of Materials) creation with various levels of user control over
formatting.

Using example templates, a built-in default setup, or building your own template from
scratch, the whole process is quick and easy. What's more, you can immediately see the effect
of each change you make to the template, right in front of you on the screen.
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£ BOM Composer™ X
| NG EEE S E = -
Sections: Columns: Group By: Sort By:

[AIcs - || ] EiE = | |[]Component []Component A Generate from PCE Collate by ref name

[] Capacitors [] Component [|Names [INames [[JGenerate from SCMPRI Collate using name-range

[]Diodes » ([ Mames v’ | kA value [ value S Separate Top and Bottom Sub-total sections

ZCun.nEcturs x []Value g [Part N!.meer [JPart N!.IITIbEF Separate each Variant Indude standard header

[“]Resistors []Part Number []Quantity []Quantity [Jindude scMPCE-on W

[ Transistors A |[]Quantity A [[Jcost [Jcost s Y ki

[ Associated Parts bAcost ¥)ineitem _|NiM}ineltem | [write csv St

[“]others B i ClFite Auto Save BOM

lter:
Apply Clear
|:| Single Variant: | <Current Variant=

Line Item Component Names Value Part Number Quantity Cost
1 353 uz 1 0.00 al
2 TLC272 ui-2 2 0.00
Sub-total: 3 0.00
Capacitors
Line Item Component Names Value Part Number Quantity Cost
& =2 0.1nF 1 0.00
4 C Cc4 47pF 1 0.00
5 C C16 330pF 1 0.00
6 e €5, C7, Cl1e-11 33nF 4 0.00
7 55 ca 47nF 1 0.00
g C ci 0.1uF 1 0.00
9 c Ce, C12 100nF 2 0.00
10 C C3,C8 680nF 2 0.00
11 CP C13-15 100uF 3 0.00
Sub-total: 16 0.00 v

When the BOM Composer is first run, the dialog will look something like the picture shown
above.

Along the top are some controls that are used to load, save and generate BOM templates and
reports. Below this are some lists and buttons which allow you to control what appears in the
BOM and how it is built and formatted.

Finally, the main body of the dialog shows you the BOM as it is generated based on the
current settings. At the top right is a button that lets you 'fold up' the dialog to hide the lists
and other editing buttons. Once you have got your BOM formatted how you wish, you can
hide away the formatting controls to give you more space to view the actual BOM.

For more detail about configuring and running the BOM Composer, please refer to the On-
Line help.
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Chapter 9. Output for Manufacture

Overview

There are a full range of output capabilities supplied for printing, plotting and manufacturing;
these are accessed from the Qutput menu:

[ Gerber RS-274-D, RS-274-X and X2 format files

. Excellon compatible NC drill files

. PDF format files (using a built-in driver that is supplied for you)
. Windows printer devices

. HPGL compatible pen plotter files

. ODB++ format files

. IPC-2581 format files

. DXEF files (AutoCAD compatible)

. IDF 2.0 and 3.0 format files (cost option export)

. GenCAD format files (cost option export)

. Pick & Place coordinate lists (from Reports dialog)

Each of these outputs is described on the following pages. For printing and plotting outputs,
the dialogs use a common interface. This interface is discussed first followed by specific
information about the different formats and outputs required for manufacturing.

Note: ODB++, IPC-2581, DXF, IDF and GenCAD are output from their respective menu
options on the Output menu and not from the Plotting and Printing option.

The Plotting and Printing Mechanism

For Gerber, Pen and Windows outputs the process is fundamentally the same with small
variations to cater for the formatting specifics of the file type to be output.

The Plotting and Printing option on the Output menu encapsulates all the necessary plots
into a single, re-usable plot ‘job’. These plot jobs can be used to reliably recreate your plots,
not just for one design but also across all designs using the same technology.

The plotting ‘process’

For the initial plot session, you will need to create a plot job. After the initial session you can
reuse plot jobs and edit existing jobs, although the jobs are very simple to create using the
automated process of the option.

The flow of the process is to start or open a new job, choose the device type, auto-generate the
plot job, select the plot(s) required, make adjustments to the plot and run the output to
generate the plot set.
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Creating a Plot Job

When you select Plotting & Printing from the Output menu, the main plotting dialog will
open. This option can also be accessed from the toolbar using the Plotting button.

You will note that the whole plotting mechanism is the same for both Schematic and PCB
design, except that for Schematics there is no layer information which makes the process

much more simplified.

The dialog is divided into two main areas. The first deals with the current Plot Job file, and
the second shows the contents of that Plot Job. Buttons in the top right allows you to run the
plot job and to access various subsidiary dialogs to view or change device options.

Plotting & Printing *
New Job... Open Job... Save Job Save As... Bun
Plot Job: | | Close
Description: | | Options...
Add Flot. Copy Plot Delete Plot Align Plots... | | Step & Repeat..| L ot Preview
Sign-off Checks
Auto Gen...

[4] Top Sik Screen

%l Top Electrical |
[] Top Blectrical (Resist)

[/ Top Electrical {Paste)

[./] Battom Electrical

[] Bottom Electrical (Resist)

[/ NC Drill Data - [Through Hole]

[+ Drill Ident Drawing - [Through Hole]

Move Up Move Down

Output  Layers Settings Position
Settings for plot: Top Electrical

(@ Gerber (O Penplot () Windows

Ewcelon (O PDF

Plot Name: |T0p Electrical |
Plot Type: Artwork i
Qutput To: File i

Gerber Format: R5-274-X

[ 5tep & Repeat

Depending on the general plotting settings, you may find that some plots have already been
generated for you. If not, the next step is to create the plots you need for your design.

A typical plot job

If we consider an example 4 layer PCB design with:

o two signal layers

U two power planes (for power and ground)

U through-hole components on top side
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Plot Jobs

The following steps would be all that is required to create a plot job for our design:
1. Select New Job, click on Gerber (or whichever format is required).

2. Under Layer/Plot types, uncheck All, and check all other plot types except undersized.
3. Under Side, check 'All'.

4. Click OK.
5

The plot list is now completed with a plot for each layer and plot type requested.

Plotting works around the concept of a 'Plot Job'. Each job defines a list of plots, with each
plot specitying the type of output device and what is to be included on the plot. Plot Jobs can
be created, saved, edited and re-used, and are independent of any particular design file. If you
are reasonably consistent about the technology settings you use for your designs, you should
be able to create a small set of Plot Jobs that can be re-used time and time again to generate
the plots for all your designs.

The row of buttons along the top of the Plot Job area allows you to manage the current plot
job:

Plotting & Printing *

New Job... Open Job... Save Job Save As...

Plot Job: [ | Close

Description: | | Options...

The functions of these buttons (from left to right) are:
. New Job: create a new job with a set of plots.

. Open Job: load an existing job file.

. Save Job: save the current job.

. Save As: save the job under another name.

When opening a Plot Job, the program looks in two places. The first is the Job Files directory,
and the second is the directory where the current design is stored. The Open Job dialog lists
the jobs it finds in these two locations, and displays the description (if any) for any job file
you select.
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Load Plot Job X
| [ ]
Jobz in Design Directory: Cancel
CPR.ER]

Jobz in Standard Yob Files' Directory:

Job Dir....

The Job Dir... button will allow you to choose the default Jobs folder.

Plots

Each plot in a job specifies the type of device it will output to, the layers to be included in the
plot, and a range of other settings depending on the type of plot (such as pen numbers,
inclusion of pin names and numbers, etc).

There are two lists in the lower (plots) area of the dialog. The left-hand list shows you the
plots that are already defined for this job. The right- hand list shows the items (layers etc) that
don't have plots defined for them in this job.

Plots are managed using the buttons provided:
Add Plat... Copy Plot Delete Plot Reposition... Step & Repeat...

. Add Plot: add a new plot to the job.

U Copy Plot: add a new plot by copying an existing one.

U Delete Plot: delete the selected plot.

U Reposition: reposition plots to re-align with selected plot.

U Step & Repeat: use this to create the rules used to export multiple plots.

Plotting & Printing Devices

For each plot a device is selected. Initially, this might be the default device/layer combination
choice made when generating the Plot Job. This can be edited using the selections on the tab
dialog, this also includes the device type. Additional plots can be added to this Plot Job even
if they are similar to other plots which already exist. For example, a full set of Gerber plots
for final manufacturing can be copied and changed to also output to a Windows printing
device for checking the plots before they are sent away.
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Uutput | Layers  Settings  Position

[ Top Sik Screen

% Settings for plot: Top Electrical
%ggﬁo?negggﬂc[;aste} (® Gerber (O Penplat (C) Windows Excellon (O PDF
[./] Bottom Electrical (Resist)
[/ NC Drill Data - [Through Hole] Plot Name: -
[ Drill Ident Drawing - [Through Hole] ame: |TDD Bletrical |
Plot Type: Artwork v
Output To: File: ~

Gerber Format: RS5-274-X

[] Step & Repeat

Each of the tabs is discussed in more detail later on in this section.

Auto-generating Plots

The best way of creating plots is to let the program do it for you! From the row of buttons at
the top of the dialog, click on the New Job button.

Plotting & Printing *
New Job... Qpen Job... Save Job Save As...

Plot Job: | | Close

Description: | | Options...

Auto-generation of plots for a design depends on the type of design and the type of the output
device selected. On choosing to create a new set of plots, the first thing you need to do is
decide on the output device type.

Choose Device/Plot Type *
Gerber Gerber Photo Plat
Pen Plat HP-GL Pen Plat

Windows “Wwindows Print/Plot

PDF Adobe PDF File
Excellon Excellon M. C. Drill
Repaort Report
DRF DiF File
IDF IDF File

In a schematic design or a symbol, this is all you need to do. The single plot needed to print or
plot your design is created and you are returned to the main Plotting dialog.

For a PCB design, selecting Gerber will also enable you to create an Excellon plot for the
NC Dirill data if you select the NC Drill the check box. You can also produce a Drill
Drawing plot by selecting the Drill Drawing plot check box. For other output types in a PCB
design, you should use one of the other options available for the plots it should cover.
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Autogenerate PCE Plot Job (Gerber Photo Plot) x
Layer/Plot Types Side
Al Al
Electrical Layers Top
Powerplane Layers Bottom
Hon-Electrical Layers Inner
Fads-Only Resist. oversized:  |0.000
Pads-Only Paste, undersized: 0,002 [ Minor Bottom Side

Alzo include MC Drill plat
Alzo include Crill dent [Drill Crawing) plot

Cancel

There are two main selections, the Layer/Plot Type and the Side to plot.

Layer/Plot Type relates to the Layer Type specified in the Layers dialog on the Settings
menu for Electrical and Non-electrical layers, as well as Power plane layers and special
plots for pads-only.

Side allows you to choose the side required for plotting.

Powerplane Layers

For power plane layers, the program will automatically select the appropriate plot type for the
plots it generates.

Additionally, if a power plane layer is found to contain actual design items (perhaps you have
some tracks on the power plane), two plots are created, one to produce the negative oversized
plot for the power plane itself, and one positive plot to be super-imposed to get the items
‘embedded’ on the power plane layer.

Pads-Only Plots

The Pads-only Oversized and Undersized plots are for layers which can contain pads and can
therefore be plotted as pads-only. Pads-only plots are typically used to create solder mask
(resist) and solder paste plots. The Auto Generate dialog allows you to choose one or both of
these plot types which will be used for each side of the board, as well as allowing you to
specify the amount by which these plots should over or under size the pads as they are plotted.

Values for the over and under size are defined in the boxes adjacent to the plot type and are
defined in the current units.

Generating the Plot Job

When you have chosen what plots you want your plot job to contain, click the OK button to
add the relevant plots to your plot job.

Adding Plots to a Job

As well as auto-generating a whole set of plots, you can add individual plots by clicking on
the Add Plot button. This will bring up the Choose Device Type dialog.
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Choose Device/Plot Type *
Gerber Gerber Phota Plot
Pen Plot HP-GL Pen Plat

Windows windows Print/Plot

PDF Adobe PDF File
Excellon Excellon M. C. Drill
Feport Feport
D=F D<F File
IDF IDF File

Once selected it opens up the relevant plot ‘details’ dialog to allow you to specify what to plot
or output, as is the case of Reports, DXF or IDF. This dialog is described in the next section.

Editing Plots

The details of each plot are easily accessed. The plot details are displayed for the currently
selected plot.

Auto Gen...
Output  Layers Settings Posttion

[] Top Sik Screen

M[Top Blectical Settings for plot: Top Hectiical

[/ Top Electrical {Resist) e

%ggﬁo?neg:ﬁ:c[;aste} (® Gerber (O Penplat (C) Windows Excellon (O PDF

[-/] Bottom Electrical (Resist)

[ NC Drill Data - [Through Hole] Plot Name: -

[+ Drill Ident Drawing - [Through Hole] ame: |TDD Bletrical |
Plat Type: Artwork ~
Qutput To: File v

Gerber Format: RS-274-X

[] 5tep & Repeat

To edit an existing plot, click on the plot name in the list of plots. The plot detail has four
‘tabbed’ pages. The exact contents on some of the pages depend on the device type for this
plot, but the basic operation is the same for all of them.

The pages described below are almost the same for each plotter or output type. Where
differences appear, these are highlighted.

Output dialog

The Output page is used to specify the name of the plot, its type and the output mechanism.
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Output  Layers Settings  Position
Settings for plot: Top Silk Screen

(® Gerber () Penplot () Windows Excellon (O PDF | Device Setup...

Plot Name: |T0p Silk Screen |

Plot Type: Artwork ~

Output To: File -

[ Step & Repeat

Plot Name is a name you type in. By default, the option will give you Plot 1 as the name but
it is better to give the plot a more meaningful name.

Plot Type enables an artwork plot or an outline or check-plot to be specified for output.
Mostly, Artwork will be used, but a quick check-plot may be clearer, and will use less ink, if
Outline is chosen. For Excellon, the output is set to Drill Data.

Output To is used to show the direction of the output. For Pen Plotters there is a choice of
File, Com1/2, File or LPT1/2/3. With the Windows printers this is set to your current default
Windows printer. With the Windows printers, the name of the print device selected is shown
but greyed out. This device can be changed using the Device Setup dialog. The destination
will be one of the ports supported by the computer. When using serial (COM) ports, it is
important that the communications settings used by the operating system correspond with
those set for the plotter. A browser allows you to select a destination file if you have chosen
File as the output. Gerber and Excellon plotters can only be directed to File.

With the Windows option you are able to specify the number of Copies to print at a time.

Output | | ayers |Seﬂings | Paosition

Settings for plot: Top Copper
71 Gerber () Penplot @) Windows Excellon ) PDF | Device Setup...

Plot Name: Top Copper

Plot Type: Awork -

Qutput To: Send To OneNate 2013

1 Copies
[ Step & Repeat

This saves time in setting up the dialog and in the load time to the printer. Once the initial
setup to the printer has been completed and loaded into the printers’ memory, additional
copies are simply the time taken to put the print to the paper itself.

The Step & Repeat button allows you to panelise your design, in other words to add multiple
copies of the same design onto a panel when it is plotted or printed. This is discussed below in
more detail.

Gerber File Extensions

When setting up Gerber files, you can also customise the file extension for each plot. To do
this, select the Setup button on the setup page.
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Gerber Setup X
Plotting &rea General Commands and Options
From: [0.000 |[0.000 | Hardware Arcs (574, G75)
To: |3B.UUU ||35.UUU | Hardware Fill [G3E, G37] Cancel
el [include DOZ2 (Move) before D03 (Flash)

[ Rotate Aperture Macios Clockwise
Format

Integer: Decimal: Additional Commands

[ Output in Metric Units [mm) e AL
Format Setting F5
Scale Compensation Made [units) MO
%1 | [ | %2
[]%2 File Function TF.FileFunction

Hl0aie Extensmn.s []#2 &perture Function TF.AperFunction
(®) &l same extension: ]2 Part Command TF Part

|O Extension by layerftype Selup. |

Ihclude X2 commands in G04 comments

Wwarn About Small Apertures
Size: [0.000 (0= Don't Check] %2 R$-274 || RS-274D

This opens the Gerber File Extensions dialog from where you can customise the file
extensions.

Step and Repeat Plotting

Included in the main Plotting & Printing option is the ability to Step & Repeat plots. This
allows you to print multiple copies of the same plot, side-by-side on the paper or artwork
without using an additional post-processing tool or process. Using this mechanism is an
alternative to that of using the Panel Editor option.

The Panel Editor is a more comprehensive mechanism and is the preferred method of doing
this. The Panel Editor not only allows you to panelise one design into many arrays, but also
enables you to panelise different designs (provided they have the same layer count).

Layers dialog

The Layers dialog displays a list of layers in the design to select for plotting. The Excellon
output doesn’t use this table and is therefore not presented here.

| Qutput | Layers |Seﬂings | Posﬂion|

Settings for plot: Top Copper

Name: Selected
[Board Outline]
Wires

Top Silke

Top Copper
Bottom Copper
Bottom Silke
Dimensions

ZEE=E=<===

By selecting more than one layer you are effectively creating a combined plot. Remember that
even though you might combine a number of layers, these are still only one single plot. To
plot all the different layers shown on this dialog, you will need to create a number of different
plots.

This gives control over the finished print. It is often useful for a check-plot to output the
layers together in colour, but for prototyping (for instance) they would need to be separate. It
also allows for 'composite' plots to be generated. That is, plots which require two sets of data
which have been produced over two layer spans, or where two layers are required using
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perhaps two different pen colours to show both the top and bottom layers. By toggling the
Selected box to Y, you will make that layer selection active and therefore output.

Settings dialog

The Settings page is the same for Gerber, Pen and Windows outputs. Excellon has no
Settings dialog. This dialog is used to define the contents of the plot.

| Output | Layers | Seftings | Positon |

Settings for plot: Top Copper
[ PadsOnly (Resist/Mask) Plot
[¥] Al Colours Black
Larger
ill Plated Drill Holes . . f—
Absolute Radius Adjust:
ill Unplated Drill Holes
ercentage of Width: 10
|| Plated Board Owutlines RS
| Unplated Board Outlines Nomal Vias Drilled Pads
[T Plot Pin Names./Numbers Testland Vias Undriled Pads
Positive/Negative Power Plane
Positive Plot 0.010
— o] - 0.010
Mumber of Spokes: | 4
Themals on: Pads Vias
Set Default...

Fill Drill Holes enables an output to have any drilled hole to be solid. When prototyping. It
can be useful to have all drill holes filled, as then a slight drill misalignment becomes
unimportant.

All Colours Black is used for the Windows printers where all colours are printed to black
regardless of their on-screen colour. Without this box checked, a coloured design on a colour
printer will be printed in full colour, and a coloured design printed to a black and white printer
will become greyscale. It is often a necessary function when generating printouts which will
be used for prototyping to ensure that they are as black as possible to give the maximum
effect.

Plot Board Outline is used where you wish to include the board outline in the plot. This isn’t
always required and so is available as a check box option. The additional check boxes allow
you to specify which type of plate status you need to plot. This allows you to plot board
cutouts that are plated to highlight these to your manufacturer.

Include Drilled Out is used if you have pad styles where the drill size is larger than the pad,
this produces an effect called 'drilled out pads' where any copper land for the pad would be
completely removed by the drilling process. If you want to suppress the pad land from these
drilled out pads, then uncheck this check box.

