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How to Use This Manual

This PCB Editor Training Manual closely complements the PCB Editor training lectures,
slides, and software demonstrations. Concepts and skills taught during this course are
based on an “explain”, “show,” and “hands-on” method.

Lecture (“tell™)

Demonstration (“show”)

Labs (“do”)

Each lesson begins with an explanation of application features and associated dialog
boxes. Lab exercises follow that provide guided hands-on experience.

Course Agenda

Lesson 1: Cadence® PCB Editor User Interface

Lesson 2: Managing the PCB Editor Work Environment
Lesson 3: Padstacks

Lesson 4: Component Symbols

Lesson 5: Board Design Files

Lesson 6: Importing Logic Information into PCB Editor
Lesson 7: Setting Design Constraints

Lesson 8: Component Placement

Lesson 9: Additional Placement Features

Lesson 10: Interactive Routing

Lesson 11: Copper Areas and Positive Planes

Lesson 12 Preparing for Post Processing

Lesson 13: Preparing the Board Design for Manufacturing

Appendices

Appendix A: Pre-Selection Mode and Selection Set
Appendix B: Scripts & Macros

Appendix C: Pin and Gate Swapping
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Other Related Courses

e OrCAD Capture Essentials: This class teaches you how to use the OrCAD Capture
schematic tool to design and process electrical schematics.

e OrCAD Capture CIS/CIP: This class teaches what a part database is and how the
Cadence OrCAD Component Information System can help manage parts and usage
with a parts database.

e Analog Simulation with PSpice®: This class teaches you how to use the Cadence
PSpice A/D simulator for analog design.

e PSpice Advanced Analysis: This course teaches how to use the features in the
Cadence PSpice Advance Analysis package - Sensitivity, Monte Carlo, Smoke
Analysis, and the Cadence PSpice Optimizer.

e PCB Editor Professional: This course teaches how to customize the PCB Editor, set
high speed constraints, define differential pairs and their constraints, create rigid flex
zones, set inter layer rules, set DFM constraints, use placement replication, use the
auto router and testpoint generation.

e SPECCTRA for OrCAD: During this course, you will learn how to use the Cadence
SPECCTRA for OrCAD and interactive wire editing tools.

Formatting Conventions

The following formatting conventions are used throughout this training manual:

e For the purpose of this manual, OrCAD Capture CIS will be referred to as OrCAD
Capture as the actual functions performed are “Done” by OrCAD Capture and not the
OrCAD Capture CIS option. Also, some dialog boxes refer to OrCAD Capture tools
as Design Entry CIS (Capture) which is aliased by DE CIS.

e When lab procedures instruct you to click a dialog box button, tab, option, or toolbar
icon, the item is formatted in bold, italic text.

e When lab procedures instruct you to select a file name, the name of the file is
formatted in courier text.

e When lab procedures instruct you to access a directory path, the path is formatted in
bold italic text.

e When you are instructed to select a menu option, the option is formatted in bold,
italic text.

e When you are instructed to select a series of menu options, the primary and secondary
menu options are separated by the (-) symbol.

e When lab procedures instruct you to press a key on your PC keyboard, the name of
the key is enclosed in brackets. For example: <key>.

e When lab procedures instruct you to enter information in a field, type in the
appropriate information and then hit the Tab or Enter keyboard key.

March 2020 EMA Design Automation, Inc. ® © 2020 All rights reserved
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Lesson 1: PCB Editor User
Interface

Learning Objectives

In this lesson, you will:

e Identify the user interface components of the PCB Editor
e Navigate within the PCB Editor window and access Ul features to tailor the tool to
your individual needs

In this section, you will be introduced to the PCB Editor. You will explore the PCB
Editor’s graphical user interface as well as the various programs that comprise the PCB
Editor system. Information about online documentation and websites will be provided.

Note @ The pictures in this manual are taken using a Windows 10 operating system.
They may vary slightly if you are using Windows 7 or Windows 8.

Version 17.4 Notations

When you install the PCB Editor Version 17.4 software on your computer you need to be
aware of the following:

e Version 17.4 will only run on a 64-bit architecture (Windows 10)
e Once the board design or symbol file is saved in version 17.4, it may be exported or
downrev’d to 17.2, but not any older versions, such as 16.6.
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Course Directory Structure

C: - EMA_Training -
|
PCB_Designer

play project2 symbols  solutions

!—k—\

allegro symbols

C or D drive depending on the training computer you are using

Important

It is very important to understand and remember the directory structure presented,
especially when working with the labs. The project2 directory structure contains a front
to back design with an OrCAD Capture schematic. The project2 directory contains the
release.dsn schematic file. The allegro subdirectory contains the 3 pst*.dat
Packager files used for netlisting, as well as the *view.dat files for back annotation.

Other directories that you will see within the course installation are:

e Symbols - All the .psm. and .dra symbol files used for PCB Editor
.brd designs reside in this subdirectory.

e Play - This is the working directory where you build library files and practice using
the PCB Editor.

e Solutions - This directory contains all of the reference board files for all of the labs as
backup files.

March 2020 EMA Design Automation, Inc. ® © 2020 All rights reserved
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Primary PCB Editor Programs

When you install the PCB Editor software on your computer, the installation program
automatically includes several tools accessible from Windows Start product selections.

Depending on the operating system on your computer will depend on the access from the
Windows Start.

e Windows 10
e PCB Editor: Start — Cadence PCB 17.4-2016 — PCB Editor 17.4
e Padstack Editor: Start — Cadence PCB Utilities 17.4-2016 — Padstack Editor
17.4

The PCB Editor lets you create printed circuit board designs and footprint symbols
required by those designs.

The Pad Designer lets you create or modify library padstacks, including:

e Defining the parameters of your padstacks
e Creating through-hole, blind and buried, and via padstacks

March 2020 EMA Design Automation, Inc. ® © 2020 All rights reserved
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PCB Editor Tools

m m OrCAD PCB Designer Standard: Test_Bo
Select a Product File Import Setup Display Outline
Allegro PCE Designer 7 New.. Cirl+N
Allegro Physical Viewer Plus
OrCAD PCB Designer Professional w/PSpice 5 Open.. Curi+0
OrCAD PCE Designer Professional Open Project...
OrCAD PCB Designer Standard
OrCAD PCBSS! S ti
OrCAD Sigrity ERC Save As...
Available Product Options :
[C] OrCAD Productivity Toolbox Design Sync.
Viewlog...
File Viewer...
Print Setup...
Print Preview
Print...
Capture Canvas Image... Al |0W5 yOU tO
Properties... Change your
Change Editor... ‘ PCB EdltOr
Script... .
product choice
[ Use as defaukt Recent Designs ¢
’ oK Cancel Usage... Help Exit

Sets selected product as default tool
and this window will no longer open

If you purchased more than one type of the PCB Editor tool, the Product Choices form
will appear when you invoke the PCB Editor. Select from the list the product you wish to
use. If you want the same product each time you use the program and do not wish to see
the product choices menu each time, you can toggle the Use as Default option in the
form. With this option checked, the product you have selected when you click the OK
button will be used each time you run the PCB Editor. If you want to use a different
product after starting the PCB Editor, use File - Change Editor to reopen the PCB Editor
Product Choices form.

The OrCAD PCB Designer Standard tool is a baseline product. It includes Differential
Pair Constraints but does not include an autorouter. All features taught in this class are
available in OrCAD PCB Designer Standard.

The OrCAD PCB Designer Professional tool has support for some Electrical Rules,
such as Differential Pairs, Propagation Delay, Matched Delay, Impedance and Total Etch
Length. It also supports all physical and spacing rules that may be required, including
Region Rules.

The OrCAD PCB Designer Professional with PSpice tool has the same rule selection
as the OrCAD PCB Designer Professional tool, but also includes PSpice A/D.

March 2020 EMA Design Automation, Inc. ® © 2020 All rights reserved
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Setting and Changing Your Working Directory

All files that are created or saved from within PCB Editor are
written to the current working directory by default.

mSave_M x

When opening or Creating e cuu ossimsnmr. 7 vipe sses = © © 0 @ & @ »
files, you can change the W 1y Computer| | Name ’ Sze  Type  DateModified
directory to a new location | . .. Repon Fil.der 12/207..17 AM

H H signoiserun Fil..der 12/2 7

by brOWSIng to the dESIred stepFacetFilesdMap Fil..der 1272 TA
dlrectory. BB cds_routed.brd 42MB prdFile 12/20/..:33 PM
< >
Fie nane: s routedoed] | IETE

Fies of type: Board (*.brd) - Cancel

Change Directory ]

Use this option to change to the new selected directory. If not
checked than the file will save to the original working directory

When opening and saving files, you must pay attention to the directory that is set as your
Current Directory. This directory is displayed in the title bar of the PCB Editor window.
When you open or save files, you can change the Current Directory by using the standard
browser. If you browse to a different directory, you can make that directory the Current
Directory by selecting the Change Directory option at the bottom of the window.

The first time you invoke the PCB Editor, the Current Directory is set to a location that is
specified during the software installation.

PCB Editor Workspace

Title
Menu B — Bar
Bar ¥—Icon
=r Bar
Design - .
Workflow e <G gontrlol
: ane

aaaaa

Start _|
Page
World
Command View
Window =

Status
Bar
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There are several different areas that you need to become familiar with when using the
PCB Editor.

e Title bar - Located at the very top of the window, indicates the PCB Editor product
that is currently running, the database that is currently opened, and the working
directory.

e Menu bar - Located directly underneath the title bar, contains all the commands
required to create and modify a design. To execute a command, select the pulldown
menu with the LMB, then select the command with the LMB. For example, to
execute the Open command, select File - Open from the menu bar with the LMB.

e lIcon toolbar - Located immediately below the menu bar, the icon tool bar can be
displayed or hidden in groups. This area will be discussed in more detail shortly.

e Design Workflow Pane — The design workflow is great for new users. It guides new
users through the design flow and eliminates searching for icons, or menus. It is also
possible to create custom flows.

e Start Page — When PCB Editor first opens, the start page will be visible on top of the
design window. The start page provides easy access to valuable information. It
includes a Recent Design List, Get Started section with Tips and Tricks and Best
Practice papers.

e Design window — Once a board file, or footprint is opened, the design window will
move on top of the start page. This is where you will do most of your work on the
printed circuit board design such as placing your parts and routing the design.

PCB Editor Menu Restructuring

Since the release of 16.6-2015, Cadence introduced a vastly improved menu structure for
the PCB Editor based on numerous requests of making your design experience faster and
more intuitive.

File Import Setup Display OQutline Add Edit Place Route Shape Check Tools Manufacture Export

Replicating a physical design flow, the menu structure has been re-arranged so that it
works in both horizontal and vertical axis. The more common menus such as Import and
Export have been exposed to the main canvas while infrequently used menus are
regulated further down the tree. Mouse clicks have been minimized by adapting a “two-
deep” menu philosophy.

The menus in the Symbol Editors remain as they were in the past.
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Status Bar
Stop Color Button:
Green — ready for your command
Yellt_)w — system is working but you Aux/Script
can interrupt the command
: . Text
Red — system is working but you Flinboard Number of
can not interrupt the command P Superiilter Selected
Mode Status
Items
Current Current
Active cursor Application
Class/Subclass location Mode

v 3

6165, 4630

lde Top

Pacementedt  Off

Toggles “A" or “R”

A = Absolute - coordinate
display based on absolute 0 0
of database

— — o e R = Relative - coordinates
|l displayed based upon previous
pick

Current DRC status:
Green — DRC up-to-date,
no DRC errors exist
Yellow — DRC up-to-date,
DR.C errors exist

Red — DRC out-to-date

Type @ XY Coordinate
Current command | == L
being executed i

] Relatve (from last pick)

T) Distance + Angle

Pick command, type in
X and Y coordinates

The Status Bar is located at the bottom of the window.

First, the Status Bar contains the current command being executed. In this case, the word
idle is displayed because no command is currently active.

Next is a Stop Color box that is used to halt the execution of the currently active process.
Green means that the system is ready for a command. Yellow means the system is
working but you can interrupt the command. Red means that the system is working but
you cannot interrupt the command.

Next is the Class/Subclass window which displays the current active class. Clicking on
this window produces a pop-up menu that enables the user to change to active
class/subclass from a list.

Next, the current X and Y coordinates of the cross hairs is displayed.

Next are two buttons. The P button runs the pick command which allows you to type in
an X and Y coordinate rather than selecting with your left mouse button. The A button is
a toggle that will display either “A” or “R”. The “A” toggle stands for Absolute, and the
coordinate display mentioned earlier will be based upon the absolute 0 0 of the database.
The other toggle is “R”, which represents Relative mode. The coordinates displayed in
relative will be based upon the previous pick, and not upon the origin of the database.
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Next, the current Application Mode is displayed. The full name of the application mode
is spelled out. Clicking on this window will produce a selectable pop-up listing all
available application modes.

Next, the Aux/Script Text window displays the name of the current script file you are
running. It also displays at which angle you are placing an object.

Next is the Super Filter status window. Clicking on this window will produce a
selectable pop-up listing possible super filter values for the user to assign.

Next is the Current DRC Status. If the string “DRC” appears, this indicates that online
design rule checking is enabled. A red color box indicates DRC is out of date and a
Batch DRC is required. A yellow box indicates DRC is up to date, but DRC errors exist.
A green color box indicates DRC is up to date and no DRC errors exist.

The last field is the Number of Selections, or how many objects are presently selected in
the canvas. This is also a selectable field with a pop-up offering the user options
previously available only within the Right Mouse Button “Selection Set” pop-up.

Control Panel Selections and Workspace Windows

1
Cptions Find Visibdity

Options

Options
Active Class and Subclass: \
Active Clazs and Subclass:
Board Genmetly .
| Board Geometiy v] Hlde - tab
\EN\ B @ Ouive or window
Litine -

|
Float — converts
Fold - Converts tab to separate

to pre-17.2 fold-
Command and aw%y window floating windows
View windows \ /

Command -8 X

W [SPNHMFQ??] NE‘Paam tes file ‘ne_param bd' mot found .. loading defauls
D'

Um ize hc thcwn;l wtln

Select chapefz) to be degassed

Loadng apt cut

Peiforming autosave.

Autazave seccesh

puiy

Agsiy

Note: If you accidently closed a window by clicking on the X icon, go to Display
- Windows to reselect and open it. It goes back to the previous state.
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Foldable window tabs allow you to customize the amount of usable area within the PCB
Editor. Each of the five foldable windows has three icons to control the operation of the
window. The left-most icon is a Pin/Unpin Window option.

With the pin/unpin in a vertical orientation, the window is permanently fixed in the open
position. With the pin/pin in a horizontal orientation, the window is only expanded when
you move the mouse over the window tab. The Expand Pinned Window icon will cause
the window to expand to the entire size of the area. The Hide Window closes the window
and removes it completely from the interface. In order to be able to access the window
again, you must use the Display - Windows command and enable the window.

e Options tab - Contains parameters that are used to control the current interactive

command.

e Find tab - Used to control what types of objects are selected. This window has
options for use when selecting items with the mouse or when selecting items by their

name.

e Visibility tab - Quick ways to control the visibility of conductor elements in your
design such as etch, pins, vias and so forth.

e View window - Another way that you can control panning, zooming, and redrawing
of your graphical area.

e Command window - Has two major functions. The first function is to display
messages and prompts to you. The second function is to allow you to type in

commands.

Database Check Tool — DB Doctor

E DEDoctor (Database health monitor) X = —
Include a batch Breesnede . —
DRC ChECK ] Update all DRC (including Batch) Check RXxPDEO@Q s #) (%) [ matchward
)g] Check shape outlines =
(=12
Check the edges agenarate Xnehs

of the shapes on
the board

Check - Database Check

Viewlog...

Performance advisor...

Help

Purge unusq 1 constraints

Opens an adviser co-ntaining suggestions to
check for edges of the shapes on the board
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As you work with the PCB Editor, the database can be corrupted by an incorrect
command sequence or the use of the wrong sequence of coordinates when defining a
shape. This does not happen often but if it does, you have DBDoctor to help you.

The DBDoctor tool is supplied to help you correct such problems and is accessible from
within the PCB Editor from the Check — Database Check menu command. The
DBDoctor command checks the consistency of the database and brings the DRC count up
to date. Users find it helpful to run the DBDoctor command at the end of each day. Itis
recommended that you run this command before sending out manufacturing data.

The DBDoctor tool combines several individual tools that were available in previous
releases:

e dbfix (database fix) - Analyzes the .brd file and fixes any elements if needed. It
improves performance on larger designs, sorts out duplicate vias and checks the
integrity of the board design file. If the dbfix tool cannot fix the problem, it will tell
you how to fix it, such as by replacing a shape or sending the database to Customer
Support.

e Batch DRC - In the Constraints Manager you set the DRC modes to Always, Never,
or Batch. You may use Batch DRC to run DRC in a batch, or background mode.

e dbcheck (database check) - Gives you a report of the number of database errors in
your board and whether dbfix was able to fix it, or not. Note that this is different
from DRC errors.

e Uprev - Updates an existing database that might have been created in a previous
release to make it current with the existing release of software.

The following options are available in the DBDoctor tool:

e Update all DRCs (including Batch) - Choose this option to reanalyze all DRCs in
the entire design. If you don’t check this option, DRCs will not be updated.

e Check shape outlines - Choose this option to analyze all shape elements in the
database for problems and delete rectangles comprised of straight lines, or shape
outlines overlapping themselves. Errors found in shapes indicate the segment on
which the error was found.

e Check - Click to initiate the check command

e Performance advisor - Click to analyze designs for performance issues and generate
a report that provides solutions and recommendations.

Note g Performance Advisor is only available for tools or designs that support nets.
Certain functionality, such as constraint region analysis, is unavailable if the tool does not
support that functionality.
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e Delete external DRC’s - Click this option to remove external DRC’s that occur as a
result of user defined DRC codes.

e Viewlog - Click this option to review the dbdoctor . 1og containing the results of
the database check

Note 5 Dbstat is a command you can execute at a shell (Command Prompt)
command line that gives you the version of the database (.brd) on which you have run
this command. It will tell you the type of system (Windows7 or LINUX) that the file was
last worked on. It will also report if the database is locked. The syntax is: dbstat
<filename>.brd

Note G Database errors and DRC errors are not the same. The DBDoctor tool will
fix database errors or let you know what needs to be done to fix the problem. However,
if you have a board with DRC errors, you will need to clean them up.
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Lab

Lab 1-1: PCB Editor Tour

Start the PCB Editor and other programs

Choosing a tool from the PCB Designer program suite
Traversing the course structure

Setting your working directory

Opening a board design

Touring the PCB Editor user interface
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Lab 1-1: PCB Editor Tour

Objective: Learn how to start the PCB Editor, set your working directory and
view a design.

You may see icons for starting the PCB Editor executable on the desktop display, but
instructions in this book will refer to the Windows Start button.

Important

Lab Directory Instructions: The labs refer to the course installation directory which is in
the following location. C: - EMA_Training - PCB_Designer Whenever you see a file
path in the lab instructions, you must replace the <course_inst_dir> with the above path.

Logging on

Logging on requires that you issue a username and a password, press Ctrl+Alt+DEL (all
keys at the same time). The Login Information dialog box displays.

1. Provide the following information in the Login Information dialog box, then click
OK: At this point, you should be logged onto your system and ready to start the PCB
Editor. Use the following login information:

e Username: ematrain

e Password: train

At this point you should be logged onto your system and ready to start the PCB Editor.
Choosing Products and Starting PCB Editor

In this lab, you will open a routed PCB design in the PCB Editor window, then explore
aspects of the design as well as the PCB Editor’s User interface.

1. Start the PCB Editor by clicking the Windows Start button (bottom left of your
screen) and choosing the Cadence PCB 17.4-2019 - PCB Editor 17.4 option.

If this is the first time you have launched the PCB Editor, the Cadence Product
Choices dialog box may appear. If this happens, select OrCAD PCB Designer
Standard from the product choices. Otherwise, the PCB Editor window appears.

2. If the Cadence Product Choices dialog does not appear, choose File - Change Editor
from the top menu bar in the PCB Editor in order to change the product.
The Cadence Product Choices dialog box appears.
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3. Select OrCAD PCB Designer Standard and click OK. This is the version we will use

throughout this course.
Your PCB Editor window will look something like the figure below:

Export_ED)

pe Chuct Took Mamiiches
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ot DM _Help
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6_Return_path_DRC.brd
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Set Your Working Directory, Open a Board Design, and View
Tool Sets

1. From the top menu bar choose File - Open.
An Open file browser window appears.

2. Navigate to the <course install dir> - play directory and select the
cds routed.brd file.

You will find the play directory under the PCB_Designer directory on your system.

B8 open X
Look in: C:\User_Data\Training\PCB..v174_v1\PCE Designer'play ¥ L &) 0 @ @ E] P
Ny My Computer Name Size Type Date Modified
. stepFacetFilesdMap Fil..der 12/20/...17 AM
a Jjaninef
B cds_routed.brd 4.2MB prd File 12/20/..:33 PM
File name: | Open
Files of type: Board (*.brd) A Cancel

3. Verify that the Change Directory box is checked. This option will set your working
directory to play.

4. Click Open. The cds routed.brd design file is displayed in your PCB Editor’s
work area.

Note G You can also open a file by double-clicking its name in the Open form.
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Exploring the PCB Editor User Interface

In this part of the lab, you will explore various menus and buttons in the PCB Editor
window to see how the user interface works.

1.

2.

5.

Click the Maximize icon se=%" in the top righthand corner of PCB Editor
to fill your screen with the application.
Referring to the overview discussed earlier, identify the following parts of the PCB
Editor window:
e Menu bar organization and options
e Icon ribbon toolbars
e Design window
Design Workflow
Control Panel
Command window (and command line)
World view window
Status Bar with its “traffic light” and coordinate readouts
You will access all these features in more detail in later labs.

Using the Fold icons, =¥ fold the Options, Find and Visibility tabs in the
Control Panel. Click on the folded away tab to again dock them in place. Having

them all folded away allows you to have the largest Design Window for your work
within the PCB Editor.

Display — Ul Settings — Reset Ul to Cadence Default will reset all windows to

their default configuration. This may be used if you accidentally click the Close==p "
icon and close a window instead of folding it away.

Select “Yes” to reset the windows.

Note @ The configuration of windows and the locations and contents of icon
toolbars are stored in the pcbenv/allegro.ini file. Based upon previous classes, your PCB
Editor window may not appear in the default configuration.

6.

View the menu options. Click the File menu option and note the available options.
Slowly pass your cursor over the menu items (Import, Setup, Display, Outline and so
on) from left to right. Note the various menu options available under each menu.
Click in the PCB Editor work area where your cursor is not located over a graphical
item to close your latest pull-down menu.

View the command names on the toolbar icons. Slowly drag your cursor across the
toolbar from left to right. When your cursor hovers over an icon, read the tool tips
that appear. DO NOT CLICK. When you come to the Zoom Fit icon, click it.

The entire cds_routed.brd design is framed in your PCB Editor graphical

window. End of Lab
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Mouse Buttons

Three-button mouse:

» Left Mouse Button (LMB) - Select design elements, menu
buttons and icons. Window selection available by dragging

» Right Mouse Button (RMB) - Open pop-up menus
» Middle Mouse Button [wheel] (MMB) - Pan, zoom control

\¥
=

Left Mouse Button

Use this button to select graphic elements in a design (such as lines, pads, and text). The
selected feature is highlighted. Must be used in conjunction with an active command.

To select a group of items, you create a selection rectangle. To do so, first you click the
Left-Mouse-Button to pick a corner for the rectangle, then you hold the Left-Mouse-
Button and drag your mouse, creating a rectangle. All applicable items within the
rectangle are selected.

Use this button to select commands from menus or icons.

Some forms contain entry fields with a list of built-in options. To display and select these
options, use the Left-Mouse-Button in the data field (for example, the Options tab).

Right Mouse Button

Displays a pop-up menu containing options associated with the current command.
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Middle Mouse Button (Mouse Wheel)

Version 17.4

Press and hold the Middle-Mouse-Button (mouse wheel) while moving the mouse in the
direction you want to pan. If you move the middle mouse wheel forward the system will
zoom in and if you move it backward the system will zoom out.

Controlling the Window Display — Zoom Options

Display - Zoom ... menu options

gooooa
gooooa
gooooo

Display  Outline Add
Zoom
View

30] 3D Canvas

Flip Design

¥ Assign Colors

3 Highlight

#  Dehighlight
Layer Priority...

Show Rats
Blank Rats

Windows

Ul Settings...
Use Legacy Menu (Reguires Restart)

00

Shift+F12

Shift+F11

1
i

]

00
JO0

™\

oooooo
ooogog
oooooo

——

T T 17T 17T

There are several commands available to change what is displayed in your current work
area or the Design Window. By choosing the Display — Zoom pull-down menu in the
menu bar, you have the following zoom options:

e In - Magnifies or zooms in to a smaller area of the drawing.

e Out - Zooms out or increases the displayed area of the drawing.
e Window - Specifies a new display area by letting you pick two diagonally opposed
points. After you pick the first point, a frame stretches from the first point to the

cursor. Picking a second point defines the size of the new work area.

last two views only.

March 2020

Fit - Creates a view that includes, but is no larger than, the board outline.
World - Displays the entire extents of the drawing in the work area.
Center - Redisplays the drawing area with the center being a point that you select.
Previous - Displays the previous viewing area. Switches back and forth between the
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Controlling the Window Display — View Options

Display - View ... menu options

There are several commands available to change what is displayed in your current work
area or the Design Window. By choosing the Display — View pull-down menu in the
menu bar, you have the following zoom options:

e Refresh - Simply performs a redraw of the current display area.

e Split View - Allows you to view another area of the design canvas while still working
with the standard main editing canvas.

e Swap Views — Swaps the views between the work area and the Split View window
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Navigating Using the View Window

Highlighted net

Version 17.4

View

Whole design _|
(black area)

Current display —
window
(white rectangle)

2

Board outline
(outer white shape)

Right Mouse Button ———
popup menu

Cance

Move Display
Resize Display

Find Next

Find Previous

The View window is located at the bottom of the PCB Editor window. It gives you quick
and convenient access to the panning and zooming commands. The View window has a
representation of the board outline and also indicates what portion of the board you are

currently zoomed in on.

To display the View window pop-up menu, right-click within the View window. The

poOp-UpP Menu appears.

e Move Display — Moves the display to the location you specify in the View window.
You can also accomplish this by clicking and holding the Middle-Mouse-Button and

moving the cursor in the World View window.

e Resize Display — Changes the work area display size. You can also accomplish this
by clicking and holding the Left-Mouse-Button and dragging the cursor in the World

View window.

e Find Next — Centers the work area view on the next highlighted object. You can also
accomplish this by clicking with the Left-Mouse-Button in the World View window.
e Find Previous — Centers the display on the previously highlighted object in the list.
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Default Aliases for Function and Control Keys

Key
F2
F3
F4
F5
F6
F7
F8
F9
F10
F11
F12
CF2
CF5

Command Key Command
zoom fit SF2 property edit
add connect SF3 slide

show element SF4 show measure
redraw SF5 copy

done SF6 move

next SF7 dehighlight all
oops SF8 highlight pick
cancel SF9 vertex

grid toggle SF10 save as temp
zoom in SF11 Zoom previous
zoom out SF12 zoom world
next CFb layer priority
color192 CSF5 status

The function keys on your keyboard are aliased to an PCB Editor command. The above
table shows the default function key aliases. For example, to invoke the Zoom In

command,

you could either select Display - Zoom - In from the menu bar or simply press

the F11 key on your keyboard.

Controlling the Toolbars

Setup - More - Customize Toolbar

March 2020

B Customize X |
Customize X
ToolBars Commands
Toolbars: ToolBars ~ Commands
File o New... Select a toolbar to rearrange:
Edit
View (® Toolbar: Edit -
Setup
Display r .
AppM?JdE c{}: Move Shift<F6 Add Command...
~
Suhapﬁ ) B Copy Shift+F5 Delete
imension
Manufacture % Delete d Move Lp
[ Legic
1 Analysis @ Unde Ctrl+Z e
Misc E—
] Fanout (E E Redo Ctrl+Y —
Place ] 9 Fiy
Toolbar Name:
» Unfix
Close
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You can customize the toolbar by selecting Setup - More - Customize Toolbar from the
pulldown menu bar. Under the Toolbars tab you can add or remove groups of icons from

the toolbar.

Under the Commands tab you can control the order that the icons are displayed

in each of

the toolbar groups. The toolbar settings are stored in a file in the registry on your system.
This file is not user editable and is read each time you invoke the PCB Editor. These

settings are not stored in the PCB Editor database.

Toolbar Icons

Toolbars are used to store common icons in a group. Toolbars may be added, modified,

or made invisible by using the Setup — More — Customize Toolbar command.

Undo/  Fix/

File Edit Redo  Unfix Add Place Route
{_A—\ N\ -~ b T

DEE FLDxD-C-»XR \ %5 % O, {4 of B

View Setup Display
A A
~ T ~ N /-—M-\
FHE.caaaaiadpd- # of & BB [ OFf & o %5 %
Shape Manufacturing Miscellaneous AppMode Dimension
o T— —_—— A ~ AL -~ A

OO R B3 B [0 3 < FEEEEE £ b -
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Setup - Design Parameters

ﬁ Dezign Parameter Edetor

Display Design Test  Shapes Roule  Mig Appications

Commared patameters

- Y

Diisplay Erhanced deplay modes
] Plated holes

Connact poirt size: [0 [ Backil holes

DRL maker soe F] [ Nem-plated holes

Ast T Virtud pinj sizec |35 [ Padiess holes

Maxt bared court D E] Connect poinit

Fateree| gecensiny Jogoed [#] Filled pacis

A sksnest pomnts Closest endport FA Conrect Ine erdoaps
] Thermal pads
] Bus eats

Display reet names (DperiGL ori] [waved DRCs
] il baboets

[ Cines [ Design cign

£ Shapes ] Dilfpain drivees pins

A Pire ] Use secondaly slep modek: in 30 viewes

Grids

[ Grick: on Setup gids:
Paiameter desciplion
Cancel Aon Help

The Design Parameters Editor form provides a convenient, centralized location for
editing parameters that are saved and stored in the database. In the Design Parameter
Editor, select tabs for Display, Design, Text, Shapes, Route, and Manufacturing
Applications and edit the specific parameters in each of these categories. All of these
tabs will be discussed at various times later.

The Parameter description section of the form will be displayed in the Display, Design,
Text and Route folder tab. In this section, there will be displayed a brief description of
the parameter description when you move your cursor into a field.
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Display Tab

— @ @ ® oo

E Design Parameter Editor — *
Ditplwy Design Ted  Shapss Roule  MigApphcations
Cenmand paansis Plated Holes
Drsplay Enhanced display modes
[ Plated heles ‘___ O —~
r - — 1
i Connect point size: i [ Bock il hokes o
__’ DRC marker 128 25 [ Morvpiated hoies
Rt T (vivual pn) size: | 35 [ Paess heles
M thand court: 500 [ Comnect points : .
T e 4——Filled . Unfilled
Flakznest parks Closedl endpeinl [ Connect fine endzaps
[ Thesmal pads
[oue rats

Diispiay net names [JpeniGL only] [Jwaived DRCs
[l ot bt
A Cirms Bl Design cvigin
[ Shape: ] Ditipair diver pins
A Pine [ Use seconday step models in 30 viswer

Turn on Grid = Dot e i 4—— Set Grid

The Display Folder tab displays current settings for various design operations. It is
divided into the Display, Display Net Name, Enhanced Display Modes and Grids
sections.

The Display Section:

e Connect point Size - Specifies the size of a connect point in user units. Default is 10.

e DRC Marker Size - Determines the size, in user units, of the displayed DRC “bow
tie.”

e Rat T (Virtual pin) size - Allows you to control the graphical size of a Rat T.

e Max rband count is the maximum number of rubber bands displayed when placing
or moving a component. The default is 500.

e Ratsnest geometry - Determines shape of ratsnest lines. Options are: Jogged or
Straight. The default is “Jogged”.

e Ratsnest points - Lets you choose the closest distance on a line or between two pins.
Options are: Closest endpoint or Pin to pin. The default is “Closest endpoint”.
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The Display net name (OpenGL only)

e Clines - Displays the net names on cline segments.
e Shapes - Displays the net name on dynamic shapes.
e Pins - Displays the net name on pins.

The Enhanced Display Modes section:

e Display plated holes - Displays the drill hole along with the pad of plated holes.

e Backdrill holes — - Available in Allegro PCB Designer and requires High Speed
option to be enabled.

e Display non-plated holes - Displays non-plated drill holes, i.e. mounting, tooling
holes.

e Display padless holes - Displays padless holes due to visible pads all being NULL or
suppressed as unused.

e Filled pads - Indicates whether pins and vias are displayed filled or unfilled.

e Connect line endcaps - Controls onscreen display and rounds line vertices to more
closely approximate artwork.

e Thermal Pads - Displays thermals and anti-pad rather than the regular pads when
there is a negative plane.
Bus Rats - Displays the middle portion of ratsnest lines with the same BUS_NAME
property so that they appear to be merged into a thick line.

e Waived DRCs - Displays waived DRCs.
Via Labels - Displays labels on top of each Blind/Buried via, including the ‘from-to’
subclasses spanned by the ‘via’. Subclass numbers are displayers which are shorter
than subclass names. Labels fit within the visible pad shape. A colon character (:)
indicates a single via (ex: 3:4). A dash character (-) indicates a stack of connected
vias spanning the entire subclass range (ex: 2-6)

e Display Origin - Displays an origin figure at absolute 0 0 coordinates on the
DRAWING FORMAT class DRAWING_ORIGIN subclass.
Diffpair Driver Pins - Displays a figure on top of each visible differential pair driver
pin. The pin use code OUT is required for the figure to be displayed.

e Use Secondary Step Models in 3D Viewer - Displays secondary STEP models in
3D viewer.

The Grids section:

e Grids on - If checked, displays the current grid as dots. If unchecked, the dots are not
displayed.

e Setup Grids - Browser will open the Define Grid dialog box. Setting the grids will be
discussed later.
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Design Tab — Command Parameters Section

BB Design Parameter Editor - X

Display Design Text  Shapes Foute Mg Applications
Command parameters

Size Line lock

Llzer units: bl e Lock directior 45 v

Sizer B e Laock mode: Line

Accuracy ’D_ = [decimal places] tdinimum radius o
Long name size ’E [ Fived 45 Lenath: 25
[ Fixed radius 25
Extents Tangent
Left 3 |-2200 Lower ¥ ||-2400
width [17000 Height  [11000 eyl

Angle: [ Mirear
Mave origin Default symbal height: 150

%o o | v o

Drrawing type

Type: | Drawing

Parameter dezcription

Changes the location of the drawing according to the values pou enter in the ¥ and " boxes. The field is then reget to 0
after the onigin is moved.

Cancel Apply Help

Command Parameters Section:

e User Units - Specifies the unit of measure used during the design process. The
options are Mils (default), Inches, Microns, Millimeters, or Centimeters.

e Size - Specifies the size of the drawing area required. The standard sheet sizes are: A
(11x8.5), B (17x11), C (22x17), D (34x22), or Other (user-specified).

Accuracy sets the accuracy of the drawing database. This value (ranging from 0 to 2)
denotes the number of decimal places that can be used when defining feature sizes
(pad sizes, grid sizes, line widths, and so on), or when entering X, Y coordinates at
the PCB Editor command line. If the user unit is mils, an accuracy of zero means sub-
mil values are either rounded up, or not accepted at all. Accuracy settings should be
compatible across all design processes to avoid rounding off problems.

e Extents - Shows the height and width of the drawing, and the location of the lower
left corner with respect to the drawing origin (located in the lower left corner by
default).

e Move Origin - Relocates the drawing origin (datum 0/0). The X, Y coordinates for
the new origin are transferred into the Drawing Extents section. (Changes are
indicated in the Left X field and the Lower Y field in the Drawing Extents form.)
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Design Tab — Line Lock and Symbol Section

B Design Parameter Editor

Display Desion  Test  Shapes Route  Mfg Applications
Comrmand paramelers

Size Line lock

User units: Mils v Lock direction;

Size: B ~ Lock mode:

Acouracy: 0 = [decimal places] Minirum radius:

Long name size: (255 I [ Fixed 45 Length:
[ Fixed radis:

Exterts B4 Tangent

Leit ¢ (-2200 Lawer'r: |-2400

widthe [17000 Height: 11000 DL
Angle: _D W

M ove origin

% o

1‘—-—.
T——— | —

Defaul symbal height [150
v [0 |
-
-
-
-
—
|

String length for net names, padstack = [Jliil]

names, slot name, function pin names. —

Default is 31 characters. Also, change —

to 255 with User Preferences - Drawing = nmn

- allegro_long_name_size variable 0 :
(as builtinlib) 90  (Pottom side)

(ccw)

The Line Lock Section:

Lock Direction - Lets you specify whether orthogonal, diagonal, or any-angle lines
can be added. The available values are 45, 90, and Off.

Lock Mode - Specifies whether new lines will be added as straight segments or arcs.
Minimum Radius - Determines the minimum radius allowed for an arc.

Fixed 45 Length - Specifies the length, in user units, of 45-degree segments.

Fixed Radius - Specifies the radius, in user units, of arcs.

Tangent - Causes an added arc to lock on to the tangent of a line.

The Symbol Section (footprints):

Angle - Specifies the initial rotation of package symbols during manual placement.
Mirror - During manual placement, the PCB Editor tools assume the active side is
the top (default). Toggle this button on to change that default setting to the bottom (or
solder) side.

Note g You can change the above fields at any time during the design process.
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Text Tab

BB Design Parameter Editor - E

Display Design Text  Shapes Route Mig Applications

B Tet Setup - o ®
Taxt ‘width Hisi L Phot Chal
Size B‘l‘ e Sp::: \U’ﬂg Spu:r: 2=
o 1 16 = e 0 6 =
Justification: Left w 2 @ n = T 3
Parameter block: 1 = 3= 1= i u L)
. 2 a7 & 7 b 16
Parameter name; |~ s = = 3 L o
Text marker size: 50 6 |60 0 100 ] E1]
' ) 7 |69 | o | 7 0 3
Setup test sizes N R 100 125 0 =
T 1= 156 0 T
07 15 155 0 2
ET 175 |29 ] H
12 14 183 | [= g 47
13 =0 m =0 0 =
14 [167 ] 281 0 3
15 |[189 =1 [313 0 3
16 375 =0 53 0 1= .
Cancel Resel Add Trmn Help
Note: Zero (0.0) width will NOT be included in Gerber files
The Text Section:

Justification - Controls when entering text if the text is Left Justified, Right Justified
or Center Justified

Parameter Block - Specifies the Text Block size to be used. To see and/or modify
the text blocks, select the Setup Text Sizes browser button in the form.

Text Marker Size -Specifies the size of a triangle marker that is displayed when a
blank line of text is entered. This marker is displayed so the text can be edited at a
later point in time.

Setup Text Sizes -Opens the dialog box where you can specify the text block sizes.
All text is drawn within a specific block size. For each block size, you must specify
the block width and the block height. The Line Space parameter is used to specify the
distance between the bottom row of one line of characters and the top row of the next
row of characters when you enter text and press the Enter key.

Note @ The designer MUST add an actual Photo Width value to each text block
size otherwise the text will NOT display in the artwork’s Gerber generated file.
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User Preferences

Setup - User Preferences

User Preferences Editor - b4
Categaries Category:  Library
. T Myfavortes Preference Value Effective Favarite
Padpath variable = path to o Q3 ook - . commd 01
library padstacks el poeent - 1
modulepal . Comman: O
. __ et
. oe Ar':mu“ patampath Cormmand (]
Psmpath variable = path to =T il __ il
library symbols S o : Conowd ]
£ Conlig lopology_lemplale_path Comensrd [
£ Edite
e T
Signaise
TG
Variable can be effective: —
«  Immediate | [seach
[ Inchade summasy in search
‘ ReStart Surnmary description
« Re pa int fiﬁ%’él’ii"é&?@ifm (CPM enabled)
« Next Command
Brief description of variable _ __ __ __ — _

The User Preferences Editor allows you to set or unset the PCB Editor preferences, also
known as the PCB Editor environmental variables. All changes are written to the end of
your “env” file. This section of the env file should NEVER be modified manually. If the
env file does not exist, it will be created upon successful completion of this command.

The major sections of the User Preferences Editor are as follows:

Categories

All preferences that can be set are grouped together based upon like functionality. All
available categories are listed on the left side of the form. Select the category name in this
section of the form to enable the setting of the preferences.
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Category: <category name>

When you select a category from the left side, all the preferences in that category are
listed in the Category section, located on the right side of the form. Note that certain
variables can only be set or unset, while other variables require values to be entered.

This section contains the Preference name, the current Value, and the Effective period.
The Effective period can have several values, including Next Command or Restart. Next
Command specifies that the preference will take effect after the OK button has been
selected. Restart specifies the preference will not take effect until the PCB Editor has
been terminated and restarted again. Repaint specifies the new setting will be viewed the
next time the tool repaints the screen.

Summary description:
This section of the form displays a description of the preference selected.

Favorites:

When enabled includes the variable in the My Favorites category. The My Favorites
category centralizes frequently accessed variables.

Key User Preferences for Library Search

Library path variables:

The variables that define the location of the PCB Editor symbol and padstack libraries are
available from the Paths category - Library folder.

e Padpath variable - Defines the search path for the library padstacks (. pad)
e Psmpath variable - Defines the search path for the library symbols (.psm, .bsm,
.osm, .ssm, .fsm)

If the symbols and padstacks are not located in one of the folders defined in these
variables the PCB Editor will not find them.
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Lab

Lab 1-2: Navigating the PCB Editor User Interface

Manipulating mouse buttons

Choosing options from a pop-up menu

Panning your view

Applying the Zoom command options

Working in the View window

Customizing your view and toolset by changing toolbars
Setting drawing options

Setting User Preferences

The following lab will teach you how to use the mouse, pan, zoom and use the View
window to change your display area, work with menus, and set the drawing parameters.
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Lab 1-2: Navigating the PCB Editor User
Interface

Objective: Navigate within the PCB Editor window and customize the user
interface.

Using a Pop-Up Menu and View Panning

1. Open PCB Designer using the cds routed.brd design in the play directory, if
you do not already have it running.

N

Select Display - Zoom — In, or the ('E{ icon to zoom into an area of the board.

3. Choose the Route - Slide option from the top menu by using the Left-Mouse-Button
(LMB).

4. Move your cursor into the work area window and right-click.

A pop-up menu appears. There are different pop-up menus associated with different

tools. Pop-up menus are context-specific.

o

Select the Cancel option in the pop-up menu to exit the Route - Slide command.

6. Place the cursor in the work area. Press (and hold) the Middle-Mouse-Button (wheel)
down and slide the mouse to the left, right, up, and down.

Notice how the design shifts in the direction of your cursor movement. This is
panning. Also, notice how the view changes in the World View window at the
bottom right of the PCB Editor window.

Using the Zoom Command Options

In this part of the lab, you will use the Display - Zoom command from the top menu.

=
1. Select Display - Zoom - Window from the top menu, or the “ 2 jcon.
The PCB Editor Command window prompts you to pick the first corner of a new
view window.

2. Click to place the first corner of the new window.
As you move your cursor, a rectangle with inscribed diagonals representing the new
window, is formed.

3. Click again to fix the size of the new window.
Your work area zooms to display only the area you just outlined within the rectangle.
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4. Select the Display - Zoom - World menu item.
This command fits the entire extents of the drawing to your work area. There is no
icon for this zoom option.

5. Select the Display - Zoom - Fit menu item, or the @)\ icon.
This command fits the layout to the work area.

6. Select the Display - Zoom - In menu item, or the @l icon.
The view in the work area zooms in.

7. Select the Display - Zoom - Out menu item, or the e’\ icon.
The view in the work area zooms out.

Using the Middle-Mouse-Button (Wheel) to Zoom In and Out

The middle mouse button can also be used to zoom in and out of your display.

1. Place the cursor somewhere in the work area. Click, but do NOT hold, the Middle-
Mouse-Button in the work area.

2. Without moving the mouse, move your mouse wheel forward and notice that the view
enlarges or zooms in at the area you clicked on.

3. Now move your mouse wheel backwards and notice that the view decreases or zooms
out at the area you clicked on.

4. Now hold the mouse wheel down while moving your cursor. You are how panning
across the work area as you move the cursor.
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Customizing Your View and Toolset

1. Select the Setup - More - Customize Toolbar menu item. The Customize dialog box
appears.

B Customize X

ToolBars Commands

Toolbars:

File A New... . 123

Edit - ':%}’ Ij X H I:IE @ | d
Add Delete o

Place 1 1 i :

Route -xli; ;% DJ "él.‘ |_|_—| \

View
Setup Will appear with right mouse popup

Display
Shape

Manufacture
Misc # = C.H [ —
ContextMenu ‘E N = T |:| I

AppMode
_ Dimension G
Toolbar Name: ﬁ@ FE IHl

o
rd|

N

Check the boxes next to Context Menu, AppMode and Dimension to turn them ON.
Click Close to close the Customize dialog box.

4. Click on the — to fold the Design Workflow window, as we will not be using it in this
class and it will give us more working area for our designs.

w

Design Waorkflaw - B X

Waorkspace Mame: PCE Editor |:,3|,E|_

Setup >

Database Preparation

Placement

Constraints

Interconnect

Manufacturing Preparation

Manufacturing Deliverables

Utilities

AT LT BV T BT RV T
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Choosing Drawing Options

1. Zoom into the area around the U7 component in the upper left part of the board.

2. Select Setup - Design Parameters to open the Design Parameters Editor dialog form.
The Design Parameters Editor dialog box appears. Notice the six tabs near the top
of this dialog box.

w

Click the Display tab to bring it forward if it is not already in the front.

4. Make sure all of the following display settings are Enabled for Plated holes, Non-
plated holes, Padless holes, Filled pads, Connect line endcaps, Design Origin, and
Grids on, as shown in the figure, then click OK.

B Design Parameter Editor - x

Display  Design Tewt  Shapes PRoute  MfgApplications

Command parameters

Dizplay Enhanced dizplay modes
Flated holes
Connect point zize: |1 0 [ Backdiill holes
CRC marker size: 28 Mon-plated hales
Rat T [Wirtual pin) size: Kia] Padless holes
b & rhatd count: |EDD [] Connect points
Ratznest geomety: Jogged w Filled pads
Ratshest points: Closest endpaint Connect line endcaps
[ Themal pads
[ Bus rats
Display net names [OpenGL anly) [J'waived DRCs
[ Drill labels
Clines Design origin
Shapes [ Diffpair driver pins
Pinz [] Use secondary step models in 30 viewer
Grids
Gridz on Setup grids
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The drawing now shows the holes in the pads and the grid points.

Setting User Preferences

=

Choose the Setup - User Preferences menu item.

The User Preferences Editor displays.

2. Go to the Paths - Library folder in the Categories pane on the left.
3. Click on the ... button for the padpath setting in the right pane.

4. The padpath items windows opens
5

Version 17.4

Click on the earmarked page icon to add a new path then, using the ... button, browse

to the symbols folder: C:/EMA_Training/PCB _Designer/symbols

Categories Category: Library I
£ My_favorites 0o Preference Value Effective  Favorite
O3 Display devpath Command O
3 Drawing
£ Dre interfacepath Command O
3 File_management miscpath Command
3 Ie_packaging medulepath Command O
3 Interactive
3 Interfaces padcaty u
& Logic par=masih. O
3 Manufacture o 0
£ Misc
£ Obsolete ste Directories: X & ¥ pand |
£ 0s ste | Spadpath fand ]
- . " -
ﬁ [0 Paths | C:/EMA_Training/PCB_Designer /symbols | . 0
1 Config
3 Editor =g pand [
—* 23 Library top nand O
21 MCM
£ Signoise
23 Placement
23 Route
23 Shapes »
Search for preference:

[ include summary in search

Summary description
Category: pathsflibrary
Search path for library padstacks (.pad).

padpath = . symbols .. ../symbols C:/Cadence/CIP-E/Allegro_Library fpads/ C:/Cadence/CIP-E/OLE_Library/pads/ C:/User_Data/EMA/AETraining/
2019/0rCAD_Capture_Features/15-Capture-CIS_PCB_Flow-Part_1/footprints C:fUser_Data/EMA/AETraining,/2019/SystemCapture/
03_Allegro_System_Capture-Parts 1and2/WorkshopDB /SITE pcb_symbols

Cancel Apply List All Info... Help

Click OK to accept the changes and close the padpath items dialog.

Using the same process, set the psmpath to the same location.

Click OK to accept all changes and close the User Preferences Editor.

Do not exit out of the PCB Editor. We will use this board for the next lab.

© N

End of Lab
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Lesson 2: Managing the PCB Editor
Work Environment

Learning Objectives

In this lesson, you will:

e Control the color and visibility of objects
e Use the Find tab to locate board database objects and report information about them

In this section, you will familiarize yourself with the user interface and understand how
you can streamline repetitive tasks. You will also view the PCB Editor classes and
subclasses, work with setting colors and visibility of objects, and learn how to use the
Check - Elements command to query design objects.

Categories, Classes and Subclasses
A design file is a composite of drawing layers. The drawing elements on each of these
layers may be selectively colored and turned on or off as visible or invisible layers.

The PCB Editor organizes drawing layers into a hierarchy of classes and subclasses.
Each class has a number of subclasses. The names and the classes are pre-defined and
cannot be modified or deleted. There are a number of predefined subclasses for each
class. These pre-defined subclass names cannot be modified or deleted either. However,
you can add as many subclasses as you wish. Your graphical elements will appear on
one of these class/subclass pairs. For example, your board outline will appear on the
class titled Board Geometry and the subclass titled Design Outline.

At first glance, it appears that there is duplicate data contained in the database. As an
example, there is a Silkscreen_Top subclass under the Board Geometry class, and a
Silkscreen_Top subclass under the Package geometry class as well. However, since these
are different class/subclass pairs, they can and typically will contain different data. The
Board Geometry - Silkscreen_Top pair would contain information that is unique to the
current board being created, maybe the board number. Whereas, the Package Geometry -
Silkscreen_Top pair would contain information that is unique to the footprint or package
as it is known in the PCB Editor. So, it could contain the silkscreen outline for the part
and maybe a symbol to indicate the positive side of a polarized capacitor.
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Each class/subclass has its own color and visibility settings. Folders are classes that have
been combined to aid you in controlling the color and visibility and are only used in the
color form, which will be discussed shortly.

All of the board routing will appear on subclasses under the class called Etch. These
subclasses have special DRC checking properties that most of the other subclasses do not
have. You need to create a subclass for each layer of the printed circuit board. So, if you
have a six-layer printed circuit board, you need to have six subclasses under the class
called Etch. Each board layer will also have a subclass under the classes Pin, Via, DRC,
Ant Etch, Boundary, and Cavity.

Controlling Color and Visibility

DB or... Setup - Colors

B Cotor Do i
FunctionaI~L.,‘ N coger [ rovsne [ s
Tabs - — Classes
Search i 1 Hay ~ . - . -. " |
Fiter = = SRR R e—— orence
Class S [ e — (S:u?class
Categories oer
f Subclass Visibility
Color Pal_ette Subclasses
192 possible | .. At s Highlight
colors TN INE Basmaaziiii I S Stiople
. e . (1] 88 2Rd 8 Patterns
: . B
( - e

The Color Dialog form is displayed by selecting the Setup - Color option from the top
menu or by selecting the Color192 icon. You will use this form to turn on or off the
visibility for subclasses, as well as to set colors for subclasses. A checkmark “v“ in the
box indicates that the subclass is currently visible. A blank box means the class/subclass
pair is invisible.

Five functional tabs are available across the top of the form to break up the major features
into their own sections. The functional tabs are: Layers, Nets, Display, Favorites, and
Visibility Pane.
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e Layers— Controls the color and visibility for all classes and subclasses

e Nets — Provides the ability to color a single net or group of nets (i.e. GND).

e Display — Controls the colors for elements such as temporary highlight, grid, ratsnest,
drill holes, and background. It also controls the Transparency settings and Shadow
Mode brightness.

e Favorites — Contains the classes and subclasses that the user chooses to include for
quick access without having to browse all of the subclasses in the individual class
categories.

e Visibility Pane - Configures the options that are available in the Visibility tab of the
Control Panel.

e Filter Layers option - Has been added directly below the Functional tabs to easily
search for specific subclasses or groups of subclasses based on a class category.

The left most pane contains all of the categories of classes for the design. Select on the
appropriate category to display the associated classes and subclasses for that category.
Some of the categories are expandable to display sub-categories to help simplify what is
displayed in the main window.

In the main window section of the form the classes are displayed across the top and all
subclasses are displayed in the left-hand side of the window.

e You can make all subclasses under a class visible or invisible by selecting the box
under the desired class name.

e You can make all classes for a given subclass visible or invisible by selecting the box
to the right of a desired subclass name.

e You can make a single class/subclass pair visible or invisible by selecting the box for
that pair.

At the top right of the form are two buttons for Global visibility. If you select the “On”
button, all classes and subclasses for the entire design will be made visible. If you select
the “Off” button, all classes and subclasses for the entire design will be made invisible. If
you select the “Last” button all of the classes and subclasses that were previously visible
prior to selecting the Global visibility “On” or “Off” options will be displayed.

To change the color of a class, subclass, or an individual class/subclass pair, first, select
the desired color from the Available colors area. Then select the color chip for the
desired class, subclass, or individual class/subclass pair. There are a total of 192 colors
that can be utilized.

Information about colors assigned to individual layers, and which layers are visible and
invisible, is stored in the PCB Editor database.
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Coloring Nets in the Color Dialog

Show only nets Clear all assigned
Sort assigned colors colors
BB color Dialeg ? X
Layers Nets Favoril Visbiity Pane
[] Hide custom cokors @) Sort ascending () Sort descending [] Exclude defauit nets  Filter nets: | Clear AllNets
Net group 1l Net  Pins  Viss Clines Shapes Rats S
e 00 OO OO0 00 00 00
ol [Net] Gain i3 ol o] 23 o] s 5
Net [Net] Gnd = = = = =] |
[Net] Gnd_Earth = = = = I =
T INetl s Foed 1 [l 1 el 1 s 1 b 1 b
Type T
List of
Design Nets

The Color Dialog also includes a section to apply a Net level color scheme. When you
toggle on the Nets tab, the Color Dialog form will display all nets in the database. You
can also apply colors to Net Groups, Buses, Differential Pairs and Nets. You can assign
colors to the entire net, or to portions of the net such as pins, vias, connect lines, shapes,
and ratsnests. To de-assign all assigned colors, click on the Clear all nets button. To de-
assign the color from a specific net, right select on the color chip on that net and select
Clear Custom Color.

To refine the display of the current type use “Exclude default nets” to only display nets
that have assigned colors.

Layers Nets Display Favarites Visibility Pane
[[] Hide custom colors (@) Sort ascending () Sort descendingl Exdude default neis' Filter nets: Clear Al Nets
et group MNet Pins Vias  Clines Shapes Rats
g”; MO HM0 80 &0 #0 =0
iff pair
s e@elelu@ul
N RN El El Bl B B

[Met] Gnd_Earth ......
[Net] V12 = = = = = =
[Net] V12n = = = = = E
[Net] Vee = = OEEOEOE

You can also use the Sort fields “Sort ascending” and “Sort descending” to change the
alphabetical order of the net names.

A related Display - Assign Color menu command assigns a color and highlights an
element without requiring the use of the Color Dialog form.
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Controlling Etch Visibility
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Individual layer
control

Using the Visibility tab is a quick way to turn on or off certain layers or elements. You
can separately control etch routing layers from the plane and mask layers, as well as Etch,
Pins, Vias and DRCs.

Conductor Controls

The Conductor check boxes let you individually turn on or off all etch, pin, vias or DRCs
for all layers defined as conductor. By selecting the All check box, you can turn on and
off all etch, pins, vias and DRCs for all conductor layers at once.

Plane Controls

The Planes check boxes let you individually turn on or off all etch, pin, vias or DRCs for
all layers defined as plane. By selecting the All check box, you can turn on or off all
etch, pins, vias or DRCs for all plane layers at once.

Individual Layer Control
By selecting the check box under the All column in the individual layer row, you can turn
on or off all etch, pins, vias or DRCs for that layer.

Individual Element Control

You can turn on or off a single element type (etch, via, pin) by selecting the element. If
you select on an individual element type chip with the Right Mouse Button, the color
palette window will be displayed where you can change the color of the selected element.
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Transparency Options

Version 17.4

Opague

Opague

<€~ Set the Global
and Shape
Transparencies
to allow viewing
of elements
below other
elements

The OpenGL integrated Application Programming Interface displays elements semi
transparently, allowing the user to view elements that lie beneath other elements.

Global Transparency assigns varying degrees of transparency to all elements in the

design except shapes.

e Sliding the bar completely to the right causes everything to be displayed opaquely.
e Sliding the bar to the left causes filled geometry, such as connect lines and pads, to

display with less intensity.

Shape Transparency assigns varying degrees of transparency to shapes and planes only.

¢ Sliding the bar completely to the right causes shapes to be displayed opaquely.
¢ Sliding the bar to the left causes the shapes to display with less intensity.
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Graphics Dimming or Shadow Mode
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The Shadow Mode option gives you the ability to provide distinct levels of visibility that
are based on the importance or highlighting of an object. The main control for
shadowing is located in the Color Dialog form under the Display tab. With Shadow
Mode turned on, the brightness slide bar controls the color intensity of the non-important
or nonhighlighted objects. The higher the brightness percentage, the less difference in
the color between the important and the non-important objects. After changing the
Brightness factor using the slider, select the Apply button to see the changes in the
graphics window. You may use the Shadow Toggle icon to turn on and turn off the
shadowing feature.

Obijects of importance are defined as follows:

e Items that have been highlighted using the Highlight command
e ltems that are highlighted by the current active command
e The current Active layer as defined in the Options window

The default is to have Shadow Mode disabled. When Shadow Mode is first enabled, the
default brightness is 50 percent.
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Export and Import Design Parameters

Export - More - Color/Board Import - Color/Board
Parameters Parameters

Ehponmlegm Parameters - X E Import Parameter File - X

Input parameter file:

Output File N : el b = 3
LIPS Uie RS ) an_paramerer |E:HEMA_TramlnngEEl_Demgner!play.-’class_parami

Available Parameters Library...
[ Design Setting .
¥ & Colar Lapesr Impaort Viewlog... Help
¥ & Color Palette
vl & Color Met

vl & Text Size
v| & Application or Command Parameters

Select Al Clear &l

Expart Viewlog.. Hep

Exports/imports a database parameter (.prm) file containing
design parameter records

A parameters file can be exported from one database and imported into another. This
allows you to have the same look and feel from one database to another. The types of
parameters that can be written/read are as follows:

e Design Setting - Global values and grid settings. This includes the settings in the
Design Parameters Editor form and the grid settings.

e Artwork - Artwork film definitions. This includes the film record definitions and the
parameters for each film record.

e Color Layer — Color parameters and color table.

e Color Palette — The color palette is written to the parameters file.

e Color Net - Net custom color and states. When a file containing net color data is
imported into any design, only the nets that exist in that design are read; the rest are
ignored. Net color assignments are not overwritten, but rather incremented. To
completely replace net color assignments, click Clear All Nets in the Nets section of
the Color dialog box before importing a file containing net color data.

e Text Size - Text size settings. This includes the total number of text blocks and their
text size parameters, such as text block width, text block height, and so on.

e Application or Command Parameters - All other supported parameters, including
those for auto rename, auto assignment, auto silkscreen, global dynamic fill, autovoid,
export logic, drafting, gloss line fattening, gloss dielectric generation, Options
window tab settings, test prep, automatic placement, auto swap, thieving, backdrill,
interactive flow planner (PCB Editor only), and Signoise analysis.
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Lab 2-1: Controlling Visibility and Color

Controlling visibility

Controlling colors

Setting colors using the Import/Export parameters command
Using the shadow mode option
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Lab 2-1: Controlling Visibility and Color

Objective: Set up colors and visibility of graphical elements in a design.

In this lab, you will change the default visibility and color assignments on each new layer
to suit your personal preferences. Changing layer visibility and assigning colors is a
procedure you will need to do over and over again. You can save a parameters file to
capture your preferred color setup.

Controlling Visibility

First, let’s set the visibility and color assignments for the design.

1. Start PCB Editor and open the cds routed.brd file in the play directory, if you
do not already have it running.

2. Click the Color192 iCoN. )y |
The Color Dialog form appears. OO

3. At the top of the Color Dialog form, make sure that the Layers tab is selected.
Q Color Dialog

Layers Mets Display Favorites Visibility Pane

Filter layers: |
Stack-Up All
Areas All C

4. Near the top right of the form, select the Global Visibility ‘Off* box.
This action turns off the visibility of all layers in the design, so you can begin turning
on only the layers that you wish see.

5. Expand the Components category and select the Ref Des class as shown.

Geometry
¥ Components
Comp value
Dev type
Ref des
Tolerance
User part

kAarmifartirinm
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Layers Mets Display

Version 17.4

6. Under the Subclasses column, enable the visibility box for the subclass
Assembly Top. A checkmark (v/) in the box indicates the subclass is turned ON.

Favarites Visibility Pane

Filter layers: | Gle
Stack-Up Al CmpVYal DevType RefDes Tol UserPart
?ma All OO0 O0FE OB OO0 O\E OdE

eometry T I [ [

v [m— Assembly_Bottom O ] || [ L | | . O | | O L |

Comp value Assembly_Top Of g L O L . [l L [l L

Dev type Display_Bottem [J[ O d O I:‘ Ul Ul

Ref des | o | |

Tolerance Display_Top Om O || [l || ] I:‘ [l | | [l | |

User part Silkscreen_Bottem [ [ O | I:‘ [l [l
Maanacturlng Silkscreen_Top Oo/m O U 0l |:| Ll L
Drawing format _ o o T

7. Select the Geometry category and in the Board Geometry class enable the visibility

for the Design_Outline subclass.

Layers Nets Display

Fawvarites Visibility Pane

Filter layers: |
Stack-Up BrdGeo
Areas All 00
¥ Geometry ) ——
Board geometry Assernbly_Detail O L |
Package geometry Assembly_Notes | 0
Ermbedded geometry Both_Rooms O .
Components O —
Manufacturing Bottom_Room L |
Drawing format Cutout O
Rigid ﬂe_x . Design_Outline
Bond wire profiles ] ] —
Surface finishes Dimension g L

8. While still in the geometry category, select the Package Geometry class and enable
the visibility for Assembly_Top.

9. Expand the Stack-Up category and select the Conductor group.

10. Enable visibility for subclasses in this group, as shown in the figure, then click Apply.

March 2020

Layers Mets Display

Favorites Visibility Pane

Filter layers: | Glob:
v Stack-Up All Pin Via Etch Drc  AntiEtch Bound  Cavity
Conductor

MNon-Conductor

ar OO0 OO0 0o oo oo Ood od ol

o DO M2z 10 BOBCB

Areas

Geometry isulinl =] [=] [=li=R =] =] |

“ Components vee [0 D.D.D.DDD .D.D.
N setom 00 B[ B2 =2 0 Dol o]
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Controlling Colors

Change the colors of some of the subclasses in the Stack-Up - Conductor category.

1. Click any color button in the Available colors area of the Color Dialog, then select
the subclass color button next to Bottom for Etch, Pin and Via. (It is generally
recommended that the subclass elements be set to the same color.)

ﬁ Color Dialog - [m] X
Layers Nets Display Favorites Visibility Pane
Filter layers: l | Global visibility: on Off Last
v Stack-Up Al Pin Via Etch Dre  AntiEtch Bound Cavity
e A 00 00 00 00 00 00 00 0o
wes || OO EIBI@IIDD oMol
Geometry Gnd  [1[] D.D.D.D | D.D.
Component Pasulin] =] =] Islli=sENls] (=] |
Drawing format sorom00) B A& @[ O [ OO
:l:rll: il:l:e prefiles
Surface finishes
Second
First
Available colors: [[] Highlight unused colors  Selected: Avadable patterns:
() 5 T 555 ) 0D ) 5 ) ) O '
(I 5 )5 5 ) ) ) ) S ) )
() Y5 )T ) 6 ] )T
() 55 5 ) ) ) O ) 5 )
So8o0OO0o0-DOCOOmesSCOCsEEEE e
| | | - 5 o I e
OK Cancel Apply load ~ Save ¥ Help

2. If you like, change the color of any other conductor subclass to any color you want.
If you have time, feel free to change the color of any other class/subclass.
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Coloring Nets

1. At the top left of the form, select the Nets tab.
2. Click any color button in the Available colors area, then select the Net class color
button for the net GND as shown below.

m Color Dialeg

Layers Mets Display Favarites Visibility Pane

[] Hide custom colors  (®) Sortascending () Sort descending [_] Exclude default nets  Filter nets: |

Met group Met Pins Vias  Clines 5Shapes Rats

B 00 00 00 00 00 Od

iff pair .

X (Net]Gain ol e o R

Net [Net] Gnd = I I = = I
[Net] Gnd_Earth Rl O ksl O R O R O R O R

It is recommended that the classes (Net, Pin, Vias, Clines, Shapes, rats) for this net all
be set to the same color. Remember that the classes appear in the top row of the
selected category.

3. Click OK to apply and close the Color Dialog form.

Setting Colors Using the Import/Export — Parameters Command

1. Now that we have assigned our preferred color settings, select Export — More —
Color/Board Parameters from the top menu.

2. In the resultant Export Allegro Parameters form, check the box next to Color Layer
and enter the name of colors in the Output File Name field (See the figure below).

E Export Allegro Parameters - *

Cutput File Mame: ||CD|CIIS

Available Parameters

Select Al Clear Al

Export Wiewlog... Help

3. Click the Export button.
The file colors.prm will be written to the current working directory.
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ok~

o ~

Click the Close button to close the Export Allegro Parameters form.

On the PCB Editor Command line, type reopen to again open the board design at its
last saved view.

This is the same as File - Open or clicking on the open icon.

In the Visibility Tab of the Control Panel, check the Global Visibility - Off box.
This action resets all visibilities to off.

Select Import — Color/Board Parameters to open the Import Parameter File form.
Enter colors in the Input parameter file field.

Select Import to start the Import Parameters command.

Notice how the colors have been set to the changes you previously made, and that the
visibilities have also been changed.

10. Select Close to close the Import Parameters File form.

Using the Shadow Mode Option

1.

N

Noohkow

Make sure you are zoomed out around the entire board outline.

Hint: Use Zoom fit.

Click the Color192 icon.

The Color Dialog form appears.

Select the Display tab.

Select Enable for the Shadow Mode option.

