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1. Introduction

FreePCB isafree, open-source PCB layout editor for Windows, that | starting writing because | was
unhappy with currently available free or low-cost PCB editors. The onesthat | tried were either crippled
by pin and layer limits, or buggy and difficult to use. | finally decided that any idiot could write a better
one, and | wasjust theidiot to do it!

This user guide contains chapters on the PCB design process and the FreePCB user interface, and a
tutorial which takes the user through the process of creating a PCB from a schematic and a netlist file. In
the process it describes al of the main features of FreePCB.

Currently, FreePCB runs only on Windows, but | intend to port it to Linux if it is successful. The source

code is copyrighted but released under the GNU General Public License (version 2 or later). The terms
of the license are available here.

My email addressis:

[allan@freepcb.com |

Thanksfor trying FreePCB.
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2. Installing FreePCB

Eventually, FreePCB will come with a nice installer, but for now you have to do it manually. Here are
the instructions

. Download the latest version of the software from www.fregpch.com. It may bein the form of a
zipped archive file, with aname like freepcb_1000_src.zip, or aself-installing archive such
asfreepcb_1000_src.exe.

. Before unzipping the file, create a new folder on your hard drive such as C:\FreePCB.

. Unzip the archive into your new folder. Y our folder should now contain subfolders as shown:

] FreePCB
r:l hir
l:l doc
{1 lib

~{] lib_extra
=] projects
B Motar
D Tukorial

o The subfolder bin contains the FreePCB.exe executable, the default configuration file

default.cfg, and afew other files.

The subfolder doc contains documentation (mainly this User Guide).

The subfolder lib contains the core footprint libraries.

The subfolder lib_contrib contains footprint libraries contributed by other users.

The subfolder lib_extra contains less commonly used footprint libraries.

The subfolder projects contains folders for each PCB project.

o The subfolder src contains the source code for FreePCB.

« You may want to make a shortcut for starting FreePCB from your desktop. Open the C:
\FreePCB\bin folder in Windows explorer, and drag the file FreePCB.exe onto the desktop
with the RIGHT mouse button. Y ou should be prompted with alist of optionsincluding creating
a shortcut.

. Now you can start FreePCB by double-clicking on the desktop icon.

O O O O O
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3. Overview of the PCB Design Process

Thisisabrief overview of the PCB design process, with explanations of some terms which have special
importance to FreePCB. These are shown in bold type as they are introduced.

3.1 Schematic Diagram

Most PCB designs start out as a Schematic Diagram, which shows the Devices used in the design and
the Connections between them. Each device in the schematic has a Reference Designator such as"U1"
or "R3". The connection points on the devices are called Pins, even though they may actually be non-
pin terminals such as tabs, wire leads, screw terminals, etc. In general, the PCB should contain devices
and connections exactly as shown on the schematic. If the designer makes changes to the PCB layout
which create discrepancies between the PCB and the schematic, the schematic should be Back-
Annotated to reflect the changes.

3.2 Specifying Parts, Packages and Pin Names

Thefirst step in designing a PCB from a schematic isto select a physical Part for each devicein the
schematic. At the very least, the part specification should include the Package and Pinout for the part.
Once parts and packages have been chosen, it may be necessary to go back to the schematic and assign
Pin Names. A name must be assigned to every pin in the design, even on parts which have
interchangeable pins, such asresistors.

Pin names are usually numbers, but may also contain letters. If letters are used, FreePCB requires that
they precede any numbers. For example, "12", "A", "SOURCE" and "A23" are legal pin names, while
"1A" and "A1A" are not. Characters other than letters and numbers are not allowed.

The Package | dentifier isastring such as "DIP16" which identifies the package to FreePCB, and
determines which Footprint to use for the part. The footprint includes the copper Pads to which pins
will be soldered, as well as graphical elements such asaPart Outline and a Text String for the
reference designator.

3.3 The Partlist
The Partlist isalist of all of the partsin adesign, with their reference designators and package
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identifiers. A sample partlist is shown below:

Reference Designator Package | dentifier
Ul DIP14
R1 RES 1/4W_AXIAL
C1l CHIP_0805

3.4 The Netlist

A Net isaset of pinswhich are connected together by lines on the schematic. Each pinin the netis
identified by atext string consisting of the reference designator of the part containing the pin, the
character ".", and the pin name. For example, pin 8 on part U5 would be "U5.8". Each net must have a
unigue name, which may be meaningful and descriptive, or merely distinctive. The set of pinsinanetis
called the Pin List.

A Netlist isalist of al of the netsin the design, with their pin lists. A sample netlist is shown below:

Net Name Pin List

VCC Ul.14, R11, Cl11, Q1C
GND Ul.7, Cl2, QLE
$$1234 Ull, R1.2, UlL2, Q1B

3.5 Making Netlist Files

If the schematic was created with a schematic editor, the partlist and netlist can be automatically written
to aNetlist File. Most editors will produce netlist filesin avariety of formats. Y ou should choose a
format which is recognized by FreePCB, such as"PADS-PCB". A netlist filein thisformat is shown
below. Thelisting is pretty much self-explanatory.

* PADS- PCB*
* PARTS*
UL DI P14
RL RES 1/ 4W AXI AL
Cl C0805

* NETS*
*S| GNAL* GND
UL.7 CL.2
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*SI GNAL* $1234
Ul.1 R1.2 UlL.2

If you are working from a printed or hand-drawn schematic, you will have the make the netlist file
manually. Thisis actually pretty easy, although it can get tedious on alarge design. | usually make a
photocopy of the schematic that | can draw on. Then | start making the netlist file using a text editor. For
each part, | highlight the reference designator on the schematic with ayellow felt-tip pen as| add it the
partlist. Then | assign net names and pin names (if they are not already on the schematic) and make the
netlist. For each net, | use the yellow highlighter and draw over each connection as | add it to the pin list.
When | am finished, every part and every connection on the schematic should be highlighted in yellow.
Then, | print out the netlist file and check it line-by-line. As| go, | again highlight the parts and
connections in the schematic, this time with ared pen, making sure that every part and every connection
Isincluded. | have made quite large netlist files this way without errors.

3.6 Importing Netlist Filesinto FreePCB

Once your netlist file is complete, you can import it into FreePCB to start your design. FreePCB will try
to find afootprint to match the package identifier for each part. If thisis unsuccessful, you can assign
footprints manually, or go back and edit the netlist. All of the footprints will be placed near the lower
left corner of the PCB design area. FreePCB then loads the nets from the netlist, breaking each net into a
set of connections between the pins in the net. These will appear as "rubber-band" lines between the
pins, called Ratlines. Asyou move the parts around, the ratlines will move with them.

3.7 Adding Parts and Nets " On-the-Fly"

Alternatively, you can create adesign in FreePCB without a netlist file by using the "on-the-fly" editing
technique. Starting with an empty design, add each part, net and connection using the Modify and Add
menus. You will be prompted for the reference designators and net names as necessary. This works
reasonably well for small designs, but | prefer to create a netlist file as described above.

3.8 Placing Parts

The next step is to Place the parts on the PCB by moving and rotating them as necessary. After you
move a part, FreePCB will automatically reassign the ratlines of every net connected to the part to
minimize their total length. Alignment of partsis made easier by using a Snap Grid.

3.9 Routing Traces

Once the parts are placed, Routing begins. Thisis usualy the most time-consuming part of the PCB
design process. Each connection must be converted to a copper Trace, consisting of multiple straight-
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line Segments. The points where trace segmentsjoin are called Vertices. The segments may all be on
the same copper Layer, or may be on different layers, in which case they will be connected by Vias. At
this point, FreePCB only supports full-thickness vias, not blind or hidden vias. Copper Areas can also
be created, which are useful for ground and power planes. Stub Traces can be used to connect SMT
pads to the copper areas. The snap grid is very useful for aligning traces. Y ou can also set a Snap Angle,
which forces trace segments to be oriented at multiples of the snap angle (usually 45 degrees).

3.10 Adding Text

Text Strings may be added for labels, revision numbers, copyright notices, etc. These will usually be
placed on the silk-screen layers.

3.11 Plot and Drill Files

Plots of each layer can be exported as Gerber Files, which are used to make Photoplots for PCB
fabrication. FreePCB can aso produce Drill Files, which specify al of the holesto be drilled in the
board. You can use afree Gerber Viewer such asViewMate by Pental_ogix to check your files and
make Check Plots on a Windows printer. Then send your Gerber and drill filesto aPCB Fabrication
Company (along with some M oney), and they will send back finished boards, usualy in a couple of
days. How Cool isthat!

PREV Table of Contents NEXT
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4. PCB Layout

4.1 Screenshot

A screenshot of the FreePCB window is shown below.
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The main elements of the window are;

1. The menu bar, with File, Edit, View, Project, Tools, Add and Help menus

2. Thetaskbar (immediately below the menu bar), with 8 pictorial buttons and 5 list-boxes for setting the Units (mil or mm) and the spacing of
the Visible, Placement and Routing grids and the snap Angle (in degrees).
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3. Thelayer list on the left side of the client area, with boxes next to each layer showing its color and visibility.

4. The layout window, showing the PCB.

5. The function-key menu below the layer list and layout window, showing the available function key commands.
6. The status bar at the bottom.

These elements are described in more detail in the following sections.

PREV Table of Contents
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4. PCB Layout (continued)

4.2 Menus

The following menus are available from the menu bar:

. File

O O O O O O O O O O O O O O O

O O O O

<
-

O O O

New - create anew PCB project (shortcut = Ctrl-N)

Open... - open a PCB project file (shortcut = Ctrl-O)

Save - save aPCB project file (shortcut = Ctrl-S)

Save As... - save aPPCB project file under anew name

Close - close the project

Import netlist... - import anetlist file

Export netlist... - export anetlist file

Convert library... - convert footprint libraries from Ivex to FreePCB format
Generate CAM files... - convert footprint libraries from Ivex to FreePCB format
Open Footprint Editor... - switch from the PCB Editor to the Footprint Editor
Print... - (not yet implemented)

Print Preview - (not yet implemented)

Print Setup... - (not yet implemented)

Dump debug file - write adebug file to disk

EXxit - close the application

Undo - undo the last operation (shortcut = Ctrl-2)
Cut - (not yet implemented)

Copy - (not yet implemented)

Paste - (not yet implemented)

Board Outline - zoom to display the entire board outline
All Parts - zoom to display all of the parts (shortcut=Home)
Layers - open the View/Edit Layers dialog

file:///E|/alan/freePCB%20site/user_guide/user_guide_menus.htm (1 of 2)3/19/2005 6:01:14 PM



FreePCB User Guide: Menus

. Project

Options - open the Project Options dialog to edit the project options
Parts... - open the View/Edit Parts dialog to edit the partlist

Nets... - open the View/Edit Nets dialog to edit the netlist

O O O

. Tools

Footprint Wizard - open Footprint Wizard to create a new footprint

Footprint Editor - open the Footprint Editor to create or edit a footprint

Check parts and nets - check project for errors

Design Rule Check - check for compliance with design rules, and show errors
Clear DRC Errors - clear the symbolsfor al DRC errors

O

O O O O

- Add

Board Outline - add PCB outline
Part - add new part

Net - (not yet implemented)
Copper Area - add copper area
Text - add text string

O O O O O

User Guide - show this User Guide
Website - go to the FreePCB website
About FreePCB... - show About box

PREV Table of Contents
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4. PCB Layout (continued)

4.3 Taskbar

The taskbar is shown below:

DEE & EE| & R uUnim x| Gidsvibe [200 =] Placement|10 ¥] Routing]10

=l snge |45 =]

It contains 8 pictorial buttons which are shortcuts for the following menu items:

z
g

IB|

@)

Cut
Co

. Paste

. Print

. About

:

These are followed by 5 drop-down menus for setting the units and grids used by FreePCB. These are:

. Units - select mils or mm for dimensional units

. Visible - sets the spacing of arectangular array of dotsin the layout window, as a visual reference
. Placement - setsa snap grid for placing parts, text, etc.

. Routing - sets a snap grid for routing traces and drawing copper areas

. Angle - setsasnap angle (in degrees) for routing and drawing polylines such as the board outline and copper areas

The default entries for the drop-down menus (except the Angle menu) are in the default.cfg filein the folder which contains FreePCB.exe.
When a project is created, they are copied into the options section of the project file. They may be modified by editing either file with atext

editor such as Notepad.

PREV Table of Contents
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4. PCB Layout (continued)

4.4 Status Bar

The status bar (at the bottom of the FreePCB window) is shown below:

Ready W -180 Wi 1830 U1 "DIPEE" x=1400 v=1500 angle=20 side=top Top
d n n | d f}:

It contains the following items:

. Atooltip ("Ready"), which will change as the cursor is placed over various user interface items

. TheX andY coordinates of the cursor in mils or mm

. Information about the item which is selected (if any). In the example above, part U1 has been selected. Its reference designator,
footprint, position, angle and side are displayed.

. The currently-active routing layer (" Top")

PREV Table of Contents NEXT
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4. PCB Layout (continued)

45 Layers

A list of the drawing layersin use by the project is displayed in the client area of the FreePCB window,
to the left of the layout window. Next to the name of each layer isa small square showing its color. If
the layer has been made invisible, the square will be white with an "X" through it (such as"inner 1" and
"inner 2" in the example). The active layer for routing ("top copper" in the example below) will be
identified with an arrowhead.

(] zelection
B backaround
(] wizible arid
O] DRC erar
B board outline
B ratline

O] top silk

] battom =ik
Bt pad
[ top copper
B4 inner 1

B4 inner 2

B bottom copper

The color and visibility of each layer can be modified by selecting Layers from the View menu, which
pops up the View/Edit Layers dialog, as shown below.
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View /Edit Layers x|

Yisible Layer MName

Selection
Background
YWisible Grid

Board Cutline
R.atline

Top Silkscreen
Bottom Silkscreen
Through-hale pad
Top Copper
Botkorm Copper
Inner 1

Inner 2

Inner 3

Inner 4

Inner 5

AT T TR R R R R A]
ARRRRRRAN T INN 1N 18
I S

Inner &

2K, I Zancel |

Y ou can make alayer invisible by unchecking the checkbox in the Visible column. Y ou can change the
color of alayer by clicking on the button in the Edit column.

PREV Table of Contents NEXT
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4. PCB Layout (continued)

4.6 Function Key and Context Menus

Most Windows drawing programs make heavy use of "click-dragging” with the mouse for editing. This means
holding the left mouse button down while moving the mouse. For example, the user may move an item by click-
dragging it to anew position. An item may be resized by clicking on it, which brings up a selection box with
"handles’, which may then be click-dragged to stretch or shrink the item. The endpoints of lines may be click-
dragged to new positions, €tc., etc.

However, click-dragging doesn't work very well for routing traces, which is the most time-consuming part of
PCB layout. Traces are basically polylines, consisting of multiple connected line segments. Placing each
segment requires a separate mouse-click, which implies that the segments must be dragged without holding the
mouse button down.

Also, while routing traces or placing parts, it is useful to be able to pan and zoom, which | like to do with the
scroll wheel on the mouse. It is very difficult to use the scroll wheel while simultaneously holding down a
mouse button.

Therefore, FreePCB uses a dlightly different approach. Generally, an item will be selected by clicking oniit. This
will highlight the item, to indicate that it has been selected, and a description of the item will appear on the
status bar. An editing operation can then be performed by pressing a function-key on the keyboard. The
operations assigned to each function-key are always listed across the bottom of the FreePCB window. Thislistis
context-sensitive, and will change depending on which item has been selected. For example, the menu when a
part is selected is shown below.

m Edit E E Glue ﬂ Mowve E E m Delete ﬂ Hecale.

Part Fart Part Part H atlines

If the operation requires dragging, this will commence as soon as the function-key is pressed. The operation is
usually completed by left-clicking the mouse, or it can be cancelled by right-clicking. While dragging, the
function-keys remain active, so that additional operations can be performed. For example, while dragging a part,
pressing F3 will rotate it, while pressing F2 will flip it to the opposite side of the board.

This style of user interface requires that you keep your left hand on the keyboard and your right hand on the
mouse while editing (assuming that you are right-handed). In the days of DOS, many CAD programs used this
style, and some still do. If you have any doubt about the speed and efficiency of the "left hand on keyboard,
right hand on mouse" approach, just spend a few minutes watching someone play one of the popular first-person
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shooter games for the PC, such as Doom, Quake, Unreal Tournament, Half-life, Tribes, etc. They ALL usethis
style of user interface. And routing a PCB is usually easier than circle-strafing a horde of rampaging Nazi
mutants while dodging flying chainsaws in zero-G!

The assignment of editing operations to the function keysis not completely random, as it might first appear.
Since the fingers of the left hand will normally rest on keys F1-F4, these are used for the primary editing
operations. F4 (under the index finger) is used for the most common operation on the selected item (such as
moving a part), while F2-F3 are used for less common operations. F1 is often used to pop up some sort of dialog
to edit the properties of the selected item. The keys F5-F7 are usually used for deleting or unrouting, since they
require moving the hand and are less likely to be hit accidentally. F8 is reserved for recalculating ratlines. This
arrangement is obviously optimized for users who are right-handed (like me). | expect to add a "left-handed"
option in the future.

If you prefer not to use the function keys, right-clicking the mouse will pop up a more traditional Windows
menu, as shown below. Thisis called the "context menu".

Mowe

Glue

rglue

Cptimize Ratlines
Edit Properties

Delete

The context menu is not available while you are dragging an item with the mouse, so function keys must be used
to perform operations while dragging.

PREV Table of Contents NEXT
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4. PCB Layout (continued)

4.7 Panning and Zooming

Notice that there are no scroll barsin the FreePCB window. Using scrollbars for panning is not very
practical for a PCB layout program, since panning must often be performed while routing traces or
moving parts. It isinefficient to have to move the cursor away from the work areato the scroll bar.

Therefore, panning and zooming in FreePCB are performed with either keyboard keys or (preferably)
the scroll wheel on the mouse. To pan, move the cursor to a point on the PCB which will be the new
center of the image, and press the spacebar or roll the scroll wheel one detent in either direction. The
image will recenter on the cursor position. To zoom in, press the "Page Up" key or roll the scroll wheel
forward more than one detent. To zoom out, press "Page Down" or roll the scroll wheel backward. If
you don't have a mouse with a scroll wheel, | would recommend getting one.

Y ou can display the entire PCB outline using the View->PCB Outline menu item. Y ou can show all of
the elements in the project (which may be outside of the PCB outline) by selecting View->All parts, or
by pressing the "Home" key.