Plot Pin Names/Numbers, again this is an option for the instances where these items may be
required for checking purposes for example. Under normal circumstances these are not
normally required.

If a Pads Only plot is selected, then a pads-only output will be generated for the layer. This
activates the Pads Only Plot section in the top right hand corner of the dialog which allows
you to make the pad selection and oversize selection for the output.
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A solder resist mask consists of a pads only plot, with all of the pads being both filled and
also oversize (or undersize) by the amount specified in the ‘Oversize’ box. For a solder resist
mask it would be normal to oversize the pads to allow for any slippage over the actual size
used. For a solder paste mask used on SMT pads it would be normal to undersize the pads to
shrink the actual size used.

All Colours Black is used for the Windows printers where all colours are printed to black
regardless of their on-screen colour. Without this box checked, a coloured design on a colour
printer will be printed in full colour, and a coloured design printed to a black and white printer
will become grey-scale. It is often a necessary function when generating printouts which will
be used for prototyping to ensure that they are as black as possible to give the maximum
effect.

Exclude Tented Vias is used to exclude any vias that are designated as Tented by the settings
on their Net Class or Via Properties.

If plotting a power plane to a Windows printer, you may plot positive and negative plots
together to give you a composite plot. This would be used if the power plane contained track
items on it.

Power Plane

When generating power plane plots, Thermal Relief and Isolation Gap ‘spokes’ and
isolation gaps are plotted for pads and vias on the appropriate power plane net. are used with
power planes in PCB designs. The settings for these are taken from the Design Technology
and Rules dialog.

B Design Technology s

Pad Styles Text Styles Line Styles Hatch Styles Track Styles Layers Layer Types Layer Spans Nets

Met Classes Value Names Spacings Rules Comp Rules Comp Colours Variants Wire Lengths
Power Planes Component Height Checks
thou
<Default i [ Tep 0.0000
[ Bottom 0.0000
Prefer Orthogonal Spokes v| Value Name:
Isolation Gap: X
Component to Component Spacing
Width:
Spoke Width: X Top Side: 0.0000
Number of Spokes: 4 & Bottom Side: 0.0000
Minimum Spokes: 2 = Boards

These values are used for layers which are defined with a Bias of Powerplane in the Design
Technology and Layers dialog and which are selected as 'Yes' in the selected entry at the top
of the Layers dialog.

Thermal Relief and Isolation Gap can also be overridden on a per-area basis for Copper
Pour Areas.

When a through hole is connected to a power plane, it is necessary to 'slot' the continuous
copper sheet adjacent to any drill hole (otherwise too much heat is required for soldering).
The program puts in four profiled slots (Isolation) for each such hole, positioned round the
outside of the pad so as to leave bridges (thermal relief) on the major axes. It is the width of
these bridges that is specified under ‘Thermal Relief’. The isolation gap is similar, but in this
case, it is the width both of the thermal relief slot and the extra clearance allowed round an
isolated pad where it passes through the power plane.

The generation of power planes is based on selections shown as small pictorial representation
to display the intended output.
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Meqative [only plot gaps]

Meqative [plat izolation]

Pozitive [only plot itemz]

F

Pozitive [plane & items)

F

Plot combinations are possible using the switches but also final composite plots to give the
full plane required in the correct positive/negative film for use directly with Windows printers
and photo-sensitive films.

When the Positive/Negative list box is selected, four types of plot outputs are displayed:

Negative (only plot gaps)

r This is used to produce a plot of all the oversize in the plane, mainly for the
|_' "1 Gerber output, to be reversed and combined with a Positive (only plot items)
plot.
Negative (plot isolation)
r= This is used to create the full power plane with isolation gaps, thermal relief
|_._| and embedded tracks (with isolation) but in negative mode. To create the

power plane from this plot, the image would need to be photographically
reversed. Producing this type of plot saves printer toner and can be
photographically reversed to get the plot image required. This option is not
available for Pen plot outputs.

Positive (only plot items)

This is used if the power plane contains 'embedded' tracks or items. This plot

n is the item itself without any isolation or thermal relief. This would be used
in conjunction with the Negative (only plot gaps) plot to produce a power
plane with embedded items for a Gerber plot.

Positive (plane & items)

r= This is the full power plane output with isolation gaps and embedded tracks

|-. "1 with isolation clearances and thermal relief where connected to the plane.
This is used to create the full power plane with everything plotted as it would
be when manufactured

This option is not available for Pen plot outputs.

Position dialog

The Position dialog is used to set the position and scale of the plot on the plot bed.

Output | Layers | Settings | Position

Settings for plot: Top Copper
Scale: 1.000
Plot From: 179750 0.52250
Plot To: 9.10250 1150250
Offset By:  0.00000 0.00000 @
Extents
Position
[ CentePiot | [ FtPot | Plot will FIT

The best view of this dialog is when using the Preview option. Check the Preview check box
to reveal an additional preview pane. Using any of the options on the dialog for scaling and
positioning the plot will change and update the Preview view.

When viewed, the red outer box shows you the plot bed or paper size. The blue box is the full
design extents; that is everything in the design, including the drawing border. The green box
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is the board extents.

Newlob.. | [ Opendob.. | [ Savedob | [ Savess.. | | Run
Description:
[ acdPot. ] [ CopyPot | [ DellePiot | [ Reposion.. | [Siep&Repeat,] I4IPiot Preview

[¥] Sign-off Checks
V| Top Blectrical Output | Layers | Setings | Position |

V| Top Bectrical (Resist)

/| Top Electrical (Paste i
M Settings for plot: Top Sik Screen

/| Bottom Electrical
/| Bottom Hlectrical (Resist) Scale 5]
/| Bottom Blectrical (Paste)

/| Drill Diata - Through Hole Plot From: 0.99750 0.89750
/| Drill Ident Drawing - Through Hole
— =5
Plat To: 3.80250 365250
Q«:QE T (HEs[]

OffsetBy:  10.88750 1111250 [ U e
E:te:: e D ) Curert Wi = P=lp=
@ Whole Design () Curres fiew -
© Board B ( ") Custom DRotate By 90 [ Wiror OO TRATT)
Position

t Plot Plot wil FIT

The Options Dialog

The Options dialog is used to define the Device Setup, the default Job folder and where the
plots are written. To open this dialog, click on the Options button on the main Plotting

dialog.
Options X
Device Setup
oK
Gerber... Penplot... ML Drill... ‘windows... FDF...
Cancel

Job File Falder Optionz
| CAAICUEPC Win'Job Files' Browse... [Jiew repart on completion

[[]'white repart to same folder as plat files
whhere Plot Files Are \wirith . .
LTSS [FLE PSS (D oA [ Prompt if report already esists
© Same folder as design fle Cloze main plot dialog after producing plats

O This folder below desian file: Auto-generate plats when opening main dialog with no plots defined
Plats T
ClI[EEE “wéam if ho plots include the board/panel outlineg
Always to this folder:
® 5 Auto load Job File with same name az design
| C: AU sers\D ocuments Browsze. ..

Auto save Job File
[ Pack output files inta a Zip [JInclude Sign-off Checks
[ Remove individual file after Zipping

Sign-off Checks...

Pattern For File Mames Crvill 1dent Drawing

|$[DesignName] - $[Ploth ame] [$[4 ariant]] | Compose. .. Setup Sizes and Symbaols...

The buttons along the top of this dialog allow you to access the device-specific setup dialog
for each type of output device. These settings are independent of any particular plot job, and
are generally stored in the system registry (and hence 'persist’ between design sessions).
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Options *
Device Setup
oK
Gerber... Penplot. .. HC Drill.. windows. .. FOF...
Caneel

Each plot has a name, which is used to give the resulting plot output file a name (for those
plots which are actually output to a file).

The Job Files area of the dialog allows you to view (or change, using the Browse button) the
directory where the 'master’ job files are stored.

Job File Folder

|C:'\Users\Documents\Jobs | Browse...

Plot files are written out to the location specified in the next area of the Options dialog. This
should be set up to fit in with the way you want to organise your files.

Options X
Device Setup
ak
Gerber... Fenplat... HC Dill... Windows... FDF...
Cancel
Job File Folder Options
| CAAICUMEPT Win'Job Files, Browse.. [ iew report on completion

Wwhere Plot Files Are \wWiitten
(0 Same folder as desian file
() This folder below desian file:

[[]w/ite repart ta same folder as plot files
[ Prompt if report already exists
Close main plot dialog after producing plots

Auto-generate plots when opening main dialog with na plats defined

ol CEmEEEE-: Warn if no plots include the board/panel outline
@ ey s (6l Auto load Job File with same name as design
|E:\Users\Documents Browse... 2] duto save Job File
[ Pack autpu files inta a Zip [ Include Sigr-off Checks Sigreoff Checks..
[ Remaove individual files after Zipping
Pattern For File Mames Diill Ident Drawing
|$[DESiQNN ame] - $[PlotMarme] [$Yariant]) | Composze. .. Setup Sizes and Symbols...

Customisation of Plotting File and Folder Names

User-defined formatting of Folder and File names in the Options dialog of Plotting and
Printing is available. This uses a ‘tag’ scheme with user-defined key words to format the
output filename. This applies to the folder name when the folder is set to ‘this folder below
design’, and to file names for each plot.

Tags can include Design Name, Plot, Plot Job and Project Name, Device Type, etc. To help
you construct the tag pattern, syntax and creation, there is a new Compose dialog.

Where patterns are used

These patterns are used to construct the folder name for storing plots and other files generated
during Plotting and Printing, and also to construct the actual names for these files. This
allows you to apply some quite sophisticated rules to name and organise your output files.

When composing the pattern for the output folder, the default value is simply the text "Plots"
which will place the output files in the Plots folder below the design file.
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When composing the pattern for actual output files, the default value combines the design
name, the plot name, and (if variants are used) the variant name.

By selecting the Compose button, this reveals the Compose File Name Pattern dialog. From
here, you can make choices that will customise your output filenames.

Compose File Name Pattern X
File Name Pattern: | $({DesignMame) - ${PlotMame) ($({Variant)) | I Ok I
Example Name: | Design - Plot (Variant) | Cancel

Insert Elements

Job Mame Flot MName Flot Device { )]
Design Name Variant Name Date . [ 1
Project Mame Design Type Time = #
Project Author w~ Value
Edit Elements
Select Element Delete Selected Rewvert to Default Undo Changes

The File Name Pattern box on the dialog shows you the current pattern. These patterns are
made up of 'tags' or 'fields' that are replaced at runtime with the relevant values, as well as any
text required to complete the name.

Example Name: will display a preview that will show you what the final composed name
might look like when the current pattern is applied. This will help you to quickly see the
results of manipulating the pattern by altering the text or adding or removing elements.

Click on any of the buttons in the Insert Elements area to add the relevant item to the pattern
at the current location of the text cursor.

When you click any function button that is not a text character, you will see the relevant tag
added to the pattern. The 'character' buttons are there for convenience to simply save you
typing the character yourself. They do not form part of the element but are used for filename
formatting.

As well as design elements, you can also choose to add a Value to the pattern. The drop down
list will provide you with all the value names defined in your design. Not only does this give
you system values but also component values should you so wish to use them.

To remove elements from the pattern, click within the tag on the pattern box, then click the
Select Element button. The text for that tag will become selected, and you can then either
click one of the Insert buttons to replace that tag with the one you really want, or click Delete
Selected to remove it from the pattern.

You can also edit the pattern by hand, to insert, alter or remove plain text items.
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The Options Section

The Options section contains settings that you can use to control the way the plotting works.
Options
[Jiew report on completion
[]'white report to same folder as plat files
[ Prampt if report aleady exists
Cloge main plot dialog after producing plots
Auto-generate plots when opening main dialog with no plotz defined
wiarn if no plots include the board/panel outline
Auto load Job File with same name as design
Auto save Job File
[JInclude Sign-off Checks Sign-off Checks...

Cirill 1dent Dirawing

Setup Sizes and Symbals...

Output Plots to Zip file

There are two check boxes on the Options dialog of the Plotting dialog. This allows you to
automatically save the generated output files (Gerber, NC Drill, Reports, etc.) directly into a
Zip file, and optionally remove the individual files afterwards.

Options X
Device Setup
ak
Gerber... Fenplat... HC Dill... Windows... FDF...
Cancel
Job File Folder Options
| C:AAICUTEPC WinJob Files', Erowse... [ view report on completion

[ 'w/rite repart ta same folder as plot files
where Plot Files e 'tk . .
SIS B IR AR [ Prompt if report aleady exists
© Same folder as design fie Cloze main plot dialog after producing plots

O This folder below design file: Auto-generate plots when opening main dialog with no plots defined
Flats Compose. ..

wiarn if no plots include the board/panel outline
(®) Always to this folder:

Auto load Job File with same name az design
Auto save Job File

[ Pack output files inta a Zip [JInclude Sign-off Checks Sigreoff Checks..
[ Remove individual files after Zipping

|E:\Users\Documents A | Browsze. ..

Pattern For File Names Dirill Ident Drawing

[P i bl 2rnml ETDIAMAE i (4 i 1) 11~ RO .

Pack output files into a Zip — output files are exported as normal, then saved into a Zip file.
Without the Remove check (see below) selected, all the files will remain saved on your hard
drive along with the Zip file also. The Zip file will be named DesignName -.zip following
your file name pattern for plots.

Remove individual files after Zipping — if the check box to Zip the output files has been
selected, selecting this option will then remove them from your hard drive. All plots will be
removed and just the Zip file (containing the plots and reports) plus the Plot Report will
remain.
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Pre-Plotting Checks

Before opening the main Plotting dialog, the program will check your design. If it is a PCB
design with components still in the Component Bin, a warning message may be displayed.

This gives you the option of continuing with plotting, but it does at least warn you about

potential problems before you produce plots that may be incomplete.

Drill Drawings

A drill drawing can be output, this is used to inform the PCB manufacturer of which holes to

drill at specific sizes. This is important when drill plated and non-plated through holes. .

Use the Drill ID Setup dialog accessed from the Plotting Options dialog, from the Settings
tab for a selected Drill Drawing plot and from the Settings menu and Drill Ident to define
the drill hole ID/Shape relationship. This information is used for the Drill Symbol table used
in the design and for Drill Ident Drawings used for manufacturing.

B Drill Ident Setup X
Crrill Ident Text
Use Text Style: | [Drill Table] ~ |
Cancel
Offset Text:  X: | 50,0000 | ¥z | 0.0000 |
Generate
Generating Table Entries For Drill Idents Not Already Defined
Symbol Shape: |Rour1d ~ |
Symbol Size:
Start Text From: I:I
Crill Ident Table
Drrill Used | From Design Plated ] Shape Size
32.0000 d
35.0000 Y Yes B Round 100.0000
42,0000 Y Yes C Reund 100.0000
50,0000 Y Yes D Reund 100.0000
29,5276 Y Yes E Reund 100.0000
16.0000 Yes F Reund 100.0000
24,0000 Yes G Reund 100.0000
Add... Bdit... Delete Clear... Import... || Export...
|

When setting up the Plotting dialog for drill drawings, select the Plot Type as Drill Ident

Drawing and output to the required format.
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| Top Copper

/| Drill Data - Through Hole
A Crill Ident Drawing - Through Hole

Using Drill Tables in the Design

Output | Layers | Settings | Posﬂion|

Settings for plot: Drill Idert Drawing - Through Hole

@ Gerber () Penplat  (7) Windows Excellon

Plot Name: Drill Idert Drawing - Through Hole
Piot Type: [ Dl ident Drawing v
Output To: [Hle v]

You can a drill table of drill sizes & counts in the design itself by selecting the Drill Table
option from the Add menu. .

| smap
A

[ _oril Table

Ck Note...

The drill table will list all drills required, separating plated and unplated if this is enabled in
the NC drill options dialog, with a separate section for each layer span. Each entry in the table
lists tool number, size, count, ID (letter) and the drill-drawing symbol. Boxes and lines are
used to divide the table into sections.

Drill Table

All Holes
Toal Size Caunt ID Symbol
To@1 20.020 4@@ AD [ )
Taae2 Q0. 024 324 0O [ )
Teo3 00.028 4 K [
Toa+ Q0. 030 55 A [ |
Teas 00.031 42 B <o
Tawe Q8. 032 98 E -
Toaz Q0. 035 26 D .
Toas Qa. 035 1 AC [ ]
Tee9 2@. 035 18 I [ )
TaLO 20.0836 12 N [ )
TalLl @@. 039 46 C s
TaL2 Q0. 040 3 L [ ]
TalLs Q. 047 sg F [ )
ToL4 00. 059 24 AE [ )
ToLs 00.062 2 M [ )
Tale 0a. 100 12 1 ®
AlLL 1123

Sizes Iin inches

Machine units are Thou

When using the blind and buried via technology, you can specify a specific layer span for the
inserted drill table, or set it to show all spans.

If a drill output is run, or if the Update Drill Tables option is used (from the context menu),
or if Properties is used on it the table will change to the new style with lines.
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Frevicos Layer

Update Crill Tables

b

ﬁ- Explode Composite
K| Delete Delete

Qrigins 3

H arids...

Eﬁ Properties... 1

The Add Drill Table option on the Add menu in PCB generates the table for the current
drills, and allows you to place it. The defaults for the text style, line style and layer are
defined in the Defaults dialog under the Inserted Tables page.

Defaults *
Text Shapes Copper Pads Tracks Vias Dimensions Nets Bitmaps
Text Callouts Inserted Tables Layer Stack Flying Wires Wire Links
Layer: Top Silk Screen i
Text Style: | Dimension ~
Line Style: | Dimension Line i

You can define the symbols used by editing the Drill ID Setup option on the Settings menu.

Once added, you can use Properties to change the layer, text style and line style, and add an
optional ‘footnote’ field that will be added at the end of the table (could be used for example
to add manufacturing notes like tolerances etc.).

Properties - Drill Table X
Drill Table
Posttion: Bel [ Fixed
Layer: Top Silk Screen w
Table Contents

Layer Span: | [All Layer Spans]

Plated: | Either ~
Include Drill 1D

Footnote:

Teat Style

Style: |Dimension v |

Size: Line Width:

Eort:  [<System Stroke Font> ~]
[ Undedine

Line Style

Line St_',fie:|Dimension Line v|

Width: ~ (10.0000
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By default, the drill table text, lines and pads are drawn using the normal text, shape and pad
colour, but you can also highlight all drill tables in a single supplied colour using the colours
dialog.

Power Planes

The generation of power planes is provided by an automatic mechanism. It is of course true
by definition that a power plane is dedicated to one signal but it could also be a split plane
where multiple signals are contained on the same ‘plane’ layer. Within your Layers dialog in
the Design Technology, you can name plane layers and make the name association. Inclusion
of a net name in a layer definition automatically defines that layer as a power plane regardless
of other settings.