Check the box to Dim active layer

Select and drag the Brightness slide bar to 25 or 30%.

Click OK to close the Color Dialog form.

Notice how the color of all layers is drawn in the dimmed color and the highlighted
net shows up much better. .
Select the Shadow Mode toggle icon to turn off the shadow mode. .':““
End of Lab C L
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Find Tab - Selectable Objects List
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The Find tab is more commonly referred to as the Find Filter. This is one of the more
important forms used in the PCB Editor. It is critical that you pay attention to and
understand the settings.

The top section of this form contains the Design Object Find Filter box. This section
determines what types of objects in the design are to be acted upon when you select
elements with the mouse.

If the pick occurs at a point where there are multiple items displayed or the items could
be classified in different categories, the system prioritizes the selection by going from the
top object in the left column (Groups) to the bottom object in the right column (Rat Ts)
and finding the first checked item. For example, in the example shown, the entire part
would be moved. This is because the Symbols item would be the first check box found in
the Find Filter even though a piece of text was selected in the picture.

Using the All On and All Off buttons is a quick way to turn on or off all the items in the
Design Object Find Filter box. Some of the boxes will be greyed out, depending on the
active command.

If you drag with the Left-Mouse-Button and create a selection rectangle, all elements that
match any item checked in the Find Filter will be selected.
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Using the Find by Name Section

Use the Find by Name section of the Find
Tab to:

« Highlight a net name

- Locate a part placed in the design by its
refdes

« Use the pull-down field to set which type of a
name you will enter

« Enter the name in the blank (>) field or use
the More button to display a scrollable list of
all elements matching the desired “type”

NOTE: The check boxes selected in the
Design Object Find Filter section have no
affect when using the Find by Name
section, with the exception of the Property
pull-down field.

Type List

Symbal [or Pin)
Function
Device Type
Symbol Type
Property
Bus
Diff Pair
Match Group
Module
Met Class
Met Group
Pin Pair
Region
1Anet

Version 17.4

Options  Find  Visibility
Find

Diesign Object Find Fiker
AllOn ANOT

[ Groups Shapes
Comps Woids/Cavities
[ Symbols Cline seg
A Functions Other s203
(4 Nets Figure:
[A Pins E/] DRC enors
(A Vias Text
Clires Ratsreest
Lines Rat Tz
Nty — — = = l
| Het v | Name ~ |

: Generic Group

The bottom section of the Find Filter contains the Find by Name box. You use the Find
by Name section to select elements by a name rather than graphically.

For example, if you wanted to highlight the net called GND, you would execute the
Display - Highlight command, go down to the Find by Name section of the Find tab
click the down arrow and select Net. Then in the blank field immediately below the Net
pull-down field, enter GND, and press TAB. The net named GND would then be

highlighted.

The More... button in the lower right corner of the Find by Name section opens a
scrolling window that lets you choose from a list of all available net names, component
names, properties, etc. It should be noted that when you use the Find by Name section,
the check boxes in the Design Object Find Filter section are ignored, unless the Property

pull-down option is used.
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Using Find by Name — Property Selection
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Set to Click View list of properties based on the elements
Property “More” selected in the Design Object Find Filter

Use the Find by Property option to select database elements with a
common property such as “FIXED”, “MIN_LINE_WIDTH", etc.

As previously noted, the Property option under the Find by Name box uses the Design
Object Find Filter section. When you select the Property option and click the ‘More’
button, all properties are gathered that are attached to the checked items. A scroll list is
generated specifying all the unique properties that were found.
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The Super Filter
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The Super filter lets you choose a particular element type to refine your selection set and
temporarily disable all other elements from the Right-Mouse-Button pop-up menu rather
than the Find Filter. You can only choose one database element type using the Super
filter.

For example, let’s suppose you want to move many parts in your design. Without using
the Super Filter, you would need to hover your mouse over a part, use the tab key to
select the symbol, then move the part. By using the Super Filter and turning on only
symbols, as soon as you hover your mouse over a part, the symbol is immediately
selected and ready to move.

Note G The Super filter only applies when you are working in the pre-selection
mode.
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Application Modes

Application Modes available:

* General Edit Setup Display Outline Add Edit Place Route Shape
* Placement Edit Application Mode > General Edit
« Etch Edit % Design Parameters... E] Placement Edit
- Signal Integrity |# CrossSection.. 2zl

sh Edit Lo [ Signal Integrity
[ ]

ape Edi Shape Edit

« None DesignTrue DFM Wizard... None

Application Modes may be accessed through several methods:

» Setup — Application Modes

* OrCAD PCB Editor selects command based on object clicked on
= Application Mode may be set using the Status bar

Application modes provide an intuitive environment in which commands used frequently
during a particular phase of the design, such as component placement, or routing are
automatically selected based on the element the user clicks on.

As an example, if you are in Etch Edit application mode and you click on a component
pad, PCB Editor will automatically select the Add Connect command for you.

The application modes available are:

e General Edit - This is the default mode. It allows you to perform editing tasks,
including place and route, as well as moving, copying and mirroring items.

e Placement Edit — This application mode customizes your environment for
component placement and alignment. If you click on a component while in this
mode, PCB Editor will select the Move command for you automatically.

e Etch Edit - This application mode customizes your environment to perform
interactive routing. If you click on an existing trace segment while in this mode, PCB
Editor will select the Slide command for you automatically.

e Signal Integrity - This application provides quick and easy access to frequently use
SI commands. We will not cover any Signal Integrity tools in this class

e Shape Edit - This application is a tuned environment primarily designed to increase
efficiency with shape boundary editing. If you click on a shape edge while in this
mode, you will either be able to slide or cut a notch out of that edge, depending on
what is set in the Options tab. You can also easily chamfer or round a corner of a
shape, depending on the Options tab setting.

e None - This mode completely disables the pre-select mode and restores the pre-16.0
version behavior.
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Pre-selection Mode

To use Pre-selection Mode

Set Find Filter

Hover mouse over element

Tab through hierarchical elements if necessary
Right Mouse Button to select a command

Don’t need to use the commands from the main
menu or toolbar .

Horizortal Line Segment  Width: 5
Etch Top Met name: RDE

|

Version 17.4

Quick Ukilities
Mave

Copy

Delete

Add verkex
Change ko layer
Change Width...
Add connect
Slide

Delay tune

Add testpoink
Fix

Shows element

30 Wiew

Connect Line
Met

Application Mode
Super filker
Cuskomize

Selection set

The PCB Editor defaults to a pre-selection use model, which lets you choose a design
element (noun), and then a command (verb) from the Right-Mouse-Button pop-up

menu. This pre-select mode is based on what elements were enabled in the Find filter.

The pre-selection use model lets you easily access commands based on the design
elements you’ve chosen, which the tool highlights and uses as a selection set, thereby
reducing mouse clicks and allowing you to remain focused on the design canvas.

While base elements such as cline segs, pins, and vias cannot be parents of other
elements, they are the building blocks of which hierarchical elements such as nets, clines,
and components are made. A pin is a child of a net, as well as a child of a symbol.
Similarly, a cline is a child of a net.

If you enable more than one base or hierarchical element in the Find Filter, the base
element determines the hierarchical elements you may choose. You may navigate
through the hierarchy by using the Tab or Shift-Tab key. Note that the Tab key is
unavailable when you select by window, which chooses only top-level hierarchical
elements.
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Right-Mouse-Button Command Use

Right-Mouse-Button selections while “hovering” over specific element

Harizantal Line Seament Width: 5.00

i 5 ]
e ""lJEtch Top Met name: G7 REERQRERERRER ~

“hover” over cline element then RMB
for command

Move

Copy

Delete

Add vertex

Change to layer  #
Change Width. ..

Add connect

‘ Slide

Delay tune

Add testpoint
Fix

Show element
30 View

Connect Line L4

-

et

Application Mode

Super Filker

- v v v

The commands that are shown in the Right-Mouse-Button pop-up menu depend upon
where your cursor is when you select with the mouse. In the left picture, the mouse was
hovered over a Horizontal line segment. The Right-Mouse-Button contains four sections.
The top and bottom sections will be discussed shortly.

The second section contains commands that can be executed on the element or elements
that were selected when the Right-Mouse-Button was pushed. These commands are
preconfigured in the software and cannot be customized. In the case shown, because a
Horizontal line segment was selected, some of the commands that can be executed are
Delete, Change width, and so on.

The third section of the pop-up menu contains sub-menus that contain commands that can
be executed on the hierarchical members of the selected item or items. In this case,
because a Horizontal line segment was selected, the hierarchical parents could be either
the connect line or the net.

In the right-hand picture, the Right-Mouse-Button was hovered over a non-etch line
object. The pop-up menu now allows you to move the lines and text from outside their
present class/subclass to another class/subclass. Hover over the line or text or rectangular
element then use the Right-Mouse-Button to access the Change class/subclass command.
Select a new class then target subclass form the pop-up menu selections.
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Right-Mouse-Button Common Area Commands

Right-Mouse-Button selections while not “hovering” over any element

Quick Utilities Quick Utilities
Design Parameters...

Grids...

Application Mode Application Mode

3
»

Super filter 3 A
3
3

»
»
Super filter »
»
»

- Change active subclass  »
Cuzlomize 2 Customize Enable Single Click Execution
Selection set [ Selection set Disable Autornatic Drag Operations
. Enable Shape Selection through Shape Fill
Reset to Defaults
Quick Litilities k | Quick Utilities »
Application Mode  » General Edit Application Mode  »
Super filter ' Placement Edit St G
Custornize v Etch Edit Customize *
Selection set v Signal Integrity Selection set i Clear all selections
Shape Edit Persistent select  »
None Select by Polygon

/ Select by Lasso FI
Y Select on Path
’ Object Browser ...

Quick Utilities - contains the following options/sub-menus:

Undo - Performs the standard undo command.

Design Parameters - Displays the Design Parameters form as described earlier.
Grids - Displays the Define Grids form. This form will be discussed later.
Change Active Subclass - Lets you change the current active subclass.

Application Mode - Allows you to change the application mode.
Super Filter - Allows you to set filtering that supersedes the standard Find Filter.

Customize - Contains the following options:

e Enable Single Click Execution - Sets command execution to single click.

e Disable Automatic Drag Operations - Initiates select by window.

e Enable Shape Selection through Shape Fill - Allows the selection of a shape in the
Pre-Select mode when cursor is hovering over any part of the shape.

e Reset to Defaults - Resets the above three options to their default state.

Selection Set - Contains the following options:

e Clear All Selections - Empties the selection set.

e Select by Polygon — Allows the user to create a selection set by drawing a polygon
around elements.

e Select by Lasso — Allows the user to create a selection set by drawing a free-form
polygon around elements.

e Select by Path — Allows the user to create a selection set by drawing a line through
the elements.

e Object Browser - Allows you to search for elements by name or by property. Using
the Find by Name/Property dialog.
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Coloring Elements

Display — Assign Color o::ml Frd Ivmw = '« —
e OI’ d Design Object Find Filter .
AllOn ALOH L] Selected color
» Groups hape AmEEE
Common sequence for coloring Joda/Cai USEEEEED
elements with the mouse is: 7] Symbals s v EEEEONCES
i SEO0EEEEO0
1. Select the command iy SR S EEEEEER
2. Activate the Find Filter tab S i [ Moscos.. ]
3. Turn on desired elements : Hight Pater: [Soid -
. . . 7 e lem
4. Select desired color in Options tab Z Seenii
5. Select stipple pattern (optional) Find By Name -
Propesty v | Name v “”l o, M S
6. Select the elements in the design 3 g 5%
window to color Vs BOKH
i 7
Stipple patterns

The Display - Assign Color command is used to display a database element in a certain
color with the option of overlaying a stipple pattern on it. The type of database element
highlighted is based upon the Find Filter. Once colored, the elements remain colored
until they are de-highlighted using the Display - Dehighlight command.

You initially have a choice of 32 different colors and 15 stipple patterns to choose from
in the Options tab. Clicking on the “More colors” button opens a palette that contains
the complete 192 colors defined in the Setup - Colors command.

When invoking the “Assign color” command, select a color and/or a stipple pattern from

the Options tab. The pull-down menu located in the center of the form sets the selected
highlight state:

e Solid

e Selected Pattern - the selected color and pattern are assigned to database elements.
The ‘selected pattern’ is displayed in the ‘Selected pattern’ button.

The “blank™ pattern button is used to deselect the stipple pattern. When the stipple
pattern is cleared, ‘Highlight Pattern’ pulldown is set to ‘System Defaults’ state.
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The Color Dialog form has been enhanced to allow a stipple patterns to be assigned to
layers. Assigning a pattern to a color cell applies the pattern to all objects on that layer.

All CnsRgn RteKO ViaKO PkgKO

Al N DI [N DE )
Top OO ~ ke
Gnd OO o

Vee ]
Bottom ]
Inner_Plane_Layers [ ] IN
Inner_Signal_Layers [ | 1N
Outer_Layers ).
Through All ]

Stipples applied to Constraint Regions and Keepouts (layer basis) in the above example.

Highlight Elements

Display — Highlight i::n isibiity | d | visiiity
' r
...0r -:C,l:- Design Object Find Fiker
I [anon ) (anoi) VA Selected pattem
| Groups Shape TN =
Common sequence for coloring o Vo Cavie 7\ / =
elements with the mouse is: R ||||| """
1. Start the command e o " ESE % g2
: ?ns - efrors :gé:i: O & ;g
2. Activate the Find Folder tab Do Dlnawes
3. Click the All Off button = il
4. Toggle on desired elements
5. Select stipple pattern . .
ppie P l:“’"m = Stipple patterns
6. Select the elements in the design . ey '-.;m’ ']
window to highlight o

The Display - Highlight command assigns stipple patterns to elements without affecting
the base color. This is handy for highlighting nets where changing color might confuse
the user as to what layer the net is routed on. The type of database element highlighted is
based upon the Find Filter. The Options form supports 15 patterns. Once highlighted,
the elements remain highlighted until they are de-highlighted using the Display -
Dehighlight command.
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Highlighting Fixed Objects

Common sequence for highlighting fixed objects:
1. Set the stipple pattern in the Color Dialog - Display tab
2. Activate the Fixed command

3. Select object in the design to fix, stipple highlight appears
E Color Dislog

Layers  Mets  Display  Favorites  Visibility Pane

Display
Temporary highight:

Grkc: L |

Rats top-top:

Rats top-battom:

Rats bottom-botiom: |

Waived DRC: ] e, % i A
Del holes: ] s ] bt ]
Backril hoes: ] _/'.J 3 I\\_ e g
Dorill Labls: J 2% - 2%

Stacked drl labeis: [
Background: [ ]

Freed bjects

Spotting fixed objects in a database can often be a trial and error exercise for the
designer. One might attempt to slide a cline only to find out that it has been fixed. The
ability to overlay a stipple pattern on any fixed element helps to identify them. Assigning
one of the available 15 stipple patterns to the Fixed Object entry located in the Display
tab of the Color Dialog form allows the user to easily spot fixed objects.
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Using the Show Element Command

Check — Elements ...Or @

Common sequence for using Show
Element with the mouse is:

1. Start the command

2. Activate the Find tab

3. Click the All Off button

4. Toggle on desired elements
5

. Select the elements in the design window

Version 17.4

Options sbilty |

Find

Diesign Object Find Fiker

[&00n) (CaNDf )

¥ | Groups | Shapes

| Comps | Vioids/Cavilies
| Symbols | Cline sege

J| Fumictions o Dthes segs

| Mats o Figures

| Fing | DRC eioes

¥ Vias o Text

| Clines /| Ratsnests

| Linesg J RatTe

Fird By Mame

|.Prumri,v v].Nama v|

> [ Mare... |

You can use the Show Element command to view information about any item in the
design. The Find Filter is used to determine what type of element you will be quarrying.
Based upon the Find Filter settings, you can determine a net name, a component’s

reference designator, which padstack a pin uses, etc.

Remember that the Find Filter is hierarchical. If you set the Find Filter to Nets and click
on a trace, you see the net name, pin and via counts, total etch length, pins on the net and
any properties attached to the net. However, if you set the Find Filter to Clines and click
on the same trace, you will see the layer the cline is on, the net the cline is part of, the
length of that cline, the pins and/or vias it goes between and the width of that cline.
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Using the Measure Command

Verify the settings in the Find tab
Check - Measure ...Or °Pﬁ°"~"| Frd | febity

Find

Design Object Find Filter

w X & 7 sesch CIMatch wosd [ Mistch casm W FW\
~ Groups [¥] Shapes
Comps Voids/Cavities
Symbols [] Cline segs
v Functions  [¥] Other segs
Mets [/] Figures
[¥] Ping |¥| DRC emors
[V Wias (V] Text
Clines Ratsnests
b= Lines Rat Ts

May display primary and alternate units
by enabling the showmeasure_altunits
variable in the Display — Elements folder
of the User Preferences

You may use the Check - Measure command to determine the distance between two
points. After the two points have been selected, a window is displayed detailing
information about the distance between the two elements. Information displayed includes
total distance, Manhattan distance, pick angle, and the air gap.

The air gap is displayed even if the two selected elements do not reside on the same class
and subclass. Again, it is important to remember that the Find Filter settings determine
which database elements will be selected by this command. If the selection point
contains no items that match the Find Filter settings, then the closest grid point will be
used for determining the distance.

You can also use the Snap pick to option to make sure you are selecting the element (pin,
via, segment vertex, etc.) you intended to.

The Measure command has the ability to display the measurement values in dual units
(i.e. Mils and MM). You can do this by setting the showmeasure_altunits variable in the
Display — Element category of the User Preferences.
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Change Origin Command

Hovering mouse — ej
over pin, click the
Right-Mouse-
Button to open the
menus

Setup — Change Origin

Cancel

Snap pick to

Esc

New drawing origin after
Snap pick to - Pin

Persistent snap

Segment Vertex
Segment Midpoint
Segment
Intersection

Shape Center
Arc/Circle Center
Symbol Crigin
Symbol Center

Pin

Via

Figure

Pad Edge Vertex
Pad Edge Midpoint
Pad Edge

Off-grid Location
Grid Point

Snap Offset (0 0)...

b

o‘/

Version 17.4

Original
drawing
origin

Right-Mouse-Button
Snap pick options

The Setup - Change Drawing Origin command allows you to change the design’s origin
based on selection options in the Right-Mouse-Button - Snap pick to menu. Example:
activating the command and then selecting the Right-Mouse-Button - Snap Pick to - Pin
option allows you to position the drawing origin on the center of the pin of your choice.

You can set the drawing origin to be visible or invisible and to a selected color in the
Drawing Format category — Drawing_Origin subclass of the Color Dialog form.
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Using the Flip Design Command

Display — Flip Design

% |

E NEE 1 Xy
e

?E

%

- (A
AN EE

: § = N N

J

=
o EuEco EE
-l Cl

|::lg—u--\ 12
Fo—l -l -7
e 1 = 1 JON I

Top View

Bottom View

The Display — Flip Design command allows you to flip the design and view it from the
top or the bottom side. The benefit is that, when flipped, everything on the bottom is
right-reading. Since all the editing capabilities are still intact, designers can continue to

work on the board even in the flipped state.

Using the 3D View Command

Display — 3D View

..Or 3D

Use the Display - 3D View command to display the design in a 3-dimensional view based
on STEP models, or the Place_Bound_Top and Place_Bound_Bottom shapes. This view
may be rotated to provide the 3-D view from various positions. Using the Control Panel
to the right, you may control the visibility of different layers, control the visibility of
various components and run collision detection information.
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Labs

Lab 2-2: Using the Find Filter and Pre-Selection Mode

e Using the Find by Name selection
e Using Preselection Mode

Lab 2-3: Using the Find Filter with Show Element Command

e Using the Find Filter with the Check - Elements command
e Using the Find Filter with the Check - Measure command

Lab 2-4: Changing the Drawing Origin

e Change the position of the drawing origin

Lab 2-5: Using the Flip Design and 3-D View Command

e Using Display - Flip Design to flip between the top and bottom views
e Using Display - 3D View to display the design in a 3-Dimensional view
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Lab 2-2: Using the Find Filter and Pre-

Selection Mode

Obijective: Use the Find Filter as a selection aid.

Locating a Component Using the Find by Name Section

In this lab you will learn how to use the Find Filter and its Find by Name data entry field
and the two field description boxes.

1.

ok wn

Start PCB Editor and open the cds routed.brd filein the play directory, if you
do not already have it running.

Perform the Display - Zoom - Fit command to show the entire board.

Click with the Right-Mouse-Button and choose Selection set - Clear all selections.
Choose Edit - Move from the top menu.

Click on the Find tab, if it is not already the active tab.

If needed, change the setting in the Find by Name field to Symbol (or Pin) as shown,
and enter U3 in the field.

Press the Tab key.

Part U3 snaps to your cursor and the display is redrawn to be zoomed to this part.
Whatever you enter in the Find by Name field is selected for manipulation by the
active command - in this case, Move.

Right-click and choose Cancel from the pop-up menu.

Part U3 snaps back to its original location as you exit the active command.

Using the Pre-Selection Mode

Now, we will use pre-selection mode to Move U3.

1.
2.

3.

Select the General Edit Application Mode.

In the Find tab’s Design Object Find Filter section, select the All Off button and
then toggle on Symbols.

Hover your mouse over a pin on U3.

A datatip window should appear identifying U3 as an SOIC48.

Click the Right-Mouse-Button and select Move from the popup menu.

Part U3 snaps to your cursor.

Right-click and choose Cancel from the pop-up menu.

U3 snaps back to its original location.

Right-click and choose Selection Set - Clear all selections.

Even though you cancelled the Move command for U3, it is still selected. You should
always make sure that you have nothing selected (unless wanted) in the pre-selection
mode as certain commands will automatically act upon pre-selected items.

End of Lab
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Lab 2-3: Using the Find Filter with the Show
Element Command

Objective: Query information about objects in a design.

The Show Element command displays helpful information about selected objects. You
can use this command to evaluate net names, reference designators and pin numbers, line
widths, wire lengths, package types, padstack names, measured distances, assigned
properties, DRC errors, and more.

Remember, the Find Filter controls what is selected, and therefore the data that is
reported to you.

Using the Show Element Command

1. Zoom in to a view area around the U2 component, which is a small SOIC24 footprint
located just left of the board center, and to the right of the three SOIC48s at the left
side of the design.

2. Click the Show Element icon. ,-”I
o

-
|

Note @ The Show Element command can also be accessed from the Check —
Element menu or by pressing the F4 key.

3. Inthe Find tab, select All On.
This ensures that the check boxes for all objects are toggled ON. Select one of the
pins on the U2 component that has etch connected to it.
The Show Element report appears.

4. If your Show Element report window is covering the Find Filter, move it so you can
also see the Find Filter and the U2 component.
At the top of the Show Element form is a description of the type of object that is
selected, <COMPONENT INSTANCE>. The data in this report corresponds to a
description of the component instance of the Comps items in the Find Filter because
the Comps category is higher in the selection hierarchy than pins or etch.

o

In the Find Filter, disable the check box next to Comps.

6. Select the same pin on the same component again.

This time the Show Element form refreshes to display SYMBOL information for this
component package.

This report focuses on the characteristics of the physical package symbol and
corresponds to the Symbols entry in the Find Filter. Symbols is now the priority item
in the Find Filter. If more than one item in the Find Filter is turned ON, then the
priority goes to the highest active item in the list.
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10.

11.

12.

In the Find Filter, disable Symbols and select the same pin again.

The Show Element form refreshes to display FUNCTION information for this
package. This information corresponds to the Functions entry in the Find Filter. (The
pin you selected is seen as part of a function or gate within this package.)

In the Find Filter, disable Functions and select the same pin again.

The Show Element form refreshes to display NET information for this pin. This
information corresponds to the Nets entry in the Find Filter. Notice the information
about etch length and any attached properties.

In the Find Filter, disable Nets and select the same pin again.
The Show Element form refreshes to display PIN information. This information
corresponds to the Pins entry in the Find Filter. Notice the padstack information.

In the Find Filter, disable Pins and select the same pin again.

The Show Element form refreshes to display CONNECT LINE information for the
connection to the pin. This information corresponds to the Clines (etch) entry in the
Find Filter.

In the Show Element form, click on an (X Y) coordinate (the blue numbers in
parentheses) by clicking on the coordinates.

The PCB Editor window will center the zoomed area on this coordinate. These forms
are contact-sensitive. Try this a couple more times.

Right-click in the work area window and choose Cancel from the pop-up menu.

Selecting the same object generates different information, depending upon the settings in
the Find Filter. It is not just which item you select, but also the selection priority in the
Find Filter that matters.

When choosing the Check - Element menu item, disable all the objects in the Find
Filter. Then enable only the object(s) that will generate the information you want to see.
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Using the Check - Measure Command

1. Inthe Options tab, set the Active Class to ETCH and the Subclass to TOP, as shown.

Cptions Find Visibility

Options

Active Clags and Subclass:

[Etch -

H @ -

2. Choose Check - Measure from the top menu bar.

The PCB Editor message area prompts you to:
Make two picks for the distance calculator.

3. Select two objects that you wish to measure the distance between. Remember to
check the settings in the Find Filter.
The Measure report appears, showing information about the objects (if any) selected,
the Manhattan Distance, and air gap information. An example of the measure output
is shown below. Yours will probably not match this display exactly.

7] Measure — ] *
2 | E &h ?. Search: I:l [IMatch word []Match cass

PIN U2.2 @ (575 1800) R22

PIN U2.1 @ (57 000) R23

Dist = 100.0000 Total Dist = 100.0000
Manhattan Dist = 100.0000 Dx = 0.0000 Dy = 100.0000

Pick Zngle =
Rir Gap =

PIN U2.2 @
PIN U2.1 @

-90.0000 degree
3a.000 On layer: TOP

(575 1900) 38 MIL drill hecle.
(575 2000) 38 MIL drill hole.

4. To exit from the Check- Measure command, right-click and choose “Done” from the
pop-up menu or click the red X icon in the toolbar menu.
5. Practice some more with this command if you have the time.

End of Lab
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Lab 2-4: Changing the Drawing Origin

Objective: Use the Change Origin command to experiment with relocating the
position of the drawing origin.

In this lab, you will use the Change Origin command to reposition the location of the
drawing origin.

Note g You will NOT save the changes made in this lab.

1. Zoom into the lower left corner of the board so that you can see both the mounting
hole that is currently the drawing’s origin and the lower mounting hole of the
preplaced DIN64 connector.

2. Choose Setup - Change Origin from the top menu.

3. While hovering your mouse over the mounting hole for the DIN64 connector, use the
Right-Mouse-Button pop-up menu to select Snap pick to and then ‘Pin’ from the
selection list.

This DIN64 mounting hole should now be the new drawing origin.

End of Lab
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Lab 2-5: Using the Flip Design and 3D View
Commands

Obijective: Display your design in a flipped view and 3D view.

In this lab, you will use the Flip Design command to swap between the top and bottom
views and look at the board 3 dimensionally to display the heights of the components.
Using the Display — Flip Design Command

1. On the command line type reopen.
This will reopen the design at its last saved state.

N

Select Display - Zoom - Fit to display everything within the board outline.
Select the Display — Flip Design menu command or click on the Flipdesign icon.
4. Flip the design back to the top side view.

w
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Using the Display - 3D View Command

=

Select Display - Zoom - Fit to display everything within the board outline.
2. Select the Display - 3D View menu command or click on the 3D Viewer icon.

The Allegro 3D Viewer window opens a 3-dimensional display of your
design with STEP models. This view may be rotated to allow you to view 3 D'
your design in 3-D at multiple angles.

Hold down the SHIFT key and use the Middle Mouse Key to rotate the view.

4. Select the Visibility tab in the Control Panel to the right and try turning off and on

the various layers.

Now, select the Collision Detection tab

Type 15 into the Min-spacing field

7. Click Calculate
You should see two collisions. The first one between L3 and L1 and the second one
between L2 and L5.

8. Click on one of the components showing a collision in the Control Panel.

You will see it is now highlighted (see figure below).

w

oo

9. Select File - Exit from the top menu.
10. When prompted to save the board, click NO.

End of Lab
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Lesson 3: Padstacks
Learning Objectives

In this lesson, you will:

e Use the Pad Editor to create padstacks for typical pins, such as through-hole
and surface-mount pads.

e The Pad Editor’s user interface is based on the padstack’s usage.

e In this section, you will create padstacks that will be used to model pins in the
PCB Editor ‘footprint” symbols and vias on the printed circuit board.

Anatomy of a Padstack

Through-Hole Padstack Surface-Mount Padstack
Flex Only Coverlay Flex Only

Coverlay

Begin Layer

Default
Internal

End Layer

. top [>Begin Layer

Coverlay Flex Only

You define the pad size and shape for all etch and non-etch layers in the Padstack Editor.
Default routing layers are BEGIN layer, DEFAULT INTERNAL, and END layer. The
DEFAULT INTERNAL padstack definition is used on all internal layers in your design.
When the padstack is placed in the footprint, the BEGIN layer is mapped to the TOP
layer, and the END layer is mapped to the BOTTOM layer.

Non-etch layers include SOLDERMASK_TOP, SOLDERMASK _BOTTOM,
PASTEMASK _TOP and PASTEMASK_BOTTOM.

Note 5 If you require sub-mil values to describe padstacks, set the accuracy of your
package symbol drawings to a minimum of the same sub-mil value as the padstack, to
avoid rounding of padstack features.
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Padstack Geometry Details

|
Regular Pad: A pad with a regular shape (circle, square, reguar

rectangle, rounded rectangle, chamfered rectangle, oblong, .
octagon, donut).

Thermal Relief, Positive: Optional; used to connect pins to a thermay refiet
copper area. Is a combination of the regular pad, thermal relief
geometry, and tie bars. Size is specified as the opening size in the
copper shape. May be defined based solely on constraint values.

anti-pad
Anti-Pad: Optional; used to disconnect pins from a surrounding ._
copper area. Size is specified as the opening size in the copper .
shape. May be defined based solely on constraint values.

Shape symbol

Shape: Irregularly shaped (custom) pad created manually with [
the Symbol Editor and referenced in the padstack. Y

When you are defining the regular pad, you must remember that you are defining a
“generic” pad. | may be used on a routing layer, or it may be used on a plane layer.

Therefore, it is usually best to define all of the regular, Begin Layer, Default Internal and
End Layer definitions when creating the initial padstack. For each of these definitions,
you must define the shape of the pad as a circle, a square, an oblong, a rectangle, a
rounded rectangle, a chamfered rectangle, an octagon, a donut, or a shape.

Shape is used for any definition that is not a circle, a square, an oblong, a rectangle, a
rounded rectangle, a chamfered rectangle, an octagon, or a donut. A Shape symbol must
be created manually using the PCB Editor’s Symbol Editor. It is then browsed to and
referenced in the padstack.
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What Does the Padstack Editor Do?

The Padstack Editor gives you the ability to create or edit library padstacks:

Select the type/usage of padstack
Define the padstack parameters
Define the padstack layer geometry
Copy padstack layer geometry

You MUST create padstacks before they can be used. Therefore, you need to proceed
with this step before you can create your package symbols, which are the physical
footprints.

You define the pad size and shape for all etch and non-etch layers in the Pad editor. As
previously discussed, you define the default routing layers (BEGIN LAYER, DEFAULT
INTERNAL, and END LAYER). When a padstack is added to the board it expands to
match the number of electrical layers defined for the board.

A “via” must also be defined as a padstack before it is added to a board design. We will
cover how to add a “via” to a board design later in the course.
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Padstack Editor

The Padstack Editor is accessible from Windows Start — Cadence PCB Urtilities 17.4-
2019 — Padstack Editor 17.4.

BB Padstack Editor: (C:/User_Data/APD_Tiaining/sip_training/project1) - O x

File View Help cadence

DB

2D Top Padstack View g x
P Start Drill Secondary Drill Drill Symbal Drill Offset Design Layers Mask Layers Options Summars ¥

Select padstack usage:

Thru Pin SMD Pin Via BBVia Microvia Slot Mechanica | Tealing Meunting Fiducial

Bond Die Pad
Finger v

2D Padstack Side Views g x
Select pad geometry:

. . otons Rectangle R d Ch . ° .
ectangle Rec
Circle Square

n-Sided
P olygen

The Padstack Editor is a tabular formatted tool based on the selected padstack usage. The
usages are: Thru Pin, SMD Pin, Via, BBVia, Microvia, Slot, Mechanical Hole, Tooling
Hole, Mounting Hole, Fiducial, Bond finger, and Die Pin. As this tool is used to create
padstacks for multiple design tools some of the usage types will not apply to
board/symbols associated with the PCB Editor.

The default pad geometry styles are Circle, Square, Oblong, Rectangle, Octagon,
Rounded Rectangle, Chamfered Rectangle, Donut, and N-Sided Polygon.

On the left side of the Pad Editor you will find two view windows; 2D Top padstack
View and 2D Padstack Side Views. As you build your padstack walking through the
various tabs, the images of the padstack will appear in these windows.

Selecting File — New from the Pad Editor menu will open a New Padstack window that
allows you to browse to the appropriate directory you wish to save it in and assign a
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name to it. You will then select the Padstack usage type in the new padstack window.
This will set the tabs appropriately.

Pad Editor - Title Bar and Tabs

E Padstack Editor:  (C:/User_Data/APD_Training/sip_training/project1)
File View Help

DB

2D Top Padstack View 2 X

Start Drill Secondary Drill Drill Symbol Drill Offset Design Layers Mask Layers Options Summary

Select padstack usage:

When you first open the Pad Editor the Title bar will display the name of the tool and the
directory that it opened to. However, once you start a new padstack or open an existing
padstack the title bar will include the padstack name and the directory it is either create or
opened in.

The tabs are Start, Drill, Secondary Drill, Drill Symbol, Drill Offset, Design Layers,
Mask Layers, Options, and Summary.

Padstack Editor — Start Tab

Start tab displays the various padstack usage types and geometries.

Padstack Usages: (Aligned with IPC-2581)
Thru Pin
SMD Pin
Via
BBVia
Microvia el e P o e e G e,
Slot o ol

Tooling Hole * —_ =
Mounting Hole * l '111; TS
FIdUCIaI - Thew Pin. M0 Pin Vi [ Miconia Siot ,__é:_::_:‘ ‘H(’ o
Bond Finger

Die Pad / -
Padstack Geometfries:
Circle

Square ..----.o.
Oblong — - .

Rectangle

Rounded Rectangle
Chamfered Rectangle
Octagon oo [
Donut Pad e
Multisided Polygon
(8 to 64 sides - even numbers only)

C/Ubser_ Dot/ APD_Training/sip_trairingy peogect! - o

cadence

Mcunting

0 Padinck S views ax
Selectp

The Start tab displays the various padstack usage types and default pad geometries.
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Padstack usages that align with the IPC2581 schema:
e Tooling Hole

e Mounting Hole

e Fiducial

Specialized padstack geometries:

e Rounded Rectangle (all corners or specific corners)

e Chamfered Rectangle (all corners or specific corners)

e Multisided Polygon (8 to 64 sides but limited to even count only)
e Donut pad

Pad Editor — Drill Tab

Drill tab controls the parameters for the drilled hole type

* Finished drill hole -
diameter after
plating

™ HOle Type In. C/ver Do APD, Baining g Sriniog prapect

Circle T
» Square | T T
= Drill tool size - drill
size before plating

(Output to NC o
Legend and exports - T
to IPC-2581) -

* Non-standard drills:
. Laser 2 badetack Scte Vet ol e e

Plasma
Punch
Wet/Dry
Etching
Photo Imaging
Conductive Ink | Y——
Formation N
Dual
Other

cadence

The Drill tab controls the parameters for the ‘Hole type’, finished diameter, tolerance,
drill tool size, non-standard drilling operation, plating, and number of drills based on
rows and columns.

The ‘Hole type’ options are Circle and Square, Square is a new hole type option. Use this
tab to set the finished drill size, the tolerance, and whether you want to have multiple
holes inside the padstack. The ‘Hole plating’ is determined automatically based on the
padstack usage you selected. You can also specify the plating thickness by defining both
the Dill tool size and the Finished diameter.
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Pad Editor — Secondary Drill Tab

0 P Ecor: 606384 (C/EMA Training/PCE. Designer/ploy)

File View Help

=
cadence

bed
12D Top Padstack View & x
Strt  Dril  SecondaryDril  DrilSymbol  DrilOffiet  Designlavers
O Backdrill
Diameter: 0.0
Backdrill drill symbol
Type of dril figure: [None
Characters
Dril figure width: 0.0
Dril figure height: 0.0
12D Padstack Side Views & % =
[ Counter bore/sink
Counter bore
Diameter: 0.0
+ Tolerance: 0.0
- Tolerance: 0.0
Depth: 0.0
Sce  Front
Mils. - 1>

Options  Summary

Version 17.4

The Secondary Drill tab controls the parameters for operations such as Backdrilling
(supported in the higher tier tools) and Counter Bore/Sink. If the counterbore or
countersink operation is required, the creation of the NC legend will generate a separate
legend specific with this information based on the layer the operation is performed on.

Pad Editor — Drill Symbol Tab

18 Pad Editor: 60c38d (C:/EMA_Training/PCB_Designer/play)

File View Help

o x
cadence

=~
12D Top Padstack View 8 x
Start Dl  SecondaryDrl  DrilSymbol | Dril Offset  Designlayers
Define a drill symbol
Type of dril figure:
Characters
Dril figure width
Dril figure height:
12D Padstack Side Views 8 x
Sde | Front
Mils - 1

Options  Summary

None

L 1

The Drill Symbol tab defines the drill or slot figure representation for the purpose of the
NC Drill Legend. If you want the padstack to control the drill figure representation used
by the NC Drill Legend you would define the shape and size of the figure here. You can

also add a character to the representation here.
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Pad — Drill Offset Tab

Version 17.4

B pod Editor: 60c38d (G/EMA Training/PCB_Designer/play)

File View Help

- [m) X

cadence

bEd
12D Top Padstack View 8 x
Stert  Dril  SecondaryDril  Drll ymbol  Dril Offset | DesionLayers
Offset from padstack origin to hole
12D Padstack side Views. 8 x

sde  Front

Thru Pin

Mask Layers

Options

beors]

s CCR | oeima s O |

The Drill Offset tab defines the offset of the padstack origin to the hole.

You only need to use this tab if you intend to offset the drilled hole in the X or Y
direction or both directions in relation to the origin of the padstack.

Pad Editor — Design Layers Tab

I8 2 ditor: 60c38d.(C/EMA Training/PCB_Designer/ply)

File View Help

- o x
cadence

Options  Summary

ued
12D Top Padstack View 8 X
Start  Dill  SecondaryDril Dl Symbol  DrilOffcet  Desinlayers  Masklayers
Select pad to change
Layer Name Regular Pad Thermal Pad Anti Pad

BEGIN LAYER None None
DEFAULTINTERNAL ~ None None None
END LAYER None None Nane
ADJACENT LAYER

12D Padstack Side Views a8 x

Keep Out
None

None
None

None

Regular Pad on layer BEGIN LAYER

Geometry:

Sde  Front

.. ——Jpe——1

Thru Pin

The Design Layers tab defines the geometry size for the Regular pad, Thermal Pad
opening, Anti Pad opening and Keepout for the BEGIN LAYER, DEFAULT

INTERNAL and END LAYER pads.
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When you click on a cell, such as Regular for the BEGIN LAYER, you then select the
Geometry option at the bottom of the form. This will open the window where you define
the geometry and size for the padstack cell.

If you want to copy the same geometry and size to another cell, simply click the
populated cell, Right-Mouse-Button and select Copy. Now select the cell to copy to
Right-Mouse-Button and select Paste.

Pad Editor — Mask Layers Tab

B Pad Editor: 60c38d (C:/EMA_Training/PCB_Designer/play) — [m] x
File View Help cadence
LeEd

2D Top Padstack View B x

Stert  Dril  SecondaryDril  DrilSymbol  Dril Offset  Designlayers ~ Masklayers  Opfions  Summary

Select pad to change

Layer N,

-

ad Add Layer

z2 2 2z 2 z 2 2z 2z

& &6 6 &5 & & © §

3 3 3 3 3 3 3 3
2 " o

2D Padstack Side Viens 8 x

Pad on layer SOLDERMASK_TOP

Geometry: None

Mils - 1

The Mask Layers tab defines the geometry size for the Soldermask opening, Pastemask,
Filmmask and Coverlay layers.

When you click on a cell, such as SOLDERMASK_TOP, you then select the Geometry
option at the bottom of the form. This will open a window where you define the
geometry and size for the padstack cell.

If you want to copy the same geometry and size to another cell, just click the populated
cell, Right-Mouse-Button and select Copy. Now, select the cell to copy to, Right-
Mouse-Button select and Paste.
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Pad Editor — Options Tab
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File View Help

18 Pad Editor: 60c33d (C/EMA_Training/PCB Designer/play)

o x
cadence

bed

2D Top Padstack View

2D Padstack Side Views

S| St Onl  SeconderyOrl  DrilSymbol | DrlOffset  Desonlayvers | MaskLavers  Optons
Usage options
[ Suppress unconnected internal pads; legacy artwork
[ Lock layer span

8 x

Thrarin | unts [P ‘ Py |

The Options tab controls the suppress unconnected internal pads option. The PCB Editor
has a utility that gives you the ability to suppress unconnected pads on internal layers.
This utility will not work if the “Suppress unconnected internal pads; legacy artwork”
option is not enabled here in the padstack.

Pad Editor — Summary Tab

File View Help

18 Pad Editor: 60c38d (C/EMA_Training/P CB_Designer/play)

o x
cadence

=]

2D Top Padstack View

2D Padstack Side Views

Start Dl  SecondaryDril  Dril Symbol  Dril Offset  Designlayers  Masklayers  Options

60c38d

date/times 20 16/06/02 10:41:11
type: Through Pin
unis: mils
deamal places: 1
ole data

geometry; Cirdle

size: 0.0

offset: 0.0, 0.0)

tolerance: positive =0.0 negative=0.0
plating: Plated

Drill symbol data

Layer: BEGINLAYER
Pad v ight X offset|Y offset|
equiar_ flone

T | unts P | S ‘

The Summary tab provides a detailed summary of all of the tab settings for the padstack.
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Lab 3-1: Creating Padstack for a Through-Hole Device

e Create a round padstack for a through-hole pin

Lab 3-2: Creating a Padstack for a Surface-Mount Device

e Create surface-mount padstack
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Lab 3-1: Creating a Padstack for a Through-
Hole Pin

Objective: Use the Pad Designer to create a padstack for a through-hole pin.

You will continue working in the play directory during this lab to create a round padstack
named 60c38d. This is a 60-mil-diameter circular pad with a 38-mil plated hole.

Starting the Padstack Editor

1. Select Start - Cadence PCB Utilities 17.4-2019 - Padstack Editor 17.4.
The Pad Editor form is displayed.

Creating the Circular Padstack in the Correct Directory

The first time Pad Designer is run by a user, the current working directory will be set to a
location defined by the software installation. The following steps will be used to create
the padstacks in the correct working directory.

1. Click Thru Pin in the select padstack usage section of Pad Editor.
2. Select File - New from the Pad Editor main menu.
A New Padstack form opens.

5] New Padstack ? =
Directory: C:fSPE_Data

Padstack name: |

Padstack usage: | Thru Pin -

Cancel Help

3. Browse to the <course inst dir> - PCB_Designer - play directory.
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In the File Name field of the New padstack form, type the name for this padstack:

60c38d and then click the Save button.

B New padstack ? *
Look in: C:\EMA_Training\PCB_Designer'play - 9 O @ E]
Desktop stepFacetFilesdMap
Documents
janinef
File name: |62c38d | I Sawve
Files of type: Padstack (*.pad) - Cancel
Change Directory

The New Padstack form will display with the directory you browsed to and the name
of the padstack you assigned.

5. Click OK in the New Padstack form.

March 2020

B Mew Padstack ? *
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-
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Describing the NCDRILL Requirements

We will use the Drill tab of the Pad Editor to define the “Hole Type”, “Finished
diameter”, “Tolerance” and “Plating” for this padstack. We will also use the Drill Symbol
tab to define the symbol representation for the NC Drill Legend.

1. Fill out the Drill tab of the form as follows:
e Hole type: Circle
e Finished Diameter: 38
e Tolerance: +2, -2
e Hole Plating: Plated

Start Dl Secondary Drill Drill Symbol Dril Offset ~ Design Layers Mask Layers Options Summary

Drill hole

Hale type: Crde w

Diameter
Finished diameter:

+ Tolerance:
- Tolerance:

Drill tool size:

Mon-standard drill:

2. Fill out the Drill Symbol tab of the form as follows:
e Type of drill figure: Circle
e Characters: A
e Drill figure diameter: 50

Start Dl Secondary Drill Dril Symbol Dril Offset  Design Layers Mask Layers Options Summary

Define a drill symbol

Type of drill figure: Cirde -
Crill figure diameter:
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Describing the BEGIN LAYER Pad

1. Select the Design Layers tab
2. Click in the BEGIN LAYER cell under Regular Pad

Start Drill Secondary Drill Drill Symbaol Drill Offset Design Layers Mask Layers Options Sur
| [ orir | | | | | | |
Select pad to change
Layer Name Regular Pad Thermal Pad Anti Pad Keep Out
BEGIN LAYER m None None None
DEFAULT INTERNAL Maone Maone Maone Maone
END LAYER Maone Maone Maone Maone
ANIACFNT | AVER - - - None

3. At the bottom of the form click on the Geometry option to define the “Regular Pad

on layer BEGIN LAYER” and select Circle.
This will expand the “Regular Pad on layer BEGIN LAYER” window.

4. Set the Diameter to 60.
It will populate the Regular Pad cell setting for the BEGIN LAYER.

Start | Drill | Secondary Dril | Drill Symbaol | Dril Offset ‘ Design Layers | Mask Layers | Options I Summary

Version 17.4

Select pad to change

Layer Name Regular Pad Thermal Pad Anti Pad Keep Out

BEGIN LAYER Circle 60.0 Mone None Nane
DEFAULT INTERNAL None None None None
END LAYER None None None None
ADJACENT LAYER - - - None

Regular Pad on layer BEGIN LAYER

Geometry: Circle

Shape symbol:

Flash symbal:
Diameter: 60.0
Offset x: 0.
Offset y: 0.0

Note G Thermal and anti pad definitions are only truly required when generating
negative planes. Since we will only be dealing with positive planes, we will not be filling

in the Thermal Pad and Anti Pad fields.
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Describing the DEFAULT INTERNAL and END LAYER Pads

Because the DEFAULT INTERNAL and END LAYER pads are generally the same size
and shape as the BEGIN LAYER, you will use the Copy command to save time.

1. To copy the BEGIN LAYER pad definition, click on the Regular cell of the BEGIN
LAYER

2. While selected, select Copy from the Right-Mouse-Button pop-up menu as you see in
the figure below.

Start Drill Secondary Drill Drill Symbaol Drill Offset Design Layers

Select pad to change

Layer Mame Regular Pad Thermal Pad Anti Pad Keep Out

BEGIM LAYER Circle 60.0 MNone MNone None
Ci

opy
. . M MNone
AULT I A
DEFAULT INTERMAL Pl b

END LAYER Nor e | None

ADJACENT LAYER None

3. Now, click in the Regular Pad cell for DEFAULT INTERNAL and scroll to END
LAYER to select both fields as shown below.

Start Drill Secondary Drill Drill Symbol Drill Offset Design Layers

Select pad to change

Layer Marme Regular Pad Thermal Pad Anti Pad Keep Out

BEGIN LAYER Circle 0.0 Neone Mone  Mone

DEFAULT INTERMAL “ None Mone Mone

Mone

ADJACENT LAYER

4. While selected, select Paste from the Right-Mouse-Button pop-up menu.
The DEFAULT INTERNAL and END LAYER will now have the same settings as
those for the BEGIN LAYER.
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Describing the SOLDERMASK Pads

=

Select the Mask Layers tab

Click in the SOLDERMASK_TOP cell under Pad.

3. At the bottom of the form click on the Geometry option to define the “Pad on layer
SOLDERMASK_TOP” and select Circle.

This will expand the “Pad on layer SOLDERMASK_TOP” window.

4. Set the Diameter to 64.
It will populate the Pad cell setting for the SOLDERMASK_TOP.

5. You may copy and paste from the SOLDERMASK_TOP to the
SOLDERMASK BOTTOM as we did earlier.

N

Start Drill Secondary Dril Drill Symbol Drill Offset

Select pad to change

Layer Mame Pad

SOLDERMASK Top | Cirde640

SOLDERMASK_BOTTOM [k

Co
PASTEMASK_TOP Nene >
Paste
MNone

PASTEMASK_BOTTOM

FILMMASK_TOP None

Saving the 60C38D Circular Padstack

1. Select File — Save from the top menu of the Pad Editor.
The padstack, 60c38d, is saved to disk.

Note 5 It is important that you save ALL padstacks you create in this module in the
play directory.

There is no need to close the Padstack Editor until you have completed all your pad
editing work.

End of Lab
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Lab 3-2: Creating a Padstack for a Surface
Mounted Device

Objective: Define a padstack for a surface-mounted device.

In this lab, you will create a padstack named 76x24smd. This is a 76-mil by 24-mil
rectangular pad with no drilled hole (for surface-mount devices). It is assumed that the
Padstack Editor menu is still open. To reopen it, use the steps you learned in Lab 3-1.

Naming the Padstack

Since the padstack you are now about to create has no similar features to the previous
padstack, use the following technique to remove all the information currently in the
Padstack Designer form, and create a new padstack.

1. Set the Package usage field to SMD Pin.

2. Select File - New from the top menu of the Pad Editor to open the New Padstack
form. If you are asked if you would like to save the current padstack, click No.

3. Using the browse button, browse to the <course inst dir>/PCB_Designer/play
directory if you are not still there.

4. Inthe File Name field of the New padstack form, type the name for this padstack:
76x24smd and then click the Save button.
The New Padstack form will display the directory you browsed to and the name of
the padstack you assigned.

Click OK in the New Padstack form.
6. Make sure the padstack usage is still set to SMD Pin.

o

Describing the BEGIN LAYER Pad

-

. Select the Design Layers tab.
Click in the BEGIN LAYER cell under Regular Pad

Select pad to change

N

Layer Name Regular Pad Thermal Pad Anti Pad Keep Out

BEGIN LAYER vm None None None

AMIAFCRIT | AVED - - - MNone

3. At the bottom of the form click on the Geometry option to define the “Regular Pad
on layer BEGIN LAYER” and select Rectangle.
This will expand the “Regular Pad on Layer BEGIN LAYER” window.

4. Set the Width to 76 and the Height to 24.
It will populate the Regular Pad cell setting for the BEGIN LAYER.
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Describing the SOLDERMASK Pad

1.
2.
3.

Select the Mask Layers tab.

Click in the SOLDERMASK_TOP cell under Pad

At the bottom of the form click on the Geometry option to define the “Pad on layer
SOLDERMASK_TOP” and select Rectangle.

This will expand the “Pad on layer SOLDERMASK_TOP” window.

Set the Width to 80 and the Height to 28.
It will populate the Pad cell setting for the SOLDERMASK_TOP.

Describing the PASTEMASK Pad

We will make the PASTEMASK _TOP the same size as the Regular Pad of the BEGIN
LAYER

=

While still in the Mask Layers tab, click in the PASTEMASK_TOP cell under Pad
At the bottom of the form click on the Geometry option to define the “Pad on layer
PASTEMASK_TOP” and select Rectangle.

This will expand the “Pad on layer PASTEMASK_TOP” window.

Set the Width to 76 and the Height to 24.
It will populate the Pad cell setting for the PASTEMASK_TOP.

Note @ No SOLDERMASK_BOTTOM or PASTEMASK_BOTTOM pad
definitions are required. If a part is placed on the bottom side of the board, the system
automatically “moves” all TOP definitions to the BOTTOM.

For surface-mount padstacks, you only require the BEGIN LAYER,
SOLDERMASK_TOP and PASTEMASK_TOP pad layers. All others should read
“None” Or “_”.

Saving the Padstack to Disk

1.

2.

Select File - Save from the top menu
The padstack file (76x24smd.pad) is saved to disk.

Select File - Exit from the top menu of the Pad Designer form. The Padstack
Designer closes.

End of Lab

March 2020 EMA Design Automation, Inc. ® © 2020 All rights reserved

Version 17.4

105




PCB Editor Essentials Training

March 2020 EMA Design Automation, Inc. ® © 2020 All rights reserved

Version 17.4

106




PCB Editor Essentials Training Version 17.4

Lesson 4: Component Symbols
Learning Objectives

In this lesson, you will:

e Use the Package Symbol Wizard to create a package symbol
e Use the Package Symbol Editor to create a package symbol

In this section, you will create PCB Editor symbols that model the components that are
placed on the printed circuit board. You will learn how to use the Package Symbol
Wizard to create footprints and, how to manually create footprints.

PCB Editor Symbol Types
Shape symbol

—I!a!k !g(la strrlmbc!I Mechanical symbol [ R
(.psm) " 4

AHnr 1
i=s

Format symbol

(.osm)

i

Each symbol type has its own unique .dra file

|
|
|
(.bsm) : )
|
|
|

(.ssm)

(.fsm)

The PCB Symbol Edit mode lets you create the following symbols:

e Package Symbol (.psm) - Used for footprints such as SOIC, BGA, QFP, etc.
Minimum requirements; reference designator and at least one pin with pin number.

e Mechanical Symbol (.bsm) — Used for mechanical symbols, such as card outline,
mounting hole, tooling hole, board stiffener, etc. Minimum requirement; at least one
mechanical pad.

e Format Symbol (. osm) — Used for A through D size page format symbols, title
block symbols, company logos, assembly/fab notes, etc.

e Shape Symbol (. ssm) - Creates a filled polygon (shape) used for custom pads.

e Flash Symbol (. fsm) — Contains filled polygons that represent a thermal relief
connection on a negative plane layer, or windowpane paste mask.
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Package Symbol Wizard

File — New

B8 New Drawing

Project Directory: C:...PCB_Designerjolay

Drawing Name:  |soc 14

Drawing Type:  |Package symbal (wizard)

Board (wizard)

Module

Package symbol
Package symbol (wizard)
Mechanical symbol
Format symbol

Shape symbol

Flash symbel

o] e

Note: If you add the symbol name and
then browse to a directory the Drawing
Name field may have a .dra
extension after the symbol name

BB Package Symbol Wizard X

Start by choosing the type of package you want to create,

Package Type:

D o

.
4
2
&
& s
a (® soic
D PLCC/QFP
D) PGABGA

0) THDISCRETE

2 SMD DISCRETE

0000000pooooono

00000D0DDODODD

D s

OF: 2
) RF Symbol (Prototype)

Next > Cancel Help

Use the package Symbol Wizard to create a package symbol footprint:

Select the type of footprint to be created

Select and load a template to be used

Define units and reference designator prefix

Define the number of pins, pin spacing, and package size
Select the padstacks to be used

Define origin of footprint

The Package Symbol Wizard can create many different styles of footprints, including
DIPs, SOICs, PLCCs, BGAs, and QFPs. You can define information such as design
units, number of pins, pin spacing, padstacks to use.

Atemplateisa .dra file that contains basic information for the package symbol.
Cadence supplies a default template, or you can create your own template that contains
basic information on colors, text sizes, or documentation for your symbol.

After running the Package Symbol Wizard, you can edit and modify any of the items
created by using the standard Package Symbol Editor User Interface.
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Package Symbol - Manual Creation

File — New

B8 New Drawing

Project Directory: C:.../PCB_Designerfplay

Drawing Name: |Header 12

] Browse...

Drawing Type: |Package symbol

| | Tempiate...

Board

Board (wizard)

Module

Package symbol
Package symbol (wizard)
Mechanical symbol
Format symbol

Shape symbol

Flash symbol

e

Help

Note: If you add the symbol name and
then browse to a directory the Drawing
Name field may have a .dra extension

after the symbol name

Version 17.4

Using the drawing type of Package symbol opens the PCB Editor in Package Symbol
editor mode. In this mode you manually set the various selections to be used to build

your package symbol.

Create a New Design Window

Contains some parameters found in Design

tab of Desigh Parameters dialog

w Creste a New Design

Design Parameters 11000.00 mils

Uniits: Mils -

Sheet Size: |A >

Width: | 11000.00
Height: |8500,00

Origin:

8500.00 mils

Bottom Left -

Cancel

The Create a New Design windows comes up automatically and allows you to set several
of the parameters found in the Design tab of the Design Parameters dialog. Parameters
set here may be modified in the Design tab of the Design Parameters editor window.
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Design Parameters

B

Display ~ Design
Command parameters
Size
User units:
Size;
Accuracy:
Long name size:
Pad fiach mode:

Extents

Left x:[-5.85

Width: | 11000.00
Move origin

X: 0.00
Symbol options

Type: |Package

Auto create place bound

ext Shapes Route

Mils ud

K -

|2 ¥ (decimal places)
(255

Shapes

Lower Y: ‘ -5.94

Height: ‘SSDU.UU

¥: |0.00

v symbol
] Jumper

Version 17.4

User Units: Specifies the unit of measure
used during the design process

Size: Specifies the size of the drawing area
required

Accuracy: Sets the decimal place accuracy of
the drawing database

Drawing Extents: Shows the height and
width of the drawing, and the location of the
lower left corner with respect to the drawing
origin (located in the lower left corner by default)

Move Origin: Relocates the drawing origin

(datum 0,0). The X, Y coordinates for the new
origin are entered into this section (Replaced

with the Change Drawing Origin command)

You use the Setup > Design Parameters command to open the Design Parameter Editor
window. Select the Design tab to modify the parameters for the footprint to be created.
Pay close attention to the following fields in the window.

User Units: This field is used to specify the units to be used to create the footprint. The
available units are mils, inches, microns, millimeters, or centimeters.

Size: This field is used to specify the overall size of the drawing area. For English units,
the options are A, B, C, and D. For metric units, the options are Al, A2, A3, and A4.
You may also set a custom size; in which case the size field will show Other.

Accuracy: This field specifies the number of decimal places to be carried with each
database unit. For example, if the units were set to mils, and the accuracy was set to 2,
you would be able to specify a number with a resolution of one one-hundredth of a mil.

Extents: These fields are used to specify the overall drawing size and their relationship
to the 0,0 origin. When one of the pre-defined sizes is specified, these fields will be filled
in automatically. When a size of “Other” is specified, you must enter the values you wish
in these fields. The Width and Height fields show the size of the overall drawing area.
The Left X: and Lower Y fields display the location of the 0,0-origin relative to the
lower left-hand corner of the drawing area.
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Move origin: These fields relocate the 0,0-origin to a new position. The value you enter
in one of the fields is subtracted from the current origin to determine the new location. In
this example, if the value 1000 was entered in the X field, when the tab key was pressed,
the Left X Extents field would be changed to -3200. While this is still used it has
primarily been replaced by using the Setup — Change Drawing Origin command.

Drawing Origin

When you start a new symbol drawing, the origin (0/0) is located in the lower left corner
by default. This origin must be relocated to a point somewhere on the symbol (for
example, pin 1 or the body center), and will be used as the package symbol origin during
placement on the board.

You may find it convenient to move the drawing origin before placing the pins of the
device. If not, you can move the origin any time during the creation process by selecting
Setup - Change Drawing Origin from the main menu. You can also move the origin by
selecting Setup - Design Parameters and then using the Design tab.

There are two methods within the Design Parameters — Design tab that you can use to
move the origin of the footprint.

e Using the Move origin section, you enter the amount you want to move the origin
based upon its current location, entering positive X and positive Y values.

e You can also use the Drawing Extents section to move the origin of the footprint.
When using this section, you enter in the new negative value for the Left X and
Lower Y fields. Use the Tab key to proceed to the next field.

Note @ When you enter a value in the Move Origin section, use the Tab key to
have the value take effect. When you press the Tab key, the Move Origin field will reset
to 0 and the Left X or Lower Y field of the Drawing Extents section will be updated.
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Example: 12-pin Header Package

RefDes class /
Silkscreen_Top subclass

Padstacks
(mandatory) Package
7. 8 Boundary
\ : / shape
Silkscreen
Outline

RefDes class / A bl
Assembly Top subclass Ossﬂv._ﬁ.m y
(mandatory) utiine

Minimum/Maximum Package Height

A typical package symbol contains pins (padstacks), assembly and silkscreen outlines,
assembly and silkscreen reference designator placeholders and a package boundary with
package height information attached.

To create an PCB Editor package symbol:

e Add pin(s) (padstacks) — Must have at least 1 pin with a pin number

e Draw component outlines for assembly and silkscreen layers

e Add the placeholders for assembly and silkscreen reference designators
(Assembly_Top is default mandatory)

e Define package boundary

e Assign Minimum Package Height and/or Maximum Package Height, using the
Setup - Areas - Package Height command

e Save the drawing file (. dra). This is a drawing graphics file; it can be used for
editing purposes only. Use File - Save to save this file

e Create a symbol file (. psm). This is a compiled binary file, used during placement
only. It cannot be read by the Package Symbol Editor. It is by default created
automatically when you save the drawing (. dra) file. If you do not have your

preferences set to create this automatically on the save command, you can use File -
Create Symbol command to generate this file.

Note g It is important to keep the symbol (. psm) and drawing (. dra) files
synchronized by saving the drawing file each time you create the symbol file.
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Adding Pins
Options Find Visibili lﬁ‘h
e — _sx Layout-Pins ...Or ;w.T.

(® Cornect [ | Bondpad (O Mechanical

Padstack: E2C38d | I:

v et ‘e e ey Ve \ Ve \

Copy mode; Rectangular s 7 ] |'lf 8 \l ll, g \l / 10 \ |' 1 1 J |’ 12 \J
} [ ) \ \ \ ) \

X / \ / \ / \ /
Spacing Order ~ ~— ~— ~— S~ S

10000 | [Fignt ~ 100 N - o
o ] o~ | 2y (3 (4 () ()

Fiotation: : \- \J/ — — — —
100 =

b
s

<) =2
Hﬂq

Pin #: |1 | Ine: |1_|
Text block: ||1_ S

Text name: | b ‘

Oficetx:  [000  |v:[000 |

The PCB Editor will search the padstack directories defined by your PADPATH variable
for the padstack you specify. This variable is defined in the env file.

Padstack - Enter the padstack name (not case sensitive, looks for lowercase file on
disk) or use the browse button

Copy Mode - Can be either Rectangular (default) or Polar. Polar is used for creating
a set of pins in a circular pattern.

X (Qty) - The number of pins to be added in the X direction (columns)

Y (Qty) - The number of pins to be added in the Y direction (rows)

Spacing - Used to specify pin-to-pin spacing within the column(s) and row(s).
Order - Left/Right - A toggle field used to specify direction of column expansion
Order - Up/Down - A toggle field used to specify direction of row expansion
Rotation - Can be 0, 45, 90, 135, 180, 225, 270, 315, or user-defined angle. The
default is 0.

Pin # - Shows the next pin to be added. Alphanumeric pin names are okay. Last
character of pin number is incremented first (A1->A2, 1A->1B, 1AZ- >1BA).

Inc: - Specifies pin numbering increment. The default is 1.

Text Block - Each pin you add includes a visible pin number. This parameter
determines the size of the pin number. Enter text block number 1-16.

Offset X/Y - Offsets the pin number text with respect to the pin center. The default is
- 50, 0 (left of pin center).
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Drawing Component Outlines

Options Find | Vvisbility
Options

Active Class and Subclags:

Fackage Geometry -

. l . . . 4———5— [] Assembly_Tap -

Line lack: Line »|(45 =

. Line width: 5

Line font: Solid -

Add Display Setup Shape Lay Optons | Find | vishilty |
Add - —
Arc w/Radius
chive Class and Subclass:
3pt Arc i
Circle Use the Add — Line command [Package Geonely +)
@ Rectangle as it has more flexibility and B gSiksceentn -
Frectangle can have a Iine W|dth
B Text Line lack: [Lie »|[#5 ~]
Flash Line width: 10
Unsupported Prototypes > Lire fort [Suld v]

You will create the Assembly Outline of your symbol using the Add - Line command.
Set the class and subclass in the Options form to PACKAGE_GEOMETRY and
ASSEMBLY _TOP and define the outline of the component using lines. You should also
be defining a line width at which to draw the line.

You will create the silkscreen for the component in the same fashion. By adding lines,
the silkscreen outlines will be added on the SILKSCREEN_TOP subclass. Be sure to set
the Line Width field to an appropriate value when adding lines on the silkscreen. The line
width will define the line width of the silkscreen line on the actual printed circuit board.

You do not need to create the Assembly and Silkscreen on both the Top and Bottom
subclasses. When placing parts, if you move the part to the bottom side of the design, the
outlines will be moved automatically to the appropriate Bottom subclass. In other words,
all graphics on the Assembly_Top will be moved to the Assembly Bottom subclass, and
all graphics on the Silkscreen_Top will be moved to the Silkscreen_Bottom subclass.

Note @ The outlines depicted are not meant to be a standard that you should follow.
Your company will probably have its own guidelines or rules for outlines.

Rectangles should NOT be used for outlines as rectangles are shapes that a line width
cannot be applied to.
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Adding Labels

Layout - Labels — Refdes ...Or |R1

Silkscreen_Top

Assembly Top

Labels are placeholders for component data such as assembly and silkscreen reference
designators. It is also possible to add Component Value, Tolerance, User Part Number
and Device Type placeholders. The location of the label determines where the data is
displayed. You must define at least one reference designator label in order to successfully

create a footprint.

When adding a label, use the Options tab to specify the text block size. This controls the
size of the displayed data.

Use the Options tab to specify the class and subclass for your text label. Depending on
which command you select, the Options form will default to an appropriate class/subclass
setting. If you are creating silkscreen text labels, you will need to toggle the Subclass
field to Silkscreen_Top.
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Defining Package Areas

Setup - Areas

Route Keepin Options | Find ‘ Visibikty |

Route Keepout Optixs

Wire Keepout
Active Class and Subclass:

Via Keepout .
Package Geometry -
Shape Keepout
L] [l Flace_Bound_Top -
Package Keepin
Linekck: | Line 45
Package Keepout = L
000000 Pedage bt —— o TR
Max height: ’1507
— Package Boundary Cleat Resst
HOoOOOOO Package
Height
= =
50 min me

: 150
- 'n'ninlnlnln i
T 7772777272777

To define areas, use the pull-down menu from the Setup - Areas command.

Route Keepout - A user-defined polygon that prohibits all etch

Wire Keepout - A user-defined polygon that prohibits routing but allows vias

Via Keepout - A user-defined polygon that prohibits vias but allows routing

Shape Keepout - A user-defined polygon that prohibits shapes but allows routing and

vias

e Package Height - Defines the package height (z dimension) that is attached to the
package boundary. The height is a range from the bottom of package (Min Height),
top of package (Max Height). If only one value is specified, it assumes the package
starts from the board surface and extends to the given Max Height.

e Package Boundary - Defines a two-dimensional filled-polygon that is used to check

for package overlap. If one is not user-defined, one is automatically created for you

with the Create Symbol command.