PREV Table of Contents NEXT
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4. PCB Layout (continued)

4.8 Projects

In FreePCB, PCB layouts are referred to as projects. All of the information describing a project is stored
in asingle file with the extension .fpc, which is usually stored in afolder with the same name as the

project. For example, the project named "Motor" would be stored in the file Motor.fpc in the folder C:
\FreePCB\projects\Motor

A new project is created by selecting New from the File menu. Thiswill launch the Project Options
dialog, which is shown below.
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Project Options

Project Folder

Library Folder

Mame I |

.dprojects),

i,

Mumber of copper lavers I 4

—Defaulk trace and wia widths (rnils)

trace I 10

wia pad I 20

wia hale I 14

—Menu of krace and via widths

Add |

Edit |

Trace width | Wia pad width | Wia hole width
& 20 14
a 20 14
10 20 14
12 20 14
15 20 14
20 20 14
20 20 14

Delete |

—Aukosave
[~ Enable

Inkerwval {minutes) I o

ok |

Cancel |

Note that many of the fields of the dialog are already filled in. These default settings are taken from a
file called default.cfg which should be in the same folder as the FreePCB.exe application. Each

field is explained below:

. Name: Thisisthe name of the project. It should not contain spaces or any characters which are

illegal in filenames.

. Project Folder: Thisisthe folder where your project file will be saved. It isaready filled in with
the path to the default parent folder for new projects. As you enter the name of your project in the
Name field, each character will automatically be appended to the path. For example, if you enter
"Motor" in the Name field, the Project Folder field will become "..\projects\Motor"”. If you would

file:///E|/alan/freePCB%20site/user_guide/user_guide_project.htm (2 of 5)3/19/2005 6:01:17 PM




FreePCB User Guide: Projects

like to use a different project folder, you can override the default by entering a path directly into
the Project Folder field.

o Note: The default path beginswith "..\", indicating that it is arelative path. Actualy, itis
relative to the location of the FreePCB.exe application. If you have performed the
default installation into C:\FreePCB, the application will bein C:\FreePCB\bin, and
the project folders will bein C:\FreePCB\projects. If you installed FreePCB
somewhere else, the default path will still work as long as the relative locations of
FreePCB\bin and FreePCB\projects haven't changed. If they have changed, you
may want to edit the default.cfg file. For example, when | am working on the FreePCB
source code, | run the application from E:\allan\cvswork\FreePCB, but | still want to
create my projectsin C:\FreePCB\projects. Therefore, | changed the line

parent_folder: "..\projects\"
in E:\allan\cvswork\FreePCB\default.cfg to:
parent_folder: "C:\FreePCB\projects"

. Library Folder: Thisisthe path to the folder which contains the footprint library files for
FreePCB. The default path is relative to the application folder, but it can be changed in the dialog
If necessary, and the default can be changed in default.cfg just asfor the Project Folder (see
note above).

« Number of copper layers: Thisisthe number of copper layers on the PCB, between 1 and 8.

. Default trace and viawidths (mils): These represent the default values for trace width, via
diameter and via hole diameter. They may be overridden later on for particular traces or nets.

. Menu of trace and viawidths: Thisisalist of trace and via widths which will be offered asa
menu if you modify the widths of particular traces or nets. Y ou are not limited to these values,
but it is convenient to have them on a menu and it reduces the chance of error. Y ou can use the
Add button to add new entries to the list. If you select an item you can use the Del ete button to
remove it and the Edit button to modify it.

. Autosave: Enabling Autosave causes FreePCB to automatically save the project file every few
minutes.

When you are satisfied with your entries, click OK. The project folder will be created if it does not
aready exist (however, the parent folder must exist or you will get an error message). The project file
will not be written into the folder until you Save from the File menu.

By the way, the project Name is only used to create names for the project file and the default project
folder. After that, FreePCB forgetsit. Therefore, you can rename the project file and/or the project
folder if you like. You can also use Save As from the File menu to save the project under a different
name. Y ou may find it useful to keep different versions of your project in the project folder. For
example, you could experiment with some new ideasin adesign, but revert back to an earlier version if
they don't work out.

As mentioned above, you can modify the defaults for new projects by editing the default.cfg filein
the application folder. Thisfileis pretty much self-explanatory, and you shouldn't have any trouble
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figuring out how to modify it (but save a copy just in case). You can also edit the project file, if you like.
Thisisamore complex file, with sections describing the project options, footprints, parts, nets and text
strings. The options section is very similar to the default.cfg file. Y ou probably don't want to mess too
much with the other sections.

Once a project has been created, it can be closed, saved and opened using the usual selections from the
File menu.

After aproject has been created, the project options can be edited by selecting Options... in the Project
menu. Thiswill bring back the Project Options dialog with some fields disabled, as shown below. Y ou
can make changes to any of the enabled fields, and save them by clicking OK.

Project Options x|

Marne I rnokor

Praject Folder | C:\FreePCB\projects) Tukorial

Library Folder | c:ifreepcbilib

Murnber of copper lavers I &

—Defaulk trace and wia widths (mils)

trace I 10 wia pad IEE via hole I 14

—Menu of trace and via widths

Trace width | Mia pad width | Wia hole width

10 24 15
15 30 13
£0 30 15

Add | Edit | Deletel

— Autosane

¥ Enable Interval (minutes) I ]

2K, I Zancel |

file:///E|/alan/freePCB%20site/user_guide/user_guide_project.htm (4 of 5)3/19/2005 6:01:17 PM



FreePCB User Guide: PCB Elements

FreePCB User Guide Version 1.0

PREV Table of Contents NEXT

4. PCB Layout (continued)

4.9 PCB Elements

The representation of the PCB in the layout window consists of various items, which are listed in this
section. Note that most of these may be selected by clicking on them. Once an item has been sel ected,
operations can be performed on it by pressing a function key or by right-clicking and making a selection
from the context menu. If the operation involves dragging the item, function keys can sometimes be
used to perform additional operations while dragging.

The elements of the PCB are listed below, along with their associated function key operations.

« Board origin: Thisisasymbol which identifies the origin of the PCB coordinate system (i.e.
the point where X =0and Y = 0). It looks like a cross with asmall circle at its center. It is aways
visible, and cannot be selected or edited.

« Visiblegrid: Dotsin aregularly-spaced array, used for visual reference. The grid spacing is set
by a drop-down menu in the taskbar.

» Board outline: Thisisapolyline, consisting of a set of points (corners), with lines between
them (sides). It isaclosed polyline, meaning that there is a side between the last and first corners.
The sides may be straight lines or arcs. The corners and sides are selectable, and may be edited as

follows:

« Corner:

« F1 (Set Position) - pop up adiaog that allows you to edit the X and Y coordinates
of the corner explicitly

= F4 (Move Corner) - start dragging the corner with the cursor
= F5 (Delete Corner) - remove the corner
= F7 (Delete Outline) - remove the entire board outline

« Side

» F1 (Straight Line) - make the side a straight line

» F2 (Arc CW) - make the side aclockwise arc

» F3 (Arc CCW) - make the side a counterclockwise arc

» F4 (Add Corner) - insert acorner into the side and starts dragging it
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» F7 (Delete Outline) - remove the entire outline

« Part footprint: Thisisacompound symbol consisting of a set of copper pads, a part outline and
atext string for the reference designator of the part. The entire footprint, asingle pad or the
reference designator may be selected for editing.

« Entirefootprint:
« F1 (Edit Part) - pop up adialog to edit the properties of the part
» F2 (Edit Footprint) - switch to the Footprint Editor window, with the footprint of
the part already imported for editing
» F3 (Glue/lUnglue Part) - a"glued" part can't be moved without "ungluing"” it
« F4 (Move Part) - start dragging the footprint to move it
« While dragging:
« F2-flip part from one side of the board to the other
« F3 - rotate part 90 degrees clockwise
« F7 (Delete Part) - remove the part from the PCB and the partlist
» F8 (Recalc. Ratlines) - reassign ratlines for all nets which connect to the part to
minimize their length

» F1 (Set Net) - pop up adialog to assign the pad to a net

« F3 (Start Stub) - start dragging a new stub trace

« F4 (Connect Pin) - start dragging aratline to another pad

« F8 (Recalc. Ratlines) - reassign ratlines for the net which connects to this pad to
minimize their length

« Reference designator text:
= F1(Set Size) - pop up adialog that lets you change the size and direction of the
text string
= F4 (Move Ref Text) - start dragging the text string to move it
« While dragging:
« F3 (Rotate Ref Text) - rotate the text string 90 degrees clockwise

« Trace: Thisisan polyline representing a connection between two pads. It consists of one or
more straight-line segments with vertices between the segments. The segments may be routed (i.
e. physically present on a copper layer) or unrouted. Unrouted segments are called ratlines.

« Ratline: Thisisaline representing an unrouted segment of atrace.
» F1(Set Width) - pop up adiaog that lets you set the change the trace and via
widths of the trace or net
« F3 (Lock/Unlock Connect) - alocked ratline can't be eliminated by the "Recalc.
Ratlines' operation
= F4 (Route Segment) - start dragging the endpoint of arouted segment to replace
theratline
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« While dragging:
« F4 (Complete Segment) - extend the routed segment being dragged
to the endpoint of theratline
F5 (Change Pin) - change the pin to which the ratline is connected
F7 (Delete Connect) - remove the connection (start_pinto end pin) from the net
F8 (Recalc. Ratlines) - reassign ratlines for the net to minimize their length

« Segment: Thisisaline representing a routed segment of atrace.

F1 (Set Width) - see above

F5 (Unroute Segment) - unroute the segment, converting it to aratline

F6 (Unroute Trace) - unroute the entire trace, converting it to aratline

F7 (Delete Connect) - remove the connection (start_pinto end pin) from the net
F8 (Recalc. Ratlines) - reassign ratlines for the net to minimize their length

« Vertex: Thisisapoint at the junction of two segments, or a segment and aratline. If both
segments are routed on different layers, there will be avia at the vertex.

F1 (Set Position) - pop up adialog that allows you to edit the X and Y coordinates
of the vertex explicitly

F4 (Move Vertex) - start dragging the vertex to move it

F5 (Delete Vertex) - remove vertex, unrouting the adjacent segments

F6 (Unroute Trace) - unroute the entire trace

F7 (Delete Connect) - remove the connection (start_pin to end_pin)

F8 (Recalc. Ratlines) - reassign ratlines for the net to minimize their length

« Stub Trace: A stub trace starts on a pad but doesn't end on a pad. It usually ends with avia,
which is used to connect the trace to a copper area on another layer. It may contain ratlines,
segments and vertices like aregular trace, but the last segment and last vertex are treated

specidly.

« End Segment: The last routed segment.

F1 (Set Width) -

F5 (Delete Segment) - remove the segment

F7 (Delete Connect) - remove the entire stub trace

F8 (Recalc. Ratlines) - reassign ratlines for the net to minimize their length.

« End Vertex: Thelast vertex (i.e. the end-point of the stub trace).

F1 (Set Position) - pop up adialog that allows you to edit the X and Y coordinates
of the vertex explicitly

F2 (Add Segment) - start dragging a new segment to extend the stub trace

F3 (Add/Delete Via) - add or remove avia at the end of the stub trace

F4 (Move Vertex) - start dragging the end vertex to move

F5 (Delete Vertex) - remove the segment

F7 (Delete Connect) - remove the entire stub trace

F8 (Recalc. Ratlines) - reassign ratlines for the net to minimize their length
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« Copper Area: Thisisaclosed polyline which defines an area of solid or patterned copper on one
of the copper layers. It isused to created ground planes, heatsinks, etc. It consists of a set of
corners with sides between the corners. It isfilled with a hatch pattern of diagonal lines. Note that
this hatch pattern is for visual identification of the area only, and does not represent the actual
copper pattern which will be applied to the PCB.

« Corner:
« F1 (Set Position) - pop up adialog to set the corner position explicitly
« F4 (Move Corner) - start dragging the corner to move it
« F5 (Delete Corner) - remove the corner
« F7 (Delete Area) - remove the entire area

« F4 (Add Corner) - add anew corner and start dragging it
» F7 (Delete Areq) - remove the entire copper area

« Text String: Thisisastring of alphanumeric characters, used for adding labels, copyright
notices, etc. It may be placed on a silk-screen or copper layer.
« F1 (Edit Text) - pop up adialog to edit the string and its properties, such as size and stroke
width
« F4 (Move Text) - start dragging the string to move it
« F7 (Delete Text) - remove the entire string

PREV Table of Contents NEXT

file:///E|/alan/freePCB%20site/user_guide/user_guide_elements.htm (4 of 4)3/19/2005 6:01:17 PM



FreePCB User Guide: Board Outline

FreePCB User Guide Version 1.0

PREV Table of Contents NEXT

4. PCB Layout (continued)

4.10 Board Outline

The board outline represents the outline of the PCB (duh!). In FreePCB, it consists of a closed polyline
(or polygon) consisting of 3 or more sides, with cor ner s between the sides. The sides may be straight
line segments or arcs. An arc is one quadrant of an ellipse whose major axisis parallel to either x or y.
The advantage of using this limited definition of an arc isthat the arc is completely defined by the
position of its endpoints and a direction, which may be clockwise or counterclockwise. A sample board
outline consisting of 10 corners and 10 sides is shown below. Note that two of the sides are arcs.
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The board outline is created by selecting Board Outline from the Add menu. There can only be one
board outline in a project, so if one already exists you will be prompted to delete it. The cursor will
change into a cross-hair. Place the starting corner by left-clicking the mouse. Y ou will then find yourself
dragging a rubber-band representation of the first side. Left-clicking again will place the second corner,
and you will be rubber-banding the second side. Continue until you have placed the last corner, then
right-click to close the polyline by drawing a side back to the starting corner.

While drawing, you can change the style of the current side from straight to an arc by using the
appropriate function keys (F1 for straight, F2 for a clockwise arc and F3 for a counterclockwise arc).
The style that you select will remain in effect until you change it. Note that arcs become straight lines if
the end-points are vertical or horizontal.

Placement of the corners will be controlled by the Placement Grid, which should be set to an appropriate
value before starting to draw the outline. Placement will also be controlled by the Snap Angle. If the
Snap Angleis 45 degrees, then arcs will be quadrants of acircle.

Once the outline has been created, you can edit it in the following ways:

. You can reposition acorner by clicking on it to select it. A small white square will appear around
the corner indicating that it has been selected, and the status bar will indicate which corner has
been selected. Then press F4 ("Move Corner") to start dragging the corner to a new position. Or
press F1 (" Set Position") to pop up a dialog which will let you set the position of the corner
explicitly, as shown below:

x (mils) | 3300

v (mils) |0

« You can add a corner by clicking on asideto select it. It will turn white to indicate that it has
been selected. Then press F4 ("Add Corner") and you will be dragging a new corner, with rubber-
band sides to the adjacent corners. Left-click to place it. This only works with straight sides, so if
the sideis an arc then you will have to change it to a straight line first (see below).

« You can delete a corner by selecting it and pressing F5 ("Delete Corner"). The corner will
disappear, and the adjacent sides will be replaced by one side between the adjacent corners.

. You can change the style of aside by selecting it and then pressing F1 ("Straight Line"), F2 ("Arc
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CW") or F3 ("Arc CCW").
. Theentire outline can be deleted by selecting any side or corner and pressing F7 ("Delete
Outline").

PREV Table of Contents
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4. PCB Layout (continued)

4.11 Parts
4.111 The Anatomy of a Part
Every PCB will include one or more parts. Each part contains the following elements:

« referencedesignator, suchas"U1" - Thisisusualy assigned in a schematic diagram, and must be
unique.

« packageidentifier, such as"DIP14" - Parts come in various physical packages, and the PCB designer
must know which package will be used for each part, because this will determine the footprint for the
part in the PCB layout.

= pins - Theéelectrical terminals of a part are called pins, even when they are non-pin terminals such as
wire leads, tabs, etc. Pins are identified by a name (which is usually a number) which is appended to the
reference designator, such as"U1.4" for pin four on part U1. The way pins are named will depend on the
package. All pins must be named, even interchangeabl e pins such as the leads on aresistor.

= Mmounting holes - Mounting holes may be used to attach partsto a PCB. A fastener such as a machine
screw may be passed through the hole, or the part may have built-in fasteners such as press-fit posts or
solder tabs. Mounting holes may be insulated, or may have pads and be plated-through. It is not unusual
to use a plated-through mounting hole to make an electrical connection to a part, such as a ground
connection to a connector shield. Therefore, FreePCB treats al mounting holes as pins. The pin names
assigned to mounting holes are usually numbers that are higher than the numbers used for conventional
pins. For example, a 9-pin D-SUB connector with 2 mounting holes would have pin numbers 10 and 11
assigned to the mounting holes.

« footprint - Thisisthe pattern of copper pads and other elements which will become part of the PCB
layout.

Actually, when we use the term "part" during PCB layout, we are usually referring to the part's footprint,
because this is what we are working with in the layout. The actual part is the electronic component which will be
soldered to the footprint when the PCB is assembl ed.

Footprints have the following elements:

« pads - These are the copper elements to which pinswill be soldered. There are two types:
« Through-hole pads have a hole drilled through them so that the pin can be passed through the
hole before soldering. For a through-hole pad on a multilayer board, there is usually a pad on each
copper layer, connected together by plating the hole with copper. This arrangement is called a
padstack. Through-hole pads are usually round or square. A common arrangement isto use a
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square pad for pin 1 and round pads for the rest of the pins.

« Surface-mount pads do not have a hole, and are only on one layer. Nevertheless, they are still
represented by a padstack, although it is a pretty simple one with only one pad. Surface-mount
pads are almost always rectangular.

part outline - Thisisagraphical representation of the part on the silk-screen layer.

referencetext - Thisisatext string for the reference designator on the silk-screen layer.

selection rectangle - Thisisinvisible until the part is selected, then it is shown in the selection layer
color (usually white). It determines the boundary of the part for selection purposes.

origin - Thisisan invisible point which serves as the origin for the internal coordinate system of the
footprint. When afootprint is created, the position of each element will be specified relative to the origin.
When afootprint is dragged during editing, it will be "attached" to the cursor at the origin. When the
position of a part is reported in the status bar or in dialogs, it is actually the position of the origin whichis
reported. The center of pin 1 is often used asthe origin.

Some typical footprints are shown below.
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In the screenshot above, Ul isan IC in a20-pin DIP package, with though-hole pins. It has been placed on the
top (or component) side of the board, so the silk-screen elements of the footprint are on the top silk-screen layer.
It has been selected for editing, so its selection rectangle is visible. Its pads are drawn in the color for through-
hole pads, with visible holes.