MName |Type | Side | Usage | Bias | Met | Colour |
X | Top Silk Silk Screen Top Mon-Electrical  MNone
| Dimensions Dimensions Top Mon-Electrical  MNone _
_Top Paste Paste Mask Top Mon-Electrical  MNone _
TTop Copper Electrical Top Electrical X _
_Top Resist Solder Mask Top Mon-Electrical  MNone
| Layer 2 Copper Electrical Inner Electrical Y _
7 Gnd Electrical Inner Electrical Power Plane GND _
_Vcc Electrical Inner Electrical Power Plane +5V _
| Layer 3 Copper Electrical Inner Electrical X
7 Bottom Copper  Electrical Bottomn Electrical Y
| Bottorn Paste Paste Mask Bottom Mon-Electrical  MNone _
7 Bottom Silk Silk Screen Bottom Mon-Electrical  MNone _
| Bottom Resist Solder Mask Bottom Mon-Electrical  MNone _

There are a number of considerations when using power planes. Tracks from other non-
related signals can be used on a power plane layer, and will generate a clearance round them,
BUT such clearances can reduce or defeat the effectiveness of a power plane as a low
impedance high frequency path, so they should be kept to a minimum. You can also add Text
to a power plane layer for documentation purposes perhaps.

Power planes are not shown during editing unless the View Power Plane feature has been
used. Rather they are generated during the plotting process.

Normal Power Planes

A ‘normal’ copper power plane (a plane without tracks or text) only requires one file to create
all the necessary thermal relief and isolation gaps. This would require the Negative (plot only
gaps) selection to be made within the Power Plane section of the Settings page on the
Plotting dialog. This would then be processed by the plot house and reversed to produce a
‘gaps’ only positive plot.

The negative plot is initially generated as you then only plot the items which will not exist in
the final plot, this generates a much smaller plot. In most situations up to 10-20 times smaller!
The file sizes are not a problem in themselves but their transportation on regular media or
electronic mechanisms may cause a problem, especially if the file is upwards of 10Mb in size.
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Power Planes with embedded items

If the plane includes embedded tracks or text, then the rules change and a different
mechanism is required to process the plot.

There are two mechanisms available depending on how you want to work or your level of
competence.

1. Create a ‘composite plot of the final plane with the tracks and text already embedded in
the plane. This would show all the gaps for the plane isolation of connected nets and
gaps for tracks and text.

2. Create two files; a negative plot of the plane with the thermal relief, isolation gaps and
oversize for tracks plus spacings, and a positive plot of the copper items, the tracks etc.
These two files are then composite together in a Gerber viewer/editor and the composite
plotted as a final plot. Usually, this is done by the manufacturer.

Mechanism 1. Creating a composite plane

This is the easier of the two methods and is more complete if you have embedded tracks or
text on your plane layers. However, the file sizes are much larger because the files contain a
lot more information.

You would use the Positive (plane & items) selection from within the Plotting dialog and
Settings page.

FPozitive/Megative

Pazitive [plane & iterz]

] .

Mechanism 2. Outputting two files to create a composite plane from
Two files are required for one composite power plane with embedded items.

The first plot is a negative of the required copper, and defines the holes in a continuous
copper plane (thermal relief, isolation gaps and oversize for tracks plus spacings).

You would use the Negative (only plot gaps) selection from within the Plotting dialog and
Settings page.

Pasitive Megative

Megative [only plot gaps)

| phy | W
(]
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The second is a positive, which defines all copper items (e.g. tracks) appearing inside the
holes defined by the first file.

You would use the Positive (only plot items) selection from within the Plotting dialog and
Settings page.

Fozitive/Megative

Praszitive [only plat items)

o | 1

By reversing the sense of the first, and adding it to the second, the required composite power
plane is generated complete with embedded items. This process would normally be completed
by the plot house using the plotters own 'front-end' software to create the require effect. If can
be done using commercially Gerber preview/editing software but you should really
understand what you are doing before attempting to create this composite plane.

A word about settings, the clearance specified as “Isolation Gap” not only describes the
separation between pads and power plane, but also specifies the width of the thermal relief
profile round connected pads. The "Thermal Relief” figure specifies the width of the four
spokes connecting appropriate pads to the power plane. Clearly it will normally be somewhat
larger than the isolation gap.

When plotting power planes, ensure that there are no spurious tracks left on the plane layer.
Run the Dangling Tracks option from the DRC option to check this.

Plotting Solder Resist Layers

Solder resist plots are generally a pads only plot which is oversized by a small amount,
usually 5 thou or thereabouts. This can easily be done using one of two methods.

Plotting the Solder Resist layer

The first method is done using the Output menu and the Plotting and Printing option. You
should generate a Pads only plot of the Top (and Bottom, if required) electrical layers.

When creating a plot, you must first select the Oversize Pads-Only plot entry using the New
Job button (then select one of the: Gerber, Pen, Windows buttons).

Autogenerate PCE Plot Job (Gerber Photo Plot) x
Laver/Flat Types Side
CJan Al
Electrical Layers Top
Powerplane Layers Bottom
Mon-Electrical Layers Inmner

Pads-Only Resist, oversized:  |0.000
Pads-Only Paste, undersized: | 0,002 [] Mirror Bottom Side

Alsoinclude N Drill plot
Alzo include Drill Ident [Drill Drawing) plot
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This can be selected as part of a new plot job or added to the plot selection for an existing job.
Once selected, this will allow you to specify the oversize required by typing in the value.

When the Plot Type is selected, the layer required for the solder mask will need to be
selected. Change one of the layers to be selected (usually the Top Electrical). This will be one
of the electrical layers (Top or Bottom Electrical) which contain pads, or a specifically named
Solder Resist layer if one has been created.

| Qutput | Layers |Seﬂings | Posﬂion|

Settings for plot: Top Copper

Name: Selected
[Board Outline]
Wires

Top Silke

Top Copper
Bottom Copper
Bottom Silke
Dimensions

ZEE=E=<===

Because a layer has been selected which contains pads, the Pads-Only (Resist/Mask) Plot
option is enabled on the Settings dialog.

;| Settings | Position

at: Top Copper

Pads-Only (Resist/Mask) Plot
s Black Make Pads/Vias: Larger -
| Drill Holes

(®) Absolute Radius Adjust: |0.005
ted Drill Holes
W, .
vard Outlines O Percentage of Width:

Board Outlines ] Normal Vias Drilled Pads
lames/Numbers Testland Vias Undrilled Pads

For a solder Resist plot, the size option Make Pads/Vias is normally set to Larger and the
value specified. For a solder Paste mask this would be set to smaller and the value to show
and undersize of the plot. This can be defined as an Absolute value or a Percentage.

You should select the check boxes for the plot type required.

Creating a new Solder Resist layer

The second method is to create a new layer called Solder Mask using the Layers option from
the Design Technology dialog and to setup this new layer using the Layer Type option.
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Edit Layer Type X
Comp Rules Variants
Pad Styles  Text Styles  Line Styles ~ Hatch Styles  Track Styles  Layers  Layer Types  Layer§ MName: pacings ~ Rules
Usage: Mon-Electrical
MName Usage Surface Pads | All Layer Pads  |urface Sym. Pad| Al Layer Sym. F Tl Add..
X | Silk Screen Nen-Electrical Ne Ne Ne Ne e St (e Edit..
X |Electrical Electrical Yes Yes Yes Yes 2l Layer Sym. Pads Tonr
¥ |Dimensions | Non-Electrical Mo Mo Mo No [] Surtace Free Pads
Wire Wire Yes Yes Yes Yes All Layer Free Pads Wias
Spcial Effect | Special Effect Yes Yes Yes Yes :
Settings:
X [Paste Mask  Non-Electrical Yes Ne Ves Ne [] Placement Shapes
K ERlLEYNEE S Non-Electrical Yes Yes Yes Yes [ Break Shapes Around Pads
000
Export to CSV
Oversize
Make Pads/Vias: mport From CSV
(® Larger () Smaller
By This Amaourt; thou
(®) Absolute Radius Adjust: 5.00

() Percentage of Pad Widthe 0

Cancel

By setting up the layer type to have all pads except Vias available for plotting or display,
these will be used for the solder resist. The Layer must then be created to have this new

Layer Type.
MName Type Side Usage Bias Met
X | Top Silk Silk Screen Top Mon-Electrical  None
Dimensions Dimensions Top Mon-Electrical  None
Top Paste Paste Mask Top Mon-Electrical  MNone
X | Top Copper Electrical Top Electrical X
Top Resist Selder Mask Top %
Layer 2 Copper Electrical Inner
X |Gnd Electrical Inner |
_‘u‘cc Electrical Inner Type: |Solder Mazk v|
Layer 5 Copper Electrical Inner -
] : Side: | Top ~ | Bias:
X |Bottomn Copper | Electrical Bottc
" | Bottom Paste Paste Mask Bottq Colour | NN | Usage: [NenElectical
X | Bottom Silk SilkScreen | Bottd Met | v
Bottom Resist Solder Mask Botte

Cancel

By using this method, it enables the pad sizes to be controlled specifically on a one to one

basis using Pad exceptions.

From the Design Technology dialog, select the Pad Styles page.
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Comp Rules Wariants
Pad Styles  Text Styles Line Styles Hatch Styles Track Styles  Layers Layer Types
MName Layer | Shape | Width| Length Corner
X|9 [All] Rectangle 80.00 110.00 0.00
X | Large Via [AlIl Round 56.00 0.00 0.00
[AI]  Round £0.00 0.00 0.00
Small Via [Al] Round 32.00 0.00 0.00
SMD Pad [All] Rectangle 22,00 40,00 0.00
X | Via [All] Round 48.00 0.00 0.00

X ngths

ames

Pad Style Exception
Name: |Pad 5035
Layer |I3nd b |
Shape: | Found > |
width: a0.00
Length 0.00
Corner 0.00
Carner 0.00
G

Spacings  Rules

Add Style...
Copy Style As...
Add Exception...
Edit...
Merge...
Delete
Delete Unused

Export to CSV

Import From CSV

Select each of the pad styles in turn which will appear as a different size to that of the default
pad stack. Select the Add Exception option and select the Layer to change (Ground) and the
new Width and Length to be used.

When a Solder Resist layer is now processed in the Printing and Plotting option you do not
need to oversize the pads.

Viewing Power planes

This is used as a visual on-screen representation of the final power plane for full power plane
layers. This is generated using the same output mechanism used to generate the
manufacturing plots rather than a simple ‘bitmap’ image.

This option is available from the View menu, there is a menu option Powerplane with three
sub-menu options — Show, Hide and Regenerate.
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-]

Display. .. Shift-+F _ i@ c
;| acreen Grid «

Goto 3

Highlight Met 3

Met Connections »

| Powerplane Show,..

;| Hide

%ﬁ Reverse Laver Order

Bl 30 view.., AlE+3 Begenerate

Show displays a dialog allowing the selection of which power plane to view. If only one
power plane is present in the design, it will not display this dialog but go straight into the
display of the power plane.

Show Powerplane X
Gnd [GMD) E ak i
Yoo [+8Y)

Cancel

Dizplay laper if not already visible

Hide turns off the visible power plane mode and resumes the ‘normal’ view mode.
Regenerate, this recalculates the visible power plane items and redraws the picture.

The full power plane displayed using this option cannot be plotted directly without using the
plotting modes on the Qutput menu.

View Powerplanes using the Layers Bar

As well as using the View Powerplanes option, you can also access the view of power planes
using the dockable Layers Bar.

Powerplane layers are indicated by a small thermal pad icon to the right of the coloured
square.

Layers 4

1] Top Sik
[ Top Copper

[=] W Dimensions
[~] W 2 Gnd
[ e

Battarn Copper
W Battom Silk

If the power plane is being displayed in the design the icon is in negative. Left click on the
icon to toggle the display to show/hide the power plane.
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|+ M Laye: = Lopper

LA 1 aver B Cooper

Note, this option is a quick way to access the View Powerplane functionality. View
Powerplane is still available from the View menu.

Tented Vias

What is a Tented Via and why/when should it be used?

Tenting a via refers to covering via with solder mask to enclose or skin over the opening. A
via is a hole drilled into the PCB that allows multiple layers on the PCB to be connected to
each other. A non-tented via is just a via that is not covered with the solder mask layer.

The role of the PCB solder mask is to protect the via (and copper traces) from damage,
oxidation, and solder bridging. Tented vias will be more resistant to physical damage and
electrical shorts by protecting the plating inside the via hole.

Whether or not you should use tented vias is down to your preference and that of your PCB
manufacturer. If you contact them, they can advise you.

Defining Tented Vias

This is a simple method of specifying whether or not vias are to be ‘tented’. A tented via is
one that is covered with solder resist during the manufacturing stage. In order for this to
happen, the via that is to be tented must be identified in the design and a specific output
generated.

The ‘tented’ property is defined in the Net Class. When vias in the design use this Net Class,
the output file generated in the Plotting and Printing dialog can use this flag as a selection

option.
Net Class X
Mame: |DQS |
[ 0wn Colour:
Minirum Track Style ‘Wia Style
| E——r 1 [Yp— [veiean
[ Differential Pairs Terted
Gap: | 39.3701 Skew Length: | 0.0000 Mone] |v
All
Irdividual
[ Maimum Yia Count [ Masimum Stub Length “
1 250.0000
Cancel

Each Net Class has a property of Tented which can be set to one of three values:
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None: vias on this Net Class are automatically not tented so they will appear on plots as
normal.

All: all vias on this Net Class are automatically classified as tented.

Individual: the Tented flag is set by you as required. This is set on Via Properties for each
via

Via Properties

When Tented is set to None or All on the Net Class, the tented state of a via is displayed on
the Via Properties dialog but the check box is greyed out because it is inheriting its setting
from the Net Class.

Properties - Via *

Via MNet

Angle: [ Protected

[ Fixed [ Testland Tented

Plane Connection: | Default Connection i

Span- [Mheouah Hole] |

When the Tented property is set to Individual, this check box then becomes available for
setting.
Tented Vias in the Design

If this highlight is enabled (checked) in Colours, any via that is tented (either individually on
Properties or from its Net Class) will be marked with an X (cross) in the same way as we do
to highlight unconnected pads:

s
«

Note, this is the only visual indication of the ‘presence’ of the via shape on a resist layer, the
rest of the processing is done at the plotting stage. In other words, if you display only your top
resist layer, vias that are marked as tented will still be drawn.

Plotting Tented Vias

In Plotting and Printing, there is a new check box on the Settings tab for each plot that
allows you to decide whether or not to exclude tented vias from that plot.
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[] Top Electrical Output Layers Seftings  Posttion

[} op Electrical (Resist)

[ Top Blectrical (Paste) Settings for plot: Top Electrical (Resist)

[/] Top Silk Screen

[] Bottom Electrical Pads-Only (Re

[] Bottom Electrical (Resist)

] Botiom Electrical (Paste) Fill Plated Drill Holes Make Pads/\Vi

[--] Gerber Dril Data - [Through Hole] Fill Unplated Drill Holes (@ Absolute R,

[LANC Dl Data - [Through Hole] (] Plated Board Outines

] Drill Ident Drawing - h Hol Percentags

A il dent Drawing - [Through Hole] [ Unplated Board Cutlines O g
Include Driled Out [ Nomal Via:
[ Plct Pin Names./Numbers [ Testland i

All Colours Black

Exclude Tented Vias

The default setting for this is unchecked (plots include tented vias) but when auto-generating
plots it will try to determine which plots are Resist and will thus tick this box for you. This
setting is also saved in Plot Jobs so it is easy to prepare a preferred set of plots and settings
and save it for future use.

Split Power planes

The creation of split power planes has been covered previously in the section Copper
Pouring. Although the split planes would appear on what would normally be full power
planes they are output somewhat different to conventional power planes. They are output as a
'normal’ plot layer but because the net association has been removed from the plane layer to
allow for the split plane, they are no longer doesn't recognised as a power plane layer.

&
)
®
®
®
(©)

olololelolole

J

©

B[BICI0[0
OEOOOE PEOEOES

To output split power planes on internal layers, ensure that the net association in the Layers
dialog for this layer has been removed to show [None].

MName |Type | Side | Usage | Bias |Net
| Top Silk Silk Screen | Top Mon-Electrical None
TTop Electrical Electrical  Top Electrical X
] Wires Wire Top Wire MNone
_VCC Electrical  Inner  Electrical Power Plane | WCC
N GMND Electrical Inner  Electrical Power Plane  [Mone]
7 Bottom Electrical | Electrical | Bottom | Electrical Y
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This internal layer is then output by selecting the layer name in the Output dialog and treating
it as a 'normal’ positive layer (whereas power planes are normally output as negative layers to
save plotter file sizes).

Some checks to make before plotting split power planes.

U Check that the net name association has been removed from the Layers dialog for this
internal plane layer.

U Check that no components have been moved after pouring the plane(s). Check by re-
pouring if necessary.

U Check that thermal relief and isolation gaps have been added to nets which need to be
connected to the planes. A visual check in the design using the Highlight Net feature is
a good start.

U Check that the splits are in the correct position.

U Check that the Copper to board spacing is a sensible distance and not too close e.g.
approx. 75 thou rather than 8 thou (but use your own values based in manufacturing
requirements).

Schematics Print/Plot Outputs

Not strictly a PCB manufacturing output but plotting or printing the Schematic is a vital part
of the whole process and completion of the design.

Windows and Pen Plotting

The Windows and pen plotting dialogs are much simplified to that used in the PCB design
editor. Obviously, within Schematic there are no Layers to plot or power planes to consider.
For Schematics, the ability to Plot Terminals and plot Pin Names/Numbers is available for
extra control over the 'look’ of the final plot.

The Output, Settings and Position pages are the same as in the PCB Editor.

OQutput | Settings | Position

Settings for plot: div

All Colours Black

Plot Pins/Teminals
Plot Pin Names,/Numbers
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Printing Across Multiple Pages

You can print across multiple pages (with an optional overlap), this is enabled on the Printer
Setup dialog within the Plotting and Printing option. The Print option will always print
across multiple pages, if required.

Setup X The Overlap value enables you to specify an overlap

to allow for print quality degradation at the edge of the
sheets.

Cancel

Scale Compensation

: : _ Note: This option is available for both the Schematic
P”?‘Egﬁig?;‘g:; otk o and PCB design editors.

Rotate Text Clockwise mm

Circular Hole Compengzation

I

Printer
|Bn:|lher HL-L52000% series Prin | Setup...
PFrinting Multiple Layers Frint Ower Multiple Sheets

Print In Layer Order Overlap |2.000 i Print Overlap
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Chapter 10. Automatic Routers in PCB

Trace-Router

Automatic Routers Overview

An autorouter is a set of software routines that automatically determine the routes of inter-
connections on a printed circuit board. Using an autorouter to route even part of your PCB
will give you a significant saving in time (and hence money!), and by combining the power of
an autorouter with your experience in PCB layout, the resulting design can beat even the most
labour-intensive manual layout results in terms of manufacturability, cost and even aesthetics.

An autorouter takes sets of ‘nodes’ (connection points) and works out physical paths (where
possible) between those nodes whilst at the same time obeying the design rules needed for
error-free manufacture. During this task it makes many decisions about what to do when
tracks cross, directions of track segments on different layers, design rule spacings between
different kinds of items, and so on.

Trace-Router Overview

The Trace-Router is a modern shape-based router optimised to produce low track lengths and
low via counts as well as a hand-routed looking result. It uses multi-pass algorithms to route
and resolve tracking errors during its iterative process. By utilising rip up and retry
technology, it can improve on its own previous pass results without major disruptions to
existing tracking. The Trace-Router updates the design view as it runs allowing you to see the
results as they are generated. You can also stop the router at any time, modify tracks yourself,
and then re-start the router to complete the task.