To add a package height restriction to a component, first you must define the Package
Boundary using Setup - Areas - Package Boundary. Then use Setup - Areas — Package
Height and select the package boundary area just created. Fill in the Options tab with the
desired height restrictions, move your cursor back into the work area, and select “Done”
from the Right-Mouse-Button to exit the command.
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Saving Symbol Files

Two files are necessary to create a package symbol:

e A .dra file - Is the graphical file used to view or edit the symbol in the event you
need to make a revision

e A .psm file - Is the compiled binary equivalent of your drawing file, and is the file
used during placement to represent a component’s physical layout

While performing the SAVE command to the .dra file:

e The system executes the Create Symbol command automatically producing a package
symbol compiled file (. psm) and a drawing file (. dra) with the same name. Create
Symbol checks the drawing for common errors before “compiling” the symbol. The
drawing file must also be kept in the library in the event a revision is needed.

The PCB Editor in the package creation mode can only read a drawing (.dra) file. It does
not read the package symbol (.psm) file. Therefore, it is important to save the .dra file
along with the .psm file. While executing the Save command the system will
automatically compile the symbol and create a .psm file along with the .dra file.

The save command automatically checks the drawing for common errors and then creates
a .psm file if no errors are found. For example, it checks to make sure you have at least
one connect pad (padstack) and one reference designator label. It also checks for
package boundaries. If your package symbol has no package boundary defined, it will be
automatically created using either the Package Geometry - Assembly_Top outline, or the
device pins with, whichever area is largest.

The .psm file is the compiled binary equivalent of your drawing file, and is the file used
during placement to represent a component during physical layout. The .dra file is not
used for placement. This is why you need to have both files available at all times.
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Labs

Lab 4-1: Creating an SOIC14 Package Using the Package Symbol
Wizard

e Use the Package Symbol Wizard to create an SOIC14 package symbol

Lab 4-2: Creating a header12 Package Symbol

Add pins

Add the Assembly/Silkscreen outlines

Add the Reference Designator labels

Add the Package Boundary and Package Height
Save the footprint and create the symbol
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Lab 4-1: Creating an SOIC14 Using the
Package Symbol Wizard

Objective: Use the Package Symbol Wizard to create a through-hole package
symbol.

This lab shows you how to create a package symbol for an SOIC14 using the Package
Symbol Wizard. You will use the surface mount padstack that you created earlier.

Naming the Symbol

1. Start the PCB Editor.
2. Make sure you are still working in the play directory.

Note 5 You learned how to start the PCB Editor in the previous labs.

3. Select File - New from the top menu
The New Drawing dialog box appears

4. Type soic14 inthe Drawing Name field
5. Select Package symbol (wizard) from the scrolling list of drawing types, as shown
below:

B Mew Drawing *

Project Directory: C:.../PCB_Designer/play

Drawing Name: |snic14l | Browse...

Drawing Type: |Package symbol (wizard) | Template...

Board

Board (wizard)

Module

Package symbol
Package symbol (wizard)
Mechanical symbaol
Format symbol

Shape symbol

Flash symbol

Cancel Help

6. Click OK to close the New Drawing dialog box.
The Package Symbol Wizard form is displayed in the foreground and the Package
Symbol editor is displayed in the background. This Package Symbol Wizard form is
used to specify the type of package symbol to be created.
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Using the Package Symbol Wizard

1.
2.

ok w

8.

Select SOIC as the Package Type

Select Next> to use the SOIC wizard and continue to the next form

The Template form is displayed. This form is used to specify the drawing template to
be used when creating the symbol. The drawing template “seeds” such items as color
of classes and subclasses, units of the drawing, accuracy of the drawing, and so forth.

Select Default Cadence supplied template if this option is not currently selected.
Select Load Template to load the default template.

Select Next> to continue to the next form.

The General Parameters form is displayed. This form is used to specify some of the
drawing parameters, as well as the reference designator labels. The values for Units
and Accuracy are obtained from the drawing template specified in the previous form.

Set the values of Units to Mils and Accuracy to 2 for the fields “Units used to enter
dimensions in this wizard” and “Units used to create package symbol”, if these
values are not currently set.

Set the Reference Designator Prefix to U* if this value is not currently set.

Fuor data that pou enter in this wizand, pou can use units that are
different from the unitz uzed to create the package symbaol,

Units used to enter dimenzions in thiz wizand:

Milz | Accuracy: E =

|Units used to create package symbal:

Milz ~ Ancuracy: E =

0000000000000
S
gooooooooooooa

Reference designator prefis:

S0IC PACKAGE

¢ Back Cancel Help

Select Next> to continue to the next form.
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The SOIC Parameters form is displayed. This form is used to specify SOIC-specific

parameters. This includes items such as pin-to-pin spacing, spacing between
columns, and the overall package dimensions used to create the assembly and

silkscreen outlines.

9. You will use the default SOIC Parameters shown in the figure below:

L
i

=

=]
goo0oooooooonn

u=

gooooooooooooo

b
¢

S0IC PACKAGE

Mumber of pins [M4]: 14 =

Lead pitch (=): 50.00 | mils
Terminal row spacing (1] |225.00 | mils
% Package width [E} 175.00 rils
Package length [D]: 395.00 il
Cancel Help

10. Select Next> to continue to the next form.
The Padstacks form is displayed. This form is used to specify the padstacks to be

used for the pins. You can specify a different padstack for pin 1 if needed.

11. Select the “...” button next to the empty field for “Default Padstack to Use for

Symbol Pins”.

A Package Symbol Wizard padstack browser appears.

12. Select the padstack 76x24smd (case is unimportant).

13. Select OK to close the Padstack browser form.

14. Notice that the “Padstack to Use for Pin 1” field is populated with the same padstack
name. For this footprint you can use that same padstack.
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Specify the padstacks to be uzed for symbol pinz. Y'ou can choose
1 H a different padstack for pin 1.

Default padstack to uze for symbal ping:

[Pew24smd I[-]

Padstack to use for pin 1;

[7Ex2dsmd |[--

U=

goooononooooon

gooooooooooooo

S0IC PACKAGE

< Back Cancel Help

15. Select Next> to continue to the next form.
The Symbol Compilation form is displayed. This form is used to specify the location
of (0/0) origin of the part, as well as whether or not to compile the symbol.

16. Select Center of symbol body as the location of the symbol origin (if this option is not
currently selected).

17. Select ‘Create a compiled symbol’ to enable the Package Symbol Wizard to generate
the compiled portion of the symbol (if this option is not currently selected).

18. Select Next> to continue to the next form.
The Summary form is displayed. This form is used to verify that the correct files are
to be created. This is also your last chance to go “backwards” through any previous
forms to change any data or specifications.

19. After verifying that the files soic14.dra and soic14.psm will be created,
select Finish to complete the Package Symbol Wizard and create the soic14 symbol.
The soicl4 drawing (soic14.dra) and symbol (soic14.psm) are created and the
footprint is opened in the Package Symbol Editor. At this point you can make any
changes that you require. If you do make changes, be sure to save the drawing and
create the symbol.

End of Lab
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Lab 4-2: Creating a 12 Pin Header Package
Symbol

Objective: Use the Package Symbol Editor to create through hole component.

In this lab, you will use padstacks you created earlier to create a 12-pin header.

Starting in Symbol Edit Mode

1. Select File — New from the top menu.
The New Drawing dialog box appears.

2. Type header12 in the Drawing Name field and make sure you are still working in
the Play directory.
3. Select Package Symbol from the scrolling list of drawing types, as shown below:

Project Directony: T /EMA_Training/PCB_Designer/play 0K
Drawing Name: | header] 2.dra | Browse... Cancel
Drawing Type:  |Package symbol Template... Help

Package spmbaol [wizard)
techanical symbol
Faormat zymbol

Shaoe sumbol

4. Click OK to close the New Drawing dialog box.
The Create a New Design form appears.
5. Fill in the Create a New Design form as you see in the figure below.

Design Parameters 11000.00 mils

Units: Mils -
Sheet Size: |A -

Accuracy 2 =

Extents

Width: | 11000,00
Height: |8500.00

Default:

8500.00 mils

Bottom Left A

Cancel

6. Click OK to accept the values and dismiss the form.
The Package Symbol editor is displayed.
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Setting the Design Parameters

Use the Drawing Parameters form to modify the parameters in the Design tab, if needed.
Also use this form to move the drawing origin from the lower left corner to a point inside
the drawing area.

Note 5 The origin of this package symbol drawing will become the package origin
when you are in the component placement phase of your design.

1.

Select Setup - Design Parameters.
Many of the parameters should match the previous package symbol as long as you did
NOT close the PCB Editor.

Select the Design tab and modify the parameters as required to match the following
values:

Type: Package

User Units: Mils

Size: A

Accuracy: 2

Left X: -500

Lower Y: -1500

Click OK.

The Drawing Parameters form closes. The drawing origin is now nearer the center
of the work area.

Adding Pins

In this package, pin 1 is a square pin and the rest are round. The easiest way to add the
pins is to initially add all pins using a round padstack and then replace the round padstack
for pin 1 with a square padstack.

1.
2.

Select Layout - Pins from the top menu.

In the Options tab of the Control Panel, click the «...” button next to the Padstack
field.

A padstack browser appears.

Select the padstack 60c38d.
You will use this padstack for all pins in this device, for now.

Press OK to enter the padstack name.
The Symbol Editor’s Command window states:

Using '60C38D.pad’
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This means that the PCB Editor program was able to locate the padstack you
specified. The padstack is now attached to your cursor.

5. Set the rest of the parameters in the Options tab as you see in the figure below:

Options Find Visibility

Version 17.4

Options — & X
(® Connect [] Bondpad () Mechanical
Padstack: |a0C3sd |
Copy mode: Rectangular =

Oty Spadng Order
o —
v: 2 | 100.00 |k -
Pin #: 1 Inc:
Text blodk: 1 &
Text name:
Offset X; 10,00 | v:l0.00 |

6. To place the pins, click in the PCB Editor command line to activate it, then type the
following command: x 0 O
The matrix of padstacks is placed with pin 1 at the drawing origin (0,0)

7. Zoom in around pins
You should have 12 round pins placed as you see in the figure below:

8. Next, select Tools — Padstack — Replace from the top menu

March 2020 EMA Design Automation, Inc. ® © 2020 All rights reserved

125




PCB Editor Essentials Training Version 17.4

10.
11.
12.

13.

14.

Click on one of the pins in the graphics window Options _Find __ Vishilty

This will fill in the Old field in the Options Tab Options _ & X
In the Options tab, click the «...” button next to Via replacement

the New field. ;:c;n“

Select the padstack 60s38d and click OK - Igm e pr:pert; o

Type 1 in the Pin #(s) field Padstack names

The Options tab should look like the figure to oi:

the right. New:

Press Replace

Pin 1 is now replaced with the square pad. Prs@:[t |

RefDes: |

Replace Reset

Your footprint, at this point, should now look like the figure below.

Click the Right-Mouse-Button and select “Done” from the pop-up menu.

Setting the Non-Etch Grid

Except for the outermost assembly outline, the assembly and silkscreen outlines will be
rectangles, created using the Add — Line command.

1.

ok own

Select Setup - Grids from the top menu.
The Define Grid form appears.

Locate the Non-Etch section at the top of the form.

Double-click in the Spacing x field and enter: 25

Double-click in the Spacing y field and enter: 25

Click OK at the bottom of the Define Grid form. ,
If the work area does not display a 25-mil grid, click on the Grid icon. H
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Adding an Assembly Outline

o

Click Add - Line from the top menu.

Make sure that the Options tab active class and subclass are set to PACKAGE
GEOMETRY and ASSEMBLY_TOP. You will add the assembly graphics to this
layer of the symbol drawing, as shown below.

Set the line width to 5 mil

Options Find Visibility
Options - F X

Active Clazs and Subclass:

FPackage Geometry w

|| |0 Assembly_Top i

Line lock: Line ~ |45 ~

Line width: 5.00

Line font: Solid w

We will now draw the outermost outline by typing in the coordinates.

At the Symbol Editor’s Command line, type each of the following sets of values and
press Enter after each entry.

x =150 -100

ix 350

iy 10

ix 100

iy -10

ix 350

iy 300

ix -800

iy -300

Select Right-Mouse-Button and select Next from the popup.

This will end the current line while leaving you in the Add — Line command.

Draw a second rectangle just 25 mil (the next grid point) inside the first.

When you have finished, click the Right-Mouse-Button and select Next again from
the popup menu.

This will allow you to add the silkscreen outline without selecting the Add — Line
command again.
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Adding a Silkscreen Outline

1. At this point, you should still be in the Add — Line command. Make sure that the
Options tab active class and subclass are set to PACKAGE GEOMETRY and
SILKSCREEN_TOP and the line width is still set to 5 mil.

2. Now, click to draw the silkscreen outline rectangle on top of the outermost assembly
outline as shown in the figure below.

Options Find Visibility
Options - 8 X

Active Class and Subclass:

Package Geometry w

B @ Sikscreen_Top w

Line lock: Ling ~ | 45 ~

Line: width: 5.00

Line font: Solid w

Because pin 1 is a square pad, we don’t need to add a any other pinl indicator.

3. To exit the Add - Line command, click right and select “Done” from the Right-
Mouse-Button popup menu.

Setting Colors

By default, all objects in a new drawing are set to a similar color. To help differentiate
between the assembly and silkscreen outlines, assign each of them a different color.

O
1. Click the Color192 icon. HH
The Color Dialog form appears.

N

Select the Layers tab.

Select the Geometry category.

4. Scroll down the Package Geometry column to the ASSEMBLY_TOP subclass.
Next you will change the ASSEMBLY _TOP subclass to blue.

Click a color blue in the Palette area and assign it to the ASSEMBLY_TOP subclass.
Click the color green and assign it to the SILKSCREEN_TOP subclass.

7. Click on OK in the Color Dialog form.

The Color Dialog form closes, and the symbol drawing displays the new color
assignments.

«

oo
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Adding Labels

We will now use labels to display the reference designator. The label is simply a
placeholder and will be replaced by the actual reference designator on the PCB.

o o

Select Layout - Labels - RefDes from the top menu.
Make sure the Options tab active class and subclass are set to REF DES and
ASSEMBLY_TOP. We will add text to this layer first.

In the Options tab of the Control Panel, set the following text parameters:
e Rotate 0
e Text block 4
e Text just Left

The Symbol Editor Command window area prompts you to:

Pick text location.

Click someplace inside the assembly outline.
The Symbol Editor message area prompts you to:

Enter text string.

Enter: J*

Click right and select “Done” from the pop-up menu.

Select Layout - Labels - RefDes from the top menu again.

Make sure the Options tab active class and subclass are set to REFDES and
SILKSCREEN_TOP and that the other parameters are still set.

Notice the prompt on the Symbol Editor command line that says:

Pick text location.

Click above the component outline so that the silkscreen text will be in a visible
location after the component is installed in a board

Enter: J*

Click right and select “Done” from the popup menu.

At this point, your footprint should look like the figure below.

March 2020 EMA Design Automation, Inc. ® © 2020 All rights reserved

Version 17.4

129




PCB Editor Essentials Training Version 17.4
Creating a Package Boundary

The DRC program uses the package boundary to make sure a package does not overlap
another package or any other objects that can cause a problem (Package Keepout areas,
and so forth).

If you do not create the package boundary, it will be created for you automatically when
the Create Symbol command is run.

1. Select Setup - Areas - Package Boundary from the top menu.

2. In the Options tab set the Class to PACKAGE GEOMETRY and Subclass to
PLACE_BOUND_TOP.

3. Click to draw a polygon representing the area required for placement. For this
footprint, the boundary will be the same size and shape as the Silkscreen outline.

4. Close the polygon, by selecting “Done”
The boundary will be automatically filled solid.

Defining the Package Height

The DRC program uses package height to make sure a package does not violate a height
restriction area of the board. It is not necessary to define the package height for every
device. The PCB Editor tool uses the Design Parameter - Design tab - Default Symbol
Height field to define a default package height for all symbols that do not have a Package
height assigned to them. To override this default package height, you need to attach a
height value to the boundary.

1. Select Setup - Areas - Package Height from the top menu.

2. In the Options tab make sure the Class is set to PACKAGE GEOMETRY and the
Subclass is set to PLACE_BOUND_TOP.
Notice the prompt in the Symbol Editor Command window says:

Select or add package shape.

3.  Click on the package boundary (filled polygon) you just created.
The package boundary is highlighted. The Symbol Editor message area prompts:

Enter package PACKAGE GEOMETRY/PLACE BOUND TOP height.

4. Inthe Max height field of the Options tab enter: 150
The package height is 150 mils.

5. To exit the Package Height command, click right in the PCB Editor’s work area and
select “Done” from the pop-up menu.
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The package boundary is a 2-D polygon. When height data is attached to this
polygon, the DRC program evaluates the package boundary as if it were three
dimensional.

This package now contains explicit height information that will override the default
height specification contained in the Design Parameter, Design tab.

6. If you have time, click on the 3-D icon to view the height of your new footprint.

Saving the Symbol to Disk

1. Select File - Save from the top menu.

The system saves a header12.dra file. Thisfile is used if you ever need to edit the
graphics for this symbol.

It also creates a symbol header12.psm. This file is used in the design process during
component placement.

End of Lab
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Lesson 5: Board Design Files
Learning Objectives

In this lesson, you will:

e Use the Mechanical Symbol Editor to create a mechanical board symbol
e Import DXF to create the board outline
e Use the PCB Design Editor to create a Template board design

In this section, you will learn how to create board outlines or board mechanical symbols.
Creating board outline mechanical symbols can save you time when your designs use the
same outline. Board outline mechanical symbols will also improve the quality of the
design, since the outline only needs to be checked once. After the outline has been
verified, all designs using that outline will be correct.

Creating a Board Symbol

File - New Setup — Design Parameters

BB Mew Drawing o m Design Parameter Editor
Project Directory: C:.../PCB_Designer fplay Display =~ Design  Text Shapes  Route
Drawing Mame:  |outine] Browse... Command parameters

i i Size
Drawing Type: Mechamnical symbol Template...

Board 1 User units: Mils v

Board (wizard) Size: A -

Module Accuracy: 2 5 (decimal places)

Package symbol ) r —

Long name size: 255

Package symbol (wizard) L
Mechanical symbol Pad fiash mode: shapes
Format symbol
Shape symbeol
Flash symboel

Extents

Left X:-3000.00 Lower Y: -3500.00

Width: | 11000.00 Height: §500.00
[ cne = booeo | T

Mowve origin

¥ |0.00 ¥: |0.00

Symbel options

Type: Mechanical - symbaol
Auto create place bound

To create a board symbol, select Mechanical Symbol as the drawing type. Next, use the
Design Parameters form to define the following:
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User Units - Mils, Inches, Millimeters, Centimeters, or Microns. Default is Mils.
Size - A, B, C, D or Other. (A1, A2, A3, A4 for metric units). Default is A.
Accuracy - The number of decimal places. Range is 0 - 2. Default is 0.

Move Origin - Can be used to place the drawing origin inside the drawing area (to
establish a mechanical datum point).

Drawing Type - Mechanical (.bsm).

Elements of a Board Outline

Via — o
Keepout

Package
Keepin \
' Tooling Holes

Route
Keepin
Cha mfer

Outline

This is an example of a card outline with keepin and keepout areas and tooling holes. To
create an PCB Editor mechanical outline symbol:

Define the card outline.

Define mounting holes (added as pins).

Define package and routing keepin/keepout areas.

Save the symbol’s drawing file to create the symbol’s compiled file (. bsm).

el A

March 2020 EMA Design Automation, Inc. ® © 2020 All rights reserved 134




PCB Editor Essentials Training

Add New Subclass

Setup — Subclasses

Add a new subclass to an existing class

Version 17.4

« Select class

* Add new subclass name
» Hit Tab key

* Click OK

&

T Y/

COMPONENT VALLE
DEVICE TYPE

ETCH
MANUFACTURING
PACKAGE GEOMETRY
REF DES
TOLERANCE

USER PART NUMBER
RIGID RLEX
SURFACE FINISHES

) ==

B Define Subclass

BOARD GEOMETRY

New Subdlass:e [CONSTRUCTION_LINES
/m;_n "

Assembly_Detal
Assembly_Notes
Both_Rooms
Bottom_Room
Cutout
Design_Outiine
Dimension
Off_Grid_Area
Outine
Place_Grid_Bottom
Place_Grid_Top
Plating_Bar
Sikscreen_Bottom
Sikscreen_Top
Soldermask_Bottom
Soldermask_Top
Switch_Area_Bottom
Switch_Area_Top
Tooking_Comers
Top_Room

Wib_Guide_Line

Setup — Subclasses in the symbol editor, or Setup — More — Subclasses in the board
layout editor allows the user to add subclasses to those classes which allow user-defined

subclasses.

The Define Subclass dialog box displays the list of Classes in alphabetical order. This
opens a Define Subclass window which displays all of the subclasses for the selected
class in alphabetical order. Add the name of the new subclass in the “New Subclass”
field and click the Tab key. The new subclass will be added to the top of the subclass list

and will display in a white box.

Only those user-defined layers that you created can be deleted as long as there is nothing
on them at the time you try to delete them. You cannot delete the software defined layers.

Because the board outline will often come in as lines and lines are not allowed on the
Design_Outline layer, you will want to import the DXF of the board outline on a special
layer (i.e. DXF_In). Then, the lines may be “composed” into a shape and copied or

moved to the Design_Outline layer.
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Importing DXF to Create the Board Outline

Flle — Impon — DXF BB OXF In Edit/View Layers X
- [ Select 2 View selected layers. DXF layer fiter: | AY
- SeleCt DXF flle [“Select | DXF layer Class | Subclass
; OUTLINE BOARD GEOMETRY DXF_IN
* Map layers using .cny file |= ™" SR e =
ASSEMBLY_NOTES
BOTH_ROOMS
« Select Import and Close | m=== oToM oM

CUTOUT

Class: v Subdass: DESIGN_OUTLINE
DXF_IN

"= | OFF_GRID_AREA
OUTLINE
PLACE_GRID_BOTTOM

oK Cancel Heb
88 oxFin

DXF fie specfications
DXF file: l ’CB_Editor_Essentials_v174_v1/PCB_Designer play/board_outine.dxf l
DXF units: MILS v
ok - [ Use defait text table

Acauracy: 4 [ Incremental addition

[ Al Shapes

Conversion profile

Layer conversion file: l Essentials_v174_v1/PCB_Desgner folay/board_outine J.cnv l

EditMew layers..,

e= -

Typically, the size and shape of the board outline is set by the mechanical engineer. The
mechanical engineer can send you the board outline information in the form of a DXF,
IDX, or IDF file. You can then easily import that into PCB Editor. For the purposes of
this class, we will show you how to import a DXF file.

When importing a DXF file, you will need a layer conversion (.cnv) file. This file maps
the DXF layers to the corresponding PCB Editor layers. If this is the first time you have
imported a board outline from a DXF file, you will probably have to create the layer
conversion file.

The Edit/View layers... button will take you to a form that allows you to map the DXF
layers to the corresponding PCB Editor layers and then save that information to disk in
the form of a layer conversion (.cnv) file.

The layer conversion file may be saved and used to import future board outlines, if the
DXF layer names are the same as in the original DXF file.
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Move Outline to Design Outline Layer

Shape - Compose Shape Options _Fnd__ visbity

» Changes lines into a shape Lommm -
» Places shape on preferred layer gueacs

- Select Class and Subclass S odete argnalioes

[[] pelets unconnected lines

* Window select outline [ Round comers

Active dass:

Board Geometry v
Add shape to subdass:
il @ Design_outline -

[ Filled shape
Assign net name:

Once you have brought your board outline in on your new special layer, you will need to
move it to the Board Geometry — Design_Outline layer. If the outline was created
using lines, you will also need to “Compose” the lines into a shape. These two functions
may be accomplished in one step using the Shape — Compose Shape command.

Here are the steps required:

1. Select Shape — Compose Shape from the top menu

2. In the Options tab of the Control Panel, set the Active class field to Board Geometry
and the Add shape to subclass field to Design_Outline

3. Window select around the entire board outline

4. Click RMB and select Done from the popup menu
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Tooling/Mounting Holes

SN .

Layout-Pins ..Or 2. Dglq%;;rrr;t)aol
. Options | Find | Visibility . l

Options

Padstack:

Copy mode: {Hectangular - l

Oty Spacing Order

% [ [500

v. [T [500

ool O~ Soldermask Drill hole

(outer circle) (inner circle)

You add tooling holes and mounting holes to your board outline using the same
command as adding pins into your package footprint symbols. However, when adding
mounting holes and tooling holes, you will notice that in the Options tab there is no field
for the pin number. You cannot assign pin numbers to these types of holes. Since you
cannot add pin numbers, you cannot assign a net name to these holes either.

If you wish to assign a net name to a tooling hole or mounting hole - possibly for
grounding reasons - you will have to create the mounting hole as a one-pin package
symbol and have it added to the board through a schematic or netlist.

You can use the “x”, “ix” or “iy” commands when adding the tooling/mounting holes.
These commands may also be used at any time within any other command, such as move,
when placing parts, and so on.
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Dimensioning with the Dimension Environment

= . Done F6
Dimension Tools Help Oops [ |
. . . Cancel E
4 Dimension Environment o - ~ 4.9 =l
be 4. =
. Select by Polyg
=+ LineFont Select by L
Select on Path
Chamfer Temp Group i [
- Reject
Fillet "
Cut
a

Select Dimension -
Dimension
Environment, then
Right-Mouse-Button
pop-up menu to access
dimensioning options

There are MANY different options available for dimensioning your design. The main
menu option Dimension contains the Dimension Environment, LineFont, Chamfer, Fillet,
and Create Detail commands.

e Dimension Environment - Contains all of the dimension commands accessible
through a Right-Mouse-Button popup menu. The Parameters option allows you to set
what type of dimensioning you will be doing, how the dimensions will look, and so
on. By default, all dimensions are created on the BOARD GEOMETRY class,
DIMENSION subclass.

e LineFont - Sets the appearance of the line being drawn. Choices are solid, hidden,
phantom, dotted, and center.

e Chamfer - Places an angle at a vertex point based on the trim segments and angle set
in the Options tab. Default is 45 degrees with just the first segment value set.

o Fillet - Places a radius at a vertex point based on the radius set in the Options tab.

e Create Detail - Creates a view that can be scaled and applied to the design for a
designer’s specific needs (example: enlarged assembly view).

Note G In the Symbol editor, the main menu for dimensioning is Dimension.
However, when working on a board design in the PCB Designer editor the main menu for
dimensioning is Manufacture - Dimension.
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Defining Constraint Areas — Keepins and Keepouts

or use
e Keon: Setup — Areas —
Edit - Z-Copy Shape  (ofiset 50 mils) Route Keepin

- - - Options Find \Visibility
Options Find Visibility |

pr— package keepin e
' (offset 70 mils)

Active Clazs and Subclass:

Copy to Class/Subclass: Fackage Kespin -
. L] Al -
ROUTE KEEPIN - v m
ALL . Shape Fill

Type: | Unfiled -
Shape Options:
Copy:
P Voids
| Metrame Y Shape gid:  Cuerent gnd -
&
s Confract ¢ e ]
Type: Lire 45 -
Expand o 9
Offset 500D ; o
mounting hole -

outline

You define the keepin and keepout areas using the selections in the Setup - Areas
pulldown menu or by using the Edit - Z-Copy Shape command. There are many different
keepin and keepout areas that can be defined. Some of these are:

e Route Keepin - User-defined route keepin, drawn as an unfilled polygon. Defines
the allowable area for routing. Defined for all etch layers at once. There can only be
one Route Keepin ina design. The Route Keepin is used by the Shape program.

e Package Keepin - User-defined package keepin, drawn as an unfilled polygon.
Defines allowable area for placement. Defined for all placement layers at once.
There can only be one Package Keepin in a design.

e Route Keepout - User-defined filled polygon that prohibits all etch, vias, and shapes
(copper pours).

e Wire Keepout - User-defined filled polygon, that prohibits traces but does allow vias
and shapes.

e Via Keepout - User-defined filled polygon, that prohibits vias but does allow etch
and shapes

e Shape Keepout - User-defined filled polygon that prohibits shapes but does allow
etch and vias.

e Package Keepout - User-defined filled polygon that prohibits the placement of
components. Defined for top, bottom, or both layers at once.

e Package Height - Attached to a Package Keepout area. Converts the 2D area into a
3D keepout. Checks to make sure that components placed in this area are not taller
than the height specified. Defined for Top, Bottom, or All.
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Saving Board Symbol Files (.bsm and .dra)

File - Save
File Edit View Add Display Setu
;_ Mew... Ctri« N i - bsm
! Open... Ctd+Q |
o Save Ctrl+S l_" +
e .dra
Create Symbol...
Create Device...
impor .| IMPORTANT:
e | A‘File - Save’ will create both
I the .dra and .bsm files.
e
Plet...
Capture Canvas Image...
Properties...
Change Editor...
Seript...
Recent Designs ¥
.Em

Much like package symbols, when you save your mechanical symbol, you get two files
created on disk. One is the .dra version, which is the file read in by the mechanical
symbol editor, and the other is the compiled symbol which has an extension of . bsmn.
This is the board mechanical symbol that gets placed in the .brd file.

Note 5 Save both the .bsm and the .dra files. You can extract these files from
an archived design, but you should keep both files available during the current project.
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Lab

Lab 5-1: Creating a Board Mechanical Symbol

Name the symbol

Add new subclass

Import DXF to create the board outline

Move outline to Design_Outline layer

Add tooling holes

Add linear dimensions

Dimension a chamfer

Add Placement and Routing Keepin areas

Add via keepout area

Create and save the mechanical symbol (.bsm) and drawing (.dra) files

The following lab will let you familiarize yourself with the process required to create a
board mechanical symbol. Items covered include creating the board outline, adding
tooling and mounting holes, and adding keepins and keepouts.
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Lab 5-1: Creating a Board Mechanical

Symbol

Objective: Use the Mechanical Symbol Editor to create a board outline symbol.

In this lab, you will create a mechanical symbol to match the following design and

dimensions.

4.95

4.10

45°¥ 05

(6 places|

.50

Naming the Symbol

=

2. Choose File - New from the top
menu.
The New Drawing dialog box
appears.

3. In the Drawing Name field,
type the following name:
Outline

4. Choose Mechanical Symbol
from the scrolling list of
drawing types, as shown below.

5. Click OK to close the New
Drawing dialog box.

The Create a New Design form
appears.

March 2020
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Start the PCB Editor if you don’t already have the software running.

E Mew Drawing

Project Directory: C:.../PCB_Designer fplay

Drawing Name: |0uﬁine|

| Browse...

Drawing Type: |Mechanical symbal

| Template. ..

Board

Board (wizard)

Module

Package symbol
Package symbol (wizard)
Mechanical symbol
Format symbol

Shape symbol

Flash symbaol

Help
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6. Fill in the fields as you see in the figure below.
E Create a New Design

Design Parameters 11000.00 mils

Units: Ml

Sheet Size: (A

scaracy

Extents

Width: | 11000.00
Height: |8500.00

Default:
Bottom Left A

8500.00 mils

Cancel
7. Select Setup — Design Parameters from the top menu and click on the Design tab.
Notice that all your previous settings are retained.

8. Change the Drawing Extents fields to match the values in the following figure and
click OK to save the settings and dismiss the form.

$ Design Parameter Editor

Display Desian Test  Shapes Route

Command parameters

Size

User units: Mils ~
Size: A ~
Accuracy: ’2_ = [decimal places)

Long name size: || 255

Extents

Lefti<: (-2000.00 Lower ¥: {|-2000.00
“Wwidth: |[11000.00 Height:  |[8500.00

tove origin
% o | v o
Dirawing type
Type: | Mechanical | symbaol

These settings cause the drawing origin to be placed 2 inches (2000 mils) up and to
the right of the lower left corner of the drawing.
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Adding New Subclass

When importing DXF for your board outline, you may want to import it on a special
layer first, before copying, or moving it to the Design_Outline layer. So, for this section,
we will add a new subclass named DXF_In to the Board Geometry class. We can use
this subclass for importing our board outline in DXF format.

1. Select the Setup — Subclasses from the top menu.

2. In the Define Subclass dialog box, click the button for the Board Geometry class.
This will open a Define Subclass dialog box that contains subclasses associated with
the Board Geometry class. The original Define Subclass dialog box with the list of
all of the classes will stay open.

3. Inthe New Subclass field type: DXF_IN

By E¥ Define Subclass - O X

BEOARD GEOMETRY Class:  BO&RD GEOMETRY

COMPOMENT MALUE
DEVICE TPE
DR&WING FORMAT

MNew Subclass: || D _IM|

Assermbly_Detail

4. Hit the Tab keyboard key.
The new subclass will appear in a white box above the software defined subclasses.

G¥ b¥

BOARD GEOMETRY Class:  BO&ARD GEOMETRY

COMPOMEMT YALUE
DEVICE TYPE
DRAWING FORMAT
ETCH

e Subclags: || |

> | [oxFN | ~

Agzembly_Detail

5. Click on the OK button at the bottom of the first Define Subclass dialog box to close
out both define Subclass dialog boxes.
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Importing DXF to Create the Board Outline

Now, we will import a DXF file to create the board outline.

1. Select File - Import — DXF from the top menu to open the DXF In form.
2. Click on the ... button in the top half of the form to browse to the board_outline.dxf

file and set your DXF units to MILS as you see in the figure below.

B oxFin - x
D#F file specifications
D file: ||C:a"EM.~’-‘n._Traininga’F'l:B_Designer.f'pla_l,l.n"Boald_Elulli|
D=F units: MILS e
[]Usze default text table

Accuracy: 4 [ Incremental addition

CIFill Shapes

Next, we will map the DXF layers to PCB Editor layers.
3. First, click on the ... button in the bottom half of the form to select a Layer

Conversion file (.cnv).
The Conversion File Browser opens, but as you can see, we do not yet have a layer

conversion file, so we will have to create one.
4. Type the file name out1ine into the Conversion File Browser as you see in the

figure below and then click Open.

52
Look in: C:\EMA _Training \PCE_Designer \play v W 0 @ E]
Desktop stepFacetFilesdMap
Documents
janinef
File name: |ouﬁine | I Open
Files of type: Conversion files (*.cnv) hd Cancel
Change Directory [_]
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5. Next, click on Edit/View layers... button and in the resultant window use the
pulldowns to map the Classes and Subclasses as you see in the figure below and then
click OK to save your outline.cnv file to disk.

B DXF In Edit/View Layers - b
[ Select Al Wiew selected layers D laver filker: All ~
Select DiF layer Clazz Subclazs
O  |OUTLINE BOARD GEOMETRY ~ | DHF_IN |~
O |DIMENSIONS EOARD GEOMETRY - ~

ASSEMBLY_DETAIL
ASSEMBLY_MOTES
BOTH_ROOMS
BOTTOM_ROOM
CuTouT
CDESIGM_OUTLIME
DIMEMSION
DxF_IM
OFF_GRID_AREA
OUTLINE
FPLACE_GRID_BOTTOM v
PLACE_GRID_TOP —
Map selected iterns FLATING_BAR
SILKSCREEN_BOTTOM
SILKSCREEN_TOP
SOLDERMASE_BOTTOM
SOLDERMASE_TOP

. - . SWITCH_AREA_BOTTOM
Clazs: Subclass: SwITCH_AREA_TOP
TOOLING_CORMERS

Usze [F layer as subclass name

TOP_ROOM
Map Unmap Mew subclazs “WE GUIDE_LIME
Cancel Help
6. Lastly, click Import in the DXF In form.
BB D¥FIn _ %

[F file specifications

DF file: C: Alser_Dratad Training/FCE_Editor_172_v4/PCE| | ..

DiF uiits: MILS ~

[ Use default text table
Accuracy: 4 [ Incremental addition

[CJFill Shapes

Corvvergion profile

Layer comverzion file: ||ga’F‘EE_Designer.n’pla_l,J.u’Eu:aru:l_Dutlir'ne_l.cn\1I Lib...

EditAiew layers...

|rpart Wiewlog. .. Help
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You should now see your board outline along with the dimensions.

Move Outline to Design_Outline layer

Version 17.4

5. Before the next steps, you should turn off all layers except Board _Geometry —
Design_Outline and Board_Geometry — DXF_In and set different colors for them.

## Color Dislog
Layers  Mets  Display  Favorites  Visibility Pane
Filter layers: Globl visibilty:
Stack-Up Al EmbGeo PkgGeo BrdGeo
Areas Al 0o Oom Od gg
Geometry Assembly Notes (11 ml |
Assembly_Top ]} ] I:‘
Body_Center Om O .
Both_Rooms om my |
Bottom_Room om ml |
Cavity_Outline m] Wul |
Cutout Om O .
ﬁDeslgn_Out\mE M0 D
Dfa_Bound_Bottom [ m|
Dfa_Bound_Tep Oom O
Dimension m]m] o]
Display m] Wull |
Display_Bottom Om O
Display_Top Oom O
el O In =[] O
Modules m] | |
Neroute_Path Oom ml |
R— — -
Available colors: [ Highlight unused colors ~ Selected:
[ ) O ] N )
[ ) 5 O ][ 5 1 O
O () ) ) ] ) )
LI [E| ][ 5 ) O
] I ] N )
[ I ] ) 50 )

Cancel Apply

Save ¥

On

- () x

off Last

Availsble patterns:

[ NE=
T o EEEE
O A B
[ Logss

Help
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Since the board outline came in as lines and lines are not allowed on the Design_Outline
layer, we will need to change it to a closed shape as well as move it from the DXF_In

layer to the Design_Oultine layer.

6. Select Shape — Compose Shape from the top menu.

7. In the Options tab of the Control Panel, set the Active class field to Board Geometry
and the Add shape to subclass field to Design_Outline as you see below.

Cptions Find Visibility

Options - B8 X

Line interzection

Use auto gap

Mawimurn gap: |0

[ Delete unconnected lines

I Round comers
Radius: 10
Active class:
Board Geametry ~

£dd shape to subclass:
[T [0 Design_Outine ~

Aszign net name:

—

8. Window select around the entire board outline.

9. Click RMB and select Done from the popup menu.

10. Now, select Display — Element from the top menu and
You should see that the outline is now a shape and is o
Design_Outline layer.

click on the board outline.
n the Board_Geometry —

% b4 = E = @ Search:

|O o [] Match word [] Match case

LISTING: 1 element(s)
< SHLPE >
class BORRD GEOMETRY
subclass DESIGN OUTLINE

Shape is unfilled

Area: 21.32750 (=3qg in)

Exterior boundary:

segment:xy (-1000.0000 50.0000) xy (-1000.0000 4050.0000) width |
segment:xy (-1000.0000 4050.0000) xy (-550.0000 4100.0000) width
segment:xy (-950.0000 4100.0000) =y {(-150.0000 4100.0000) width |
segment:xy (-150.0000 4300.0000) =y (-150.0000 4250.0000) width
segment:xy (-150.0000 450.0000) =y (-100.0000 4300.0000) width
segment:xy (-100.0000 4300.0000) =y (3500.0000 4300.0000) width
segment:xy (3300.0000 4300.0000) xy (3950.0000 43250.0000) width
segment:xy (3950.0000 4250.0000) =y (3950.0000 -150.0000) width
segment:xy (3950.0000 -150.0000) =y (3300.0000 —-200.0000) width
segment:xy (3900.0000 -200.0000) =y (-100.0000 —-200.0000) width
segment:xy (-100.0000 —200.0000) =y (-150.0000 —-150.0000) width |
segment:xy (-150.0000 -150.0000) xy (-150.0000 0.0000) width (0.0
segment:xy (-150.0000 0.0000) =y (-950.0000 0.0000) width (0.0000
segment:xy (-950.0000 0.0000) =y (=1000.0000 50.0000) width (0.00
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Adding Tooling Holes

In this part of the lab, you will add three holes. To define these tooling/mounting holes
within a mechanical symbol drawing, you must add them as pins (padstacks).

=

In the Visibility tab of the Control Panel turn Global Visibility On.
Select Layout - Pins from the top menu or select the Add Pin icon.

N

s
2

The Options tab of the Control Panel displays fields for adding pins.

3. Inthe Options tab, click the Browse button in the Padstack field, and from that form
select: Holel10
This is the padstack that will represent the mounting holes on this board.

4. Select OK from the padstack form.
The Symbol Editor’s command area states:

Using 'HOLE1l1l0 pad'

The hole110 padstack is now attached to your cursor.

As indicated in the mechanical drawing at the beginning of this lab, the datum (0,0) point
for this outline is the center of the lower left mounting hole. We will type absolute
coordinates below into the command line to add the mounting holes.

5. At the Symbol Editor’s command line enter:

x 0 0
N
x 3800 O

x 0 4100

6. Right-click and choose “Done” from
the RMB pop-up menu.

Three tooling holes are now placed
within the board outline. Your outline Three tooling holes placed
should look like the figure shown.
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Adding Linear Dimensions

We will now add the dimensions for the mounting holes.

To ensure extension lines don’t run into each other (extension lines are the ones that
contain the dimension value in the example shown), you first need to set dimension
parameters, then add the linear dimensions.

=

o1

N

-5.854

From the top menu choose Dimension - Dimension Environment.

Move your cursor into the workspace and from a Right-Mouse-Button pop-up menu
select Parameters.

The Dimensioning Parameters dialog box appears.

Click on the Lines tab and complete the Extension lines option as shown in the
figure.
$ Dimensicning Parameters X

General Tewt  Linez  Balloons  Tolerancing

Dimensziah lines Extension lines
Temination:

Leader: Arrom ~ Line suppression: More ~

Linear top/left: Armaw v Qffzet distance from element: 025010

Linear bottom,/right: Arrom ~ Distance beyond dimenzion line: 0100

CIFil

Select OK to apply parameters and close the Dimensioning Parameters form.

Pan to view the bottom half of the board, then from the Right-Mouse-Button pop-up
menu select the Linear dimension option.

The message window prompts you to “Pick a point or element to
dimension”. Notice that in the Options tab the Active Class changed to BOARD
GEOMETRY and the Active Subclass changed DIMENSION.

Note G You may want to set the color of the DIMENSION subclass to yellow or
some other bright color in the Color Dialog form.
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6. Click at the vertex point where the long left vertical edge of the outline meets the
chamfer, as shown below.

Note 5 As long as you click within a grid point spacing of a vertex, dimensioning
will snap to the vertex. If you click more than a grid point spacing away from a vertex,
PCB Editor assumes you want to dimension the entire segment between vertices.

A marker is placed at the vertex on the left edge, as shown.
/ First click

The message window prompts you to pick a second point for the dimension value.

7. Next, click on the vertex at the end of the short line before the chamfer. You may
want to zoom in to make sure you get the board outline and not a grid point.

‘ Second click

Pl

The message prompts you to indicate the X or Y direction next. This is the direction
in which you want to have the dimension extension lines.

8. To direct the dimension X or Y, move your cursor down and to the left, to a location
outside the board outline and centered between the two vertical lines of the outline, as
indicated in the figure below, and click.

| e Third click

As you do so, notice the extension lines and dimension highlighted. When you click, the
value .85 is automatically calculated and appears.
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9. Click to place the dimension.
The dimension .85 inches, with arrows to the left and right, is placed at the point
where you have clicked.

Forth click

/’ |

— 85 =

10. Now use Linear Dimension to dimension between the 2 lower mounting holes.

4.95
'F 4,10
(
4.10 4 50
X
-ﬂ,SSE-‘L 3.80 =

11. When you are finished, right-click and choose “Done” from the pop-up menu.
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Dimensioning a Chamfer

Zoom in to the chamfer at the upper right corner.

Choose the Dimension - Dimension Environment.

3. Move your cursor into the workspace and from a Right-Mouse-Button pop-up menu
select Chamfer leader.

4. Click on the 45-degree chamfer line.

The dimension text is attached to your cursor. (See example below.)

5. Pull the cursor up and to the right, then click to create a leader line.
The leader line is the line between the dimension text and the 45-degree chamfer. Be
sure to pull the text away from corners on the leader line. The line is automatically
shortened by half the width of the text.

N

6. Right-click and choose “Done”.
Your chamfer dimension should look like the figure below.

Second click

.

45" X .05

9|
o

First click

Third click
And DONE

Note @ Your last click will determine the position of the text in relationship to the
chamfer leader.

7. To place the final note text specifying the number of chamfers on the board, choose
the Add - Text menu item.
Options Find Visibility
8. In the Options tab of the Control Panel, fill in the text Sos
parameters to match those in the figure:

Active Clags and Subclass:

Pay close attention to the command line for prompts as |Bosid Geometiy -
to which action to perform. -
] . Dimenzion -
irrar
Marker size: ’W
Fiotate: Q.oo -
Text block: ,47 =

Teuxt name;

Text just: Center -
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9.

Place the text as shown in the figure, then right-click and choose “Done” from the
popup menu.

457K 05

‘9‘ [0 PLACCS)

Note 5 You can view the “Drafting and Dimensioning” section of the online help
files for more information about this and related topics.

Adding Placement and Routing Keepin Areas

In this part of the lab, you will create package and route keepin areas to define the
available board areas that you can use for part placement and signal routing.

1.
2.
3.

o1

Use Display - Zoom - Fit to view the entire board.

Choose Edit - Z-Copy Shape from the top menu.

In the Options tab, set your Active Class to PACKAGE KEEPIN and Subclass to
ALL.

The message window now prompts you to enter a selection point.

Under Shape Options, set the Offset to 70 and enable the Contract option.
Select on the board outline.
A package keepin is drawn 70 mils inside the boundary of the board outline.

In the Options tab, set the Active Class to ROUTE KEEPIN and Subclass to ALL.

Under Shape Options, set the

Offset to 50 and make sure ‘ o
the Contract option is
enabled. — T
Select a point on the board
outline.

A route keepin is drawn 50
mils inside the boundary of 410 ‘50
the board outline. Your
board outline should
resemble the figure to the

45°% 058
(6 places]

right.
Right-click and choose T e 0
“Done”. G.BSJ I 3.80 |
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Adding a Via Keepout Area

In this design, you will create a via keepout area to prevent vias from being routed in the
region of the plug-in connector. We will type absolute (x) and relative (ix & iy)
coordinates into the command line to create the via keepout.

1. Choose Setup - Areas - Via Keepout from the top menu.
The Symbol Editor’s command area prompts you to enter a shape outline.

2. Inthe Options tab, set the Segment Type option to Line Orthogonal.
This will add only horizontal and vertical line segments.

3. At the Symbol Editor’s command line, enter each of the following sets of values:
x =900 200

iy 3700
ix 450
iy -3700

4. Right-click and choose “Done” from the pop-up menu.
The polygon fills and closes automatically. The complete board outline is shown in
the figure.

4.95
f 4.10

45°¥ 05

(6 places|

—® ®
ﬂ.BSJL*———————zﬁo————————J

Note 5 The PCB Editor tool considers keepout areas as filled shapes. When you
choose “Done”, the tool creates a shape boundary line from your last specified point back
to the start point (in order to automatically close the polygon).
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Creating the Mechanical Symbol and Drawing Files

1. Choose File - Save from the top menu.

The system saves an outline.dra file. This file is used if you ever need to edit the
graphics for this symbol. You can choose to store this drawing file in a library.

It also executes the Create Symbol command, creating a mechanical symbol
outline.bsm. This file is used in the design process during the building of the board
design file.

End of Lab
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PCB Editors — Flow Overview

Flash Symbol Editors Package

.psm
.dra

Mechanical
.bsm
.dra

Format
. OS5I o=
.dra

Now that we have completed creating library files, let us take a look at this flow
overview of the PCB Editors. As you can see, the flow of the work is pretty
straightforward. First, you create the flashes or shapes that will be added to the
padstacks. Second, you define the padstack in the Padstack Editor adding the flash or
shape symbols, as needed.

The Package, Mechanical and Format symbols are then created in their respective editors.
Those symbols are added to the resulting board design, either through a netlist or by
placing the symbols from the library. All data finally gets processed when it is time to
produce the manufacturing outputs.
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Creating a Template Design File

<design_name> (.brd)

1
(.bsm) i E {
g S
[ N N N N N N ]
.----o--. cross — section
(-psm) design rules (stackup)

When you have the same basic board used many times, it is common to build a Template
design file as a starting point. The Template design file may have the board outline
placed, the cross section defined, the design rules set, and optionally may have common
components such as connectors already placed. The Template design file is simply a
board file that is saved in a library so that it may be used as a starting point for multiple
designs. Using this method saves time and ensures the accuracy of the design.

The PCB Editor’s design database is created and saved in a design file format known as a
board, or .brd file. It can be created initially as a mechanically correct (but logically
non-intelligent) starting point for all designs using the same physical board configuration.
Schematic connectivity information is imported later.

There are advantages to creating a template design file. First, it ensures that all physical
layouts with a common geometry start from information that has been thoroughly
checked and approved. Second, it provides a way to control the consistency of the end
product (for example, drawing formats, fab and assembly notes, drawing size and
accuracy settings, and datum points). Third, you can read a “technology file into this
template design to establish the board cross section information and design rules (spacing
and physical rule sets).

Use the Place — Components Manually command to insert package, mechanical, and
format symbols into the design database.
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Defining Layer Stackup

Setup — Cross-Section ... or %

B Cross Section Editor o »

Ppot  |mport Edit Yiew Filters

Objects | Types >> | Thickness => | Physical > | =] - T~ ;
Value Conductiv Dielectric 4
—|—| v Layer Function }—' Layer i | Materisl | Embedded Status }—"”—I 5l ignare =
[ Hame = | i mil e | I . mhoiem | constant | 419 | Suzface
1 i Tor Conductor | Conductor 12 I Copper ot embedded | 595300 It | e pielectric [
istoctric _§ Disbectri LB L Fr4 | o 45 [wi 2 GHD Plane I
2 | |GhD Plane Plane 12 2 Copper Mot embedded 555500 1 D Dislsctric _
18 | Frd | i 45 |
3] 5161 Conductor | Canductor i3 3 Coppor ot embedded 595900 Jas 0 3 sre: conductor [N
8 | Frad | o 45 ] Dielectric
4 ] |sGz 12 14 |Copper_|Nat embedded |s95900 45 L " 5162 Condustor
B Frd 1 0 45 [m]
5] |vee Plane Plane 12 B Copper Mot embedded 35500 i [m] USRS
i i IC I Fra | 0 3 0 5 VCC Flane
& JjeoTTom Conductor || Conductor =3 G Copper 535300 1 =] pielectzic [N B
 Surface | | 1 | | 1 It | ) 6  BorToM conductccj R
Surface
+ '\ Properties K

Irfe Lock  Urmsed Pads Supgression  Rehesh Materisls
Total tidmess: 47.2ml
Total thidness without masks:  47.2mi
Layers: &
Conductor: 4
Plane: 2
Mask: o

The Setup - Cross-section command opens the Cross Section Editor. The Cross-Section
Editor has been designed leveraging the underlying spreadsheet technology found in the
Constraint Manager. It supports features that require the cross section for its setup.

A graphical image of the stackup construct is available in a dock-able window. Basic
editing environments include functionality to add layer pairs or a user defined number of
layers.

Additional features include;

Positive/negative tolerance support for each layer
Controls to prevent editing of layers or values
Locking of via spans

Layer type hierarchy

IPC-2581 defined layer functions
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Cross Section — Default View

Expand/Collapse function

B Cross Section Editor
Dpot |mport Edit Yiew Filters

Version 17.4

Layer and drill display

X

= | Types > | Thickness > | Physical >> | Embedded > | Signal Integrity > =
Value Conductivity | Dielect ] &
o Function Layer 10| Material [ Embedded Status Stignore &~
e Il [T e [ | - [ .°| L
s 1 t t ] TOP Conductor
Conductor | Conductor 12 1 Copper | Not embedded | 595500 1 [m| Dielectric
cm Plane Piane 12 2 Copper Mot embedded 595900 " m) P _
Deelectric U Frd 0 45 L]
um Conductor | Conductor 2 | [Copper [Notembedded 595900 45 =] 5161 Conductor _
Dielectric 0 ! Frd o 45 1Ll Diele
t 862 Conductor | Conductor 12 “ Copper | Not embedded (595900 a5 [Zim 8162 Condu
Dielectric 0 I Fr4 | 0 a5 ) R
5] | vee Plane Pane 12 is Copper | Not embedded 55900 1 [m| i
Ovelectric s [Frd | a5 [m] VCC Plane
% JJeorTom Conductor | Conductor I3 G [Copper_Not embedded 535300 i ] Diele [
e : soTToN Conducto- N I
Surface
4115 \ Propecties / J<

Info Lock  Urnsed Pads Suppeession  Retiesh Matenals
7.2m

o

H
&

Tab selection

The default view combines the spreadsheet grid with the stackup viewer. The drill
display within the viewer is based on actual padstack usage in the design’s database.
Vias in Physical Constraint Sets that are unused do not contribute to the display.

Columns by default are collapsed; click the “>>to expand each column.
Click “<<” to collapse or compress the amount of information shown in the display.

The Layer Types section defines the Layer Function, Manufacture, and Constraints.

e Manufacture - Assigns hierarchical names to signal and plane layers; example
INNER_SIGNAL, PLANE. This information is supported in the IPC-2581 schema

e Constraint — Assigns hierarchical names to signal and plane layers similar to the
“Manufacture” column, however, their names are integrated into Spacing Constraint
set structures and provide the opportunity to manage CSet hierarchy.

The Thickness section allows the ability to include the ‘Plus’ and ‘Minus’ tolerance
ranges to the thickness values.

The Physical section defines the layer ID and material specified for the layer. It also
includes the ability to set the layers to negative artwork and whether to designate
“Unused Pad suppression” for internal layers.
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There are five functional tabs located near the bottom of the spreadsheet:

Info — Displays total thickness and number of layers (Etch + Plane)

Lock — Prevents editing within the spreadsheet in terms of adding layers or changing
values

Embedded layers Setup — Setup form for Embedded Component Design (requires
Miniaturization product option)

Unused Pads Suppression — Setup form for Unused Pad Suppression

Refresh Materials — Used to refresh parameters from the materials.dat file

Cross Section — Adding/Removing Layers

B Cross Section Editor [} ®
Export Import Edit View Filters

Value Conductivity | Dielectric
T'T' Layer | Layer Function 'T' Lmr|n| Mwm-|| Embedded Status 'ﬁﬁ:mm” sngmul

Types => [Thickness >>]  Physical>> | Embedded> | ‘Signal Integrity > B

=
=
&=

e : T | F——T—— ||| 2 o conaucror | —-Sm—
1]iTor Conductor || Conductar 12 1 Copper | Not embedded |se5000 1 [m] vieleccric [
BIED G Piane 12 2 Copper | Not embedded 85300 1 ] Diereccric

s | |Fra ] 0 |45 O |

3] |61 Conductor | Conductor 12 3 |Copper _|Not embedded |5a800 |45 o | 3 s161 cenducter [N

o T Pt Conductor 2 4 Copper | Not embedded 535900 I3 (| " 5162 Conducce: [N

_A Add Layers... Diciectric |8 | Frd a 145 [ e

- [Plane (il 5 Copper__|Not embedded 535900 I T electric I

Add Layer Pair Above Dielectric 0 I Fra 0 45 [m] 5  VOC Plane ]

[ ¢ Add Layer Pair Below Conductor 12 IG |Copper  [Nat embedded 535900 1 | | | Dielectric ]

1 =
L — Pp—— |
Add Layer Above cndasEe
Surface
Add Layer Below
Rename._. ] <

atll hickness without masis: 47,2

Surface

Remave Layer | Rsresh Moteriats
Edit mask layer order... |

3

onductor: 4

Plane: 2
prask:

& s

g

Help

Right-Mouse-Button in row provides add/remove and rename layer capability

Selecting a row in the number (#) column with your Right-Mouse-Button allows you to
add new layers, remove layers, and rename a layer.

Add layers - Allows you to add Dielectric layers or Mask layers above the surface
layers.

Add Layer Pair Above and Add Layer Pair Below — Allows you to add two layers at a
time either above or below an Etch or Dielectric layer. Has to be between the Top
and Bottom layers

Add Layer Above and Add Layer Below — Allows you to add a single Etch or
Dielectric layer

Rename — Allows you to rename a layer

Remove Layer — Allows you to remove an Etch or Dielectric layer. The etch layer
cannot have anything placed or drawn on the layer being removed
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Lab

Lab 5-2: Creating a Template Design (.brd)

Set drawing parameters

Place the mechanical symbol

Add format symbols

Add package symbols

Set color and visibility

Define the cross section (layer stackup)
Save your board template

The following lab will allow you to familiarize yourself with the process required to
create a templet design file. Items covered include placing the board mechanical symbol,
adding common footprints, defining the cross section, and so on.
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Lab 5-2: Creating a Template Design (.brd)

Objective: Use the PCB Editor to create a design template.

In this lab, you will create an PCB Editor design (.brd) file. This design file will
contain only mechanical data; no logical (schematic) data will be imported.

This design file serves as a template, or starting point, for all layouts that require the same
mechanical specifications. This ensures that all physical layouts with a common
geometry start from a mechanical template that has been thoroughly checked and
approved for use.

1. Choose File - New from the top menu.

2. Select No to not save the changes just made.
The New Drawing dialog box appears.

3. Select Board for the Drawing Type and type template.brd in the Drawing
Name field.

Mew Drawing X

Project Directary:  C..../PCE_Designer] /symbols

Drawing Marme: |temp|ate.brd | Erowse. .. Cancel

Drawitg Type:  |Board Template. .. Help

Board

Board [wizard]

Module

Fackage symbal

Packane sumbol lwizardl ¥

4. Click OK to close the New Drawing dialog box.

The Create a New Design window appears
5. Set the Design Parameters as you see in the figure below.
&

Design Parameters 22000.00 mils

Units: Mils -

Sheet Sige: |C -

Extents

Width: | 22000.00
Height: | 17000.00

Default:

17000.00 mils

Bottom Left -

Cancel

6. Click OK to accept the settings and dismiss the form.
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Setting Drawing Parameters

All designs created from this mechanical template will have the same drawing size,

accuracy, and datum point.

=

Adding the Mechanical Symbol

$ Design Parameter Editor

Dizplay Desian Test  Shapes Foute Mg Applications

Choose Setup - Design Parameters.
In the Design Parameters Editor select the

Command parameters

Size

Design tab. o e -
Change the settings to match those in the figure Siee C =
shown below to the right. Aocuracy: 25 (decimal places)
These settings cause the drawing origin to be Lo o P

placed 3.50 inches up and 3.00 inches to the right
of the lower left corner of the drawing.

Exterts

Left<: ([-2000.00 Lower'y: |-3500.00
Click OK to close the Design Parameters Editor Width: [22000.00 | Height |[17000.00
form.

Move origin

% [ooo | v o

1. Choose Place — Components Manually from the top menu.

The Placement dialog box appears.

In the Advanced Settings tab and enable both the Database and Library options
under the “Display definitions from:” option.
In the Placement List tab, select the Mechanical symbols option with the scroll down

arrow.
m Placement - O X
Flacement List  Advanced Settings

Selection fiters

Mechanical symbols W
=1~ LI Mechanical symbols

i~ § EUROD
- ¢ EUROS

Note: Make sure you check the box to -0 & MOlRE
select the outline symbol.

MULTIBUS

OUTLINE

Quickview

(® Graphics () Text

Close Hide Cancel Help

Notice the graphics representation displayed in the Quickview window. This is the
outline.bsm symbol you completed in previous labs.

Click the Hide button at the bottom of the Placement form.
The mechanical symbol is attached to your cursor and the Placement form disappears.

5. At the PCB Editor’s command line, enter: x 0 0
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~

The outline is placed at the drawing origin.

Right-click and choose “Done” from the pop-up menu.
You will now verify that you have actually placed the same outline.bsm symbol that
you created.

Zoom out to view the entire design, including the dimensions and text.

Click the Color192 icon, and under the Geometry category, toggle the Board
Geometry class Dimension subclass off.

Select OK to close the Color Dialog form.

The dimension text disappears, but the board outline remains visible.

Adding Format Symbols

In this part of the lab, you will add a drawing format and fabrication notes.

Choose Display — Zoom — World from the top menu.
The display area will change to the size of your C Size work area.

Choose Place — Components Manually from the top menu.
The Placement dialog box appears.

Click the Advanced Settings tab and enable the Autohide option.
This will automatically hide the Placement form while you are placing a symbol.

Click the Placement List tab and select Format symbols with the scroll down arrow.
A list of format symbols appears in the dialog box.

Click the symbol name BSIZE in the list, as shown in the figure.
The format symbol, which is a B size, horizontal drawing format, is now attached to

your cursor.
$ Placement — O X

Placement List  Advanced Settings
Selection fikers

Format spmbols e
= CI@= Format symbols

o[ ASIZEH
[ § ASIZEY
[ & ASSYNOTES

Note: Make sure you check the box
to select the BSIZE symbol.

Quickview

(® Graphics (O Text

Cloze Hide: Cancel Help
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6. Click to place the drawing format in the lower left corner of the design area.
The board should be surrounded by the drawing format outline but leave some space
to the right of the board outline, as shown in the figure below.

7. To add notes, in the Placement List tab, enable the check box next to the name for the
ASSYNOTES symbol.

8. Click to place the notes where you want them (on the right side of the board outline,
within the format borders), as shown in the figure.

Adding Package Symbols

You can add any mechanically constrained devices that are common to all designs. By
placing these into a template file, you ensure a consistent level of accuracy, which helps
reduce error checking and corrections. Types of devices that should be preplaced in a
template design .brd file include connectors, LEDs, switches, and any standard part

that has a fixed placement.

5

Select Package symbols with the scroll down arrow in the Placement List.

2. Scroll through the list of library symbols and enable the check box next to the symbol
DING64.

This is a 64-pin connector symbol. When you move your cursor into the PCB Editor
workspace, a connector symbol is attached to your cursor.

At the PCB Editor’s command line enter: x -700 500
4. Right-click and choose “Done” from the pop-up menu
The connector is placed.

w

5. Zoom in to the lower left corner of the connector area.
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11.

12.

13.

Since a template design file is simply a mechanical template with no logical
(schematic) database, the edge connector you placed has a generic reference
designator (J*).

Choose Display - Zoom - Fit from the top menu to see the entire board.

Select the Place — Components Manually command to get back into the placement
mode.

Click the Advanced Settings tab and Disable the Autonext option.

Click the Placement List tab.

. If it is not the current selection, select the Package symbols option with the scroll

down arrow.
Scroll through the list of available package symbols and enable the check box next to
the symbol BNC.
At the PCB Editor command line, enter the following coordinates:
x 3700 350

x 3700 1150

Both BNC connectors are placed on the right edge of the board.
Right-click and choose “Done” from the pop-up menu.

Setting Color and Visibility

In Lesson 2, you exported a color layer parameter (color.prm) file that sets color and
visibility for various layers of a drawing. You will use that parameters file now.

1.

Select Import — Color/Board Parameters from the top menu
The Input Parameters File form appears

Click the ... button and browse to the color.prm file we created earlier

Notice that the drawing format, assembly notes, and board dimensions have been
turned off, leaving just the board elements on.

Choose Display - Zoom - Fit from the top menu to zoom in around the board outline.

Defining the Cross Section (Layer Stackup)

By default, all new design files are created with just two layers, top and bottom. In this
part of the lab, you will learn how to add more layers to the stackup.

1.

Choose Setup - Cross-Section from the top menu.
The Cross-section Editor form appears.
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Notice that a TOP and BOTTOM layers are already defined as conductor layers.

4 Cross Section Editor o x
Export Import Edit View Filters
Primary | %
E
> > > > > A E
. Types Th\c:nless Physical Embedded — msw'!;nal Dw.mlei:my E
alue onductivity | Dielectric
n == Layer | Layer Function = Layerin| Material [ Embedded Status e e Serface
Surface 1 Dieleceric [N
1]|ToP Conductor || Conductar 12 1 Copper__|Not embedded 595900 45 2 BOTTOM Conducto: [N
Dielectric || Dielectric B Fr4 0 45 [ (|| sureace
2] |BoTTOM JConductar || Conductor 12 2 Copper _|Hot embedded 595900 45
Surface 1
v
4 [+ \ Properties < >
Info Lock  Unused Pads Suppression  Refresh Materials
Total thickness: 10.4mi
Total thickness without masks: 10,4 mil
Layers: 2
Conductor: 2
Plane: 0
Mask: 0

oK Cancel fpply Help

2. Click on the number 2 (the BOTTOM layer) with the Right-Mouse-Button and select
Add Layer Above.

3. Repeat step two 3 more times so that there are 5 DIELECTRIC layers in between
TOP and BOTTOM.

4. Set up your stackup layer names and layer type to match the layer specifications
shown in the figure below.
Note that the number associated with the bottom layer will change each time you
apply a layer name between the TOP and BOTTOM layers.

Objects Types >> Thickness >>
Layer Layer Function Va“fle
# Name mil
Surface
1 |TOP Conductor Conductor 1.2
Dielectric Dielectric ]
2 |GND Plane Plane 1.2
Dielectric Dielectric 8
3 |VCC Plane Plane 1.2
Dielectric Diglectric 8
4 |BOTTOM Conductor Conductor 1.2
Surface

In this template design file, you have added a power and a ground plane. All designs
created from this mechanical template would start as 4-layer boards.

5. Click the OK button to accept the changes and close the Cross Section Editor.
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Saving Your Board Template

You have learned how to add internal plane and wiring layers. You can now save
board template, so it can be used again and again.

Important

Version 17.4

the

It is necessary, at this time, to save your template.brd file in the directory

where you will be working while designing the board. Be aware of which

schematic capture tool you’re typically working with. This will determine where

you will be performing your work in the upcoming labs.

1. Choose File - Save As from the top menu.
A Save As browser window opens.

N

Navigate to your new working directory project2\allegro.

Enable the Change Directory box if it is not currently enabled.

4. Click Save to save the template.brd file inthe correct directory.

The template.brd fileissaved to disk. Itis important to save the .brd
directory and to use the Change Directory check box.

w

5. Choose File - Exit from the top menu to exit the PCB Editor software.
You have completed the library development section of this course.

Note @ Template files may be saved in your company’s library directory.

End of Lab
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Lesson 6: Importing Logic
Information into PCB
Editor

Note 5 The labs in this lesson demonstrate how to bring logical data from the
schematic capture environment into PCB Editor. In the logic import/export process from
within the PCB Editor the Import Logic and Export Logic dialog forms denote the logic
type as Design Entry CIS (Capture). The Design Entry CIS (alias DE CIS) encompasses
the OrCAD Capture, OrCAD Capture CIS, and Allegro Design Entry CIS products.