U2isan IC in a20-pin surface-mount PLCC package, also on the top side of the board. Its pads are drawn in the
color for the top copper layer. C10 is a surface-mount capacitor in a chip package. R12 is a surface-mount
resistor in adifferent chip package, on the bottom (or solder) side of the PCB. Its pads are drawn in the color of
the bottom copper layer and its silk-screen elements are drawn on the bottom silk-screen layer. Also, its
reference text is drawn as a mirror-image, so that it will be readable from the bottom of the board.

4.112 The Partlist

In FreePCB, all of the partsin a project are contained in adata structure called the partlist, which is empty when
the project isfirst created. Normally, parts are added to the partlist by importing a netlist file from a schematic
editor. Thiswill be covered in Section 4.14: Importing Netlist Files. Y ou can view or edit the partlist by

selecting Parts... from the Project menu, which pops up the View/Edit Part List dialog, as shown below.
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¥iew 'Edit Part List

Reference | Package | Fookprink
add Mew Part 1 CHIP D CHIP [
_Z 1206 1206
3 CHIP B CHIP B
- - 4 CHIP_EB HIP_E
Edit Selection(s) o1 CHIF B CHIF B
JrP1 Sx2HDR-100 Se2HDR-100
Pz CxZHDR-100 Cxz2HDR-100
Deleke Selection(s) JPa ox2HDR-100 Su2HDR-100
JP4 Sx2HDR-100 Se2HDR-100
JPS AxZHDR-100 Sx2HDR-100
JPa 1x2HDR-100 1x2HDR-100
R1 1206 1206
Rz 1206 1206
Ra 1206 1206
i1 28DIF300 2aDIP300
Iz dipl4 Y
I3 To-220 To-220
Y1 aLIP300 SDIF300

(8] 4 Cancel |

Each part in the project is listed by reference designator, package and footprint. Individual parts can be selected
from the list by clicking on them, or multiple parts can be selected by clicking with the Ctrl key held down. The
partlist can be modified using the Add New Part, Edit Selection, and Delete Selection(s) buttons. These will be

described in the following sections.

| mportant Note: Y ou should be careful when modifying the partlist, for two reasons.

. If you are working from a schematic, editing the partlist can introduce discrepancies between the
schematic and the PCB. This should not be a problem if you are just assigning footprints, but could be
very confusing if you add or delete parts or change reference designators. If you do make any changes
like these, you should back-annotate the schematic to reflect them.

. Onceyou click OK inthe View/Edit Part List dialog, the changes that you made CANNOT be undone
with the Undo function from the Edit menu. Therefore, you should probably save a copy of your project
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beforehand.
4.113 Editing Parts

Parts can be added, deleted or modified from either the View/Edit Part List dialog (shown above) or the layout
window, using the methods described below.

. New parts can be added to the partlist using either the Part selection from the Add menu, or the Add New
Part button in the View/Edit Part List dialog. Either method pops up the Add/Edit Part dialog, shown
below

Add,Edit Part S |

Reference |LI1 F‘an:kage| Footprint | LCC-24

Fookprint Library Pasition
| c:\frespebilib E‘rDWSE| {* Dragtoposkion  OFf-board (" Set
local cache - Ulnits | | Side Angle
c:\freepcblliblled. Fpl F -
c:\fFreepchiliblsm_capacitor.fpl " | J
c:\fFreepchblliblsm_dip.Fpl hd
c\freepchtliblsm_lco, Fpl ¥ |
LCC-16
LiZ-20

+--[F-[F-FE

REF

LCC-28

LiiZ-44

LCC-52

LCC-68

LCC-84

LCC-100

LCC-125

LCC-156
+]- C\Freepohiliblsm_ploc, Fpl
+- ci\Freepcblliblsm_resistor, Fpl
+- i \Freepcblliblsm_soic.Fpl j

&ukhar | Ivex

SourCE | - IPC-3M-73E, REVISION A - ALIGLST 1993

Diescripkion |

(0] Cancel |
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O

A new part is created by entering areference designator into the Reference field, and selecting a
footprint from the large tree control which occupies the left side of the dialog. This control
contains alist of all of the filesin the selected library folder. Y ou can change library folders using
the Browse... button. Thereis also an entry for "local cache", which contains al of the footprints
which are aready loaded into the project. Y ou can expand alibrary by clicking on the "+" next to
it. In the example above, thelibrary C: \FreePCB\lib\sm_plcc.fpl has been expanded. The
footprint "LCC-24" has been selected and is shown in the preview pane. Its name has been
automatically entered into the Footprint field of the dialog. Alternatively, you can just type the
footprint name directly into thisfield.

If you leave the Position radio button set to Drag to position, you will be dragging the new part
when you click OK. If you want to position the part explicitly, you can use the Set position radio
button and the X, Y, Angle and Side fields in the Position box. Then when you click OK, the new
part will be placed at the position that you set. If you select Off-board, the part will be placed to
the left of the origin.

. Parts can be deleted or edited from the layout window by selecting them, and using the function-key or
context menus. With a part selected, the following menu items are available:

O

F1 (" Edit Part") - thispops up the same Add/Edit Part dialog which was shown previoudly,
except that the Reference and Footprint fields are filled-in. Y ou can use this dialog to change the
footprint or position of the part.
F3 (" GluePart") - this"glues' apart in place so that it cannot be accidentally moved without
"ungluing” it. For apart which is already glued, this command changes to "Unglue Part".
F4 ("MovePart") - thisisthe most commonly used command. It initiates dragging the part with
the cursor. Then left-click to "drop" the part at a new position. While dragging, the following
function-keys are active:

« F2("Change Side") - flip the part from the top side to the bottom or vice-versa

« F3("Rotate Part") - perform a 90 degree clockwise rotation of the part
F7 (" Delete part") - thisdeletesthe part from the partlist. Y ou will be asked if you also wish to
delete all references to the part from the netlist. Normally you would answer "Yes' unless you
think that you might add the part back at alater time.
F8 (" Recalc. Ratlines") - thisrecalculatesthe ratlinesfor all nets connected to the part, to
minimize their total length. By default, this command is executed automatically each time apart is
moved.

. Parts may also be deleted or edited from View/Edit Part List dialog, as follows.

O

O

Y ou can delete one or more parts from the list by clicking on them (holding the Ctrl key down for
multiple selections), and then click the Delete Selection(s) button. References to the part(s) will
NOT be removed from the netlist.

A single part can be edited using the Edit Selection button, which pops up the Add/Edit Part
dialog, which was shown earlier. The main reason for using the View/Edit Part List dialog to edit
parts, instead of just selecting them in the layout window and using the function key menu, isto
assign footprints to parts which don't already have them. A part without afootprint can't be
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displayed, so it can't be selected in the layout window. This situation often arises when importing
netlist files, as discussed in Section 4.14: Importing Netlist Files.

4.114 Moving or Resizing the Refer ence Designator

The reference designator for a part may be moved by selecting it and pressing F4 ("Move Ref Tex"). Then you
can drag it to anew position. While dragging, it can be rotated 90 degrees clockwise by pressing F3 ("Rotate Ref
Text").

Y ou can change the size of the text string by selecting it and pressing F1 ("Set Size"). This pops up the dialog
shown below. Y ou can change the character height and the stroke width. If you select Use default for height, the
stroke width will automatically be set to 1/10 of the height.

Reference Text Properties | x|
Part reference I Lz

Foatprint | s0aw
Zharacter height ISIZI IIniks r'-'IIL "’I
Skroke width

(* Set |?
" Use default for height = IE

(5] 4 Zancel |

If you set the character height to "0", the text string will become invisible. To make it visible again, select the
part and right-click, then select " Set Ref. Text Size" from the context menu that pops up. Then reset the
character height to a non-zero value.

PREV Table of Contents NEXT
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4. PCB Layout (continued)

4.12 Mounting Holes

Mounting holes are used to attach a PCB to an external structure such as a bracket or enclosure. In FreePCB, a
mounting holeis a specia part which consists of a single through-hole pin. The padstack for the pin may include pads
which can be used to connect the mounting hole to a net.

Since the mounting hole is a part, it can be added to a project just like any other part. It can be included in the netlist
file, or it can be added using the Add>Part or Project>Parts... menu selections. Some mounting holes of different sizes
areincluded in the library file th_mounting_hole.fpl.

If the mounting hole pin has a pad, it will be shown on the through-hole layer, just like any other through-hole pin. If it
does not have a pad, the outline of the hole will be shown as a circle with athickness of 1 mil. Thiscircleisfor visual
reference only, and will not be included in the Gerber files. Mounting hole pins can be connected to a net just like any
other pin, but this only makes sense if the mounting hole pin has a pad.

Examples of mounting holes are shown below. H5 has no pad, H6 has around pad and H7 has a square pad.

If you wish to make the reference designator text invisible, select it and set its height to zero as described in the
previous section.

Important Note: When using the mouse to select a mounting hole with a pad, you can select either the part or the pad.
The selection rectangles for the part and the pad are almost exactly the same size. Since the pad has priority, you will
select the pad first when you click on it. You must click again to select the part. Y ou can tell whether you have
selected the pad or the part by looking at the selection rectangle or by checking the status bar.

In the examples below, the left image shows the pad for H6 selected. The right image shows the part for H6 selected,
after clicking again.
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Pad selected Part selected

PREV Table of Contents NEXT
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4. PCB Layout (continued)

4.13 Nets, Ratlines and Routing
4.131 Nets

A net isaset of pinswhich will be connected together on the PCB. Each net must have a unique name.
These names may be descriptive (such as"GND" or "video in") or merely distinctive (such as "N06744"). In
FreePCB, net names are limited to 40 charactersin length, and may contain special characters. Each pinin a
net isidentified by a string consisting of the refer ence designator of the part containing the pin, the
character ".", and the pin name.

Nets are usually read from a netlist file, which also includes alist of partsin the design (see Section 4.14:
Importing Netlist Files). Two examples of nets are shown below.

Name: N00834
Pinss U24 JP1.9

Name: GND

Pins. U27 C2.2 U3.3 C1.2 U119 Y14 JP5.3 JP4.10
JP4.4 R2.2 C4.2 JP1.10 JP1.5 R1.2 C3.2 Ul8
JP6.2 JP3.3 JP2.3 JP3.10 JP3.4 JP3.6 JP3.8 JP2.10
JP2.8 JP2.2 JP2.4 JP2.6 JP3.2

4.132 The Netlist

In FreePCB, all of the information about netsis stored in adata structure called the netlist. It can be viewed
and modified by selecting Nets from the Project menu. This pops up the View/Edit Netlist dialog.
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L |
Wis | Mame Fins Weidth | Wia W | Hole -
MO3791 4 0 0 0
S=Ee k] Nas a 15 a0 18
MOZ594 z 0 0 0
Make all visiblefinvisible NO1 354 2 0 0 0
MOZ12Z z 0 0 0
MO7325 z 0 0 0
add new net NOZ277 2 0 0 0
MO1342 z 0 0 0
_ _ MOOS09 3 0 0 0
Edit selection NO1300 > a a a
MO4559 z 0 0 0
Zhange widths NOZ621 2 0 0 0
MO3795 4 0 0 0
MOGI5E 3 0 0 0
Delete selectionis) | MO Z d d d
MO4614 z 0 0 0
GMD 79 15 30 15
MO0S34 z 0 0 0
MO1526 z 0 0 0
MO0E34 z 0 0 0
MO1546 z 0 0 0 |
MO1533 z 0 0 0
MO1292 3 0 0 0 [*]
Ik Zancel |

Thisdialog contains alist of all of the netsin the project. The name, number of pins and the default trace
width, viawidth and via hole diameter are shown for each net.

The checkbox next to each name determines the visibility of the net. If the visibility box is unchecked, then
ratlines for that net will NOT be displayed in the layout window. Thisis useful when you are working with a
particular net and do not wish to be distracted with other ratlines. The Make all visible/invisible button
checks or unchecks all of the boxes.

In the example above, the trace and via widths are set to zero for most of the nets. This indicates that the
project defaults are to be used. The widths for the VCC and GND nets have been set to non-zero values
which will be used for traces in those nets. Widths can be changed by selecting one or more nets, and
clicking on the Change widths button. This pops up the following dialog, which allows setting the new
widths.
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Set new trace/via widths

Mew trace width (mils ) I 10 "I

i Use default via For this trace width

% Set via widths (mils) pad|24 hole | 15

(0]'4 Zancel

Y ou can perform more extensive editing of asingle net by selecting it and clicking the Edit selection button,
which pops up:

Add/Edit Net - X
Met name | oo v visible
Trace width {mils) I 15 "I

—ia widths

f* Use default via For this trace width

™ Set via widths (mils)  pad |3III hiole I 15

—Pin lisk

Uz 14

1.8

5.2

3.2 Delete Pin(s) |
1.1

U1.20

ﬂE};E Add Pin | |

(0]'4 Zancel

From here you can change the name, visibility and widths of a net, and add or delete pins.

4.133 Connections and Ratlines
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Like most PCB editors, FreePCB assumes that nets will be routed as a series of connections, where each
connection is between 2 pins. For any net containing more than 2 pins, there will be multiple possible sets of
connections. For example, a net consisting of pinsU1.1, U2.2 and U3.3 could be routed as:

. (UlltoU22)and (U22t0U3.3) OR
. (UlL1ltoU33)and (U2.2toU3.3) OR
. (UlL1toU3.3) and (Ul.1to U2.2)

For each net, FreePCB automatically generates a set of connections which attempts to minimize the total
distance between the connected pins. These connections are shown asr atlines between pins. An example of
two nets connecting three parts is shown below.

After most editing operations, FreePCB recal cul ates the connections for each affected net, and changes the
ratlines if necessary. Thisis most obvious when you are moving parts or adding copper areas. For example,
moving D1 to the right causes the connection from D1.2 to JP6.2 to be deleted and a new connection
between D1.2 and Y 1.4 to be created, as shown below.
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If you are designing a PCB "on-the-fly" without a netlist, you can use stub traces instead of adding
connections and routing them. See the note in Section 4.137: Stub Traces for details.

4.134 Modifying Ratlines

Most of the time, you will use the ratlines which FreePCB calculates. However, there may be situations when
you would like more control over the ratlines. FreePCB provides several editing options for ratlines:

. A ratline can be locked by selecting it and pressing F3 ("Lock Connect"). The appearance of the
ratline doesn't change, but "(L)" will appear in its description on the status bar to indicate that it is
locked. A locked connection will NOT be removed when FreePCB recal cul ates ratlines. A locked
connection may be unlocked by selecting it and pressing F3 ("Unlock Connect™).

« A connection may be added to a net by selecting the pad for the starting pin of the connection, and
pressing F4 ("Connect Pin"). Y ou can then draw aratline to another pin on the same net. Normally,
you should lock the ratline after adding it, otherwise it will probably be removed by FreePCB the next
time the ratlines are recalculated. Y ou can al'so make a connection to an unassigned pin, in which case
the new pin will be added to the net.

. A ratline may be removed from anet by selecting it and pressing F7 ("Delete Connect"). If the ratline
Is locked, you will be prompted to unlock it. If you remove aratline and don't replace it by adding and
locking another one, it will probably reappear the next time the ratlines are recal cul ated.

. Theratlinesfor each net are usually recalculated after each editing operation which affects the net.
The exceptions are those operations which directly modify the ratlines, such as the ones described
above. To force FreePCB to regenerate ratlines, press F8 ("Recalc. Ratlines"). The scope of this
command depends on which item was selected when you pressed F8:

o If nothing was selected, ratlines will be regenerated for every net in the project.

o If apart was selected, ratlines will be regenerated for each net attached to the part.

o If apad, ratline, or trace was selected, ratlines will be regenerated for the net attached to that
pad, ratline or trace.
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4.135 Routing

Routing isthe process of converting ratlines to copper traces. Traces consist of one or more straight-line
segments, connected together with vertices at their connection points. If two adjacent segments are on
different layers, avia will be placed at the vertex between them.

To begin routing, select aratline by clicking onit. It will change to the selection color to indicate that it has
been selected. Then press F4 ("Route Segment"). Y ou will find yourself dragging a trace segment from the
pin of the connection that was closest to the cursor when you pressed F4. The image below shows a segment
being routed from pin 1 of JP6.

Note that the segment is on the top copper layer because that was the active layer when we started routing.

Y ou can change the active layer by pressing one of the numeric keys"1" through "8", which represent the
available layersin top-to-bottom order. For example, for afour-layer board, "1" would select the top copper
layer, "2" would select theinner 1 layer, "3" would select the inner 2 layer, and "4" would select the bottom
copper layer. If you change layers while routing a segment, it will immediately switch to the new active
layer.

L eft-clicking will place avertex at the cursor position, end the first segment at the vertex, and initiate routing
a second segment from the vertex, as shown in the next image. We have also switched layers by pressing the
numeric key "4", so that the new segment is being drawn on the bottom copper layer.
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L eft-click again to place the next vertex and start routing the next segment. In thisway you can draw atrace
consisting of multiple connected segments on multiple layers. The image below shows our trace nearing
completion with several segments on different layers, with 2 vias.

To finish the trace, press F4 ("Complete Segment™) while routing the last segment. The segment will
automatically be extended to the end-pin of the trace. Alternatively, you can place the cursor over the end-pin
and left-click. Our final trace is shown below.
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While routing atrace, you can right-click to stop routing before the trace is completed. The unrouted portion
of the connection will be shown as aratline between the last vertex and the end-pin. Y ou can finish the trace
later by selecting the ratline and routing it from either end. A trace can even have multiple unrouted portions,
as shown below.

While a segment is being dragged, the Routing Grid will be in effect. If the starting point for the segment is
on the routing grid, then the Snap Angle will also be in effect.

4.136 Changing and Swapping Pins
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Y ou can change the end-pin of a partially-routed trace by selecting the ratline to the pin and pressing F5
("Change Pin"), then drawing a new ratline to adifferent pin. Y ou can swap pinsin a part by selecting one of
them, holding down the "s" key and clicking on the other pin. Y ou will be prompted to swap the connections
to the pins.

4.137 Stub Traces

Besides traces based on connections between pins, FreePCB supports stub traces. These are traces that start
at apin, but do not end at a pin. Instead, they end blindly, usually with avia. Stub traces are mainly used to
connect pads to copper areas, which will be described in Section 4.14: Copper Areas. To create a stub trace,

select the starting pad. Press F3 (" Start Stub”) to start dragging a trace segment from the pad. The segment
will be on the currently active layer, unless the pad isa SMT pad, in which case the active layer will change
to the layer of the pad. Left-click to place avertex. If you want more than one segment, add additional
vertices. Then terminate the stub trace by right-clicking. The trace will end at the last vertex that you placed,
and aviawill be added at the vertex. If you don't want the via, select it and press F3 ("Delete Via'). If thevia
passes through a copper area on the same net as the starting pad, athermal relief will be placed to connect the
viato the copper area. An example of a stub trace connecting a pad to a copper areais shown below. The
thermal relief is represented by the "X" drawn on the viain the ratline color.