The Trace-Router option is run from the Tools menu and Trace Router

Trace Router X

Fouting Passes

20 £ [JUnlimited
Tracks
[ Use Minimum %idth Keep Fired
[ Keep Premoutes [CIFix New

[ Optimizing Passes [] Fanout Passes

4 : Unlimited 4 = Unlimited
Fioute By Met Clazs Costs..
Select Classes... Default Casts
Load Results After Each Pass
Dizplay Report On Completion
Cloze Cancel
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Routing Passes

Routing This invokes a number of routing passes which will route either all nets in the design
or the specified nets, depending on which option started this dialog. You can specify the
number of passes that you want. The more your design the larger number of passes that you
will want to give it. If it routes to 100% before the number of specified passes then no more
passes will be attempted.

Tracks

Use Minimum Width means that if a net has a net class defined the router will use the
minimum track style as opposed to the nominal track style.

Keep Preroutes means that existing routing is protected against being ripped up by the
autorouter.

Keep Fixed means that only routes that are already fixed will be protected against being
ripped up by the autorouter.

Fix New means that tracks routed by the autorouter will become fixed and will remain
unaffected by the autorouter if a subsequent routing pass is made, changing the route
parameters.

Routing style allows you to specify the angle of tracks, either 90 degree (orthogonal), or 45
degree (angled tracks).

Optimising

This invokes re-routing passes which attempt to reduce the overall track length and via count
once the Routing passes are complete. You can specify the number of passes that you want.
Be aware though, engaging this option can adversely affect the run times of Trace-Router and
may significantly increase them.

Fanout

This invokes a number of passes that routes short escape tracks to vias from SMD pads. This
is done before the Routing passes. Fanout passes are not necessary in order for the router to
function, and is more useful as an initial phase before manual routing. You can specify the
number of passes that you want.

Any of the above pass options can be disabled by unchecking the appropriate box. You can
also specify unlimited passes, in which case, the router will continue until the board is
complete, or until it is cancelled.

Route By Net Class

This dialog is used to control the nets which are selected for routing.

Route By Net Class *
Class To Route 0K I
Signal Yes Cancel
Power Yes
Ground Yes
HS Yes

Select Al
< > Deselect Al
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For each net required for routing or not required for routing, a net class must be specified and
assigned to the net(s) concerned. Nets which are power or ground, or which have specific
properties e.g. high speed or memory etc. should be assigned their own net class.

Load Results — Check this option if you want the display refreshed with the latest results
after each pass.

Display Report On Completion - Check this option if you want the Auto Router to produce
and display a status report when it finishes.

Costs

This will invoke the Costs dialog from where you can change the Cost Factors used by the
Auto Router. You can use this dialog to change the costs involved with Ripping up existing
tracks and inserting vias. You can also restart the Router at a specified Pass.

Costs X
Start At Pass Ripup
T
“ias Plane Yiaz
50 = 5 =
Cancel

Default Costs changes the costs back to their default values.

Fioute By Met Class Costs.

Select Classes... Default Coste

Load Results After Each Pass
Display Report On Completion

The Route button will start the Auto Router using the values specified in this dialog. Close
will exit this dialog without starting the Auto Router but will store any changed values.

Preparing and Routing Designs

Before running the router, there are certain rules and guidelines that need to be considered in
preparing the design for routing. This is especially important if the router is to produce the
best possible results.

Design Considerations

To allow the router to work correctly and produce the best possible results, it is important to
understand how the various rules and items within the design affect the routing.

This section details rules and guidelines that need to be considered before routing a design.
Not all of these are “hard and fast” rules, but a good understanding of how the router uses and
interprets these rules and the design data will help you to achieve the best possible results
with Trace-Router.
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Layers Used

Trace-Router works on designs with any number of electrical layers, adding tracks on these
layers and inserting vias to drop from one layer to the other when it needs to.

In addition to these electrical “signal” layers, the design may also contain any number of
power (or ground) planes. As well as routing on the signal layers, Trace-Router knows how to
route power and ground nets to the appropriate power plane layer.

Layers are added and deleted through the Layers dialog on the Settings menu.

MName |T)rpe Side | Usage | Bias | Net| Colour

test Top Mon-Electrical None
] Wires Wire Top Wire Neone
? Top 5ilk Silk Screen | Top MNon-Electrical None
YTop Copper Electrical | Tep Electrical X _
? Bottom Copper Electrical | Bottomn Electrical Y
| Bottom Silk Silk Screen | Bottom  Mon-Electrical None _
E Dirmensions Bottom  Mon-Electrical MNone _

Routing Direction (Bias)

Under most circumstances (especially when routing surface-mounted components), the
predominant direction of signal flow on each layer of the board is important. This routing
flow is controlled by the Bias setting for each layer on the Layers dialog and should be
defined in consideration of the general connection flow of the design and the required routing
bias on the given layers.

Layer X

Mame: |Bott0m Electrical |

Type: | Electrical ~ |

Side: | Bottamn w | Bias  [® ~

Miri Track:
nee [ e
= Power Plane

If you are routing on two layers, you should set the Bias to X on one side and Y on the other.
The choice of which layer is X and which is Y will depend on the side of the board on which
your components are placed, the component pad orientation, and other such considerations.
You may need to experiment with these settings to find out which one gives you the best
result for the kind of board you are designing.

When routing on a single layer, there are special considerations to take into account. You can
use a wire layer to allow the router to add flying wires where it cannot route.

Bias values
XorY

Tracks should generally run in the X (or Y) direction on the layer.
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Y-biased tracks

=NE ==
T~

Tracks may be run in the ‘wrong’ direction, but the router treats these tracks as very
‘expensive’ and will try and restrict them to a minimum to avoid blocking other potential
routing paths.

X-biased tracks

None
No restriction on the direction of tracks on the layer. The router is free to run tracks in any
direction as it requires.

No Tracks
No tracks will be placed on this layer by the autorouter. If you accidentally set one of the
outer layers to None, no routing will occur if an SMD component resides on that layer.

Minimum Tracks
The router will try and avoid placing tracks on the layer, but may do so if it has to. Tracks on
this layer are again treated as ‘expensive’.

Power plane
The layer is a power or ground plane, to which stub routes may be routed.

Nets, Net Classes and Styles

Each connection and track in the design belongs to a net. Each net belongs to a Net Class.
These are used to specify a pad style to be used for vias, and two track styles to be used for
routing, these are defined in the Design Technology.

|Min. Track  |Nom.Track |Via | LenDiff Enabled| Length Diff| MinMaxEnabled|  Min|  Max| Own Colou

[ [><

Signal  Track 10 Track 15 Via 40 Mo 0.0000 Mo 0.0000  0.0000 Mo
Power | Power20 Power 50 Via 40 Mo 0.0000 Mo 0.0000  0.0000 Mo
Signal | Power 20 Power 50 Via 40 Mo 0.0000 Mo 0.0000  0.0000 Mo

Trace-Router uses the Via pad style for vias that it inserts, and either the Min. Track or the
Nom. Track style for tracks created during routing. The track style ‘type’ to be used, either
Min. Track (Minimum) or Nom. Track (Nominal) is controlled by the Minimum Width
switch on the main routing dialog.

Net Classes are important for defining different widths required for different 'classes' of
connections or tracks. For example, the default technology supplied has a net class for Signals
and one for Power type connections with values of 10/15 thou and 25/40 thou respectively.
These values allow different track packing and different current carrying capabilities.

Spacings and Track Sizes

Trace-Router uses the same spacings as used by the Design Rule Check option. These define
the gaps required between tracks, pads, vias, and so on.

It is important to set up the right combination of spacings (gaps) and track sizes if you are to
maximise the amount of space available for routing. You will find that a little arithmetic can
improve the routing immensely. For instance, when manually routing, if a track grid of 25
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thou is used with 15 thou track, and the track-to-track spacing is also 15 thou, then the
minimum legal pitch between adjacent tracks is 30 thou. This potentially wastes around half
the possible track positions. If the track-to-track spacing is reduced to 10 thou, this will allow
twice the available track positions.

Tracks| Pads| Vias|
Tracks 8.0000 8.0000 8
Pads 8.0000 8.0000 8.0000
Vias 8.0000 8.0000 8.0000 8.0000
Shapes 8.0000 8.0000 8.0000 8.0000
Text 8.0000 8.0000 8.0000 8.0000
Board 75.0000 75.0000 75.0000 75.0000 75.0000

Note: Depending on your manufacturing process, some processes, and especially less
professional ones, may tend to over-etch the copper areas of the board. This means that
tracks can be eroded during manufacture. It is important therefore to consider how the board
will be manufactured when choosing the spacings and track sizes, and if need be consult with
the person making the boards to see what is acceptable to them.

Board Outline

The design should contain a board outline to constrain the area for routing. The thickness of
the board outline line style (as well as the track- or via-to-board spacing) is taken into account
when deciding how close the router can go to the edge of the board. A typical board outline
thickness would be 10 thou (provided it isn't being used for profiling or as an inner layer
copper boundary for power plane clearances). A typical item to board spacing might be in the
order of 50-75 thou (or even more) depending on the manufacturer. For power plane layers,
these clearances are certainly near the correct value but again, consult with your board
manufacturer.

Trace-Router will not cross the board outline, nor will it cross any routing area. This means
that if there are areas of the board in which you do not want any tracks, you can add routing
areas to the design in the required location to keep the router from running tracks into those
areas. If you don’t want tracks on either side in a given part of the board, you can add a
routing area on each of the two routing layers. Routing areas are not used for routing into.

As you might expect, if you don’t have a board outline in your design, the router will simply
run the tracks out as far as it needs to go in “open space”. There may be instances in which
this would be useful, perhaps when making prototypes. In this case you may not care how
large the board should be, so you can let the router do its work and then enclose the resulting
routing pattern with a board outline once the routing is complete.

Routing Grids

The Trace-Router is a gridless autorouter, it does not use any grid to run. It simply uses the
track thickness, via style and spacing rules defined to make the best possible use of routing
space available. Correct consideration for the ‘gaps’ available should be made up-front.

Component Placement

Placement of components has a significant effect on the routability of any particular design.
There will usually be some components that have to go in specific positions, such as
connectors, but you can help the router to achieve better results by taking a little care over
placement of other components on the board.
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In general, you should place components so that the density of the unrouted connections (after
using the Optimise Nets function) is reasonably even. This should allow the router as much
choice of routing paths as possible. Over-congested or tightly-packed boards are clearly much
harder to route successfully.

Although important for most boards, achieving adequate spacing and even distribution of nets
across the board is vitally important if you are intending to route on a single side only. Single
layer routing will be much easier if the design has a minimum number of crossing nets and a
generous border around the edge.

As well as net density, it also helps routing (as well as build and test later on) if components
are placed in neat rows and/or columns, on a regular grid. If component pads are ‘off grid’,
the router will need extra effort to route into or out of these pads.

You can also help the router (as well as keeping down manufacturing costs and errors) by
keeping component orientations consistent. For example, all IC’s should be placed in the
same orientation, as should other ‘like’ groups of components (transistors, diodes, polarised
capacitors, etc.).

Where surface mounted devices have been used, and especially when they are used on both
sides of the board, you should attempt to overlap pads (when they appear on the top and
bottom sides obviously) so that the router has the maximum amount of 'free space' available.
Normally, we call free space the area on the design which when viewed is black (assuming
you have a black background). This is the space which the router can use for tracks and vias
and should be kept to a maximum if possible. Where devices don't have equal amounts of
pads, still line up rows of pads with each other, this all helps create free space.

Net Optimise

Trace-Router will attempt to route the connection pattern as it is defined in the design when
routing starts. It is generally good practice to optimise the nets in the design before routing, to
minimise the overall connection lengths of each net and generally reduce connection density.

To optimise your connection pattern, select Optimise Nets then All Nets from the Tools
menu.

The autorouter will run Optimise after each routing pass (including the final or only pass), to
optimise any remaining unrouted connections.

Copper Areas and Text

Shapes on electrical layers are treated as obstacles and should therefore be avoided. If
obstacles appear on non-electrical layers they are ignored. Another word of caution for
copper shapes, if they appear on power plane layers the router will avoid putting vias through
them, so their use on these layers should be carefully controlled.

The same applies to Text which appears on electrical layers, the router will avoid it. Text on
non-electrical layers is ignored.

Checking the Design before Routing

Finally, before actually running the autorouter, run the Design Rule Check option from the
Tools menu. If you run the router before running a Design Rule Check and there are errors
you will waste valuable routing time and may get an unexpected routing result for the wrong
reasons!

Run and correct any design rule errors before running the router. Also check the Spacings set
to validate that they are relevant to the board and design technology being used.
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Schematic Designs and the Autorouter

Schematic designs or the original netlist are not required when autorouting with the Trace-
Router. The PCB design is self-contained and holds all the information required by the router
to run successfully, a PCB design which follows the basic rules defined in this manual is all
that is required.

Interrupting Routing

At any time during the autorouting, you can interrupt the processing by pressing the Cancel
button on the progress dialog.

Another dialog is displayed, allowing you to decide whether or not to keep the routes that
Trace-Router has already created.

Press Yes to keep these tracks, or No to return to the connections as they were before this
routing operation started. Tracks that are in error are always unrouted.

Resuming Routing

You can at any time during the design process go back into the routing dialog and use Trace-
Router on the remaining connections. This applies equally well if you have interrupted the
router to modify some of the tracks that the router has inserted, or if you have routed critical
nets first (as described below). All you need to remember is to “check” the option to Keep
Preroutes, and any existing routes will be left alone by the router.

Free Pads and Component Pads

Free pads and component pads are treated the same by the router, in that they can be used in
place of vias when routing tracks on different layers, and they form obstacles to routing when
they are on a different net to the connection being routed (or not on a net at all).

Free pads are not removed by Trace-Router. They are treated as a fixed part of the board just
the same as ‘true’ component pads.

Routing SMD Components

There are special considerations which apply when routing designs with surface mount
components. Some surface mount packages can give a low success rate when routed using a
single routing pass.

Consider the example shown below. The track has been routed according to the layer bias, but
it has blocked connections from being routed up and out of their respective pads as they
would need to be for these long rectangular pads.

i _

To overcome this problem, you will need to let the router complete its processing,
interactively move some of the problem tracks, and then use the autorouter to finish off the
rest.

Stub Routing To Power Plane Layers

Where surface mounted pads need to be connected to power planes, Trace-Router can do this
for you by inserting what are called “stub routes”. These are short track paths ending in vias,
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allowing the signal from the power plane to be connected up through the via and along the
track to the pad.

Before the router can insert stub routes, the power plane layers must be correctly set up (with
their Bias set to power plane, and with the appropriate Net assigned to the layer).

i ﬁ

Trace-Router can then route any connection on that net by inserting a stub route, rather than
by routing a complete track path between the pads at each of the connection.

Stub routes are only added to surface mount pads. Through-hole pads on power plane nets are
of course already connected to the power plane through their pin, so they don’t require stub
routes with vias.

The distance between the pad and the via is controlled by the pad-to-via spacing, the larger
the spacing, the longer the stub track.

Single Layer Routing

Single-sided boards are widely used, as they are generally significantly cheaper than double-
sided and multi-layer plated-through boards. The principal areas where single sided boards are
competitive are low cost products (especially high volume) and some circuits dissipating high
power.

However, these benefits don’t come without a cost. The restriction of routing to a single layer
often means that track paths are a great deal longer (although this may not always be a
problem), and links are often needed to achieve routing completion. Component placement
and the resulting connection cross-over and density also becomes much more critical in its
effect on routing completion rates.

Component type also has an effect on the routing results. Boards with mostly IC components
often have much higher connection densities than those with mostly discrete components, and
it may be unreasonable to expect good completion rates on such boards.

One of the key factors in achieving good completion rates on single-sided boards is good
component placement with plenty of free space, especially if you can leave a wide “border”
around the edge of the board. It is usually better to start with components well spread out, and
only move them together if you find that the routing result allows you to do this.

To make the router operate on a single layer it is only necessary to set up the appropriate Bias
on the electrical layers. The layer on which the tracks are to be routed should be set with a
Bias value of ‘None’. This allows the router to run tracks in any direction on the routing layer.
The other electrical layer (if there is one) should be set with a Bias value of ‘No Tracks’, to
prevent the router from placing tracks on that layer.

There is a variation on this setup that can be used if you find that there are a few connections
that simply cannot be routed on the single layer. By setting the bias of the other layer to
‘Minimum Tracks’, the autorouter can now place tracks on the “non-routing” layer, but will
try and keep them to a minimum. As with all attempts to perform single layer routing, you
may find that you need to experiment with the settings to achieve the best result. It may be
best only to allow this minimal tracking on the “other” side for a final pass with those
connections which won’t route on the preferred side.
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Alternatively, you can use a Wire layer and manually add wires to jump gaps in the tracking,
this is a design process following automatic routing.

Post-Routing Cleanup

Depending on the density and complexity of the board, there may be some connections that
Trace-Router has not routed. This is frequently due to the restrictions on track direction on the
routing layer(s), or congestion around the start or end pads of the connection. It is often
possible with a little careful manual editing to clear enough space to allow the router to find a
suitable routing path for these unrouted connections.

If there are a lot of unrouted connections in a particular area, this can tend to point towards
component positioning as the problem. Rather than struggle to route the connections, it is
often worth moving (or rotating if necessary) some of the components in this area and trying
the router again. Don’t forget to use Optimise Nets after moving any components, again this
will help to reduce connection density. You could even consider alternative components to
make more board space available for routing. You could perhaps use surface mounted
decoupling capacitors even on a through-hole board (although this will of course affect the
manufacturing cost).
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Chapter 11. Library Creation

Understanding Libraries

The next few chapters concentrate on getting you started with creating your own libraries.
After the chapter on designing Components, there is more detail about how to use the Library
Manager at the end of these chapters.

Libraries are easy to understand and use once your grasp the basic concepts. The library
structure is made up of three individual libraries. There is a Component library made-up of
elements from the Schematics library and the PCB Symbol (footprint) library.

Schematic Symbol PCB Symbol Component Libraries
Library Library
- il
(I
L

COO0O0O0O0

These normally use the

’Eiji

V000000 manufacturer’s proper
o . ST These component names like:
> e E = symbols are SN7400
o | j E E used in the SN74LS10
E = Component SN74HCT4002
Hinmm libraries to SN74L.S258
produce CA3450
Components  Only the names from
this library is used in
O both Schematic
Symbols are often design and PCB
called ‘gates’. These These have generic layout.
have generic names names like: DIP14,
like: NAND, Buffer, SOIC14, QFP44

OPAMP, Res, Cap
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The benefits of separate Schematic Symbols, PCB Symbols and Component

Libraries

In electronic design we have Schematic Symbols and we have PCB Symbols (or footprints).
Commonly, integrated circuits and other components use the same physical footprint, but
have completely different technical specifications and internal digital or analogue circuitry.
Take for example, the standard 14-pin DIP footprint:

74LS00
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U1 b
—><
U1-e
74L500
11
—><
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?4LSUU
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SN7400
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E
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Y230
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2A 2 12[] 1B
28 3 1200 1C
ac e 1 1F
200s 100 1E
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a 4-b
10 74HC51
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‘ I—D]P 14 Pan::l-m;;eJ | SN7451 ‘

The 14-pin DIP (Dual Inline Package) is used on 100’s of different components. For
efficiency, we only want to store the 14-pin DIP PCB Footprint once and then use it
repeatedly to build different Parts or components that specify a 14-pin DIP footprint.