Learning Objectives

In this lesson, you will do the following:

e Working with logic information from a schematic tool, you will understand the key
setup choices to be made when importing logic information into the PCB Editor
layout environment

e The logic information can come from any one of these Design Entry schematic
products

e OrCAD Capture
e OrCAD Capture CIS
e Allegro Design Entry CIS (alias DE CIS)

In this section, you will learn about Logic Import, which is the process of importing logic
from your schematic capture tool into the PCB Editor database. You will learn how to
import from the design entry schematic environment into the PCB Editor environment.
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Design Layout Process

This design flow is used throughout the rest of this course. Each box in this flow

OrCAD Capture

schematic - | mechanical data rules and
design stackup constraints
Manufacturing < \
outputs YOU ARE HERE ¥ Arrange/place
components
Check plots
Aperture files . :
Gerber data Phy:;::;l gieSSIQn / v
NC drill data Y
Silkscreens Define Power/
Assembly GND planes
drawings
Fabrications f +
drawings
Reports Generate Gloss/auto Interactive and
Autorename manufacturing | = cleanup for <= | automatic route
Backannatation output manufacturing signals

Define hoard

Load logic

Set/check CBD

Version 17.4

represents a common step in the design of a printed circuit board. As indicated in the
flow, the Load Logic Data box will now be discussed.

Integrating Logic Design with Physical Layout

March 2020

OrCAD Capture

—

Export —

Back Annotation Netlist
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PCB
Editor

Annotate/Netlist

= e
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OrCAD Capture Front End

OrCAD Capture - It is not recommended that the schematic design (.DSN) file and
the PCB Editor board (.brd) file reside in the same directory. By default, the
packager files are placed in a subdirectory named allegro. It is assumed that the
board (.brd) file will also reside there. The minimum values required for schematic
part transfer are Value, Class, and PCB Footprint (package symbol).

Annotate - The Annotate program maps the logic devices to physical packages,
assigning a reference designator and physical pin numbers.

PCB Editor Packager - The PCB Editor Packager creates the transfer files used by
PCB Editor. As mentioned previously, these files are placed in the subdirectory
named allegro.

PCB Editor

PCB Editor - Used for component placement and routing; allows for pin and gate
swapping for optimum routing results; generates manufacturing output.

Import Logic: After this step has been completed, the design will contain all of the
part and connection information.

Export Logic - This program generates back-annotation files that the OrCAD
Capture tools use to update the schematic.

OrCAD Capture and PCB Editor Interface Process

- pxl.exe Used for generating the three logic files
required for netlisting to PCB Editor and generating the
ngigfais swap files required for backannotation
Reads OrCAD Capture data
I to generate PST+* . DAT files

OrCAD PCB Editor

- board file
BST*.DAT Netrev <DESIGN>.BRD
netlist files

Tools
Create Netlist
Capture

Graphical

User Interface Tools
(GUI) Backannotation

D Packager provided process I —
i Generate design files
I:l Output file differences between
[T utilities used in the Schematic board and schematic < 1|
to PCB Editor flow

The PCB Editor Packager (pxl.exe) reads the OrCAD Capture database and creates three
pst*.dat files. Then, the netrev program is used by PCB Editor to read in those pst*.dat
file to create or update the .brd file.
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For Backannotation, the PCB Editor program, genfeed is used to create the *view.dat
files. These files are then read by packager, which in turn generates the swap file that is
used to update the schematic to reflect any changes made to the design by PCB Editor,
such as pin and gate swapping, reference designator renaming and property changes.

When you develop the OrCAD Capture schematic libraries, all parts must have a
minimum of the following PCB Editor properties: Class, Value, and Footprint.

Transfer Files (pst*.dat) — OrCAD Capture to PCB Editor

pstxprt.dat pstxnet.dat

pstchip.dat

FILE_T*PE=LIBRARY_ PARTS;
primitive T4LS00',;
pin
‘B0
PIN_NUMBER='13,105 2},
PIM_GROURP="1",
A0
PIM_MUMBER="(12584 17",
FIN_GROUP="1",
“y'e» :
PIM_MUMBER="(11,86,3)",
end_pin;
bochy
PART_MAME='74L500"
JEDEC_TYPE='SOIC14",

You use the OrCAD Capture Create Netlist command to generate the (pst*.dat) files from
the schematic that will be imported into the PCB Editor design.

These files are:

March 2020

pstxprt.dat file: Parts list file that lists each physical package created by the
packager along with its reference designator and device type. For packages
composed of multiple sections, this file identifies each section along with their pin
numbers. This file also contains any part properties, such as ROOM or VALUE.

pstxnet.dat file: Netlist file that lists reference designators and pin numbers
associated with each net in the schematic. This file also contains any net
properties, such as ROUTE_PRIORITY or MIN_LINE_WIDTH.

pstchip.dat file: Device definition file that contains electrical characteristics (i.e.
pin direction and loading), logical-to-physical pin mapping and voltage
requirements. It defines the number of sections in a part and any swapping
information. It also contains the footprint (JEDEC_TYPE) and alternate footprint
(ALT_SYMBOLS) information.

EMA Design Automation, Inc. ® © 2020 All rights reserved
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OrCAD Capture to PCB Editor Logic Import

Import - Netlist

m Import Logic/MNetlist x

Cadence Other

Branding: MNone Import
Import logic type Place changed component
() Design entry HDL/System Capture (® Always fiewlog. .
(® Design entry CIS (Capture) (O Never

() 1f same symbol oK
HOL Constraint Manager Enabled Flow options Cancel
ence rep
|:| Allow etch removal during ECO Design Compare...

|:| Ignore FIXED property
[[] create user-defined properties
[[] Create PCB XML from input data

Import directory: |C :[EMA_Training/PCE_Designer fproject2/allegro

Help

After you have annotated your schematics, you must use the PCB Editor Packager to
create the netlist input (pst*.dat) files for PCB Editor. In OrCAD Capture select the
<project>.dsn file in the Project Manager. Using the Tools - Create Netlist
command select the PCB Editor tab in the create netlist form to create the three pst*.dat
files.

Use the Import - Netlist command from the top menu in PCB Editor and choose the
Design entry CIS (Capture) option. Use the Import Directory field to point to the
directory containing the three packager (pst*.dat) files created by the OrCAD Capture —
Create Netlist program. By default, this would be the project’s allegro directory.

Properties are passed back and forth between these two tools as well. You define which
property names are allowed to pass by listing inthe allegro.cfg file located at
<cdsroot> - tools - capture.
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Engineering Changes — Placement and Routing

With an ongoing design, schematic changes (ECOs) are incorporated with the netrev
process, which brings in the transfer files from the edited schematics. If the PCB Editor
design has not been placed or routed, the new transfer files simply replace the original
PCB Editor database. If placement and or routing has already occurred, you have several
options on how the netrev process should proceed.

Place Changed Component

This section of the Import Logic determines how placed parts are treated in the ECO
process. When a part in an edited schematic has a reference designator that matches a
placed part in the board layout, parts are compared to determine if there are any changes.
If the part has not changed, it maintains its location in the board layout. If the part has
changed, you can select one of the following options:

BB Import Logic/Netlist X

Cadence Other

Branding: Mone Import
Import logic type Place changed component
(7) Design entry HOL/System Capture ® Always View
(0) Design entry CIS (Capture) O Never
(O 1f same symbal K
HDL Constraint Manager Enabled Flow options Cancel

Import changes on

Allow etch removal during ECO Design Compare...
Ignore FIXED property

Create user-defined properties

[] create PCE XML from input data

Import directory: |C:/EMA_Training/PCB_Designer fproject2/allegro

Help

“Always” is preferred

e Always - Replaces the old part in the board layout with the changed part from the
edited schematic, regardless of the type, value, or package symbol change (at the
same x/y location and rotation as the old part).

e Never - Removes the old part from the layout and adds the changed part to the board
layout database as an unplaced part (placed back in the Placement dialog box).

e If Same Symbol - If the package symbol has changed, the old part is removed from
the layout, and the changed part is added to the board layout database as unplaced.
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Routing Changed

If routing has already occurred, you may choose to select the following option:

B8 Import Logic/Netlist X

Cadence Other

Branding: Maone Import
Import logic type Place changed component
(O Design entry HDL/System Capture @ Always Viewlog. ..
(") Design entry CIS (Capture) ) Mever
() 1f same symbol oK
HDL Constraint Manager Enabled Flow options Cancel

Import

Allow etch removal during ECO Design Compare. ..
Ignore FIXED property

Create user-defined properties

[] create PCE XML from input data

Import directory: |C:/EMA_Training /PCB_Designer fproject2/allegro

Help

“Ignore FIXED property’ is preferred

Allow Etch Removal During ECO - This function automatically resolves any conflicts
between the edited schematic and any existing connections on the board.
e When an existing board connection conflicts with the new schematic data and
this option is not checked, the existing etch is flagged with a DRC marker.
You can then manually edit the connections in question as needed.
e With this option checked, the PCB Editor tool will remove any wiring that
does not match the edited schematic.

When completed, the PCB Editor layout will be free of all conflicting wiring. You are
left with unrouted connections, which represent the schematic changes.

All part and connectivity changes made to the PCB Editor layout during the ECO process
are documented in a report (eco . txt).

Other options available are:

e Ignore FIXED property — If elements in a design have a FIXED property, netlist
changes will still rip up etch or replace components, ignoring that property.

e Create user-defined properties - Allows new properties added in the schematic to
be created while logic is being read in.

e Create PCB XML from input data - Outputs an XML file that can be read into the
PCB Compare tool.
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Labs

Lab 6-1: OrCAD Capture to PCB Editor

e Setup the logic import from OrCAD Capture in the project2/allegro directory
e Import logic and save the new .brd design containing both the physical and netlist
information.

Correct Netlisting Method Incorrect Netlisting Method
C:\EMA_Training\ <— (Directory path) C:\EMA_Training\ <— (Directory path)

i Design N
SAMPLE (Design Name) SAMPLE (Design Name)

—— SAMPLE.OPJ | OrCAD Capture — SAMPLE.OPJ b,cAD capture
L SAMPLE.DSN schematic files | WDSN chematic files

Netlist utilit " Did not allow Netlist utility
ALLEGRO CUISt Uity creates create Allegro directory
Allegro directory

— PST*.DAT (3) Netlist files
— PST*.DAT (3) Netlist files

—— SAMPLE.BRD Board file
—— SAMPLE.BRD Board file SAMPLE. Dany QUL
—— SAMPLE.DSN Q4!

SPECCTRA
SPECCTRA

DSN Output to SPECCTRA
over-writes Capture DSN file
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Lab 6-1: OrCAD Capture to PCB Editor

Objective: Read the component and netlist information from an OrCAD Capture
schematic packager files into a PCB Editor design file and create a netlist report
from the board file.

Important

Lab Directory Instructions: The lab installation directory

C:\EMA _Training\PCB_Designer is referred to as the <course_inst_dir>
directory. Whenever you see a file path in the lab instructions, you must replace
the <course_inst_dir> directory with C:\EMA_Training\PCB_Designer

Importing the OrCAD Capture Netlist Files

1. If the PCB Editor is not currently running, start the PCB Editor tool by choose
Start - Cadence PCB 17.4-2019 - PCB Editor 17.4.
The 17.4 PCB Editor Product Choices window will appear.

2. When the 17.4 PCB Editor Product Choices window appears, select OrCAD PCB
Designer Standard, and click OK.
3. Openthe template.brd design (if is not already open) from within the project2

directory, as shown:

<course inst dir=

PCB_Designer/

play/ solutions/ project2/

allegro

template.brd
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Note g If you did not complete the lab titled “Creating a Template Design File”,
which saved the board file template.brd into this Project2/allegro directory, then use the
cds_template.brd file that is provided.

4. Choose Import — Netlist from the top menu.
The Import Logic dialog box appears.

o

In the Import logic type section, enable Design entry CIS (Capture).

6. Inthe Import directory field, navigate to the project2 - allegro directory (previously
generated netlist is located in this directory).

Your Import Logic dialog box should look similar to this:

BH Import Logic/Metlist X

Cadence Other

Branding: MNone Import
Import logic type Place changed component
(C) Design entry HOL/System Capture ® Always Viewlog. ..
(®) Design entry CIS (Capture) (O Never

(O 1f same symbol oK

HDL Constraint Manager Enabled Flow options Cancel
changes only Overwrite current constraints

straint difference report
[ Allow etch removal during ECO Design Compare. ..
|:| Ignore FIXED property
[ create user-defined properties
[ create PCE XML from input data

Import directory: |C:fEMA_TraininngCB_Designerfprojectzfallegro

Help

7. Click the Import button.
The OrCAD Capture schematic is checked and imported. If there are errors or
warnings, the netrev. 1st file automatically displays in a report window when
the importing is completed. If netrev.1st does not appear, select File - Viewlog
from the PCB Editor main menu to open this file.

8. Close the log file window.

Note 5 If you receive a message that the PACKAGER files could not be found, this
is because the Import directory field is not pointing directly to the directory containing
the netlist files.
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9. Select Export - Quick Reports from the top menu and select the Bill of Materials
Report.
The report shows which components are currently in the database. This will verify
your success with loading the netlist into PCB Editor.

10. Click the X icon to close the report.
11. Choose File - Save As from the top menu.
A Save As file browser window opens.

12. In the Save in field, browse to the project2/allegro directory.
Remember, the Change Directory option has to be enabled to change the working
directory.

13. In the File name field, enter unplaced

14. Click Save to save the unplaced.brd file in the project2 - allegro directory.
The OrCAD Capture schematic data has been combined with the template design file
(mechanical template) to create a new design file called unplaced.brd. Use this
design file to proceed to the next layout phase.

15. At this point you can either exit from the PCB Editor program by selecting File -
Exit, or you can leave this design open, ready to begin lab exercises for the next
lesson.

Note g When you exit from the PCB Editor program, files are saved that record
your current working directory settings as well as configuration settings and the last file
you were working on. If you exit from PCB Editor at this point in the lab, when you
restart PCB Editor it will automatically open the unplaced.brd file inthe <course

inst dir> - PCB_Designer - project2 - allegro directory. This is what you want for the
next lab.

End of Lab
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Lesson 7: Setting Design
Constraints

Learning Objectives

In this lesson, you will:

e Explore the design rule system and apply physical and spacing design rules
e Add, change and delete properties of components and nets

In this section, you will set up your design rules. Design rules are known as Constraints
in PCB Editor and are the rules that must be followed while routing your design. Typical
constraints include the line width to be used during routing, line-to-line spacing, line-to-
pad spacing, etc.

Design Layout Process

OrCAD Capture Define board Load logic Seticheck
schematic = | mechanical - data = 3 CBD rules and
design stackup , constraints
Manufacturing '
outputs YOU ARE HERE ‘ Arrange/place
Chock plots compohents
Aperture files : .
Gerber data Physmall design / p
NC drill data analysis
Silkscreens Define Power/
Assembly GND planes
drawings
Fabrications f *
drawings
Reports Generate Gloss/auto Interactive and
Autorename %= | manufacturing | *= cleanup for <= | automatic route |
Backannatation output manufacturing signals

This design flow is used throughout the course. Each box in this flow represents a
common step in the design of a printed circuit board. As indicated in the design flow, the
Set/check CBD (Correct by Design) rules and constraints step will now be discussed.
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Introduction to Design Rules

There are five types of design rules:

e Electrical Constraints - Performance characteristics

e Physical Constraints - Line width, via selection, and some layer restrictions

e Spacing Constraints - Clearances between lines, pads, vias, and copper areas
(shapes) on different nets

e Same Net Spacing Constraints - Clearances between lines, pads, vias, and copper
areas (shapes) on the same net

e Design Constraints - Package checks, soldermask checks and negative plane island
checks

For Physical & Spacing, there are two categories of DRCs:

e Default Rules - Used to specify the rules to be applied to nets having no special
routing requirements
e Special Rules - Used for any net requiring specialized rules applied to them

The PCB Editor tool has a set of predefined rules, such as Line-to-Pin Spacing, or
Minimum Line Width. You can define values for each rule within the context of a
constraint set. A constraint set is a group of rules that have been bundled together to
make value assignments easier for the user.

This rule ‘bundling”’ is based upon the type of constraint set.

e Electrical Constraints - Constraints governing electrical behavior and performance
‘of an entire net, (for example, Max Length and differential pairs).

e Physical Constraints - Constraints governing physical construction of a net (for
example, minimum line width, via selection, and allowed etch layers).

e Spacing Constraints - Constraints governing the spacing between objects on
different nets (for example, line-to-thru-pin spacing).

e Same net Spacing Constraints - Constraints governing the spacing between objects
on the same net.

e Design Constraints - Setting or unsetting of package DRC checking, negative plane
island constraints, and soldermask constraints.

There are two different categories of Physical and Spacing design rules. The Default
category is used to specify the rules for the majority of the nets in your design, or nets
that have no special routing requirements. Any nets that need specialized rules applied to
them fall into the Special category. For these nets, you must identify the nets requiring
the special rules, and also create/set the special rule values.

March 2020 EMA Design Automation, Inc. ® © 2020 All rights reserved 184




PCB Editor Essentials Training

The Constraint Manager

Setup — Constraints ... or ...

Version 17.4

./' Allegre Constraint Manager (connected to OrCAD PCE Designer Professional 17.2) [master] - [Physical / Physical Constraint Set / All Layers)
8 File Edit Objects Column View Analyze Audit Tocls Window Help
" r S B C o o oy e
r» 00 - ile Qo e | V2 o G T a @
\arksheel Selector & ® ,_,,,,]
# Electrical |
- - Objects Reterenced
[+ gkl | Physical CSet
|3 Physical Constraint Set | Type || Hame
® C — [ g
= L0 Met osn [<] master |DEFAULT 0 |00 o oo |0.0
W 2iLayers [Pcs | | B DEFAULLT 0 [o0 50 00 [0
+ Region
Status Window
4 Spacing
I, same Met Spacing
& Manufacturing 4 [ Yo Layers [ ‘ ] <
%2 Propertes DRE

To set your design rules, use the Setup - Constraints command from the top menu or use
the Constraint Manager icon. The Allegro Constraint Manager form is opened. You can
access and create all of the required physical, spacing, same net spacing and design

constraints from this form.

The Constraint Manager contains several different sections.

e The Left Pane contains different domain sections where you select which type of
design rules you wish to set or view.

e The Work Area is the section where you will set the rules for your design or
view the current rule values.

e The Status Window should always be checked for warning or error messages. If
you attempt to set a value in a cell that cannot be modified, a message in the
Status Window will identify this fact.
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Constraint Manager - Left Pane

Left Pane Constraint Domains

Worksheet Selector J X

« FElectrical 2 Secrical

//Fo!der
- Physical i e

v | *%Physical Constraint Set<ff—————— WorkbOOk
B Al Layers

« Spacing v [ Net
. B an Layers\workSheefS
- Same Net Spacing Left
Pane

» Manufacturing
* Properties
* DRC l.¢ spaang

@ Same Net Spading

& Manufacturing

= Properties

The Left Pane of the Constraint Manager is divided into six different domains. Each

domain has several Folders available. Most of these folders may have just Worksheets
but some may have a combination of Workbooks/Worksheets available. The Workbooks

are expandable and contain individualized worksheets.

The six different domains available in the left pane are:

e Electrical - Electrical Constraints where electrical behavior and performance of a net

is defined. Covered in the PCB Editor Professional Class.
e Physical - Physical Constraints where the physical characteristics of traces are
defined. Includes line widths, allowable vias, etc. Referred to as Physical CSets.

e Spacing - Spacing Constraints where clearance between objects is defined. Includes
line-to-line spacing, line-to-thru-pin spacing, via-to-thru-pin spacing, etc. Referred to

as Spacing CSets.

e Same Net Spacing - Same Net Spacing Constraints where clearances between
objects that are on the same net are defined. Includes line-to-line spacing, line-to-
thru-pin spacing, via-to-thru-pin spacing, etc. Net Class-Class is not supported.
Referred to as Same Net Spacing CSet.

e Properties - Allows for the assignment of properties to nets and components.

Alternative method to the Edit - Properties command, discussed later in this section.

e DRC - Lists all DRCs in your design for Physical Worksheet, Spacing Worksheet,
Same Net Spacing Worksheet, Design Worksheet, Assembly Worksheet, External

Worksheet, Design for Fabrication Worksheet, and Design for Assembly Worksheet

and Design for Test Worksheet.
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Sample Views
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Version 17.4
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| DEFAULT
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>> | Thru Pin
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Al
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Hame

Spacing CSet

mil
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SCS
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DEFAULT

DEFAULT

5.00
5.00

5.00 5.00

5.00

5.00 5.00

5.00

5.00
5.00

Plane +

Mk *

LAYER_ 3 SOLDIRMASK,_TOP

Mot in stackup

Stacl
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Outine._Cutomt

Objects
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s[

Hame

v

Weight

Mo Rat

Route

Route Restrictions

Priority | to Shape| Fixed

No Pin

No Route Escape

Mo Ripup|

unplaced
AEN

The Constraint Manager’s work area is where you set or view all the design rules for your
design. The work area will have the appropriate values that match the worksheet you
have selected. The available values will be covered later in this section.

The Objects and Type columns will vary based upon the worksheet you have open. The
objects and types can be items such as Electrical CSets, Physical CSets, Spacing CSets,
Buses, Nets, etc. Hovering your cursor over an object or type will display a tool tip
window identifying the object. The left end of the Status Window will also display the

tool tip information.

You can turn on and off the row numbers by using the View — Views Options command
and selecting or deselecting the Row Number option in the Workbooks section.
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Setting Default Physical Constraint Values

‘Worksheet Selector .. 2 x unplaced |

4 ) Line Width Neck ~
# Electical Objects Referenced - -
Min | Max Min Width | Max Length

: Physical CSet
o Physical Name mil mil mil | mil

v = Physical Constraint Set
@ An Layers
¥ [ Net

B an Layers

" DEFAULT 500 0.00 [s00 [a.00
| | B perFauLT 500 0.00 500 0.00
H Conductor 5.00 0.00 5.00 0.00
TOP 500 0.00 S00 0.00
BOTTOM 500 0.00 [5.00 [0.00
E Plane 500 0.00 £00 0.00
GND 500 0.00 500 0.00
vCC 500 0.00 [s00 [0.00

Expanding the Constraint Set (CSet) displays the Layer Types (LTyp),
Conductor and Plane. Expanding the individual Layer Types displays
the layers associated with the respective Layer Type.

The first step in setting your design rules is make sure your default rules are set properly.
These rules will be used for the nets that have no special routing requirements. You can
set the same rules for all routing layers in your design by setting the values in the
DEFAULT row of the Constraint Manager.

If you need to set different rules for different layers in your design, you can expand the
DEFAULT row by selecting the “+” character. This displays Layer Type rows;
Conductor and Plane. Expanding the Layer Types displays rows for each of the
respective layers associated with the individual Layer. You can now set different values
as required on any layer in your design.

The values you can set are:

e Line Width, Min - Minimum line width at which a connection can be routed. When
you manually route a connection, this value will be used by default. If you route at a
width less than this value, a DRC error will be created.

e Line Width, Max - Maximum line width at which a connection can be routed. If you
use a line width greater than this value, a DRC error will be created.

e Neck, Min Width - Minimum line width at which a connection can be routed when
using the neck mode. The neck mode option is available during routing by using the
Right-Mouse-Button pop-up menu item Neck.

e Neck, Max Length - Maximum allowable length at which a connection can be routed
at the neck width before returning to the minimum line width. Note that this value is
the cumulative length of the necked sections across the entire net.

e Vias - List of via padstacks (. pad) that are allowed to be used with your default nets.

e BB Via Stagger, Min - Minimum center-to-center distance between the connect
point of one pin or via and the connect point of another, where the two pins or vias
are on the same net and have a single cline connecting them.

March 2020 EMA Design Automation, Inc. ® © 2020 All rights reserved

188




PCB Editor Essentials Training

Version 17.4

BB Via Stagger, Max - Maximum center-to-center distance between the connect
point of one pin or via and the connect point of another, where the two pins or vias

are on the same net and have a single cline connecting them.

Allow Etch - If set to True, routing is allowed on the subclass/layer. If set to false,
routing is NOT allowed on the subclass/layer.
Allow Ts - This specifies when and where T junctions (points where there are 3 or
more segments of etch) are allowed.

Values are:

Not Allowed — Prohibits all T junctions.

e Anywhere — Allows all T junctions (pin, via, or on a cline). Default.

Pins Only - Allows T junctions on pins only.
Pins Vias Only - Allows T junctions only at a pin or via.

Allow Pad-Pad Connect - Specifies whether a pin/via whose “connect point” lies
within the extents of another pin/via forms a direct connection without the presence
of an intermediate cline. For example, it would allow a fanout out via to be placed

inside of a surface-mount pad without the need to draw a connect line.

The choices are:

e All Allowed - Specifies that direct connections can form anywhere. Default.
e Via/Pin Allowed - Specifies that direct connections can only form between

vias and pins.

e Via/Via Allowed - Specifies that direct connections can only be formed

between vias.

e Not Allowed - Prohibits direct connections everywhere.

Add Via Selection to a Net or Constraint Set

When there is a requirement to include a selection of multiple vias, the multiple selection
listing is added as a physical rule value in the Physical Constraints. This list of multiple

vias can be applied to a Physical Constraint Set (CSet) or to an individual net.

Adding Vias to a Physical CSET

& X

March 2020

Worksheet Selector “"'“"I

& Electrical

= - Objects —
[+ Physical {-|Tolerance Vias B
-1 Physical Constraint Set Type | 5] Hame mil

I M rr

41 Net D=n |I EI unplaced 0.00 VIAVIAZE 5
4 1 Region PCS | | DEFAULT 0.00

(VIA:VIAZE 5

Click here at CSET level
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Adding Vias to a Net

Worksheet Selector B X unplaced |
& Electrical
= Objects
[ofe Physical | . (-)Tolerance Vias
-2 Physical Constraint Set Type Sl Name mil
] -IB AllLayers * * 1 "
t [ Net Bus VD (18) VIA
B All Layers Net AEN 0.00 VIA:VIA_20C_100

/

Click here at NET level

Clicking on the Vias column in either the CSet or the individual net opens an ‘Edit Via
List” form that provides a list of the available vias. From this list any padstack can be
used as a ‘via’.

B Edit Vs List »
Select & via fnom S ibrary of e database: Wi ligt:
Hame Start End e Start End Rermore
v _FC TR BETTOM Via TP BOTTOM
s _FD BOTTOM  BOTTOM VIA_DOSD 0231 TOP  BOTTOM 13
[ GONT e e
B weo TR To° Rown
s e BOTTOM  BOTTOM
o155 557 =1
via o0 051 TP BOTTOM
R-.u.x. TR BOTTOM Cance
g
— . —
Fater Purge g Vias
— -
7] S vians From thee lorary
] S vims From the datsbase * *
Eiter by name | yra
O enter 2 via rarme: VIAVIAZE 5.C
Add Viewer Cpbions | | Lindiodk Viewer e Ve
z VIA:VIA_008D_018PL 5.0
= VA ATIADE &r
= =
E
Burdace
R T
aieTaTie

Once the selection of vias have been made they will appear in the ‘Via’ category for
either the CSET or net that you applied them to.
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Creating a New Physical Constraint Set

Worksheet Selector 8 x unplaced |
¢ Electrical - — -
E: I - e
1 . Select [J Physical Constraint Set Type | 5| Hame )
All Layers | % b | | unpincea et 2. Click on
TR All Layers PCS | | [ DEFAULT i [5.00 Default CSet

3. Right-Mouse-Button - Create - Physical CSet

Create Physical CSet ? x
Physical CSet: B_MIL_LINE ‘-‘——-— 4 . Type If'l new
Copy Constraints From: Physical CSet: DEFAULT | P hySi Ca I C Set na m e

Cancel Help

'.rwla-wdl
Line Width
Object ::;:;::Eit Min | Max Mir
Type Sl Hame mil mil
. Dsn unplaced DEFAULT 5 00 0.00 500
5. Set the new physical [5s fm DEFAULT Y 500 500
dESign rUIES required TS B_MIL_LINE 8.00 0.00 8.00

You will probably have nets that require different physical rules than the default rules.
These are your special nets. You need to create a new Physical CSet for these nets. You
can create as many physical CSets as required for your design. To create a new CSet,
perform the following steps:

=

Select the All Layers worksheet under the Physical Constraint Set folder.

2. Select the DEFAULT (or another similar Physical CSet) in the Objects Name
column.

Click Right-Mouse-Button and select Create - Physical CSet from the popup.
Enter in a new Physical CSet name in the Create Physical CSet form.

Enter in the new values to match your special physical routing rules. If necessary,
you can select the “+” character next to the physical CSet you just created.
Remember that you will need to expand the Layer Types to set different values on
different layers, if needed in your design.

ok w
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Identify the Special Physical Nets
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2. In the worksheet,
select Special Nets

Worksheet Selector & X unplaced |

. Eledirical | omect - . Eam

oA Physi - P: :iresa':?:sset :':“

| ) Physical Const:::tl Set " Type |5 Name Y :!I]

i EI;:II e SEL :I}EF.\’-\UL: [5.00 :u

o E’E_FTE Ve T —

1. Select Net 3. From the Right-Mouse-Button select Create - Class
- All Layers

8 Create Net Class

Net Class: SYNC
Selections:

Marme Type Met Class
WCLKA, Met
VLLEC Met

Enabling here will
create NET CLASS
in both Physical and
Spacing Domains

I (1] Canesl Help

7

4; 4. Assign Net
Class name

After you have created the physical rules for your special nets, the next step is to identify
these nets. You perform this task by assigning nets into Net Classes. You can create as
many Net Classes as are required within your design. To create a Net Class, perform the

following steps:

1. Select the All Layers worksheet under the Net folder in the left pane.

The worksheet displays all of the nets in the design.

2. In the worksheet, select the nets you want to assign to the new net class.
3. From the Right-Mouse-Button popup, select Create - Class.
4. Type the new Net Class name in the Create Net Class form and click OK.

Note 5 You can create this new Net Class in both the physical and spacing domains
by checking the Create for both physical and spacing box in the Create Net Class form.
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Assign the Physical Constraint Set to the Net Class

1. Select Net
- All Layers
w_nrkshaetSe tor 5 x umlamd]
& Electrical
= — Objects Referenced |—
ofe \ Physical N
=1 Physica Constraint Set Type | 5] Hame
o LB Aneyers : "I |
2 [0 Net Dsn 5] unplaced DEFAULT 5;
i % All Layers OTyp [F] MetClasses |
+-L1 Region NCis SYNC (2) DEFAULT =[S
OTyp E XNets/Nets DEFAULT |
Net AEN 5.
Mot AMn 2 i

Version 17.4

2. Use Reference Physical CSet

pulldown to select Special CSet

Now that you have created a net class, you need to assign the net class to the previously

defined constraint set.

Select the All Layers worksheet under the Net workbook. Then, select the Net Class
row (in this case, the Special net class) under the Referenced Physical CSet column.
When you select this cell with the Left-Mouse-Button, a pull-down menu will appear
with all of the defined Physical CSets listed. Select the appropriate CSet from the pull-

down to make the assignment.
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Assign Rules Directly to a Net

|worksheet Selector 8 X unplaced |
& Electrical — o B Line Width Neck
[ Physical | : Physical CSet Min__ | Max Min Width_|_Max Length
=1-1 Physical Constraint Set Type |5| Name mil ] mil mil mil
& allLayers s * = v . : : .
-1 Net Dsn —] unplaced ‘DEF.!\LILT _S.IJD _U.UD _S.UD IU.U{} |
@ All Layers OTyp Net Classes | [
+-.2 Region OTyp B XNetsiNets T |
Het AEN [oeraur  »]500 0.00 500 0.00

Het AGHD [DEFAULT 15.00 [0.00 [&.00 [0.00
Net AD IE 00 0.00 5.00 0.00
Het Al |DEFAET [s.00 [0.00 [5.00 [0.00

Assign CSet directly to the net

|worksheet Selector a x uﬁamd]
& Electrical — B Line Width Neck
[+ Physical | e Physical CSet Min Max Min Width_|_Max Length
-I-L21 Physical Constraint Set Type 5| Name mil mil mil L
0B Al Layers " * | L * " " I L
5[ Net Dsn 5 unplaced DEFAULT BN 5 000 B B 555555
B Al Layers OTyp Net Classes ] | }
| Region OTyp B XNetsilets
jj = Reo Net AEN DEFAULT 5.00 0.00 5.00 0.00
Net AGND |DEFALLT 15.00 0.00 .00 [0.00
luat an RFEFAINT & nn nnn nn nnn

Overrides appear in BLUE

As an alternative to creating a net class, adding the nets to the net class, and assign a
Physical CSet to the net class, you can assign rules directly to nets. In the Net Folder
section, you can select on a net(s) and assign a Physical CSet directly, as shown in the top
picture above.

You can also set values directly on a net(s) without assigning the net to a Physical CSet.
Select on the net row and enter a new value, as shown in the bottom picture above.

In either case, note that when you change a value from the default value, the color of that
value changes to blue. This is called an override and indicates that the rule in that cell
does not match the default value assigned.

You can control the color used for these overrides by using the menu sequence View —
Views Options, in the Colors option set the Color Palette to Custom and setting the color
of the Directly Set selection.

Also, in the Nets folder worksheet you can control whether or not you want the view to
display the Object type separations or to just display the nets separated from the net class
as in the previous versions. This is controlled in View — Views Options, in the
Worksheets option and enabling or disabling the Object Type Dividers selection.

March 2020 EMA Design Automation, Inc. ® © 2020 All rights reserved

Version 17.4

194




PCB Editor Essentials Training Version 17.4

Lab

Lab 7-1: Setting Physical Rules

e Define the Special Physical Rules
e Identify the Special Physical Nets
e Assign Physical CSet to Net Class

The following lab will allow you to familiarize yourself with the process required to set
physical rules and create special physical design rules. You will learn how to create new
design rules, identify the special nets, and apply the new design rules to the special nets.
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Lab 7-1: Setting Physical Rules

Objective: Define physical routing rules for special nets.

Defining the Special Physical Rules

By default, all new designs have a 5-mil trace width assigned. If most of the nets in the
new design require a different line trace width, that default constraint may be changed.
We will use the 5-mil trace width for our design.

Assume the nets VCLKA and VCLKC require a larger line width (8 mils) than the
default values. First, create the new rules by creating a new Physical CSet.

=

If you don’t already have PCB Editor running, start the PCB Editor.

2. Choose File - Open and open the unplaced.brd design file you saved
previously, if it is not currently open. An unplaced.brd file is also available in
the PCB_Designer\solutions folder. IR

3. Select Setup - Constraints from the PCB Editor main menu, Or s==p [TTT1
The Constraint Manager form opens. Cr

4. Select the Physical domain.

5. Select the DEFAULT cell.

Worksheet Selector .. g x ] Line Width Neck =
Objects Referenced - = 5
t} Electrical Physical CSet Min Max Min Width Max Length
Type | S Name mil mil mil mil
e Physical * * * * > 3
v [ Physical Constraint Set Dsn 4 unplaced DEFAULT 5.00 0.00 5.00 0.00
3 3
B AllLayers PCS DEFAULT 5.00 0.00 5.00 0.00
v [ Net ‘\X
E an Layers

o

Click the Right-Mouse-Button and select Create - Physical CSet from the popup.
In the Create Physical CSet form, enter 8_MIL LINE and select the OK button.
8. Inthe 8_MIL_LINE row, change the Min Line Width and the Min Neck Width to
8 mils

Your Constraint Manager should look like the figure below:

~

Worksheet Selector .. 5 X i Line Width Neck A
Objects Referenced - = 5
%; Electrical Physical CSet Min Max Min Width Max Length
Type | S Name mil mil mil mil
offe Physical * * * * *
v [ Physical Constraint Set Dsn 4 unplaced DEFAULT 5.00 0.00 5.00 0.00
@ All Layers PCS DEFAULT 5.00 0.00 5.00 0.00
+ & _MIL_LINE 8.00 0.00 8.00 0.00
v B Net PCS _MIL_
E an Layers
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Identifying the Special Physical Nets

Now that you have created the physical routing rules for the special nets, you will
identify the special nets and assign them to a net class. VLKCA and VCLKC nets will be
assigned to a Net Class and then assigned the 8_MIL_LINE Physical CSet.

1. Select the All Layers worksheet under the Net folder as shown below.

4 Physical

* [ Physical Constraint Set
@ All Layers

¥ O Net
@ All Layers %

N

Scroll through the nets section so both the VCLKA and VCLKC nets are visible.
Select the net VCLKA, and shift-select the net VCLKC so that both nets are selected.
4. Select with the Right-Mouse-Button and choose Create - Class from the pop-up.

A Create Net Class form opens

5. Inthe Net Class field enter: SYNC.
6. Verify the “Create for both physical and spacing” option is checked and click OK,

w

B Create Met Class ? b4
Met Class: SYNC |
Selections:

MHame Type Met Class

WCLKA Met

WCLKC Met

Cancel Help

Assign the Net Class

You just created the new net class SYNC that contains the special nets VCLKA and
VCLKC. Now you can assign the 8 MIL_LINE rule set to the SYNC net class.

1. Select the Referenced Physical CSet cell in the SYNC row and select 8_MIL_LINE
from the pull-down menu as shown below.
You will need to scroll to the top of the spreadsheet to locate the SYNC Net class.
You will also notice that the SYNC net class is denoted as SYNC (2). The (2) denotes
that there are two nets in the SYNC net class.
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unplaced |
Objects S . Line Width . . Neck A

Physical CSet Min Max Min Width Max Len

Type | 5 Name miil mil mil mil

Dsn 4 unplaced DEFAULT 5.00 0.00 5.00 0.00

NCls SYNC (2) DEFAULT  «|5.00 0.00 5.00 0.00

Bus A(24) DEFAULT 5.00 0.00 5.00 0.00

Bus BA (8) 5.00 0.00 5.00 0.00

Bus BD (16) DEFAULT 5.00 0.00 5.00 0.00

Bus D {16) DEFAULT |5.IJE| 0.00 5.00 0.00

Now the SYNC net class, which contains the two special nets VCLKA and VCLKC,
will use the 8_MIL_LINE rule such that when either of these two nets is routed, the
line width used will be 8 mils instead of the default 5-mil-wide line.

Assign Min Line Width Directly to Nets

1. Next, assign a 15 mil min line width and 8 mil min neck width directly on the
following ground nets AGND, GND, GND_EARTH by typing the required values in
the Min Line Width and Min Neck Width fields.

unplaced |
Objects Referenced - Line Width . = fleck =

Physical CSet Min Max Min Width Max Len

Type | 5 Name mil mil mil mil

Dsn 4 unplaced DEFAULT 5.00 0.00 5.00 0.00

NCls SYNC (2) &_MIL_LINE 8.00 0.00 2.00 0.00

Bus A (24) DEFAULT S.00 0.00 c.00 0.00

Bus BA (8) DEFALLT 5.00 0.00 5.00 0.00

Bus BD (16) DEFALLT 5.00 0.00 5.00 0.00

Bus D (16) DEFALLT 5.00 0.00 5.00 0.00

Bus Q (8) DEFALLT 5.00 0.00 5.00 0.00

Bus RA (16) DEFAULT 5.00 0.00 5.00 0.00

Bus RCS (4) DEFALLT 5.00 0.00 5.00 0.00

Bus RD (8) DEFALLT 5.00 0.00 5.00 0.00

Bus VD (16) DEFAULT c.00 0.00 c.00 0.00

Het AEN DEFALLT 5.00 0.00 5.00 0.00

Net AGND DEFAULT 15.00 0.00 8.00 0.00

M# DR NoC AN T C nn n onn C nn nnn A

4 » \ Al Layers / || < >

Adle DRC Sync on. HMET

Notice that the 15 mil and 8 mil constraint “overides” show up in blue.
Select File - Close from the Constraint Manager’s top menu.

Y

Rename this drawing: constraints.

ok~

The constraints.brd fileis saved to disk.

Make sure to save it in the PCB_Designer\project2\allegro folder.
Click Save to save the constraints.brd file.

In the PCB Editor, select File - Save As. A Save As file browser form appears.

Note @ Do not exit PCB Editor. The next lab will continue from this point.

End of Lab
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Setting Default Spacing Constraint Values

Worksheet Selector .. 8 % constraints}

& i Line To >> | Thru Pin To >>| SMD Pin To >>| Test Pin To>>| Thru Via To>>| BB ViaTo>> | A
% Electrical Objects Referenced
All All Al All All All

Ph | Spacing CSet
+f+ Physical Type | S Hame mil mil mil mil mil mil
[ spacing B ; . N } . } ;

v | Spacing Constraint Set
@ All Layers

~ [ Net
@ All Layers

Dsn 4 unplaced DEFAULT 5.00 5.00 5.00 5.00 5.00 5.00
5CS DEFAULT 5.00 5.00 5.00 5.00 5.00 5.00

The first step in creating your spacing rules for your design is to set the default rules.
These rules will be used for the nets that have no special routing requirements. You can
set the same rules for all routing layers in your design by setting the values in the
DEFAULT row of the Constraint Manager.

The Spacing Constraints are all in one worksheet and are separated into constraint
categories that are either expandable or collapsible. To expand a constraint group, click
on the “>>” next to the constraint category name. To collapse the constraint category,
click on the “<<” next to the constraint category name.

To quickly populate a constraint category with the same value, click on the All cell for
that category and type in the required value.

To quickly populate all constraint categories with the same value, select the constraint set
name. This will highlight the entire row with the first category value selected. If you
type a value in there and hit the Tab key, all values will be changed to that value.

constraints l

- Line To >> | Thru Pin To >>| SMD Pin To >>| Test Pin To >>| Thru Via To>>| BB Via To>> | A
Objects Refefgnced
SpacinhC Set All All All All All All
Type | S Hame mil mil mil mil mil mil
Dsn 4 unplaced DEFAULT 5.00 5.00 5.00 5.00 5.00 5.00
[scs | | A

The available Spacing Constraint categories are:

- LineTo - Test Viato

- ThruPinTo - Shape to

- SMDPIinTo - Bond Finger To
- TestPinTo - HoleTo

- ThruviaTo - Min BB Via Gap
- BBViaTo

Note 5 The Min BB Via Gap rules can be applied to the rule set but does not apply
to individual layers.
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If you need to set different rules for different layers in your design, you can expand the
DEFAULT row by selecting the “+” character. This displays Layer Type rows;
Conductor and Plane. Expanding the Layer Types displays rows for each of the
respective layers associated with the individual Layer Type thus displaying each layer
you have created in your board stack-up. You can now set different values as required on
any layer in your design.

The spacing values you set are for edge-to-edge clearance, or the air gap between the two
elements. You can specify different values for lines, pins, vias, shapes and holes. For
pins, you can specify different values for thru pins, surface-mount pins, and test pins. For
vias, you can specify different values for thru vias, blind/buried vias and test vias.

Note 5 Populating a spacing constraint value in the element to element field in one
spacing constraint category will automatically populate the same element to element field
in the opposing spacing constraint category.

Creating a New Spacing Constraint Set

Worksheet Selector & X cgnstraints]
<& Electrical — et Lir
e Physical — zir:neei ol
[ Spacing | [ e ['ST_ Name Sl et |
1 " SeIeCt ..__.,__"_‘ %Nﬁmm et Dsn r E] unplaced DEFAULT e 2 CIICk on
All Layers 7. ST oo — = Default CSet
3. Right-Mouse-Button - Create - Spacing CSet
Create Spacing CSet 7 X
4. Type in new
ACIN " 8 _MIL_SPACE 3
secralet B8 <“— Physical CSet
Copy Coretaints From: .Spal:mg CSet DEFAULT | name
Cancel Help
constraintsl
Objects Ref d Lineg Ta >> | Thru Pin To >>| SMD
: Spa:ir:; f:iet Al Al
| Type [s Name mil mil
5. Set the new physical [EF s e =B
deSign rules required —kscs 8_MIL_SPACE 3.00 8.00 [e00

You will probably have nets that require different spacing rules than the default rules.
These are your special nets. You need to create a new Spacing CSet for these nets. You
can create as many Spacing CSets as required for your design. To create a new CSet,
perform the following steps:
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arwn

Select one of the worksheets under the All Layers workbook under the Spacing
Constraint Set folder.

Select the DEFAULT (or any similar Spacing CSet) in the Objects Name column.
Click the Right-Mouse-Button and select Create - Physical CSet popup.

Enter a new Spacing CSet name in the Create Spacing CSet form.

Enter the new values to match your new spacing rule requirements. If necessary, you
can select the “+” character next to the spacing CSet you just created. Remember that
you will need to also expand the Layer Types to set different values on different
layers in your design.

Identify Special Spacing Nets

Now that you have created the spacing rules for the special nets, you will identify the
special nets and assign them to a net class. In this case, the SYNC Net Class including
the nets VLKCA and VCLKC have already been created in both the Physical and
Spacing domains.

If you need to define more Net Classes, here is a quick overview of the steps we used to
create the SYNC Net Class.

N

o

7.

Select the All Layers worksheet under the Net folder as shown below.

Scroll through the nets until you find the nets you would like to define as a Net Class.
If the nets are in sequence, select the first net and shift-select the last net in the list.
You can also hold down the Control key while selecting nets, if they are not in
sequence.

Click the Right-Mouse-Button and select Create - Class from the pop-up.

A Create Net Class form opens

In the Net Class field enter the name of your new Net Class.

If you want to create the Net Class in both the Physical and Spacing domains, verify
that the “Create for both physical and spacing” option is checked.

Click OK.

Your new Net Class is displayed towards the top of the Nets worksheet.
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Assign the Spacing Constraint Set to the Net Class

Select Net -
All Layers
Worksheet Selecto) 8 x .
4 Electrical =
i Objects Referenced |—
o Physical "
Spacing CSet |—
L Spading Type | 5 Name
=-[1 Spacing {onstraint Set * * . .
LB an Layers Dsn [ constraints DEFAULT [=
-0 Net Wy OTyp E HNetClasses |
o @ Al Layers NCis [ SYNC(2) DEFAULT
| o - OTyp E XNetsiNets
i {1 Net Class-Class ot -
+- Reaion = i

Use Reference Physical CSet
pulldown to Special CSet

If you created your net class in both domains, all you will need to do is assign the net
class to a previously defined constraint set. Select the All Layers worksheet under the

Net folder.

Select in the Net class row (in this case, the SYNC net class) in the cell under the
Referenced Spacing CSet column. When you select this cell (with the Left-Mouse-
Button), a pull-down menu will appear with all of the defined Spacing CSets listed.
Select the appropriate CSet from the pull-down menu to make the assignment.

Note that you can also assign rules directly to nets in the same manner as was shown in
the Physical section under the topic “Assign Rules Directly on a Net”.
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Net Class to Net Class Spacing

Matrix of Net Classes in the design

Worksheet Selector .. B X pow filter: /nlumn HR

£ Electrical \
o Physical Class Name / Vdnets Sync
..¢ Spacing Sync 10_Mil_Space
. . Vdnets

v L Spacing ConstraintSet | [ —————

& AlLayers A
v 1 Net

@ All Layers
~ L1 Net Class-Class

B Al Layers

I CSet assignment matrix

Use the matrix to set the Class to Class
Select the CSet rules. Clicking on the cell in the appropriate
assignment matrix Net Class column provides you with the list
of available Spacing CSets.

Select the required CSet for every Class to
Class spacing combination needed.

To set up your Class to Class rule pairing combinations. In the Net Class-Class folder
select the CSet assignment matrix worksheet. The worksheet area displays a matrix with
a column/row combination for every net class that you have in the design.

Clicking on the cell in the net Class column/row combination provides the list of Spacing
Constraint Sets you have setup for the design. Select the appropriate Constraint Set.

You will find that if the Net Class to Net Class has already been assigned with a rule set
in one Net Class column/row combination it will appear blank in the corresponding Net
Class column/row field.
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Labs

Lab 7-2: Setting Spacing Rules

e Define the Special Spacing Rules
e Assign Spacing CSet to Net Class

Lab 7-3: Setting Class-Class Rules

e Define a New Special Spacing rule
e Assign Nets to a New Net Class
e Create the Class-Class Rule

The following labs will allow you to familiarize yourself with the process and steps
required to set spacing design rules in your design. You will learn how to identify the
special nets, create new design rules, and apply the new design rules to the special nets.
You will also proceed through the steps required to create a net class-class rule.

March 2020 EMA Design Automation, Inc. ® © 2020 All rights reserved

204




PCB Editor Essentials Training Version 17.4
Lab 7-2: Setting Spacing Rules

Objective: Define spacing routing rules for special nets.

Setting the Special Spacing Rules

By default, all new designs have a 5-mil spacing rule assigned. If most of the nets in the
new design require a different spacing, that default constraint may be changed. We will
use the 5-mil spacing rule for our design.

Assume the nets VCLKA and VCLKC require a larger clearance (8 mils) than the default
values. First, create the new rules by creating a new Spacing CSet.

=

If you don’t already have the PCB Editor running, start the PCB Editor.

2. Choose File - Open and open the constraints.brd design file you saved
previously if it is not currently open.

3. Select Setup - Constraints from the PCB Editor main menu, or >

The Constraint Manager form opens.

CrH

4. Select the Spacing domain from the left pane.
5. Select All Layers worksheet in the Spacing Constraint Set folder.
6. Select the DEFAULT cell in the worksheet in the All Layer workbook of the Spacing
Constraint Set folder.
./- Allegro Constraint Manager (connected to OrCAD PCB Designer Standard 17.2) [unplaced] - [Spacing / Spacing Censtraint Set / All Layers] - m] X
= File Edit Objects Column View Analyze Audit Window Help -8 x
o R0 VRl TR RTNTaa @9 bR eD
Worksheet Selector .. 8 x consh-aints]
4 Electrical Objects R — Line To >> | Thru Pin To >>| SMD Pin To >>| Test Pin To >>| Thru Via To >>| BB Via To>> |~
& s T Soucing oA = = = =
ype lame mi mi mi mi mi mi
|l Spadng * * * * * * * *
5 g i O e e e e
~ [0 Net
@ All Layers
~ L Net Class-Class
@ All Layers
@ CSet assignment matrix
[E same Net Spacing

7. Click the Right-Mouse-Button and select Create - Spacing CSet from the popup.
8. In the Create Spacing CSet form, enter 8_MIL SPACE and select the OK button.
9. Inthe 8_MIL_SPACE row, change all values to 8.
- To quickly populate all constraint categories with the 8 mil value, select the
8 MIL_SPACE constraint set.
- This will highlight the entire row with the first category value selected.
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- If you type an 8 there and then the tab key, all values will be changed except Min

BB Via Gap.
constraints]
; Line To >> | Thru Pin To >»| SMD Pin To >>| Test Pin To >>| Thru Via To >>| BB Via To>> | ~
Objects Referen

Spacing C 9kt All All All All All All

Type | 5 Name mil mil mil mil mil mil

Dsn 4 unplaced DEFAULT 5.00 5.00 5.00 5.00 5.00 5.00

SCS DEFAULT .00

- Scroll across to the Min BB Via Gap field and type in 8.
Your Constraint Manager should look similar to figure below:

consiraints l

Objects . | Line To >> | Thru Pin To >>{ SMD Pin To >>| Test Pin To >>| Thru Via To>>| BB Via To>> | A
Spacing CSet All All All All All All
Type | 5 Hame mil mil miil mil mil mil
Den 4 unplaced DEFAULT 5.00 5.00 5.00 5.00 5.00 5.00
5CS DEFAULT 5.00 5.00 5.00 5.00 5.00 5.00
5CS B_MIL_SPACE 8.00 8.00 8.00 8.00 8.00 8.00

Assigning a Constraint Set to the Net Class

When you created the SYNC net class in the Physical Rule section, you created that class
in both the physical domain and in the spacing domain. All that’s left to do now is assign
the 8_MIL_SPACE Spacing CSet to the SYNC net class.

1. Select the All Layers worksheet under the Nets folder.
2. Select the Referenced Spacing CSet cell in the SYNC row and select
8 MIL_SPACE from the pull-down menu as shown below.

constraints \
. Line To »>
Objects Referenced
Spacing CSet =
Type | 5 Hame mil
Dsn 4 unplaced DEFAULT 5.00
NCls SYNC (2) DEFAULT v |5.00
iz A (24) DEFAULT .00
Bus BA (8) 00
Bus BD (16) DEFALLT 500

Now the SYNC net class, which contains the two special nets VCLKA and VCLKC,
will use the 8_MIL_SPACE rule such that when either of these two nets is routed, all
etch will remain 8 mils apart.
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Note 5 The SYNC Net class was created in the Spacing Domain when you checked
the option “Create for both physical and spacing” option when you created the SYNC Net
class in the Physical labs.

3. Save the drawing and continue by clicking File - Save from the PCB Editor main

menu.
4. Click the “Yes” button to confirm the file overwrite.
The constraints.brd fileis once more saved to disk.

End of Lab
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Lab 7-3: Setting Class-Class Rules

Objective: Create a new class of nets and set a class-class rule.

Assume the nets VDO....VVD7 are critical and they must NOT interfere with the SYNC
nets (VCLKA and VCLKC). The spacing required between these nets and the SYNC nets
must be 10 mils at a minimum. You will create a new 10 mil spacing rule, assign the
VD* nets into a new net class, and create a Class-Class rule between the VD* nets and
the SYNC nets using the new 10 mil space rule.

Defining a New Spacing Rule

1. Select the All Layers worksheet in the Spacing Constraint Set folder.
2. Select the DEFAULT cell.
3. Click the Right-Mouse-Button and select Create - Spacing CSet from the popup.
4. Inthe Create Spacing CSet form, enter 10_MIL_SPACE and select the OK button.
5. Inthe 10_MIL_SPACE row, change all values to 10.
Your Constraint Manager should look similar to the figure below:
constraints ]
Obiect Line Ta >> | Thru Pin Ta >*| SMD Pin To >>| Test Pin To >>| Thru Via To >>| BBViaTo>> | A
st ;t:;zirnegnéesdet All All All All All All
Type | 5| Name mil mil mil mil mil mil
Dsn 4 unplaced DEFAULT 5.00 5.00 5.00 5.00 5.00 5.00
SCS DEFAULT 5.00 5.00 5.00 5.00 5.00 5.00
SCS &_MIL_SPACE 2.00 &.00 8.00 8.00 2.00 3.00
SCS 10_MIL_SPACE1 10.00 10.00 10.00 10.00 10.00 10.00

Assigning Nets to a New Net Class

Now that you have created the spacing routing rules for the special nets, you need to
assign the VD™* nets to a Net Class and the power and ground nets to a Net Class.

1. Select the All Layers worksheet under the Net folder as shown below.

2. Expand the VD bus so you can see all the net associated with it (VDO — VD7).

3. Select the first net in the bus, VDO and then shift-select the last net, VD7 in the bus.

4. Click the Right-Mouse-Button and select Create - Class from the pop-up.
A Create Net Class form opens

5. Inthe Net Class field enter the name VDNETS.

6. We only need to create this Net Class in the Spacing domain so, verify that the
“Create for both physical and spacing” option is unchecked.

7. Click OK.
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Creating the Class-Class Rule

The final step is to create class-class rules between the SYNC and VDNETS net classes.

1. Expand the Net Class-Class folder if it is not already expanded.
2. Select the CSet assignment matrix worksheet to display the Net Class matrix as

shown below:
Worksheet Selector .. & X Row filter: Column filter:

4 Electrical | | | |

+ffe Physical Class Name Vdnets Sync

[L,ﬁ’ Spacing Sync
Vdnets

v O Spacing Constraint Set
% All Layers

v [ Net
B an Layers

“ | Net Class-Class

E an Layers
||__§ CSet assignment matrix

3. Click in the SYNC row in the VDNETS column and select the 10_Mil_Space rule.
The matrix should look as shown below:

Worksheet Selector .. ® X now filter: Column filter:

<% Electrical | | |

+ffe Physical Class Mame Vdnets Sync

|l Spacng Sync 10_Mil_Space1
Vdnets

~ | Spacing Constraint Set
E an Layers

* [ Net
E an Layers

~ | Net Class-Class

B an Layers
=] CSet assignment matrix

The matrix defines that and if any of the SYNC nets are near any of the VDNETS,
they must maintain a minimum clearance of 10 mils.

4. Select File - Close from the Constraint Manager window.
Select File - Save from the PCB Editor main menu.
6. Click “Yes” to confirm the file overwrite.

The constraints.brd fileis once more saved to disk.

o

End of Lab
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Analysis Modes

The Analysis Modes dialog box contains the modes and options for the Design,
Electrical, Physical, Spacing, Same Net Spacing, and SMA Pin checks. These modes are
accessible in the Constraint Manager from the Analyze - Analysis Modes menu command.
In the PCB Editor they are also available from the Setup - Constraints - Modes menu
command.

Design Options and Modes

Analyze - Analysis Modes - General

% Analysis Modes X
Design
Electrical MName Value On Off Batch
Physical Mark All Constraints [m] [m] O
Spacing 4 General (=] (=] |
Same Net Spacing Negat?ve plane is?ands Dve.rslze <not set= O [}
Assembly Negatr'..re plane sliver spacing . <not set= O O
Testpoint pad to component spacing <not set= O O
Testpoint location to component spacing <not set= O O
Testpoint under component O [l
Mechanical pin to mechanical pin spacing 5.00mil O [l
Mechanical pin to conductor spacing 5.00mil O [l
BB Via layer separation =not set=
Pin to route keepout O [l
Miniminum metal to metal spacing <not set= O O
Duplicate drill hole O [l
On-line InterLayer checks O
Soldermask O [l
Acute Angle Detection O [l
Package [m] [m] O
SMD Pin O

Spacing Options

Help

™
o
=N

On-ine DRC | OK | Cancel
Design Options and Modes

The Design Options form specifies plane, testpoint, and mechanical-hole parameters for
the enabled Design Modes checks.

The Design Modes form controls whether specific design rule checks for planes,
testpoint, and mechanical holes are triggered based on changes to the board layout.

¢ Negative plane islands - Check for isolations when using a negative plane

e Negative plane sliver - Flags “slivers” or small undesired webs of copper between
two objects, usually formed by placing antipads or thermal pads of pins or vias
spaced too close to other padstack items or the negative plane boundary

e Testpoint to component - Specifies spacing checks between edges of testpoint pads
and components
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Testpoint location to component - Specifies spacing checks between testpoint
locations (center) and components

Testpoint under component - Flags testpoints under components

Mechanical pin to mechanical pin - Checks for a minimum spacing between
mechanical holes

Mechanical pin to conductor - Checks for a minimum spacing between mechanical
holes and conductors

Pin to Route Keepout — Checks to ensure that pins are not within a route keepout
area

Minimum metal to metal - Checks to ensure minimum metal to metal clearance is
met

Duplicate drill holes - Detects duplicate drill holes spanning the same layers
On-Line Inter Layer Checks — Checks geometries between two different
class/subclasses (More for Rigid Flex designs)

Design Options and Modes (Soldermask)

Analyze - Analysis Modes - Soldermask

./- Analysis Modes >
Design
Electrical Name Valug On Off Batch
Physical iMark All Constraints [m] [m] O
Spacing General (m] (m] O
Same Met Spacing 4 Sodermask | |
Assembly Soldermask alignment =not set> O O
Soldermask to soldermask <not set> O O
Soldermask to pad and cline <not set> O O
Soldermask to shape <not set> O O
Pastemask to pastemask <not set> O O
Acute Angle Detection O O
Package [m] [m] O
SMD Pin O
Spacing Options
On-ine DRC | QK | Cancel Apply Help

Design Options and Modes

The Design Options (Soldermask) form specifies soldermask and pastemask parameters
for the enabled Design Mode checks.

The Design Modes (Soldermask) form controls whether specific design rule checks for
soldermask and pastemask are triggered based on changes to the board layout.
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e Soldermask alignment - Specifies and checks the alignment tolerance required for
the proximity of package soldermask to place_bound shapes and the pad soldermask
to pad geometry

e Soldermask to soldermask - Specifies spacing checks for pad soldermask to pad
soldermask, symbol soldermask to symbol soldermask, and symbol soldermask to pad
soldermask

e Soldermask to pad and cline - Specifies spacing checks between the soldermask and
pads and connect lines

e Soldermask to shape - Specifies spacing checks between the soldermask and shapes.

e Pastemask to pastemask - Specifies spacing checks for pad pastemask to pad
pastemask and pad pastemask to package based pastemask

Design Options and Modes (Acute Angle Detection)

Analyze - Analysis Modes - Acute Angle Detection

Design
Electrical Name Value On Off Batch
Physical Mark All Congtraints [m] [m] O
Spacing General (m] (m] O
Same Net Spacing Soldermask a a
Assembly A Acute Angle Detection O O
Minimum shape edge to edge angle 90 O O
Minimum line to Pad angle 90 O O
Minimum line to Shape angle 90 O O
Minimum fine to Line angle a0 O O
Package [m] [m] O
SMD Pin O
Spacing Options.
On-ine DRC | oK I Cancel Apply Help

Design Options and Modes

The Design Options (Acute Angle Detection) form specifies the allowed angle to be used
to prevent an acute angle. The default angle for these checks is 90 degrees but may be set
to any angle between 0 and 90.

The Design Modes (Acute Angle Detection) form controls whether specific design rule
checks for acute angles are triggered based on changes to the board layout.
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Minimum Shape Edge to Edge — Checks whether the copper shape outline has an
acute angle of less than the angle specified.

Minimum Line to Pad Angle — Checks whether the connect line to pad entry has
created an acute angle of less than 90 degrees.

Minimum Line to Shape Angle — Checks whether the connect line to copper shape
intersection has created an acute angle of less than 90 degrees

Minimum Line to Line Angle — Checks whether the connect line to connect line
intersection has created an acute angle of less than 90 degrees

Design Modes (Package)

Analyze - Analysis Modes - Package

% hnalysis Modes X
Design
Electrical Name Valug On oOff Batch
Physical iMark All Constraints [m] [m] O
Spacing General [m] [m] O
Same Net Spacing Soidermask | O
Assembly Acute Angle Detection O O
A Package lE‘ lE‘ D
Package to package O (|
Package to place keepin O [}
Package to place keepout O O
Package to room O O
Package to cavity spacing O O
Package height to layer O [}
Max cavity area |:| |:|
Mazx cavity component count O O
SMD Pin O
Spacing Options
COn-ine DRC | 0K | Cancel Apply Help

Design Options and Modes

The Design Modes (Package) window specifies whether the Package to Package,
Package to Place Keepin, and Package to Place Keepout checks will be generated if there
is any overlap between the appropriate type of shapes.

Package to package - Flags packages that overlap one another

Package to place keepin - Flags packages that extend beyond a place keepin
Package to place keepout - Flags packages that extend inside a place keepout
Package to room - Flags packages that are located in rooms to which they are not
assigned

Embedded DRCs - Package height to layer spec
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Electrical Options and Modes

Analyze - Analysis Modes - Electrical

%
13

Design ~

Hesie] ¥ Electrical Modes

Physical

Spacing Name Value On Off Batd

Same Net Spacing Mark All Constraints O O

Assembly Stub length/Net schedule

~ Design for Fabrication Max via count
Outline Match via count
Mazk Max exposed length
Annular Ring Propagation delay
Copper Features Relative propagation delay
Copper Spacing Max paraliel H
Silkscreen Jll?;tpzd;z:elength
v Desg:t]:ionr:\ssembly All differential pair checks O O

PkgToPkg Spacing :zfii talk
Spacing Layer sets
Pastemask Return Path

Design for Test

¥ Electrical Options

On-ine DRC | oK | Cancel Apply Help
Electrical Options and Modes

The only Electrical Constraints included in the OrCAD PCB Designer Standard toolset
are constraints for controlling the routing of Differential Pairs.

e All differential pair checks — Checks for phase control, uncoupled length, and
minimum line spacing between the two differential pair nets.
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Physical Modes

Analyze - Analysis Modes - Physical

(% Analysis Modes x

Design

Electrical Name On off

Physical Mark All Constraints [m] [m]

Spacing Min neck width O

Same Net Spacing Max line width |

Assembly Allow etch on subclass O

Allow T junctions on subclass O

Min blind/buried via stagger O

Max blind/buried via stagger O

Pad-pad direct connect O

Vialist DRC O

On-ine DRC | oK | Cancel Apply Help

Physical Modes

The Physical Modes window specifies whether or not the respective physical constraints
should be checked. Checks can be made for the following conditions:

Min line width, Min neck width, and Max neck length
Max line width

Allow etch on subclass

Allow T junctions on subclass

Min and Max blind/buried via stagger

Pad-pad direct connect, and Via list DRC.
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Spacing Options and Modes

Analyze — Analysis Modes - Spacing

Version 17.4

./g Analysis Modes

Design
Electrical
Physical
Spacing

Assembly

Same Met Spacing

Mame
Mark All Constraints
Line To
Thru Fin To
SMD Pin To
Test Pin To
Thru Via To
BB Via To
Test Via To
Shape To
Bond Finger To
Hole To
Min BB Via Gap

RERRRRERERREE £
0 o =

On-ine DRC

| oK | Cancel Apply Help

Spacing Modes

The Spacing Modes specify whether or not the respective spacing constraints should be
checked. This mode enables or disables the testing of the exact spacing conditions
between lines, pins, vias, shapes, holes, and blind and buried via gap.
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Analyze - Analysis Modes - Design

./- Analysis Modes Y

Design
Electrical Hame Walue On Off Batch
Physical Mark All Constraints m O] 0
Spacing General O Ol O
Same Met Spacing Soldermask ) | O
Assembly Acute Angle Detection D D

Package |E| |E| D

SMD Pin D

4 Spacing Options
Check holes within pads O
Ondine DRC | OK | Cancel Apply Help

Spacing Options

The Spacing Options form controls whether it is necessary to check the drill hole whether
there are pads present or not.

Check holes within pads — When enabled drill-hole checks are run using the drill
hole explicitly (the presence of pads associated with the drill hole is not relevant in
this mode of the DRC calculation). In other words, the drill is checked whether a pad

is present or notes.
When disabled the drill-hole checks are only relevant when the pad is suppressed or

undefined exposing the bare hole. This is the default configuration and is compatible
with previous releases.

The Spacing Modes form specifies whether or not the respective spacing constraints
should be checked. This mode enables or disables the testing of the exact same spacing
conditions between lines, pins, via, shapes, bond fingers, holes, and blind/via gap.

The Spacing Modes cover these spacing conditions when they are applied to different
nets. Example: an ENABLE via connect line near a RESET pin - spacing requirement of

8 mils.