Important Note: A stub trace can be converted to aregular pin-to-pin trace by routing it to a pad. When you
place the end-point of a segment anywhere on a pad that is connected to the same net (or not connected to
any net) the stub trace will automatically connect and terminate. This can be very useful if you are designing
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a PCB "on-the-fly", without a netlist.

4.138 M odifying Traces

Traces can be modified by selecting segments, vertices or ratlines and using function-key commands. Here

are descriptions of these commands:

. With aratline selected:

0

0

F1 (Set Width) - pop up the Set Trace and Via Widths dialog, which is described below.

F3 (Lock/Unlock Connect) - lock or unlock the ratline. A locked ratline cannot be eliminated

by the "Recalc. Ratlines" operation.
F4 (Route Segment) - start dragging the endpoint of a routed segment to replace the ratline.

F5 (Change Pin) - thisisonly available if you have the selected aratline connecting a partially-

routed trace to a pin. It allows you to change the pin that the ratline connects to.
F7 (Delete Connect) - remove the connection from the net.
F8 (Recalc. Ratlines) - recalculate ratlines for the net to minimize their length.

. While routing a segment:

]

F4 (Complete Segment) - extend the segment to the endpoint of the ratline, and stop routing

. With acopper segment selected:

O
O
O
O
O

F1 (Set Width) - pop up the Set Trace and Via Widths dialog, which is described bel ow
F5 (Unroute Segment) - unroute the segment, converting it to aratline

F6 (Unroute Trace) - unroute the entire trace, converting it to aratline

F7 (Delete Connect) - remove the connection from the net

F8 (Recalc. Ratlines) - recalculate ratlines for the net to minimize their length

. With avertex selected:

O

O O O O O

F1 (Set Position) - pop up adiaog that alows you to edit the X and Y coordinates of the
vertex explicitly

F4 (Move Vertex) - start dragging the vertex to move it

F5 (Delete Vertex) - remove vertex, unrouting the adjacent segments into aratline

F6 (Unroute Trace) - unroute the entire trace, converting it to aratline

F7 (Delete Connect) - remove the connection from the net

F8 (Recalc. Ratlines) - recalculate ratlines for the net to minimize their length

. With the end-vertex of a stub trace selected:

0

0

O

F1 (Set Position) - pop up adialog that allows you to edit the X and Y coordinates of the
vertex explicitly

F2 (Add Segment) - start dragging a new segment from the vertex

F3 (Add/Delete Via) - add avia, or delete one that is already present
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o F4 (Move Vertex) - start dragging the vertex to move it

o F5 (Delete Vertex) - remove vertex, unrouting the adjacent segments into aratline
o F7 (Delete Connect) - remove the entire stub trace

o F8 (Recalc. Ratlines) - recalculate ratlines for the net to minimize their length

The Set Trace and Via Widths dialog, which isinvoked by pressing F1 with a segment or vertex selected, is

shown below.
Set Trace and Yia Widths |
Trace width {mils) 10 |
—Via

f* Use default via For this trace width

™ Set via widths (mils)  pad IEE hiole |14

—5et as default

¥ For this net

—apply ko already routed traces

¥ For this net
[™ rfor this trace

™ far this segment

.................................

(0]'4 Zancel

This dialog allows you to modify the trace and viawidths for a segment, trace, or net. Y ou can aso set the

net default to the new widths, so that they will be used for any future routing of the net.

PREV Table of Contents
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4. PCB Layout (continued)

4.14 Importing Netlist Files
4.141 Netlist Files

After anew project is created, parts and nets can added to it by importing a netlist file. Thisfile is usualy produced by a schematic editor, but
you can create it by hand if necessary.

A sample netlist file is shown below. This file will be used later in the tutorial (see Section 6. Tutorial). It was produced by a schematic editor

called Orcad Capture, in PADS-PCB format. Thisis a common format, and most schematic editors support it. Most importantly, FreePCB can
read it.

* PADS- PCB*

* PART*

ClL CH P D

C2 C1206

C3 CH P_B

C4 CH P_B

DL CH P B

JP1 5X2HDR- 100
JP2 5X2HDR- 100
JP3 5X2HDR- 100
JP4 5X2HDR- 100
JP5 3X2HDR- 100
JP6 1X2HDR-100
Rl C1206

R2 C1206

R3 C1206

Ul 28Dl P300
U2 di pl4
U3 TO 220
Y1l 8D P300

*NET*

*SI GNAL* NO0834

uz2.4 JP1.9

*SI GNAL* GN\D

U2.7 C2.2 U3.3 C1.2 U1.19 Y1.4 JP5.3 JP4.10
JP4.4 R2.2 C4.2 JP1.10 JP1.5 R1.2 C3.2 UL. 8
JP6.2 JP3.3 JP2.3 JP3.10 JP3.4 JP3.6 JP3.8 JP2.10
JP2.8 JP2.2 JP2.4 JP2.6 JP3.2

*SI GNAL* N01846

Y1.5 UL.9

*SI GNAL* VCC

U2.14 Y1.8 JP5.2 U3.2 C1.1 U1.20 JP1.8 JP1.3
*SI GNAL* N02621

u2.6 Ul 21

*SI GNAL* N02594

U2.3 Ul. 22

*SI GNAL* N02122

JP2.1 U1.18
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*SI GNAL* N01526
JP4.6 Ul. 15

*SI GNAL* N01538
JP4.8 Ul. 14

*SI GNAL* N02277
Ul.17 JP3.1

*SI GNAL* NOO797
JP1.4 U2.1

*SI GNAL* NO0534
D1.1 JP6.1

*SI GNAL* N0O1300
UL. 27 JP5.5

*SI GNAL* NO1342
UL. 28 JP5.4

*SI GNAL* N01384
JP5.1 Ul1.1

*SI GNAL* NO0809
U2.5 JP1.7 UL 23
*SI GNAL* NO3791
C3.1 RL.1JP2.7 Ul.3
*SI GNAL* N01292
U2.2 Ul.24 JP1.2
*SI GNAL* NO3798
C4.1 RR.1 JP3.7 UL1.2
*SI GNAL* N04614
Ul. 13 JP3.5

*SI GNAL* N04589
JP2.5 Ul.12

*SI GNAL* NO6956
C2.1 3.1 R3.2
*SI GNAL* NO7325
R3.1 D1.2

* END*

Thelisting isfairly self-explanatory. In the * PART* section of thefile, thereisaline for each part, containing a reference designator (such as
"U1") and a package identifier (such as"28DI P300"). Inthe* NET* section, each net starts with the * SI GNAL* keyword, followed by the
name of the net. All of the pinsin the net are then listed on subsequent lines.

In order for FreePCB to assign footprints, the package identifier for each part must match a footprint in one of the FreePCB libraries. Since there
isno universal standard for package identifiers, you will probably have to assign these explicitly.

Basically, there are 3 waysto do this:

1. Inthe schematic editor, assign the package identifier as an attribute for each part, using package identifiers which match FreePCB
footprints. Then export the netlist, and import it into FreePCB.
2. Export the netlist, edit it using a text editor, and then import it into FreePCB.
3. Export the netlist, import it into FreePCB, and then fix any incorrect or missing footprints within FreePCB.
4.142 Importing Netlist Filesinto a Project

To import anetlist file, select Import netlist... from the File menu. Thiswill pop up the following dialog.
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2 x|

Loak ir: IE b akior j o EF =

rnakar. nek

File name:  [matar.net Open I
Files of type: I,-'i'-.II Files [*.%) j Carcel |

—Impork
™ Parts anly
™ Mets only
% parts and Mets

—Farmak
% PADS-PCE
" FreePCE

Select the netlist file by navigating to the correct folder (if necessary) and clicking on the file name. | usually move or copy the netlist fileinto
the project folder before importing it, but thisis not necessary. Using the radio buttons, you can choose to import only the parts from the file,
only the nets, or both. Y ou can also select the file format. Then click OK to import the file. All of the parts will be placed in the layout window
to the left of the origin. To see them, you can select All Parts from the View menu (or press the "Home" key), which will adjust the layout
window to make all of the parts visible, as shown below.
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If FreePCB is unable to match any of the package identifiers with footprints from its libraries, the following message will appear.

& Warning: Unable ko find Footprints For 1 parks

In this case, you can check the partlist by selecting Parts... from the Project menu. Thiswill pop up the View/Edit Part List dialog, as shown
below.
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¥iew /Edit Parkt List : x|
Reference | Package | Fookprint |
Add New Part | 1 CHIP_D CHIP_D
2 C1206 C1206
3 CHIP_E CHIP_E
: _ 4 CHIF E CHIF E

Edit Selectionis) | o1 CHIP E CHIP E
JP1 SEZHDR-100 SEZHDR-100
Jp2 ExzZHDR-100 ExzZHDR-100

Deleke Se|e|:ti|:|n|:5:| | JP3 SEZHDR-100 SEZHDR-100
JP4 SEZHDR-100 SEZHDR-100
JPS 3xZHDR-100 3xZHDR-100
JP& 1XZHDR-100 1XZHDR-100
R1 C1206 C1206
Rz 1206 1206
R3 C1206 C1206
1 2aDIP300 2aDIP300
Lz dipl4 T
U3 TO-220 TO-220
Y1 SDIP300 SDIP300

carcl_|

footprint can be assigned to this part by selecting it and clicking the Edit Selection button, which pops up the Add/Edit Part dialog, shown below.
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Add,Edit Part x|
Reference ILIZ— F‘au:kage'dipH Fookprink |??????
—Footprint Library —Position
Il::'l.FrEEpEb'lJib BrDWSEl ) Dragto position. € Off-board &+ Set

- Units Iﬂ Side angle
c:\Freepcbifiblled. Fpl F F AI
- cy\Freepoblliblsm_capacitor, Fpl b IIII bottom a0

o\ Freepebilibt sm_dip. fpl 180 LI
o\ Freepbhliblsm_loc. Fpl i II:I

i freepebifibtsm_ploc, Fpl

o\ Freepcblliblsm_resistor, Fpl
c:\Freepcblliblsm_soic.Fpl

- o\ freepchtliblsm_soj. Fpl

- 4\ Freepobllibism_sop. Fpl

C A Freepebifibtsm_sok, Fpl
c:\Freepcbifibltest_point, Fpl
c:\Freepcblfibith_capacitor, Fpl
c:\Freepcbifiblth_connector.fpl
c:\Freepcbtlibith_diode. Fpl

- iifreepchlfibitb_dip, Fpl

- i\ freepobilibith_header, Fpl
c:\Freepcbifibith_mounting_hale, Fpl
- i\ Freepobllibith_resistor, Fpl LI

Author I

Source I

Cescripkion I

carcl_|

Y ou can assign afootprint to U2 by expanding the library filesin the dialog until you find the footprint that you want, and then clicking on it to
copy it into the Footprint field of the dialog, as shown below. If you know the name of the footprint, you can just enter it directly.
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Add/Edit Park

Reference I Iz Package | dipl4

Faatprint | 14DIP300

—Footprint Library —Position

I ctifreepebifib Browse | " Drag

El- c:\freepchllibith_dip.Fpl
- Z2DIP300

- 4DIP300 #
- BOIP300
- BDIP300

Units

i

b pasitian = Off-board

Iﬂ Side
I 0 II:u:uttu:um

ID—

¥ set

angle

FZ,
a0
a0 x|

- 100IP300
- 1ZDIP300
& 14DIP300
- 16DIP300
- 18DIP300
- 200IP300
- 24DIP300
- 280IP300
- 22DIP400
- 24DIP400
- 240IPA00
- 280IPA00
- 3ZDIPE00
- 40DIPGO0 LI

Author I Ivex

Source I DIGIKEY CATALOG MO, 941, PAGE 64

Cescripkion I

Zancel |

U2 should now have afootprint in the layout window, placed at whatever position you set in the dialog (X = 0, Y = 0 in the example above).

4.143 Exporting Netlist Files

Y ou can export anetlist file from a project using the File->Export netlist... menu selection. In the resulting file, the package for each part will be

set to the name of the actual footprint that was used in the project.
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4. PCB Layout (continued)

4.15 Copper Areas

Besides traces, copper areas can be used for connections on a PCB. These are commonly used for
power and ground planes, in which case they may occupy an entire layer of the board. In FreePCB, all
copper areas must be assigned to a net.

Copper areas are drawn as closed polylines (or polygons), similar to the board outline. They can be
displayed as a simple outline, an outline with internal hatching, or an outline with alittle bit of hatching
along itsinner edge. These hatch patterns are for visual reference only, as the actual copper area on the
PCB will be solid copper. FreePCB will automatically create clearances around any pads or traces which
pass through the copper area on the same layer. However, these clearances will not be displayed, but

will be created in the Gerber files.

To create anew copper area, select Copper Areafrom the Add menu. The following dialog will appear.

Add Copper Area x|
met || |

Laver [eEaeu=g
boktom copper
inner 1

inner 2

—Hatch pattern
* pone O Full " Edge

K, I Zancel
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Select the net for the copper areafrom the Net drop-down menu, or type the net name directly into the
field. Select the layer from the Layer list. Choose the Hatch pattern. Then click OK to start drawing the
area. The cursor will change to cross-hairs, and the Routing Grid will be in effect. Move to the desired
position of the starting corner, and left-click to place it. Now you will be dragging the first side of the
polyline. Aswith the board outline, you can change the style of the side from straight to a clockwise or
counterclockwise arc by using the function-key menu. Continue left-clicking to place the rest of the
corners, and right click to close the polyline. The copper areawill then fill with adiagonal hatch pattern,
to make it more visible.

An example of asmall copper areaon the inner 1 layer is shown below. This area was assigned to the
GND net, and it uses the full hatch pattern.

Once created, a copper area can be edited by selecting corners or sides and using the function-key menu.
Thisis exactly the same as editing the board outline, so you can just refer to Section 4.10: Board Outline
for instructions. Y ou can change the hatch pattern by selecting a side and right-clicking, then selecting
Hatch style from the context menu.

Connections between parts and copper areas can be made two ways.

« Through-hole pins which pass through the copper area can connect using thermal reliefs. These
will be placed automatically for pins on the same net as the copper area. They are indicated by an
"X" drawn on the pin in the ratline color.

« SMT pads or through-hole pins which do not pass through the copper area can be connected
using stub traces which terminate with vias. A thermal relief will be placed automatically on the
via.

To illustrate, 4 parts have been placed, overlying the copper areain our previous example. Only the
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GND net has been made visible, which is the net assigned to the copper area. Note that pins Y 1.4, JP2.2,
JP2.3, IP2.4, JP2.6, JP2.8, JP2.10 have all been automatically connected to the copper area by thermal
reliefs.

To connect R1.2 and C1.2, we will use stub traces. These have been added below. Note that the vias on
the ends of the stubs have been connected with thermal reliefs. Now the entire GND net has been
connected using the copper area.

The hatch pattern in the copper areais only intended as avisual aid, to show the extent of the areawhile
allowing other features to show through. When the Gerber files are generated, the areawill be solid
copper with clearances for any non-connected pads and traces which pass through it.
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In the tutorial, you will use copper areas to create power and ground planes which occupy entire layers
of the PCB.
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4. PCB Layout (continued)

4.16 Text

Text strings can be added to the silk-screen or copper layers of a PCB. These are useful for showing
information such as labels, revision numbers, copyright notices, etc.

To add atext string to a PCB, select Text from the Add menu. The following dialog will pop up.

Add/Edit Free Text

Texk:

[ Mirror image

nits | MIL 'I

Uppercase height I a

Line width

¥ Use default for height

™ Set width | 0

Laver

—Pasition

biaktkom silk

top coppet
bottom copper
inmer 1

inner 2

0 Drag ko posikion
™ Set position and angle

angle
=1
150

A

a

¥ |0

270

Ik

Cancel
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Enter the desired text string into the Text: field. Spaces and most specia characters are allowed. Use the
other fieldsto set the layer, character height and stroke width. The character height refersto the
maximum height of a character, not counting descenders. The default stroke width is 10% of the
character height. Checking the Mirror image box will draw the text as amirror image, so that it can be
read from the bottom copper or bottom silk-screen layer. If you leave the Drag to position radio button
selected, you will be dragging the text when you click OK. Otherwise, you can set the position and angle
of the text string explicitly. The position refers to the lower left corner of the string (not including
descenders).

PREV Table of Contents NEXT
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4. PCB Layout (continued)

4.17 Design Rule Checking

In an ideal world, PCBs would always be fabricated exactly as specified in the Gerber and drill files. In real life, of course, thisisn't true. Due to
the inexact nature of the etching process, copper features may turn out sightly larger or smaller than specified. Layers on multilayer boards may
not line up exactly, and the size and position of holes may vary due to manufacturing tolerances. In practical terms, this means that there are

lower limits on trace widths, pad sizes, and clearances between copper features and/or holes. These limits are called Design Rules, and they will

vary depending on the manufacturing process.