By the same token we only want to store a Schematic Symbol once and use it repeatedly in
various configurations to produce different components. Hence, we have a PCB Symbol
library to store a 14-pin DIP footprint plus any other footprints and a Schematic Symbol
library for a 2-Input NAND gate plus any other Schematic symbols. These can then be used
on their own or be brought together (Schematic Symbol plus PCB Footprint) in many
different permutations to create a Component Library. You also have multiple component
libraries to make the categorisation of components clearer, these can be by manufacturer, type

etc.

Key Point: It is only the component name taken from the Component library that is used in
the Schematic Design and PCB layout

Here’s how we go about creating a simple 7400 component for example, to use in a
Schematic design and the PCB layout:

P

P

4x 2-Input NAND
gate symbol from the
Schematic Symbol
library.

000000
0000000

1x 14-pin DIP

footprint from the

PCB Symbol library.

We can create a new 7400 Part by selecting 4x
2-Input NAND gates from the Schematic
Symbol library and a 14-pin DIP footprint
from the PCB symbol library. By combining
these in the component editor and inserting the
correct pin mapping as per the data-book
specification, we produce a SN7400
Component. This is then stored with a unique
component name (SN7400 in this example) in
the Component library ready to use in your
designs.
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Can | create a Schematic symbol and then select it for use in the Schematic
design without creating a PCB symbol?

You can create a new Schematic symbol and store it in the Schematic symbol library. But
before you can use it in a design you have to create a Component to ‘hold’ the Symbol and
store this in the Component library for use in your designs. A Schematic only component
could be used as power and ground symbols for example, or may just be this way for now
until you decided which footprint to use in the PCB design. The PCB symbol information can
be added to the component later on in the design process.

Why is there this added step of creating a Component - why can’t | just use the
symbol immediately?

Working this way, any Schematic symbols you produce are stored with an appropriate name
in the Schematic symbol library. It can then be reused multiple times to create different
Components using the manufacturer’s component name. Most Components you produce will
be complete with Schematic symbols and PCB symbol.

Is this the same for PCB symbols? Can | create a PCB symbol without a
Schematic symbol?

This is exactly the same for PCB symbols as with Schematic symbols. Before you can use
your new PCB symbol in a design you have to produce a component even though this
component may not have a Schematic symbol associated with it. A PCB-only component
could be added to the design as a drawing blank or test-pad probe point for example.

On the following pages is a tutorial that goes through the steps of creating Schematic
symbols, PCB symbols and a component to tie them together.

Note: Standards for symbols vary from company to company. The tutorial is presented only
as a means to understand the process of design and management and how to use the tools
available.
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Introduction to Schematic and PCB Symbol Libraries

Two types of symbol libraries exist as discussed previously, those for Schematic symbols
with the file extension .ssl, and those for PCB symbols with the file extension .psl. There is no
limit how many symbols may be kept in a given library.

Introduction to Component Libraries

Component libraries can be identified by the extension .cml. Each component in a library is
aware of the symbol name and library names of its constituent symbols. The components can
contain several Schematic symbol gates in each component, and a number of PCB footprints,
each with its own symbol. For example, a component might have 3x NAND gates and a
power gate for use in the Schematic design, a DIL, and an SMD footprint for use in PCB.

The diagram below shows how the component will access both the Schematic symbol library
and the PCB symbol library as required in the relevant design editor.

Schematic Editor

PCB Editor Program

'‘COMPOMNENT!

Libraries
' Component Library ((CML)}  Mame: 740500 #+——| Agsociated Parts
E .EFL E
. - ! Fackages tat !
' Schematic Symbol ' PCE Symbaol (FackageType) :
= T *e e DIL SM OFF ete. :
1 1 — .
1 ] 1 1
: i pra '
! Schematic Symbal i PCE Symbal E
. Reference: MANDZ2 . Reference: DIP14 !
E Schematic Symbol LiI:-raryi PCEB Symbol Library .
' {.55L) ' {.PSL} :
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Creating Schematic Symbols
For this tutorial, you will be guided through a basic symbol example, a 2-Input NAND gate.

This symbol is already available in the standard library but it gives us chance to use some of
the shape editing features to create the symbol body.

SN

2+
—{N2

N3

R

» To open the symbol editor

1. Click the Libraries icon on the File toolbar (the one that looks like a ‘book’), shortcut
<Ctrl-L>. You can also do this by clicking on the File menu and selecting Libraries.
For this tutorial, we will use toolbar icons where possible.
P_E"] File Edit WView Add Settings OQutput Tools Window Help
DS Hedl@d. & ® B

i| | ' 2 (braries (Ctri+L) | ' 2800 | 2850 1 2900

2. From the Library Manager dialog select the Schematic Symbols tab.
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On the Library: drop down list, [All Libraries] will be selected.

The Library Contents list will show Schematic symbols that already exist.

We will create a new symbol and add it to a new library called Demolib.

S

For now, we will leave the Technology file to the one defined.
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7.  Click the New Lib Button.
8. In the File Name entry, type demolib and Save.

#4] Select New Library File X
™ « Easy-PC > Library v O Search Library y-]
Organize « MNew folder =z o
~
Libraries o MName Typ
Public Account Pictures IJ T4ls.csl ssL
Public Decuments I_'| A000.ssl ssL
PCB Documents |_'| Discrete.ss| S5L
Easy-PC |_'| Gates.ssl S5L
Colour Files L lessl GSE
Databook IJ e sl
L] relay.ssl SsL
Ex. | .
uf= [ sktssl ssL
Library [ switchss! ssL
Report Templates
Technology
Userlib v ¢ >
File name: | | w
Save as type: | Schematic Symbol Libraries (*.ssl) ~

# Hide Folders Cancel

9. The Library entry will show demolib with no contents.

Schematic Symbols | PCB Symbols | Components | Associated Parts | 30 View | Folders|

Library: demolib | New Lib...

Library Contents: 0 [T Preview

Add File....

Wizard...

10. Click the New Item button.

[ Preview

11. The Symbol editor opens. You will see that it looks similar to the Schematic design
editor. It is pretty similar except it is limited to functionality required to create Schematic
symbols.

P Zoom in to view the grid dots

1. You will need to zoom in a bit (roll the mouse wheel or click the <Z> key) so you can
see the Screen Grid displayed.

2. The grid is set to 50 thou increments (as defined in the selected Technology file).
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» Adding the symbol detail

1. From the Schematic Symbol toolbar (the vertical toolbar on the left side of the screen)
select Add Shape Rectangle.
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2. Choose a starting point on a grid dot, hold down the left mouse button drag a rectangle
down to create a shape 200.00 x 400.00 thou.

Fle Edt View Add Set
Do @id. &%

[ | 16600 1 1680(
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22800

3. The status bar at the bottom of the screen will display the size being drawn as you draw
it. It will show the Size: value changing dynamically as you edit the shape.

1 2

s X
Add Rectangle||Shape||Style: Symbol Outlines| Width: 5.00 | Size: 200.00 x 400.00| dx: 200.00| dy: <400.00 | Abs| 16700.00) 22700.00|[thou
4. The Symbol origin point ‘S’ is at the top left corner of the shape. This is always added

automatically to the first item when creating a symbol. We will move this later on to a
more relevant location.

5. When the shape is the size required, click the mouse button once to release it and press
the <Esc> key to cancel this option.

6. The first stage of your Symbol should look like the picture above. If it isn’t to quite the
right size you can easily click and drag the shape segments that make up the rectangle
until it is 200 x 400.

» To create an arc

The shape needs an arc on one side of it. Again, the tools are on-hand to create this easily.
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1. Right click the mouse on the right hand vertical shape segment (this is a standard
Windows command and emulates a left mouse click to select then right click to view the
context menu, and is quicker).

2. From the context menu choose Arc> and then Angle 180

Frame Select

Polygon Select

Deselect

Select Next N

Place

Place Horizontally

Place Vertically

Type Coordinate... =
Type Offset... Shift+=
Online DRC

Enable Nudge

Fix Item

Duplicate D
Replicate...

@
B
=]

]

Merge Shapes

Change Layer... L
Mext Layer

Previous Layer

Change Style... S
Change Shape Type...

Add Corner
Edit Segment
[ ac ¥| v ] Arc To Line
A oot . Angle 45
Angle 90
Origins L ‘ Angle 180
H# Grids... Angle Free
P Properties... Alt+Enter Enter Radius.
Enter Diameter...
Enter Angle...
Flip Arc

3. The segment selected now becomes an arc.

5
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4. If your arc is the pointing the wrong way, right click on the shape again and choose Arc>
and then Flip Arc from the context menu.

Edit Segment
[ ac 0 Arc To Line
¥ Delete Delete Angle 45
Angle 90
QOrigins L Angle 180
# Grids... Angle Free
&' Pproperties... Alt+Enter Enter Radius
Enter Diameter...
Enter Angle...
| Flip Arc

» Adding the inverter circle
We need to add an ‘inverter’ circle to the output pin of the symbol.
1. From the Schematic Symbol toolbar select Add Shape Circle.

Fle Edt View Add Settings Tooks Wi
DeEHeg . @i
[ 100 1 16800 1 17000

=]

23000 1

BlFobabs

1| 22800

2. Infree space, click and drag open the circle to a radius of 25 thou, this will be displayed
on the status bar.

3. Release the mouse key to finish the circle.
4.  Click <Esc> to cancel the Add Shape Circle mode.
5. Select and drag the circle, position it at the end of the arc.

s

» Adding more symbol detail

1. Pan to the right so that you have a bit more space at the sides of the symbol. Use the <P>
key to pan or use the scroll bars.
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2. On the Schematic Symbol toolbar, select Add Open Shape or use Add Shape Single
Line from the Add menu.
File Edit View Add Settings Tools Window
= = | o

| 1 16400 1 16600 I 16800 I 17000

=

23000

Bl &8s

22800

O

3. On astart point 100 thou (2 grid dots) above the bottom left hand corner of the shape,
drag a line 100 thou long (2 grid dots) to create a horizontal ‘leg’.

4.  Double-click to finish this line.

5. Add a second line 100 thou (2 grid dots) from the top left corner of the main shape.

6. Create the line 100 thou long as shown below. Double-click to finish.
=]

7. Click the <Esc> key to cancel.
8. Now add the third leg to the right side of the symbol.

9.  This shape will be only 50 thou long because of the inverter circle already positioned.

10. At this stage the lines are not recognised as electrical connect points or pins. We are now
going to insert these as Pins.

» Adding pins

Pins need to be added to the Symbol to give ‘real’ electrical points on which to make
connections in the design. This gives its unique true electrical connectivity at all times.

1. On the Schematic Symbol Toolbar, select Add Pad.
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File Edit View Add Settings Tools Window
D EHe @ - ek

_|| 16400 1+ 16600 1 16800 1 17C
g ) s

3| Ni _l

Qll= *

Al -

O

22800

2. Drag each pin onto the symbol and position it on the end of the lines so that it looks like
the example below.

3. You will see that these are auto-numbered as you proceed. After the last pin has been
added, click the <Esc> key to cancel.

4. The pins must be numbered sequential overall but the numbering sequence on the
symbol doesn’t matter, they are there for reference only.

5. Click the <A> key to position the symbol to fit the window.
» Information on the pins

Each Pin contains three pieces of information: the big cross marks the location of the pin, N1,
N2, N3 etc. which marks the location of the pin name of the component when used in the
design, and the pin number position marker (1, 2, 3 etc.).

N3
3

The pin name N1 will only be fulfilled once the component is used in the Schematic design,
until then you only see the name position marker.

You will also see the S character on Pin 1 (if the pin was the first item to be added to the
Symbol before the Symbol Shape or if you have subsequently moved it).

The style of the pin can also be changed using the Properties dialog for a selected pin.
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Style: 2 v

Width: 60.00 Shape: Cross ~

Pin Name Pin Number [ Net Name
[ Net Shests

By default, the pin styles is taken from the Setting menu, Defaults and Pads. Pad styles are
defined in the Pad Styles dialog under Design Technology.

The Pin Number is automatically assigned a number. The number is shown in the position it
will appear in when used in the design. This can be moved in the Symbol editor but cannot be
moved once placed in the design.

If you select the N1 and choose Properties from the context menu, the following dialog is
displayed:

Text  Box Pad

Text: [n1

Position: ~ [2175.00 R
e

i

Mignment: (@) Left () Middle () Right
Show

Pin Mame
[]Pin Mumber
[]Net Name
[]Met Sheets

You can change the text alignment that will be used once the symbol is placed in the design,
you can opt to align it Left, Right or Centre

Tip: When adding terminals, if you have moved the sequence number and the location or

alignment of the pad name text, if you wish to use this on subsequent terminals, select it first
and then press Add Pad. This will take the style of the selected terminal and add the next one
in exactly the same way. If you don’t select one first, the Remembered Style for Pads is used.

P Moving the symbol origin

The Symbol origin is the symbol’s reference point used when moving it in the Schematic
design. For consistency we always place this on the pin 1 of the symbol.

The symbol origin would have been added with the first design item. In our example, this was
the outline shape but it could have been the first pin added.

1. Select the origin on the symbol (the small ‘S’ marker). This is currently on the top left
side of the symbol shape.

2. If you don’t select it the first time, click the <N> key on the keyboard to Select Next.
This will pick the next closest item to the one selected. Click <N> until you select the
symbol origin marker.
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Wz
L

3. Pick and drag the symbol origin to pin 1 as shown below.

P Moving the pin name and number positions

The default position of the pin names and numbers is not what we would like. There is no
right position, it’s a personal preference to make the drawing more aesthetically pleasing
when viewed.

You are still working using a 50 thou grid. This should be changed to a finer grid so that more
precise name placement can take place.

P Changing the snap grid
1. With nothing selected, in ‘free’ space press the <H> key.

2. From the context menu select Tenth Grid, this will set the Working Grid step to 5 thou
(a tenth of the 50 thou grid).

SANT TN
[v] e

2 Half Grid

>éi N 2 Cuarker Grid

| Tenth Grid
Fortieth Grid

o Grids...

3. Now that the grid step is set, anything you place or move will be on this new grid.
» To move the pin names and number positions

1. Zoom in by rolling the mouse wheel or use the <A> key on the keyboard so more detail
of the symbol is visible.

2. Select and drag the pin names, N1 and number, 1, into position as shown below. You
may wish to position them to your own requirements, doing this has no impact on this
tutorial but allows you to try it.
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3. Note the position of the pin name N1. The small plus + sign sits below the centre line of
the pin. It is the pin name N1 position that represents the actual pin name position in the
design.

4. The name and number positions now look like this:

1
SN
2 N3
— N2

5. One small detail to change before we move on is the alignment of the pin name position
for pin 3.

6.  Currently, the pin name is aligned to read right to left. For this pin name position to the
right side of the symbol, ideally it should read left to right. We will change this to
demonstrate the ease at which it can be done.

P Changing the pin name text alignment

We want to change the alignment on pin 3 from this:

To this >>
1. Select the pin name marker N3.
2. Right click and select Properties.

3. From the Alignment: list select Right. This will change it from its current position of
Left.
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Properties - Pin Name X

Text  Box Pad

Text: [n1

e

|:> Alignment: (@) Left OMiddIeigl‘rl

Show

Pin Name
[]Pin Number
[]Net Name
[CMet Sheets

4. Click OK.

5. The pin name would have moved left on the symbol.
1
B N1
N3
2
— N2

6. Drag it back to be closer to its host pin, pin 3.
P Adding the reference origin

The component Reference Origin is the position that the component name (U1, IC2, R3 etc.)
resides. Without a Reference Origin, the component name used in the Schematic design will

automatically be on the Symbol Origin. By adding a specific Reference Origin you can make
the place Component name in a location of your choosing.

By default, the libraries have the Reference Origin set to be the bottom right side of the
Symbol.

1.  From the Add menu, select Reference Origin.

2. Place the ‘R’ marker on the Symbol.

3. The first time you add a Reference Origin, you should edit its properties so that the
Reference Name only is displayed when used in the design.

4. Select the Reference Origin and from the context menu select Properties.
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5.

Properties - Value Position - Reference Name... X

Text  Box

Text: |R
Position:  [2425.00 Rel
s

Aignment: @ Left (O Middle () Right
Show

Reference Name
[#]Component Name
Package Name
Symbol Name

[] Description

] Values

In order for other information such as Component Name or Values to be displayed, you
must add Value Positions. This is described below.

» Adding additional reference origins to display values

Value Positions are used principally for positioning the component Values. You can also use
it for displaying Component Name, Package Name and PCB Symbol Name etc. if required.

If user defined values are to be used and their position is specific, then the value names should
be added to the same Technology file that you will use to edit both the Schematic design and
the Schematic Symbol.

P Adding Value Positions

1.
2.

From the Add menu, select Value Position

You must add position markers for each value field that you wish to display on the
symbol. Value fields for Watt and Value for example would require two Value
Positions. These Values would have been previously defined in your Technology and
will be then available for use.

With the value position marker on the end of your cursor, position the first marker where
required, we’ve positioned our example under the Reference Origin.

1

2N

)

2 N3
N2

Notice that the value position name has defaulted to [2InputNAND, this is the design
name value (a symbol is a design when editing the symbol, hence why it is displayed as
2Input NAND). This value can be changed.

Select the name value and from the context menu, select Properties.

Select the Value you require. We have selected Tol as our example. Click OK.
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Alignment: @ Left (O Middle (O Right

Show
[ ] Design Name
[]Author
[]Subject
[]Title
[[]5ave Date
[]Cument Date
[]Current Time
[][SymbalName]
[ Tal
[ Value
(] Watt
CIMFR
7. In the symbol, Tol looks like this:
£
a 3
2 N3,
H$—IN2
R
JToll
8.  Using the same method, we will now add Watt and Value to the symbol.
s N1
3
2 N3,
H—NZ
R
LTall
IHattl
I[valuel
9.  You are now ready to save the symbol into the library.

P Saving the symbol

1.

From the File menu, select Save To Library.

]

LA T

BlFbabg

g Qe D

File | Edit View Add Settings Tools
Chrl+M
Ctrl+0

New

UDE 8000 1 1

Close
Close Al
Reload

Save Ctrl+S
Save As...
Save Al

Save To Library...

Save Technology File...

2.

Print Setup...

The Save To Library dialog opens.
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Save To Library X

Library: |?4Is - |

Symbal Mame: |2InputNAND |

Check for duplicates before save

Cancel

Choose the Discrete library from the list and give the symbol the name 2InputNAND,
click OK.

The symbol is saved. You can close the symbol editor now using Exit from the File
menu.

P Viewing the symbol in the library

1.
2.

6.

Now that the symbol has been created and saved, let’s view it in the library manager.
Select the Libraries icon on the File toolbar.

File Edit View Add Sefttings Output Simulation Tools Window Help

D@ & & & | & !
| flbraries (Crrisl) [0 | 16500 1 17000 1 17500 1
T Ik % ‘I_

Select the Schematic Symbols tab if it isn’t already selected.