217

March 2020 EMA Design Automation, Inc. ® © 2020 All rights reserved




PCB Editor Essentials Training Version 17.4

Same Net Spacing Modes

Analyze — Analysis Modes — Same Net Spacing

% Analysis Modes *

Design
Electrical
Physical Mark All Constraints
Line To

Thru Pin To

SMD Pin To

Test Pin To

Thru Via To

BB Via To

Test Via To

Shape To

Bond Finger To
Hole To

Name

Spacing
Same Met Spacing
Assembly

| o o [ | [ [ [ =
RERRREEERRER g

On-ine DRC | 0K I Cancel Apply Help

Same Net Spacing Modes

Like the Spacing Modes, the Same Net Spacing Modes specifies whether or not the
respective spacing constraints should be checked. This mode enables or disables the
testing of the exact same spacing conditions between lines, pins, via, shapes, bond
fingers, holes, and blind/via gap.

The Same Net Spacing Modes cover these spacing conditions when they are applied to
the exact same net so that you can place the elements closer to each other. Example: an
ENABLE via close to an ENABLE pin - spacing requirement can be 4 mils.

Note g If any of the spacing categories are blank then they are not being checked
for. If any spacing category box has a gray square in it then not all selections in that
category is enabled for checking.

March 2020

EMA Design Automation, Inc. ® © 2020 All rights reserved

218




PCB Editor Essentials Training Version 17.4

SMD Pin Modes

Analyze — Analysis Modes — Design

./ Analysis Modes w
Design
Electrical Name alue On Off Batch
Physical iMark All Constraints m O O
Spacing General E‘ E‘ D
Same Net Spacing Soldermask O [l
Assembly Acute Angle Detection D D
Package E‘ E‘ |:|
4 SMD Fin 0
Via at SMD pin O
“ia at SMD fit required
Via at SMD thru allowed
Etch turn under SMD pin O
Spacing Options
n-ine ancel Apply elp
On-line DRC | OK | Cancel Appl Hel

SMD Pin Modes

The SMD Pin Mode ensures that the placement of vias is properly contained within SMD
pads.

e The Via at SMD fit

e On denotes that the “via’ pad must be contained within the SMD pad.

e Off denotes that the center of the ‘via’ cannot extend beyond the edge pad.
e The Viaat SMD thru

e On denotes that the thru vias are allowed in SMD pads.

e Off denotes that the thru vias are not allowed in SMD pads.

e The Etch turn under SMD pin checks to detect etch compensation buried

within the pad.
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Property Assignments and Changes

Edit — Object Properties

Sotore 4 | iy To delete properties, add checkmark in Delete
column next to property to be removed

L L L)
Alfn ] [ANOR
oo 7| Shapes A7 Edit Property - o »
7] Comps 7 Voida Cavities 1
715 g ' has
A s

:!!"':Q"- Debeta Property Value
:T'm r,;m Hao_Route True ~
B = O o e+ e QI USE
Viag Ted [ Mo Rat Toue
Cines s [0 Min_Line_‘widih 15 MIL
Lines Rs [0 Min_Meck_width ML
Fecty e To_biva_Spec c Assigned properties A x
S - and DRC overrides A
Find Tab Earcel | | Heb e [ s
Use the Find By
Name option to List of available properties

add net name or *

It is important to understand that there is overlap between properties and constraints.
Properties override constraint values. For example, a design contains a special net class
with an assigned physical rule set. This rule set calls out a Minimum Line Width of 8
mils. If the property MIN_LINE_WIDTH is set to 15 mils and is assigned to one or more
nets in the net class, those nets will obey the property value rather than the physical rule
set value. Therefore, in this case, the net will be routed with a 15-mil line rather than an
8-mil line.

Note 5 A constraint override added in the Constraint Manager behaves the same as
a property added using the Edit — Object Properties command. So, if the
MIN_LINE_WIDTH property is added to a net using Edit — Object Properties, it will be
displayed in the Constraint Manager as an override. And, an override added in the
Constraint Manager will be displayed as a property if that net is selected when in the Edit
— Object Properties command.

When you select the Edit — Object Properties command, you must first identify the
elements for property assignment. Use the Find Filter form to select elements either by
pick or by element type plus name or list. You can use the Find by Name section of the
Find Filter to identify elements with existing properties. The PCB Editor tool then
displays the properties available for that element type.

Once an element is identified, the Edit Property form appears. The Edit Property form
lets you assign, delete or modify properties on design elements.
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Select the properties you want to attach from the scroll list and click on the Apply button.
Some properties require values (for example, min_line_width) while others do not. To
modify existing property values, follow the same process. To remove an existing
property, click the Delete button next to the selected property before applying.

The toolbar icons Fix and Unfix have been added as an aid in quickly adding and
deleting the fixed property to any object.

Adding Properties in Constraint Manager

The Constraint Manager allows you to add properties to Nets and
Components. In the Component folder it allows the properties to be
applied as Component Properties or Pin Properties

(& Allegro Constraint Manager (connected to OrCAD PCB Designer Professional 17.2) [constraints] - [Properties / ! Properties] - o X

& File Edit Objects Column View Analyze Audit Tooks Window Help - & %
’ ™ g @ T i = T &
w00 Vg Refle V%o %W % e e - B &R A
Worksheet Selector 8 X m,‘,]
& Elacirical — —
¥ N Origin Placement . Route Restric ~
A Physical LD Count [ ] Rotation | Mirrored Signal | BOM m
- - - Tag Room Model | lgnare| Ho Route
L Spacing [Type 5] Name mil__ | mil Es
(i Same Net Spacing ! M o . . o
[|__.,_ Froperies ] Dsn 5 constraints |
et PriD BNC_1P | P
. PriD [ CAPNP-O_1UF 14
I8 General Properties FriD B CAPOTUF 3
L1 Component PriD [ CAP_47PF | EE,
= @ Component Properties PriD [ CAP_3300 [8 | [ | I N N~
-] PriD H_CONNG4 1
B Thermal PriD {DG413AK ]
B Swepping PriD {_EPC1064 1
B Reuse PriD H_EPFazBzA_LCC 1
) i H FCT16245 3
= B Pin Properties = T THDUCTOR 5
B General I H_PHOTO_DIODE 0
[E Shapes t H  RES_14W 1
B Manufacturing i H RES_2K 1
-y T DEC 4nw ) v
w DRC | [+ " \General { Thermal £ Swapping fReuse / < >

The Constraint Manager has a worksheet for the purpose of adding or editing properties
on your Nets, Components and Pins. It contains a listing of all the available properties
for each type of elements on one spreadsheet. You can use this one interface to add
properties to these objects to help you manage design rules from front to back. You
would use this form instead of going through the Edit — Object Properties command.
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Physical Constraint Resolution

Check — Constraints (Single select)

—
- - —
ConStra I nt H Iera rChy Constraint Hicrarchy =
* Description (St =
o XJ‘Y |ocati0n Description .‘r\'l:llc IFI_-I'L{,]'lLT'm_o;I,Em =
Location 162600 2546.0( =
* Net name o —_
NetGroup —
Bus —
DiffPair =
Pi::li:' E

. NetClass-NetClass
Resolved Physical Region =
Constraints Segment width = 8.00 mils, Segment length = 328,01 mils E
. Constraint Set name Resolved Physical Constraints =
Resolved Source " i . —
H Level Name Constraint Value —
‘ ConStralnt SEt rUIes NetClass |§_MIL_LINE Minimum Line Width & MIL =
. 1 NatClass :-_‘.'.: N INE Minimum Neck Width |8 MIL =
Constraint values otcles £ L =
NetClass |§_MI —
NetClass |8_MIL_I =
=

While routing your design, you may wonder why the routing of a net has certain physical
characteristics, like why is it routed at the width displayed. You can use the Check -
Constraints command to generate a report of the constraint information.

To show the physical attributes, execute a single select on an element. The information
displayed will be in two sections:

e The top or Constraint Hierarchy section will include information about the element
picked, such as the x/y location, net name, and so on.

e The bottom or Resolved Physical Constraints section will display the Constraint
rules used for the selected item such as the Constraint set name, constraint set rules,
and the constraint values.
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Spacing Constraint Resolution

Check — Constraints (Second Select)

“XRHa&7
Constraint Hierarchy Constraint Hierarchy
* Description Flement ! Element 2
= X/Y location Description
- Net name Nt
NetGroup

Bus
DiffPair
XNet
Net
PinFair

NetClass-NetClass

Resolved Spacing

Region
Constraints — -
. Arr gap distance between élements = 8 00000 muls
® ConStralnt Set name Resolved Spacing Constraints
. Con Straint Set rules :‘_::::“d Source Name  Constraint Value

NetClass  |§_MIL_SPACE Line to SMD Pin Spacing |8 MIL

* Constraint values

While routing your design, you may wonder why the routing of a net has certain spacing
characteristics, like why is the air gap between the route and a pin a certain value. You
can use the Check - Constraints command to generate a report of the constraint
information.

To show the spacing attributes, drag a window around the two elements. The information
displayed will be in two sections:

e The top or Constraint Hierarchy section will include information about the elements
picked, such as the x/y locations, net names, and so on.

e The bottom or Resolved Spacing Constraints section will display the Constraint
rules used for the selected item such as the Constraint set name, constraint set rules,
and the constraint values.
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DRC Marker Display

DRC markers store the following information about a design rule violation:

To display a filled DRC marker, enable display_drcfill variable in the Display folder —
Visual subfolder of the User Preferences

DRC class, subclass, and location
Type of constraint set (physical or spacing) K L
Name of constraint set

Constraint type being violated (for example, Line fo Route keepout Spacing)

Data concerning first element in violation (type of element, location, refdes, if a
package/part, and so on)

Data concerning second element (if there is one) in violation (type of element, location,
refdes, if a package/part, and so on)

DRC markers have two characters, one in each side of the ‘bow-tie’, that identify the type
of constraints violation being marked. Each character is a key as to what type of violation
exists. In the example shown, the “L” represents a “Line.” The “K” represents a “Route
Keepout”. So therefore, in this case, this is a line to routing keepout violation. In other
words, a piece of etch exists in an area that has been identified as a routing keepout area.

To display the DRC filled, as shown in the example, enter on the PCB Editor command
line “set display_drcfill” or use the User Preferences Editor. The display_drcfill option
can be found under the Display folder — Visual subfolder.
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Lab

Lab 7-4: Working with Properties

Learn how to add, delete and modify property values using both the Edit Properties form
and the Constraint Manager.

e Attach properties to components and nets
e Show existing properties on design elements
e Delete properties

The following lab will let you familiarize yourself with the process required to work with
the design constraints and add, modify and delete properties. You will learn how to
modify the design constraints, attach properties to nets, components and areas, show
existing properties, and delete properties from database elements.
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Lab 7-4: Working with Properties

Obijective: Attach, display, and delete properties in a design.

Attaching Properties to Components

1.

7.

Start the PCB Editor and open the constraints.brd file in your working
directory if it is not already the open design.

. Choose Edit — Object Properties from the top menu.
. In the Find by Name section of the Find tab, click the scroll button to set the field

description box to Comp (or Pin).

. Click in the text entry field (>), and enter: J1

Find By Mame
|Cu:ump [or Pin) '| Hame -
b |J1| Mare...

When you press the Tab key, the Edit Property and Show Properties forms appear.
Notice that the J1 connector currently has no properties attached to it.

In the Edit Property form, select the Hard_Location and Fixed properties from the
scroll list.
These properties appear on the right.

Toggle the Property Values to TRUE if required.

B Edit Property - O X
Awailable Properties Delete FProperty Value
Component_weight N [ Hard Location Tue ~
Connector_Signal_Model [ Fixed Tie ~

Denze_Component
Ecset_tMapping_Tag
Emb_Indirect_\ia_Suppress
Embedded_Flacement
Fiz_all

Hard_Location
Include_In_Rf_Topology
lzifelernent
Mas_Power_Diss
Max_Paower_Dissipation
Mo_Pin_Escape

e Bk

< >

i | ]

| [l | Cancel Help Resst Apply Show -z

Taoignore property. toggle value field to blank.

Click Apply.
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In the Show Properties window, the properties HARD_LOCATION and FIXED are
added to component J1.

£ Show Properties — O s

w X S

Cocrponent: J1
FIXED
HARD LOCATION

Note G The FIXED property prevents the component from being moved. The
HARD_LOCATION property prevents the component reference designator from being
changed during the automatic rename process.

8. Click OK to close the Edit Property form and Show Properties window.

Attaching Fixed Properties to Symbols Using Icons

In the last lab, you added properties by using a form. An easier way to add the FIXED
property to an object is explained here. You will add a FIXED property to the two BNC
connectors and the board outline. This step can also be done while you’re defining the
template board design.

1. Select the Fix icon. }ib

In the Find Filter, select the “All off” button, then turn on only Symbols.

3. Click on the two BNC connectors on the right side of the board and the board
outline.

This adds a FIXED property to these three objects, so they won’t be inadvertently
moved while placing other components.

If you used the Edit — Object Properties on any of these three objects, you will see
that the FIXED property appears in both the Edit Property and Show Properties
forms.

N

Note g There is also an Unfix icon available to delete the FIXED property from
symbols. If you select the Right-Mouse-Button while in the command, you will see a
menu selection that will Unfix All. We will not be using this command on our design at
this time.
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Attaching Properties to Nets in the Properties Domain of the

Constraint Manager

In this section of the lab you will work with net properties in the Constraint Manager.

1. Choose Setup - Constraints from the top menu.
2. Click on the Properties domain in the Left Pane to open the Properties selections.

3. Select the General Properties workbook in the Net section of the Properties Domain.
4. Scroll down to the GND and GND_EARTH nets and add the value QV for their

Voltage properties.

5. Using the pulldown in the No_Rat property column, select Clear to remove the
No_Rat property from the GND net.

Worksheet Selector

g X

constraints l
& Electrical ~
- Object Voltas -
A Physical SEEE i Weight No Rat
e Spacing Type | S Name [
[y Same Net Spacing N N :
I Properties el pit
[I:':)) P Net D12
-0 Net Net D13
@ General Properties Net D14
EH_I Component Het 015
=-[B Component Properties Het FPGA
B General Net GAIN [
B Thermal Net £ o _ |8
B Swapping Net GHD_EARTH av on
& Reuse Net HS Off
. . Net MCLK
(- [E Pin Properties Net MRD
Net MVWR
Net NCS
Net NOOO3E_DATA_DAAMP
Net NOOO3E_DATA_DAAMPO
Net NOOO44_DATA_DAAMP v
=] DRC | 4 |» \General Properties / 1< >
ae NET

6. Scroll down to the V+12, VCC and V12N nets, add their VVoltage properties as shown
in the figure below and Clear the No_Rat Property from VCC.

Worksheet Selector

g X

March 2020

constraints l
& Electrical ~
- Object: Volta -
A Physical SEEE s Weight No Rat
e Spacing Type | § Name [
[y Same Net Spacing N o
r|—|:2) Properies Net TEST_NET_DATA_DAAMPO
Net V#12 12V
2 Net _ et vee 5V -
@ General Properties Net VCLKA on
=3 Component Net VCLKC Off
=] 2 Component Properties Het VDO
| L B General Net VD1
B Thermal Met Vb2
.. Swapping et TS
Net VD4
: E Reuse
- ) Net VD5
@ Pin Properties Net VD6
Net Vo7
Net VREF
Net V12N 12V
Net WAIT
Net WSTAT W
”) DRC | < |» \General Properties / < >
we NET
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Note g Ideally, the VOLTAGE properties would be added in the schematic.
However, if not already present, they may be added in the Properties Domain of the
Constraint Manager, or by using the Setup — Identify DC Nets command that will be
discussed later in this class.

Important

Another way to toggle the NO_RAT property ‘Off* for the DC Nets is to use Setup —
User Preferences, select the Logic Category, and toggle ‘On’ the dcnets_delete_norat
variable. This will automatically turn off the NO_RAT property when you assign the
Voltage property to the nets.

Saving the design

1. Choose File - Save from the top menu.
A message window appears prompting you to decide whether you want to overwrite
the existing constraints.brd file.

2. Click “Yes”.
The constraints.brd fileis saved to disk.

3. Choose File - Exit from the top menu to exit the PCB Editor software.

End of Lab
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Lesson 8: Component Placement

Learning Objectives

In this lesson, you will:

e Use floor planning to organize the placement of components with the ROOM

property
e Assign reference designators to preplaced parts

e Interactively place components using various commands

In this section, you will place components on your board. You will learn how to create
Rooms and assign components to rooms, how to assign reference designators to
preplaced symbols, and how to quickly place components. You will also learn the

interactive commands available when working with placement.

Design Layout Process

OrCAD Capture
schematic
design

Manufacturing
outputs

Check plots
Aperture files
Gerber data
MNC drill data
Silkscreens
Assembly
drawings
Fabrications
drawings
Reports
Altorename
Backannotation

Define board Load logic Set/check CBD
- | mechanical | = data rules and
stackup constraints
_ ¥
YOU ARE HERE [IZ=3N{E Gl e
l‘; components
Physical design / v
analysis
Define Power/
f GND planes
\
Generate Gloss/auto Interactive and
%= | manufacturing | = cleanup for automatic route -
output manufacturing signals

This design flow is used throughout the course. Each box in this flow represents a
common step in the design of a printed circuit board. As indicated in the flow, the
Arrange/place components feature will now be discussed.
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Placement Prerequisites

OO00O0O0OL]

package symbols C

OO0000O0O

- your — company - lib

symbols

T

env file set properly
(psmpath, padpath)

It is important to remember how the PCB Editor determines where the footprints and
padstacks are located on disk. The variables PSMPATH and PADPATH are used to
determine the locations on disk of the footprints and padstacks, respectively. These
variables are defined in the env file and can be set and modified using the User
Preferences Editor.

The prerequisites for manual placement are:

e Symbols - The package symbols and padstacks required for parts in the netlist must
exist. Again, the PSMPATH and the PADPATH point to the locations of the symbols
and padstacks.

e Netlist - You must load a schematic database into an PCB Editor design file.

e Alternate Package Symbols - If you plan to select alternative package symbols
during manual placement, the alternate symbol definitions must be contained in the
appropriate part definition files.

e Floorplanning - You can create a “block diagram” of the logical functions that need
to be arranged on the board by using Rooms. Specify this part property within the
schematic environment.

e Package Keepouts - If your template design file did not contain package keepouts,
add them before you begin placing components, by selecting Outline - Package
Keepout. This step is also optional.
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Placement Edit Application Mode

Manual Placement form also

Setup — APP"C&“O” Mode — available from Place —
Options | Find | visbiity - .Or ﬂ-}-
Options
mv ¢¢¢¢¢¢¢ 9 ] *
i Components by 1efes | © Matc y

) Prapety

Select to Mirror
part when placing = = o) = 10 “More

Place by 1efdes . "
Placing a refdes L, 4 options” to launch

[B= Components by refdes =~

<U
saaaflf
g

) Fogeemy

) Pt B

) Mt o
0 Z)'§ chemafic page rumber
) Place by nekds

CECECEOLEE OO EE RO OO P

. ; e Placement form to i Qv
prefix with a wildcard vz _ ‘:
Wk o wryn A MES change selection e
or “?” displays the pp* tvpes (-
- L ‘i
components with the o yp > .| @wwee om
identified prefix | e

The Placement application mode is a tuned, high performance environment designed to
increase efficiency during component placement sessions. Find filter settings are limited
to those elements typically involved in placement such as symbols, pins and rat tees.
This reduces unnecessary cycling of unwanted elements that do not contribute towards
placement activity.

In this mode, it is still possible to perform non-placement functions like add connect or
slide. However, context sensitive and auto executed commands are biased towards
component placement functions.

The list of unplaced components is listed in the Options tab window. This form is an
abbreviated version of the place manual user interface. You can toggle on the Mirror
option so that all parts placed are automatically mirrored to the opposite side of the board.
The Place by refdes field is used to enter in reference designators. Wildcard characters
of “*” and “?” are also accepted in this field.

The More options button launches the place manual form. You can use this form to
further refine the parts that are selected to be placed. Upon selecting the Close button in
this form, the parts populated in the Options window will be updated.
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Placement Grid

When placing parts use the Non-Etch | 8oerece T o x
section of the Define Grid form 00 Gids on
Laper Dffset f S pacing
You can access the Define Grid form | A
from numerous methods: ot x 00| v o0
+  Setup — Grids Heten Spociy x|
« Right-Mouse-Butfon — Quick Utilities — onet x| .
Grids ToP Spacing  x '_:250
Setup - Design Parameters - Display tab B —
- Setup Grids o N
¥ |l250
«_ Toolbar icon ofer  x oo | oy foo | 5
toggles Grid Help
ON or OFF

The grid used for placement is the Non-Etch grid. The origin of the package symbol
which is defined during symbol creation, snaps to the Non-Etch grid when placing parts
with your mouse. The origin of the placement grid is the origin of the design file.

You can access the Define Grid form from a variety of methods:

e Select Setup - Grids from the top menu
e Use the Right-Mouse-Button to select Quick Utilities — Grids from the pop-up menu
e Select Setup - Design Parameters - Display tab - Setup Grids from the top menu

You can toggle the grid ON or OFF using either:

e Grids On option in the Define Grids form
e Using the Grid Toggle toolbar icon.

Remember, you can use the “x” command with the coordinates to place a part in your
design that does not align with the grid, such as connectors; example x 2030 1562.
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Placement Strategy

Placement Strategy:

=

Create rooms for floorplanning

Assign reference designators to "preplaced" devices
Place 1/0 bound devices

Place critical logic functions

Evaluate and revise placement

Place bulk decoupling and bypass caps

Use reports to aid placement process

memory Create a block diagram
ecl to determine best
clock component placement
analog
| I —

Assign RefDes 'P1° to

LT TN <*=—"pre-placed symbol

Floorplanning - Create a “block diagram” of the logical functions using Rooms.
Assign reference designators to any pre-placed devices - Use the Place - Assign
RefDes command to correlate any pre-placed package symbols within the logic in the
database (such as J1, J2, etc.).

Place 10 bound devices - Place any parts that send or receive nets from backplane
connectors to minimize overall net length.

Place critical logic functions - Place clock circuits, memory arrays, buffers,
controllers, and address buses. (See Floorplanning on the next page.)

Place less critical circuits - Place data buses and random logic, interactively.
Evaluate and revise placement - Use ratsnest display, net highlighting, gate and pin
swapping, density evaluations, interactive net scheduling, autorouter, DFA, and
Signal Analysis tools to evaluate the component placement.

Place bulk decoupling caps - Perform this step last. If embedded split planes are
required for multiple voltages, place decoupling caps near associated ICs accordingly.

Note g Some database reports may be useful during the placement process (for
example, nets list, components list, bill of materials, and placed or unplaced components
list). Also, you can use Etch Length by Net Report to flag potential net length problems
prior to routing.
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Floorplanning with Rooms

Floorplanning Example
PR

J1

 EE R EEEEEREEEEEEEREREENEEREENNENYE RNRENN.]

|

Rooms are confinement areas that provide a useful method for grouping components.
You can force automatic placement to occur with specific components and cause them to
be placed within specific rooms.

You can attach a room property to components during schematic creation, netlist
creation, or at any time while in the PCB Editor design. Room boundaries are closed
polygons on the TOP_ROOM, BOTTOM_ROOM, or BOTH_ROOMS subclasses of the
BOARD GEOMETRY class.
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Creating a Room

: List of
Outline - Room ;
available
B Room Outline - X rooms
e = —— CHANI | cUse gesgn vaues ]
®) Creal () Move ) Delete -CHANZ Hard .
Foom Mame "LED S;frt LISt Of RODm
| MEM Inclusive .
o —_— Hard sraddie properties
Side of Board ROOM_TYPE Properties / Inclusive straddle
OTop Roorm: Hard v .
prar - “ List of
Design levet | <None> v » Hard .
©oh Inclusive Design Level
Create/Edit Oplions Hard straddle .
(® Draw Rectangle Inclusive straddle pl'O pe rtl es
() Place Rectangle \
“wWidth: [} | —
Height | = J b =
O Draw Palygon MM : ME M| -
MEM = o |
- -
- |
] | -
[ Options Find Visibility
Options.
. LED
: Active Class and Subeclass
| Bioaed Geomelry
H [ Both_Rooms

Use this Room Outline form to add rooms to your board for component placement.

Command Operations:

e Create - Allows you to create a new room.
e Edit - Edits an existing room.

e Move - Moves an existing room.

e Delete - Allows you to delete a room.

Room Name Area:

e Name - Provides the names of the rooms defined within the design in a drop-down
list. When Create is active the list will contain the names of the new rooms. When
active in Edit, Move or Delete modes, select from a drop-down list of available
rooms to perform the task on. The room name matches the property name given to
the symbols.

Side of Board:
e Top, Bottom, Both - Defines which side of the board the components assigned to a
room will be placed on
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Component Soft Hard Hard_straddle | Inclusive | Inclusive_straddle
Member in room | No DRC | No DRC | No DRC No DRC No DRC

Member No DRC | DRC No DRC DRC No DRC

straddling room

Member outside | No DRC | DRC DRC DRC DRC

of room

Non-member in No DRC | DRC DRC No DRC No DRC

room

Non-member No DRC | DRC DRC No DRC No DRC

straddles room

Room Properties - The package boundary of the part is used for checking purposes
Hard - DRCs are created when a part belonging to the room (member) is not placed
entirely within the room boundary or if a part not belonging to the room (non-

member) is placed within the room.

Soft - No DRC errors are ever created. Use this option as a guide for placement.
Inclusive - Like HARD, DRCs are created when a part belonging to the room
(member) is not placed entirely within the room boundary but allows other
components (non-member) to be placed in the room without a DRC.

Hard Straddle — Member parts may straddle, but not be outside the room boundary.

DRCs are also created if a non-member part is placed within the room boundary.

Inclusive Straddle - Any components, members and non-members, may be placed in

or straddle the room boundary.
Design Level - Controls behavior for all rooms in the design without an assigning a

ROOM_TYPE property to each room. 1f no ROOM_TYPE assigned SOFT behavior

is used.

Note g With the exception of the Soft property, all ROOM_TYPE properties will
create a DRC when a part belonging to the room (member) is entirely outside the
boundary of the room.

Create/Edit options:
Draw Rectangle - Allows you to create and size a rectangular room

Place Rectangle - Allows you to define and place a rectangular room per your
specified dimensions
Draw Polygon - Allows you to create a polygonal room

While in Edit mode:
Available room area used - Shows the percentage of the area that the components

March

will require

Autosize - Automatically resizes the selected room to the percent specified
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Assign RefDes Command

Place - Assign RefDes

Options | Find visibiity |
| Opfions

P %

LR B A R

it

Associates a preplaced footprint with a logical
part in the board database

Placeholder prefix does not have to match the
prefix of the assigned reference designator

Refdes:

R—
Refdes ncrament: 1

Use the Place > Assign RefDes command to map any package symbols to reference
designators in the database. These are package symbols you previously placed manually
with the Place - Manually command, such as the three connectors you placed in your
template.brd.

Enter the reference designator you want to assign in the Refdes field of the Options tab or
select the “browser” button to bring up a list of all the reference designators that still
require placement and select a part from the list. Select the corresponding package
symbol you wish to assign to the reference designator. When you select the part, you
must select on some piece of graphics associated with the package symbol, such as one of
the pins, a part outline, etc.

When you select on a part, the system will first determine which package symbol is
defined in the schematic for the reference designator identified in the Options tab. It will
then check to make sure the package symbol you selected in the design matches the
package symbol specified in the schematic. If the two symbols are identical, the
graphical reference designators will be updated, and the pins will be assigned to the
appropriate nets. If the symbols do not match, an error will be reported in the command
window and the reference designator will not be assigned.

After successful assignment of a reference designator, the reference designator in the
Options tab is automatically incremented. For example, after you assign reference
designator ‘J1°, the field in the Options tab will increment to ‘J2°, and so on, unless
otherwise specified in the Options tab.

March 2020 EMA Design Automation, Inc. ® © 2020 All rights reserved

239




PCB Editor Essentials Training
Labs

Lab 8-1: Floorplanning

e Organize areas of the board to place parts with the ROOM property
e Add rooms

Lab 8-2: Assigning Preplaced Packages

e Associate preplaced footprints with logical parts from the netlisted database
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Lab 8-1: Floorplanning

Objective: Create a floorplan by adding two rooms for component placement.

Each design has unique placement requirements. For this reason, floorplanning is
performed after the logic has been loaded into the template design file.

Opening Placement Board File

1. Start the PCB Editor if it is not already running.

2. Choose File - Open to open the placement .brd file located in the
PCB_Designer/solutions folder.

3. Select File — Save As from the top menu and save the placement .brd inthe
PCB_Designer/project2 — allegro directory.

4. Use the Display - Zoom - Fit command to fit the board to your work area.

Adding Rooms

The placement.brd already has two rectangular rooms defined for placement on Both
sides of the board. In the following exercise, you will add two more rectangular rooms,
one for Top side and the other for Both sides. You will also assign them each a name that
was read into the database from the schematic. Each set of coordinates you enter become
the diagonal corner of a rectangle.

1. Choose Outline - Room from the top menu.
The Room Outline form displays.

]
2. Fill out the form as you see in the figure to F——
the I‘Ight (®) Create (O Edit O Move (O Delete
Roam Name
G M ame: ||-ED Vl
Note Do NOT click OK in this form
til you have completed creating all of your sie o Board ODHTYFE Propertes
A y p g . y ® Tap Roam: Hard "
rooms. The OK button closes out this ) Bottam
Command. O Both Design level | <Mones w
Create/Edit Dptions
3. Atthe PCB Editor command line, enter the O i s
followi ng . (O Place Rectanale
) width:
x 1400 2200 e ——
eight:
x 3900 1500 O Draw Polgaon
Apply Cancel Help
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Note g This creates an LED room where the components that have the ROOM =
LED property will be placed. When ROOM_TYPE = HARD is set and these parts are
placed outside of or straddle the boundary of the assigned room, a DRC flag will be
shown until the problem is resolved.

4. Use the pulldown in the Room Name and select the MEM room:
5. Set the Side of Board to Both and enter:
x 1900 4225

x 3900 2200

Four rectangles appear on the board with the labels attached to them.

6. Click OK to get out of the form.
You have just completed the floorplanning step of this design. Components that have
an attached Room property equal to these name values will be placed in the rooms
they belong in.

I
s
ED
o
s CHAN |
Tsl i
— CHAND

7. In the PCB Editor, select File - Save As. A Save As file browser form appears.
Rename this drawing: floorplan.brd
Make sure to save it in the PCB_Designer\project2\allegro folder.
9. Click Save to save the f1oorplan.brd file.
The floorplan.brd fileis saved to disk.

©

End of Lab

March 2020 EMA Design Automation, Inc. ® © 2020 All rights reserved 242




PCB Editor Essentials Training Version 17.4

Lab 8-2: Assigning Preplaced Packages

Objective: Associate preplaced connectors to the logical database.

The mechanical template used to create this design file (template.brd) contained
preplaced package symbols. In order for a preplaced part to have connectivity, it must be
associated with a reference designator that exists in the design database.

1. From the top menu, choose Place - Assign RefDes.
2. Open the Options tab and click in the Refdes field and enter: J1
3. Click on the edge connector symbol on the left side of the design.
The reference designator, previously J* has changed to J1.
Notice that the Refdes field has incremented from J1 to J2.

4. Click on the upper BNC connector at the right side of the board.
The reference designator, previously J* has changed to J2.

5. Click on the lower BNC connector at the right side of the board.
The reference designator, previously J* has changed to J3.
Both BNC connectors now have reference designators assigned and the ratsnest for
the GND_EARTH net is displayed, as shown in the figure to the
right:

You will notice that the ratsnest for GND_EARTH is not a point-
to-point ratsnest, but rather a box with an X inside of it. This is
caused by the addition of the VOLTAGE property. All nets with a
VOLTAGE property assigned will display in this way.

6. Right-click and choose “Done” from the pop-up menu. ]

7. Choose File - Save from the top menu.
A window appears and warns you that the f1oorplan.brd
file already exists and asks you if you want to overwrite the file.

8. Click “Yes” to confirm the file overwrite.
The file floorplan.brd iswritten to disk.

End of Lab
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Placement-Related Properties

The following placement related properties control placement and swapability. They are

Version 17.4

typically placed on components in the schematic but may be placed at the board level.

e ROOM - Indicates that the component is to be located in a particular area, identified

by the room name.

e NO_SWAP_GATE - Indicates that the functions, or gates within a component may

not be swapped.

e NO_SWAP_GATE_EXT - Indicates that the functions, or gates may not be

swapped with a function, or gate from another component. May only swap between

functions or gates within the same component.

e NO_SWAP_PIN - Indicates that pins on a component may not be swapped.

e FIX_ALL - Declares that components having this property will not be eligible for

any pin or function swapping.

e FIXED - Component is locked down and may not be moved or deleted.

Placement Commands

Opens Placement of Components by refdes ——»|

Opens Placement of Mechanical symbols ——
Opens Placement to Format symbols ———»|

Automatic placement —

Assign Refdes utility ——

Symbol Library utilities ——|

Place Route Shape Check

Components Manually...
Quickplace

Mechanical Symbols...
Drawing Symbols...
Autoplace

Interactive
ESP...

Swap

Autoswap
Assign RefDes

Update Symbols...

The PCB Editor’s placement commands include the following and will be discussed in

this or the next segment of the class:

e Components Manually - Opens the Placement form directly to the place
Components by refdes with a list the reference designators that still need placing.
e Quickplace — Automatic, but unintelligent placement program which will

automatically place parts outside the board outline, or inside their designated rooms.

The parts may then be placed interactively in their final location.
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e Mechanical Symbols - Opens the Placement form directly to the Mechanical

symbols with a list of the mechanical symbols in the library.

e Drawing Symbols - Opens the Placement form directly to the Format symbols with
a list of drawing format symbols in the library.
e Swap — Allows for the interactive swapping of pins, gates or components.
e Assign RefDes — Allows the assignment of a reference designator from the schematic
to a pre-placed footprint in the board design.

Manual Placement - Placement List Tab

Place — Components Manua

Check this box —
to enable the
component to
be selected
and placed

E Placement

<

Close.

Companents by refdes

& Riz
& R13
& R14
& RIS
& RIE
& R17
¢ Rig
¢ n
¢[3
& U3
& U4
§ Us
& Us
& ur
& ua
& U3
& o
& un
& 2z
& 2
& U4
& s
& ine

Flacement List  Advanced 5 ettings

~

W
>

Hide

(w] X

Selection fllers
-

(®) Match:

() Property

Value
() Roam
(I Part
(2 Net

() Schemalic page numbes
() Place by refdes

Quickview

(®) Graphics O Test

Cancel Help

lly ..or i

Right mouse

button

pop-up menu

Done
Oops
Cancel
Mext

Alt Symbol
Place on Layer

Move
Mirror
Mirror Geometry

Rotate

Show

Snap pick to

F6

F8

Esc
Ctrl+F2

»

]

The Place — Components manually command lets you specify a component or group of
components to be placed. When you click on the box to the left of the reference
designator the PCB Editor attaches that component to your cursor. Click in the graphics
window to place the part on the board.

The following selection options are available in the Placement List tab.

e Components by RefDes - Lets you specify one or more reference designators

e Components by net group — Displays all of the components associated with a net

e Package Symbols - Lets you place package symbols in the design WITHOUT
containing any logical information

e Mechanical Symbols - Lets you place mechanical symbols such as a board outline or
non-logical mounting hole in the design

e Format Symbols - Lets you place format symbols such as drawing formats and
assembly or fabrication notes in the design
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The Selection Filters section lets you further refine the elements that are available for
selection. The following filters are available:

e Match - Lets you select the elements that match the name you enter. You may use
the wildcard character of “*” to select a group of components, such as “U*

e Property - Lets you select the elements that match a certain property name attached
to components and can be further refined by matching the property value

e Room - Lets you place components that are to be placed in a certain room, or all
components that are to be placed in any room

e Part# - Lets you place components with a given part number. The wild card
character “*”” may be used

e Net - Lets you place all components that are associated with a net. The wild card
character “*”” may be used

e Net group - Lets you place all components that are associated with a net group

e Schematic page number - Allows you to place all the parts from a particular
schematic page

e Place by refdes - Changes the Quickview section of the form so that you may select
components by class (IC, 10, Discrete, or Mechanical), by the Place tag property, or
by device type. You can also search for parts based on minimum and/or maximum
number of pins (see figures below).

Iﬁ Placement — O X E Placement — O X
Placement List  Advanced Settings Placemert List  Advanced 5 eftings
g p——— Selection fiters c - Selection filters
ompanents by refdes ~ amponents by refdes ~
(O Match: (O Match:
= 1= Components by refc & = 1= Companents by refc a
oo O Popeny oo O Propaty
----- [O% C3 Walue -] & C3 Value
..... [ C4 ¢ C4
Floom: :
..... 0% 5 O Room O 05 O Room:
..... [ C& O Part #: B -[1& CB O Part #: ’7
..... % C7 & C7
Met: * 0 ’7,‘
..... & C8 o - [] § C8 I0:
..... [ C3 Met group: - [14 C3 Met group: ’7
..... ¢ Cio . [ & C10 .
Schematic page number
_____ O Ci @] pag O ¢ o () Schematic: page number
..... ¢ Ci2 (® Place hy refdes & C12 (®) Flace by refdes
----- & 0z — [ 13
..... & C14 ﬁefdes selectian filters -.0J z 14 ﬁefdes selection filkers
----- ¢ C15 Type filters: - [] & C15 Type filters:
----- % Ci8 --[] & C18
ANY ~
----- & o7 ¢ C17
----- % Ci8 ) [ Ci8
..... & C139 Murnber of pins: [ ¢ C19
""" Le ca Min: [ Max: 100000 [ ¢ C20 100000
3 3 : |[100000
..... [ c2 Y - - O ¢ 2t I Mar: -
..... M é P k W ] A
< > < >
Close Hide Cancel Help Cloze Hide Cancel Help

While a part is attached to the cursor, click right to access options for rotating the part or
mirroring the part to the opposite side of the board.
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Manual Placement - Advanced Settings Tab

Enable Library to B Plocement - o X
select a symbol from Placemera Lt Advarced Setings

the |ibrary' List constuction
. Dizplay definitions from:
When disabled, only iDatabase
] Library

symbols in board T, iiv hid
database may be emporarily hides
Symbols and Module Diefinilions the form durlng

selected. o
Aol 8 Enstled Paice g—- placement of the

tmi:b: selected part.
Disable option makes |2 Redisplays after
the next symbol in et the selected part
your placement list has been placed.
available without
choosing NEXT for
pop-up menu e e el Heb

By default, the Placement List tab will be displayed at all times. The parameter settings
for this command are located in the Advanced Settings tab.

List Construction
e Display definitions form - Lets you choose from where symbol and module
definitions are displayed; the Database of the current design, the Library, or both.

Symbols and Module Definitions
e AutoNext
e Enabled (Default) - Puts the next symbol in your placement list on your
cursor without the need to choose ‘Next” from the Right-Mouse-Button popup
e Disable - Requires you to choose ‘Next’ from the Right-Mouse-Button popup
to put the next symbol on your cursor for placement

The behavior of AutoNext differs somewhat when placing non-component symbols
or module definitions. For these elements, only one copy of the element is placed
when AutoNext is enabled.

e AutoHide — Automatically hides the Placement dialog box once a part is on your
cursor and re-displays it once the part has been placed. To manually redisplay the
Placement dialog box, right-click and choose Show.
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Modules net exception list - Lets you create or use an existing exception list for
renaming nets when you are about to place a module instance previously created in your
design. When a module is added to a design, all components and nets in the module are
given unique names so that they do not conflict with any other design objects already
present.

e File - In most designs, you want to make an exception to this general rule in the case
of power and ground nets, which you would normally want to merge with the design.
The nets you want to merge with the existing board can be added to a module net
exception list, an ASCII file containing net names that are not changed when a
module is added to the design. You specify this file in this field. You can either enter
the list file name or use the Browse button to locate the file.

e Create - Creates list files and brings up the Select Nets dialog box from which you
can create an exception list. You can also create list files typing them in with an
external text editor or by using the define list command.

Buttons

e Close - Saves any changes made during the session and closes the dialog box.

e Hide - Causes the Placement dialog box to disappear. To re-display the Placement
dialog box, choose Show from the pop-up menu.

e Cancel — Will undo any changes made during the session and close the form.
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Changing the Default Orientation

Setup — Design Parameters - Design Tab

Placement angle

Syrbol l

Angle: [“IMirer = Qrijentation for
0

Datauh s 43 5000 back of board
135
180
225
270
NS

The angle and mirror options eliminate the need to use
the Right-Mouse-Button during placement of groups
requiring rotation or mirroring to place on the back side

When you place parts manually, they are by default placed as created in the library. If
you have several parts that require placing at a different angle, rather than using the
Right-Mouse-Button and selecting Rotate from the popup, you can change the default
rotation angle. To set this behavior, use Setup - Design Parameters, select the Design
folder tab and change the Angle field to the desired rotation. You can change the rotation
to any of those available in the pull-down, or you can type in any value you need.

By default, all parts are placed on the top side of the board. However, if you have a
series of parts that you want to place on the bottom or back side of the design, such as
standard surface-mount decoupling capacitors, you can change the default to Mirror. To
place each part on the bottom side of the board, WITHOUT manually using the Right-
Mouse-Button and selecting “Mirror” from the popup, set the Mirror toggle in the
Design folder tab under Setup - Design Parameters. After you set this toggle, all parts
that are manually placed will be placed on the bottom side of the board.
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Lab

Lab 8-3: Manual Placement

Place parts by reference designator
Use the Move and Rotate commands
Coloring the GND and POWER Nets
Change Default Orientation

Move groups of parts

Version 17.4

The following lab will allow you to familiarize yourself with some of the commands
required to manually place parts on the board. You will learn how to rotate parts, mirror

parts, move parts and other manual placement options.
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Lab 8-3: Manual Placement

Objective: Select, place, and move components interactively.

Placing Parts by Reference Designator

1. Start the PCB Editor if it is not already running.
2. Choose File - Open to open the f1oorplan.brd file that we were working with
in the last lab.
If you did not finish the last labs, you will find a copy of the f1corplan.brd
located in the PCB_Designer/solutions folder.
From the top menu, choose Setup - Application Mode - Placement Edit.
4. Open the Options tab and in the Place by refdes list scroll through the list and enable
the check box to the left of U5.
The PCB Editor’s command area states:

Placing U5 / EPF8282A BGA / BGA 84.

w

Options Find Wisibility
Options

active Clazs and Subclazs

| Package Geometiy -

Il . Azzembly_Top -

irrar Maore options...
Flace by refdes:

5. Move your cursor into the main PCB Editor graphics window.
U5 is attached to your cursor. Next, practice rotating U5.

Note G By default, parts will be attached to your cursor in 0-degree rotation. This
is the orientation of the part when it was created.

6. Right-click and choose Rotate from the pop-up menu.
A “handlebar” extends between the part and your cursor.
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7. Use the handlebar to spin the component.
Notice that the angle of rotation appears in the status bar at the bottom of your
window (to the right of the P and A buttons).

8. Spin U5 to 180 degrees.
Notice the angle reading in the Status area of your screen.

9. Go ahead and set U5 at a 0-degree rotation, click left to accept the current orientation.
You are no longer in rotate mode, but you are still in move mode. U5 is still attached
to your cursor.

10. Click to place U5 in the design at the location shown in the figure below.

_|e]

D e x|

M+ M

11. Right-click and choose “Done” from the pop-up menu.

Coloring the GND and POWER Nets

As mentioned in the last lab, the ratsnest for any nets with the VOLTAGE property,
generally Power and Ground nets, do not show a point-to-point ratsnest. This is done as a
visual aid, assuming that these nets will most likely be routed to their respective internal
planes. It is helpful however, to have these nets set in different colors so you will know
where to place the discrete components that are often assigned those nets.
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N

o

®

Select Setup - Colors in the top menu or select the Color192 icon.

In the Color Dialog form select the Nets

Click on the Mustard colored chip (or another color you have not used previously in

your color setup) in the Available colors
Scroll down to AGND

tab.

area.

Select the Net column chip for the AGND net as shown below.

Version 17.4

E Color Dialog

Layers MNets Display Favorites Visibility Pane

[ Hide custom colors (@) Sortascending () Sortdescending [ ] Excude default nets  Filter nets: l:l

Clear All Nets

Met group
Bus

Diff pair
XNet [Net] A21
Net [Net] A22
[Net] A23
[Met] Aen
[Met] Agnd
[Met] Ball

Met Pins Vias  Clines Shapes Rats

Od OO0 oo Ood od oo

L Il e Il

&
[T
[T
[T
[T
[T
1

~

Select a Green chip (a shade of green you have not used pEviaJsly in your color

setup) in the Available colors area.
Scroll down the list of nets to find GND.

Select in the Net column on the chip for the net GND as you did for the AGND net.
Now, select a Brown chip and set the color for the net GND_EARTH as you did for

the AGND and GND nets (See figure below).

Layers Mets Display Favarites Visibility Pane

4 [ Hide custom colors (@) Sort ascending () Sort descending  [] Exclude default nets  Filter nets: I:|

Clear All Nets

Net group
Bus

Diff pair
KNet [Net] Dhen

Net [Net] Fpga
[Net] Gain
[Net] Gnd

[Net] Gnd_Earth

[Net] Hs

MNet Pins Wias  Clines Shapes Rats

00 Od 0o dd oo od

~

10. Finally, using what you learned in steps 3 through 8, color the VCC Purple, V+12

11. Select OK to close the Color Dialog form.
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Magenta and VV12n Blue as you see in th

e figure below.

Q Color Dialog

Layers Mets Display Favorites Visibility Pane

- [ Hide custom colors @) Sort ascending (O) Sort descending [] Excude default nets  Filter nets: I:|

Clear All Nets

Met group
Bus

Diff pair
ANet

MNet [Met] Test_Met Data_Daamp

[Netl v+12
[Net] ¥12n
[MNet] Ve

[Net] Velka

[Net] Test_Net_Data_Daamp0

Net Pins Vias  Clines Shapes Rats

00 OO0 00 oo od oo

35 e 5 ] L
ke O el el O] 01 R

-

This will color all the pins, vias, clines, and shapes that are part of those nets, the

selected colors.
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Changing the Default Orientation

Rather than using the “Rotate” command from the pop-up menu each time you place an
individual component, you can override the default orientation using the Design
Parameter Editor form.

=

Choose Setup - Design Parameters in the top menu.
Click the Design tab to bring it forward.
3. Set the Angle field to 180, as shown:

N

Symbol

Angle:  180.00 - Mirror

4. Click OK to exit from the Design Parameter Editor form.
Now the default orientation is 180 degrees (instead of zero).

5. From the Place by refdes list in the Options tab, scroll through the list and enable the
check box to the left of U1.

6. Move your cursor into the PCB Editor’ design window.
U1 attaches to your cursor in a 180-degree rotation. The dynamic ratsnest lines appear
between the component on your cursor and any currently placed components.

7. Click to place the U1 component on the board at the location indicated in the next

figure.
Place U7 here > u us

Place U4 here

Place U3 here T

Place U2 here >

Place U1 here >

v

i)

8. Place components U2, U3, U4 and U7 using the method you just tried. Refer to the
above figure for where to place the components and in what rotation. Do NOT align
them in a column or equally space them. We will use the alignment command to
align and equally space them later.
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Moving Groups of Parts

1. Choose Edit — Move from the top menu.

2. Inthe Find Filter, toggle the All Off button and then enable just Symbols.

3. Click and hold the Left-Mouse-Button as you drag the mouse to stretch a frame
around the desired group of components you want to move.

Note 5 The graphics of these parts do not need to be entirely within the window to
be selected. Do not include any part of the board outline in your selection window. The
board outline, keepins, and keepouts were created as one board symbol, so this symbol
should NOT be moved.

If you make a mistake creating the selection window, right-click and choose Oops from
the popup menu. Then use the Left-Mouse-Button to stretch a frame around the desired
components.

4. When the parts you want to move are highlighted, click left (but do not drag) to
define an origin, or reference point, for the group to move. The group is now
attached to your cursor.

Move the group around and click on a new grid location to place the group.
Right-click and choose “Done” from the pop-up menu.

7. Selecting File — Save As from the top menu, save the board as partplaced.brd.

End of Lab

oo
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Quickplace Command

Placement fiter

O Place by propertyfraie
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() Place by part number
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Place by schemalic page number
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Type:

Place - Quickplace

Version 17.4
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The Quickplace command is an unintelligent placement too that will place unplaced
parts outside the board outline, or for those parts assigned a room property, they will be
placed inside the assigned room. The command will not place any parts outside the
drawing extents. Parts that are already placed in the design will not be affected by the

Quickplace command.
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Placement Filter

e Place by property/value - Places components by their component property and value

e Place by room - Places components into a single room or all rooms simultaneously.

e Place by part number - Places components in groups by part number around the
board outline (i.e. EMA-00006556V22, AX88178LF)

e Place by net name - Places components that have a common net name between
them. Useful for boards that have multiple voltages and will need to set up placement
for a resulting split plane

e Place by net group name - Places components that have a common net group name
between them.

e Place by schematic page number - You can place components by page. The Browse
button displays the schematic hierarchical blocks or individual pages or sheets that
still have unplaced components

e Place all components - This option will attempt to place all currently unplaced parts
in the next execution of the command.

e Place by refdes — This section is used to refine the parts for placement. You can
specify components by Class property; IC, 10 or Discrete, or any combination of the
three. Remember, these three classifications of parts are controlled by the library
definition in OrCAD Capture or by the device files from third-party netlists.

Placement Position

e By user pick - Allows you to place anywhere on the drawing. Use in combination
with Edge and Board Side.

e Edge section - Controls whether parts are placed outside the left, right, top or bottom
edge of the board outline. The option can be changed at any time and the command
rerun multiple times to achieve almost any desired placement pattern.

e Board Side - Controls whether parts are placed on the top or bottom side of the
design. The option can be changed at any time and the command rerun multiple times
to achieve almost any desired placement pattern.

e Symbols placed field - Displays the number of components placed, as well as the
number of unplaced components.

e Undo last place button - Removes only the most recent parts placed, as specified by
the Filters settings. The Unplace button will repeatedly remove parts placed for as
many times as a place option was run during the current session.

e Unplaced symbol count field - Displays the current number of unplaced parts.
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Aligning Components

» Must be in Placement Edit application mode
» Parts must exist on the same subclass/side
* More than one component must be selected
« Components must not be FIXED
- Steps required to align components

+ Select all components to be aligned

+ Hover over reference component

* RMB - Align Components

+ Set the alignment options

Before After
Alignment Alignment

[ JR9  [IIR9
[LJR13 [CJR13
[CJR8 [LIR8
[CJR12 [IR12

R9 is reference component

Version 17.4

| Options | Find | Visiilty |

Options

Alignment Direction
Honzontal

0 Vertical

Alignment Edge
Left
@ Center

Right

Spacing
uli;

Use DFA constraints

@ Equal spacing 260,00  mils
- + | 10,00 mils

The Align Components command is available in the Placement edit application mode
from the Right-Mouse-Button popup. To use the alignment command, the components
must be on the same subclass, or side of the board, you must select more than one

component and components must NOT be FIXED.

Steps required to align components:

e Must be in the Placement Edit application mode
Select all components to be aligned

Hover your mouse over the reference component

Alignment Direction - Horizontal or Vertical

Use the Right-Mouse-Button pop-up menu option Align Components
Set the alignment direction, alignment edge, and spacing in the Options tab

Alignment Edge — Sets the edge of the component to align by (right, left, or center).

Spacing

e Off - Aligns the components at their current spacing.

e Use DFA Constraints - compresses components in the selection set to the minimum
DFA spacing distance (NOT available in the PCB Editor).

e Equal Spacing - Uses an algorithm to compute distances between the first and last
component in the selection set then divides by the number of components resulting in
an equalized spacing gap between each component. Use the increment/decrement

controls to adjust component spacing real time.
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Deleting/Unplacing Components

I Pre-select Mode
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There are two different methods to delete a component from a design. Note that when
you delete a component, you only unplace the component. Deleting a component does
not remove it from the logic or from the Bill of Material.

One method to delete a component is to use the standard Edit - Delete command. You
can delete individual parts from the board or delete a group of components by dragging
the mouse and forming a rectangle around a series of parts. When using this method, the
selected component(s) will highlight but will not be removed until you verify whether
you want to delete additional components or are finished with the command. Also
remember that parts that have the FIXED property will not be deleted.

Note g Make sure to check your Find Filter when attempting to delete parts from
your design. If Symbols is not checked, you will not be able to delete the parts desired.

A second method to delete a component is to use the Pre-selection mode. Hover your
mouse over the part you want to delete and tab through until the Symbol is selected. You
can then use the Right-Mouse-Button pop-up menu and select the Unplace component
command to delete the part. Note that when you first move your cursor over the part, if
the Symbol is not selected, you can use the Right-Mouse-Button pop-up menu, then use
the Symbol option, and then select Unplace component.
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Lab

Lab 8-4: Using the Quickplace Command

e Use the Quickplace command to place parts in rooms
e Automatically align the previously placed ICs U1, U3 and U4

The following lab will allow you to:

Familiarize yourself with the Quickplace command. You will also use the placement
skills you have already learned to place the design.
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Lab 8-4: Using the Quickplace Command

Obijective: Use the Quickplace command to place all the components onto a
partially placed board.

The Quickplace command can be used to place parts on the board and into their assigned
rooms.

1. Be sure you are working on the board file partplaced.brd.
It is the board we saved in the previous lab. If you did not finish the last lab, you can
find a partplaced.brd in the solutions folder.

2. Select Display - Zoom - Fit from the top menu such that all of the rooms on the board
are visible.
3. If the grids are displayed, turn them off by clicking the Grid Toggle icon.

Quickplacing Components into their Assigned Rooms

First you will quickplace the parts with room assignments into their respective rooms.
Then you can start moving parts in the selected rooms to create your final placement.

1. Choose Place - Quickplace from the top menu.

2. In the Quickplace form, select the Place by room placement filter and set the room to
MEM.
This will flag each component with the MEM Room property and place it in its
appropriate room. By default, the Board Side Top was selected as the side of the
board that would be placed. So, even if the room was defined as BOTH, Quickplace
only places one side of the board at a time.

3. Click the Place button at the bottom of the form.
This will place all the parts with the MEM Room assignment.

4. In the Place by room placement filter, set the room to LED.
This will flag each component with the LED Room property and place it in its
appropriate room.

5. Click the Place button.
This will place all the parts with the LED Room assignment.

6. In the Place by room placement filter, set the room to CHAN1.
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10.
11.
12.

13.
14.

This will flag each component with the CHAN1 Room property and place it in its
appropriate room.

Click the Place button.
This will place all the parts with the CHAN1 Room assignment.

In the Place by room placement filter, set the room to CHAN2.
This will flag each component with the CHAN2 Room property and place it in its
appropriate room.

Click the Place button.
This will place all the parts with the CHAN2 Room assignment.

Change the Placement Filter from Place by room to Place all components.

If the Edge option is not currently set to Right, set it to Right now.

Click Place.

This will place all of the remaining parts along the bottom outer edge of the board.

Click OK to close the Quickplace form.
You can use the Mirror, Move, Group Move, and Rotate commands to rearrange
the locations and orientation of the parts as needed.

Note 5 If you had a problem with the Quickplace command and could not
quickplace your components, there is a quickplaced.brd file in the solutions folder
that you may use for the rest of this lab.

15.

16.

Place the parts in the CHAN1 (and if you have time CHANZ2) room in a more logical
manner. We have given you a suggested placement below.

e1q) S| 2
u u1g v
- A [0 U20y)
o A [B1e ]

Save the board as partplacedroom.brd.
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Align Components

1. If you are not still in the Placement Edit application mode, then reactivate it.
2. Zoom around the U1, U3 and U4 ICs on the left side of the board as shown below.

( IXEZ RN EER RS RN R RN E N X X J
I IR ERE SRR RFRENS N RN Y N B J J

Window select the 3 ICs to the right of the connector (U1, U3, and U4).

Hover over U1 and from the Right-Mouse popup select Align Components.

In the Options tab, set the Spacing option to Equal Spacing.

U3 and U4 should now be aligned with U1 and the Equal Spacing option set the IC’s
calculated equal distance spacing between U1 and U4.

ok w

6. Choose File - Save As for the top menu.
. Rename this drawing by entering the following in the File Name field: placed
8. Click Save to save the placed.brd filetodisk.

End of Lab

~
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Lesson 9: Additional Placement
Features

Learning Objectives

In this lesson, you will:

Turn ratsnests on and off selectively

Update symbols and padstacks that have been changed

Modify padstacks within a board design

Create and copy fanouts

Create a library from a board design

Perform cross placement between the schematic capture environment and the PCB
Editor environment

In this section, you will learn some placement techniques that can be used to aid you in
the placement and ultimately the routing of your design. These techniques include
controlling the display of ratsnests, selecting alternate footprints for parts, modifying a
padstack in a design and cross probing between the OrCAD Capture Schematic and the
PCB Editor board file. You will also learn how to assure that your schematic and board
file are in sync. Additionally, you will learn the steps required when a physical library
part or padstack has been modified in the library and the board must be updated with
these changes.
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Ratsnest Display
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Ratsnests are lines displayed between the pins of an unrouted net. They show a
relationship between pins having the same net name. They can be very useful placement
aids. Displaying ratsnests can help identify congested areas. Ratsnests can also help
evaluate the ‘flow’ within and between functional blocks of logic.

To display ratsnests, select Display from the top menu. The following sub-menus are

available:

e Show Rats

All - Displays ratsnest lines for all nets, except those having a NO_RAT
property attached.

Components - Displays all ratsnest lines associated with a particular part.
Select the parts with your LMB or use the Find by Name section of the Find
Filter to enter a reference designator or a file of reference designators.

Net - Displays all ratsnest lines on a net(s) you select. Select pins with your
Left-Mouse-Button or use the Find by Name section of the Find Filter to enter
a net name or a file of net names.

Of Selection - Displays all ratsnest lines on the net(s) you preselected.

End in View Only - Reduces the density of the ratsnest display. This
command filters out the rats from the display that are either pass-through or
those not terminating at a pin in the view (use with All).

¢ Blank Rats

March 2020

All - Blanks all ratsnest lines currently displayed.
Components — Turns off ratsnest lines for a specified part(s).
Net — Turns off ratsnest lines for a specified net(s).

Of Selection — Turns off preselected ratsnest lines.
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Selecting Alternate Packages

JEDEC_TYPE = S0IC24_0OB
ALT_SYMBOLS = (TOP: SOIC24; BOTTOM: SOIC24_PE
ALT_SYMBOLS_HARD = TRUE

~—

Alternate 2
Primary pene Fe Alternate 1 (solder side)

o0 5 5

Cancel Fa

:

ittt
UUULL

Mext Chrl+F2

—p Al Symbol 301C24

Move

If the property ALT_SYMBOLS HARD is set for a part AND the JEDEC_TYPE specified
also appears in ALT_SYMBOLS property then the JEDEC_TYPE footprint will only be
available for placement on the side specified in the ALT_SYMBOLS property

It is important to remember that you will only be able to use alternate symbols when they
are defined by your schematic capture tool. You cannot add the ALT_SYMBOLS
property inside the PCB Editor. If this property is not defined as part of the schematic
symbol or in the device file, you will not be able to use alternate symbols when placing
your parts. A good candidate that works well for Alternate symbols is when you have
larger sized pad capacitors to be placed on the solder size of the board for solder reflow.

When you place a part, the primary package symbol is attached to your cursor by default.
This primary package symbol is contained in the part definition file (ostchip.dat for
OrCAD Capture or a device file for Third Party).

To select an alternate package symbol for the part being placed, click the Right-Mouse-
Button and select to the Alt Symbol option. All available alternate symbols will be
displayed in a separate pop-up menu for the side of the board currently active. (If no
alternate symbol statement exists in the part definition file, the Alt Symbol option will
appear “greyed out” in the right mouse pop-up menu.)

You can specify alternate packages for the top and bottom of the board (see example).
When placing a part on the top side, the Alt Symbol option displays the package symbols
listed for the top. When alternate symbols are defined for the bottom side, the Mirror
command also changes the package symbol popup accordingly (or the current package is
mirrored). Setting the Mirror switch in the Design Parameters form also allows access
to any alternate symbols for bottom side placement.
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By default, the footprint specified in the JEDEC_TYPE property is available for both the
Top side and Bottom side when using Alternate Symbols. If the property

ALT _SYMBOLS HARD is set for the part AND the JEDEC_TYPE specified also
appears in the ALT_SYMBOLS property, then the JEDEC_TYPE footprint will only be
available for placement on the side specified in the ALT_SYMBOLS property.

Alternate symbol functionality lets you toggle between different package or mounting
styles. It also allows you adjust pad sizes for surface-mount discrete components to
accommodate different assembly processes for the top (vapor phase or infrared reflow) or
bottom (wave solder). To specify multiple alternate symbols per side, use a comma to
separate them. For example:

alt symbols="'(T:soic24,s0ic24 pe;B:soic24 pe)’

Updating Symbols in a Design

B8 Update Modules and Sy...  — o *
Select definitions to update:
[0 €3 Modules
[J €2 Place replicate modules
L [J £3 Packa
- ¢ 0163 v s
[ €3 Shape ymbals
symbol [:]:] ’ OO ort
library -
»
edited
package symbol
Place - Update Symbols..—— |~ ;
p ymbols... oo T
Reads padstack data from the library. ] Updte STEP mopgarg data oy
[] Keep design padstack names for symbol pins.
Any form that has “Ignore FIXED property”. L
should be ENABLED \ e
[[] Reset pin escapes (fanouts)
. . . [ Rioup Etch
You can also use the Placement Edit application mode ™. oo e
Refresh Symbol Instance command accessible from Refesh Cose o
the Right-Mouse-Button to apply to one or more symbols

When you place a part in your design, a copy of the package symbol is stored in the PCB
Editor database. This means that any changes made to the footprint in the library after
placement are NOT reflected in the design. When you select the Update Symbols
command, the form shown above is displayed. You can then specify through the
different symbol folders which type of symbols need to be updated, such as package
symbols, mechanical symbols, and so forth. The folders may also be expanded to allow
the selection of a specific symbol name.

When you select the Refresh button, the update symbol routine is run. This routine will
update the requested symbols from the library using the current PSMPATH, resulting in
the board design now matching the library.
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Various options let you control which symbols get updated.

e Enter a file containing a list of symbols — Use if you have a list file with specific
symbols to update

o Keep design padstack names for symbol pins — Maintains the name on the
symbol’s pins that have had instance modifications made to them

e Update symbol padstacks — Use to replace padstacks in your design with padstacks
found in the library

e Reset symbol text locations — Use to have the text return to its original symbol
location if it had been altered

e Reset customizable drill data — Use to refresh the Drill Customization spreadsheet
during subsequent updating of padstacks (Tolerance, Symbol Figure and so on).

e Reset pin escapes (fanouts) — Use to reset predefined pin escapes from the symbol.

e Ripup Etch — Used to allow etch associated with symbol pins be removed during
refresh symbol.

e Ignore FIXED property — Use to replace a symbol with a FIXED property.

The Placement Edit application mode has the ability to refresh a symbol instance. Hover
over one or more symbols and then use the Right-Mouse-Button pop-up menu to select
Refresh Symbol Instance. A typical application of using this in the Placement Edit
application mode would be to restore text or outlines to symbols.

il

Updating Padstacks

-
padstack
library

nnn
L]
i

m Refresh Padstacks X
Padstacks to refresh:
Tools - Padstack - RefresSh——| @ refresh al padstacs VewLog...
O Padstack list
[[] Reset customizable drill data
Refresh Close Help

When you place a part in your design, a copy of the padstack is also stored in the PCB
Editor database. This means that any changes made to the padstack in the library after
placement are NOT reflected in the design. When you select the Refresh Padstack
option from the top menu, the form shown above is displayed. You specify to update all
padstacks in the design, or only padstacks whose names appear in a disk file. When you
select the Refresh button, the Refresh Padstack routine is run. This routine will update
the requested padstacks from the library using the current PADPATH variable, resulting
in the board design now matching the library.
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Various options let you control which padstacks get updated.

e Refresh All Padstacks - Indicates you want to update all padstacks in the design to
match the library padstacks.

e Padstack List - Indicates you want to update only the padstacks in the named list to
match the library padstacks. The padstack list can be stored in an ASCII text file that
hasan .1st file extension.

e Reset customizable drill data — Used to refresh the Drill Customization spreadsheet
during subsequent updating of padstacks (Tolerance, Symbol Figure and so on).

Modifying Padstacks in a Design

Tools - Padstack - Modify Design Padstack

Definition applies to Instance applies to
selected padstack selected padstack only
everywhere used within  on designated symbol Aft .

) : : ' er modifying padstack
the entire design pin, and/or refdes in the PadyEd?tgr select
Optons  Find _ Visbity Optons  Find _ Visbity File — Update to Design to
Sem st just update the padstack in

the board design
Edit Edit
O Instance @® Definitian @ Instanice O Defiritian BB pad Editor: 6203801 (C/EMA_Trai
[Ho0c7sD ~ 100C750 = File View Help
52C310 52C310
20380 B2C3IED o New..
RoLE 0 HoLE D © Open-
SMOD16_96 SMD16_S6 K Padstack Library Browser...
SMDB0_55 v SMDED_55 i
Update to Design
Mame:  [62C3ED Mame:  [52C38D St to [e=igq and Ext
Symbl: Symbol  [DIPB e
Pir: | Pir: |¢ Save s
Refdes: Refdes: u7 Check
Mew name: Mew name: |B2C380-1 Script...
Purge -» Edit... Feset Purge -» Edit... Feset Exit

You can modify a padstack within a design if the original values need to be changed.
The standard Pad Editor form is used to update the padstack within the design.

e Definition - Every occurrence of this padstack found in the design is modified.
e Instance - You edit the padstack description for a certain pin(s) within the design.

Wildcards may be used in any/all of the Symbol/Pin/Ref Des fields. The New Name
field will contain a new padstack name automatically generated by the software. This
is to differentiate the new padstack definition from the original padstack definition.
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Once the changes have been made, use the File - Update to Design command from the
top menu in the Pad Editor form. This saves the modified padstack “inside” the design
only. To save the modified padstack to disk, use the File - Save or File - Save As
command from the Pad Editor form.

The Tools - Padstack - Modify Library Padstack command is used to update the library
padstack. A browser is presented for choosing which padstack to be modified. You must
have write permissions for the library in order to update the padstack.