The PCB manufacturer should provide design rules for each process that it offers. For example, the design rules posted on the Internet for the

Advanced Circuits low-cost process are shown below:

Minimum trace width 0.008 inch
Minimum clearance between copper features 0.008 inch
Minimum distance from copper to edge of PCB 0.014 inch
Minimum annular ring width (pins) 0.007 inch
Minimum annular ring width (vias) 0.005 inch
Minimum silkscreen line width 0.008 inch
The design rules for the PCB Express |low-cost process are:
Minimum trace width 0.007 inch
Minimum clearance between copper features 0.007 inch
Minimum distance from copper to edge of PCB 0.020 inch
Minimum space between pads (using solder mask clearance of 0.004 inch) 0.013inch
Minimum annular ring width (pads and vias) 0.0085 inch
Minimum clearance from inner layer holes to copper 0.0175inch
Minimum silkscreen line width 0.007 inch

FreePCB has a Design Rule Checker that checks your project for compliance with a set of design rules. It isinvoked by selecting the

Tools>Design Rule Check menu item. This pops up the following dialog:
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Design Rule Check f. |

—Minimum distance allowed

Units  [MIL ™

—
=

krace width

—
=)

pad to pad

—_
L]

T

pad ko krace

]

krace ko trace

hole to pad or trace
hole ko hole
annular ring {pins)
annular ring (vias)
board edge to any copper 25

board edge ko hole

Copper area ko copper area 10

Check, | Clase

Thefieldsin the dialog are explained below:

trace width The minimum trace width allowed

pad to pad The minimum distance from the edge of one pad to another on a different net
pad to trace The minimum distance from the edge of a pad to atrace on a different net
traceto trace The minimum distance from the edge of atrace to atrace on adifferent net
hole to pad or trace The minimum distance from the edge of a hole to a pad or trace on a different net
hole to hole The minimum distance from the edge of a hole to the edge of another hole
annular ring (pins) The minimum width of copper surrounding ahole for apin

annular ring (vias) The minimum width of copper surrounding a hole for avia

board edge to any copper The minimum clearance between any copper feature and the edge of the board
board edge to hole The minimum clearance between the edge of a hole and the edge of the board
copper areato copper area The minimum clearance between copper areas

Y ou should set these fields as required for the design rules that you are using. If the PCB manufacturer doesn't give the value for a particular
field, you may haveto guess at areasonable value. For example, the settings that | would use for Advanced Circuits are shown below:
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Design Rule Check f. |

—Minimum distance allowed

Units M
krace width
pad to pad
pad ko krace

trace ko trace

[+
on

hole to pad or trace
hole ko hole
annular ring {pins)
annular ring (vias)

board edge ko any copper 14

[+
on

T

board edge ko hole

oo

COPpEr area to copper area

Check, | Clase

'

The settings for trace width, pad to pad, pad to trace, trace to trace, annular ring (pins), annular ring (vias), board edge to any copper, hole to pad

or trace and copper areato copper area are taken from the design rules posted on the Internet. Since there is no rule provided for hole to pad or
trace, hole to hole or board edge to hole, | used 25 mils which seems like areasonable value. If necessary, | could confirm this with the PCB
manufacturer.

Asan example, let's check the project shown below, which contains multiple intentional design rule violations.
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= FreePCB - Copymotor_drc.fpc ‘ -0 x|
File Edit Yiew Project Tools Add Help

= H & 7 rits il = | Grids: Yizible |200 * | Placement |20 = HDutinglE *| Angle (45 0

zelection
backaround
wizible aqrid
highlight
DRC ermar
bioard outline
rat line

top zilk
bottam =ik,
thru pad

top copper
ifrer 1

inner 2
bottom copper

EEEOECCEEECOR0 | O

F1] [F2] 2dd [F3] Add [F4] Add [F&] [FE] F7] F&[ Frecalc,

Area Tent Part R atlines

Ready W 32ZS i 1340 Mo selection Top

To check the design, select Tools->Design Rule Check and set the design rules as described above. Clicking Check starts the checker and brings
up the following dialog that lists all of the violations.
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Checking parts; J
0: IP3.1 pad hole to JPZ.9 pad hole (12 mil)
1: IP3.2 pad hole ko IP2,10 pad hale (12 mil)

Zhecking nets and parts:

v "MO3F91" trace to UL, 26 pad (2.5 mil)
 "MO03791" brace ko U2, 1 pad (2.5 mil)
"MO4A14" brace ko UL, 16 pad hale (0 mil)
: GMD copper area to board edge (10 mil)
: MO1538 krace ko board edge (S mil)

1 MO1533 krace to board edoe (S mil)

: MO1538 wia bo board edge (0 mil)

y MO1533 wia ko board edge (0 mil)

L s B B Ry B AL B

Zhecking nets:
10: "M01526" via pad to "NO1538" trace (O mil)
11: "MO1SZ6" trace ko "MO1S38" trace (5.4 mil)

i o

When you close the Design Rule Check dialog, each violation will be indicated in the layout window by asmall ring in the color for DRC errors,
as shown below.

= FreePCB - Copymotor_drc.fpc -0 ﬂ
File Edit “iew Project Tools Add Help

= & & 7 Uritz|mil ™| Grids: Misible |200 | Placement | 20 hd Fh:uutinglE *| Apgle |45 0 0*

zelection
backaround
vizible arid
highlight
DRC ermar
board outline
rat line

top zilk
battarn ilk.
thru pad

top copper
ifner 1

ifner 2
biottom copper

EEEOECOEEECOR0 | O

thal
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m E Add E Add ﬂ Add E E m E Recalc.
Area Tent Part R atlines
Ready W 1005 Y 2100 Mo selection Top

These small rings may be hard to see in a dense design. If you hold down the "d" key, each ring is converted to amuch larger solid circle, as
shown.

=2 FreePCB - Copymotor_drc.fpc s oy ] 4
File Edit Yiew Project Tools Add Help

= H & 7 rits il | Grids: ¥izible |200 * | Placement |20 = HDutinglE *| Angle (45 ¢

zelection
backaround
wvizible grid
highlight
DR error
bioard outline
rat line

top silk,
bottam =ik,
thru pad

top copper
ifrer 1

inner 2
battorn copper

EEEEECCEEECOR0 | O

F1] Fz[dd  |[F3[&dd | [F4]4dd F5] e F7] Fa[ Fecalc,

Area Tent Part R atlines

Ready Wi 3203 1 1598 Mo selection Top

Now you can zoom in on individual errors and fix them. The group of errors near the bottom of the board is shown below.
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Y ou can select one of the errors by clicking on the ring. It will be highlighted, along with the elements that caused the error, and the status bar
will show a description of the error. In the screenshot below, | clicked on the right-most error.

= FreePCB - Copymotor_drc.fpc ;lglﬂ
File Edit ‘iew Project Tools Add Help

& 7 rits il = | Gri Placement | 20 = Fh:nutingE *| Angle |45 0 *

|
B b
0
|
]
|
M
Ot
|
|
N
..
.'.
|
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In this case, the error is a pad-to-trace distance violation, where the distance is 0 milsinstead of at least 8 mils. We can fix the error by moving
the pad or trace. The error ring will not automatically disappear when you fix the error, but you can delete it by selecting it and pressing the
"delete” key. You can delete all of the errors by selecting Tools->Clear DRC Errors.

Important note: Compliance with some design rules also depends on your Gerber file settings. For example, the settings shown below could
create violations of the minimum silkscreen line width (which should be at least 7 mils for Advanced Circuits) and the annular ring width for
pins (which should be at least 7 mils), so they should be changed to match the design rules.

Generate Gerber and Drill Files

—Files —iGerber file options
Iv Dill File v Include board outline

Gerber - top silkscreen v add maoires
Gerber - botkom silkscreen v add laver description bext
Gerber - top solder mask v add pilot hales to pads and vias

v

v

v

¥ Gerber - battom solder mask
v Gerber - top copper SHIESS) ML hd
v

v

etttz -l o Coppet ko copper-fill clearance 10

Gerber - inner 1 copper

| S - e 2 cepmer Hole-edge to copper-fill clearance | 10

[T Getber - inner 3 copper Solder mask clearance
I™ erber -inmer 4 copper Filat hole diameter
[T Getber - inner 5 COppEE

o

TR

™ Gerber - inner 6 copper Minirmurn silkscreen line width

=)

Thermal relief line width
Board outling line width
Annular ring width (pins)

annular ring width (wias)

Cukput Folder: I Ci\FreePCE \projectsiMokorh CAM

Create Files | Exit |

Another note: If you found this section confusing, some of the on-line PCB manufacturers provide information about design rules on their
websites.
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4. PCB Layout (continued)

4.18 Exporting Drill and Gerber Files

4.181 Creating Files

Thefinal step in creating a PCB layout is to export the files that the board house will use to produce your boards. These files are

described below.

. Gerber files - Thesefiles are used to create the photoplots that will be used to make the copper layers, silk-screens and masks
for the PCB. Thereisonefile for each layer or mask. The format is extended Gerber RS274X.

. Drill file- Thiswill be used by the machine that drills the holes in the PCB. It uses Excellon format, which is the industry
standard. Basicaly, it startswith alist of drill sizes (in inches), and then gives the coordinates of the center of each hole.
Thereisan important issueregarding drill sizes, which isdiscussed in Section 4.183: Drill Sizes. Pleaseread this

section before you send your filesto the PCB house for fabrication.

To export drill and Gerber files, select Generate CAM files... from the File menu. The following dialog will pop up.

Generate Gerber and Drill Files

—Files
Iv Dill file

Gerher - top silkscreen

*

Gerber - bottom silkscreen
Gerber - top solder mask
Gerber - botkom solder mask:
Gerber - top copper

Gerber - bokkom copper

v

v Gerber - inner 2 COpper

Gerber - inner 1 copper

[T Gerber - inner 3 COPEET
™ Gerber - inmer 4 COPEER
™| Gerber - inmer 5 COpEEr:
[ Gerber - inner & COPQE:

—Gerber file options
IV Include board outline

v add moires

v add layer description text

v add pilot holes to pads and vias

nits — |MIL 7

)

T

Coppet bo copper-fill clearance 1
Hole-edge ko copper-fill clearance | 10
Solder mask. clearance
Pilok hole diameter
Minirurn silkscreen line width 12
Thermal relief line width 1
Board outling line width
Annular ring width (pins)

annular ring width (vias)

Oukput Folders I C:Afreepch_1000_download\projects) TukorialiCam

raaba Filac I

Eeik I
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Zreate Files | Exxit

Select the files that you want to generate by checking or unchecking the boxes next to each one.

In the Gerber file options section, you can chose to include the board outline, moiré patterns and layer descriptions for each layer by
setting the appropriate checkboxes. Y ou can also add pilot holes to through-hole pads and vias, which can be helpful if you will be
drilling your board by hand.

The Copper to copper-fill clearance isthe clearance that FreePCB will create around traces or vias that pass through copper layers.

The Hole-edge to copper-fill clearance is the clearance that will be created around drill holes. Please refer to Section 4.184: Drill
Clearances for an important note about these clearances.

The Solder mask clearance is the space that FreePCB will provide around pads in the solder masks.

The Pilot hole diameter will be the diameter of the pilot holes, if you selected them.

The Minimum silkscreen stroke width is the minimum stroke width that FreePCB will use for the silkscreen layers, which is usually
recommended by the board house.

The Thermal relief line width is the width of the lines that will be used to connect pads or vias to copper fill areas using thermal
reliefs.

The Board outline line width is the width of the board outline, if used.

The Annular ring width (pins) and Annular ring width (vias) parameters specify the width of annular copper rings placed around
inner layer pin and via holes with thermal relief connections to copper areas.

When you click Create Files, the fileswill be written to the Output folder. By default, thisis a subfolder of the project folder called
CAM. It will be created if it doesn't already exist. Y ou can change it if you want.

Assuming that all goes well, you will see the following Log dialog, with "*** SUCCESS ***" as the final line. If errors occur, there

will be messagesin thelog. If an error occurs while creating afile, FreePCB will usually abort that file and go on to the next file.
Each file is named according to its content, such as top_copper.grb or drill_file.drl.
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Writing File: "C:\FreePCE\projects TutariahCAMdrll_File, drl" :I
Writing File: "C:\FreePCEprojectst Tutariah CAMbop_sill. grb"

Writing File: "C:\FreePCEprojects! Tutorialh CAMYbotbom_sill, grb"

‘Wiriting File: "Ci\FreeP B projecks) TutariahCAMtop_mask.grb”

‘Wiriting File; "Ci\FreePCE)projects) TutariahCAMbotbom_mask., grb"

‘Wiriting File: "Ci\FreePCB projects) TutariahCAM\kop_copper, grb"

‘Writing File: "C:\FreePCB\projects Tutariah CAMbottom_copper.grb”

‘Writing File: "Ci\FreePCB\projects) TutariahCAMYinner_copper_1.qgrb"

‘Writing File: "Ci\FreePCE projects) TutariahCAMYinnet_copper_Z.qrb"

i o

(8]:4

Click OK to dismissthelog.

When you are finished creating files, click Exit in the Generate Gerber and Drill Files dialog.

4.182 Viewing and Printing Files

There are anumber of free programs that |et you view Gerber and drill files. Before sending your filesto a board house, | would
STRONGLY suggest that you check them with one of these programs. | have been using ViewM ate by Pental ogix (formerly
Lavenir). Y ou can download this at www.pental ogix.com/Downl oad/download.html. ViewMate lets you view both Gerber and drill
files, and also lets you make check-plots by printing them to a Windows printer. Since the printing functions in FreePCB are not yet
implemented, thisis currently the only way to print your designs.

An example of a FreePCB Gerber file as displayed by ViewMate is shown below. This Gerber file includes the board outline, moirés
and layer description text ("Top Copper Layer").
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4.183 Drill Sizes

The drill file specifies the size and position of each holein the PCB. An issue that arises with these files is whether the hole size
refersto the actual drill bit size (in which case the final diameter of the hole will be afew mils smaller after plating) or the finish size
(or plated size) which isthe final hole size after plating. To me, it makes more sense to specify the finish size and let the board house
figure out which drill bit to use, since they know how thick their plating will be. FreePCB footprints use finish sizes, so these are the
sizes which appear in the drill file.

You MUST check with your board house, however, as some of them expect actual bit sizes, which must be larger than the finish size.
In this case, you may have to edit the drill file and increase the drill sizes appropriately. Y our board house should be able to help with
this, aslong as they know what you want.

A sample FreePCB drill fileis shown in the listing below.

:Hol esize 1 = 24.0 PLATED M LS
:Hol esize 2 = 18.0 PLATED M LS
:Hol esize 3 = 14.0 PLATED M LS
M4 8

I NCH

T01C0. 024

T02C0. 018

TO3C0. 014

%

Q05
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&0

T01

X028000Y018000
X029000Y018000
X028000Y017000
X023000Y010000
X023000Y011000
X023000Y012000
T02

X012000Y017000
X006000Y012000
X012000Y012800
X024000Y011000
X024200Y009000
X024200Y005000
X024000Y003000
T03

X019000Y010000
MBO

Linesthat begin with ;" are comments. Each different hole size is described in a comment, such as
:Hol esize 1 = 24.0 PLATED M LS

which indicates a hole diameter of 24 mils, after plating. The line
TO1C0. 024

is the actual instruction to the machine that establishes the drill size, in inches.

If you need to change adrill sizeto alow for plating, you should change both the comment and the instruction. For example, to use a
28 mil bit instead of a 24 mil bit, change the comment to

; Hol esi ze 1 = 28.0 UNPLATED M LS
and the instruction to

TO1C0. 028

Some board houses will ask for a separate text file which lists the drill sizes. Y ou can tell them to look at the comments at the
beginning of the drill file, or you can copy these into a separate file.

4.184 Drill Clearances

Board houses will often recommend a"drill clearance”. Thisis the minimum recommended size of clearance holesin inner layer
copper that should be created around drill holes, to allow safe passage of the hole without shorting. Typicaly, they will specify
something like "drill diameter plus 0.025 inches'. Thisrefersto the DIAMETER of the clearance hole. FreePCB uses the Hole-edge
to copper-fill clearance value to create these clearances. However, because FreePCB treats this clearance as the distance between the
edge of the hole and the edge of the copper, it will be the difference in RADIUS between the holes, which is half of the differencein
diameter. Therefore, to create adrill clearance of "drill diameter plus 0.025 inches’, you should use a Hole-edge to copper- fill
clearance of one half of 0.025 inches, or 12.5 mils. Thiswould be rounded up to 13 mils.

PREV Table of Contents NEXT
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5. Footprints and Libraries

5.1 Footprint Libraries

Footprints are stored in library files, which have the extension .fpl. Each file contains multiple footprints, usually for packages of the same
type. FreePCB comes with a set of library files, most of which were obtained by converting libraries from | vex Design | nternational Inc.

(see below). These files are organized into three groups:

. Corelibraries - These are the most commonly used libraries. They will be located in the C:FreePCB\lib folder if you did the
standard installation.

. Extralibraries - Libraries with less commonly used parts. They will be located in C:FreePCB\lib_extra.

. Contributed libraries - Libraries contributed by users, located in C:FreePCB\lib_contrib.

When you create a project in FreePCB, you will select alibrary folder to use for the project. Normally, this will be the core library folder.
Since FreePCB reads and indexes al of the library filesin this folder every time the project is opened, it is advantageous to limit the number
of filesin thisfolder. This also makes browsing for parts easier. If you need to use any of the other libraries, you should copy them into the
core library folder. If you want, you can copy ALL of thefilesinto the core library folder so they will al bein one place.

Y ou can create your own custom footprints using the Footprint Wizard or the Footprint Editor, which are covered in Section 5.2
Footprint Wizard and Section 5.3: Footprint Editor. If you create your own footprints, | would recommend saving them in separate library

filesinstead of the standard files that come with FreePCB. That way, if there are updates to the standard libraries, you can replace them
without losing your custom footprints.

Each library file is documented in a PDF file, which has the same name as the library file except for the extension .pdf instead of .fpl. If
you are searching for a particular footprint, the PDF files are the best place to look. Y ou can also browse for footprints in the Add>Part
diaog, but the PDF files contain more information such as dimensions and pad sizes.

If you create or modify your own libraries, you can make PDF files for them using the Tools>Make PDF from Library File... menuitemin
the Footprint Editor.

Thelibrary files that are currently supplied with FreePCB are listed in the sections below. Note that files containing footprints with through-
hole pads start with "th_" while those with SMT pads start with "sm_".