Check the Preview box.

Select the 2InputNAND symbol from the list of Library Contents: it should look like
the one below.

Schematic Symbols | PCB Symbols | Componerts | Associated Parts | 30 View | Folders |
Library: [All Libraries] =
Library Contents: 474 Preview
<V {Discrete} = 7
-V {Discrete]} |:‘
0V {Discrete} 1=
10F2DSEL (7dis}
1QF2ZDSLN {74} -
10F2DSF {745}
1OFADSEL {745}
10F4DSLP {74}
10FEDSEL {745
E
15 {skt
vl
XZNV {74is}
1X2_1%3A {745} e
1X3A {74}
1XIANY {74} e
TXZTXINY {74}
1_EX2TXP 4000} =
200 (e
ZANDP {745
2ANSWP {4000} Tech. Files...

ZBLATCHP {74is} —— R
IGLATCHP {74} Styles Tool...

Zinput NAND {Discrete}

ZNAND {Gates} Repart

ZNANDP {74ls}

ZNANDPSH {745}

2ZNANDSHP {4000}

2MOR {Gates} Cé;se on

MNDD f7aL - it

If you don’t see your symbol in the list, you may have saved it to another library by
mistake. You can use the Find button on the library manager dialog to locate it.




Library Creation 291

Introduction to Library Creation Wizards

The library creation wizards provide a quick method of creating symbols and components
using a ‘guided’ system. Complex footprints are especially suited to the wizard as it contains
parameter fields matched to the manufacturer’s datasheets which when completed, creates a
footprint as per the specification.

Wizards are provided for Schematic Symbol creation, PCB Symbol (footprint) creation and
Component creation. These can all be accessed from each of the library tabs from within the
Library Manager itself.

More specific detail on each of the wizards, including how to set them up and use them can be
found in the online help.

We will use the footprint wizard to create our tutorial footprint.

Creating PCB Symbols (Footprints)

You can create footprint symbols using the footprint wizard or interactively using the editor.
Once created using either method, you can then use the footprint editor to change the footprint
detail.

For this tutorial, we will use the footprint wizard to create the symbol and then discuss some
of the editor details later on.

We create this footprint even though it already exists in the supplied library:

16-Pin SOIC (R) Package

0.413 [10.49)
r'n.sas o)
T ABEAAARARA
.
O T
0.419 (10.64) :)' 0.300 (7.62}
0.394 (10.01] 0.252 (7.42)
Y _L
-—ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ 0.050 (1.27]
le-0.350 is.aETL-l'zL REF
m D.104 (2.54)
0,011 (0.279) —_ it }
9004 10.102) DB LB BB 1) 0,095 2.38)
STANDOFF 0.019 {0.483)

0.074 [0.356)
0.02 (0.508) x 45°C

WM},(,:E'L
—o| le—0.050 {1.27)

0.01 (0.254)

Copyright © Acknowledged to Analog Devices Inc.
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» To open the symbol editor
1. Click on the Libraries icon on the File toolbar.

File Edit View Add Settings OQutput Simulation Tools Window Help
DEHe @@ QA IaEE ~ 8

1Y Librari 0 1 16500 1 17000 1 17500 1
i E ‘I_;_{ Libraries (Ctrl+L) ¢

2. From the Library Manager select the PCB Symbols tab.

Schematic Svmbols | PCB Symbols I Components | Associated Parts ‘ 30 View | Fcldersl

Library: [All Libraries] - | New Lib
Library Conterts: 474 [¥] Preview
+V {Discrete} e

- {Discrete} |

0V {Discrete} |
10F2DSEL {74is}

10F2DSLN {74}

10F205P {74is) |
10F4DSEL {74is} |
10FADSLP {74is} |
10FBDSEL {74} P

P To start the footprint wizard
1. Click the Wizard button from the Library Manager.

R - fdd F

A {Discrete} |T| = ==
0V {Discrete} =)

10F2DSEL {74s}
10F2DSLN {74} :
10F2DSP {74} ’
10F4DSEL {74is}

1OF4DSLP (7451
10FBDSEL {74s}

1P {Plug} £

15 {Skt}

1529
XNV {745}

1Y 1\{}15 741 Pnmne T

For the purpose of clarity in this tutorial we have changed the colours of the items and the
background so they contrast better when printed or viewed as a PDF file. If you prefer, you
can change the colours to be the same using the Colours dialog.

2. Before we start, you will notice that from the typical manufacturers datasheet shown
above as our tutorial example, the number ranges supplied are pretty vague. The creation
of footprints is not an exact science and depends largely on the final manufacturing
process.

3. The wizard opens and the Start page is displayed.
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W st Footprint Wizard
Technology
Type
ot This wizard wil guide you through creating a new PCB footprint
Sikscreen Shaps B
Placement Outline
W Frish p
XN KX N N KJ
X N X X N ¥ K J
X N XN N N K J
X E XN XN K
X N K N N ¥ K J
XN KX N N K
XN KX N N KJ
X N XK X N ¥ K J

4. This page indicates the start of the creation process.

5. Click the Next> button to move forward to the next page. At the bottom of the page, you
can navigate the dialog page by page backwards and forwards. If you wish to skip pages
or go back more than one page, use the navigation bar along the left side of the dialog.

6. The next page allows you to specify a Technology file to be used if required. For this
tutorial, we will use leave this and create our styles when required.

W St

What technology would you like to use?

M Technology

B Frsn -
O LR R NN R N N

Precsion: 0 |& ([ E X N N N N N J
sssenese

QQQOéOQO

LA R NN R R N

LR R NN R N N

LR R NN R N N

LR R NN R N N

10.
11.

12.

Type
Pads

[7] Use Technology Fie:

Silkscreen Shape C\Users\Public\Documents'\Easy-PC17\Technology'4

Py

Placemert Ovtine Units

For this example, change Units to Imperial and Thou, and a Precision of 0

Click the Next> button

This page allows you define the type of footprint you wish to create. This sets up
subsequent pages based on your selection.

Select SOIC as the type.

Click Centre for the symbol origin. We have used Centre for surface mount devices and
Pin 1 for through-hole device by convention in the supplied libraries.

Click the bottom right radio button for the Component Name position. You will see the
preview update as you make the changes.
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W s What kind of footprint do you wish to create?
M Technology
M Tyee T m Origin
Pads - @
Silkscreen Shape DIF Q. ON CHPA CHP Fin1 \
Placement Outline 50 0]
i -1 B -~ NETHTRRI
QFF  CQFP  QFN Lcc PGA BGA -
B o=, w g o ol - \
CAN AXAL SIP MELF SOD SOT . . ]
N
= \
13. Click the Next> button
14. The Pads page is used to define the overall footprint layout. This is one of the most

15.

16.
17.
18.

19.

important pages of the wizard as it allows you to map the manufacturers’ datasheet
specification to your footprint.

We need to change quite a few of the parameters in this dialog.

Specify the pads for your SOIC footprint

Pad I ..—

Pa
Shape: Rectangle

Style:  Rec 75x26 -

Measurements

e 5000 (£

Pw. 2400

Change the Pad Count: to 16.
Change the Pad Style: Shape to Rectangle (this should be the default anyway)

We will be changing the pad style dimensions to you need to edit the Pad Style name to
be something more meaningful, type Rec 75x24

Under Measurements, type the following for each category:

e 50
E 400
PW | Automatically calculated by the wizard

PL | Automatically calculated by the wizard
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50
20
4

16

clm|3|C

20. The preview will update each time and will now look like this:

21.

22.
23.

24.
25.

26.
27.

1l
] =

R

Ensure that the Pin 1 position is the bottom left corner, the Pin Numbers are hidden
and the Pin Numbering is Anti-Clockwise (Counter-Clockwise).

Click the Next> button

The Silkscreen page allows you to say whether you require a silkscreen outline and how
it will look.

Start = =
W s Do you want a silkscreen shape for your footprint?
M Technology
T _
W Tipe @ Yes
M Pads & No
B Silkscreen Shape
Placement Cutline Layer: Top Sillk -
M- Finish Posttion Silkscreen Include Marks
(@ Outside Pads || Dot At Pad
() Inside Pads
B 10 Notch A End 30 |+

You will require one for this tutorial.

The only parameters to edit are the Position Silkscreen Outside the Pads by 10 and
include a Notch At End with a size of 30.

Click the Next> button

The Placement page allows you to say whether your footprint will have a placement
outline or not. Placement outlines can be used for assembly purposes or to define the
maximum bounding box size of the component.
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28.
29.

30.
31.
32.

33.
34.

35.

W Star Do you want a placement shape for your
M Technology footprint?
T
W Type @) Yes
M Fads

M Silkscreen Shape

I No
M Flacement Outline Layér: Top Assembly -

-’ Finish Position Shape
Qutside Pads

We will add a placement outline to our example.

From the Layer: drop down, choose Top Assembly. You don’t want the placement
outline on the silkscreen layer as it will then be plotted on the finished PCB.

In the Position Shape Outside Pads box, type 20 as the value.
Click the Next> button

The Finish page lets you type the footprint name and choose which library to save it
to.

Start . .
W s Your footprint will now be created.
M Techrology

W Type Footprint N&me: 16-Pin SOIC

W Fads
B Silkscreen Shape

M Placement Outling ave the footprint to the library:
- Finish Ic.psl -

Edit the footprint now

Once it has been created do you want to:

In Footprint Name type 16-Pin SOIC.

Check the Save the footprint to the library box and select the IC.psl library from the
drop down list.

Click the Finish button to save your footprint and exit the dialog.

[ <Back | Fmsh | [ cancel | [ Hep |

P Viewing the symbol in the library

1.
2.

Once the symbol has been created and saved, let’s view it in the library manager.
Click the Libraries button on the File toolbar.
File Edit View Add Settings Output Simulation Tools Window Help

DSHe@@. ¢ RQU&EE & B ]

%, | ilbares(coe) )0 ! 16500 1 17000 1 17500
T Ik I_

Check the Preview box.

Select the 16-Pin SOIC symbol that you just created, it should look like the one below.
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Schematic Symbals | PCB Symbols | Components | Associated Parts |3D View I Folders‘

Library:  [All Libraries] [=] [Newis..
Library Cortents: 472 Preview
1 {Discrete} - Add File

2 {Discrete} ‘:l =

3 {Discrete} =

1 D)

4DIL {ic}

iU

5 {Discrete}

DIl fiof

65IL {Ic}

8 {Dsm} Find

8DIL {ic}

s b

ssiL {lc}

100IL {} s _,S
o i

14 {Dsm} P

14DIL {ic}

1481L e} .

by

16-Pin SOIC {Ic}

16 TSSOP {Dam} il s

16DIL {lc}

165IL {ic} Eesilool

18 {Dsm}

18DIL {ic} Repart

20 {Dsm}

Additional Footprint information

Using the wizard will create you a finished footprint. This footprint can be edited in the
footprint editor to change features or add additional information. Where footprints required do
not fall into one of the ‘types’ available in the footprint wizard, you would then use the
Footprint Editor to interactively create them. Much of the footprint editor is fundamentally the
same as the editor used to create Schematic symbols previously.

The short sections below highlight some of the important areas of using the footprint editor.
» Information on the pads

When pads are added in the footprint editor (using Add Pad from the PCB Symbol toolbar),
each pad has three pieces of information

e  The ‘S* character on pad 1 (if the pad was the first item to be added to the new
symbol)

e  The pad name marker N1 which denotes the location of the pad name once used in
the Component. The pad name N1 will only be fulfilled once the component is used
in the PCB design, until then you only see the name position marker.

e The Pad Number 1. This is the pad number used in the design. This can be moved
or renamed in the symbol editor but cannot be moved once placed in the design
when used in a component.

One other vital piece of information for the pad is its layer. The pad will be placed on [All]
layers by default, indicating that it is a through-hole pad spanning all layers. This can be

changed to [Top] or [Bottom] to make it surface mounted by selecting the pad and choosing
Change Layer from the context menu (this is covered later on).
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P Adding mounting holes to your symbol

If your symbol requires additional pads to be added for use as mounting holes (lie on a D-type
connector for example), you should use the Add Pad option from the PCB Symbol toolbar.

Although these pads will be sequenced along with the symbol pads, it does make it much
easier if they exist outside the main pad sequence so they can be ignored. You can have a
different number of PCB pads to Schematic symbol terminals. The mapping of terminals and
pads will be covered in the next section on Creating Components.

P Changing Pad Styles
Pad styles are easy to change.

1. Select the pad.

2. From the context menu choose Change Style (shortcut key ‘S’).

3. From the Pad Style dialog, choose the new style required from the list.

4. You can also create your own style form here and give it a name.

5. Asatip on changing pad styles, before you add all your pads to the symbol, decide on
the style you need before you start.

6. Create the style you require up-front and add it to the Pad Styles dialog.

7. Add the first pad using the Add Pad option.

8.  Select this pad and use Change Style, change it to the style required. Use Change Layer
to make it through-hole [All] or surface mounted [Top].

9.  With the first pad still selected, add another pad. Because the first pad is selected, the
second pad will pick up this style.

P Adding extra shape information

Shapes can be added to other layers, some for documentation purposes and some to decorate
the footprint, like silkscreen shapes for example.

1.  Use the Add Shape options from the PCB Symbol toolbar.

B Be Edt wi
D e @
| 1680

=

2. When adding the shape or editing it afterwards, there are various options on the context
menu to select from.

23000

BBl Bl g

3. You will mostly use Change Style and Change Layer.
P Changing layers of items
1. To change the shape layer, select the shape, or right click while adding it.

2. From the context menu select Change Layer (shortcut ‘L’).
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3.

From the drop down list, select the layer required. The Old Layer is displayed to show
you your original reference layer.

Change Layer *
Old Layer: | Top Silk Screen | | 0K |
Mew Layer: | (fal{f=] Cancel

1 Top Electrical
Top Silk Screen
2 PP

3 Buottom Electrical
Dimensions

Creating Surface Mounted Footprints

Before moving onto the design of Components, one final consideration needs to be made for
surface mounted pads of the PCB Symbol.

The only consideration needs to be for the side that the pads reside on. For normal pads, this
would be the [All] layer. This means that the pad occupies all of the layers in the design.
Whereas a surface mounted (SM) pad would only occupy one of the outer layers [Top] or
[Bottom].

» Changing the layer of a pad

1.

During the addition of a pad or once the pad has been added, the layer can be changed.
You may also find that you need to change the pad style as well.

Select the pad(s) and from the context menu select Change Layer.

From the dialog, select the New Layer from the drop down list. The Old Layer: box
will display the previous layer used. The example below shows a through-hole pad on
[All] layers which is to be changed to [Top].

Change Layer X
Old Laper. [[a1] [ T
Mew Layer: Cancel

Al

[B attam)]

Click OK to make the layer change.

For SM pads you should make the pad side the [Top] layer. Once the footprint is used in
the design, it can be mirrored to the other side of the board where the pads will also flip
to the other side as well.

You can also use the Pad Properties dialog to change the pad layer.
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Layer  [[an] -]
Pin Nam; L ‘
[Bottom]
7. The Layer: drop down list will contain legal layers.
8. When changing a pad from [All] to [Top] layers, you may also need to change the pad
style as well. Use the Change Style option or Pad Properties dialog to do this.
P Saving the symbol
1. From the File menu, select Save To Library.
2. The Save To Library dialog opens.
Save To Library X
Library: ||c: v|
Symbol Name: [16:Pin S0IC |
Check for duplicates before save
Catcel
3. Choose the appropriate library from the drop down list.
4.

In Symbol Name: type the name of the footprint that you wish to use and click OK.
You have now saved the footprint in the Library.

Creating Components

This tutorial uses the Schematic Symbol and PCB Symbol (Footprint) created in the previous
tutorials, but equally applies to creating a Component using other existing Schematic Symbols
and PCB Symbols.

P To open the Component editor

1.  Click the Libraries icon on the File toolbar.
File Edit WView Add Settings OQutput Simulation Tools Window Help
NEEHe @@ ¢ QAU A 0 |
| 1f braries (Coriel) |0 ! 16300 1 17000 1 17500 1

2.

From the Library Manager select the Components tab.

| Schematic Symbols [ PCB Symbols | Companents | Associated Parts | 30 View | Folders |

Library: [All Libraries] -

Library Corterts: 1715

+5V {Schema} - Add File
+12V {Schema} |
+15V {Schema} e
+24V {Schema}

-5V {Schema}

-12V {Schema}

-15V {Schema}

-24V {Schema}

0V {Schema}

Preview
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N AW

10.
11.
12.

Click the New Lib button.

In File Name, type in Demolib and click Save.

From the list of libraries available, this will now show Demolib and an empty library.
We need to create a new component so click the New Item button.

The New Component dialog opens.

" New Component X
Component; | |
Description: | | Cancel
Package: | ~ |

Default Reference:

Schematic Symbaol

Library: Discrete ~

Mame:

A -
[

18PIN

25PIM

37PIN

E4PIN v

Fins: [ | Gates: 1 | [FindSymbol..

FLCE Spmbal

Mame:

10DIL ~
12DIL
14DIL
T451L
1EDIL
165IL v

Pins: |:| Find Symbol...

There are 5 main items of information required.

Component: is the name of the Component. This is the name used in the Schematic and
PCB designs to call the relevant Symbols from their respective libraries.

Package: this identifies the package type; multiple package types can be used for
selecting alternative footprints.

Default Reference: this is the name stem used in the design, e.g. U, IC. Type U into the
list box.

Schematic Symbol Name.
PCB Symbol Name.
For the Component name, type 74AC11000D
For Description: type a suitable name, type 74AC Series
Type SOIC for the Package name
In Default Reference: type U
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13. For Schematic Symbol, select the library Discrete from the drop down list.

14. From the Name list, select your Schematic symbol previously created 2InputNAND.
The number of Pins: will show 3.

15. For Gates: type in 4. Your component should contain 4x 3-pin gates plus a power gate.
16. For PCB Symbol, select the library Ic from the drop down list.

17. Select your PCB symbol Name: previously created 16-Pin SOIC.

18. Ensure the Pins box shows 16 to verify that your PCB symbol is correct.

19. Your dialog will be complete and should look like the one below.

B Mew Compeonent *
Component; [744C11000D |
Dezcription: |?4AE Series | Cancel
Package: |SD|C |V|

Default Reference:

Schematic Symbol

Library: Dizcrete w

Narne: 2nputNaND
CcP ~ %

cT
5

)

Pinz: |3 | Gates: |1 | Find Symbal...

PCE Symbol
Library: I ~
EUES 16-Fin 50IC

10DIL A
12DIL
14DIL
1451L
1EDIL

s
Firrs: Find Symbal...

20. Once it does, click OK to continue.

21. The Component Editor shows the items added from the New Component dialog.
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Pin Assignments {Packages Gates £ Values { Properlies  Associated Parts

P Adding an extra gate

Gate Sch Symbol Sch Symbol Sch Terminal Pcb Symbol| Component Pin| Met (Class)
Name Name Terminal Name Mumber|  Pad Number| Name/Mumber| Name
a 2InputNAND 1

2

3
b 2InputNAND 1

2

3
4 2InputMAND 1

2

3
d 2InputNAND 1

2

3

o;
e X
H

>

1. A power gate is required for this component. This is added before allocating pins to the

device.