March 2020 EMA Design Automation, Inc. ® © 2020 All rights reserved

271




PCB Editor Essentials Training Version 17.4

Create Fanout Command

Route — Create Fanout Optons  Find  Visbilty
Options
Setup in Options tab to control line width, spacing and
Style Of fanOUt pattern' —— — ] Include Unassigned Pins
. Available elements -m— . —— [ Include 41l Same Net Pins
: : . Top v: Start
= symbols — _— [ Eottom v |End
. m— —-- (O Via Structure
+  pins o~ —-— o
- L2 Jesign Liorany
* Replaces any existing fanout on chosen element No avail via stiucture
0o Mirmor-Geo
« If connection is routed, route is preserved and no @Via  |NetDefaut o
fanout iS added ‘ia Direction  Outward v
. . . [[] Override Line \Width 0.0
* Fanout is applied to a single package symbol PinVia Space Moo <
- Command is not DRC aware. Parameter inCramelSpere (22~
adjustments or interactive editing may be required R =
to comply with DRC value.

The PCB Editor offers several interactive and automatic controls for component fanout,
or pin escaping. You can route interactively within the layout editor, build fanouts into
your library symbols, or use the suite of fanout commands located in the Route menu.
The interactive suite includes four commands to create, copy, define via structures, and
convert cline/via extensions to fanouts.

Route - Create Fanout is applied to a package symbol, or pin. There are several options
available in the Options tab to customize the style and physical characteristics of the
resulting fanout pattern. Route - Create Fanout is not DRC aware and may result in
conflicts. Running additional passes with parameter adjustments may be required to
reach a DRC free result.

Generating a fanout automatically replaces any existing fanout on the chosen elements.
If the connection is routed, existing route is preserved and no fanout is created.

The command does not create:

Shared vias

Multiple vias for voltage pins

Fanouts for thru-hole pins

Fanouts for pins whose padstack name contains FID, assumed to be fiducials
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If multiple via padstacks are associated with a net, then fanout does not occur, and a
warning message is displayed. In this case, you must select a specific via padstack from
the via drop-down menu.

Fanout options available in the Options tab:

Include Unassigned Pins - Results in the fanout of all pins on a component. Pins not
assigned a logical connection are considered unassigned

Include All Same Net Pins — This means that every pin on the component assigned
to a net will each have their own individual fanout.

Via Structure - Lets you capture complex fanout patterns that may include multiple
vias or clines, or even blind and buried vias.

Via - Chooses the type of via from a list of those stored in the database that span
specified subclasses.

Via Direction — Specifies the direction of the fanout via relative to the pin location.
Directions available are Via in Pad, BGA Quadrant Style, North, South, East West,
NE, NW, SE, SW, Inward, Outward and In/Out.

Override Line Width - Overrides the inherited constraint value and applies to all
pins. Selective override at the net level can be accomplished by enabling the Include
all Same Net Pins option. For example, you may want all logical nets to be 6 mils,
but DC nets to be 10 mils. After using Route - Create Fanout with override line width
set to 6 mils, change the override line with to 10 mils, enable the same pin option, set
the Find Filter to pins, then select a DC pin to fanout all pins on that net.

Pin-Via Space - Defines the distance between the edge of the pin-pad and the edge of
the via-pad. Zero or negative numbers are valid entries.

Min Channel Space - Used to maintain a minimum space between adjacent fanout
vias. The distance spans the edge of a via-pad to the edge of a via-pad on the
diagonal, and as the distance increases, so does the stagger effect. The value defaults
from the via-to-via space in the default constraint set and is available when you set
Via Direction to Inward, Outward, or In/Out.
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Copy Fanout Command

Route — Copy Fanout Optons  Fnd Visbitty

Options

* Replicates instantiated fanouts across all
common package names or device types

Copy Fanout to

* Replication is limited to the same side of the ® same device ypes
board where the origin component is placed OEL T ST

+ Copying a fanout automatically replaces an Before Copy Fanout
existing fanout on the chosen component unless # BIlD
the FIXED property has been assigned, or the E <)

fanout net is routed

M_WED

+ Copied fanouts replicate the origin symbol

attributes such as line width, via type, direction, Copy Fanout applied
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+ DRC unaware, so DRCs errors may occur #_HS)

Hl_BEO

Route - Copy Fanout replicates instantiated fanouts across all common package names or
device types. Replication is limited to the same side of the board where the origin
component is placed. For symbols on the opposite side, you can create a fanout for one
instance using Route - Create Fanout, and then copy it to the remaining symbols on that
subclass.

Copying a fanout automatically replaces any existing fanout on the chosen component
unless the FIXED property has been assigned, or the fanout is routed to a different
component. A copy occurs even if you have modified a symbol pin's padstack on one
instance, as long as the pin location remains unchanged.

Copied fanouts replicate the origin symbol attributes such as line width, via type,
direction or via structure. DRC errors may occur after the command is completed; for
example, the copied fanout via may conflict with an adjacent pad or may not meet
minimum line width requirements.
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Creating a Library from a Design

Export - More - Libraries

BH Export Libraries X
Select elements:
Export
All On All Off
Close
Mechanical symbols
Package symbols Help

Format symbols

Shape and flash symbols
“id Davicaflas—
Padstacks

] No library dependendies
Purge unused cross-section layers
Export to directory:

Jlibraries |

Version 17.4

Note: Device files are not required for designs generated from an OrCAD

Capture, or DE HDL Schematic

Select Export — More - Libraries to create library definitions from a .brd file. The
Export Libraries program can create mechanical symbols, package symbols, format
symbols, shape symbols, flash symbols, device files, and padstack files. It also creates all

symbol-related drawing files.

e No library dependencies - If you have modified padstacks in your design and want

to dump them to the current directory, toggle this to ON.

e If you use an OrCAD Capture Schematic to generate your PCB Editor netlist files,

you will not need Device Files.

By default, all files are written into your current working directory. You can use the

Export to directory field to have all the library parts saved to a different location.

March 2020 EMA Design Automation, Inc. ® © 2020 All rights reserved

275




PCB Editor Essentials Training

Version 17.4

Cross Selection with OrCAD Capture — Prerequisites

Options - Preferences

B Preferences

Colors/Print  Grid Display Pan and Zoom Select Miscelaneous  Ted Edtor Board Simulation

Schematic Page Editor
Bl Style:

Line Style:
Line Width:

Color:

Junction Dot Size:

Part and Symbol Editor
Fill Style:

Line Style:

Line Width:

Docking Find
Docking Place
Part

Place Part
[[] Refresh part on selection

More Freferences

Text Rendering
[ Render True Type fonts with strokes
Fill et
Auto Recovery
[[] Enable Auto Recovery

w15

Auto Reference

[[] Preserve reference on copy

rertoal Communication

Enable Intertool Communication

wire Lirag
Allow component move with

connectivity changes

IREF Display Property

Global Visbiity

Cancel

NOTE: /nterfool Communication must be Enabled

PCB — Design Sync Setup

Design Sync Setup

Layout Tool and Design Sync Options

Layout Folder allegro

Allow Etch Removal MNo -

Create User Defined Properties Yes -

Select Layout Tool PCB Editor hd

Placement

Place Change Compaonent Always -

Ignare Fixed Property Yes h

Constraints

Constraints

Show Difference Report

PCB Netlist

Configuration file ools\capture\allegro cfd . |?
Ok Cance Help

PCB — Design Sync... (1t time)
New Layout - |
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PCB Layout Folder allegro
Input Board File ¢\ema_training\pch_designenp
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PCB — Design Sync... (after 15t time)

57 Design Sync
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edit Net Property GND  Changed Property: "NO_RAT" = TRUE VES
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2

Cancel

NOTE: Interfool Communication requires that the Schematic and Board

Files be in Sync
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If you use OrCAD Capture to create your schematics, you have the ability to cross-probe
with PCB Editor. To perform cross probing between the two environments:

First, you will need to enable Intertool Communication option. To enable Intertool
Communication from OrCAD Capture, select Options - Preferences, select the
Miscellaneous tab, and check the Enable Intertool Communication option.

Next, you will need to make sure that your OrCAD Capture Schematic is in sync with
your PCB Editor Board file. To do this you will need to run the Design Sync
program. If you have not run Design Sync before, you will first need to run Design
Sync Setup by selecting PCB — Design Sync Setup from the top menu in OrCAD
Capture. Then, you will be able to run Design Sync by selecting PCB — Design Sync
from the top menu in OrCAD Capture. The first time you run Design Sync on a
design, you will select an allegro folder, the input board file and the output board file.
After that, Design Sync will automatically compare your schematic to the last board
you ran the Design Sync on and report any differences. You may then select a
different board file to compare your schematic to.

Once Intertool Communication has been enabled and Design Sync has assured that
the schematic and board files are in sync, you are ready to cross probe.

Important

Remember that you must first start a PCB Editor command, such as place, delete, move,
etc. BEFORE selecting the object in the OrCAD Capture schematic. 1f no PCB Editor

command is active and you select an object in OrCAD Capture, the default command is
the PCB Editor Highlight command. If the object selected is not yet available, you will
get an error message in PCB Editor.
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Cross Highlight between Board and Schematic

Display - Highlight

Highlight this part in This component is selected
PCB Editor... in OrpAD Capture

3

Remember: The command must be activated first in the PCB Editor

Once the link has been made as previously described, you can work with these tools in
close relationship. It helps when troubleshooting problems to locate specific components
or nets on the schematic or board.
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Labs

Lab 9-1: Displaying Ratsnests

e Turn ratsnest on and off to view and hide selected nets and components

Lab 9-2: Creating and copying Fanouts

e Create a fanout
e Copy the created fanout to similar devices

Lab 9-3: Using the OrCAD Capture Schematic for manual
Placement (Optional)

e Place, move and highlight parts using the cross probing and cross highlighting
between OrCAD Capture and PCB Editor
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Lab 9-1: Displaying Ratsnests

Objective: Turn ratsnests on and off to selectively view and hide nets while
interactively routing individual nets.

1.
2.

3.
4.

5.

Start the PCB Editor, open the PlacementDone .brd file in the Solutions folder
and save it to the project2/allegro folder.

To blank all ratsnest lines, choose Display - Blank Rats - All.

To display rats by component, choose Display - Show Rats - Components.

Click on a component.

Ratsnest lines appear for all signals that are connected to the component you picked.
The appearance of the ratsnests is cumulative as you select more components.

Choose Display - Blank Rats - All from the top menu.

Note 5 You can also use the Unrats All and Rats All icons for turning ratsnests on
and off.

6.
7.

x

Unrats All — %1 ;{;—|4— Rats All

To display ratsnest lines for a particular signal, choose Display - Show Rats - Net.

In the Find tab, go to the Find By Name section, select NET from the drop-down list,
make sure the next field is set to Name, and enter aen (not case sensitive) in the >
field as shown below.

Find By M ame
MHet = | | Mame
> |aer'| bore. .

The AEN rat is displayed and the window will zoom around the ratsnest. You could
have also clicked on a pin if you knew the location of the net.

Right-click and choose “Done”.
Choose Display - Blank Rats - All from the top menu.

End of Lab
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Lab 9-2: Creating and Copying Fanouts

Version 17.4

Objective: Create a ‘via’ fanout on a part and copy the fanout to similar devices

types.

Create Fanout

1. Start the PCB Editor if you don’t already have it running and open the

part_fanout.brd from the Solutions directory.

wmn

Select File - Save As and save to the Project2/Allegro directory.
If required, resize the PCB Editor to fit your screen.

4. Use the Display — Zoom — Window to zoom in around the BGA towards the top

center of the board.

o

7. Click on the U5 BGA
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Select Route — Create Fanout from the top menu.
6. Select BGA Quadrant Style in the Via Direction section of the Options tab
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8. Now, use Display - Zoom - Window to zoom around C3, the decoupling capacitor
that is just above U1.

2 8
& g

@ comm - @
- =
- =
e - e
s —
- —
@ <am o
- =
- —
e -0
- —
- —
- —
- n =
@ comm s @

Note 5 The order of the capacitors and resistors may be different than the order
shown above.

9. Select Route - Create Fanout from the top menu, if you are not still in the command.
10. In the Find tab, make sure that Symbols and Pins are both enabled.
11. In the Options tab set the options as displayed below:

Options Find Visibility
Options

[JInclude Unazsigned Pins
[ Include Al Same Net Pins

D Top | Start

[l Bottom ~ [ End

() Via Stucture
Desgign Library

Mo avail via structure

oo tiror-Geo
(®Via Met Default ~
ia Direction | Outward ~
[] Overide Line Width 0.0
Fin-ia Space 100 ~
tin Channel Space 5.0 ~
Curve | Cw ?
E.0
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12. Click on C3.

The capacitor will have a ‘via’ fanout extending outward from each pad with a
spacing between the pad and the ‘via’ of 10 mils.

Note 5 If you only had “Pins” enabled in the Find Filter you could have had to
click on each pin of C3 to add the fanouts.

Copy Fanout

1.
2.
3.

Select Route - Copy Fanout from the top menu.

In the Options tab set the “Copy Fanout to” option to same device type.

Click on the C3.

Notice that the decoupling capacitors above U2, U3 and U4 and all of the decoupling
capacitors in the memory section now have fanouts.

Right click and select Done from the popup.

Save the Design

1.
2.
3.

Choose File - Save As from the top menu.
Rename this drawing by entering the following in the File Name field: fanout.
Select Save to save the fanout.brd file.

End of Lab
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Lab 9-3: Using the OrCAD Capture
Schematic for Manual Placement

Version 17.4

Objective: Use the OrCAD Capture schematic to select and place components in

the physical layout.

In this lab, you will use the OrCAD Capture schematic to place and move components in
the PCB Editor design. Do not save the results of this lab.

Opening OrCAD Capture

1. Make sure PCB Editor is closed before you start this lab.
2. To start the OrCAD Capture tool, choose Start - All Apps - Cadence Release 17.4-

OrCAD Capture CIS.

3. The Cadence Product Choices form will appear, prompting you for which tool you

want to check out. Select OrCAD PCB Designer Standard and press OK.

The OrCAD Capture or OrCAD Capture CIS window displays with no projects open.

4. Choose Open Design from the Getting Started window displayed when you open

OrCAD Capture.
A file browser window opens.

5. Navigate to the C:- EMA_Training - PCB_Designer - project2 working directory,

select release.dsn, and click Open.

B8 Open Design >
Look in: | project? w | @ s il [
Eﬂ" Mame Date modified Type
) allegre 1/9/2020 9:31 PM File folder
Uuikiacce= RELEASE-PSpiceFiles 1/9/2020 6:27 PM File folder
m stepFacetFilesdMap 4/3/2017 3:10 PM File folder
P& RELEASE.DSN 1/9/2020 10:03 PM  DSN File
Desktop
"
Libraries
This PC
- >
Network
File name: |RELEASE DSN ~| [ open |
Files of type: Capture Design (".dsn) “ Cancel

6. Next, choose Options - Preferences.

7. Inthe Options - Preferences - Miscellaneous tab, make sure the Enable Intertool

Communication option is checked, then click OK.
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8. Click the + symbol on the left side of release.dsn to expand the design.

9. Click the + symbol on the left side of Release Root Schematic to expand the
drawings in the design.

10. Double-click Page 1 of the Root Schematic to open that drawing.

Running Design Sync
1. Select PCB — Design Sync Setup from the top menu in OrCAD Capture.

The Design Sync Setup form appears.
2. Fill in the form as you see in the figure below and click OK.

Design Sync Setup

Layout Teol and Design Sync Options

Layout Folder allegro

Allow Etch Remaoval No -
Create User Defined Properties Yes -
Select Layout Tool PCE Editor -
Placement

Place Change Component Always -
Ignore Fixed Property Yes -

Constraints

Constraints

Show Difference Report

PCB Netlist

Configuration file C\Cadence\SPE_17.4' | . _:[

Ok Cancel Help

3. Select PCB — Design Sync from the top menu in OrCAD Capture.
The New Layout form opens.
4. Fillin the fields in the New Layout form as follows:
- PCB Layout Folder = C:\EMA_Training\PCB_Designer\project2\allegro
- Input Board File = C:\EMA_Training\PCB_Designer\project2\allegro\unplaced.brd
- Board = C:\EMA_Training\PCB_Designer\project2\allegro\unplaced.brd

X
New Layout

Create New Layout and Associate in Project
PCE Layout Folder allegro
Input Board File c\ema_training\pchb_designerip | ..
Board eriproject2\allegrownplaced.brd| | .
Ok Cance! Help

5. Click OK
6. The Cadence Product Choices form will appear, prompting you to select a tool.
Select OrCAD PCB Designer Standard and press OK.
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Cross placement between OrCAD Capture and PCB Editor

1.
2.

No ok

PCB Editor will open with the unplaced.brd file from project2 - allegro folder.
Arrange the OrCAD Capture and PCB Editor so that they each occupy half of your
screen, one on the left side, the other on the right.

In the PCB Editor window, choose Display - Zoom - Fit to see all of the PCB Editor
board.

In the PCB Editor’s top menu, select Setup - Application Mode - General Edit.

In the PCB Editor’s top menu, select Place - Components Manually.

Click the Hide button to temporarily close the Placement form.

Move your cursor into the schematic project’s Page 1 schematic window, select one
of the FCT16245 (U1, U3 and U4) components and move your cursor into the PCB
Editor graphics window.

The component you selected in the schematic is attached to your cursor in PCB
Editor.

If the components were previously placed on the board, you can delete them from the
board and replace them.

Practice cross selecting components in the schematic and moving them into PCB
Editor. When you are finished, right-click and choose “Done” from the pop-up menu
in PCB Editor.

Cross Highlighting and Dehighlighting Between PCB Editor and
OrCAD Capture

=

o1

o

Now that you have several components placed on the board, you can do cross
highlighting between the PCB Editor board file and the OrCAD Capture schematic.
Choose Display — Highlight from the top menu in PCB Editor.

Click on one of the newly placed parts in PCB Editor.

The corresponding component in the schematic is selected.

Click on a couple more parts in PCB Editor.

The corresponding components in the schematic are selected. The selection in the
schematic is cumulative. If a different schematic page contains the component
you’ve selected in PCB Editor, the appropriate page opens in the schematic.

In PCB Editor, choose Display - Dehighlight.
Click one of the previously highlighted parts in PCB Editor.
The corresponding component in the schematic is unselected.

If you have time, you can try highlighting and dehighlighting some Nets as well.
Exit OrCAD Capture and Exit the PCB Editor. Do not save these designs in either
tool.

End of Lab
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Lesson 10: Interactive Routing and
Glossing

Learning Objectives

In this lesson, you will:

e Define and display etch grids used for routing

Add and delete connect lines (clines) and vias
Use Slide and Replace Etch to improve routing
Use the Cut option in conjunction with other editing commands

Use the Gloss to automatically clean up the routed etch in the design

In this module, you will learn how to interactively route your printed circuit board. You
will learn how to add etch to make signal connections and will also learn the commands
used to edit existing etch on the board.

Design Layout Process

OrCAD Capture
schematic design >

Manufacturing
outputs

Check plots
Aperture files
Gerber data
NC drill data
Silkscreens
Assembly
drawings
Fabrications
drawings
Reports
Autorename
Backannotation

Physical design
analysis

/

Generate
manufacturing
output

-

/

Define board Load logic Set/check CBD
mechanical —> data rules and
stackup constraints
\
Arrange/place
components

Define Power/
GND planes

A

Interactive and
automatic

route signals
YOU ARE HERE iﬁ n

Gloss/auto
L= cleanup for
manufacturing

At this point in the design process, the logic has been loaded, the board mechanical has
been defined, the design rules or constraints have been set and the components have been
placed. You will now route the design using interactive techniques.
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Accessing Interactive Routing Modes

0 *

. ‘ '
o "=\1
3.

Use a Route command to access interactive route mode quickly. When you use routing
commands, the etch grid is displayed.

Icons associated with routing are:

Add Connect - Used to make electrical connections between pins.
Slide - Used to move existing traces.

Other commands available from the Route pulldown menu are:

Custom Smooth - Used to smooth or remove extra jogs in individual nets after
interactively routing traces.

Create Fanout - Allows you to create fanouts (pin-escapes) automatically. You can
fanout parts or nets, either by window or selecting them individually.

Copy Fanout — Allows you to copy fanouts to other components with like packages,
or device types on the same layer.

Convert Fanout — Allows you to Mark a trace and via combination as a fanout, so
that is can be moved with its associated component. You can also unmark an existing
trace and via combination.

Via Structure — Allows you to create complex via and line combination structures
that may be used as fanouts, etc.

Resize/Respace — Via-Via Line Fattening — Fattens lines between vias that are a
specified maximum distance apart.

Gloss Line Parameters — Use to smooth or remove extra jogs in lines and maximize
the length of the 45-degree segments. Can also remove floating lines.
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Routing Grids
Setup - Grids OR RMB - Quick Utilities - Grid

BB Define Grid . o x
Grid ] (] Grids On
] - . -ge
Visibility o all) Spacing
NonEtch Spacing: % 25.00 2
¥ 25.00
. Offset:  x0.00 ¥0.00
Toolbar icon Alleteh [ [wee -
¥|5
toggles Grid layers o :
ON or OFF =
TO# Spacing: % 5.00
¥|5.00
Cffzet: ®0.00 ¥(0.00
GND Spacing: x 5.00
¥ 5.00
Individual Offset: X000 vo.00
layers vee Spacng:  X5.00
¥ 5.00
Offset: % 0.00 ¥(0-00
BOTTOM Spading: % 5.00
¥ 5.00
\-... Offset: x0.00 ¥ 0.00
oK Help
Ranpe is -21474835.47 to 2147483647,

Access to the Define Grid form can be made using one of the following:
e Select Setup - Grids from the top menu
e Use the Right-Mouse-Button to select Quick Utilities - Grids from the pop-up menu

Much like the grid used when placing parts manually; a grid is also used when you are
routing interactively. However, it is a different grid. The etch grid is the section starting
from “All Etch” and traversing to the bottom of the grid form. The origin of the routing
grid is the origin of the design file. You can use the Grid Toggle icon to turn the grid
display ON or OFF.

The form shows a fixed routing grid of 5 on all layers. A fixed grid system uses a
consistent increment or spacing between grid lines in the x and y direction. Entering the
route grid in the All Etch section defines the same grid on all the etch layers at once. If
you want to use a different route grid on a certain layer, enter it into the individual layer’s
section. Use the scroll bar on the right side of the form to see all the individual layers.

The etch grid is automatically displayed, if grids are visible, whenever a Route command
such as Route - Connect is executed. This is the snap grid that is used when you
graphically route a trace in your design. If you set the routing grid and your grid is
displayed, but you still cannot see the routing grid, set the Active Class in the Options tab
to an Etch layer.
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Adding Signal Connections

1. Route - Connect OR DJ'U OR select a connection in the Efch Edit
application mode

2. Check "active" layer e —r Active is the layer where the
cline starts, Alternate (Alt) is

> = ﬁm the layer where the cline will

S A : W | Eoton .|a ~ | continue after a via is added
Note: A via name will NOT __J

appear in the Via field until
a net is selected

| Wia

3. Click left to select start point, a —>0
projected wire path follows cursor

4. Click left to continue path to target

5. To exit Connect mode, choose Done from the Right Mouse Button popup
(not required when in Pre-Select mode)

To add signal connections, select Route - Connect from the top menu, or use the Add
Connect icon. This puts you into add connect mode, ready to add connect-lines (or
clines). Clines differ from other graphic lines in that they have signal name intelligence
and adhere to design rules for width and spacing.

Next, verify that all settings are correct in the Options tab. It is very important to check
the settings of the Active and Alternate layers in the Options tab when adding etch. If the
routing does not appear on the etch subclass that you expected, it is probably due to an
incorrect Active layer setting. We will give a detailed description of these settings later
in this lesson.

Next, select a point where you wish the routing to start from. This can be a pin, via,
ratsnest line, or at a point where there is nothing. Once you have selected a start point, a
projected wire path follows your cursor. This is the wire segment or connection that will
be added to the design. Between your cursor and the target pin is a target line that acts as
a directional guide that shows you where you must go to complete the connection. Once
you have reached the destination point, select “Done” from the Right-Mouse-Button
popup to end the command.

You can also use the Pre-Select mode to manually route connections. If you are in the
Etch Edit application mode, when you select a pin, via, or ratsnest, you will automatically
be placed in the Add Connect command.
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Inserting Vias

. Add etch on TOP layer

. Route - Connect OR DJ‘U OR select a connection in Pre-Select Mode,

in the Etch Edit application mode

. Check "active" layer optors _ Prd_ Vsbity Options  Find_ Visbity

| Options Options
W g oo L] .Boltom | Act
F | I Botom o)A~ W |l -
< MIA > ~ | Via <VIA>

Placing the via

¢ . swaps the Act
T and Alt layers

4. Double click to insert a via or Right-Mouse-Button - Add Via

. Add etch on BOTTOM layer

To exit Connect mode, choose the Done command
(not required when in Pre-Select mode)

This section explains how to use the Add Connect command to add vias to a design.

1.

N

Select Route - Connect from the top menu. Notice that the Options window changes.
In the Pre-Select mode, if you are in the Etch Edit application mode, selecting a pin,
via, or ratsnest, will automatically place you in the Add Connect command

Verify all settings in the Options window.

Begin adding the connection by picking vertex points, using the Left-Mouse-Button
in your PCB Editor’s work area.

To add a ‘via’, check the Alternate layer in the Options window (and change if
necessary). Then double-click the Left-Mouse-Button. You can also use the Right-
Mouse-Button - Add Via option from the popup.

Notice that the Active and Alternate layers have swapped. You can continue adding
your connection on the currently active layer.

Click right and select “Done” to complete the Connect command. If you started
routing using the Pre-Select mode, once a connection is finished, the Add Connect
command is automatically terminated.

Remember that the ‘via’ padstack that is used will be the ‘via’ you defined as the default
via in the Physical Constraints form of the Default Rules.
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Selecting Via Types

Right Mouse
Button Popu Options Tab —
L= e Options  Find  Vishility 4‘
=l 5 Optons :
N o2 \ thru-hole via
Reject HETe  oax _
Add Via l—l I:l Sig2 i
Change Active Layer )
Change Alternate Layer | Via w
|

Swap Layers

blind via

Meck Mode

Taggle
+  Enhanced Pad Entry

Target v
Finish
Scnbble mode

Snake mode

________
L i

buried via

Contour,..

4

Design parameters...

Smap pick to 3

The PCB Editor attempts to use the most “conservative” via. When using blind
and buried vias, this means that the PCB Editor will attempt to use the blind or
buried vias before using a through-hole via

In the case shown, since the Active layer was set to Top, the Alternate layer was set to
Sig2, and there was a buried via defined between these two layers, the PCB Editor will by
default select this via. However, you can always override this by selecting a different via.
Remember, the available vias are defined in the Physical domain of Constraint Manager.

In order to add vias that differ from the default via padstack you defined, you must add
them to the list of available vias in the physical constraint rules. There are two types of
vias: through-hole or blind/buried. You can add either type as part of a connection.

e A through-hole via is a plated hole that passes through all layers of your design.
Through-hole vias are the most common. They are easier and cheaper to manufacture
than blind or buried vias, but block routing channels on all layers of the board.

e Ablind via is a plated hole that starts from an external layer but is not drilled through
all layers.

e A Dburied via is a plated hole that starts from an internal layer and extends to another
internal layer but never reaches the external surface of the fabricated board.

Note @ Blind and buried vias do not block routing channels on all layers and thus
allow more connections to be made on very compact designs. These types of vias require
separate drilling files for the various drill stages required by manufacturing and are
therefore more expensive to produce.
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Define Blind/Buried Via
Setup - Define B/B Via

E Blind / Buried Vias - O X

Start Layer End Layer

|[-] TOP v 562 v

Bbvia Padstack Padstack to Copy

Delete | [wiaze

Add BEVia Help

Cancel

Objects Differential Pair \ . | |
Neck Gap t+]TDIeMLe (-)Tolerance Vias | |
Type | § Name mil mil . mil
Dsn [ shape 0.00 0.00 0.00 \(‘ -
PCS DEFAULT 0.00 0.00 0.00 L1-L4:VIA )
PCS &_MIL_LINE 0.00 0.00 0.00

Once the Blind/Buried Via has been defined it has to be added
to the appropriate Physical Constraint Set(s) in order to be used

Blind and buried vias (bbvia) are padstacks that do not have a regular pad on both the top
and bottom layers but do span at least two conductor layers. Bbvias may be created using
pad_designer and imported into the Physical domain of the Constraint Manager, or in
PCB Editor by selecting Setup - Define B/B Via from the top menu.

Options and Buttons

e Add BBVia - Creates a new entry block for a padstack to be created.

e Delete: Removes its entry block and removes the associated padstack from the PCB
Editor database.

e Bbvia Padstack - Enter the name of the new padstack to be created.

e Padstack to Copy - Indicates the source padstack to use as a template in creating the
new bbvia. This may be a padstack in the design or from the library.

e Start Layer - Displays a popup listing each conductor layer in the design. Select the
name of the conductor layer that begins the new padstack.

e End Layer - Displays a popup listing each conductor layer in the design. Select the
name of the conductor layer to end the new padstack.

Using B/B Vias in the Design

After the blind/buried vias are defined, their names are entered in the Physical Rule Set
under the Vias column. Select which Physical Constraint Set will include the
blind/buried vias. Then select which blind/buried via padstacks you want to route with in
that Constraint Set by adding then to the list of vias. Separate via padstacks with the “:”
(colon) character.
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Routing - Options Tab

Version 17.4

Options ~ Find  Visibility
T OP Options
SIG2 u e
GND i || Bottom o|[a ~ Line Off
= ~ | Via
VCC -~ Net Rab / AI'C 45
SIG3 , ‘
Line lock:  Line ~ |45 ~ >
BOTTOM Miter: 1w widtt | Min v ___’ Mln ---------------- 90
Line width: ~|6.00 v] Fired -

Bubble:
Shove viaz: | OFf

Gridless
Clip dangling clines

Shove preferred

Smoath:
Snap to connect point
Replace etch
Auto-blank ather rats

Minimal

o

o

\ Line width; | [E00

Constraint

Bubble:

If “Line Width” override value is
applied (in blue), then the
override value is maintained for
all additional net connections
until you select either another
Line Width size or Constraint

When you select the Add Connect command, the Options tab displays the possible
settings. You can change any of the parameters here or by using the RMB popup.

March 2020

Act and Alt - The Active and Alternate subclass fields define a pair of layers to be
used for the current connection. The Active and Alternate layers are swapped if you
select Swap from the RMB popup or add a ‘via’. When selecting a surface-mount pin
or a piece of existing etch, the Active layer will automatically be set to the
appropriate subclass.

Line Lock - These settings control the type of line, either Line or Arc, and the angles
allowed for turns. Off implies that “any-angle routing” is allowed.

Miter - Defines the value for the miter size. This can be set to a certain length, miter
value (i.e. 5), or it can be set to a relative value of the current line width (i.e. 3x
width) to get n times the line width. In general, the resulting segment length will be
the (square root of 2) times the miter value.

e Min - The resulting corner length is not restricted.

e Fixed - The length entered in the field is used to add a corner at that length.
Line Width - The line width value is based on the Physical Constraints. When you
select a pin for routing, the PCB Editor program recognizes the net, and automatically
displays the Net Name and required line width size in the Options tab. You can also
type an override value into this field.

Note 5 If you override the line width, the override value is maintained until you

change it to another override or select “Constraint” from the pull-down arrow.

EMA Design Automation, Inc. ® © 2020 All rights reserved

294




PCB Editor Essentials Training Version 17.4

Routing - Options Tab - Bubble/Gridless
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e Bubble - The Bubble field provides these choices:

e Off - Means the route follows your cursor picks exactly, regardless of the
potential for DRC errors.

e Hug Only - Means the routed cline contours around other etch objects to
avoid spacing DRCs. Other etch remains unchanged.

e Hug Preferred - Means the new route attempts to hug around existing etch
objects, if possible. If not possible, it will attempt to shove.

e Shove Preferred - Means other etch objects are shoved and moved out of the
way, if possible, to correct for spacing violations.

e Gridless - This feature determines whether the added etch is snapped to the routing
grid or not. Gridless is only available if Hug Preferred or Shove Preferred is enabled.
This option offers two choices:

e Off - Pushes etch to the next available free grid.

e On - Shoves just enough to reach a legal minimum DRC clearance.

e Shove Vias — Used to shove vias when adding or sliding connections. Requires that
Bubble is NOT set to ‘Off’.

Choices here are based on how Bubble is set:

e Off - Never moves an existing via.

e Minimal - Hug-Preferred Mode - Clines hug the vias unless there is no room,
then shoving occurs; Hug-Only - Clines hug the vias. Other etch remains the
same; Shove- Preferred Mode - Clines hug the vias unless there is no room,
then shoving occurs.

e Full - Hug-Preferred Mode - Clines hug the vias unless there is no room, then
shoving occurs; Hug-Only - Clines hug the vias. Other etch remains the same;
Shove-Preferred Mode - Vias are shoved. If a ‘via’ cannot be shoved, the
PCB Editor goes around it.
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Routing - Options Tab - Smooth
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e Smooth - This feature automatically smooths or cleans up routing as it’s being added.
This is required, since the interactive router performs real-time push and shove etch.
Smooth is only available if Hug Preferred or Shove Preferred is enabled.

The Smooth option offers three choices:
e Off - Means this feature is disabled. Existing etch affected by the current
route may end up with more vertices and bends.
e Minimal - Will eliminate only a few extra segments.
e Full - Will eliminate more segments similar to the Custom Smooth
command.

e Snap to Connect Point - This option lets you connect to the center of off-grid pads,
vias, or dangling endpoints. This option is preferred.

¢ Replace Etch - Etch lets you change the path of an existing trace, without extra
delete and add steps. When you add a loop into an existing trace, the older portion of
the loop is recognized and automatically deleted.
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Scribble Route Mode

Scribble Routing Mode lets you scribble a route path between two points
using smart shove and push techniques. Once the routing is completed
the etch solution is generated by the application for the scribble path.

Scribble mode is designed to route in complex routing areas using the Add connect
command. Once a route has been started in the Add connect command, you can select
Scribble mode from the RMB popup.

Scribble mode creates an off-angle path through pinch points, keeping the rest of the
route path at 45 degrees. It moves the existing routes only when necessary to avoid a
DRC violation.

Note @ Use the Tab key to toggle between scribble mode and the normal add
connect mode.

To avoid conflicts during interactive routing Clip dangling lines is disabled when using
scribble mode.
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Setting Interactive Route Parameters
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All the parameters that affect interactive routing can be set in the Route tab of the Design
Parameters form. These will be the default values when starting command. These
values may be changed in the Options tab of the Control Panel if required during
interactive routing.

The Show column is used to make the parameters visible or invisible in the Options tab.
For instance, if you always have Clip dangling connect lines set to yes, and you never
change it, you can uncheck the box to the left of this parameter, so it does not appear in
the Options window.

To change the parameters while in the Add Connect command, you can also use the
Right-Mouse-Button - Options selections. When you change the parameters while
interactively routing, the values are remembered from one Add Connect command to the
next. If you change the parameters while interactively routing, the Design Parameters
form is also updated.
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Labs

Lab 10-1: Defining Etch Grids

e Define and display a grid suitable for routing traces

Lab 10-2: Adding and Deleting Connect Lines and Via

e Learn how to add and complete a connection
e Add a connect line (cline)
e Delete etch
e Inset vias
e Use the bubble option
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Lab 10-1: Defining Etch Grids

Objective: Define and display a grid suitable for interactively and automatically
routing traces.

Defining Grids

1. Start the PCB Editor if you don’t already have it running and open the
fanout.brd. Ifyou did not finish the previous labs, you may find the
fanout.brd in the solutions folder.

2. Select Setup — Grids from the top menu
The Define Grid form appears.

3. Inthe Grids On option in the upper left corner of the form, toggle the grids to ON.

Note @ Before you proceed to the next step, please note: To advance to the next
field in any PCB Editor menu, use the Tab key. Do not press the Enter key to advance
fields. The Enter key has the same result as clicking the OK button, closing and
executing the form.

4. Locate the section marked All Etch and set the X and Y spacing values to 5 as shown
in the figure: The settings automatically change for all other etch layers.

Al Etch Spacing: W |5
W |5
Offzet; W | [

5. Click OK at the bottom of the Define Grid form.
6. Select Setup — Application Mode - Etch Edit from the top menu.
This will ensure that we are viewing the Etch, or routing grid.
7. The Etch grid displays. You can Zoom In to get a closer look at the etch grid.

Note @ If you had set the grid to alternating 8 9 8 mil intervals instead of a straight
5 mil grid, you would see a distinct repeating grid pattern, showing a larger dot every 25
mils with smaller dots at 8 9 and 8 mil intervals.

End of Lab
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Lab 10-2: Adding and Deleting Connect

Lines and Vias

Objective: Add a signal connection with and without vias to become familiar
with the various etch editing commands.

Adding a Connect Line

1.

ok w

Click the Zoom Fit icon to fit the entire design in your view.

@

If ratsnests are currently displayed, choose Display - Blank Rats - All from the top
menu to turn off all ratsnests.
Choose Display - Show Rats - Net from the top menu.

In the Find by Name section of the Find tab, select NET from the drop-down menu.

In the value (>) field, enter the following net name: meclk

Find By Mame

et | Mame

The ratsnest line for the MCLK signal is displayed.

If the display has not automatically zoomed around the MCLK rat line, choose
Display - Zoom - Window and zoom in around the MCLK rat line going between J1,
and U5.

o

Click the Add Connect icon DJ (same as Route - Connect command)

Open the Options tab to display the window before you select a pin to start from, all
settings should match the following illustration.
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9.

10.

Options Find Visibility
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Click on the pin of the J1 connector, which is the endpoint of the MCLK ratsnest
line.

Since the TOP layer is active and the pin is a through-hole pin, you are adding a
connection on the top layer of the board. If this were a surface-mount pin, the
connection would be added to the layer on which the SMD pin was defined.

After you select the start point, you see a ratsnest line stretching from the cursor to
the nearest destination pin. As you move your cursor, the route appears.

Notice also that the net name and the correct line width for MCLK are now displayed
in the Options tab when visible. Also, notice that the MCLK net name is embedded
in the pins and the trace as you connect it.

Continue to click points for the line until you reach the destination pin/via. You can
make your trace look similar to the figure:

18]
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If you make a mistake while picking points, right-click and choose Oops from the
popup. This allows you to backup while staying in the command.

When you reach the destination pin, the ratsnest line disappears, denoting the
completion of that connection.

If the destination pin was on the bottom side of the board and was not previously
fanned out, you would need to add a “via’ in order to connect to the pin. You will
learn how to add vias shortly.

11. Right-click and choose “Done” from the popup menu.

Deleting Etch

The PCB Editor program provides several ways to delete etch lines. You can delete
lines, segments of lines, and sections within segments. Be sure that you set the Find tab
and the Options tab so that only the desired items are deleted. You can also delete etch in
a Pre-Select mode.

1. Click on the Delete icon in the toolbar.

X

Note g Default settings in the Find tab may show all items toggled ON. This can
be dangerous while in delete mode. As a general rule, you should turn all items OFF,
then select only the items you want to delete.

2. Inthe Find tab, click the All Off button and then click the Clines (connect lines) box
to ‘ON’.

3. Click on the MCLK net.
The connection becomes highlighted. This gives you the opportunity to right-click
and choose Oops from the popup if you accidentally selected the wrong element.

4. Right-click and choose “Done” from the popup.
The etch you added previously disappears. Using Clines in the Find Filter lets you
delete the entire connect line (all segments from pin to pin, or pin to via).
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Inserting Vias

Version 17.4

1. Click the Add Connect icon in the toolbar.

2. Inthe Options tab, set the active and alternate layers as shown in the figure below:

Options Find Visibility
Options - 3 X
] |l Top hd | At
[T |O Bottom v|lar v
Mo available via | Wig

3. Click on the J1 pin of the MCLK net, the pin connected to one end of the ratsnest.
4. Once again, begin adding segments from that pin toward its destination.
5. When you have reached a point where you would like to add a ‘via’, double-click
with the Left-Mouse-Button. See the figure.
U P
= = o
._i Vn E— L]
= = Add via here I
ES B

You have just added a ‘via’, and the Active and Alternate layers in the Options tab
have been swapped. You are now routing on the BOTTOM side of the board.

6. Finish the connection all the way to the fanout on the pin of the U5 component.
Since there is already a fanout via on the destination pin, we can route the net on
either layer of the board. See the figure below.

| IS | . £

o — d

= ovn =

— =" Add vias here
ESE

7. Right-click and choose “Done” from the pop-up menu.
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March 2020

Using the Bubble Options

1. Click the Rats All icon to turn on all ratsnests.

2. Zoom into the area to view the ratsnest connection between the J1 connector and the

U5 component just below the MCLK net. See the figure below.

Note g Your view may differ slightly, depending on your component placement.

Version 17.4
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Click the Add Connect icon in the toolbar.

4. In the Options tab, set the active layer to TOP, Bubble field to Shove Preferred and
set the Smooth field to ‘Minimal’ if these options are not already selected.

5. Click on the pin just below the MLK pin of the J1 connector. This is the WAIT net.

See figure above. Start moving your cursor toward the existing etch of the MCLK net.

The existing etch will be “shoved”, or moved, as the new etch becomes closer than
the DRC “line to line” value.

6. Experiment with the different Smooth options of ‘Off’, ‘Minimal’ and ‘Full’ that are
available in the Options tab, and with the different Bubble options of ‘Off’ and ‘Hug

Preferred’. Also experiment with the Shove vias option.

Note @ While you are in this mode, there may be some instances when the trace to

be added will create a DRC. When this happens, your cursor will appear as a DRC
marker to warn you.
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7. Finish routing the WAIT net.
8. Right-click and choose “Done” from the pop-up menu.
9. Choose File - Save As from the top menu.

A browser form appears.

10. In the File Name field, enter: mc1k route
11. Choose Save.
The filemclk route.brd has been saved to disk.

End of Lab
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Editing Existing Etch

This section explains various editing options available while in Edit Etch mode. The
Options tab plays a very important role during etch editing. The Options tab changes to
match different types of editing needs and is an integral part of editing control.

Some examples of editing existing etch:

e Sliding connections and vias

e Editing vertices

e Moving a connection to another layer
e Deleting connections

Moving Etch with the Slide Command

Route - Slide OR @1

Before options | Find | Visibility |

sececene o —
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Quick Utilities , = Net Mull Met
Add connect Min Comer Size: 1z widih
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*
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Selection set

The Slide command lets you move a segment of a connection with or without moving the
associated vias. The moved segments do not become disconnected.
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Follow these steps to slide a segment of etch:

1. Select the Route - Slide command on the top menu.

2. Click on the etch line segment, or via with the Left-Mouse-Button and move your
cursor in the desired direction. Notice, in the Options tab, the net name of the
connect line segment you are sliding.

3. Position the line and click the Left-Mouse-Button once more.

You can also use the Pre-Select mode to slide connections. If you are in the Etch Edit
application mode, select with the Left-Mouse-Button on a segment of etch and move you
cursor with the line segment to the desired location and click again.

Settings in the Options tab affect the resulting etch:

e Min Corner Size - Sets the minimum 45-degree corner length allowed between two
non-parallel cline segments. This field also supports [N] x width values.

e Min Arc Radius — Sets the minimum arc size allowed between two cline segments.
This field supports [N] x width values. This value prevents arcs from completely
collapsing during slide operations.

e Vertex Action - Controls the action when you select a vertex between two segments
during the slide operation or when running the Slide command. A special vertex
cursor is shown as an indication when a pick gets the vertex rather than a segment.
The choices are:

e Line Corner - Causes the current angle at the vertex to be split and a new
segment is created. The new segment is then active on the cursor and can be
modified using the Slide command. This would allow you to change a 90-
degree corner into a 45-degree or split any other existing angle. This is very
useful to cleanup 90-degree corners, adjust off-angle corners, or reduce
lengths of existing routes.

e Arc Corner - Causes an arc to be created at the selected vertex. The new arc
is then active on the cursor and it can be modified using the Slide command.
This is very useful to convert 90 or 45 corners to arcs.

e Move (default) - Causes the vertex to move as both adjacent segments are
modified using the Slide command. This is essentially a 2-segment operation.

e Edit - Edits the vertex similarly to the Edit - Vertex command.

e None - Prevents any special action when a vertex is selected.

e Bubble: Controls automatic bubbling (moving of existing connections) to resolve
DRC errors. Enabling either of the hug modes or shove-preferred bubble mode sets
the Line lock field to Line to prevent you from adding arcs while in shove-preferred
or hug-preferred mode. Bubble mode does not support arcs.

The choices are:

e Off - Flags all clearance violations with error markers.

e Hug Only - Where possible, the routed cline contours to other etch/conductor
elements to avoid creating spacing DRCs. Other etch/conductor elements
remain unchanged.
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e Hug Preferred - Where possible, the routed cline contours to other
etch/conductor elements to avoid creating spacing DRCs. If not possible,
shoving of other etch/conductor elements to open routing paths is attempted.
Note: This method is more aggressive than Hug Only.

e Shove Preferred - Where possible, the routed cline pushes and shoves other
etch/conductor elements to avoid creating spacing DRCs. If not possible, the
layout editor tries hugging other etch/conductor elements.

e Shove Vias - Allows the bubble functionality in shove mode to move vias when you
are editing etch. It is only active when the bubble functionality is enabled.

Choices are:

e Off - Vias are not shoved.

e Minimal - Vias are shoved in a hug-preferred manner. Vias are not moved
unless there is no way to draw a connect line around them.

e Full - Vias are shoved in a shove-preferred manner. Any new or edited etch
always shoves vias out of the way.

e Clip dangling clines - This option clips dangling clines that are too close (violate
spacing constraints) to any line segments you are editing. It is active only when
bubble functionality is enabled in shove mode.

e Smooth - Controls whether smoothing occurs on the cline to minimize segments
between the start and finish points. Smoothing occurs dynamically as you move the
mouse on cline segments close to the segment you chose. Only segments changed by
sliding or bubble options are smoothed. Performance with the Smooth option active
may be somewhat slower than when it is inactive.

The choices are:

e Off - Choose to disable smoothing

e Minimal - Executes dynamic smoothing to minimize unnecessary segments.

e Full - Executes more extensive smoothing to remove any unnecessary jogs.
An additional segment on each end of the changed segments can be included.

e Allow DRCs - Enabled: The layout editor can violate design rules to make the edit.
The violations are flagged with DRC markers.

Allow DRCs - Disabled: If DRCs exist, or if the layout editor determines that DRCs
will be introduced to the design, the layout editor does not slide the connection.

e Gridless - Specifies whether, or not the connect line or via you are sliding must
adhere to the routing grid. When you enable gridless routing, the layout editor can
slide connections at maximum density while accommodating the minimum spacing
design rules. This affects your connections only if bubble is active.

e Auto Join — When ‘ON’ (Default), this option causes same-direction cline segments
to join as they line up during the slide operation, allowing the user to continue the
current operation on larger sections of the cline. When ‘OFF’, this option does not
join same-direction cline segments when they line up unless a click is made.

e Extend Selection - When ‘ON’, this option extends the original selection made
during the slide operation to include the two cline segments at each end of the
selection. The ‘OFF’ (Default) behavior does not affect the original selection.

Arc Corners - Extend selection can be used when sliding a 45/90-degree segment that has

arc corners and you want to maintain the arcs while the selected segment slides. This

option is similar to the arcs with segments option.
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The choices are:
e Segments - Extends selection to adjacent segments. This is the default option.
e Vias - Extends selection to adjacent vias.
e Segments and Vias - Extends selection to both segments and vias.

Editing Vertices

Edit - More - Vertex or Right-Mouse-Button - Move vertex

S Use to move vertices k
‘%a
A 7 _
Edit - More - Vertex or Right-Mouse-Button - Add vertex

/b\U% to add new vertices
A /\

)
%

Edit — More - Delete Vertex or Right-Mouse-Button - Delete vertex

J\ Use to remove existing vertices

A vertex in an etch line is a point at which the line changes direction or creates a corner.

e To Move an existing vertex, use either the Edit — More - Vertex from the top menu or
the Move vertex from Right-Mouse-Button popup, click on the vertex and place it in
the new position

e To Add a vertex, use either the Edit — More - Vertex from the top menu or the Add
vertex from Right-Mouse-Button popup, click on a point in the existing cline
segment and place the point in the new position

e To Delete an existing vertex, use either the Edit — More — Delete Vertex from the top
menu or the Delete vertex from Right-Mouse-Button popup and click on the vertex
to remove it
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Changing the Layer of a Connection

Edit — Change Objects

O_ Options Find Visibility
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Use the Edit — Change Objects command from the top menu to change the layer of an
existing connect line. From the Options tab, use the New Subclass drop-down menu to
select the appropriate etch layer for the change. When you select any visible connect line
in your work area, it immediately changes to the layer that you designated in the New

Subclass field.
Note G Vias are added or deleted automatically if the layer change dictates.

In Pre-Select mode, if you are in the Etch Edit application mode, when you move your
cursor over a cline, the Right-Mouse-Button pop-up menu will have a Change Layer
option where you can select the new etch subclass.

March 2020 EMA Design Automation, Inc. ® © 2020 All rights reserved

311




PCB Editor Essentials Training Version 17.4

Changing the Line Width of a Connection

Edit — Change Objects

Options Find Visibility
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Use the Edit - Change command from the top menu to change the line width of an
existing cline or cline segment. From the Options tab, set the Line Width field to the
new line width. When you select any visible connect line or connect line segment in your
work area, it immediately changes to the line width that you set in the Line Width field.

In Pre-Select mode, if you are in the Etch Edit application mode, when you move your
cursor over a piece of cline, the Right-Mouse-Button popup menu will have a Change
Width option that will open a Change Width form where you type in the new width.
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Deleting Etch
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To delete etch lines and vias, select Edit - Delete from the top menu. The Find Filter
and the Options tab control the actions of this command. In the Find Filter turn all items
‘Off’, then toggle ‘On’ only the items you want to delete. Most often this would include
Clines, Cline Segs and/or Vias. Select the desired options in the Options tab next and
specify which types of etch you want to delete.

By manipulating the Find Filter and the Options tab, you can define which portions of a
net to delete.

You can choose the following combinations:

Use Cline Segs to delete a single segment of a net.

Use Clines to delete all segments, excluding vias.

Use Vias to delete vias.

Use Clines and Ripup Etch to delete all segments and vias between pins (multiple
layer ripup).

Use Nets and Delete Net Options (Clines and Vias) to perform a multiple layer ripup
for all etch on a net.

Select “Done” from the popup to complete the deletion process.
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You can also use the Pre-Select mode to delete etch. First, make sure you are in the Etch
Edit application mode. You can use the Tab key to either select a cline segment, an
entire cline, or a ‘via’. After selecting the desired etch, use the Right-Mouse-Button
popup and select Delete to remove the selected etch.

Using the Cut Option

* Activate the 1st Pick 2nd Pick
command first Edit - Delete \ '
« RMB - Cut )
» Click two points in Places ratsnest —
the SAME segment  between break | @2 el
- RMB - Done Done
1st Pick\ 2nd Pick

Joe :

—— —e

o . Route - Slide ]

ss:;::: f:::m Done

Select on Path - - 1St PiCk an PiCk
e Edit — Change Objects ® N S
Cur width and/or layer

Snap pick to 3 ( y ) Done

You can use the Cut option to edit specific sections within a line segment. Use the Cut
option with the Edit - Delete, Route - Slide, and Edit — Change Objects commands. The
Cut option is not available in the Pre-Select mode.

Access the Cut option through a popup menu available in all three of these commands.
By selecting the Cut option with the Right-Mouse-Button, you can define a start and end
point within a single line segment. Once you define this section of line, you can delete,
slide, or change its width and or layer, depending on which command you started with.
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Interactive Routing Properties

Net properties affect not only the autorouter actions but also DRC checking while in
interactive route mode

Define net constraints and properties before adding etch

Common net properties used with interactive route are:

MIN_LINE_WIDTH - May be added as a Physical Constraint override in
the Constraint Manager, Physical domain

MIN_NECK_WIDTH — May be added as a Physical Constraint override in
the Constraint Manager, Physical domain

MAX_LINE_WIDTH — May be added as a Physical Constraint override in
the Constraint Manager, Physical domain

NO_RAT — May be added as a Net Property in the Constraint Manager
FIXED — May be added using the Fix icon

Note G Trace Width Properties are automatically populated when Constraint
Overrides are added in the Constraint Manager.

The MIN_LINE_WIDTH and MIN_NECK_WIDTH properties determine default
trace widths for specific signals

The MAX_LINE_WIDTH is a property you can set to specify a maximum width the
trace can be.

The NO_RAT property prevents the display of ratsnest lines. Most often used on
GND and VCC nets

The FIXED property can be attached to nets immediately after adding etch. This
property prevents future modification.
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Gloss Line Parameters

Route — Gloss Line Parameters

Route Shape Check Tools Manu
n_j'c Connect w

L& Slide Shift+F3
¥+ Custom Smooth

=% Create Fanout
Copy Fanout
Convert Fanout 4
Structures 4
PCB Router >
Resize/Respace 4
Delete Teardrop

Gloss Line Parameters

PCB Editor Standard includes Gloss Line Parameters. This program runs the Line
Smoothing utility which cleans up extra jogs and vertices in clines created during routing
by the push and shove features.

Line Smoothing

E Line Smocthing - X / \
Line SmoothM
[~ Bubbles
2 dogs > f
[ Dangling lines
[ Woenet danglingm’

Line Smoothing Line S eaments
Freserve odd angle lines if possible

[ Convert 90's to 45's

Clines with a net name but
only connected at one end

[ Extend 45's
o o 2% Left over clines segments

with NO net assigned to it

Corner type: ® 45 (90

Mumber of executions:

Help
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Line Smoothing removes extra jogs and line segments in the design. It also converts
orthogonal corners to diagonal corners. Line smoothing is a good tool to help open
channels during routing.

e Bubbles - Line Smoothing is a tool that smooths bubbles configured around pads that
are no longer in the design.

e Jogs - Specifies the elimination of repeated jogs or “stair steps.”

e Dangling Lines - Indicates whether Line Smoothing eliminates connect lines without
two owners (pins or vias). These lines are usually connected to a pin, via, or T
junction on one end and unconnected on the other. The default is ‘ON’.

e No-net dangling lines - Indicates whether Line Smoothing eliminates connect lines
not associated with any net.

e Preserve odd angle lines if possible - Specifies Line Smoothing preserve odd angle
lines (unless removing them shortens the connection).

e Convert 90’s to 45’s - Changes orthogonal 90-degree angles to 45-degree diagonals.

e Extend 45’s - Attempts to extend the 45-degree segment so that either the horizontal
or the vertical segment can be eliminated.

e Maximum 45 Length - Specifies the maximum orthogonal distance to which
a 45-degree angle segment will be extended.

e Length Limit - Limits the maximum length of line segments that are to be
considered by Line Smoothing.

e Bubbles are processed if the orthogonal segment in the bubble is less
than or equal to the value of this parameter. Diagonals whose
orthogonal length of the diagonal is longer than this value are skipped.
The default value is -1 and indicates no length limit.

e Jogs are only considered if the orthogonal segment in the jog is less
than or equal to this limit. The default value is -1 and indicates no
length limit.

e Corner Type - Specifies whether corners are diagonal (45) or orthogonal
(90). The default is 45.

e Number of Executions - Specifies the number of times that Line Smoothing is

executed. It is recommended that you run multiple passes. The default value is 1.
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Labs

Lab 10-3: Improving Routed Connections

e Learn how to improve etch paths using the Slide function and other techniques for
adding, deleting, and moving vertex points on existing etch

Lab 10-4: Using the Cut Option

e Learn how to use the Cut option in conjunction with other editing commands

Lab 10-5: Running Gloss

e Learn to run the Line Smoothing routine
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Lab 10-3: Improving Routed Connections

Objective: Improve etch paths to partially clean up the traces using the Slide
command, the replace etch function, and other techniques for adding, deleting,
and moving vertex points on existing etch.

Using Slide

Thus far you have been adding new etch. This next lab exercise focuses on editing or
moving existing etch.

1. Openthe routed.brd file in the solutions folder and save it to the project2 —
allegro folder

2. Zoom in around U2 and its surrounding traces. lr \

3. Click the Slide icon in the left side Route toolbar. :

4. The Find Filter should already be set for Vias and Cline Segs only.

5. Set the Visibility tab to just have the Top layer visible.

6. Click any segment of etch in your display.

The segment you picked travels with the cursor.
— —e
—a -0 Ll = —a O omn
—_— (= —= - =
- —— R — o—=m
= = = =
e 4 e — ——) ——//
1 = - ams | -
7. Choose a location for the moveable etch and click to define the new location.

8. Experiment by changing the Options for Bubble, Shove Vias and Smooth settings
and sliding other etch segments.

9. Also try combinations with the Gridless and Allow DRCs options checked and
unchecked to get a feel for how these choices restrict or change the slide behavior.

10. Right-click and choose “Done” from the pop-up menu.

11. Now go to an area where there are lots of traces that are routed together, either
horizontally or vertically.

12. Make sure you are in the Etch Edit application mode.

13. Select on a cline segment. Notice that you are now in the Slide command. When you
have moved the ‘etch’ to where you wish, click Left-Mouse-Button again to place the
‘etch’ at the new location. Now, notice you are no longer in the Slide command.
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Moving, Creating, and Deleting Vertices

You can move vertex points or create new vertices to quickly edit existing etch.

=

Choose Edit — More - Vertex from the top menu.
2. Click a vertex on a cline.
Notice that the cursor changes as you see in the figure to the right. & Od

The corner of the cline is now attached to your cursor and can be
moved to a new location.

3. Choose a new location and click at that point.
Now we will add a vertex to an etch segment.

4. Select a point anywhere in the middle of a cline segment.
This causes a new vertex to be added.

o

Click a location for the new vertex.

Now, click on an existing vertex on a cline.

7. Right-click and choose Delete Vertex.

The vertex is deleted, and the new trace path is shown.

o

8. Right-click and choose “Done” from the pop-up menu.

End of Lab
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Lab 10-4: Using the Cut Option

Objective: Use the Cut option in conjunction with other editing commands.

You can use the Cut feature to define specific sections within line segments. You can
use Cut with the Edit - Delete, Edit - Change Objects and Route - Slide commands.

Using Cut with Delete

1. Select the Zoom Points icon to zoom in to any area of the design so that only two or
three components fill the PCB Editor display, and trace thickness is apparent.
Choose Edit - Delete from the top menu.

Set the Find tab so that only Cline Segs is toggled ‘ON’.

Right-click and choose Cut from the pop-up menu.

Click two points within a single segment where you want the cut to occur.

The selected section is highlighted.

arwn

6. Right-click and choose “Done” from the pop-up menu.
The highlighted portion is deleted, leaving a ratsnest in its place. Add the connection
back using the skills you have learned for manual routing.

l

First pick Second pick
Cut section of routed segment  Ratsnets between cut segments

Using Cut with Slide

Click the Slide icon in the toolbar.

Set the Find tab so that only Cline Segs is toggled ‘ON’.

Right-click and choose Cut from the pop-up menu.

Click two points within a single segment where you want to define a section.
As soon as you make the second click you will notice that the section is now
moveable.

el oA

o

Click on the new location or position for the section of etch you are sliding.
6. Right-click and choose “Done” from the pop-up menu.
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Using Cut to Change Width

1. Choose Edit — Change Objects from the top menu.

2. Set Find tab so that only Cline Segs is toggled ‘ON’.

3. Inthe Options tab set the options to match the figure. Change the value in the Line
Width field to 20.

COptions Find Visibility

Options

Clazz: | Etch ~

Mew subclass:

O m |l Top v‘
At via

Ling width: 20.00

[] Text black: 3 =
Text name: w

L] Teut juzt: Left w

4. Right-click and choose Cut from the pop-up menu.
Click two points within a single segment where you want to define a section to be

changed.
The new section is highlighted and changes width immediately.

6. Right-click and choose “Done” from the pop-up menu.
7. Do not exit out of the board. We will use it in the following lab.

End of Lab

o
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Lab 10-5: Running Gloss

Objective: Run Line Smoothing to automatically clean up the routes to make the
design more manufacturable.

Note g The Line Smoothing program may significantly modify the routes in your
design. For this reason, you may want to fix critical nets before running it.

Using Gloss

1. Reopen the routed.brd by typing reopen in the Command window.
2. Select Route - Gloss Line Parameters from the top menu.
This will open and the Line smoothing parameters form.

3. Inthe Line Smoothing form leave all settings to their defaults, except set the Number
of Executions to 5.

4. Select Gloss from the Line Smoothing form.
The Glossing routine is run. You will see the traces being moved, and corners will
change from orthogonal to diagonal.

5. After Gloss has finished, you may view the gloss log file by selecting File — Viewlog
from the main menu.
If you opened the gloss.log file, close the log file.

6. Select File - Save As from the top menu.
A browser form appears.

7. In the File Name field, enter gloss.
8. Choose Save.
The file gloss.brd is saved to disk.

End of Lab
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Lesson 11: Copper Areas and

Positive Planes

Learning Objectives

In this lesson, you will:

Version 17.4

e Learn how to generate positive planes, split planes, and copper pours for artwork
e How to work with the Shape Edit application mode

In this section, you will learn about shapes. Shapes are used to represent copper areas,
among other things. Shapes can be added to routing layers as well as plane layers. This
lesson will focus on using shapes to represent an internal planes and copper areas/pours

on routing layers.

Design Layout Process

OrCAD Capture
schematic design 'S

Manufacturing
outputs

Check plots
Aperture files
Gerber data
NC drill data
Silkscreens
Assembly
drawings
Fabrications
drawings

Define board Load logic
mechanical - data —
stackup

Physical design
analysis

YOU ARE HERE

Reports
Autorename
Backannotation

Generate Define Power/
manufacturing | <~ ERETFNETTES | <
output

Set/check CBD
rules and
constraints

\

Arrange/place
components

\

Interactive and
automatic route
signals

v

Gloss/auto
cleanup for
manufacturing

This design flow is used throughout the entire course. Each box in this flow represents a
common step in the design of a printed circuit board. As indicated in the flow, the define
power/gnd planes box will now be discussed.
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Copper Area Images

Positive Plane — Dynamic Copper
Artwork PCB Editor

Creating copper areas:

e Advantages to Positive Shapes:

e The PCB Editor displays the actual positive copper fill, as well as the anti-
pad, or plane opening and thermal relief features. No special flash symbols
are required

e As can be seen on the right-hand side of the figure above, the PCB Editor
display matches the final artwork

e Clearances are based on various DRC values in the Constraint Manager rather
than the anti-pad and thermal flash information embedded in the padstack

e Viewing of Dynamic vs Static Shapes:

e A copper shape drawn as Dynamic Copper will display in the workspace as a
filled in solid image.

e A copper shape drawn as Static Solid will display as a see-through dot filled
image. This allows the user to distinguish between a dynamic shape and a
static solid shape.
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Adding a Copper Area

Shape — Polygon

Dynamic crosshatch

Static salid
Shape Check Analyze Teools Manufi N - ey 5
. P y : Options  Find  Visibility Static crosshatch
& Polygon Options Unfilled
B Rect I — 1
ectanguiar B Select a net. X
@ Circular
Active Class and Subclass: Gnd =
Etch - D15 B
Delk
Gnd - D Cancel
lj ||:I n | [ien
Shape Fill iy e
ape Fil . F;g"'a'"" Help
Type:  Dynamic copper v Gain
[] Defer performing dynamic fill ﬁ;‘d-Ea’"‘ & Database
Ml
Mrcd o Libeaty
Assign net name: bl s | [CJOCHets

|Dumm_l,JNet | Total elements: 182

Shape grid: Curent grid v

Current grid
Segment Type None
Type: Line 45 v

\
0.0 Line 45
’Mi Line Orthogonal

: Arc

There are two different types of fill styles to choose from:

e Dynamic - Once the shape boundary is defined and the fill is set to either dynamic

copper or dynamic crosshatch, the fill will automatically void where needed, add

thermal straps where needed to create connectivity and run DRC checking to produce
artwork quality output.

Example for Dynamic Positive Shape - This type of shape fill may be used

for internal power and ground planes and most copper pours on routing layers.
With all but the very largest boards, performance is not an issue.

Static - Once the shape boundary is defined and the fill is set to solid or crosshatched,

you will need to perform manual voiding as NO automatic voiding takes place with
this fill style.

e Example for Positive Static Shape - These shapes may be used for RF

circuits or when defining a Chassis ground area around some critical circuitry.
(Use when you don’t want the shape to be inadvertently modified.)
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Add Shape Options:

e Select a subclass - Change the setting to the etch layer the shape will be added to.
e Shape Fill Type:
e Dynamic Copper - Select if auto-voiding upon each edit to the boundary or
elements within the shape boundary is desired
e Dynamic Crosshatch - Acts the same as Dynamic Copper except the fill
pattern is crosshatched
e Static Solid - Select if automatic updating of shape during editing elements or
boundaries is NOT desired
e Static Crosshatch - Acts the same as Static Solid except the fill pattern is
crosshatched
e Unfilled - Defines areas on the board such as constraint regions, route
keepins, rooms, etc. These types are not allowed on etch layers

e Defer Performing Dynamic Fill - Pushes the dynamic voiding and plowing of a
currently added shape off until a later time. Artwork will not be generated if this
setting is present.

e Assign Net Name - Select net name from the Options tab browser menu. All nets
with a VOLTAGE property will be available from the Assign net name pulldown, or
the net may be selected from a list button (...) of all the nets in the design.

Options Find Visibility
Options

Active Clazs and Subclass:

Etch e

W |[ Gnd -
Shape Fill

Type: | Dynamic copper w

[] Deter perfarming dynanic il

Agzign net name;

Crummy et —
5 Agnd .