5.11 Corelibraries

Filename (.fpl) Sour ce(s) Type Description
th_transistor Ivex, JEDEC through-hole JEDEC TO-series transistor and 1C packages
th_diode Ivex, JEDEC through-hole JEDEC DO-series diode packages
th_capacitor Ivex through-hole Capacitors, polarized and non-polarized
th_resistor Ivex through-hole Resistors, including potentiometers
th_connector Ivex through-hole Connectors
th_header Ivex through-hole Headers
th_sip Ivex through-hole SIP (single-in-line) packages (100 mil spacing)
th_dip Ivex through-hole DIP (dual-in-line) packages (100 mil spacing)
Sm_resistor Ivex, IPC surface-mount Chip resistors
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sm_capacitor Ivex, IPC surface-mount Chip and tantalum capacitors

Sm_soic Ivex, IPC surface-mount SOIC (small outline IC) packages

Sm_sop Ivex, IPC surface-mount SOP and TSOP (small outline package) packages
sm_soj Ivex, IPC surface-mount SOJ (small outline Jead) packages

sm_lcc Ivex, IPC surface-mount L CC (leadless chip carrier) packages

sm_plcc Ivex, IPC surface-mount PLCC (plastic leaded chip carrier) packages
sm_sot Ivex, Siemens surface-mount SOT (small outline transistor) packages

led Ivex mixed Light-emitting diodes

test_point Ivex mixed Test points
5.12 Extralibraries

Filename (.fpl) Sour ce(s) Type Description

sm_qfp lvex, IPC surface-mount Eggi,bfggl;’o?gg CE)I;CP aﬁlﬁ? if:a;f—)plzrclgé)packag% (thisfileisnot in the
device Ivex mixed Various devices

sm_tantalum_cap lvex surface_mount Tantalum capacitors from AV X

elfa cap Ivex mixed Capacitors from the ELFA catalog

elfa_chk Ivex mixed Various devices from the ELFA catalog

elfa_pot Ivex mixed Potentiometers from the ELFA catalog

elfa res Ivex mixed Resistors from the ELFA catalog

flatpack Ivex, JEDEC mixed Quad flatpacks

sm_ipc782 Ivex, IPC surface-mount Various devices from IPC not in other libraries
siemens2 Ivex, Siemens mixed Siemens L CC packages

siemens3 Ivex, Siemens mixed Siemens SO packages

siemens4 Ivex, Siemens mixed Siemens QFP packages

transformer Ivex mixed Transformers

tx_inst Ivex mixed Various Burr-Brown and Texas Instruments packages
5.13 Contributed libraries

Filename (.fpl) Sour ce(s) Type Description

flintstone Anonymous mixed Various relays, pots, transformers and connectors

5.14 Converting lvex Library files

Ivex Design International Inc., amaker of commercial PCB layout software, publishesits footprint libraries on the Internet in human-
readable format. They can be found here. These files have the extension .mod. For each .mod file, thereisa.doc filein Microsoft Word
format which describes the footprintsin the library. Ivex aso publishesits User Manual, which includes a description of the .mod file

format.

To take advantage of this excellent resource, FreePCB provides a function which reads Ivex files and converts them to the FreePCB format.
Asfar as| know, this does not violate any copyright. Most of the FreePCB libraries were created this way.

To convert an lvex library, download the library from the Ivex website into atemporary folder. Then start FreePCB, and select Convert...

from the File menu. The following dialog will appear.
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Ivex -- = FreePCB Library Conversion Tool ﬂ

— Input File Path (Tvex .mod File)

I Browse, ..

— Cutpuk File Path (FreePCE Fpl file)

_browse.._|
I Browse, ., |
=

—Messages

Converk | Exit

Enter the path to the file which you wish to convert in the Input File Path field, and enter the path to the output file in Output File Path. The
output file should end in .fpl. Then click Convert to perform the conversion. A list of the footprints being converted will scroll up in the
dialog, ending with the word "done" if there were no errors, as shown below.
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Ivex -- = FreePCB Library Conversion Tool

— Input File Path (Tvex .mod File)

I E:hallanicvsworkfreepch_liblcaps, mod

Browse, ..

— Cutpuk File Path (FreePCE Fpl file)

I E:Nallanicvsworlkd freepch_liblcaps. Fpl

—Messages

comverting part “TAJ1-D"
converting part "TAJ-E"
converting part "TAJ-R"
comvetting part "TaJ-5"
converting part "TAJ-T"
converting part "TAZ-R"
comverting part "TAZ-4"
converting part “TAZ-B"
converting part "TazZ-C"
converting part "TAZ-D"
comvetting part “TAZ-E"
comverting part "TAZ-F"
converting part "TAZ-3"
converting part "TAZ-H"
done

_browse.._|
Browse, ., |
E

Converk

Exit |

Any errorswill be reported in the dialog.

I must confessthat the conversion tool isa " work in progress', and occasionally makeserrorsor even crashes. | expect to correct

this problem, but in the meantime you should probably take precautions such as saving your project before doing a conversion.

PREV Table of Contents
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5. Footprints and Libraries (continued)

5.2 Footprint Wizard

There will be times when you need a footprint that is not in one of the libraries that come with FreePCB. The
Footprint Wizard isatool for generating footprints for a variety of standard packages. It isinvoked with the
Tools>Footprint Wizard menu item. This pops up the following dialog:

SIP, DIP and Quad Footprint Wizard : X|

Marne || Type IQUF\D "’I ks Imils "’I
—Mumber of pins

Tokal I Per harizankal ru:uwl Per wertical raw I

Pin 1 position It-:up row, center pin j
—Pads
Shape IRectangular j Hole diameter (blank or O For SMT) I

wiidth (47 I Length l{‘.’}ll Spacing (E) I

—Distance between top and bokkom rows -

22
" Inner-inner (G1) I ‘ Co "
¥ Center-center (C1) I I:I I:I ITI . =T
" Quker-outer (1) I . T

k.

Y

—Distance between left and right rows —

¥ Center-center (C2) I
™ Outer-outer (Z2) I

Save | Exit | Freview |

[-]
" Inner-inner (G2) I El
r
¥
h 4
+
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A footprint is created by setting the various controls in the dialog. These are described below:

. Name - Thisisthe name which will be assigned to the footprint when it is saved (e.g. DIP28)
. Type- Thetype of package. A line diagram of the selected type will be shown in the dialog (QUAD in the
example above)
o SIP (for Single Inline Package) - this consists of a single row of one or more pins
o DIP (for Dual Inline Package) - two rows of pins, numbered asfor a DIP IC package
o QUAD - four rows of pins arranged as a rectangle (as shown above) and numbered as for a PLCC or
QFP package
o HEADER - pins arranged in a grid and numbered sequentially by column
1 HEADER?Z - same as HEADER except pins numbered sequentially by row
1 PGA/BGA (for Pin Grid Array or Ball Grid Array) - pins are arranged in a rectangle, and named
using the convention for grid arrays
« Units- milsor mm
« Number of pins
o Total - the total number of pinsin the package
o Per horizontal row (for QUAD, HEADER and PGA/BGA packages only) - the number of pins per
horizontal row
o Per vertical row (for QUAD, HEADER and PGA/BGA packages only) - thisisfilled-in
automatically, for information
o Pin 1 position (for QUAD packages only) - there are three options:
« top row, center pin
= bottom row, left-most pin
« top row, left-most pin

. Pads
o Shape - there are four options:
« Rectangular - rectangular pads
« Pin 1 sguare, othersround - asgquare pad for pin 1, others round
« Round - round pads
« Square - square pads
= None - used to create a hole without a pad (for a mounting hole, for example)
o Hole diameter - the diameter of the hole in the pad for through-hole pads (blank or "0" for SMT pads)
o Width (X) - the pad width (shown as " X" in the line diagram)
o Length (Y) - the pad length (shown as"Y" in the line diagram)
o Spacing (E) - the center-to-center spacing of pads within arow ("E" in the line diagram)
. Distance between top and bottom rows - by selecting one of the three radio buttons, this distance can be set
as.
o Inner-inner (G1) - the distance between the inner margins of the pads ("G1" in the diagram)
o Center-center (C1) - the distance between the centers of the pads ("C1" in the diagram)
o Quter-outer (Z1) - the distance between the outer margins of the pads ("Z1" in the diagram)
. Distance between left and right rows - by selecting one of the three radio buttons, this distance can be set as:
o Inner-inner (G2) - the distance between the inner margins of the pads ("G2" in the diagram)
o Center-center (C2) - the distance between the centers of the pads ("C2" in the diagram)
o Outer-outer (Z2) - the distance between the outer margins of the pads ("Z2" in the diagram)
. Preview - clicking this button creates a preview of the footprint in the dialog

The best source for the dimensions of a particular package is the manufacturer's datasheet. Thisis usually available
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on the Internet. In some cases, the manufacturer will even supply adrawing of the suggested PCB footprint (for
SMT parts, these are often referred to as "land patterns').

After you have entered the settings for the footprint, click on Preview to see an image of the footprint. If it looks
OK, you can saveit to alibrary file by clicking Save. Thiswill pop up the Save Footprint dialog, shown below.

Save Fooktprint

Fookprinkt name I RES_1/4'W _AxIAL

aukhor I

Source I

Descripkion I

Library: File I user_created,fpl j

] 4 Zancel

The Footprint name is copied from the Wizard, and can be changed here if you like. The Author, Source and
Description fields may be filled with text describing the footprint. The Library file list box alowsyou to select a
library file, or enter a new file nameto create a new one. It will beinitialized to user_created.fpl.

Several examples of footprints created with the Footprint Wizard are given below.
5.21 Example 1: Mounting Hole or Test Point with a single pin

To create a single-pin footprint for amounting hole or test point, set the Type to "SIP" and the Number of pinsto
"1". The settings for a mounting hole with a hole diameter of 100 mils and around pad with a diameter of 200 mils
are shown below.
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SIP, DIP and Quad Footprint YWizard

Mame | HOLE_100_ROUND_200

Type | 3IP hd IInits Imils ""I

—Mumber of pins

Total I 1 Per harizantal ru:uwl 1 Per wertical raw IIZI

Pin 1 position II:u:nI:I:cnm ro, lefb-mosk pin j

—Pads

Shape IR::uunu:I

width () | 200 Length ()

j Hole diameter (blank or O For SMT) I 100
I Z00 Spacing (E) I

€ Inner-inmer (G110 a5l

" Center-center (C1) I 610

{*  Cuter-outer (21 =]

—Distance between top and bakkanm rows -

*
HE
F

FEH MW

€ Inner-innet (G2 787

£ Center-center (C2) IEHE-

£ Outer-outer (Z2) 205

—Distance between left and right rows — %

Save |

Exik |

Prewview

5.22 Example 2: Resistor with Axial leads

Let's start with adrawing of the resistor, taken from the Panasonic datasheet. This footprint will be for the 1/4 watt

type ERD25.
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B Dimensions in mm (not to scale)

i H H i i.;,:-Di
= = -1
k;, 'x%_f'
15t significant figure del
2nd significant figure,
Multiplier
Tolerance
see Page ER150 for color code indication
standard Quantity @ 2000 pes.
Dimensions (mim) ) Mass
Type 5
P L 6D od H (mg)
ERDSAT
W G5 FG .05 i
ERDS{F B.350% | 2.300853 | 0.60 20 min. 228
ERDSZT _
3204020 | 170 0,455 [ 20 min. 107
ERDS2F i i
ERD25T _ - - :
ERD2SE B.3505% | 2.300858 | 08095 | 20 min. 228

From the datasheet, the package length is 6.35 mm. To allow for bending the leads, we will space our pads 12.5
mm. apart. The lead diameter is 0.60 mm. To allow clearance for insertion, the hole diameter will be 0.9 mm. The
pad diameter will be 1.4 mm. The Footprint Wizard settings are shown below.
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SIP, DIP and Quad Footprint YWizard - ﬂ

Mame |RES_1j4W _AXIAL Type |SIP - Units  |mm =

murnber af pins

Total |2 Per harizantal ru:uw| Per wertical raw |III

Pin 1 position | J
Pads
Shape |R|:.|_|n|:| ﬂ Hole diameter (blank or O For SMT) | 0.9

Wb ) | 1.4 Length ) | Spacing (E) | 12.5

Distance between top and boktom rows i
< HREE
?

BT
. [15.500 E}'I-IEI-I'{:I-HHH-
—

=

Distance between left and right rows
{

poherous
e EET
—

=

Save | Exit | Freview

5.23 Example 3. DIP package with rectangular pads

Here are the settings for aDIP I C footprint with 20 through-hole pins. The standard DIP package pin spacing is 100
mils and the row spacing is 300 mils. We will use rectangular pads 80 X 40 milsin size with a 25 mil hole diameter.
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SIP, DIP and Quad Footprint YWizard

Mame |DIP20_RECT Type |DIP - Urits mils |

murnber af pins

Total |2III Per harizantal ru:uw| Per wertical raw |III
Pin 1 position | J

Pads
Shape |Rectangular ﬂ Hole diameter (blank or O For SMT) | 25

Wb ) |4EI Length ) |BEI Spacing (E) | 100

Distance between top and I:u:uttn:um FOIAS

" Inner-inner (510 E|1 T S I I S I
{* Center-center (C1) |3DD c1 ;
(" Quter-outer (Z1) l_i f
L 3
HEM XMW

Distance between left and right rows
{

=
~

il

Save Exit | Freview

5.24 Example 4: QFP package with 100 pins

Thisfootprint is based on the package for the Cypress CY 7C1329, a 64K X 32 synchronous cache RAM. The
package dimensions are shown in the drawing below, which was copied from the Cypress datasheet.
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=— 16.000.20
—— 14.00£0.10 —]

100 B8l
[ | AARFAAAARAAAR AAAAAHA

= 1 0.30£0.08
=

20001010 —

£c-0010.20

HilililGG GGG ERGIEEG GGG

Cal
=

For the footprint, we want the pads to extend 0.5 mm beyond the end of each pin, so we will add 1.0 mm to the
external dimensions of the pin rows. Also, we have turned the package on its side so that pin 1 isin the lower-left
corner. The settings for the Footprint Wizard are shown below.
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SIP, DIP and Quad Footprint YWizard

MName |QFF‘1I:II:I_2I:I}'=.'3I:I Type |QL|F'.D - Units  |rm -

murnber af pins
Tokal | 100 Per harizonkal row | 30 Per wertical raw |2III

Pin 1 position ||:u:nttn:nm row, lefb-maosk pin ﬂ

Pads
Shape |Rectangular ﬂ Hole diameter (blank or O For SMT) | 0

Wb ) |III.3 Length ) | 1.5 Spacing (E) |III.65

Distance between top and boktom rows

" Inner-inner {G1) | ‘ Co
{ " Center-center (C1) | |Z| |Z| ITI . - T
{* Cuter-outer (Z1) |1? . 1

Distance between left and right rows

(" Innet-inner (52) |

(" Center-center (C2) | |:| |_|1 -
{* Cuter-ouker (721 |23 T WE =

Save | Exit |

FN

22

-

H—0G2

w»

el [

Prewview
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5. Footprints and Libraries (continued)
5.3 Footprint Editor

The Footprint Wizard is the easiest way to create new footprints, but it is limited to certain predefined pin patterns. There will be times when
you need more flexibility in pin placement. Also, you may want to create more informative or artistic outlines for your footprints.

The Footprint Editor lets you do all of these things. It can be opened from FreePCB in several ways:

. By sdlecting the File>Open Footprint Editor menu item - Thisis available even when thereis no project open in FreePCB.

. By selecting the Tools>Footprint Editor menu item - Thisis available only when there is an open project in FreePCB.

. By selecting a part, and pressing F2 ("Edit Footprint") - This opens the Footprint Editor with the footprint for the part already imported.
When you leave the Footprint Editor, you will be asked if you wish to replace the part's original footprint with your modified one.

5.31 The Footprint Editor Window

When you open the Footprint Editor, it does not create a new window but instead replaces the usual FreePCB window. Y ou can tell that you are
in the Footprint Editor by looking at the window title bar. When you have finished editing footprints, you can return to FreePCB by pressing F8
("Return to PCB") or selecting the File>Return to PCB Layout or Tools>Return to PCB layout menu items.

A screenshot of the Footprint Editor window is shown below, with a DIP8 footprint imported.

== Footprint Editor - DIP&_custom : ;lglﬂ

File Edit YWew add Tools Help

= & & 7 Unitz{rom ™| Grids: Yisible | 200 *| Placement |10 v| Raouting| - *| Angle |45 T

zelection
backaround
wizible qrid
DRLC erar
board outline
rat line

top zilk
bottorm =ik,
thru pad

top copper
ifiner 1

inner 2
bottam copper

RN | O
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w Edit @ E ﬂ b ove E E L\\S E Delete @ Return
Fad Pad Fad to PCE
Ready [#: 3304 [v: 5313 |Pina [Top [ | 4

Asyou might expect, the menusin the Footprint Editor are different from the FreePCB menus. They are listed below:

File -
o New footprint - Start editing a new footprint..
o Import Footprint - Import afootprint from alibrary file.
o Save Footprint As - Save the footprint to alibrary file.
o Return to PCB layout - Close the Footprint Editor and return to FreePCB.
Edit -
o Undo - Undo the last editing operation (if possible).
View -
o Entire footprint - Resize and recenter the window to display al of the footprint elements.
Add -

o Pin- Add anew pin or row of pins.

o Polyline - Add a new polyline to the silk-screen layer.
Tools-

o Footprint Wizard - Invoke the Footprint Wizard.

o Return to PCB Layout - Same asin the File menu.

o About FreePCB - Display the "About Box" with the version number.

:

Other elements of the window such as the toolbar, layer list, function key menu, status bar and layout window are pretty much the same as for

FreePCB.

5.32 Footprint Elements

A footprint consists of 4 basic elements. These are:

. Pins- these areimplemented as padstacks. A padstack contains copper pads for the top, inner and bottom layers as well as an optional

hole.

. Polylines - these are graphical elements on the silk-screen layer. They may be closed or open.
. Reference designator - thisisatext string for the reference designator. Since the actua reference designator is a property of the part and
not the footprint, the Footprint Editor uses the string "REF" as a placeholder. It is always present and cannot be deleted, but it can be

resized.

. Selection box - thisisarectangle that encloses all of the other elements, used for selection of a part during PCB layout. It is generated
automatically when saving the footprint.

Creating afootprint is actually very similar to laying out a PCB, so if you have used FreePCB then you already have most of the required skills.
Therefore, we will take atutorial approach to the subject. In the next few sections, we will create afootprint for a polarized capacitor. The
capacitor dimensions are shown in the drawing below, taken from a Panasonic datasheet. We will create a footprint for the 12.5 mm body

diameter capacitor.
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B Dimensions in mm (not to scale)

Sleeve
fd£0.05
(ze.3mmdia) ' &
Vent !' — - —
il

.é
"""" |
3

I
L=16:L+1.0max 14min

= mmin hD+0.5 max hD+0.5 max
L=20:L+2.0 max

Body Dia. ¢D 5 B.3 g 10 12.5 16 18
Lead Dia. ¢d 0.5 0.5 0.6 0.6 0.6 0.8 0.8
Lead space P 2.0 25 35 510 5.0 75 75

5.33 Starting the new footprint

From FreePCB, invoke the Footprint Editor from the File or Tools menus. Y ou will start with alayout window which is empty except for the

origin
"

=“Fo

symbol and the reference designator, as shown in the screenshot below. Since we will be using metric units, make sure that the Units are
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|I I 1 I 1 I 1 | |

mELE |

Ready [# 09086 |v: 20,036 |MNoselection

Tap 2

5.34 Adding and Editing Pins

Select the Add>Pin menu item. This pops up the Add/Edit Pin dialog. The controlsin this dialog are pretty much self-explanatory. Some of them
will be enabled or disabled depending on the pin being added. Since we are adding the first pin, the Padstack>Same as pin # check box is

disabled because there are no other pins present.