2. Click on the Gates tab at the bottom of the Component Editor page.

@ : ZINputiAND
b : 2InputhAND

5 aesuso [ ose |
d ! ZInputNAND ke

Details of selected gate
Schematic Symbol

Lirary: [Discretessl [ "Ci\Jsers\.. \ibrary] = |

Mame:  2InputMAND -
Pins: 3
Y
Apply To Al
Similar Gates

oAb

PinAssignments ( Packages ) Gates

Values

Properties / Associated Parts

E

3. The power gate should be added to the bottom of this gates list.

4. Select gate d: in the list so it is highlighted blue.
5. Press the Add button.
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|v|

B Add Gatee
Library: Discrete
Mame: POWER GATE

NPNTRAN

 Find Symbol.

Add

Cancel

8

Igmr v
Pins: | 2 | Add | 1 | Gates

6. Using the Discrete library, choose the POWER GATE symbol from the Name: list and
click Add. Ensure that you only have 1 (Gates) selected in the Add Gates box.

7. The power gate name will appear at the bottom of the gates list. A preview of the symbol
can also be seen in the gate symbols window to the right of the dialog.

a: 2nputMAND Add...
b : 2InputMAND =

c : 2InputMNAND

Name:

Fins:

Details of selected gate
Schematic Symbol

Library: |Discrete.ssl [in "C:\Jsers\,.. \Library™] VJ

POWER GATE -

2

H

R

[#] Apply To All
Similar Gates

H4rH

» Mapping pins to pads

Pin Assignments

Packages ), Gates 4 Values

Properties £ Associated Parts

-
#
amt

7iAC1inman
ELTt

I e

ata b
74AC1inBAD
e

i ;
®
1

[am

8. Now what we need to do is add more detail to the component and to ‘map’ the pins
between the Schematic symbol and the PCB symbol.

For a Component to work, it needs to know how the pins used on the Schematic symbols
relate to the pads used in the PCB symbol and to the component when used in the design.
These pin assignments are entered into the grid presented.

There are three methods of assigning pins:
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U You can directly type the PCB pad numbers for the respective gates
. You can use the Assign Pins mode that lets you click on the Schematic symbol pin first
and then the equivalent PCB pad.

U You can use the Assign Pins 1-1 option to automatically assign all your pins for you.
This is useful for devices such as BGAs and connectors where the pins are a straight 1-1
relationship.

1. For our tutorial, we will use the Assign Pins option.

N

Click on the Assign Pins button on the Component toolbar or select it from the Edit
menu.

CBE Ele Edit View Sett
=2 = i i

Sch Sym
MName

2InputM,

3. Select Pin 1 on the Schematic symbol.

4. Note, you can zoom in or out of the symbol preview windows using the shortcut keys
<Z> and <U>.

5. Now select Pad 1 on the PCB symbol.

6. The grid above the symbols will display the pin numbers in the PCB Symbol Pad
Number cell and the Component Pin Name/Number cell.

7.  The illustration below shows how selecting the output pin of the symbol (pin 3) and the
pad 2 of the PCB symbol when in Assign Pins mode, will put the pin number 2 into the
Pad Number and Component Pin cells.

8. It also shows how this has been completed to number 3.

Gate Sch Symbol Sch Symbol Sch Terminal Pch Symbol Component Pin| Net (Class) i
Name Name Terminal Mame MNumber| Pad Number MName/Mumber| Name

a | 2inputMNAND | |

b ZnputNAND

< | ZnputNAND

d dnputNAND

e | POWER GATE

M 4 » u . Pin Assignments / Packages / Gates / Values / Properties / Associated Parts 1 [:| 3
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9. Back when you created your symbols, you would have added the pins and they would
have displayed a pin number. It is this ‘real’ pin number which you now see in the
component editor.

10. You can see that the pin number order doesn’t matter because you can map them easily
in this editor. If they are numbered logically when creating the symbols, it makes life
easier now for you though.

Gate Sch Symbol Sch Symbol Sch Terminal

Marme |[Mame T erminal Marne Murnber

a 2lnputhAND 1

b ZInputhAND 1 g
2

11. You should complete all pin to pad mapping so that looks like this:

Gate | Sch Symbol | Sch Symbaol | Sch Terminal| Pch Symbol| Carmponant F'in| Met [Clazs]
Name | Mame | T erminal Name | Number| Pad Numher| NamefNumber| Marme
a ZlnputhatD 1 1 1
2 16 16
3 2 2
b ZInputNAMND 1 15 15
2 14 14
3 3 3
[ 2InputhAMND 1 il 11
2 10 10
3 G 4
d 2InputhAMND 1 ] 9
2 a 8
3 7 7
e POWER GATE 1 4 4
2 12 12

P The Assign Pins 1-1 option

‘When mapping pins, if the pins and pads do not have a 1:1 relationship then you cannot use
this option. The Assign Pins 1-1 option is particularly useful when there are hundreds of
pins!

For example, if we had used this option on our tutorial, the pin mapping would look like this
below. As you can see, it is not suitable.

Gate Sch Symbol Sch Spmbol Sch Teminal] Pch Symbol| Component Pin| Met [Class)
I armne Marme Terminal Mame MNumber| Pad Mumnber| NameMumber| Name
a ZinputMaM D 1 1 1
2 2 2
3 3 3
b ZinputMat D 1 4 4
2 ] ]
3 3 3
c Zinputhar D 1 8 8
2 9 9
3 10 10
d 2inputMa D 1 11 11
2 12 12
3 13 13
e POWER GATE 1 7 7
14 14

If the mapping is not at a 1:1 ratio, you can edit the grid boxes to assign the corresponding
pins to pads.
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P Assigning pins manually
To assign pin manually, you should not be in any ‘mode’.

You should edit the component grid directly by double-clicking in the PCB Symbol Pad
Number cell and then typing in the pin number required. This will map the SCH Terminal
Number in the grey cell to the PCB symbol Pad Number that you just typed in. If you make
a mistake, double-click again and retype it or press the delete key on the keyboard to clear the
cell. When editing the grid, the corresponding pins on the symbols will be highlighted to
guide you.

P Assigning pins alphanumeric pin names

By manually assigning pin numbers, you can also use this method to give the pins
alphanumeric pin numbers as well. This is useful for devices such as BGAs or Connectors
which may require this.

Sch Terminal] Peb Spmbal| Component Pin| Met [Clasz)
B Mumber| Pad Number| MName/Number| Name
1 1 A1
2 16 sz
3 2 A3
1 15 B1
2 14 A
3 3 3
1 11 11
2 1n 1n

As you can se in the above example, you can also mix pin numbers with alpha and numeric,
and alphanumeric numbers.

P Using Apply Increment to Selected Cells to create alphanumeric names

The Apply Increment to Selected Cells option is available on the context menu on a selected
cell(s) for Pin Name/Number cells in the Component Editor. This can be used to name one
cell and create an incremental sequence from it to each subsequently selected cell.

| Sch Symbnl | Seh Symbol | Sch Temingl]Pch Symbol| Component Pin| Met [Class]
| Narme | Terminal Mame | Numher| Pad Numher| Namex’Numher| Marmne
MPLIB_CF4 | __RESET 106

1

EXTAL z 1208 4
HTAL 3 108
FB_CLK 4 121 | Copy Ctr+C
__RSTOUT ] 144 Paste Chrhy
a:ich‘?;l_ ? gi .| Delete Delete
__BE/BWED & 1 Apply Ta Other Gates
__BE/BWET 9 51

BE/BWEZ 10 124 | Apply Increment ta Selected Cells
__IRQ1 1 18 E Mame Pins by Rowfcol
—:ES; ::g 32 $9 Assign Pins 1-to-1
QSPI_DIN 14 19 Edit Packages
QSPI_CS2 15 2 Edit Gates
Sgg:_EI_DKUT ::? 31? “hange Gate Symbal
T 18 @ F&' Properties 1
__uocTs 19 52 E4
__UORTS 20 41 1))

» To use Apply Increment to Selected Cells
1. Name the first cell, Al for example.

2. Select the first cell and the next 14 cells by dragging the mouse over them.
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Gate | Sch Sumbol |Sc:h Symbal | Sch Terminal| Pch Symbol\ Component Pin| Met [Clags)
Narme |Name |Termina\ Narme | Number| Pad Number\ Name.-"Number|Name
a MPLIB_CF4 |__RESET 1
EXTAL 2
HTAL 3
FB_CLE. 4
RSTOUT 5
__RCON [
DRAMSEL 7
BE/BWED 8
BE/BWE1 3
BE/BWEZ 10
IRE1 11
IRG4 12
__IRQ¥ 13
GQSPI_DIN 14
QSPI_C52 15
GSPI_CLK 16 ChrltC
QSPI_DauT 17 7
TA 13 @ Paste Chrl+y
__UocTs 13 52 Delete Delete
__UORTS 20 41
LIOTNEL = L0, Apply To Other Gates

| Apply Increment bo Selected Cells

A1EL
Ao

Mame Pins by Row'Cal
Fot fissign Pins 1-to-1
Edit Packages

Edit Gates

Change Gate Symbol

[ffr Properties I

3. Select Apply Increment to Selected Cells option from the context menu.

Gate | Sch Symbol |Sch Symbol | Sch Terminall Pch Symbol‘ Component F‘inl Met [Class]
Name | Name |Te|mina\ Name | Numberl Pad Number‘ Name/Numberl Mame
a MPLIB_CF4 | RESET 1
ERTAL 2
RTAL 3
FE_CLK 4
RSTOUT 5
__RCON [
DRAMSEL 7
BE/BWED 8
BE/BWET 9
BE/BWE2 10
IRE1 11
IR0 12
__IRG7 13
GSPI_DIN 14
GSPI_CS2 15
GSPI_CLK 16
QSP_DoUT 17
_TA 18
__locTs 13
__UORTS 20
LiATn LS

4. The Name/Number range will now show Al, A2, A3, A4, AS etc. in the selected cells.
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» Using Copy/Paste in the Component Editor

It is possible also to Copy and Paste data between the Component Editor grid and external
applications such as Microsoft Excel and vice versa. A single cell or a range of cells can be
selected for copying or pasting. It is also possible to paste the same value in to a range of
cells.

Gate [schsymbol [ schSymbol | schTenminal]  Peb Symbol| Component Pin| Net (Class)
Narme Name | Terminal Name| Number|  Pad Number| Name/Number| Name &
a MPLB CF4  _RESET 1 106 1o
EXTAL 2 120 K12
XTAL 3 108 12
FB_CLK 4 121 u
__RSTOUT 5 144 M2
_RCON 6 23 c
DRAMSEL 7 - ‘
_BE/BWED 8 HQY-
BeEwE 9 HOME | INSERT  PAGELAYOUT ~ FORMULAS  DATA  REVIEW  VIEW  eDocPri
—BEEWE2 el i, b cut Calibri u K a abe S=E ®- Bwe
_IRQL 11 R Copy -
_IRas 2 Peste o Format paimer | B 1 U~ Do p - Sikdhonh | = == &5 EMe
_IRQ7 13 Clipboard IF1 Font | Strikethrough Alignment
i MEDT NIk 14
bl n Qz3 b fe
4 » » % Pin Assignments [ Packages /Gates /4 Values 4 Properties
A B c D £ F G H 1
1|a MPLIB_CFA __ RESET 1 108 110
2 EXTAL 2 120 K12
3 XTAL 3 108 12
4 FB_CLK 4 121 L1
5 __RSTOUT 5 124 m12
[ __RCON 6 28 c4
7 DRAMSEL 7 94 H10
E __BE/BWED 3 101 I
9 _ BE/BWEL 9 51 £3
10 __BE/BWE2 10 124 14
1 _IRQ1 11 18 B6
12 _IRQ4 12 30 6
13 _IRQ7 13 5 As
14 QSPI_DIN 14 139 B7
15 aspl €s2 15 ] A8

Using Copy and Paste To Edit Values

The values in the Pin Assignments grid can be manipulated using the normal Copy and Paste
techniques associated with spreadsheet applications such as Microsoft Excel. This includes
the ability to copy and paste multiple rows and/or columns of data. One possible use would be
to copy the pin data into an external spreadsheet to take advantage of advanced features such
as sorting and filtering, then paste the modified data back in to the Part Editor. When pasting
from an external source it is important to ensure that the data is arranged in the same order as
the cells in the grid.

The Copy and Paste commands are available from the context menu. Alternatively, the
defined shortcut keys, by default <Ctrl-C> and <Ctrl-V> may be used.

Selecting cells to copy or paste

A single grid cell or a range of grid rows and/or columns may be selected for copy or pasting.
Clicking on a single cell will select just that cell. If, rather than clicking, the mouse is dragged
while the left button is held down a range of cells may be selected, indicated by being shown
in reverse highlight. This range of cells can now be copied or pasted as a whole. If a single
cell has already been selected by clicking, it is possible to extend this into a range of cells by
clicking with the <shift> key held down. To quickly select an entire column, click in its
header cell.
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Pasting Values into the Grid

When data is pasted into grid the values are subject to the normal constraints of the column
into which they are being inserted and are checked in the same manner as when values are
typed in. For example, a value pasted into the Sch Symbol Name column will be checked to
ensure that it is a valid name of a symbol defined in the library.

The Gate Name and Sch Symbol Terminal Name columns are read only and as such may
not have values pasted into them although they may be selected and copied.

If, when pasting a range of values, a single cell is selected in the grid, the cells affected will
match the range of the paste values subject to the constraints of the rows and columns
affected.

By copying a single value then selecting a range of cells, it is possible to paste the same value
into multiple cells. All cells in the selected range of cells will be set to the pasted value,
subject to the column constraints.

All paste operations may be reversed using the standard Undo facility.
P Saving your Component

1.  From the File menu, select Save To Library.

File | Edit View Setfings !

O new Cerl+N

= Open... ctrl+0 =
Mo Close i
* =
# & Close Al n
*
#E save Ctrl+S
: B save As...
1| Save To Library... |
" Reload
E

@ hrarier L

2. The Save To Library dialog opens.

3. In Component Name: type 74AC11000D and click OK. You have now saved the
Component in the Library.

P Viewing the Component in the library

It is always worth checking the component in the Library Manager before saving closing it.
The Component Library Manager displays details of symbols and also previews this on
selection of the component in the Contents list.

1. Select the Libraries icon on the File toolbar.

File Edit View Add Settings Output Simulation Tools Window Help

DEHe@@.  »RQ & EE 2 B |
%, ‘ | Yiibraries (Cerl+L) J0__ ! 16500 1| 17000 | 1750 |
Ik I_

2. Check the Preview box.

3. From the Library Contents: list select the 74AC11000D component that you created, it
should look like the one below:
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Preview
Symbal: ZInputMAMD
"Demolib™
4 gates
Symbal: POWER GATE
"Diemalib"
1 gate
Package:

soiC
PCB Spmbol:  16-Fin S0IC
s

1

This completes the minimum amount of work required constructing a component for it to be
successfully used in the Schematic editor and passed through into the PCB layout using the
Translate To PCB option.

Adding More Component Detail

Adding Component Values

Although your basic Component has been saved it can be enhanced further by the use of
Values. Values are an important aspect of components. They are the means by which, for
example, the value, rating, type or tolerance of a component (such as a resistor or capacitor)
can be stored. These can be displayed in a Schematic or PCB design.

A further and most important application is that values are the means by which part number
and value information can be stored for inclusion in Parts lists. It is also the mechanism used
for passing essential values to the Spice simulator.

» Adding Values to your Component
1. Inthe Component editor you can add or edit values. Select the Values tab.

2. Click the Add button to create a new value.

Pad Component Values Nets  Associated Parts  Net

[Value=560K Add...
[CIMFR=Murata
[1Supplier=RS

[Tol=2%
[Wattage=0.125W
[1SupplierPartNo=R-385-9734

3. From the Add dialog you can enter the Name and Value:
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Value X

Mame: |Mfr w

Value: | Freescale

Carcel

4. Click OK to confirm the selection.

Adding and Removing Packages

A component can contain more than one Package (footprint). This may well be the case if
different technologies are to be used, e.g. DIL or SMD, and if SMD, then reflow or IR
soldering or vapor-phase, all of which could have different pad sizes and hence package
types.

You can set the current package type used by the component using Package tab.
P Setting the Current packages

The Packages tab is used to add or remove packages for your component. This is an
important dialog as it allows you to manage your packages.

Each package in the component can be selected as being the Default, the one added first to
the design (you can swap to the alternative packages after the first package has been added).
This is indicated with a ‘D’ on the Packages dialog.

The second status it can contain in the component editor is whether it is Current or not. The
‘Current’ status means that this is the package currently selected for being edited. Different
values or alternative symbols for example, can be assigned to each package in a component.
This provides you with a mechanism for being able to select it in the editor. This is indicated
with a ‘C’ on the Packages dialog.

C  DIP(DIF16) Add...
D |soIc (15-Pin SOIC)

Make Current

Make Default

'C'is the package you are currently viewing.
'D'is the default package when adding component to design.

To define a new package, use the Add option using the Add button.
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B Add Package X
Package: |DIL d Add
Cancel
FLCE Symbol
Library: |Dsm |v|

FEind Symbol...

Mame:

MO003-10
MO003-14
MOaon4-10
MO004-14
MO004-16
MO08-18 v

Pins:

For each Package you add you will need to provide it with a unique Package name. In the
above example, we have used DIL to define the 16-TSSOP symbol used on our
74AC11000D component. The preview allows you to make the correct choice. When each
symbol is selected in the list, it Pin number is displayed, providing you with additional
confirmation of your choice.

Clicking the Add button will add it to your component.
» Component Properties

The Component Properties tab is used to hold information about the component, such as the
display fields for the component in the Schematic and PCB editors.

Name: 74AC 110000

Description: TAAC Series

Default Reference: U -

MNames in Schematic Mames in PCE Suppress

W 4 » » % PinAssignments A Packages . Gates /4 Values ; Properties /4 Associated Par

Component tab

Through this page, you can edit the component description. You should also provide a
Default Reference, which is the default text added to the front of the name each instance of
the component (for example U gives Ul, U2, etc.).
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There are two columns of check boxes which set the default for what names are shown when
the component is used in a Schematic or PCB design.

Predefining Terminal Names

You can predefine a terminal name so that when used in the design editors they will be visible
and instantly recognisable as to their function or logic. This is usually more applicable to
symbols in a Schematic design.

P To define terminal names
1. Use the Sch Symbol Terminal Name cell on the grid to edit in the name.

2. Select the cell using a click and type in the name required. To move down to the next cell
and to save the previous name, click the down arrow on the keyboard. You can also use
<Enter> to move down to the cell below.

3. The name is now displayed in the component grid under Sch Symbol Terminal Name
and adjacent to the selected terminal number.

Gate | Sch Symbal [SchSymbal [ Sch Teminal] Pch Symbol| Component Pin| Net [Class)
Name | Name | Teminal Name | Number| Pad Number| Mame/Number| Name
a ZInputhaMD A 1 1 1
E 2 16 16
s 3 2 2
b 2InputhAND & 1 15 15
B 2 14 14
hd 3 3 3
[ 2lnputHAND A 1 11 1
E 2 10 10
s 3 g g
d 2InputhAND & 1 9 9
E 2 2 2
e 3 7 7
e POWERGATE @ 1 s s
WL 2 12 12

Pre-assigning Net Names

Net Names can be predefined in the component so that when used in the design, the pin
automatically has a net name assigned to it. As well as ‘normal’ components, this method is
also extensively used for components such as power and ground symbols.