Gnd

Gnd_Earth

W+12 -

W12n

Voo

f (00

e Shape Grid - The grid increment used to construct shapes or void outlines.
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Current Grid - Uses the current subclass grid.
None - Creates shapes off grid in user units.
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e Segment Type — Line or corner type used when defining a polygon shape boundary.
e Line- Anyangle
e Line 45 - Miters corners to 45-degree angles
e Line Orthogonal - Corners will be at 90-degree angles
e Arc - Choose to create an arc in the shape boundary
e Angle - Creates an arc from a start point with the specified angle
e Arc Radius - Enters the next arc with the given radius

Rectangular Shape Options

Options ~ Fnd  Washility

Shape — Polygon o=
Shape Check Analyze Tools Manuf

[ i Active Class and Subclass:
l Eich w
- L] Top .
y @ Circular ’ u

Shape Fil

|.'_. Polygon
& Rectangular |

Type: | Dynamic copper v
[ Defer performing dynamic fil

Azsign net name:
Agnd v [ - |
Shape grid Current grid

Shape Creabion
(®) Draw Rectangle

() Flsce Rectangls
Width (W) 100.0
Height [} 1000

Comers >

() Osthogonal () Chamfer (@) Round

T

G
H

h . A

vy

(®) Explicit Length
@ Trim [T: 100
() Chamfer (C}: 141
() % of Short Edge l100

Shape - Rectangular - Provides the option to interactively draw the rectangle or “Place
Rectangle” of a specific width and height. It is also possible to specify cornering options,
such as “Orthogonal”, “Chamfered”, or Round”. You may control the corner length or
radius by using either “Explicit Length” or the “Percentage of Short Edge” options.

e Explicit Length — Controls the Trim or Chamfer sizes
e Trim (T) — Specifies the distance in from the corner to add either the chamfer
or round
e Chamfer (C) — Specifies the length of the mitered segment of the chamfer
e 9% of Short Edge — Specifies the percentage of the short edge of the rectangle that the
chamfer or round is to be applied. The specified percentage is the total trim length of
both side corners when compared against the width of the short edge of the rectangle.
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Global Dynamic Parameters

ﬁGlobal Dynamic Shape Parameters — *

Shape fil Void controls  Clearances  Thermal relief connects

Update to Smooth | Out of date shapes:  4/6 Force Update
Diynamic fill: (®) Smooth () Rough () Dizabled
¥hatch style: Hor_Wert
Hatch zet Line width Spacing Anale
First: 500 m00 n.oaa
Second: 5.00 500 90,000
Ohrigir = |D.DD Origin v 0.00
Border width: [5.00

Cancel Apply Feset Help

The Global Dynamic Shape Parameters form controls settings for all dynamic shapes.
Updates will be made when either the Apply or OK buttons are selected. These
parameters may be overridden by Dynamic Shape Instance Parameters on a shape-by-
shape basis.

e Global - Select Shape - Global Dynamic Parameters

e Shape Instance - Select the shape then select Parameters from the Right-Mouse-
Button popup

e Object Level - (pin, via, cline) — Select Edit — Object Properties from the PCB
Editor top menu (see CDSDoc for properties available. All dynamic shape properties
begin with DYN.)
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Global Dynamic Parameters - Shape Fill

Shape - Global Dynamic Parameters
B ﬁ Global Dynamic Shape Parameters - X
- Solid Smooth

Shapefil ‘oid cortrols  Clearances  Themnal relief connects
[III]]I]]]]]I Vertlcal Update to Smooth Out of date shapes:  0/0

% Horizontal Dynamic fill: I@Smolh () Rough () Disabled I_-’ s 4
4—— »hatch style: Hori_Wert  ~

Artwork Quality

Di Eg_POS Hatch set Line width Spacing Angle R g h
e 50 50 10000 {_J Internal smoothing

Diag_Neg Secord 50 50 20,00 7 disabled & 2

- Origin %: oo | oignv: 00 ¢ thermal ties max
Diag Both Border width: 5.0 .

- Disabled
Hori_Vert . ! Defersany

auto-voiding or
\\Q\ Custom Cancel | | Apply Reset Help smoothing

In the Global Dynamic Parameters form under Shape Fill the settings are:

e Dynamic Fill:
e Smooth - Produces artwork quality film. (Shapes with no DRCs).

e Rough - Internal smoothing disabled and maximum of two thermal ties added.

Used during editing of very large boards with complex shapes.
e Disabled - Defers any auto-voiding or smoothing. Use during editing of very
large boards with many complex shapes or if rough mode is unacceptable.
e Xhatch Style — Specifies the crosshatch style to be used on the shape. The hatch set,
line width, spacing, and angle settings determine the crosshatch orientation.
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Global Dynamic Parameters - Void Controls

E Global Dynamic Shape Parameters 7 X

Shapefil Voidcontrols Clearances Themmal rebef connects

Astwork format Gerber RS274X v
Minimum aperture for gap width 4.00

Suppress shapes less than 25.00 mils
0.000625 (sqin)
Create pin voids: Inline v
Create pin voids Individually . . o
Distance between pins: 1150.0
= :E Acute angle trim control Round v -
.
]
0:' Rectangle pad void comer style: Round v
= [C] DiffPair combined void for vias added with Retun Path option

Snap ON g——— [Jsnap voids to hatch gid

Fill Xhatch cells oft v

Cancel Apply Reset Help

In the Global Dynamic Parameters form under VVoid Controls the settings are:

e Artwork Format - Will optimize the shape fill for vector or raster processing.
Default is raster-based RS274X.

e Minimum aperture for gap width - Used for vector-based Gerber output only.

e Suppress shapes less than - Eliminates unconnected shapes less than the area value
specified when voiding shapes.

e Create pin voids - Inline or individual options for voiding around pins.

e Distance between pins - Used when inline is selected.

e Acute angle trim control - Used only when raster processing is selected. Round,
chamfered, and Full Round are the options.

e Snap voids to hatch grid - Attaches created voids to the hatch grid rather than
following the voided element edge.
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Global Dynamic Parameters — Clearances

$ Global Dynarmic Shape Pararmeters

Shape fll  Void controle  Clearances  Thesmal relief

Thiu pirt: DRC w
Srnd pirt: DRC w

Via; DRC v
Line/cline: [DRC)

Text [DRC. uses line spacing]

Shape/iect:  [DRC)

Corcel | | bopy | | s

The Clearances tab specifies how far the copper shape is recessed from any conductive

Oversize value:

0o
00
0.0
00
0o
(1}

Help

X
Thermal/anti

}

Layer Mame Regular Pad Thermal Pad

- TOP Circle 62.0
GND Circle 62.0
(e Circle 62.0

Circle 62.0

- BOTTOM Circle 62.0

Circle 82.0
Flash AB53
Flash AB53
Flash AB53
Circle 82.0

Anti Pad
Circle 82.0

Circle 82.0
Circle 82.0
Circle 82.0
Circle 82.0

Version 17.4

Keep Out
None

None
MNone
None
None

None

Thermal/anti clearance is used
when defining negative planes.

The DRC value is used for positive
planes and copper pours.

object within the copper shape in order to prevent shorting.

e DRC - Uses the DRC spacing rules setup in the Constraint Manager as the clearance.
The DRC clearance is typically used when defining positive planes and copper pours.

e Thermal/Anti - Uses clearance size from thermal relief and antipad definition in the
padstacks of pins or vias as long as the thermal relief and antipad definition is NOT

smaller than the DRC spacing rule for the shape to the conductive object. The
Thermal/anti clearance is typically used when defining negative planes.
e Oversize - Increases the clearance of the specified DRC or thermal/antipad value.
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Global Dynamic Parameters - Thermal Relief Connects

E Global Dynamic Shape Parameters - X

Shapefill  Void controls  Clearances  Thermal relief connects

R

Diagonal

Full contact

B way connect
Mone

Thiu pire: | Diaganal e Mirirom connscts E =
[] Best contact Maimum connects E =
Smd pirs: | Oithaganal e Mirirnum connects F =
[ Best contact Maximum connects E =
Wias: Full contact £ Miriroum connects E =
Rotates the thermal relief —————®[8stcon Masdtum comects 4 13
connections by 15 degrees O Use fised thermal width of e
trying to meet the minimum @) Use themal wich oversize of [0
COFIFIECtS required [[]Use xhatch themnal width
Cancel Apply Resst Help

Thermal Relief Connects tab specifies how pins and vias with the same net name as the
shape should be connected to the shape.

e Orthogonal - Connect lines are added straight up and down or left and right to
connect to the shape.

e Diagonal - Connect lines are added upper left to lower right and lower left to upper
right to connect to the shape.

e Full contact - A solid connection to the shape is made to the pin/via. No voids.
Typically set for vias.

e 8 way connect - Connect lines added orthogonally and diagonally.

e None - Thermal relief connect lines are not added.

e Best Contact - Rotates the thermal relief connections by 15 degrees trying to meet
the minimum connects required.

e Use fixed thermal width of - Overrides the Physical Constraint Set value.

e Thermal width oversize value — Increases default thermal connect line width by the
specified value.

e Use xhatch Thermal Width - Allows cross-hatched dynamic shapes to generate
thermal connect line widths based upon the shape's cross hatch width.

March 2020 EMA Design Automation, Inc. ® © 2020 All rights reserved 334




PCB Ed

itor Essentials Training Version 17.4

Editing Copper Shapes

I_Ih.‘_._PoW:m_ e 1
| W Rectangular I Add Shape
i@ Caw __ __ __ __ __|]
Wl Select Shape or Isolation/Cavity I N
& Polygon
Manual Isolation/Cavity » Rect I I
LIl Rectangular
W Edit Boundary Circular I
% Delete Unconnected Copper Delete Ed|t
Merge Shapes B Element I Shape
Change Shape Type Move I
Copy Shape Copy I
Check Shapes J /

Shape Check Analyze Tools Manuf

Create Shape From Lines

Create Lines From Shape

Global Dynamic Parameters...

This is the Shape - pull-down menu. The first three commands allow you to add shapes
to the board. The remaining commands allow you to edit shapes.

Select Shape or Insulation/Cavity - To interactively edit an existing shape or void,
you must first select it. Then use the Right-Mouse-Button popup, or the top pull-
down menu to make changes to the assigned net, parameters, etc.

Manual Insulation/Cavity - Use this submenu to interactively add or edit the voids
in a shape. You must also use this command to delete voids within shapes.

Edit Boundary - Used to draw a new boundary to an existing shape. After defining a
new boundary to a shape, the old boundary is automatically removed.

Delete Unconnected Copper - Used on dynamic shapes to highlight isolated areas of
copper for you to delete or connect as you wish.

Merge Shapes - Merge shapes that overlap and are assigned to the same net. The
shapes to be merged will take on the properties of the primary shape.

Change Shape Type - Changes shape type from Static Solid to Dynamic Copper or
vice versa.

Copy Shape — Works the same as the Outline - Z-Copy command but is used to copy
copper shapes from one layer to another.

Check Shapes - Necessary only when creating vector-based artwork. Checks the
shape for narrow areas where the smallest specified aperture cannot fill.

Create Shape from Lines - Converts a group of lines and arcs into a shape. The
lines may have come from a DXF file.

Create Lines from Shape - Converts a shape to a group lines and arcs.
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Split Planes
+5V +2V
vy N
) N
Void Area —

% r—/

Split planes are multiple copper areas that share the same etch layer. To help plan the
geometry of each copper area, it is best to color the various nets that will be attached to
the planes. Then you will be able to examine how pins are distributed on the layout.
This will also guide you while defining where the various splits will occur.

Hint: It is helpful to color the nets before placement and then dissect the design
for the different voltage areas that will be needed. That way you have a visual
display of approximately where the edges of the shapes will be defined while
placing components.

Colors may be assigned to nets using one of the following methods:

e Select the Setup - Colors command from the top menu. In the Color Dialog form
select the Nets tab at the top and then set the color of the required nets.

e Hover over a net in the PCB Editor window and click with the Right-Mouse-Button
and select Assign Color from the pop-up menu and select a color from the resultant
color pallet.

e Select the Assign Color toolbar icon and then select a net and then select a color from
the resultant color pallet in the Options tab.

Note g Use one of these methods of displaying pins with different colors to
determine where to draw the line(s) that will become the gap or split between the two
areas of copper.
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Strategy for Split Planes

Add - Line to the Anti-etch class Edit - Split Plane; Enter Net Name
3 2]
Route
Keepin
+5V +2V
\_,' T r_‘/

\_1 -%/
Name the Net Name the 2nd

and Fill Net and Fill Turn Off Anti-Etch Display

The plane shown in this example has two different shapes. There is no limit to how many
different splits you can make in a plane.

You may have noticed a class called Anti-Etch. There is an Anti-Etch layer for every
Etch layer in your design. It is used to define the location of the separation of each of the
planes in the split-plane process. You will do a lab exercise later that details this process.

The following are the phases of split plane process.

1. Draw a line on the Anti-Etch class where you want the gap between the shapes to

occur. Make the width of this line the size of the gap required. The Anti-Etch line

must either be one contiguous line creating a closed polygon or begin and end

outside the Route Keepin.

Select Edit - Split Plane from the top menu.

3. Select the type of shape and the etch layer on which to create the plane in the Create
Split Plane form.

4. Enter the net name for the first and second shape when prompted. The separate
shapes are automatically defined and filled.

5. When all of the shapes have been assigned a net and filled, turn off the Anti-Etch
visibility to see the shape splits more clearly.

N
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Shape Edit Application Mode

Options  Fnd  Visbiity
Options

The parameters set in the
Options tab allow you to

Ahve Class and Subclaes:

- i ove customize for the mouse-click,
S |Remove/Estend drag and vertex operations
somtcmes / _ without having to access the
I o —— main toolbar or top-level menu
“““":;f, — for the following operations:
Move
= ""H“" - Add a notch to a shape
|_'|E terd Sekection [hold Shift o toggke) Seg ment
[ A0 Jain hokd O o toggie) Mws .
Dﬁe - Extend or shrink a segment of
v a shape
—— - Add chamfered or rounded
r?‘ corners to a shape
L | —

[ 5k trim sizes by cursor

The Shape Edit application mode is a tuned editing environment primarily designed to
increase efficiency with shape boundary editing. This object-action environment
simplifies the actions of sliding a shape edge, adding a notch to a shape edge, or
chamfering/rounding the corners of a shape. You will notice similarities with other

application modes but also find new functionality that allows customization of single pick
and drag operations.
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Chamfers

Shape Application Mode

» Set the Vertex commands to Chamfer/Round
» Set Corners to Chamfer
+ Set Trim to length of 45 degree line

\

After Chamfers L_

Version 17.4

Shde
[ Estend Selection fhold Shift to toggle]
[ hasts Joi il Co s Rcspghe]

Move
[ Free Vertex

Add rotch
Angh S0.00

Comess
® Chamies () Round

® Tim (T} S0.00

D) Chassies [T} 2

[ Set tsm size by cursor

Since the board outline is a shape, you will need to use the Shape Application Mode to

chamfer or round the corners.

Once you are in the Shape Edit Application Mode, the Options tab allows you setup the
required options for chamfering the corners of your board outline:

If you need rounded corners:

First, you need to set the Vertex commands for Click to Chamfer/Round.
Then, you can set the Corner to Chamfer.

Lastly, set the Trim to the desired length of the 45-degree line (i.e. 50 mil).
All you need to do now is click on each corner you wish to chamfer.

Set the Vertex commands for Click to Chamfer/Round as before.

Set the Corner to Round.
Set the Trim to the desired Radius for the rounded corner (i.e. 50 mil).
All you need to do now is click on each corner you wish to round.
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Labs

The following labs will instruct you on how to create shapes.

Lab 11-1: Creating an Internal GND Plane

e Create the GND plane shape

Lab 11-2: Creating a Split Plane for VCC Layer

e Creating plane separations
e Creating the split plane shapes on VCC layer

Lab 11-3: Copper Pour Areas

e Setting Parameters for Rectangular Shapes
e Creating the GND_EARTH copper pour area

Lab 11-4: Shape Edit Application Mode

e Work with the Shape Edit application mode options
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Lab 11-1: Creating an Internal GND Plane

Objective: Create an internal GND plane on an unrouted board.

Adding Classes to the Visibility Pane

To make the split planes and shapes easier to work with, we will add the Anti Etch
and Boundary Classes to the Visibility Pane.
1. Start the PCB Editor if the software is not already running and open the

planes.brd file in the solutions folder and save it to the project2/allegro folder.

N

Select Setup - Colors from the top menu and go to the Visibility Pane tab.
3. Inthe Visible classes section, select AntiEtch class from the Available classes and
then click on the up arrow to add it to the Visibility tab.

@Color Dialeg

Layers Mets Display Favorites Visibility Pane

Visible dasses

AntiEtch Etch Via Pin Dre
-

Bound BrdGeo Cavity CnsRgn Drawing Pkg Kl Pkg KO PkgGeo Rgdf

Available classes

< >

4. Do the same for the Bound class.

Making the GND Plane Layer Visible

5. Select the Visibility tab and set the check box options to match the figure below by
checking the All in the GND layer:

Options Find Visibility

Visibility -8 X
Global visibility On Off Last
View -
Layer Bnd Anti Etch Via Pin Drc All
Conductars OOoooOoon
[ Planes OO0O0OO0nOono
Masks OO0O0OO0nOono
All Layers OOooooOoon
Top (O
Gnd CIC] o [ A
Vee () O
Bottom (O
Through All li‘ li‘ l:‘ [
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Choose Setup - Colors from the top menu.

©ooNo

Toggle the Through All check box to ON.

The Route Keepin will be used to automatically specify the extents of the GND plane

shape.

10. Click OK to confirm your settings.
The Color Dialog form closes.

Creating the GND Plane Shape

1. Select Edit - Split Plane from the top menu.

2. Using the pulldown in the Create Split Plane form select the GND layer.

3. Check to make sure Shape Type is set to Dynamic.

Version 17.4

Select the Layer tab at the top if it is not already selected.
Select and expand the Areas category and then the Route Keepin selection.

ECreate Split Plane

Select layer for zplit plane creation:

~
Layer will have all shapes and thermal reliefs deleted

Shape type desired: (®) Dynaric

() Static

Create | | Cancel Help

4. Click Create.
5. Select the GND net from the Select a net form.

ﬁ Select a net. hed
Grd ~]
Data A oK
Delk Lo |
g:lr: Cancel
Dhen
Diurnrny Met
Fpoa
Gair Help
Gnd_Earth
Hs
telk Database
Ird .
Wur v Library
N , | CIDCHets

Total elements 182

Note 5 Rather than browse for the GND net you could type g* in the filter field at
the top of the “Select a net” form to filter out all nets except those beginning with the

letter g.
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6. Click OK to complete the shape and dismiss the form.

Saving Your Work

1. Choose File - Save As from the top menu.
2. In the File Name field of the resultant form, enter planes gnd.brd

3. Choose Save.

End of Lab
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Lab 11-2: Creating a Split Plane for VCC
Layer

Obijective: Create internal split plane for V+12, V12N, and VCC on the VCC
layer.

Making the VCC Plane Layer visible

1. Start the PCB Editor if the software is not already running and open the
planes_gnd.brd file.

2. Open the Visibility tab and set the check box options to match the figure below by
checking the All in the VCC layer:

Options Find Visibility

Visibility - F X
Global visibility on off Last
View -
Layer Bnd Anti Etch Via Pin Drc All
Conductors goodood
[] Planes oooodoo
Masks OooodooOoood
All Layers oooodono
Top NN NN
Gnd LN N A
Vee 00 o E L
Bottom NN R
Through All E‘ I:‘ D O

The Power and Ground nets are still colored from when we did our component
placement. As a refresher, the power nets are colored as follows:

V+12 = Magenta

V12N = Blue

VCC = Purple

These colors will guide us as we split the VCC layer plane.

ﬁ Color Dialog

Layers Nets Display Favorites Visibility Pane

[] Hide custom colors (@) Sort ascending () Sort descending [ ] Exdude default nets  Filter nets: | |

Met group Met Pins Vias  Clines Shapes Rats
o 00 00 00 00 0dd 00
XF\J;W [Met] Test_Met_Data_Daamp |:| |:| |:| I:‘ |:| |:|
Nt [Net] v+ 12 = 1= = I = E
[Net] Vizn = = E O E E =
[Net] Vee = 5 = E E =
[Met] Velka g g g g g g
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Creating Plane Separations

arOdE

In the Visibility tab of the Control Panel, turn on the VCC layer.

Zoom into the lower right corner of the board.

Select Add - Line from the top menu.

In the Options tab set the class to Anti Etch and the subclass to VCC.

Set the Line width to 25.

This will create a 25 mil clearance between the plane sections.

We have already added one line that separates V+12 and V12N from VCC (the rest of
the board).

Now, you will add the line that separates V+12 from V12N.

Draw the split between V+12 (Magenta) and V12N (Blue) as seen in the figure below
making sure that the magenta pads are on one side of the anti-etch line going through
the circular ICs and the blue pads are on the other side of the line.

Note g If the split plane starts and ends at a board edge, the Anti Etch line MUST
cross the Route Keepin area.
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Creating the Split Plane Shapes on VCC Layer

1. Select Edit - Split Plane from the top menu.

2. Using the pulldown in the Create Split Plane form select the VCC layer.

3. Check to make sure Shape Type is set to Dynamic.

4. Click Create.

E Create Split Plane x

Select layer for zplit plane creation:

[vee 4

Laper will have all shapes and thermal reliefz deleted

Shape type desired:  (® Dynamic

() Static

Create | I Cancel Help

Version 17.4

5. One at a time when prompted, select the V+12, V12N, and VCC nets from the Select
a net form and click OK for each

Note G As you did with the ground plane, you may type v* to filter out all nets
except those beginning with the letter v.

March 2020

E Select a net. >

%

v

W12 Ok

W12n I_I

Egﬁ:&a Cancel

Wilke

Wdld

Wil

Wd2 Help

Wd3

Wid4

WG

Wdb Databaze

Wd? .

Yref Library
[]DC Mets

Total elementz: 14

Mo valid name selected.

EMA Design Automation, Inc. ® © 2020 All rights reserved

346




PCB Editor Essentials Training

March 2020

Total elements: 14

Database
Library
[DC Nets

Total elements: 14
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6.

March 2020

Version 17.4

Cancel

e Help

Wdy Database
Library

[]DC Mets

Total elements: 14

In the Visibility tab, you may now turn OFF the Anti Etch and Boundary classes for

the VCC subclass.
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Saving Your Work

1. Choose File - Save As from the top menu.
2. Enterplanes_vcc inthe File Name field and click Save.
The file planes vcc.brd has been saved to disk.

End of Lab
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Lab 11-3: Copper Pour Areas

Obijective: Create a copper pour area for the GND_EARTH net on the bottom
layer.

Making the Bottom Layer visible

1. Start the PCB Editor if the software is not already running and open the
planes vcc.brd file.

2. Open the Visibility tab and turn on the BOTTOM layer by checking the All in the
BOTTOM layer as you see below:

Optians Find Visibility

Visibility -8 X
Global visibility On Off Last
View hd
Layer Bnd Anti Etch Via PFin Drc Al
Conductors Ooooodd
[ Planes OoOo0OoOOood
Masks OoOo0OoOOood
Al Layers OO0OoOoddd
Top ] (] (] (]
Gnd ] (] (] (] (]
Vec (L N ) e
Bottom OO0EEED
Through All ] [ 1w

Again, the nets are still colored from before. As a refresher, the GND_EARTH net is
colored Brown. This will guide us when we create the GND_EARTH copper pour.

Creating the GND_EARTH Copper Pour Area

Zoom into the bottom right hand corner of the board where GND_EARTH is located.
Select Shape - Rectangular from the top menu.

In the Options tab, select Etch for the class and Bottom for the subclass.

Set the Shape Fill type to Dynamic copper.

el A
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5. Since all power and ground nets in this design have the VOLTAGE property attached,
you may select the GND_EARTH net by simply using the Assign Net pulldown as
shown below.

Options Find Visibility
Options - B X

Active Clazz and Subclass:

Etch W

= |EI Battarn v
Shape Fil

Type: | Dynamic copper w

] Defer performing dynamic fll

Agzigh net name:

|

Dy Met
Agnd
Gnd

o

W12
W12n

Wio
idth [a: 100.00
Height [H]: 100.00

6. Select Draw Rectangle and set the corners to Round and the Trim to 50.

March 2020

Corners

() Onthogonal () Chamfer  (®) Fiound
T

W

Lt

(®) Explicit Length

(®) Trim [T): |50.00

O Chamfer (CE  [f071
(O % of Short Edge [floon
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7. Draw the GND_EARTH rectangular shape in the lower right corner of the board
similarly to what you see in the figure below by clicking at the upper left corner, then
the lower right corner.

8. Click the Right-Mouse-Button and click “Done” in the popup menu.

Saving Your Work

1. Choose File - Save As from the top menu.
2. Enter shapes all inthe File Name field and click Save.
3. Thefile shapes all.brd has been saved to disk.

End of Lab
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Lab 11-4: Shape Edit Application Mode

Version 17.4

Objective: Work with the various functions to modify shapes with the Shape Edit

application mode.

Shape Edit Option Tab Default Parameter Settings

The parameters that you set in the Options tab allow you to customize the mouse-click,
drag, and vertex operations without having to access the main toolbar or top-level menus

for basic shape boundary editing.

Options  Find  Wisibility
Options

Active Class and Subclass:

Etch ~

H |D Top v

[ Enable zone boundary editing

Segment commands
Click: Add notch ~

Dirag: Slide ~

Vertex commands
Click: Chamfer/Round ~ ~

Drrag: Move ~

Slide
[] Extend Selection [hald Shift ta toggle)

[ st Joien [hald Chl to toggle)

Maove
[ Free Wertes

Carmers
(®) Chamfer () Found

T,
&l
@ Tim [T} [50.0

() Chamfer [C): [E00

[ 5t trim size by cursor

Hovering over a shape segment produces a popup menu listing shape commands you can

apply to the selected element.
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Slide Segment

Eal oA

Open the shape edit.brd file in the project2 - allegro directory.

Select Setup - Application Mode — Shape Edit from the top menu.

Zoom in around the Slide Segment rectangular and circular shapes.

Hover over the bottom edge of the rectangular shape and from the Right-Mouse-
Button select Slide Segment and drag your cursor down to increase the size, or up to
decrease the size.

Now, hover over the edge of the circular shape and using the same Right-Mouse-
Button — Slide Segment command drag your cursor outward or inward to increase or
decrease the diameter of the circle.

Adding an Inward or Outward Notch

1.

w

Use the Display — Zoom — Fit command to display the complete size of the board
again.

Zoom in around the Add Notch shape and hover over the longer segment of the
shape’s bottom edge.

From the Right-Mouse-Button select Add notch.

Click on two points on this edge to define the picks and drag your cursor inside the
shape and you will define a notch.

Now, click on two new points on the same edge and drag your cursor outward to add
a new material to the shape.

The Add Notch shape may now look something like this:
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Move Vertex

1. Use the Display — Zoom — Fit command to display the complete size of the board
again.

2. Zoom in around large shape in the Move Vertex section and hover over the inside
corner on the right end.

3. Hover over the internal corner on the right end and from the Right-Mouse-Button
select Move vertex.

4. Drag your cursor to the left and down to add more material to the shape or right and
up to remove material from the shape.
The Move Vertex shape may now look like this:

Chamfer Corners

1. Using the same shape, hover over any inside or outside corner and from the Right-
Mouse-Button select Trim corner.
2. Single click on the corner and this corner will be chamfered to the trim size set in the

Options tab.
3. To chamfer all corners of the shape, hover over the shape and from the Right-Mouse-

Button select Trim corners.
All inside and outside corners will now be chamfered.

Note G To convert a corner back to orthogonal, in the Segments commands section
of the Options tab change the “Click” option to Remove/Extend and then click the
chamfered segment.

Alternatively, you can hover over the chamfered edge and from the Right-Mouse-Button
select Remove/Extend segment(s).
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Round Corners

1. Use the Display — Zoom — Fit command to display the complete size of the board

again.

Zoom in around the Round All Corners shape.

3. In the Segments commands section of the Options tab change the “Corners” option
to Round.

4. Hover over any inside or outside corner and from the Right-Mouse-Button select
Trim corner.

5. Single click on the corner and this corner will be rounded to the trim size set in the
Options tab.

6. To round all corners of the shape, hover over the shape and from the Right-Mouse-
Button select Trim corners.
All inside and outside corners will now be rounded.

N

Note 5 To convert a corner back to orthogonal, in the Segments commands section
of the Options tab change the “Click” option to Remove/Extend and then click the
rounded segment.

Auto-Join Option

1. Use the Display — Zoom — Fit command to display the complete size of the board

again.

Zoom in around the Join Segments shape.

In the Options tab enable the “Auto Join” option.

4. Hover over the farthest right edge and from the Right-Mouse-Button select Slide
segment.

5. Drag your cursor to the left until you are to the left of the innermost step segment.
All of the step segments are now all on the same plane.

wmn

End of Lab
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Lesson 12: Preparing for Post
Processing

Learning Objectives

In this lesson, you will:

In this section, you will learn about preparing your design for post processing. This will
include checking the design for unconnected nets and DRCs, renaming of reference

Check design for DRCs and unconnected pins
Ready shapes for final artwork
Rename reference designators on the board design
Back-annotate changes made in the PCB Editor to DE CIS

designators, and back-annotating your design changes to your schematic.

Design Layout Process

This design flow is used throughout the entire course. Each box in this flow represents a
common step in the design of a printed circuit board. The items about to be discussed are

OrCAD Capture
schematic
design

Manufacturing
outputs

Check plots
Aperiure files
Gerber data
NC drill data
Silkscreens
Assembly
drawings
Fabrications
drawings
Reports
Autorename

Backannotation

Version 17.4

Define board Load logic Set/check CBD
= | mechanical | = data rules and
stackup constraints
\
Physical design Arrange/place
analysis ‘__a componer‘lts
v
Define Power/
YOU ARE HERE GND planes
,Q:, (almost)
7, v
Generate Gloss/auto Interactive and
% NEGERIENG N <= | cleanup for -automatic route

output

manufacturing

signals

sometimes included in the manufacturing output area.
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Checking for DRCs and Unconnected Pins

© © [Clrowhvors [ came

Unplaced symbols
Unrouted nets and L. :
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Shapes
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Out of date shapes
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Out of date backdrils
Statistics
Last saved by janned
Edbng tme 63 hours 0 minutes Reset
e

Once you have finished adding all of your planes and copper pours, the design should be
completely connected. It would also be nice to think that, at this point there are no DRC
errors. To make sure our design is complete and error free, we will use the Check -
Design Status command.

Select Check - Design Status from the top menu:

March

Symbol and net — This section shows the number of unplaced components and
unrouted nets and connections in the design. You can click on the colored boxes to
get reports on which components are not placed and which nets and connections are
not routed.

Shapes — This section shows the number of isolated shapes (islands), unassigned
shapes and out of date shapes (shapes not set to Smooth). You can click on the
colored boxes to get reports on each of these categories.

DRCs and Backdrills — This section shows the number of DRCs present and alerts
you if any of those DRCs are causing shorts. You can click on the colored boxes to
get reports and locations of DRCs. It shows whether DRC checking is Up to Date of
Out of Date. It also lists any DRCs that have been Waived and if any of those
waived DRCs are creating shorts.
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Checking for DRCs Using the DRC Browser

Another place to check for DRC errors is the DRC Browser located under Tools — DRC
Browser from the top menu. Here you can list all of the different types of DRCs, click on

a DRC type to get a report and even click on a location link in the report that will take
you to a DRC on the board.

Tools — DRC Browser

SowDACChat | Cotors

The DRC Browser will also allow you to create Bar and Pie chart reports.

Pie Chart

4

Bar Chart
E""-' tal D ”
i
[
i
g g - - - - Domain(s)
£ et gl o 1T | DAL
PR
n H -
H | |
n
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Waiving DRCs

Check  Tocls Manufacture  Exp
Design Status...

0 Elements.. ]

. Messure Shift=Fd

Properties...

& Consins. Normal DRCs, horizontal direction

DRC Update
4 DRC Windew

Waive DRCs

Database Check...

™ %— Set Waived
' DRC color

Waived DRCs are rotated 90 — | here
degrees, vertical direction o

Some designs may have design rule error markers that are actually acceptable. You can
indicate that such markers are allowable in the design by waiving the DRC with the
Check - Waive DRCs - Waive command.

When you waive a DRC error, the marker is rotated 90 degrees. Once you have waived
DRCs, you can show or hide the DRCs as well as restore to their pre-waived state. The
color of the Waived DRCs can be controlled in the Display tab of the Color dialog.
There is also a report that will list all the DRC errors that have been waived.

Readying Shapes for Final Artwork

Our design contains a Ground plane, a split Power plane and copper pour areas for
AGND and GND_EARTH. All of these shapes were defined as positive dynamic shapes.
We now need to make sure that all shapes in the design are updated to smooth to ensure
all voids and thermal relief ties have been properly created. This is also necessary for
successful artwork generation.

You can use the Shape fill tab of the Global Dynamic Parameters form to set all shapes
to smooth. This will ensure that your shapes are all artwork quality with all required
voids and thermal reliefs.

Then, in the Void controls tab of the Global Dynamic Parameters form, you can check
that the Artwork format is set to match your preferred Gerber output format (the default
is RS274X).
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Renaming Reference Designators

Choose a resequencing method Utfuzfjus)|u4

1) 1| o [P
41 > 0]
L 1. [EF
—1LLLll I'——\ uz2| fus
Or... U3 |u2
U4 U1

It is common to rename (re-sequence) the reference designators on a board and
backannotate to the schematic at the end of the layout phase. The process results in a
physical layout that is easier to test, debug, rework, assemble, and maintain in the field.

Caution
Before attempting to rename components in the PCB Editor, it is advisable to
contact the engineer you are working with to get a copy of his most recent
schematic. If the engineer has made changes and you change the reference
designator names, the two will be out of sync. Therefore, before changing
reference designators or swapping functions or pins, be sure to forward annotate
the schematic to be certain you are working with the most current information.

The automatic renaming process in PCB Editor lets you rename every component on a
design in a single operation. You can also elect to rename individual components by
attaching the AUTO_RENAME property to them or rename components on one side of
the board only.

Renaming is controlled by placement grid line locations (user-defined or default
selection) or by sequential renaming within grid blocks. With grid-based renaming, you
can designate the direction (horizontal or vertical) and order (left-right, right-left,
upwards-downwards) of the renaming process.

To access automatic renaming in PCB Editor, select Logic - Auto Rename RefDes from
the top menu.
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Rename Reference Designators Main Form

Manufacture - Auto Rename RefDes

ﬁ Rename RefDes — X

Grid Specification

(O User defined grid

(®) Use default grid
£4 Rename all components < Rename All reference designators
Attach property, components.. ‘-—

—— Rename only components with
Auto_Rename property

Rename Setup... ‘_N\\
Gl Help [ Click Setup to get to the setup form

The HARD_ LOCATION Property will prevent Auto Rename from changing
a component’s reference designator.

The Auto Rename Refdes command allows you to rename all reference designators, or
only those with the Auto_Rename property attached.

To start the command, select Manufacture — Auto Rename Refdes from the top menu.

In the Rename RefDes form you will make the following selections:
e Choose the type of placement grid you want to use.

e User Defined Grid - You define a grid on the class BOARD GEOMETRY
and subclasses PLACE_GRID_TOP and PLACE_GRID_BOTTOM. The
system will use these grids, looking at each grid square based upon the
direction specified in the Rename RefDes Setup Form (see next page).

e Use Default Grid - This option basically results in no two parts ever being
considered in the same block for renaming purposes.

e Select which components to rename.

e Rename All Components - Renames all components on the side of the board
specified in the Rename RefDes Setup Form (see next topic).

e Attach Property, Components - You must attach the AUTO_RENAME
property to all components that are to be renamed in this pass.

e Click ‘Setup...” to check or change sequencing parameters (see next page).
e Click Rename in the Rename RefDes menu to begin execution.
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Rename Reference Designators Setup Form

E Rename Ref Des Set Up

Laver Options

Layer: |EEITH ~ |
Starting Laver: |T|:||:| Laver [ |
Companznt Origir: |Eh:u:|}I Center e |

Directions for Top Laper

Firzt Direction:

Ordering:

Left ko Right v| then |D|:uwnwards

et |

Directions for Bottor Layer

Firzt Direction:

Ordering:

|Highl to left v| then |D|:uwnwards

Cancel Fezet

Reference Designatar Format
RefDes Prefis

Top Layer |dentifier:
Bottam Layer |dentitier:
Skip Character[z]:
Fenaming Method:

[] Preserve cument prefizes

Sequential Renaming

Refdes Digits:

(Gnd Bazed Renaming
1zt Direction Designation;
2nd Direction Dezignation:

Suffin:

Version 17.4

Ijﬁﬁn
!
<

Sequential

Help

In the Rename Refdes form, select the ‘Setup...” button to bring up the Rename Ref Des
Set Up form which is used to set the parameters used when running the rename reference

designator command.

Layer Options - Specifies top side, bottom side, or both sides of the design to rename
and which layer to rename first. You will also specify the origin point of the part for

renaming purposes.

Directions for Top Layer and Directions for Bottom Layer - Specifies the rename

order for the appropriate layer.
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Reference Designator Format - Specifies how the new reference designator names
should be created.

Ref Des prefix- Specifies what the starting character or characters of the new name
should be. An asterisk in this field specifies that the current reference designator
format should be used as the starting character. You can also check the Preserve
Current Prefixes box.

Top Layer Identifier and Bottom Layer Identifier - Specifies a character that will
be appended to the new reference designator name on the appropriate layer.

Skip Characters - Identifies the characters that should not be included during rename
when using the Grid Based method.

Renaming Method - Can be set to either Sequential or Grid Based.

e If you choose the Sequential method, the Sequential Renaming section
becomes available. Use the field Ref Des Digits to specify the minimum
number of digits that should be used when creating a new reference designator
name. For example, if 2 is specified, the numbers following the reference
designator prefix would be 01, 02, 03, etc.

e If you choose the Grid Based method, the Grid Based Renaming section
becomes available. You use the First Direction Designation and Second
Direction Designation fields to assign the prefixes to be used when creating
the new reference designator name. Use the Suffix field if there is more than
one component in the same grid cell. If you are going to use the grid based
renaming method, you should set a User Defined Grid.

Once you have specified all the parameters in the Rename Ref Des Setup form, select
Close in this form. To execute the renaming sequence, select Rename in the Rename
Ref Des form.

Rename Reference Designators — Key Points

Things to Remember

Reference designators can only be renamed ONCE between back annotations
Before renaming reference designators, you should verify that the schematic and the
layout are in sync

A component can be individually renamed by editing the attached reference
designator text (Edit - Text)

An AUTO_RENAME property can be attached to specific components to sequence
them separately

A HARD_LOCATION property will prevent components from being renamed
User-defined grid cells can be used to determine specific row and column boundaries
Once reference designators are renamed, you MUST backannotate the changes to
your schematic source
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Backannotation
Mapping changes from the physical layout back to the logical
schematic world
* Property changes

+ Ref-des changes _
backannotating

= Pin and gate swaps

v
1 1 I
! -1 LT
I I i v
L H
] netlisting |

For backannotation to work correctly, the schematic must not have been changed since
the last logic import into the PCB Editor board.

Backannotation Examples

Gate Swapping

. RSN in Swapping
. . . TA

. CRED LA Y
) ) .

L o?“'

L . J

Reference Designator Rename
[\ | [ S || S ]

U1 U2 ST us

The PCB Editor tool can perform gate and pin swapping, which can improve routing.
These processes and renaming, represent changes to the PCB Editor database and must be
communicated back to the schematic.
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Integrating Physical Layout with Logic Design

|
|I
OrCAD Capture Annotate/Netlist
S =)
—— [
Export — | | Import - Netlist
Back Annotation Netlist
=
oy B || (O
_IW_ lllllllllllllllllll Editor g L TTTTTOTITEN
PCB Editor

Export Logic - Generates backannotation files that the OrCAD Capture tools use to
update the schematic.

OrCAD Capture - Front End

Back Annotate - The Back Annotate program converts the changes made to the physical
layout, such as renaming of reference designators and physical pin number changes to the
logic devices in each symbol in the schematic.
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PCB Editor to OrCAD Capture Backannotation

Export - Back Annotation Netlist

E Export Logic - X
Cadence  (Qther
Logic type Cadence
() Design entry HDL Clase

@ Design entry CIS
SCALD

Cancel

E #port using Constraint Manager enabled fow

Database branding:  Design_Entry_CIS

Expart to directory:

Help

The first step in back-annotating from PCB Editor to OrCAD Capture is to generate the
feedback files. These are the same four files (compView.dat, funcView.dat,
pinView.dat and netView.dat) used in the PCB Editor to OrCAD Capture
backannotation process. This can be done from within PCB Editor by using the Export -
Back Annotation Netlist command or by using the Generate Feedback Files option from
the OrCAD Capture Backannotate command.

After the four feedback files have been generated from the PCB Editor design, you must
run the backannotation process from within OrCAD Capture. This process will read the
PCB Editor generated feedback files, create an output swap file that contains all the
required backannotation information required by OrCAD Capture, and update the
schematic.

Properties are passed back and forth between these two tools. You define which property
names are allowed to pass. They are controlled by listing them in the allegro.cfg
file located at <cdsroot> - tools - capture.
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Labs

Lab 12-1: Checking for DRCs and Unconnected Pins

e Confirm whether you have completed all connections

Lab 12-2: Renaming Components

e Use the renaming capability in the PCB Editor to setup resequencing and change
reference designators

Lab 12-3: PCB Editor to OrCAD Capture Backannotation
(Optional)
e Backannotate changes made in the PCB Editor physical layout for the OrCAD
Capture logical schematic
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Lab 12-1: Checking for DRCs and
Unconnected Pins

Objective: Confirm the number of completed connections on a routed board.

Opening the Routed Design to check DRCs

At this point, you have imported the netlist, set the design’s constraints, placed the
components, routed the design and created the planes and copper pours. We will now
make sure the board is complete and DRC free and your design is ready for post
processing.

1. Start the PCB Editor if you don’t already have it running.
2. Openthe DRC design.brd in the solutions directory and save it in the project2 -
allegro directory.

Readying Shapes for Final Artwork

You previously created a Ground plane, a split Power plane and copper pour areas for
AGND and GND_EARTH as positive dynamic shapes. You now need to make sure that
all shapes in the design are updated to smooth in order to ensure all voids and thermal
relief ties have been properly created. This is also necessary to be able to successfully
create artwork files.

=

Select Shape - Global Dynamic Parameters from the top menu.

2. In the Shape Fill tab’s Dynamic fill section, click the Smooth button if needed and
select Update to Smooth.

If Update was required, the PCB Editor command line will display messages stating
that the shapes are being updated. This will ensure that your shapes are all artwork
quality with all required voids and thermal reliefs.

3. Now, select the Void Controls tab and change the Artwork Format to RS274X (the
default) if it is not already set.
4. Click OK to accept the change and dismiss the form.
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Using the Design Status Form
1. Select Check — Design Status to check for the number of DRCs in the design.

The Status window appears with the number of unplaced symbols, unrouted nets and
connections, information regarding shapes and the number of DRCs.

Status — *
B

Status

Symbals and nets

D Unplaced symbals: 082 0%

L] Unouted nets: 1181 06%

[ Unrouted connections: 1/591 0.2%
Shapes

[ Isolated zhapes: 0

) Unazzigned shapes: 0

[ Ot of date shapes: 06 |Jpdate to Smooth
Diynamic fill (®) Smoath (JRough () Dizabled

DRCs and Backdrills

[ DRC enos: Up To Date 27 Update DRC

[E shori : 0
oriing errors: Eln-|ine DFH:

[M “waived DRC enors: 0
[E waived sharting errars: 0
L] Out of date backdrils |Jpdate Backdrill
Statistics
Last saved by janinef
Editing time: B2 hours 0 minutes Reset
Refrezh Help

As you can see, there are 27 DRCs in the design.

Note g In the Status form, clicking on the button to the left of the various selection
options will open the appropriate report defining the status of that option.

2. Click on the yellow box next to DRC errors:
This will display the Design Rules Check (DRC) Report window.
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3. Move the resultant window over and click OK to dismiss the Status window.
4. You may resize the Report window as you like.

i‘ X¥PEHES Q@ san

E Design Rules Check (DRC) Report

- a X

| Q) © O watch word ] Match case

DRC Error Count

Design Name C:/User_Data/Training/PCB_Editor_v172_v4/PCB_Designer/project2/allegro/DRC_Browser.brd
Date Mon Feb 05 13:14:38 2018

Summary

DRC Error Type DRC Error Count
Etch to Pad 3
hysical Constraint 9
anufacturing Constraint 12
Total DRC Errors 7

Detailed DRC Errors

Constraint Name [DRC Marker Location [Required Value [Actual Value | IConstraint Source IConstraint Source Type |[Element 1 [Element 2

Line to SMD Pin 5padng | (1847.00 1588.00) [sMIL B. 1ML DEFALLT ET SPACING CONSTRAINTS Odd-angle Line Segment "V 12n Etch/Top”  Pin “Us. 11 (Wstat)”

Line to Thru Via Spacing | [(1169.83 3250.00) [5MIL .67 MIL DEFALLT [ET SPACING CONSTRAINTS Via "Via (1169.83 3305.17) (Gnd)” Horizontal Line Segment "Ra Etch/Bottom”

Line to Thru Via Spacing | (867.50 3052.50) [5MIL .18 MIL DEFALLT [ET SPACING CONSTRAINTS Via "Via (880.00 3040.00) (Bds)” [odd-angle Line Segment "Wstat Etch/Top™

Line to Thru Via Spacing_|[(1175.73 3290.00) __[MIL 17 MIL DEFALLT [ET SPACING CONSTRAINTS Via "Via (1169.83 3305. 17) (Gnd)” [odd-angle Line Segment a4 Etch/Bottom™

Line to Thru Via Spacing | [(872.46 3057.46) [sMIL .52 MIL DEFALLT ET SPACING CONSTRAINTS Via "Via (880.00 3040.00) (Bd6)” Vertical Line Segment "Wstat Etch/Top™

Line to Thru Via Spacing | (119,83 3250.00) [5MIL .67 MIL DEFALLT [ET SPACING CONSTRAINTS Via "Via (1119.83 3305.17) (Ra8)” Horizontal Line Segment "Ra Etch/Bottom”
inimum Neck Width 1916.00 550.00) MIL f6 MIL IN_NECK_WIDTH PHYSICAL CONSTRAINTS | Horizontal Line Segment "Vec Etch/Top™

Minimum Neck Width 1496.00 100.00] MIL b MIL IN_NECK_WIDTH PHYSICAL CONSTRAINTS | Horizontal Line Segment "Gnd Etch/Top™

Minimum Neck Width 191100 2050.00) MIL 6 MIL IN_NECK_WIDTH PHYSICAL CONSTRAINTS | Horizontal Line Segment "Vee Etch/Top™

Minimum Nedk Width 1555.00 1600.00) MIL f6 MIL IN_NECK_WIDTH PHYSICAL CONSTRAINTS | Horizontal Line Segment "Gnd Etch/Top™

Minimum Nedk Width MIL f6 MIL IN_NECK_WIDTH PHYSICAL CONSTRAINTS | Horizontal Line Segment "Gnd Etch/Top™

Minimum Neck Width MIL b MIL IN_NECK_WIDTH PHYSICAL CONSTRAINTS | Horizontal Line Segment "Vee Etch/Top™

Minimum Neck Width 0 850.00 MIL 6 MIL IN_NECK_WIDTH PHYSICAL CONSTRAINTS | Horizontal Line Segment "Gnd Etch/Top™

Minimum Nedk Width [1496.00 550.00) MIL f6 MIL IN_NECK_WIDTH PHYSICAL CONSTRAINTS | Horizontal Line Segment "Gnd Etch/Top™

Minimum Nedk Width [1457.50 2050.00) MIL f6 MIL IN_NECK_WIDTH PHYSICAL CONSTRAINTS | Horizontal Line Segment "Gnd Etch/Top™

Minimum Line to Pad Angle] [2522.50 73.85] 50.000000 degree 5. 715000 degree MINIMUM_LINE_TO_PAD_ANGLE| DESIGN Pin "L5.1 (Vref)” ertical Line Segment "Vref Etch/Top™

Minimum Line to Pad Anglel (771, 12 3441.50) [50.000000 degree 57.433000 degree] MINIMUM_LINE_TO_PAD_ANGLE| DESIGN ia "Via (780.00 3450.00) (Ra15)" [odd-ange Line Segment Ra 15 Etch/Top”

Minimum Line to Pad Angle/ (793,50 3482.56) 20.000000 degree [§5.273000 degree MINIMUM_LINE_TO_PAD _ANGLE| DESIGN Pin "U5.C3 (Bd2)" [odd-angle Line Segment "Bd2 Etch/Top”

Minimum Line to Pad Angle/[303.71 3454.82) 20.000000 degree [87.966000 degree| MINIMUM_LINE_TO_PAD _ANGLE| DESIGN Pin "U7.2 (Dck)” [0dd-angle Line Segment "Delk Etch/Top™

Minimum Line to Pad Anglel [2127.50 3198.78) | 30.000000 degree 1355000 degree| MINIMUM_LINE_TO_PAD_ANGLE DESIGN ia "Via (2133.25 3188.25) Ra2)" ertical Line Segment Raz Etch/Top™

Minimum Line to Pad Anglel [2077.50 3198.78) | [50.000000 dedree 61355000 degree| MINIMUM_LINE TO_PAD_ANGLE DESIGN ia "Via (2083.25 3188.25) Ra3)” ertical Line Segment Ra3 Etch/Top™

Minimum Line to Pad Angle! [3428.00 3328.38) 50.000000 degree [75.522000 degree| MINIMUM_LINE_TO_PAD_ANGLE DESIGN ia "Via (3425.00 3340.00) (Rd1)" ertical Line Segment "Rd1 Etch/Top”

Minimum Line to Pad Angle/(758.36 3153.00 20.000000 degree [73.582000 degree MINIMUM_LINE_TO_PAD _ANGLE| DESIGN ia "Via (780.17 3155.17) (Wait)" Horizontal Line Segment "Wait Etch/Bottom”

Minimum Line to Pad Anglel [2287.35 2987.50) | [0.000000 degree [77.575000 degree| MINIMUM_LINE_TO_PAD_ANGLE DESIGN ia "Via (2253.09 2985.00) Res1)” Horizontal Line Segment Res 1 Etch/Bottom”

Minimum Line to Pad Angle] (683.01 3318.44) 50.000000 degree [78.038000 degree MINIMUM_LINE_TO_PAD_ANGLE| DESIGN ia "Via (672.96 3325.00) (RdD)" [odd-ange Line Segment RdD Etch/Bottom”

Minimum Line to Pad Angle/ (387,50 1274.33) 20.000000 degree [75.824000 degree MINIMUM_LINE_TO_PAD _ANGLE| DESIGN Vertical Line Segment "Ba6 Etch/Bottom™ | fvia "Via (385.38 1262.52) (Ba6)"

Minimum Line to Pad Anglel [1158.13 3547.50)  50.000000 degree [77. 144000 degree| MINIMUM_LINE_TO_PAD_ANGLE DESIGN Horizontal Line Segment "Bd5 Etch/Bottom” fvia Via (1169.83 3544.83) (Bd5)”

5. Using the middle mouse wheel, zoom in to any area of the design.
6. Click on one of the sets of coordinates.
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DRC Error Count Summary.

DRCError Type DRC Error Count
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ine to Thru Via Spacing_|[1169.63 3290.00) |5 MIL 67 MIL DEFAULT ET sPacIr
ine to Thru Via Spacing  ||(857.50 3052.50) 15 MIL 3.18 MIL DEFAULT IET SPACIM
ine to Thru Via Spacing (117673 3200.00) |5 MIL Ra7mIL DEFALLT ET SPACTF
ine to Thru Via Spacing _|[572.46 3057.46) rIL .52 M1 DEFAULT ET seacIr
ine to Thru Via Spacing  ||(1119.83 3230.00 15 MIL 67 MIL DEFAULT NET SPACTH
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Notice that the window is centered around the DRC that you selected.
7. Click on a couple different sets of coordinates and examin the error.
8. Close the Design Rule Check (DRC) Report window.
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Opening the Routed Design to check for unrouted connections

1. Without saving the DRC_design.brd, open the complete.brd in the solutions
directory and save it to the project2 - allegro directory.

Using Rats to look for Disconnects

1. Choose Display - Show Rats - All from the top menu or click on the icon. 3)&-1
Any unconnected nets display as ratsnest lines.

Note @ Although this option is a quick method of finding unconnected pins, it’s not
always effective with large designs because ratsnest lines may not be easily visible. You
can turn the etch layers off in the Visibility tab while looking for ratsnest lines.

2. You will see a special ratsnest for AGND on pin 3 of U18.
If you look carefully, you’ll see that it’s actually pin 10 of U18 that is cutoff from the
rest of the AGND net because of the way the shape on the top of the board is split by
traces running through it.
You will also notice that there is a small island next to pin 3 of U18. Both of these
issues need to be corrected.

3. We could use Shape — Delete Unconnected Copper to remove the island but, if you
look closely, you will see that there is a trace that you can slide (Use Route — Slide
command) down one channel which will solve both problems (see the figure on the
next page).
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1. Click the Right-Mouse-Button and select Done from the resultant popup.

2. Choose File - Save from the top menu.
A window appears and warns you that the complete.brd file already exists. It
asks if you want to overwrite the file.

3. Click “Yes” to confirm the file overwrite.
The file complete.brd is written to disk.

End of Lab
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Lab 12-2: Renaming Components

Objective: Assign new reference designators automatically and interactively,
using the renaming qualifications.

Important

Setting Colors and Visibility

13.

If you don’t already have PCB Editor running, start PCB Editor.

Open the file complete.brd in the propject2/allegro directory. If you did not do
the last lab, you will find the complete.brd in the solutions directory.

Choose Display - Zoom - Fit from the top menu.

Choose Setup - Colors from the top menu.

Click the Global Visibility ‘Off* button.

Expand the Components category and select Ref Des class.

Turn ‘ON’ the ASSEMBLY_TOP and ASSEMBLY_BOTTOM subclasses.

Expand the Geometry category and select the Board Geometry class.

Turn ‘ON’ the OUTLINE and Design_Outline subclasses.

. In the Geometry category, select the PACKAGE GEOMETRY class.
. Turn ‘ON’ the ASSEMBLY_TOP and ASSEMBLY_BOTTOM subclasses.
. Select the Stack-Up category Conductor group and turn ‘ON’ only the following:

TOP-PINS, BOTTOM-PINS, TOP-VIAS and BOTTOM-VIAS.
It is easier to see the reference designators with the wiring turned off.

Click OK to close the Color Dialog form.

Renaming Components

1.

Choose Manufacture - Auto Rename RefDes from the top menu.
The Rename RefDes form appears.

E Renarmne RefDes — >
Check to see that Use Default Grid is
selected. Grid Specification
Check to see that ‘Rename all components’ O User defined grid
is selected. (@) Usze default grid

Click on the “Setup...’ button.

The Rename RefDes Setup form appears. 4 Rename all componens

Attach property, components...

Rename Setup...

Cancel Help
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5.

2 ©O©o0o~No

Fill in the Rename Ref Des Set Up for to match the figure below:

E Rename Ref Des Set Up - X

Layer Options Reference Designator Format

RefDies Prefis:
Laper: BOTH e

Top Layer Identifier:

Bottom Layer Identifier:

Skip Character(s]: 100
Directions for Top Layer Renarning Method:
First Direction: Preserve curent prefises
Ordering: . .
Left to Riight » | then |annwards » | Sequential enaming

Refdes Digits:

o Grid Based Renaming
Directions for Baottom Laper

o - Tt Direction D esignation:
Firgt Direction:
Ordering: 2nd Direction Dezsignation:
|F|ight ta left w | then |Downwards i
Suffix:
Cancel Reset Help

Notice that the Top Layer Identifier and the Bottom Layer Identifier fields have been
blanked out because we don’t want extra characters added to show what side the
component is placed on. The Preserve Current Prefixes check box has been enabled
to use the current reference designator format.

Click Close to return to the Rename RefDes form.

In the Rename Refdes form, click Rename to execute the automatic rename process.
Click OK to close the Rename RefDes form.

Zoom in or pan your view to inspect your results.

. Choose File - Save As from the top menu.

A browser form appears.

. In the File Name field, enter final
12.

Click Save in the file browser.
The file £final .brd is saved to disk.

You will overwrite this version of your design while preparing it for final output
phases.

March 2020 EMA Design Automation, Inc. ® © 2020 All rights reserved 375




PCB Editor Essentials Training Version 17.4

Interactively Renaming Parts

1. Zoom in to view a component of your choice.
2. Choose Edit - Text from the top menu.
The PCB Editor message area prompts,

Pick text to edit

3. Click on the reference designator of the component you want to rename.
The selected refdes is highlighted.

4. Atthe PCB Editor command line, enter U99 (or any name you wish) and press Enter.

Note G If the name you choose already exists in your design, you are notified in the
PCB Editor’s message area that the name is being swapped with another component.
This feature prevents the creation of duplicate reference designators.

5. To exit from the Edit - Text command, right-click and choose “Done” from the pop-
up menu.

6. Choose File - Save from the top menu.
A window appears and warns you that the £inal .brd file already exists. It asks if
you want to overwrite the file.

7. Click “Yes” to confirm the file overwrite.
The file final.brd is written to disk.

End of Lab
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Lab 12-3: PCB Editor to OrCAD Capture
Back Annotation (Optional)

Objective: Create backannotation files to be incorporated into the OrCAD
Capture schematic using a revised board database.

You have renamed your reference designators. These database changes must be sent
back to the schematic.

Note G This lab shows the process used for designs that were created from an
OrCAD Ca;ture schematic only!

Note

Make sure you are working in the project2/allegro folder.

=

Choose Export — Back Annotation Netlist from the top menu in PCB Editor.

2. Inthe Export Logic form, select Design entry CIS (OrCAD Capture) in the Logic
Type section if it is not currently selected.

In the Export to directory field, browse to the project2/allegro directory.

4. Click Export Cadence.

The feedback files pinview.dat, compview.dat, netview.dat, and
funcview.dat are created. These files can be used in the OrCAD Capture
backannotation process.

w

5. Select Close to close the Export Logic form.

End of Lab
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Lesson 13: Preparing the Board

Design for Manufacturing

Learning Objectives

In this lesson, you will:

e Generate and edit silkscreen layers, use reports available in the PCB Editor
e Set up design files for artwork, and preview artwork files before plotting

e Generate drill symbols and a drill legend for a fabrication drawing, create check plots,

and output a drill file used for drilling the board holes in manufacturing
e Generate an IPC-2581 database for manufacturing your board design

In this section, you will learn more about preparing your design for post processing and
will learn how to generate the required outputs. This will include creating silkscreens,
generating reports, setting up for artwork, creating artwork files and creating NC files.

Design Layout Process

This design flow is used throughout the entire course. Each box in this flow represents a
common step in the design of a printed circuit board. You will now learn the steps and
processes required to generate the standard output files to be delivered to manufacturing.
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Creating Silkscreens

Ref Des

Manufacturing

*U
Package Geometry

12
'ﬁ Autosilk_Top

The PCB Editor has a routine to automatically create silk screens. It will clip lines away
from pins and vias when required and attempt to move text out from under parts. This
routine is optional and does not have to be run.

When clipping lines and moving text, the original silk screens subclasses are NOT
modified. This means all of the graphics on the Package Geometry class, and text on the
Ref Des class, are not touched. The graphics are copied from these original classes,
modified as necessary, and placed on the class MANUFACTURING, subclass
AUTOSILK_TOP for the top silk screen, and subclass AUTOSILK_BOTTOM for the
bottom silk screen.
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Creating Silkscreens — Menu

Manufacture - Silkscreen

Auto Silkscreen - X
Subclasses available: e
» Silk — only reads silkscreen Lo ==
fayers ®7Top (O Bottom () Both (D) Lines O Tewt (® Both
» Any - reads silkscreen layers
first, if not available it then Classes and subclasses: Test
reads fhe ASSGmbfy fayefS Board geometry: Silk. v Fiotation: o [J180
» None — nothing is taken from Component valuz Sik v s0 [z
the C!aSS Device type: Sik v | [ Allow under components
Package geometry Silk  ~ Lock autosilk text for incremental updates
Feference designator: Silk Detalled text checking
Tolerance: Silk  ~ M aximum displacement: W
User part number: Silk  ~ Displacement increment: ’W
inimum ling length: 25
Element to pad clearance: 10 [] Clear solder mask pad
Close Audi Help

The options in the Auto Silkscreen form are:

e Layer - Specifies the side of the design on which to generate the silkscreen.

e Elements - Specifies whether lines, text, or both are processed. Only selected
elements are erased from the specified AUTOSILK subclass and regenerated. Any
elements that are not selected are untouched.

e Classes and Subclasses - Defines the PCB Editor classes where the Auto Silkscreen
process looks for silkscreen graphics. For each of the classes listed on the parameter
form, you can choose one of the following:

o Text-

March 2020

Any: first uses the SILKSCREEN subclass. If nothing is found in the value
you select, the ASSEMBLY subclass is used.

Silk: only copies graphics from the SILKSCREEN subclass.

None: specifies that nothing is taken from the class.

Determines how text is (rotated) displayed on the silkscreen.

Allow under Component - Specifies whether silkscreen text may be
positioned under a component that exists on the same side of the design as the
one being processed. Text is considered to be under a component if it falls
within the extents of the component's graphics on the PACKAGE
GEOMETRY class, ASSEMBLY subclass. Enabled by default.

Lock Autosilk Text — When the user uses the Lock text option during
silkscreen generation, it will move the silkscreen to their original locations as
they are in the symbol. The Lock actually means that the text is locked against
incremental update due to changes with other elements like symbol move or
adding a ‘via’, NOT from redoing silkscreen through the silkscreen execution.
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For clarity, please refer to the example described below:

If while silkscreen generation using the Manufacture — Silkscreen
command, the option for “Lock Autosilk Text during Incremental
Update” and “Clear Soldermask Pad” are selected, the Autosilk will
not be placed under soldermask pads of vias or padstacks

But when a ‘via’ is moved over the silkscreen, this incremental update
with the routing will not move the text dynamically.

But if the option for “Lock Autosilk Text during Incremental Update”
is not selected then the changes in routing or movement of any symbol
will dynamically adjust the text to clear the soldermask pad and the
text overlap if it happens by symbol movement.

But the next silkscreen generation will readjust the text and place it at
the original location. The reason here is to clear silkscreen of any
obstacles.

e Detailed Text Checking - Considers each stroke for each character as a line
segment, where the line segment itself is checked for potential obstacles. For
instance, if the character 'O’ is large enough, a pad may potentially lie in its
interior, or it may nestle in the crook of the character 'L". Otherwise, silkscreen
text is checked using the bounding box for the text. The box expands to
accommodate the descenders of lowercase characters, whether the string
actually has lowercase characters or not. Having this option checked may
reduce the performance with larger designs. Enabled by default.

e Maximum Displacement - Specifies in user units the maximum distance in
any direction that silkscreen text strings can be moved to avoid intersecting
with a pad. The default value is 100 mils.

e Displacement Increment - Specifies in user units the distance increment to
use when looking for a location to which a silkscreen text string is moved.
This is bounded by the area defined by Maximum Displacement. The default
value is 35 mils.

e Minimum Line Length - Specifies the minimum length of any line or arc segment
allowed on an AUTOSILK subclass. The process of trimming lines and arcs around
pads can often produce a number of very small segments. If any of these segments is
shorter than the value specified as minimum line length, they are discarded. The
default value is 0, which means that no segment is discarded.

e Element to Pad Clearance - Specifies in user units the amount of space to be left
between silkscreen elements and the edges of pads on that side of the design. The
default value is 0, which allows silkscreen elements to touch the pad edge. Using
negative values allows silkscreen elements to intersect pads by the specified value.

e Clear solder mask pad - Specifies that silkscreen elements do not contact pad areas
defined for masking and conductive pad geometries are ignored.

e Silkscreen - Runs the process, based on the parameters you set.

e Audit - Audits the board based on the parameters you set and generates the
autosilk.log file

March 2020 EMA Design Automation, Inc. ® © 2020 All rights reserved 382




PCB Editor Essentials Training Version 17.4

Incremental Update of Silkscreens

e There must be at least one run of the autosilk process for incremental silkscreen
updates to occur
e After incremental silkscreen mode is in effect, the following occurs:
e If a component is moved, its old silkscreen will be removed, and the new
silkscreen will be generated to properly clear around pins and vias
e |Ifaviaisadded, any silkscreen that is too close will be updated as required
e Ifaviais deleted, any silkscreen that was “clipped” because it was too close
will be added back
e When in incremental mode, any operation that results in a silkscreen error will only
display a warning in the editor command area that a silkscreen failure occurred. To
see the actual error, you must use the silkscreen “Audit” feature.

Note 5 Running Refresh Symbol may cause both the original silkscreen layers and
the Autosilk layers to be regenerated.

The Silkscreen Incremental mode is only enabled after using the Manufacture -
Silkscreen command. When moving or replacing parts in the incremental mode, the
autosilk silkscreen is generated based upon the symbol’s current silkscreen definition.
Therefore, in general, the autosilk layer should not be manually edited. Instead, the
original silkscreen subclass should be modified so that whenever any parts are moved, the
correct autosilk information will be automatically generated. This includes both line and
text information.

When you are either dumping the libraries or creating a clipboard, the autosilk
information WILL NOT be included. Only the symbol’s original silkscreen will be used.
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Generating Reports

Test Point NC Drill Etch Detailed Length Report
m Reports ? X
Etch Length by Layer Report
PDF...
Available reports (double dlick to select) tch Length by Layer and Width Report
Diffpair Gap Report ~ MCAD > Etch Length by Net Report
Etch Detailed Length Report Varants % Etch Length by Pin Pair Report
Etch Length by Layer Report Film Area Report
Etch Lengthjby Layer and Width Report o Quick Reports » Film Area Short Report
> & Reports Function Pin Report
Dacle Anmmatation Matlics Function Report
ick to remove)
Etch Length by Layer Report
BB Etch Length by Layer Report - o X
Select again here RXPFEEOS®D sl © @) Clathword [l Mo case
Design Hame C:/ema_training/pcb_designer/solutions/part_fanout.brd A
= Date Mon Jan 13 21:05:51 2020
Output File: (optional) i ‘
[] write Report [ Display Report ] Append :f‘ Name E:Z" Name Etch Length (:";)
0 Yo
Close New/Edit Load Help AL Toe 74.53
/ 2 foe 74.53
Generate Reports A3 yoe .58
Ad ToP +.58
Number of reports written: 0 AS yoe 74.53 v

PCB Editor provides many predefined reports that can be run from within the current
design. To create a report, you can select either the Export - Reports option, or the
Export - Quick Reports command.

When you select the Export — Reports command, the Reports form is displayed. Use the
scroll bar on the right side of the Available Reports window and then double-click on the
desired report. This report name moves to the Selected Reports window in the lower half
of the form. Select the report and click the Generate Reports button to run the specified
report. A report window appears showing your report in an HTML enabled window.

This displayed report window has five buttons: Sticky, Cancel, Save, Print, and Help. It
also has a Search feature to find and highlight text within the report. You can save the
report to a file from the displayed window by selecting the Save icon and specifying a
file name in the Reports form that appears.

If you wish to save the report to a file and NOT have the report shown in the PCB Editor,
specify a file name in the Output File field of the Reports form. The Append option will
append the latest version of the report to the end of a pre-existing file. Select Close to
close the main Reports window.