The capacitor has leads with a diameter of 0.6 mm. For clearance, we will use a hole diameter of 0.9 mm. and pad diameters of 1.5 mm. For the
first pin, we will use square pads on the top and bottom layers and a round pad on the inner layers. Select the Padstack>Through-hole radio
button and set the hole diameter to 0.9 mm. Set the Top pad>Shape to "square" and the Width to 1.5 mm. The Inner pad>Shape should be
"round”. The Bottom pad should be the same as the Top pad. Set the Positionto X = 0.0 and Y = 0.0. The dialog should look like this:

—Operation

& add single pin " add row of pins

Index mm

F‘in#ll # of pins |1

—Padstack

™| Same as pin # I vI

—Top pad

i~ SMT &% Through-hale, hole diameter ||:|.9|

Qrientation of length axis (rectangular pads only) Ihu:uriz VI

ShEIDE Isquare TI Widkh |1.5 LEI'Igth I 0.0000

—Inner pads
[ Same as top pad

Shape Iru:uuru:l vI Width |1.5 Length IIII.I:II:II:IIII

—Batkom pad
¥ Same as top pad

Shape Isquare "I Wfidth |1.5 Length IEI.EIEIEIEI

—Position

™ Drag to position ¥ Seb: X I 0,0000 Y ] 0,0000

—Fow

Row arienkation Ihu:uriz x I

Row spacing I 0. 0000

Cancel |

Clicking OK should result in the pad being placed at the origin.
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According to the datasheet, the lead spacing is5 mm. so we will place our second pinat X =5.0 mm and Y = 0.0 mm. To make this easier, set
the Visible and Placement gridsto "1 mm". Now select Add>Pin to add the second pin.

X
Opetakion Lniks
{¢ add single pin " add row of pins firless mil -
Pin #| 2 # of pins | |
Padskack
[v Same aspin# |1 -
i {+ Ii
Qrientation of length axis (rectangular pads only)
Top pad
Shape Widkh Length
Inner pads
B
Shape Width Length
Bottom pad
|
Shape Width Length
Pasition
{* Drag ta position " Set: ¥ | ¥ |
Row
F.ow arienkation Row spacing

Since there is already one pin in our footprint, the dialog will come up initialized for the second pin, with the Padstack the same as pin 1 by
default. However, we should use around pad for pin 2 instead of a square pad. Therefore, uncheck the Padstack>Same as pin # check box, and
change the Padstack>Top pad>shape to "round". Then you can check Padstack>Inner pads>Same as top pad and Padstack>Bottom pad>Same as

top pad to make these pads are the same as the top pad. Now the dialog should look like:
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x|
Operation Linits
{* Add single pin " Add row of pins fimelese mm
Pin #| 2 # of pins |
Padstack,

[ Same as pin #

" SMT @+ Through-hole, hole diarmeter | 0.9]
Qrientation of length axis (rectangular pads only) |horiz -

Top pad
Shape round - Width | 1.5 Length
Inmer pads

[v Same as top pad
Shape Widkh Length

Baokkom pad
[+ Same as top pad

Shape Width Length

Position
{*" Drag to position " get % | ¥

Rl

R.aw arientation Row spacing

Click OK to leave the dialog and start dragging the pad. Placeit at X =5.0 mm and Y = 0.0 mm, as shown.

5.35 Adding Poalylines

Now we will add some silk-screen graphics to our footprint, consisting of a part outline (a circle with about the same diameter as the body
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diameter of the capacitor), and a"+" to mark the positive terminal, which by convention ispin 1.

Let's start with the circle. Thiswill be a closed polyline, with arcs for sides. Since we will need to place corners mid-way between the pins on
the X-axis, set the Placement grid to "0.5 mm". Also, make sure that the Angle grid is set to "45". Then select the Add>Polyline menu item. This

will pop up the Add Polyline dialog:

Add Polyline I |

(" Cpen * Closed (i.e. palygon)

Line width | 0,254 Units {pra =

For the circle we need a closed polyline so make sure that the Closed button is selected, as shown above. The Line width is set to 0.254 mm (or
10 mil) by default. Thisis areasonable value so you can leave it alone. Click OK to start dragging the first corner of the polyline. Placeit at X = -
4.0 mm, Y = 0.0 mm. While dragging the second corner, press F2 ("Arc (CW)") to change the side style to a clockwise arc. Place the second

corner at X =2.5mm, Y = 6.5 mm. Place the third corner at X = 9.0 mm, Y = 0.0 mm and the fourth corner at X =2.5mm, Y =-6.5 mm. Then

right-click to close the polyline. Y our circle should look like:

Now let's add the "+". Select Add>Polyline, but this time make it an open polyline. Draw avertical line by placing the first corner at X =-6.0
mm, Y = 5.0 mm and the second corner at X = -6.0 mm, Y = 1.0 mm. Then right-click to stop drawing. Add another open polyline, and draw a
horizontal line by placing the first corner at X =-8.0 mm, Y = 3.0 mm and the second corner at X =-4.0 mm, Y = 3.0 mm. Now your footprint
should look like:
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5.36 M odifying the Reference Designator

Finally, let's move the reference designator out of our part outline. Click on it to select it, and press F4 ("Move Ref Text") to start dragging it.
Move it above the part outline and place it by left-clicking. If you want to make it larger or smaller, you can press F1 (" Set Size"), and then use
the Reference Text Properties dialog to change the size and stroke width as you seefit. Y our final footprint should look something like:

5.37 Saving the Footprint

To save your new footprint into alibrary file, select the File>Save As menu item. Thiswill pop up the Save Footprint dialog. Enter the Footprint
name and (optionally) the Author, Source and a Description, as shown below. Then select the Library file that you wish to use (or enter a new
filename), and click OK to save the footprint.
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Fookprint name | F‘OL_CF'.F‘_IE.Smml
Authar | Allan Wright
Source | Panasonic datashest

Descripkion |F‘|:|Iarizeu:| capacitor, radial leads, 12,5 mm. body diameter

Library File: | user_created,Fpl ﬂ

5.38 Importing Footprints

So far, we have described how to create afootprint from scratch. In many cases, it will be easier to start with an existing footprint and modify it.
Y ou can import afootprint into the Footprint Editor by using the File>Import footprint menu item. This pops up the following dialog.

Import Footprint from library file : ﬂ

Library Folder: | '\ freepchilib Browse. ..
C513-A -]

Z513-6

Z313-C
313D
10

Y15

Y20

RAD-197

RAD-243

RAD-315

RAD-394

RAD-492

RAD-630

RAD-709
A freepchtlibhth_connector. Fpl
N fFreepchtlibith_diode. Fpl
A freepchilibyth_dip.Fpl
A freepchilibith_resistor, Fpl
i~ FreenchilikiFR - zin Frl ﬂ

o ey O e B e B

Author | e

Saurce |DIGI-KE"|" CATALCG MO, 941 PAGE 161

Description |

From here, you can select alibrary folder, open library files and select footprints. Y ou will see a preview of the selected footprint in the dialog.
Click OK to import the footprint into the Footprint Editor. Then you can edit it.

5.39 Using the Footprint Wizard
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Y ou can aso use the Footprint Wizard from within the Footprint Editor. Here's an example. Let's make a footprint for the PGA package shown
below. ThisisaKodak image sensor. The pin diameter is 18 mils, and the pin spacing is 100 mils. The pins are named as usual for a PGA.

- |=— 0.100+0.005
[2.54+0.13]

BRAZE A ﬁ%ﬂ@@ L ey
= S IR R R R A
S| 3 M OR <
i [ M ) - N
N gty o 2 ﬁ E D J;E-—:L {‘]L;:} : % &
NN=— g o © ﬂ £ D $ & @
H 5 o A
3 - O~ E © —p—- + -—P
— S| Y 8|5 & B & &
| I— -, : 5.
| > HI® D | & ©
......... < s D Fosgest
= (PPPDOPPODOD
H._ | &-El :i/l fm i (-f-\l- QE} I'I:T_;, [ -:I @I
i A T e 6 i 3

From within the Footprint Editor, select Tools->Footprint Wizard. We will use round pads with a diameter of 50 mils, and a hole diameter of 28
mils. Since the pins are arranged in 11 columns and 11 rows, we will initially create our footprint as amatrix of 11 x 11 = 121 pins. Then we
will remove the extra ones. Set up the Footprint Wizard dialog as shown below.
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Footprint Wizard

Mame | Kodak_PGA

Type |PGABGA =

Lnits

Murnber of pins

Tokal | 121 Per horizonkal row | 11 Per wertical row | 11
Pin 1 positian | J
Pads

Shape |Ru:-unu:|

Width () | 50 Length (%) Spacing (E) | 100

Distance between top and botkom rows

- J L L L
e daigln Di
- *+:~:+ - E+H

Diskance between left and right rawves PINS HUMBERED AS:
i Al A2 AT AM
P B1 B2 B3 B4
~

Done

Ii
Ii
Ii

| Cancel

ﬂ Hole diameter (blank or O For SMT) | 25

mils T

Preview

Click Done to create the footprint and import it into the Footprint Editor. It should look like:

=" Footprint Editor - Kodak_PGA*

View Add  Tools

zelection
backaround
wizible qrid

top zilk
bottam =ik,
thru pad

top copper
biottom copper

Edit

]

=

File Help
=N M

Uritz|mil | Grids: Misible |200

EEEOOCOmO (o
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] 72 7 i o o 7 Fal Fetu
to PCB
Ready W 1772 i 53 Mo selection

Top

Now, select each extrapin and delete it. Move the "REF" string so that it will be visible with the part in place. Y our finished footprint should

look like:

5.310 Making PDF Filesfrom Libraries

If you create or modify alibrary file, you can make a PDF file describing the footprintsin the library by selecting Tools>Make PDF from

Library File... Thiswill pop up the following dia og:
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Make PDF from Library File |
Library Folder | C:\FreePCBYlib Bru:uwse...l
Library File  [c:\Fre=Pce)ibled. fol |

Options
Pagesize  [lstter (5.5 x 11.0in) |
Units Inative for Fookprint j

Make POF File | Exit |

If necessary, use the Library Folder field to select alibrary folder. Use the Library File drop-down menu to select the file that you wish to
document. To make PDF filesfrom ALL of thelibrary filesin the folder, scroll to the bottom of the file menu and select "*** all library files

***" as shown below. Y ou can use the Page size menu to select between letter and A4 page sizes, and the Units menu to choose the units that
will be used in the PDF. Then click Make PDF file to make the file(s).

Make PDF from Library File x|

Library Folder | CHFreePCBlib_extra Browse, |

Library File | e

Opkions

Pagesize  [letter (5.5x 11.01n)

[
=~

Inits Inative for Foakprint

Make POF File | Exit |

A sample page from a PDF file is shown below.
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C:\FreePCBlib\th_transistor.pdf

TO-3

Aurhor: Ivex

Senrce: JEDEC PUBLICATION NO.25 BOOE ONE PAGE 98

Size: 10502 1573 pul

Seale 1:2

Seala 2:1

’

FIN(=) _ PAD -
TYEE SHAPE SIZE HOLE
-2 TH Found 95 mal 45 pul
3-4 TH Found 300 mil 150 nul
TO-5
Auther: Ivex
Sowrge: JEDEC PUBLICATION 1O .95 BOOK ONE PAGE 99
Size: 370 x 370 ol
PIN(=) _ PAD =
TYEE SHAPE SIZE HOLE
1-3 TH Found 50 il 20 mil
TO-8

Aurhor: Ivex
Source: JEDEC PUBLICATION MO .95 BOOK ONE PAGE 100
Size: 524 x 524 ml

FAD
PIN(:) _ = - _
TYPE | SHAPE SIZE HOLE
13 TH Fomd 85 mil 28 mil
TO-SBB-54

Aurhor: Ivex

Sowrce: DIGITAL PRINTED CIECUIT DESIGH AND DEAFTING,
PAGE 398

Size: 320 x 320 mml

PIN(s) _ PAD _
TYPE | SHAFE SIZE HOLE
18 TH Round 54 mil 20 mil
TO-8BE-62

Author: Ivex
Source: DIGITAL PRINTED CIR.CUIT DESIGH AND DEAFTING,
PACGE 398

Size: 342 x 342 ml

PIN(s
(=) TYFE SHAFE 5IZE HOLE

1-3 TH Found 62 ol 20 ol

Seale 2:1

Seale 2:1

&

o%o
0,0
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6. Tutorial

6.1 Schematic Diagram

The best way to learn anew CAD program isto try it out. This tutoria will guide you through the layout of asmall PCB for a motor controller, whose schematic is shown bel ow.
Sorry that thisimage is rather large.

Y ou may wish to print out a copy of the schematic so that you can follow it as we lay out the PCB. If you right-click on the schematic, most browsers will alow you to print the

image.
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6. Tutoria (continued)

6.2 Creating the Project
First we will create anew project called "Motor".

. Select New from the File menu. The following dialog should appear.

Project Options x|

Mame I |

Project Folder | ..\projects),

Library Falder | ..AibY

Mumber of copper lavers I 4

—Defaulk trace and wia widths (rnils)

trace I 10 wia pad IEEi via hole I 14

—Menu of krace and via widths

Trace width | Wia pad width | Wia hole width

] £8 14
a 28 14
10 28 14
1z £8 14
15 28 14
20 28 14
£5 £8 14

Add | Edit | Deletel

—Aukosave

™ Enable Interyal rinutes) I 0
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1 Craoie ERIA=RRSTR TR =P |

2K, I Zancel |

. Enter the word "motor" in the Name box. This establishes the name of the project.

. Sincethe project folder normally has the same name as the project, "motor" will be automatically
added to the end of the folder path in the Project Folder box, which should now read "..\projects
\motor". Note that this path is relative to the location of the application, which is normally in
FreePCB\bin. If you wanted to use some other folder as the project folder, you can override the
default by entering adifferent folder path, which can be either relative to the application folder or
absolute. If the project folder doesn't already exist, FreePCB will create it (although its parent
folder must exist). Since the "motor" project folder already exists and contains the netlist file for
the motor controller, | would suggest leaving this path alone.

. Similarly, you can override the path to the Library Folder, which contains the footprint libraries.
If you did a standard installation of FreePCB this should not be necessary.

. If you decide to move your folders around, you can change the default paths by editing the file
default.cfg in the application folder. If you move the library folder after creating the project,
you can edit the library path in the project file motor.fpc.

. Leavethe number of copper layersat "4".

. The Default trace and via widths will be applied to any net or trace which doesn't have widths
explicitly assigned. Since we will be using 10 mils as our default trace width, you can leave them
alone..

. TheMenu of trace and viawidthsisalist of values which will be presented if you explicitly
assign trace or net widths later on. Y ou are not limited to using these values, but using a selection
from the menu is convenient and reduces the chance of error. If you know that you will be using
certain widths which are not on the default menu, you can add them by clicking on Add. Y ou can
also delete items which you know you will not be using with Delete, or change an item by
selecting it and clicking Edit.

. Inthistutorial, we will be using trace widths of 10 and 15 mils. Select each of the other widthsin
the menu and Delete it.

. Autosave will automatically save your project periodically. Enable it and set the save Interval to
5 minutes.

. Now your dialog should look like:
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Project Dptions ] x|

Marme I rmokar

Project Folder | ..\projects),

Library Falder | ..AibY

Mumber of copper lavers I 4

—Defaulk trace and wia widths (rnils)

trace I 10 wia pad IEEi via hole I 14

—Menu of krace and via widths

Trace width | Wia pad width | Wia hole width

10 28 14
15 28 14

Add | Edit | Deletel

—Aukosave

¥ Enable Interyal rinutes) I =

2K, I Zancel |

. Click OK to exit thedialog. A Log dialog will pop up and scroll through the names of the library
filesasthey are read.

. Thetitle bar of the FreePCB window should now read "FreePCB - motor.fpc*", where motor.
fpc isthe name of the project file that you will be creating. The asterisk indicates that the project
has been modified and the information has not been saved. To make sure that you can save the
file, select Save from the File menu. FreePCB will write the file, and the asterisk will disappear.

. If you want to look at the project file, you can open motor.fpc with atext editor such as
NotePad. Y ou will see that thereis an [options] section of the file containing the options that you
set , along with some other default options. Most of the other sections of the file, such as
[shapes], [parts], etc. will be empty.

. Inthe next section, we will start designing our PCB by importing the netlist file.
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6. Tutorial (continued)

6.3 Importing the Netlist File

The netlist file that we will be using islisted in Section 4.14: Importing Netlist Files. Y ou might want to review that section before continuing.
The package for U2 was intentionally left incorrect, so we will have to fix it after the file isimported.

. Select Import from the File menu. A dialog called Open will pop up.

Lack i Iﬁ Fotar j = £ Ea-

rnokor. nek

File name:  [matar.net Open I
Files of bype: I,-'l'-.ll Files [*¥] j Cancel |

—Impork
™ Parts anly
" Mets anly
&% Parts and Mets

—Farmak
% paps-PCR
" FreePCE

. If necessary, navigate to the "motor" project folder. Select file motor.net.
. Select Parts and Nets in the Import section of the diaog.
. Select PADS-PCB in the Format section of the dialog.

. Click the Open button.

. FreePCB will import the netlist. Y ou should get a message indicating that a footprint was not found for one part. Click OK.

. All of theimported parts will be stacked up just to the left of the origin symbol in the layout window. Select View>All Parts (or pressthe
"Home" key) to see them. Connections between the pinswill be shown as ratlines.
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=* FreePCB - motor.fpc®
File Edit Yiew Project Tools Add Help

= H & 7 rits il = | Grids: Yizible |200 * | Placement|100 = HDutinglEU *| Angle (45 0

zelection
backaround
wizible aqrid
DRC errar
bioard outline
rat line

top silk,
bottam =ik,
thru pad

top copper
ifrer 1

inner 2
hattorm copper

ERENONCOONEOCIEC (O

m E E ﬂ E E E E Recalc.