P To define terminal names
1. Use the Net (Class) Name cell on the grid to edit in the name.
2. A Net Name typed into this cell will then be used on the terminal pin in the design.

3. The pin in the Schematic design will be shown as assigned.
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Gate | Sch Symbal [Sch Symbal | Sch Teminal| _ Pch Symbol| Companent Pin] Net [Class)
Name | Mame | Terminal Name | Mumber| Pad Number| Mame/Number| Mame
a ZInputhaMD A 1 1 1
2 16 16
hs 3 2 2
b 2lnputhAND & 1 15 15
E 2 14 14
v 3 3 3
c ZlnputNAND A 1 1 11
E 2 10 10
hs 3 g g
d 2lnputhAND & 1 9 9
B 2 8 8
v 3 7 7
e POWER GATE  GND 1 4
WCC 2 12 1ZNCC

4. If you wish to assign a pin which can be used for multiple net names or where it can be
assign using a choice (e.g. Vcc, 45V, +12V), then you can assign this a Net Class name
in brackets (), for example (Power).

d Anputhl sk D A 1 4 |
B 2 g g
A 3 7 7
e POWER GATE  GMND 1 4 4 GHD
VT 2 12 12| (Power]
5. When the component is used in the design, the Net Name and Net Class are checked.
B Design Technology X
Pad Styles Text Styles Line Styles Hatch Styles Track Styles Layers Layer Types Layer Spans
Nets Met Classes Value Names Spacings Rules Comp Rules Variants Wire Lengths
Mame | Class | Own Colour | Colour Show Connectlc| ~ | Add... |
X |DRIVE Signal MNo Yes Edit...
X | Feedback Signal MNo Yes ——
i GND B Design Technology
X [High_speed Signal
7 L d Signal Pad Styles Text Styles Line Styles Hatch Styles Track Styles Layers Layer Typ
| —ow.spea 'gna Nets Net Classes Value Names Spacings Rules Comp Rules Variants
Name |Type | Min. Track Nem. Track |\fia | LenDiff Enabled| Length Diff| Minhi
X |Signal Signal  Track 10 Track 15 Via 40 No 0.0000
Z Power Power | Power20 Power 50 Via 40 MNo 0.0000
_ Signal Power 20 Power 20 [Unnar No 0.0000
|HS Signal  Track 8 Track 8 Via 40 MNo 0.0000
6. If more than one exists, all the names with that Net Class are displayed in a dialog for

7.

selection.

Choose 'Ground' net for pin G1.2 X
o] [ o |
ewo ]

Ground Cancel

You choose the net name and click OK. The component is added to the design.

Mapping One Schematic Symbol Pin to Multiple PCB Pins

Using the Component editor within the Library Manager, you can map one Schematic symbol
pin to multiple PCB footprint pins.
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This is best demonstrated with a real example. The example used here is the Fairchild
FDC2512 part. The datasheet looks like this:

The internal mapping of the PCB footprint means that pins 1, 2, 5 and 6 are common to the
one schematic symbol pin. The schematic symbol contains 3 pins overall, the same as the
PCB footprint.

In the Library Manager the mapping is done using the PCB Symbol Pad Number column.
Use a comma character to indicate multiple PCB pin numbers. In the example below, the
Schematic symbol pin, pin 1, is mapped to PCB footprint pins 1, 2, 5 and 6. You can also use
pin name ranges, such as 1-5,7,9, to map 1,2,3,4,5,7.9.

When this option is used, you must have a letter in the Component Pin Name/Number
column for these corresponding pins.

Gate Sch Symbal | Sch Symbal Sch Terminal| Pcb Symbal| Component Pin| Met [Class)
M ame R Terminal MHame MWurmber| Pad Humber| MNameMumber| Mame
a hepl 1 1258 1255 |

2 3

3 4 4

e 1 -/ 6

o
3 4

=]

N
WwIo

at
[
ar

oro

Pin Mapping and Connections

There are two formats which can be used for denoting multiple mapped pins; you can use
commas and the plus (+) sign.

If a comma is used, the PCB pins will be mapped externally and Optimise will show
connections to each of these pins, all of the designated pins will be on the same net.

If a + sign is used, the connections are made internally and connections are not shown to each
of the pins. However, they will still be connected to the same and with Optimise working in
the normal way.

Checking and Verifying Component Pin Assignments

Visual and report-based verification is available during the assignment of pins in the
Component Editor. This is more essential when handling large pin devices such as BGAs but
will also help you with smaller pinned devices.
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Pins Report

From within the Component Editor, you can select the Pins Report on the View menu. This
lists key information about the pin assignment in the current Component. This includes details
of common pins, multiple mapped pins, and any pins that are not assigned.

An example report looks like this:

Component Pins Report

Report File: C:\MicroLib\Rabbit (CML - Component Pins Report) .txt
Report Written: Friday, July 15, 2022

Design Path: C:\MicroLib\Rabbit.cml

Design Title:

Created: 15-Jul-22 3:28:25 PM

Last Saved:

Editing Time: 0 min

Units: mm (precision 3)

PCB SYMBOL PIN NAMES APPEARING MORE THAN ONCE

None
COMPONENT PIN NAMES APPEARING MORE THAN ONCE

Symbol: 101-1006_A
Pins: 64

Symbol: 101-1006_B
Pins: 64
End Of Report.

Highlight Creation Issues in Component Editor

Within the Component Editor, grid cells include small coloured bars at their left edge to
highlight issues. These will highlight items such as unassigned, multiple mapped, and
common pins. The bar is shown in the left hand side of the cell to which it represents.

Below is an example of the unassigned pins using a red ‘bar’:

Gate Sch Symbol Sch Symbol Sch Terminal Pch Symbol| Component Pin| Net (Clas

Mame Mame Terminal Mame Mumber Pad Mumber| Mame/MNumber| Name
a R A 1| |

B 2| |

Below is an example of the multiple mapped pins using a light blue ‘bar’:
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Gate Sch Symbol Sch Symbol Sch Terminal Pch Symbol| Component Pin| Met (Clas
MName MName Terminal Name MNumber Pad Number| Name/Number| Name
a R A 1 1 1

B 2 1 1

Below is an example of the multiple mapped pins using a double, purple/blue ‘bar’:

Gate Sch Symbol Sch Symbol Sch Terminal Pch Symbol Component Pin| Net (Cla
MName Mame Terminal Name MNumber Pad Number MName/Number| Name
a 2ZNANDP A 1 1 1

B 2 2 2

¥ 3 3 3

VCC 4 14 14

GND 5| 89 89
b ZNANDP A 1 4 4

Once the issue has been corrected, the bars are removed dynamically. There is no manual user
update to make this process is automatic.

Library Manager Styles Editor

On the Schematic Symbols and PCB Symbols page of the Library Manager dialog, there is
a Styles Tool button.

IALINV 17387
TH2_1X3A {7ds} Copy To.
1X3A {Tdis}
1XIANV {74}
1X21X3NV {7dis}
1_8X2TXP {4000}
2AND {Gates}
2ANDP {74s}
2ANSWP {4000}
ZBLATCHP {74is}
2GLATCHP {745}
2ZNAND {Gates}
2NANDP {745}
ZNANDPSH {7dis}
2NANDSHP {?DI}I}}
2NOR {Gates
2NORP {745} o

20R {Gatest

When selected, you are presented with the Manage Library Styles dialog:

Manage Library Styles *
Line Styles Layer Line Styles
Pad Styles
Text Styles

Buttons on this dialog allow you to manage different style styles and Layer Line styles. Each
dialog will display which styles are used and the ability to rename them or merge them with
other styles.
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Manage Library Text Styles >

Mame Equivalent Description Rename

4 Width 0.00 thou P —
Dimensions [Errors] Width 30,00 thou Line Width 5.00 thou

Mormal Width 25.00 thou Line Width 1.00 thou

[Errors] [Pin Mames] Width 50,00 thou Line Width 5.00 thou

[Pin Marmes] [Errors] Width 30,00 thou Line Width 5.00 thou

[Pin Mumbers] | [Errors] Width 30,00 thou Line Width 5.00 thou

[Symbol Mames | [Errors] Width 30.00 thou Line Width 5.00 thou

Where a style matches by its value, the style name will be displayed in the Equivalent cell
next to it.

In the example above, style name Dimensions, [Errors], [Pin Names], [Pin Numbers],
[Symbol Names] all use the same width. This is perfectly acceptable if your wish to
differentiate between different items using the same style value or thickness but where
common items use different names, you may wish to consolidate them.

Where style names exist but the name is meaningless, for example, Stylel or 4, you can select
the style name and press the Rename button. Type in the new name, this might be Pins
Names for example. To consolidate names, you select the cell of the style name you wish to
keep. If we wish to keep Normal, and make Line 5 the Normal named style, you would select
Normal from the list and press the Make Same button.
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Chapter 12. Managing Libraries

Managing Libraries

The Library Manager

The Library Manager is used to manage your libraries. Other than for backing up libraries
for security purposes, you must always use the Library Manger for maintenance tasks, tasks
such as copying and merging libraries.

Creating Libraries

From the Library Manager, you can create new libraries by selecting the New Lib dialog and
providing a name in the dialog. The file extension will be supplied in the current library
format. The current library selected is displayed in the Library: drop down list. You can use
this list to swap to another library.

Preview
Add File CMOS Op Amp MFR=Texas Inst
= Symbal: OPAMPZ
(lc.ssl)
New ltem 1 gate
" Package: DIL
Wizard.. | |pCB Symbol: 8DIL*
- {lc.psly
Edit... Package: LCC
PCB Symbal: LCC20B
Find... {Qbsm psl}
Package: S0L
Delete... PCB Symbel: 508
(Dsm pal)
Copy To...
Move To...
Rename... Add to Design [JAddto Comp Bin |1 =
Save To Lib...
Export...
oo
reegt o o
Close on
Edit = o o
R

Managing Library ltems

Use the navigation buttons in the centre of each of the dialogs to Add File, Create New Item,
Edit, Find, Delete, Copy, Move and Rename library items.

Use the Copy To button to make copies of existing library items into other libraries or to the
same library but under a different name. Once copied, use the Delete button to remove the
original library item. This is more secure than providing a Move button as it always retains a
copy of the original item.
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Adding and Merging Libraries

Importing Libraries From Designs

Libraries may be combined using the Add button in the Library Manager dialog, you may
add one library to another. Besides copying to alternative libraries, this function has an
important second function; components can have many different package types, each one
corresponding to an alternative PCB footprint. When components are added together, their
package types merge. This means that an extra package type for a component can be built and
tested using a working library, then only added to a main library after checking.

When two libraries are merged, you are always prompted before a component is changed.
You should be aware of components (with the same name) using similar symbols from
different libraries as it is easy to inadvertently associate the wrong symbol definition with a
component.

New libraries can also be created from designs with the importer ignoring any design
information. This means even if you don’t have the library used to create an old design or a
design from someone else which requires library modifications, you can still get the library
back. Each design contains enough library information for which to fully rebuild the
component library and appropriate symbol library; Schematic design to Schematic symbols
and PCB design to PCB symbols.

If using this procedure, you should always rebuild the symbols first, followed by the
component library data.

P To import designs as libraries

Use the Add button on the Library Manager dialog to import the files as libraries. Simply
select the design and click Open to start the import. The Library Contents: list will update
with just the library information; all design information will be ignored.

Library Databook Tool

You can produce professional style documentation for your libraries using the Databook
option. This provides you with template driven automatic generation of datasheets on-the-fly
to keep up-to-date documentation of your library contents.

The Databook option is located on File menu. The Databook opens as a separate ‘top level’
window, separate from the application window. The shortcut key <F12> toggles back and

forth between Databook and the main window.

File Edit View Settings Window Help

&

bE

a4 T 181 H0Y : Pl Flsm ;
.-/ Introduction to Databook . =
T“’a Component Libraries
w0 PCE Symbol Libraries
+ 21 Schematic Symbol Libraries
ELJE ST User Tanc T4nct 7415
4000 Connector Csm Discrete
Dsm Hybrid Opamps Pcb
Qbsm Qcsm Qsm relay
Schema Sm Transistor

W E

Databook

13:22

18-Jul-2019

Page 10of 1
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The Databook window is divided into two sections; on the left-hand side is a ‘tree’ view of
the libraries and their contents, whilst the right-hand side is used to display the datasheet for
the currently selected item.

The picture below shows a component library selected in the left-hand view, and the names of
all the items in the library arranged in the right-hand view.

Fle Edit View Window Help Settings
D Dq. -. ‘ s = |:| 1] = |:| L
e @ Ca:\““'"‘a” * |[Library: C:\USERS\PUBLIC\DOCUMENTS\PROLIBIAC TEL.CML
o _Adﬂ MXGZPLGS Component: A40MX02-PL44
: Description: MXFPGA
4 £ A4OMXHD4-PLAY 1 e
3 -2 AAOMYO4-PLES " || comPONENT DETAILS
{1 A42MX09-PLES
& -2 A42MK16-PQI6D Name- AL0MXD2-PL44
~{11 A545X08A1-TQ100 Library File:  C:\Users\Public\Documents\Prolip\actel cmil
oy -{] A54SX08A1-TQL4 Description:  MX FPGA
= -] AS4SX08A2-TQL00 Default Ref U
-0 A54sK08A2-TQ1A4 Packages 1
o [ A545X08A3-TQL00 Gates: 4
) [0 ASASXDEA3-TQL44 '

I A54SX0BAF-TQLO0
I A54SX0BAF-TQL44
-] AS4SKOBA-TQL00

£ A545X0BA-TQL44

-1 A545X16A1-TQL00
£ A545X16A1-TQLA4
-7 A545X16A2-TQL00
£ A545X16A2-TQL44
-] A545X16A3-TQL00
£ A545X16A3-TQL44
-] AS4SX16AF-TQL00
-] AS4SX16AF-TQL44
-] AS4SK16A-TQL00

-] AS4SXI6A-TQL44

-1 A545X32A1-TQL00
-] A545X32A2-TQL00
- A545X32A3-TQL00
T A54SX32AF-TQL00
-7 A545X32A-TQ100

PACKAGES & PIN ASSIGNMENTS

Package: PLCC44-MX
Symbol: PLCC44-MX
Pins: 44
TT DS LOomT o Pin Name
A4 MODE
g A33 CLKAO
o AST DCLKAO
. A26 SDIIO
S A3E PRANO
& A30 PRBAO
S B.1 le}
g B.2 le}
2 IOQeHDOYCOT0E B4 10
B.5 le}
B.6 le}

Navigation and management of the Databook items can be done using the toolbar to the left
side of the window.

Items found in the Databook can be added to the design using the Item to Design button on
the Add menu (shortcut <Alt-F8>).

More detailed information about this feature can be found in the online help by pressing the

<F1> key.
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Chapter 13. Libraries

Standard Supplied Libraries

The standard library contains a selection of different components from a range of
manufacturers. Supporting these components are their associated Schematic symbols and
PCB symbols (footprints). The components cover a broad range to which you can edit or add
your own components and symbols.

A word of caution, we strongly recommend that no alterations or additions be made to the
standard libraries. If you create new libraries of your own, and especially if you modify the
standard libraries, copy the Component, Footprints and Symbols from the standard library to
your own library. You can do this on a Component by Component basis or do sets of libraries
as you require.

Always ensure you backup your libraries as part of your standard operating routings and
processes. By retaining the standard libraries as originals, you can always reinstall these if lost
for some reason. Your own created libraries are more precious of course.

Errors and Omissions

We have taken great care in the preparation and checking of our libraries, but it is possible
that there may be the odd undiscovered error. Please check your work carefully before
releasing it for production. The inclusion of a device in this library does not imply that it is
available, that it is suitable for new designs, or that all footprints or packages included are
available. We cannot accept any responsibility for any loss or damage resulting from the use
of any of our libraries.

Please let us know if you do find a problem, or if you have reason to suspect the accuracy of
any components.

Using the Standard Library Components

Please note that components in the standard SCHEMA library are Schematic only, and will
not translate to PCB. Similarly, components in the PCB library are PCB only, and will give an
error if an attempt is made to import them into the Schematic editor.

Although there are no reasons why very large libraries cannot be handled, experience has
shown that it is more efficient, and easier to manage a number of smaller ones instead.

Adding Your Own Components

Any of the supplied symbols may be used in your own components. It is always advisable to
record the symbols were used where, and, if creating your own symbols, the dimensions used.
It is also a good idea to use styles with meaningful names when creating symbols, as it makes
it easier to change them if required in a design and if possible reuse existing styles.

Library Definitions

Component Definitions (*.cml)

Each of the sections below is headed Library: followed by the library name and a general
description of its contents. Each of the library names assumes the file extension of .cml
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PCB library symbols (*.psl)

These libraries contain the PCB symbols that are used within each of the component libraries.

Schematic library symbols (*.ssl)

These libraries contain the Schematic symbols that are used within each of the component
libraries.

Associated Parts Libraries (*.apl)

These libraries contain Associated Parts that can be optionally ‘attached’ to components
within the component libraries. These items add extra detail to a component and are used
when the Bill of Materials (BOM) is created.

3D Packages (*.pkg)

These libraries contain the 3D packages used in the 3D Viewer option from within the PCB
design editor.

Library Finder

Details of all our standard libraries and their contents can be found on our web site
www.numberone.com\libfinder.asp You can also use the Library Finder which will allow
you to search a database of all the library parts to find the part you require. It will also inform
you of the appropriate library that the part can be located in.

SnapEDA Component Browser

As well as the standard and packaged libraries available, a built-in SnapEDA Component
Search bar is provided. This allows you to search for Parts from inside Easy-PC and
download them to the end of cursor in the design for insertion. This item is also saved to your
libraries at the same time for use later on. Please see the online help for further information.

Availability

The SnapEDA Component Search bar is always only available for the current major version
of the product.

Component Search Engine Web Site
You must register to use the SnapEDA Component Search bar using the web site:

http://www.snapeda.com

Once registered, you will be able to search and retrieve live components without logging in
again. The setting is saved inside the option within Easy-PC.
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.apl, 325
.cad, 232
.cml, 324
.dxf, 9
.gbr, 232,239
idf, 9
.pcb, 17
.pkg, 325
.psl, 325
.sch, 16
.ssl, 325
.stf, 95
.tgz, 232
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Add board, 157
Add component, 98, 99, 159
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Add drill table, 249
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Concept of operation, 15
Connections, 16, 106, 169
styles, 71, 96
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Connectivity check, 221
Connectors, 103
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Copper
pour area, 194, 215
pour keepout area, 198
pouring, 193
Copper shape, 215
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Cross probe, 223
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Databook, 321
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Fillet, 57, 176
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Find component, 101
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components, 47
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Fonts, 54, 71

Force everything on, 87
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Free angle, 175

Free pads, 158

G

Gerber, 232
Gerber file extensions, 239
Global styles, 77
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block, 130
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component, 30 Lines styles, 71, 96
design, 31 Load colour files, 84
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