If you want to create a customized report, you select New/Edit to proceed to another
form. You can define a new or edit an existing configuration file within the form.
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Labs

Labs 13-1: Creating Silkscreens
e Generate and edit silkscreen layers

e Setvisibility

e Execute the autosilk process

e Edit the silkscreen

Lab 13-2: Generating Reports

e Use reports available in the PCB Editor
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Lab 13-1: Creating Silkscreens

Version 17.4

Objective: Generate and edit silkscreen layers to produce a silkscreen layer with
No errors.

Setting Visibility

Before you proceed, turn ON the drawing layers that display the top silkscreen

information.

ocoakrwnE

~

10.
11.

March 2020

If the £inal .brd file is not currently open, open it.

Choose Setup - Colors from the top menu.

Turn Global Visibility “Off”

Select the Manufacturing category.

Turn ‘ON?’ the visibility for the AUTOSILK_TOP subclass.

In the Available Colors section, select the color white and assign it to the
AUTOSILK _TOP subclass.

Expand the Stack-up category and select the Conductor group.

Turn ‘On’ the visibility for the PIN and VIA classes on the TOP subclass.
We will be working with the objects on the top of the board.

Expand the Geometry category and select the Board Geometry class.
Turn ‘On’ the visibility for the Design_Outline layer.

Click OK to close the Color Dialog form.

The display is ready for silkscreen generation.
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Executing the Autosilk Program

1. Select Manufacture - Silkscreen to open the Auto Silkscreen form.
2. Set the following parameters:

E Auto Silkscreen x
Layer: Elements:
® Top () Bottom () Both () Lines () Text (@ Both
Classes and subdasses: Text:
Board geometry: Mone ¥ Rotation: o []180
Component value: Mone ™ 90 [Jzm
Device type: Mone ¥ Allow under components
Package geometry: Silke - [ Lock autosilk text for incremental updates
Reference designator: Silk: - Detailed text checking
Tolerance: Mone ¥ Maximum displacement: | 100.00
User part number: None __________________ ' Displacement increment: |25.00
Minimum line length: 10
Element to pad dearance: 8 [ Clear solder mask pad
Silkscreen Close Audit Help

The Classes and subclasses settings are toggled to determine which subclasses will be
copied to the Autosilk subclass.

3. Click Silkscreen to execute the automatic silkscreen program.

If the program fails to place any silkscreen reference designators legally (not under
components, and away from pads and vias), they will be listed in the autosilk.log file.
The autosilk.log file also lists the line segments that were removed because they were
shorter than the Minimum line length.

4. Choose File - Viewlog from the top menu.
The autosilk.log fileis displayed. Use the scroll bar to review this file.

o

Click Close to exit the log file.
6. Zoom in to review the resulting silkscreen.

Notice how the package symbol outlines are broken where they intersect pads and
vias. Also note the difference in refdes text sizes. This is controlled by the text block
that was used when the refdes labels were added to the package symbols.
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Editing the Silkscreen

1.
2.
3.

®

Choose Edit - Move from the top menu.

Set the Find filter so that only Text is ‘ON’.
Click on a reference designator.

It is attached to your cursor.

Click to place the reference designator in a new location.
You are still in move mode.

If you need to rotate a reference designator, simply click on it, right-click and choose
Rotate from the pop-up menu.
A handle will appear, which you will use to change the rotation of the text.

Left-click to select a new rotation for the text and then left-click again to place the
refdes with its new rotation.

Play with the locations of the text

Remember to use the Undo and Redo icons if needed.

Choose File - Save As — from the top menu.
Rename this drawing by entering the following in the File Name field:
final mfg.brd

The file final mfg.brd iswritten to disk.

End of Lab
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Lab 13-2: Generating Reports

Obijective: Create reports from the class board to help decide if it is ready to go
to manufacturing.

The PCB Editor has several reports that provide information about your design. You can

print reports at any time during the processing cycle. A report menu is included.

1.

N

ok

Choose Export - Reports from the top menu.
The Reports dialog box appears.

Scroll through the list of Available Reports and double-click the Summary Drawing
Report from the pull-down list.

Once it is in the Selected Reports window, select it again

Click the Generate Reports button to generate the report.

A Summary Drawing Report appears in a new viewing window.

After viewing the report, click the red “X” in the displayed Summary Drawing
Report window to close this report window.

X

In the Reports dialog box, double-click on the Summary Drawing Report in the
Selected Reports area to remove it from this window.

Repeat this process to create an Etch Length by Layer Report, Etch Length by Net
Report, Design Rules Check Report, Unconnected Pins Report, Unplaced
Components Report, or any other type of report you wish.

Click Close to close the Reports dialog box.

. Do not log out. You will use this file, final mfg.brd, in the next lab.

End of Lab
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Creating Fabrication Drawings
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In order to create a fabrication drawing, you will have to create your own company
format and title block symbols. You will also need to dimension your drawing if you
have not “Done” so in the board mechanical drawing (covered in Lesson 5). Select the
Manufacture - Dimension Environment option from the top menu and then Right-
Mouse-Button click in the canvas to access all the available drafting and dimensioning
commands. For more information on dimensioning, see Help - Documentation.
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Drill Customization Spreadsheet

Manufacture — Customize Drill Table

E Drill Customization - .| x

Dreil/Shot Holes

- Type Size ¥ SizeY Tool Size | + Tolerance | - Toletance | Sypmbal Symbol Spmbal Symbal Plating Mon-standard | Duanlily

Figurz Characterz Size ¥ Size Dl

1 Circle Dril 13.00 0.00 0.00| Crcle d L 6000 60.00 | Plated 40 - |
2 Circle Drll .00 0.00 0.00) Diamond | ~ G000 70.00 | Plated 12

3 Circle Drll 35.00 0.00 0.00] Cross 2 60,00 60.00 | Flated 122

4 Circle Drll 75.00 0.00 0.00| Triangs | - G000 G0.00 | Plated -]

5 Circle Drll 110.00 0.00 0.00]Square | ~ 5000 B0.00] Hor-Flated 5

w

< >

Walidate Merge Fiezet bo dezign Fleset to library Auto generste symbols ‘wike report file Total guantity: 548

@ sy CHTML
14 Cancel Help Librany diill repoit

This form allows you to add/customize drill symbols and tolerances. All resulting
overrides will appear in blue. The fields in gray are not editable.

The option buttons across the bottom are:

e Validate - Flags duplicate drill Symbol Figures or Characters used for different hole
sizes. The first error cell it finds will turn red for the first detected hole. Subsequent
error cells with duplicate symbols will turn red and display the number of the first
hole with the same symbol. Yellow in the error cell flags drills whose entire
definition is identical. In that case you can choose Merge into one.

e Merge - Combines drills with common definitions into one entry. The quantity will
update for the first duplicate hole.

e Reset to design - Ignores any changes and resets the information to the current
padstacks.

e Reset to library - Ignores any changes and resets the information to the current
library padstacks.

e Auto generate symbols - Clears existing symbol definitions for drills and slots and
automatically generates new ones. These are modifiable.

e Write report file - Saves to a file using Comma Separated Value (.csv) or HTML
format. If you save to a . csv file, the filename is
drill customization.rpt, which can be opened in Microsoft Excel. If saved
toan .html format, the filename isdrill customization.html whichisin
a web-ready report.

e Library drill report - Displays a read-only spreadsheet detailing the drill
information for all available library padstacks.
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Drill Symbols and Legend Table

Version 17.4

Manufacture — Create Drill Table B o egens - x
v 1 Browse..

Start Dril Secondary Drill Dl Symbol Orill Offset Desigry Layers. Mask Layers. tions Summary Template fie: .de‘au“-’ﬂ.ld“

h . Oul;:u it Mils: v o

Define a drill symbol Legerd fe:

Type of dril figure: Cross Diik DRILL CHART- $lay_nams$

Characters:

Dril figure width: 60.00 -Borer  |DRILL CHART: $lay_nams$

Dl figure heght: 60.00 . .

== Legend titleis *
Drill definitions displayed in table are based on the By boe sz B pltng e
. . g H ® candi IJ;,\ ed first

based on either the padstack definition  layer pair S e

or the customization in the Drill combinations Lo

Customization form ¥ O e

DRILL CHART: TOP to BOTTOM ““‘;;I“:‘i“":m
ALL UNITS ARE IN MILS D) etrnce i ] Tlsance el
If fie|ds such as FIGURE SI1Z7E PLATED QTY [ Tool size. [C] Rotation [4] Morrstandard type
, : ! |
. 13.0 PLATED 401 [] Display total shot/drl count
Tolerance, are all 0 SCATED > 2 Sopal st o .
Set at 01 the tab|e - — - Sunnlmsldew.mcnlunniallvalussaueﬂs
. 38.0 PLATED 12¢ =9 Suppress tool size cohumn i allvalues are emply

WI" Su ppress that 7 b ) 0 p L A l'_ D 8 [] Suppres= rotation column if al valuss are 0
column 110.0 |NON-PLATED| 5 Corcel b

The PCB Editor's Drill Legend command automatically creates a drill legend containing
the drill drawing information. Fill out the Drill Legend form and select the OK button.

In the Drill Legend form you can specify a .d1t drill legend template file where you
can tailor the drill legend to suit your needs.

In addition to a Layer Pair or By Layer type of drill legend you can enable the C-Bore
option to create counter bore legends Layer pair and By Layer legends are mutually
exclusive, creating one type removes the other if it exists in the design.

e For each Layer Pair drill legend, for boards with through-hole and blind/buried drill
requirements, an NCLEGEND-<L1>-<L2> subclass automatically generates
whether the subclasses are visible or not, where <L1> and <L2> are the layer
numbers of the drilled layers. Each subclass includes all holes for that layer pair. Slot
hole figures display at the true hole geometry and size, including user-specified
characters. Tolerance values display in one column, as +<value>/-<value>.

e For By Layer drill legends, an NCLEGEND-BL-<L1>-<L2> subclass generates on

March 2020

the MANUFACTURING class, where -BL indicates By Layer drilling and a groups
legend graphics as DRILL_LEGEND BL_<L1> <L2>.

The counter bore/counter sink are based on which side of the board the pins are on.
For counter bore/counter sink legends, an NCCOUNTERDRILL-<L1> subclass
generates on the MANUFACTURING class and groups legend graphics as
DRILL_LEGEND_CT_<L1> in which <L1> indicates the layer number.

EMA Design Automation, Inc. ® © 2020 All rights reserved

392




PCB Editor Essentials Training Version 17.4

Note g The NCLEGEND subclass combines the former NCDRILL_LEGEND and
NCDRILL_FIGURE subclasses for multiple layer drills and is automatically visible
when generated.

IMPORTANT

Drill Legend data is not updated dynamically. Changes to the database that
involve the addition or subtraction of drills require regeneration of the legends.

When you create a drill size that references more than one set of tolerances at the
padstack level, the drill legend can separately output the drill data for the padstack with
the same drill size and plating but different tolerances.

Other options:

e Drill Legend Columns — Choose to display drill legend columns based on Tolerance
drill, Tolerance travel, Tool size, Rotation, and Non-standard drill type

e Display total slot/drill count — Choose to display the total number of slots and drills

e Separate slots from drills — Choose to generate legends for drills separately

e Suppress tolerance column if all values are 0’s — Choose not to display tolerance
column if all values are 0’s

e Suppress tool size column if all values are empty — Choose not to display tool size
column if all values are nil

e Suppress rotation column if all values are 0’s — Choose not to display rotation
column if all values are 0’s
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The NC Parameters File

Export - NC Parameters

B 1 Paremete B x NC Parameters form can be accessed
cuon i [CA Tarert o] [ as a stand-alone from Export — NC
i e Parameters or clicking the NC

Parameters button in the NC Drill form

Heades: [rene

If accessed from the NC Drill form,

Leader [12 |

e T eEn when closing this form it will return to
[ Autornatically create dill neroutebits_suto the NC DH” f0rm
Excellon format
Farmat ] . [f] — Format should match the format
orax B I settings in the artwork parameters
Coordinates: (®) Absolute () Incremnental
Dulputunits:  (®) English ) Metic

[] Leading zero suppression

[ Trading zero suppression

[[] Equal coordinate suppression
[] Enhanced Excellon format

Cancel Help

In order to generate a drill file for manufacturing, you must have a parameter file
(nc_param. txt) that specifies the format of the drill coordinate data. To set the NC
Parameters for the drill coordinate data, select Export - NC Parameters from the top
menu or select the NC Parameters button in the NC Drill form. The Parameter File
field specifies the path and the output text file name. The default is nc_param. txt.

Note 5 If you had accessed the NC Parameters form from the NC Parameters
button in the NC Drill form, it will automatically return you to the NC Drill form.

Output file

e Header - Specifies one or more ASCII headers in the output file. The default is none.
e Leader - Specifies the leader length.

e Code - Specifies the output format. The default is ASCII.

Excellon format
e Format - Format for coordinate data in the output NCDRILL file. The default is 2.5.

Note @ The format settings should match the integers and decimal place format
settings in the Artwork Control Form’s General Parameter tab.
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e Offset X, Y - Specifies an offset from the drawing origin for the coordinate data.

e Coordinates - Specifies whether the output coordinates are incremental or absolute.

e Output Units - Specifies whether the output units are English or Metric. The default
is English.

e Leading Zero Suppression - Specifies whether the output coordinates are padded
with leading zeros.

e Trailing Zero Suppression - Specifies whether the output coordinates are padded
with trailing zeros.

e Equal Coordinate Suppression - Specifies whether equal coordinates are
suppressed. The default does not suppress equal coordinates.

e Enhanced Excellon format - Chooses to generate a header in NC Drill and NC
Route output files that more fully uses Excellon commands.

Generating an NC Drill File

Export - NC Drill

Input files needed Output files created
T 311 Yoot 3
¥ ++ +9°8 3 %
+ ++ +ppgt +
+ ++ + + +
+ O+ + o+ + o+
+ ++ o+ + +
Bgrcon - ” NC Dirill file
Roct fie name: [routed drl o Dril _—‘—-> routed-1-4.drl
Auto tool select L’ scaelcior | T
Tool sequence: Increasing (®) Decreasing =
__Dns;
NC_ tools.txt |~ WPastdeea Log file

[ Separate files for plated/nong Cancel

eHe » | nctape.log

Help

Parameter file

=
(®) Layer pair () By layer
NC param.txt
B [inchde counterdiil

If you are generating drill data for a machine that is able to automatically perform its own
drill bit selections, you will also need an nc_tools.txt file. PCB Editor searches
the NCDPATH you specify the environment file (env) to locate these files.
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To create a drill file, select Export - NC Drill from the top menu.

e Root file name - You have the option to change the default, which will give the two
drilled layers.

e Scale factor - This value specifies that all the drill locations are scaled in the output
file.

e Auto tool select - Specifies whether the drilling machine has an automatic tool
changer. If this field is not checked, the drill pauses for manual tool changes (default).
If the field is checked, you will need to create an nc_tools.txt file.

e Separate files for plated/non-plated holes - Will output to two different files if
checked.

e Repeat codes - Specifies whether your drill supports repeat codes.

e Optimize drill head travel - Optimizes drill travel on the NC Drill output files. The
log file shows the parameters that were used to create the drill data, a summary of
drill sizes and quantities, and any warnings or errors.

Creating the Cross-Section Chart

Manufacture — Cross Section Chart

E Cross Section Chartand T...  — x €«
il — ¥ SURFACE - AIR
i = ML ] L1: TOP CONDUCTOR - COPPER
e —— % DIELECTRIC - FR-4
Text block: 1 =
Text block name: —\_ |_2 GND pLANE - COPPER
o e % DIELECTRIC - FR-4
A Dl span| 7 Stackadvise | ]Eackdilspan
[ Embedded component legend |_3 SIG] CONDUCTOR - COPPER
S— % DIELECTRIC - FR-4
[ Drill batel
[ Layer name ; L4: SIGZz CONDUCTCOR - COPPER
:y}':::z;udnanw * D[ELECTRIC = FR—4
[ Individual laer thickness
[ Thickness tolerance: L\S~ VCC DLANE - COPPER
SH— ¥ DIELECTRIC - FR-4
ok ] Help e L6: BOTTOM CONDUCTOR - COPPER

¥ SURFACE - AIR

To create a Cross Section Chart, select Manufacture — Cross Section Chart from the top
menu. Use this command to generate a cross section chart displaying the drill span,
stacked vias, embedded component legend, and layer information. The chart is generated
and placed at a desired location specified by the user. Any regeneration of the chart will
use the last saved chart placement.
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Settings are:

Maximum chart height - Specify the total height of the cross-section chart in
Allegro units

Dielectric height scale factor - Controls the dielectric size as displayed in the cross-
section chart. By default, this value is 1.0.

e If the user wants to make dielectric layer thinner to save space, this value can
be set to small decimal number, such as 0.5.

X scale factor - Controls the size of the chart along the x-axis. By default, the value
is set to 1. To reduce the width of the chart, you can specify the values less than 1.
Text Block - Use this field to specify the size of the text displayed in the cross-
section chart.

Chart Options - Use the options in this section to specify the information to be
included in the cross-section chart.

e Drill span - Select this to display the drill span -- includes pin and the ‘via’
span.

e Stacked Vias - Select this option to display the stacked vias.

e Embedded component legend - Select this to display the embedded
components placed on internal PCB layers.

Display Options - Lists the layer information that can be included in the cross-
section chart.

e Drill label - Select this option to display the ‘via’ span labels for single vias.
This information is displayed only when the Drill span option is selected.

e Layer name - When selected, displays the layer names, such as TOP,
BOTTOM, SIG_1 and so on.

e Layer type - Select this to display the layer type for each layer -- as specified
in the Layer Cross Section dialog box.

e Layer material name - When selected displays the material used for each
PCB layer. This is same as the information displayed in the Material column
of the Layer Cross Section dialog box.

e Individual layer thickness - Select this to display the layer thickness in
Allegro units.

e Embedded Status - Displays the Embedded status of the layer as specified in
the Embedded Layer Setup dialog box.

e Supported values are:
NOT_EMBEDDED
BODY_UP
BODY_DOWN
PROTRUDING_ALLOWED

e Embedded attach method - Displays the method used to attach embedded
components to the internal layer. This information is available only for layer
with embedded status set to BODY_UP or BODY_DOWN.

e Supported values are:
INDIRECT_ATTACH
DIRECT _ATTACH
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Creating Assembly Drawings

B A N
v e o U2 us
» »

Assembly Drawing

[LLLECEAREEARRCFEAm

ASSY NOTES:

If you started your layout from a template design file, you already have a drawing border
(A-D size format symbol), as well as format symbols for assembly notes.

You are now ready to create a plot file for the assembly drawing. Like the photoplot
process, what you see in the work area is what is included in any plot file. The various
format symbols (like assembly notes) need to be created with this in mind. For example,
when you create an ASSY_NOTES format symbol (with the Symbol Editor), use a layer
for the graphics such as Board Geometry/Assembly_Notes.

When you need to create a plot file for the assembly drawing, toggle the appropriate
layers in the layout drawing to make only the assembly-related data visible. To set
visibility, select Setup — Colors from the top menu.

For assembly drawings, you will need to toggle the appropriate layers to display package
outlines, reference designators, pins, and so forth. You can also include mechanical
symbols for extractors and other mounting hardware.

To create a plot, select File - Print.
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Labs

Lab 13-3: Creating Fab and Assembly Drawings

e Generate drill symbols and a drill legend for the fabrication drawing
e Define drill symbols and legend
e Create fabrication drawing
e Create assembly drawing

Lab 13-4: Creating an NC Drill File

e Qutput a drill file used to drill the board holes during manufacturing
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Lab 13-3: Creating Fab and Assembly
Drawings
Objective: Generate drill symbols and a drill legend for a fabrication drawing.

Objective: Create fabrication and assembly drawings to provide documentation.

Opening the Final Design File

1. You will be using £inal_mfg.brd from the previous lab.
Setting Visibility

In order to generate drill symbol and legend information, you must make all pins visible.
Drill symbols and legend information for routing vias are also generated, but they do not
need to be visible. In this section, you will turn on the visibility for all pins and vias.

2. Choose Setup - Colors from the top menu to open the Color Dialog form.
3. Select the Global Visibility ‘Off’ button field to make invisible all classes and
subclasses.

4. Expand the Geometry category and select the Board Geometry class.

5. Turn ‘ON’ the Design_Outline, and Dimension subclasses.

6. Select the Drawing format category and turn ‘ON’ all items in that class by selecting
the “‘All’ box.

7. Click OK to close the Color Dialog form.

8. Select Display - Zoom - World from the top menu.

9. You can zoom in around the drawing format if you wish.

Creating Drill Symbols and Legend

1. Select Manufacture — Customize Drill Table from the top menu.
The Drill Customization form appears.

2. Click on the Validate button in the lower left of the form.
The message No validation errors detected appears in the command window.
Click OK to dismiss the form.
4. Select Manufacture — Create Drill Table from the top menu.
The Drill Legend form appears.

5. Accept the defaults and click OK.
When processing is complete, a rectangle appears attached to your cursor, and the
PCB Editor’s message area prompts you to pick a location for the legend.

w
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6. Place the legend to the right of the board, within the format drawing.

7. Take a look at the Drill Legend you placed. It is a drill chart for the pins that traverse
from the Top layer of the board to the Bottom.
If you were working with blind or buried vias, a different drill chart would appear for
each legal layer combination. Also note the drill symbols in your design representing
the through holes.

8. Choose File - Save from the top menu.
A window appears and warns you that the £inal mfg.brd file already exists. It
asks if you want to overwrite the file.

9. Click “Yes’ to confirm the file overwrite.
The file final mfg.brd is written to disk.
Creating the Cross-Section Chart for the Fab Drawing

1. Select Manufacture - Cross Section Chart from the top menu.
2. Set the Cross Section Chart form to the following settings.

&
Chart  Table
Chart unit:
M aximurn chart height:
Dielectric height zcale factar:
# soale factar: |1DDD7
Text block: ﬁ =
Text block name: ~

Chart Options

Dvrill zpan Stacked wiaz [ Backdril zpan
[JEmbedded component legend

Dizplay Options

Dill label

Layer name

Layer type

Layer material name

[ ndividual layer thickmness
[ Thickness talerance
[JEmbedded status
[JEmbedded attach method

ak. Cancel Help

3. Click OK.
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A box will appear on your cursor.

4. Place the box to the right of the board outline, above the Drill Legend.

5. Inthe Options tab, set the Active Class to Drawing Format and Active Subclass to
Title_Data.

6. Choose Edit - Text from the top menu.

7. Inthe PCB Editor’s work area, click on the COMPANY NAME text in the title block
(lower right corner of the drawing format), and type in your own company name to
replace the current text.
When editing text in PCB Editor you are always in Overstrike mode.
If your company name is not long enough to replace the current text, you may use the
Space Bar to remove the rest of the previous text.

8. Right-click and choose “Done”.

Creating an Assembly Drawing

Choose Setup - Colors from the top menu to open the Color Dialog form.

Turn ‘Off’ Global Visibility

Expand the Geometry category and select the Board Geometry class.

Select the Geometry category and turn ‘On’ the Assembly Notes and Design_Outline

subclasses in the Board Geometry Class

Then, in the Package Geometry class, turn ‘On’ the Assembly_Top subclass.

Expand the Stack-Up category and select the Conductor group, turn ‘On’ the

Pin/Top class/subclass.

7. Select the Components category, turn ‘On’ the Ref Des/Assembly Top
class/subclass.

8. Select the Drawing format category and turn ‘ON’ all items in that class by selecting
the “‘All’ box.

9. Click OK to close the Color Dialog form.

The assembly drawing information is now visible.

el A

oo

10. Select Display - Zoom - World to display the entire drawing format.
End of Lab

March 2020 EMA Design Automation, Inc. ® © 2020 All rights reserved

402




PCB Editor Essentials Training Version 17.4

Lab 13-4: Creating an NCDRILL File

Objective: Create a drill file used to drill the holes during manufacturing.

1. Select Export - NC Parameters from the top menu.
An NC Parameters form appears.

2. In the Excellon format section, verify that the Format is set to 2.5.

3. Click Close.
The parameters are written to a file called nc_param. txt.

4. Select Export - NC Drill from the top menu.

5. An NC Drill form appears.

6. Click Drill to start the file creation process.

7. Click Close.
Since the drill data is extracted from the final mfg.brd board file, the drill file
will be named £inal mfg-1-4.drl and written to disk.

8. If you have time, use the File Manager or a viewer of your choice to view the
release-1-4.drl file.

9. Choose File - Viewlog to view the ncdrill. log file that was created.
The log file displays format information, as well as hole size and quantity data.

10. Click the Close button in the log file window to close the window.

11. Choose File - Save from the top menu.
A window appears and warns you that the final mfg.brd. Itasks if you want
to overwrite the file.

12. Click “Yes” to confirm the file overwrite.

The file £inal mfg.bxd is written to disk.
End of Lab

March 2020 EMA Design Automation, Inc. ® © 2020 All rights reserved

403




PCB Editor Essentials Training

Generating Artwork

Input Files Needed

<Design File>.brd

SilkTop
Smask_top
Top

VCC

GND
Bottom
Smask_bot
SilkBot

Film Control
Records

Parameter file

art param.txt

Version 17.4

Output Files Created

o
—
—

Mylar Film

Bottom.ar
Gerber files

To photoplotter

Log file

photoplot.log

Artwork files, or Gerber files, are some of the most important items required to
manufacture a printed circuit board. The following items and files must be created in
order for PCB Editor to generate the artwork files.

First, Film Control records must exist within the PCB Editor design. The records
identify the artwork routine where all of the data resides for each artwork file. Note that
these records are stored internally in the data base and not in a file on disk.

Second, the file art param.txt mustexist. This file contains the parameters used
when creating artwork and must be sent to the board fabrication vendor along with the

artwork files themselves.

With the preceding items defined, PCB Editor can create artwork files for the design.
The artwork file names created by default will be the film control record name appended
with . art. Along with the artwork files, a log file titled photoplot.log will be
created. It is very important to check this log file to ensure all artwork files have been

created successfully.
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Artwork Control Form - General Parameters Tab

Export — Gerber Parameters

ﬁ Artwork Control Form - O X

Film Corirol - General Parameters

Device ype Emgr action Filrn gize limits
l:' Geiber B0 . ——
= (®) Abort film Maxi:  ||24.00000
() Gerber 400 = —
— () Abon al Max: 1600000
(@) Gerber R5274%
(O Barco DFF Feimak ~ Suppeess
() MDA Ik laces: 2
?ﬁ F —_ [] Leading zeroes
Decimal places:  ||5 )
Ouiput units — [ Taling ze10es
(®) Inches Output options [ Equal cosedinates
() Millimeters
Mot applicabls
Coordinate type Globead film filename affizes
Fiefiv: |
Mot applcable
Suffis: |
[[] Contirue with undefined apertures Scale factor for output [1.0000
Cancel Aperiues... Wiewdog... Help

You can directly access the General Parameters tab of the Artwork Control Form by
selecting Export — Gerber Parameters from the top menu. The General Parameters
form displays the default settings if no art _param. txt file exists in your ARTPATH
variable (in the env file). To control artwork parameters for all users, set the ARTPATH
variable to the location of an existing art_param. txt file.

The options available will change based upon which format you have selected.

e Device Type - Specifies the Gerber format to be used (default is Gerber RS274X).

e Error Action - Specifies the action taken when an error is found during processing
(such as an undefined aperture). All errors are written to the log file.

e Film Size Limits - Specifies the dimensions of the film used by the photoplotter. This
is not really an issue anymore.

e Format - Specifies the number of integer places and decimal places in the output
coordinates (range is from 0 to 5). Gerber format should reflect your design accuracy
settings. For example, if design units are mils, and accuracy is set to 1 (sub-mil
values), then make your Gerber format accurate to a minimum of four decimal places
(output is in inches).
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Caution

When outputting to a raster format, be sure the Format is set one place greater
than the Drawing Accuracy. Example: Database Units = Mils, Accuracy = 1;
Artwork Format = 2.5. If the format is not set properly, it could cause problems
with inaccurate arc coordinates in the artwork files and possible shape/void
plotting failures.

e Suppress - Controls whether the PCB Editor tool writes leading or trailing zeroes, or
equal coordinates in the Gerber data file. You cannot suppress both leading and
trailing zeroes. Selecting Equal Coordinates reduces the size of the final Gerber data
file.

e Output Units - Specify the output units as either inches or millimeters. Inches
should be used for English unit boards, and Millimeters should be used for metric unit
boards. You should always output the Gerber files in the same format as your design.

e Global film filename affixes - Allows you to change the name of the Gerber files.

e Prefix field - Adds a user-defined, case-sensitive string before generated film
filenames on a board-level basis. For example, if you entered a string of
ABC _, the output Gerber file names would be ABC_TOP.art,
ABC_BOTTOM.art, etc.

e Suffix field - Appends a user-defined, case-sensitive string after generated
film filenames on a board-level basis. For example, if you entered a string of
_DEF, the output file names would be TOP_DEF.art, BOTTOM_DEF.art, etc.
If you wish to change the extension from .art, you can use the ext_artwork
environmental variable available in the User Preferences Editor, under the
File Management/Versioning category.

e Continue with undefined apertures - Tells the PCB Editor program what to do
when it cannot find a definition for a flash aperture in the padstack.

e Scale Factor for Output - Scales all entries in the Gerber file.
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Artwork Control Form - Film Control Tab

EXpOFt - Gerber E Artwork Control Form

Film Contral - General Parameters

Available films

Left-click to view contents of film control record \‘DomainSdectim Create Missing Filns
. . D lid
Right-click to add or delete classes and & ETCH/TOP
subclasses in a film record 4 PINTOP
Toggle to generate artwork ~ ﬁ'é’ g’,ﬁ’gf“‘ssmp

Right click to add or delete film control records \k‘j Bvi0 vee
+- [ BOTTOM
. . ] SILKSCREEN_TOP
When adding new film control records, the current -1 SILKSCREEN BOTTOM

definitions of Color Dialog settings will be those
added as the classes and subclasses.

E Coler Dialog
Layers Mets  Dusplay Favorites Vigihiity Pane g 4
Fiterlayers: | ] Select all Add... Replace...
Stack-Up Mfg il E X .
o A om - T Etch film records are created
Conponcas e ;% S R - automatically, non-etch film records
Drawingformat G | NER: are created manually by user

The film control records define the artwork files that will be created, as well as the
contents of those artwork files. The film control records are stored internally in the PCB
Editor design. The Film Control folder tab is where you specify the film control records.
The first time you access this form, the system will have automatically created one film
control record for each etch subclass of the design.

Each etch film control record will contain the classes Etch, Pin and Via for that subclass.
To see the class and subclass pairs that are defined for a film control record, select the
plus sign to the left of the film control record name.

To add a subclass to a film control record, select any current class/subclass pair within
the film control record with the Right-Mouse-Button and select Add from the pop-up
menu. You will be prompted to enter the name of the new class/subclass to the film
control record. After you choose the new subclass, select OK. The new subclass is added.

To create a new film control record, open the Color Dialog form and make visible all of
the class/subclass pairs required for the artwork. Right-click on an existing film control
record and select Add. The class and subclass pairs that are currently visible will be the
contents of the new film control record.

To delete a film control record, select the name of the film control record with the Right-
Mouse-Button and select Cut from the context-sensitive menu.
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Artwork Control Form - Film Options

I o Coniol Fom - o x| ‘Undefined line width’ should NOT be
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‘Shape bounding box’ option adds a
Film Options need to be set black strip around the negative artwork
individually for every film record to define the enclosed copper shape

The Film Options form further describes each film control record. View film options for
a film control record by selecting the film control record name with the Left-Mouse-
Button.

e Film name - Displays the artwork data file name.

e PDF Sequence — Allows you to control the order of films in a PDF output. The PCB
Editor auto-numbers the films but you can override the order.

e Rotation - Specifies in degrees the rotation of the plotted film image.

e Offset X Y - Shifts the positions of the photoplot coordinates. You can enter positive
or negative values in these fields.

e Undefined line width -Specifies the photoplotted width of any line that has a zero
width in the PCB Editor layout (for example, text, assembly, and silkscreen lines).

e Shape bounding box - Applies to negative planes only. Adds a 100-mil (default)
outline around the negative shape edge to define a wide border.

e Plot mode - Specifies positive or negative artwork. This should always be set to
positive except for negative planes.

e Film mirrored - Mirrors the artwork about the Y axis.

e Full contact thermal-reliefs - Specifies no thermal relief flash for pins and vias with
negative planes.

e Suppress unconnected pads — Prevents the plotting the pads of pins and vias that
have no connections (for flashing “used pads only” on inner layers).

e Draw missing pad apertures - Substitutes another aperture in the aperture list and
uses it to draw the pad. This feature will not resolve missing flash names. This button
does not appear in raster-based parameter forms. Available for Gerber 6x00 and 4x00
only.
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e Use Aperture Rotation - Means that the Gerber data can use apertures in the
aperture list that have rotation information defined for them (for example, flash
names). This button does not appear in raster-based parameter forms. Available for
Gerber 6x00 and 4x00 only.

e Suppress shape fill - Specifies that areas outside the shapes and all voids are not to
be filled on a negative film. You must replace the filled areas with separation lines.
Used for negative nested shapes. Available for Gerber 6x00 and 4x00 only.

e Vector based pad behavior - Specifies that raster artwork use vector-based decisions
to determine which type of pad to flash.

Artwork Control Form - Generating Gerber Files

Enmwmk Control Ferm - O X

Fiim Corlrol * General Parameters

Auvailable filme Film oplions
Film name: wCC
— PDF Sequence: 3 =
w-[]E TOP . e
*_‘"'_'[:_L] GND Rotation 0w
[ |

Domain Selection | Create Mizzing Films

. «- 13 BOTTOM Dfiset X: 0.00
Select film records v o0
individually or .
S e Iect Al | Undefined line width: || 000
Shape bounding bose  (100.00
Plot mode: (@) Paositive
() Negative
. . . . [ Film misrored
If th IS Wa rn lng IS d ISp Iaye d you Select al Add.. Replace. . [ Full contact thermal-reliefs
will need to update your shapes B T 0 s ncerectedpacs

before creating the gerber files, - D shapes reedupdsins
click this button to access the

Statu S d i a |OQ b 0OX / eate ek \:.':clolarl;as‘u; pad behavior
[] Draw holes only
Click to create artwork for

selected film records EET T T i

After you have specified the artwork parameters, generated an aperture list (if required),
and created all artwork film control records, you should be ready to create your artwork
files. However, if the Dynamic shapes need updating button is displayed then your
dynamic shapes need to be updated prior to creating the artwork file. Clicking on this
button will take you to the Status dialog box (discussed earlier in the lesson) where you
can run the Update to Smooth function to bring your shapes up-to-date.
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To identify which artwork files should be generated, either select the blank box

Version 17.4

immediately to the left of the film control record name for each artwork file to be
created or choose the Select All button to have all artwork files generated. Select the

Create Artwork button to create the artwork files.

Note g Remember, all artwork files will be created on disk with a file name of the
film control record name, appended with the string .art. Also, remember to check the

log file photoplot.log.
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Labs

Lab 13-5: Creating Artwork Files

e Set up the design file for artwork

March 2020

Set up artwork general parameters

Import FILM_SETUP.txt file

Create new film control records for Pastemask _Top and Pastemask_Bottom
Generate the manufacturing Gerber files
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Lab 13-5: Creating Artwork Files

Objective: Using a completed board that has passed all the tests and is ready for
manufacturing, you will set up the design file to produce artwork.

In this lab, you will learn how to define the artwork layers required for photoplotting a
design. You will learn about parameter and film record files that are used to create the
photoplot files.

Setting Up the Artwork General Parameters

1. You will be using £inal_mfg.brd from the previous lab.

2. Choose Export — Gerber Parameters from the top menu.

3. You might get a message about the artwork output type set while creating your
dynamic shapes. We will take care of that. Click OK.

4. You might get a message about the resolution of the database vs. artwork output. We
will take care of that as well. Click OK.

5. The Artwork Control Form opens to the General Parameters tab.
This tab specifies the plotter type, film size, and format of the manufacturing data.

6. You will create Gerber files in the RS274X format (the Default).
This should take care of the output type message.
7. The default Format option is set to:
Integer Places: 2
Decimal Places: 5

This should take care of the resolution message.

8. Click OK to close the form.
When you close the Artwork Control Form, the parameter settings will be written to
afile called art_param. txt inthe working directory.

Checking existing Film Control records

By default, the PCB Editor software will create a film control record for each of the etch
subclasses in the design as long as you set up the etch layer in the Layout Cross-Section
form before opening the Artwork Control Form.

Note g If you add new etch layers after you have opened the Artwork Control form,
open the Artwork Control form and click on the ‘Create Missing Films’ button above the
existing film records. This will automatically add the new etch film records.
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Awailable films

Domain Selection | | Create Mizzing Films

-0 0P
- [JE0 GHD
R I L
-[CC BOTTOM

+]- [ [

=

Select Export - Gerber from the top menu.

2. The Artwork Control Form opens to the Film Control tab.

This tab specifies which artwork files are to be created and which objects in the PCB
Editor database constitute each artwork file. Notice that, by default, for this design
there are four entries in the Available Films window of the Film Control tab. There
is one entry for each of the etch subclasses of your design.

3. Select the plus + sign to the left of the BOTTOM entry in the Available Films
window of the Artwork Control form.
The BOTTOM film record expands to display the class/subclass entries that will be
included in the manufacturing file for this artwork film. By default, the PCB Editor
software includes the ETCH, PIN, and VIA class for each of the etch layers.

4. Select the BOTTOM film record in the Available Films window (select on the word
BOTTOM).
The Film Options section on the right side of the form displays the current options set
for the selected film control record.

5. In the Film Options section for the BOTTOM film record set the Undefined Line
Width field to 5.

6. Select the rest of the film records (GND, TOP and VCC), one at a time in the
Available Films window and set the Undefined Line Width field to 5 in the Film
Options section.

7. Click OK to save your settings and dismiss the Artwork Control Form.

Importing a FILM_SETUP.txt file

If you have a consistent layer scheme for things like your Silkscreen, Fabrication and
Assembly drawings, it is possible to save those film records ina FILM_SETUP.txt file
for reuse in future designs.

1. Select Export - Gerber from the top menu.
2. The Artwork Control Form opens to the Film Control tab.
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3. Click on the Add button in the left pane, just below the Available films window.

ﬁ Artwork Control Form

Film Control — General Parameters
Avvailable films

Domain 5 election

- [CJED BOTTOM

Select al Add...

Create Artwork

Cancel

- O
Filr options
Create Mizsing Films Filrn name; BOTTOM
PDF Sequence: 4 =
Fiotation: o~
Offget 0.00
A8 0.00
Undefined line width:  ||0.00
Shape bounding box:  ||100.00
Plat mode: (®) Positive
() Negative
] Film mirrared

Replace... I Full cortact thermalrefiefs

[ Suppress unconnected pads

Check databaze befare artwark.

Drraw migsing pad apertures
Usge aperture rotation
Suppress shape fill
Wector bazed pad behavior
[ Draw holes anly

Apertures. .. Wiewlog... Help

X

4. Select the FILM_SETUP.txt file located in the solutions directory and click Open.

B select Film File to Add 7 X%
Lock in: C:\Jser_Data\Training\OrCA..._v1\PCE_Designerisolutons « | L3 ) 0 [E] %]
Desktop Artwork
Report
Documents Reports
jeninef signoise.run
stepFacetFilesdMap
symbols
FILM_SETUP bt
File name: [FILM_SETUR. &t || gpen
Files of type: Text File (*.txt) - Cancel
Change Directory []

5. Notice that the Available films window has been populated with Assembly,

Fabrication, Silkscreen and Soldermask film records.
6. Click on one of the new film records and see the Undefined line width is set to 5 mil.

~
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Right click on the FAB film record and select Display for Visibility from the popup.
8. Click OK to dismiss the form and see that the Fab drawing is displayed.
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Creating New Film Control Records

You will also need to create artwork files for your Pastemask layers. You need to create
a film control record for each of these. By default, when you create a new film control
record, all currently visible classes and subclasses displayed in the PCB Editor’s work
area are added to the film control record.

=

Choose Setup - Colors from the top menu.

2. At the top of the form select the Global Visibility ‘Off’ button to make all class and
subclasses invisible.

3. Select the Geometry category and turn ‘ON’ the Design_Outline and
Pastemask_Top subclasses

4. Select the Stack-Up category and turn ‘ON’ the Pastemask_Top subclass for both the

Pin and Via Classes.

Click OK to save your settings and dismiss the Color Dialog form.

Select Export - Gerber from the top menu.

The Artwork Control Form opens to the Film Control tab.

Using the Right-Mouse-Button on any of the existing film records and select Add

from the pop-up menu.

A text form opens, asking for the name of the new film.

9. Enter a name of PASTEMASK TOP and select the OK button.

A new film record is added. If you expand this selection you will find the

class/subclass elements you made visible in the Color Dialog form have been added

to the film record.

10. Follow the process we just used (Steps 1 — 9) to create the PASTEMASK_BOTTOM
film record.

11. Make sure to set the Undefined Line Width field to 5 in the Film Options section for
each of these new film records.

NG

Saving the Design File

=

Choose File - Save As from the top menu.
2. Rename this drawing by entering the following in the File Name field:
final mfg done.brd

The file final mfg done.brd iswritten to disk

March 2020 EMA Design Automation, Inc. ® © 2020 All rights reserved

415




PCB Editor Essentials Training Version 17.4

Creating the Manufacturing Gerber Files

=

Choose Export - Gerber from the top menu.

The Artwork Control Form opens to the Film Control tab.

3. The check box to the left of each film control record controls whether a
manufacturing file will be created for that record. Since you want to generate all
artwork files, select the Select All button below the Available Films window.

4. Select the Create Artwork button.

At the bottom of the Artwork Control Form a message will be displayed:

N

Plot generated

The Gerber format artwork files are written to your current working directory.

If you wish, you can use the Windows Explorer command to check for these files.
Each artwork file has the same extension (top.art, gnd.art, vcc.art,
bottom.art, etc.). These are the plot files that are used to create the film
required for manufacturing the board.

5. Select the Viewlog button at the bottom of the form to see the photoplot. log
file.
Check to make sure all artwork files have been created successfully. This is a great
file to send to your vendor along with the set of artwork files.

o

Click the Close icon to exit the log file.
7. Click OK in the Artwork Control Form to close the form.

End of Lab
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Creating an IPC-2581 Database

An IPC-2581 database is a neutral CAM database that can be used by fabricators and
assembly vendors to manufacture your design.

It offers many advantages over traditional Gerber, NC-Drill, and IPC-356 Netlist exports.
The database contains all the necessary elements consolidated into a single file.
These include:
+ All CAD database artwork films
» Design Stackup
* NC-Drill Data
* CAD netlist
» Component and Net Properties
» Additional benefits include reduced or waived NRE tooling costs

* Information about the IPC-2581 consortium can be found at:
http://www.ipc2581.com

Export - IPC-2581

B 1Pc2sel Export = 2t
¥ brpe [ Various functional modes allows the user to tailor
gl the output database for fabrication, assembly, test,
IPC2561 version: IPC25818 = | Output units: Inch
Global package pin one orertation: | OTHER ] etc.
File Segmentations and Function Apporioniment
=
T IPC-2581 Layer Mapping Editor allows for
M & Hiesarchical Conductor Rowling Files T
§ & BOM (Conponets an Mot definition of copper layers, mask and paste layers,
W & AVL [Components and Matenials) .
M & Component Package:
2§ Lo and documentation layers
[J & Device Descriptions
& Component Descriptions 5] 4
.w & Soidalrl\a;k,ﬁnl.du Paste Lepend Layers =
: g Eztzmnm‘::"gi::’m Astweek Filn Dutes Copper Lagess T Lapess Docurmentation Layers SMMT:’E;:#IP‘;I; | N:scelt';::lmage
M & NetList E
¥ & Ouber Copper Layers SILK_TOP =] a [=] [=] ,l
v & Inner Layers: FASTE BOTTOM [] 5] [5] = [=]
¥ % Miscelaneous Image Lapers PASTE TOP (u] o o o
W & DFXAnalysis MASK_BOTTOM o [5] o ® =
M & Caviies MASK_TOP [5] a [=] [=]
[ & Padstack Delintions SILK_BOTTOM o o [=] [=]
[ & Export Cross Section Data Or ?:‘BD DAAWING g l: g g g
5 :
ASSEMBLY o o o o
BOTTOM [u] o o o
WCC o = o a o
((CoreeMapprgEan... |) [ FimCreaton...| 12 S o o o
V1 Vector text Compress output fllef.2ip) |
[ Eport Close: [viewwog.. | [ Heb |
oK Cancel Help
|

Note 5 Film records need to be setup prior to exporting any manufacturing data (ie;
IPC-2581 data, Gerber files, ODB++, etc.)
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The options for IPC-2581export are:
e [PC2581 Version — Supported versions are IPC2581-B, IPC2581-A, IPC2581-1
e Output Units — Inch, Millimeter, Micron

e Global package pin one orientation — Other, Lower_Left, Upper_Left, Left,
Upper_Center, Left_Center

e Functional mode — User defined, Design, Fabrication, Assembly, Test

e Level — Specifies the data complexity of the IPC2581 file needed for each
functional mode. Supported levels 1, 2, 3

e Layer Mapping Edit — Allows user to map copper layers, document layers, mask
and paste layers

e Film Creation — gives you access to film record setup to define film artworks
e Vector Text — Select to export the text characters as line segments

e Compressed output — Allows the option of creating a compressed zip file of the
IPC2581 database

Optional IPC-2581 Export Properties:
e Component properties
e Net properties
Here is an example of some sample component and net properties that were added:

B 1PC2581 Export = =

IPC2581 Export | Export Property

Available propettiss

=5 Comporent
" & FART_NUMEER N
L@ PACKAGE_HEIGHT_Max

S Nat
" & TESTVIA_TO_THRUVIA_SPACING
L@ TESTVIA_TO_THRLPIN_SPACING
& TESTVIA_TO_TESTVIA SPACING
& TESTRIN_TO_TESTla_SPACING
L& TESTRIN_TO_THRUVIA_SPACING
& TESTRIN_TO_THRLPIN_SPACING
& TESTRIN_TO_TESTPIN_SPACING
i TESTPOINT_QUANTITY

Epot | [ Chose | [Wiewhn. | [ Hep
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Labs

Lab 13-6: Creating an IPC-2581 Manufacturing Database
e Generate an IPC-2581 database for manufacturing your board design

e Setup of functional modes
e Setup layer mapping for layer types
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Lab 13-6: Creating an IPC-2581 File

Objective: Create an IPC-2581 database used in manufacturing the PCB.

1.

Nookrwd

8.

9.

You will be using the £inal_mfg_done.brd from the previous labs.

If you did not finish the previous labs, a copy of £inal mfg done.brd may be
found in the solutions folder.

Select Export — IPC-2581 from the top menu.

Set IPC2581 version to “IPC2581-B”, output units to “Inch”.

Global package pin one orientation should be set to “Other”.

Set Functional Mode to “Fabrication” Level “3”.

Select Vector text

Next select Layer Mapping Edit and map the layers to the following:

$ IPC2581 Layer Mapping Editor - O X
Arbwaark. Film Outer Copper Layers Ininer Layers Documentation Layers | Soldetdask SoldeiPaste | Miscelaneous Image
Layers Layers
ASSEMBLY_BOTTOM [m] u] ® u] O ~
ASSEMBLY_TOP m] u] = u] m]
BOTTOM = u] m] u] m]
FAR m] u] = u] m]
GMD [m} [ m] m] m]
PASTEMASK_BOTTOM [m} m] m] [ m]
PASTEMASK_TOP [m} m] m] [ m]
SILKSCREEM_BOTTOM [m} m] m] m] =
SILKSCREEM_TOP [m} m] m] m] =
SOLDERMASK_BOTTOM [m} m] m] 5] m]
SOLDERMASK_TOP [m} m] m] |5 m]
Tar B m] m] m] m]
WCC [m} 5] m] m] m]
W

< >
Cancel Help

Next select export to create the IPC-2581 database, the resulting file will be
release.xml.
Select Close to dismiss the form.

End of Lab

Note g This database can be imported into the PCB Editor for comparison review

Here are several free viewers for IPC-2581 data:

- Wise Software Solutions - Wise 2581 Viewer
- Downstream Technologies - VU2581Viewer
- PCB - Investigator V8 - IPC2581 PCB Investigator Viewer

Links for the viewers are available on the IPC-2581 Consortium website
http://www.ipc2581.com/index.php/ipc-2581-free-viewers
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Preselection Mode

Creating a Selection Set

Version 17.4

Mouse Action

Result

LMB pick (single select)

Clears previous selection set and adds highlighted element
at the mouse location to the selection set.

Shift + LMB pick
(extend select)

Adds highlighted element at the mouse location to the
selection set.

Ctrl + LMB pick (toggle
select)

Adds the highlighted element at the mouse location if not
already in the selection set.

Removes the highlighted element from the selection set if
the selection set already contains it.

Selection by window

Clears previous selection set. Adds elements enabled in the
Find Filter and that overlap the window to the selection set.

Shift + Select by
window

Adds elements enabled in the Find Filter and that overlap
the window to the selection set.

Ctrl + Select by window

Removes elements enabled in the Find Filter, overlapping
the window or already in the selection set.

While in an application mode, the tool highlights design elements you have chosen in the
design window as a selection set. Commands applicable to an application mode operate
on this selection set. You modify the elements in the selection set by using any of the
mouse operations described above.

Context-Sensitive Right-Mouse-Button Pop-Up Menu

The commands that populate the context-sensitive, RMB
pop-up menu depend on:

+ Current application mode

+ Design elements already in the selection set

+ Design elements selectable at the current mouse position

Hovering your cursor over... ...populates the pop-up menu with

an element already in the selection set | commands applicable to the selection set

an area where nothing is selectable, commands that don't use design elements
such as black space in the design as input such as the Design Parameter,

Change Active Layer, Customization,
SuperFilter, and Options.

be selected

the cursor is not over an already commands applicable to that element
selected element and the element
underneath the cursor could potentially

Application-mode commands are accessible from a Right-Mouse-Button pop-up menu
based on the current selection set. The commands that populate the context-sensitive,

Right-Mouse-Button pop-up menu depend on the location of your cursor and whether
you have already created a selection set.
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Etch Edit Default LMB Drag Command Execution

Version 17.4

Element Drag Shift drag Ctrl Drag Double-Click
Group Mowve Mowve Copy MNone
Symbol M owve Spin Copy MNone

Pin Mone Mane Mane Add Connect
Wia Slide Wove Copy Add Connect
Cline ™ Mowve Mave Copy MNone

Line M owve Mawve Copy MNone

Shape M owve Mawve Copy MNone

Frect M ove Mawve Copy MNone

Rect Move Move Copy MNone

Line Seg™ Slide Monge Delay Tune Slide

Arc Seq Slide Monge MNone Slide

Figure Move Move Copy MNone

Text Mowve Mave Copy MNone
Ratsnest MNone MNone MNone Add Connect
Rat T Slide Move MNane MNane

In the pre-selection use model, you can automatically execute a default command with a
Left-Mouse-Button click, drag, shift-drag or Ctrl-drag on an element. In the Etch Edit

application mode, the default commands are as documented above.

You can set an option so that the double click column commands can be executed using a
single click. In order to accomplish this, in the pre-select mode, select Right-Mouse-
Button in an open area and select Customize - Enable Single Click Selection.

Note @ When you execute a command by dragging in any application mode, use
the Esc key to allow the Left-Mouse-Button to be released, yet continue dragging.

If you decide that you prefer not to use the dray command executions, you can
disable these drag executions by selecting the Disable Automatic Drag
Operations in the Customize selection of the Right-Mouse-Button Common

Areas.

* Choosing the midpoint of a cline or line seg invokes the slide command,; to
invoke the add connect command from the midpoint of a cline or line seg, right-
click and choose add connect from the pop-up menu.
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General Edit Default LMB Drag Command Execution

Element Drag Shift Drag Ctrl Drag
Cline Maove Move Copy
Cline_Seq Slide None MNone
Figure Move Move Copy
Group Move Maove Copy
Line Move Maove Copy
Rat_T Slide Maove Mone
Symbol M ove Spin Copy
Shape Mowve Mave Capy
Text W ove Move Copy
Via Slide Move Copy

In the pre-selection use model, you can automatically execute a default command with a
Left-Mouse-Button click, drag, shift-drag or Ctrl-drag on an element. In the General Edit
application mode, the default commands are as documented above.

Note G When you execute a command by dragging in any application mode, use
the Esc key to allow the Left-Mouse-Button to be released, yet continue dragging.

If you decide that you prefer to not use the drag command executions, you can disable

these drag executions by selecting the Disable Automatic Drag Operations in the
Customize selection of the Right-Mouse-Button Common Areas.
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Routing Pop-Up Menu Options

Before you select After you select Change Active &

Right-Mouse-Button Pop-up Menu Options

. : Target
a start point a start point Alternate Layers g
— Mew Target
Deone F6 Done F& M top No Target
Oops e Oops F8 [ P=T Route from Target
Cancel F9 | | C Snap Rat T
Cancel F9 _ Rt =
Nt (G | = BotTom
Persistent select > Reject .
Select by Polygon Snap pICk to
Select by L Add Via
Persistent snaj »
EEEHAED Change Active Layer o "
S ’
Select on Path Change Alternate Layer il
Segment Midpoint
Temp Group Sz e Segment
Intersection
Reject Neck Mode -
Working Layers Shape Center
Change Active Layer 4 L Line Types > Arc/Circle Cent
g y «  Enhanced Pad Entry Symbol Origi
Change Alternate Layer 3 Gomen * Symbol C
5 L Target 4 Line width »
wap Layers
P ey Finish Bubble » on
Via
Multi-Line Route... Scribble mode Shove vias 4 o
Snake mode ~  Gridless e [
Enh Pad Ent ? -
nhanced Pad Entry Tt <7 SC"P da:‘!“"g clines Pad Edge Midpoint
. 4 » ad Edge
Design parameters... . mee S
Design parameters... / ~  Snap to connect point Off-grid Location
QOptions L4 . i i
Options 4 v Replace etch Grid Point |
Snap pick to 4 Snap pick to e e ’l Snap Offset (0.000,00). |

Immediately after selecting Route - Connect, you view a pop-up menu (you cannot
access this RMB popup in the Pre-Select mode). During the process of adding segments,
different options are available:

Done - Exits the Add Connect command.

Oops - lets you undo or take back the last added point in the wire path (can be used to
repetitively remove all wire segments and vias for the current connection).

Cancel - Cancels all selections and exits from the command.

Next - Lets you start on a new connection without exiting from connect mode (this is
not available in the Pre-Select mode).

Reject - Applies if multiple objects are stacked on top of each other. It lets you reject
a currently selected object and select another object from a window (this is not
available in the Pre-Select mode).

Add Via - Used to add through-hole, blind, or buried routing vias.

Change Active Layer - Allows you to change the current Active Layer.

Change Alternate Layer - Allows you to change the current Alternate Layer.

Swap Layers - Interchanges the Active and Alternate layers in the Options form.
Neck Mode - Changes the line width for the next segment to the Neck Width
specified in the Physical Rule Set for the Minimum Neck Width.

Toggle - Lets you switch the initial direction of the projected wire path.
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e Enhanced Pad Entry - Improves the transition of clines that exit or enter a padstack.
It also contributes in the reduction of acute angles that form acid traps.

e Target — Defines the projected routing between two nodes (defaults to closest pin).

e New Target - Lets you select a new rubber band target pin.

e No Target - Eliminates the rubber band line from the cursor to the target pin.

e Route from Target - Starts routing from the target pin instead of the pin
selected.

e Finish - Completes the connection using an automatic router. This routing is
performed on the active layer only. No autorouting licensing is needed for this
feature.

e Scribble mode — Lets you scribble a route path between two points using smart shove
and push techniques. Once the routing is completed the etch solution is generated by
the application for the scribbled path.

e Snake mode — Allows you to route through a pin array

e Design Parameters - Displays the standard Design Parameters form.

e Options - Allows you to set the different interactive routing parameters in the
Options tab. These parameters will be discussed in the following Options Forms
topics.

e Snap pick to - Allows you to snap the starting point to an object that is near your
cursor.

e Persistent snap — Lets you select any of the Snap pick to options which will
retain the selected snapping for all further selections. Each pick of an
operation will snap to the persistent option. The active snap mode applies to
all commands and application modes that performs snapping. By default, this
option is set to off.

e Segment Vertex - The pick point snaps to the nearest vertex of any of the
supported object types.

e Segment Midpoint - The pick point snaps to the nearest mid-point of the

supported segment type.

Segment - The pick point snaps to the nearest point on the segment.

Intersection - The pick point snaps to the intersection of the segments.

Shape Center - The pick point snaps to the center of the shape.

Arc/Circle Center - The pick point snaps to the center of an arc segment or a

circle.

Symbol Origin - The pick point snaps to the origin of the symbol.

Symbol Center - The pick point snaps to the center of the symbol.

Pin - The pick point snaps to the nearest pin.

Via - The pick point snaps to the nearest via.

Figure - The pick point snaps to the nearest figure.

Pad Edge Vertex - The pick point snaps to the nearest vertex of pad edge.

Rectangle Edge Midpoint - The pick point snaps to the nearest mid-point of

the pad edge.

Rectangle Edge - The pick point snaps to the nearest point on the pad edge.

e Off-grid Location - The pick point directly returns without snapping.

e Grid Point - The pick point snaps to the nearest grid point.
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e Snap Offset - The pick point snaps at a given offset to one of the selected
snap definitions. You can define the offset from a snapping destination in two
ways by either setting:

e XandY coordinates

e Or distance and angle
If persistent snap is enabled, the Snap Offset values are remembered
throughout the editing session and for all commands that use snapping.
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Appendix B: Scripts and Macros

Scripts

Step 1 - Start the Script
File - Script

| |
| |
| |
1 ﬁ Scripting X 1
I Serpt Fle e e
- Browse. | |
I | bone [cod o - Step 2 - Execute the commands |
rarp...
| [IMacro record mode Generate... 1 H H
" ! Display - Zoom - Window I
| Record/Replay I l |
Pick 1st Camer OF Mew Window.
1 Record Stop Replay 1 1 last pick: 3148 -60 1
1 Pick To Complete Windaw. 1
last pick: 3830 524
I Heln Iy Command | I

Step 3 - Stop the Script
File - Script
BH scripting %

Scipt File

Browse.

Library...

Macro record mode Generate...

Record/Replay
Record Stop Replay

1
1
1
1
1
|| MNeme: |
1
1
1
1
1

With scripts, you can have the PCB Editor record and save all your menu selections and
mouse picks in a text file. You initiate such script recording by clicking Record. While a
script is recording, the script file name appears in the Status window. All your executed
commands will be recorded in a text file, until you stop the recording. You can then
replay the file in the same design or a different design to quickly execute repetitive
operations.

e Browse - Displays a script file browser that lets you choose a script file to replay.

e Library - Displays a script file browser that opens your script path location (env file)
and lets you choose a script file to replay.

e Generate - Displays a file browser from which you can choose a . jr1 fileto
convert into a script file.
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Macros

Step 1 - Start the Macro: File - Script

[~ Scipt File-

Marne: ||uri-&

¥ Macro record mode

x|

: Record/Feplay
Heo |
Step 3 - Stop the Macro: File - Script
C2lscroung x|
Seript File .
Browse...
Name: | —WW\--
= Mecro record mode Tasneren |
Record/Replay -
Replay |‘
Hep | —

Version 17.4

Step 2 - Execute the commands
View - Zoom By Points

Pick 1st Corner Of Mew Window,
last pick: 54876, 79309

Pick To Complete Window.

last pick: 69723, 85805
Comrmand >

Step 4 - Macro replay will
prompt you for a starting point

Pick To Complete ‘Window.

last pick: 1689.90 1550.45
Pick 1st Comer OF New Window.
Pick origin for macro

Command >

We created a script earlier in the course. Macros vary slightly from scripts. Scripts, when
replayed, use absolute coordinates for any X and Y input. Macros on the other hand use
relative X and Y coordinates for input. When replaying a macro, you must identify in the
PCB Editor, the origin of the macro. All X and Y coordinates contained in the macro
will then be relative to the point you chose.

To create a macro, use the following procedures:

6. Choose File - Script.

7. Inthe Name field, enter the name you want to give to the script.

0

9. Click Record.

Toggle the Macro Record mode on.

10. Perform the tasks that you want the script to run.

11. Choose File - Script and click Stop in the Scripting dialog box.
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To replay a script or macro:

12. Choose File - Script.
13. In the File field, enter the name of the script you want to replay.
14. Click Replay.

15. Select the starting point for the macro.

Macro and Script Results

The same command recorded is: View > Zoom By Points

Macro File - recordmacro
setwindow pch
# Allegro script

# file: D:\userl.spare‘allegro)advanced) 1Customizing -
# start time: Thu Jun 03 19:00:15 2004
# Version: 15.2 b004 (v15-2-474) 186

version 15.2

trapsize 1628
# Macro file: coordinates are relative to pick on replay.
zoom points

pick origin Script File -record
pick rel 0.00 0.00 setwindow pch
pick rel 892.37 221.46 # Allegro script
trapsize 1258 # file: D:\userl.spareiallegro’advanced) lCustomizingy
# stop time: Thu Jun 03 19:01: # start time: Thu Jun 03 19:16:04 2004
# Version: 15.2 b0D4 (v15-2Z-474) if6

version 15.2

trapsize 1001
Prompts for pick 1501.37 1376.64
H pick 1771.62 1498.75
user InpUt # stop time: Thu Jun 03 19:16:17 Z004

The same command was recorded here using the macro mode and the script mode. The
resulting files are different because the macro is looking for input from the user when it
gets replayed.

Every action included in the macro takes place relative to the coordinates that are chosen
as a starting point. Macros can be used for placing multiple clipboard files or modules in
a step-and-repeat pattern, starting from different starting points, and defining a
fabrication drawing that has various starting points from where to place the format
symbols.

To start recording a macro, first you enable the Macro Record Mode check box.
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Appendix C: Pin and Gate Swapping
Swapping of Functions (Gates) and Pins

Gate Swapping Pin Swapping

R
A

Dpyp

Pin swapping is available only if
the swappable pins are defined in
the schematic capture library
symbol

Gate swapping is available for any
homogeneous schematic capture library
symbol without having to be defined

After component packages are placed on your board, you can use PCB Editor’s
interactive pin and gate swapping features to further reduce signal lengths and crossovers.

As shown, swapping features include the following possibilities:

e Functions (gates) can be swapped within a package.

e Functions (gates) can be swapped between packages of like types.

e Swappable pins within a function (gate) can be swapped but only if defined as
swappable in the schematic capture library symbol.

You can perform pin and gate swapping on devices that meet one of these requirements:

e The device is described in OrCAD Capture and contains pin and/or gate information.

e Anassociated device file with a third-party schematic has been used that contains pin
and/or gate information.

Note 5 Devices that have been loaded into your design through a third-party netlist
must use device files that contain pin and/or gate information, or else swapping will not
be available for these devices. You can find more information in CDSDoc, the online
documentation.
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Interactive Swap

Pins
Place - Swap - ... Functions
Components
Components Pins and Functions
s B g B =
= = = = =i
= B = = =

When displaying ratsnests, you may discover gate-to-slot or pin-to-net assignments that
create unnecessary congestion. Manual gate and pin swapping can reduce congestion and
allow the ratsnests to flow in a more organized manner, which helps routing. See Lesson
6 titled Importing Logic Information into PCB Editor for more details on which part
definition statements are required in order to support gate and pin swapping.

e Pins - Lets you select two equivalent pins for swapping (for example, inputs on a
nand2, or inputs on a resistor pack).

=

e Functions - Lets you select two equivalent gates for swapping.
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e Components - Trades the locations of two entire packages.
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Version 17.4

Objective: Use manual component, pin, and gate swapping to improve routing.

When placing components, you can achieve better routing results by minimizing signal
crossings, roughly indicated by the ratsnest lines between pins. You can always swap
placed components, which is especially effective when the components are of similar size
and shape. By swapping pins and gates, you can have a cleaner arrangement of

conductors.
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Lab C-1: Component and Gate Swapping

Swapping Components

At this point, you can turn on the ratsnests to see how the pins for each net are arranged.

Turn all the ratsnests on by choosing Display - Show Rats - All from the top menu.
Zoom In to the MEM room area.

Choose Place - Swap - Components from the top menu.

Click two parts for swapping, such as adjacent ICs in the MEM room at the upper
right of the board.

The two parts are swapped.

el N =

5. Try swapping several other pairs of components and see whether you can reduce the
complexity of the ratsnest.
The PCB Router will do a better job if the ratsnests are more horizontal and vertical
rather than diagonal because it will not have to add as many vias.

6. When you are through swapping, right-click and choose “Done” from the pop-up
menu.

Note 5 ICs U10 through U17 have a ROOM property of MEM and should
therefore be placed in the MEM room. Check the room properties of the ICs you place to
verify they are in their proper rooms.

Swapping Functions (Gates)

After swapping physical package locations, you can further optimize your placement
through gate and pin swapping. To demonstrate this, you will work with U4, an SOIC48
designated with an FCT16245 function. Not all components are defined for pin or gate
swapping, but U4 - a component you have already placed — does have definitions for
function (gate) swapping.

Zoom in to the area of your design where U4 has been placed.

Click the Rats All icon to display all ratsnest lines.

Choose Place - Swap - Functions from the top menu.

Select a pin on U4 that has a ratsnest line.

If the pin you selected belongs to a function (gate) that can be swapped, the pins of
other similar functions that can also be swapped are highlighted. If the pin you
selected is a power or ground pin, the command line will report this, and you will
need to pick another pin in order to find a function pin.

el oA
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5. Select a second pin from the highlighted choices.
This part has two functions. One function consists of the pins in the top half of the
part, and the other function consists of pins in the bottom half of the part.

Before Function Swapping After Fumction Swapping

v

T
AN
T

6. Right-click and choose Next from the pop-up menu.
The ratsnest lines from the two gates are swapped. The changes are subtle, so you
need to watch carefully.

Select another pin on U4 that has a ratsnest line.

Select a second pin from the highlighted choices.

Right-click and choose “Done” from the pop-up menu.

0. If you are interested, you can select Check - Elements, be sure Functions is toggled
on in the Find Filter and select a pin on U4.

This describes the functionality of the gates that reside in this component. Notice that
there are only two gates (latch) in this part, G1 and G2.

P

11. Choose File - Save As from the top menu.

12. Rename this drawing by entering the following in the File Name field:
swap_placed.

13. Select Save to save the swap_placed.brd file.

End of Lab
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