R atlines

Ready w3195 Y 4397 Mo selection Top

=10l x|

. Now we will fix the missing footprint. Select Parts... from the Project menu. The View/Edit Part List dialog should appear:
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Yiew/Edit Part List x|
Reference | Package | Fookprint |
Add New Part | 1 CHIP_D CHIP_D
2 C1206 C1206
3 CHIP_E CHIP_E
: _ 4 CHIF E CHIF E
Edit Selectionis) | o1 CHIP E CHIP E
JP1 SEZHDR-100 SEZHDR-100
Jp2 ExzZHDR-100 ExzZHDR-100
Deleke Se|e|:ti|:|n|:5:| | JP3 SEZHDR-100 SEZHDR-100
JP4 SEZHDR-100 SEZHDR-100
JPS 3xZHDR-100 3xZHDR-100
JP& 1XZHDR-100 1XZHDR-100
R1 C1206 C1206
Rz 1206 1206
R3 C1206 C1206
1 2aDIP300 2aDIP300
Lz dipl4 T
U3 TO-220 TO-220
Y1 SDIP300 SDIP300

carcl_|

. Thisdialog showsalist of al of the parts which were imported, with their reference designators, package identifiers and footprints.

footprints. We need to fix this.
. Select thelinefor U2 by clicking onit.
. Click the Edit Selection(s) button. The Add/Edit Part dialog should appear as shown below.
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-ci\Freepobilibtsm_lcc. Fpl i IEI
-ciifreepchlliblsm_ploe, Fpl
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-ciifreepchlliblsm_sop.Fpl
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-ci\freepchbilibltest_paint.Fpl
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Author I

Source I

Cescripkion I

carcl_|

. Thisdiaog alowsyou to edit the parameters for part U2, including its footprint. All of the available footprint libraries are shown in the
large tree control occupying most of the dialog. Thefirst entry is"local cache", which is not actually alibrary but which contains al of
the footprints which are currently loaded into FreePCB.

. Expand the "th_dip.fpl" library by clicking on the "+" next to it. Thislibrary contains footprints for DIP packages. Its name begins with
"th_" to indicate that it contains through-hole footprints.

. Select "14DIP300" from the library by clicking onit. Animage of the footprint will appear in the preview window, and "14DIP300"
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Author I Ivex
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Cescripkion I

carcl_|

. Click on OK.

. A message box should appear asking whether you want to replace all instances of "dip14" with "14DIP300", or just U2. Since thereis
only oneinstance, you can click on either YES or NO.

. Thisshould return you to the View/Edit Partlist dialog, with "?2????" replaced with "14DI1P300" for part U2.

. Click OK. U2 should now have afootprint, placed at position (0,0), as shown below.
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. OK, now al of the footprints are loaded. Save your work. In the next section, we will create the board outline.
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6. Tutorial (continued)

6.4 Drawing the Board Outline

In this section, we will create the board outline for our PCB. It will be arectangular board, 3 inches long by 2 inches high.
Y ou might want to review Section 4.10: Board Outline before starting.

. First, let'smove U2 out of the way. Zoom in on the board origin. Select U2 by clicking on it. A white outline
should appear around it, indicating that it has been selected. Press F4 to begin moving it, and drag it down and to
the left of the origin to make room for the board outline. Left-click the mouse to place U2 at its new position.

. When drawing the board outline, the Placement grid will be in effect. Set it to areasonably large number like 100
or 200 mils.

. Select Board Outline from the Add menu. The cursor should change to a cross-hair. Place the cross-hair at the
origin (i.e. X=0, Y=0). Left-click to place thefirst corner of the outline.

. Now move the cursor vertically upwards.. Y ou should be dragging a blue line segment, representing the left side
of the board. Move the cursor to X=0, Y=2000 and left-click to place the upper-left corner of the board.

. Insimilar fashion place corners at X=3000, Y =2000 and X=3000, Y =0.

. Now right-click to close the board outline by drawing a side from the last corner to the first one. Y our board
outline should look like:
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« You can check the position of acorner by clicking on it to select it. A small white square should appear around the
corner to indicate that it has been selected. Then press F1 (" Set Position™) to pop up the Corner Position dialog.
This displays the exact coordinates of the selected corner, and allows you to change them if you want. This dialog
isvery useful if you are designing a board with unusual dimensions.

Corner Pusil:iu:

x [mils) W
y imils) |0

[/ Cancel |

.......................
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. If you wish, you can try out some of the other commands for editing the board outline, as described in Section
4.10: Board Outline. When you are finished, be sure that the outline has been restored to its original rectangular

shape.
. Save the project from the File menu.
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6. Tutorial (continued)

6.5 Adding Mounting Holes

Now we will add mounting holes at the corners of the PCB. Y ou might want to review Section 4.12: Mounting Holes before starting.

. Mounting holes are actually a special type of part, consisting of a single through-hole pin. They are added to a project like any other part.
They can be included in the netlist file, or they can be added later. Since our netlist file did not include the mounting holes, we will add
them using the Add>Part menu.

. Set the placement grid to a small number such as 25 mils.

. Select Part from the Add menu. The following dialog should pop up

Reference I | Package | Foakprink I

—Fookprint Library —Position

|c:1Freepchib E‘fDWSEl ¥ Dragtoposition ¢ Off-board ™ Set

- local cache - Linits IMIL vI Side Angle
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- i\ freepobiliblsm_capacitor, Fpl b IEI bioktom a0

-\ freepobiliblsm_dip.Fpl 180 LI
o \Freepchiliblsm_lcc, Fpl ¥ II:I

- i freepebhlibhsm_ploc, Fpl

- i\ freepobiliblsm_resistor, Fpl

c:\freepchbiliblsm_saic. fpl

- o\ freepobiliblsm_soj.fpl

-\ freepobiliblsm_sop, Fpl

- o\ freepeblliblsm_sot. Fpl

- ci\freepobilibltest_point.Fpl

- c:\freepcbiliblth_capacitor. Fpl

-i\freepcbilibh th_connector, Fpl

-\ freepeblliblth_diode. Fpl

-ci\freepcbilibhth_dip. Fpl

-ci\freepcbllibith_header . Fpl

- i freepeblliblth_mounting_hole. Fpl

- i\ freepobiliblth_resistor, Fpl j

Author I

Source I

Ciescripkion |

carcl_|

. Enter "H1" in the Reference field of the dialog. Thiswill be the reference designator for the first mounting hole.

. Expand the C:\FreePCB\lib\th_mounting_hole.fpl library file by clicking on the "+" next to it. Then click on
"HOLE_125 SQUARE_250". Thisisthe footprint for amounting hole 125 milsin diameter, with a square pad 250 milsin diameter. It is
about the right size for a#4 machine screw. Now the dialog should look like:
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[+ ctifreepchhlibith_sip. Fpl

[+ c:\freepcbhliblth_transiskor, Fpl

I c:\freepchilib Browse |
A

—Position

Footprink | HOLE_125_SQR_250

i+ Drag bo position

Uniks

- I 1] II:u:-ttu:um

i
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Cancel |

. Click OK to close the diaog and begin dragging the mounting hole. Moveit to X = 150, Y = 150 as shown below.

file:///E)/alan/freePCB%20site/user_guide/user_guide_tutorial_mounting.htm (2 of 7)3/19/2005 6:01:32 PM




FreePCB Tutoria: Mounting Holes

=2 FreePCB - motor.fpc* o o ]
File Edit Wiew Project Tools Add Help

= E| & Bz 2 | %| ? | Lllnitslmil j Grids: Yisible |2EIEI j F'Iau:lementIEE j Hu::uting|2EI j .-i'-.nlgle |45 j

zelection
backaground
wizible qrid
DRC error
board outline
rat ine

top zilk,
bt silk,
thru pad

top copper
ifrer 1

inner 2
bottom copper

EERAEONEOCEC] | O

F1] F2| Change |[F3] Rotate | [F4] F5 FEe] F7 Fa

Side Part

Ready [#: 150 [+: 150 [Maving part H [Tap [ | 4

. Click the left mouse button to place the hole. Now the layout should look like
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. Insimilar fashion, place 3 more mounting holes at the other corners of the PCB, using reference designators H2, H3 and H4, as shown.
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. Now we will connect our mounting holes to the GND net, so that they can be used to ground the PCB to its enclosure. To do this, we must
select the pad for each mounting hole, instead of the part. Notice that in the screen shot above, the selection rectangle encloses the holein
the pad for H4. Thisindicates that the part for H4 is selected, not the pad. The status bar also shows that part H4 has been selected.

. To select the pad for H4, click anywhere on the pad. Now the selection rectangle should contain an " X", and the status bar should indicate
that pin H4.1 has been selected, as shown below. If you wanted to select the part instead of the pad (to moveit, for example) you would
click again on the hole in the pad.
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. Now press F1 ("Set Net"), which pops up the following dialog. Use the drop-down menu to select the GND net, as shown.

Enter or select net name ko assign;

<]

o]

Cancel |

. Click OK to assign H4.1 to the GND net. A ratline to the pad should appear. In similar fashion, select the pads for H1, H2 and H3 and
assign them to the GND net.
. Thefina screenshot is shown below.
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6. Tutorial (continued)

6.6 Placing Parts
In this section, we will place the parts on our PCB.

. Set the Placement grid to a reasonable value such as 100 mils for placing the through-hole parts, which have apin
spacing of 100 mils. Thiswill make it easier to align the parts. Later, we may use asmaller grid for the surface-
mount parts.

. Select All Parts from the View menu so that you can see all of the parts. If necessary, pan and zoom until you can
see the entire board outline aswell. It will help if you make the FreePCB window as large as possible (although
then you may have trouble seeing this tutorial, unless you have dual monitors).

. Before placing any parts, take a minute to review the schematic. If you haven't already doneit, it may be useful to
print the schematic so that you can refer to it while designing the PCB. Since U1 is the largest and most
"connected" part, | would suggest placing it somewhere near the center of the board, with the other IC's near it. The
headers JP1-JP6 should probably be placed near the edges.

. Let'sstart by placing UL. Select it by clicking on it. A white outline should appear around the part, indicating that it
has been selected. Be careful not to click on one of the pads or the reference designator, or you will select that
instead of the entire part.

. Tip: Sometimesit can be difficult to select asmall part that has relatively large pads, such as a surface-mount
capacitor. However, hereis atrick that you can use. FreePCB will never select something that is already selected, if
thereis an alternative. Therefore, if you click on a part and select a pad instead (or any overlapping structure), just
click again and you will usualy get the part. Y ou have to be sure to alow enough time between clicks that
Windows doesn't mistake your two clicks for a double-click, which usually doesn't do anything.

. Press F4 to begin moving the part. Drag it to the center of the board. The cursor will be "attached" to pin 1 of the
part. Rotate it by pressing F3 once, so that it is vertical with pin 1 in the upper left corner. When it is near the center
of the board, left-click to placeit. It should look something like:
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. Notice that the ratlines moved with the part. After you placed it, you might have noticed that some of the ratlines
changed their pin connections. Thisis because FreePCB automatically optimizes the ratlines for minimum total
length after moving a part.

. Now let's place the other DIP ICs, Ul and Y 1, something like this:
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. Now place the DIP headers around the edges of the board, something like:
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. Asyou place the parts, it isagood idea to look at the ratlines to try to find an optimal placement for easy routing.
However, you don't necessarily haveto seeat ALL of the ratlines. On this board, we will be using internal power
and ground planes for the VCC and GND nets. Therefore, we might as well make the ratlines for these netsinvisible

. Select Nets... from the Project menu. The following dialog should appear:
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net are shown next to the net name. Also, to the left of each name is a checkbox, which determines the visibility of
the net ratlines. Currently, all nets are visible. To make the VCC and GND netsinvisible, uncheck the boxes next to
them. Then click OK. Now there are fewer ratlines visible.
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. Now placetherest of the parts. As mentioned above, selecting some of the smaller surface-mount capacitors may
be tricky, unless you place the cursor precisely between the pads, or use the two-click method. Y ou may want to
use asmaller Placement grid. Asyou place each part, you may have to move the other parts around to make room
or to improve the efficiency of the connections. Try not to crowd things too much. On areal-life densely popul ated
board, the parts placement may be critical to successful routing, so it pays to take the timeto get it right. That
shouldn't be much of a problem on this board, however. Y ou can see my final parts placement below.
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. Thelast step in this section is moving the reference designators for the parts on the silk-screen layer, so they will be
visible when the parts are soldered on. First, set the Placement grid to a smaller value, such as 10 mils, for finer
control of the placement of these small items. Select each reference designator by clicking on it, and move it with
the F4 key. Aswith parts, F3 rotates the reference designator while dragging. Hereis the final screenshot.
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Y ou should probably save your work before going on to the next section.
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6. Tutorial (continued)

6.7 Adding Parts and Editing Nets

Modifying a PCB design by adding, replacing or deleting parts or changing the netlist is sometimes referred to as "on-the-
fly" editing. FreePCB gives you virtually unlimited freedom for this type of editing. However, you should use this
freedom carefully. Keep in mind that by modifying the partlist and netlist, you are creating a discrepancy between your
PCB layout and the original schematic. If you make any significant changes you should carefully back-annotate them to
the schematic, otherwise troubleshooting the PCB can be anightmare. In general, "on-the-fly" editing is best used for
relatively minor changes. If you need to perform more extensive redesign, you should probably go back to your schematic
editor and create anew netlist file.

In this section, we will add three bypass capacitors to our PCB, one for each of the DIP ICs. We will connect them to the
VCC and GND nets. Since FreePCB provides several methods for doing this, we will try them all.

. Set the placement grid to areasonable value for surface-mount capacitors such as 50 mils.
. Select Parts... from the Project menu. The View/Edit Part List dialog should appear.
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0] 4 Cancel |

. Note that the last capacitor reference designator is C4. We will add C5, C6 and C7.
. Click on Add New Part. Thiswill bring up the Add/Edit Part dialog.
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. Expand the library sm_capacitor.fpl by clicking on the "+" sign next to it.
. Select the footprint "C1206" by clicking on it. The Footprint field should change to "C1206".
. Enter "C5" in the Reference field. Now you should see:
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. Click OK to add the part to the partlist. The new part will beplacedat X =0, Y = 0.

. Now you will be back in the View/Edit Part List dialog. Click OK to exit. Y our new capacitor C5 will be visible at
the origin, in the lower-left corner of the PCB.
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. If itisnot aready selected, select C5 by clicking on it, and move it near the top of Y 1. Move the reference
designator text so that it will be visible, as shown.
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. Now we will connect the pins of C5. Lets start by making only the nets VCC and GND visible. Select Nets... from
the Project menu to bring up the View/Edit Netlist dialog.

file:/I/E|/allan/freePCB%20site/user_guide/user_guide_tutorial_add_parts.htm (6 of 15)3/19/2005 6:01:35 PM



FreePCB Tutorial: Adding Parts

view/Edit Netlist X
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Ik, ancel |

. Click the Make all visible/invisible button twice, to clear all of the checkboxes and make all of the netsinvisible.
Then click on the boxes for VCC and GND, to make these nets visible. Then click OK. Now only the VCC and
GND ratlines are visible, as shown.
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. Click on the right-most pad of C5 to select it. Thiswill be pin 2, unless you rotated the part. Press F1 (" Set Net") to
pop up the following dialog:

Enter ar seleck net name ko assign:

| [

(0] 4 Cancel |

. From the drop-down menu, select VCC, or just type "VCC" into the text box. Click OK to connect the pin. Press
F8 ("Recalc. Ratlines") to recalculate the ratlines for VCC to include the new pin C5.2.

. Now select the left-most pad of C5, and repeat the above procedure to connect it to GND. Now you should see
ratlines to both pads of C5.
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. Let'suseadlightly different method to add C6. Select Part from the Add menu. The Add/Edit Part dialog will pop
up. Thisisthe same dialog that you invoked previously from the View/Edit Partlist dialog, except that the Drag to
position button is now enabled and selected. Thistime, select CO805 for the footprint of the new part. Enter C6 into

the Reference field.
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. Press OK. You should find yourself dragging the outline for C6. Place it near pins 19 and 20 of U1, as shown.
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. Weare going to connect C6 to the VCC and GND nets, using a dlightly different method than for C5. Select the
upper pad of C6 by clicking on it. Then press F4 ("Connect Pin"). Y ou should start dragging a ratline from the pad.
Move the cursor over the pad for pin 20 of U1 (which is attached to net VCC) and click to connect the ratline to
this pin. In similar fashion, connect the lower pad of C6 to pin U1.19. Select C6 by clicking on it, and press F8
("Recalc. Ratlines") to recalculate the ratlines for C6. Y our layout should look like this:
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. Finally, add C7 using the Add/Edit Part dialog, by selecting Part from the Add menu. Place it near the top of U2,
similarly to the way we placed C5 near Y 1. Now connect it to VCC and GND using the View/Edit Netlist dialog.
Select Nets... from the Project menu. Then select the VCC net by clicking on it, as shown.
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. Now click on Edit selection. The Add/Edit Net dialog will appear.
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. Enter C7.2 into the text box next to the Add Pin button. Then click on Add Pin. C7.2 should be added to the Pin.
list. Click OK to accept it. Thiswill return you to the View/Edit Netlist dialog.

. Now select the GND net by clicking on it, and edit the pin list just as you did for VCC, thistime adding C7.1.

. Tip: When you add a pin to anet using the Add/Edit Net dialog, be surethat you click on Add Pin. | have a
tendency to click on OK instead, which exits the dialog without adding the pin.

. Select C7 by clicking onit, and press F8 ("Recalc. Ratlines") to add ratlines to the newly added pins. The layout
should now look like:
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In the next section we will use copper areas and stub traces to create power and ground planes for VCC and GND.

PREV Table of Contents NEXT
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6. Tutorial (continued)

6.8 Adding Copper Areas
In this section, we will create copper areas on the inner layers for power and ground planes.

. Seect Nets... from the Project menu. The View/Edit Netlist dialog should appear. If you are continuing from the
last section, the VCC and GND nets will be visible, as shown.

¥iew /Edit Metlist

Ix

b
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(8] 4 Zancel |

. Click on the Make all visible/invisible button twice to clear all of the checkboxes. Then click on the GND
checkbox to make that net visible.
. Notice that the trace width for every net is"0". This means that the project default of 10 milswill be used. Let's
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change the trace width for GND to 15 mils.
. Select the GND net by clicking on its name, which should highlight it. Then click on the Change widths button. the
following dialog should appear.

Set new trace,via widths i |

Mew brace width (mils ) I "']

¥ Use default via Far this trace width

" Set via widths (mils)  pad I hole I
oK Cancel |

. Select "15" for the new width for the GND net by selecting that value from the drop-down menu, or enter "15" into
the text box. Leave the Use default viafor this trace width radio button selected. If we wanted to override the
default via, we could select Set via widths instead, and set the via width and hole size explicitly in the text boxes.
Click OK to exit the dialog.

. TheView/Edit Netlist dialog should now look like:
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| Ik, | ancel |

. Click OK to exit the dialog. The layout window should now show only the ratlines for the GND net, as shown.

. Now we will add the copper areafor the GND plane. First, set the routing grid to a reasonable value such as 50
mils. Then select Copper Area from the Add menu. The following dialog should appear.
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Add Copper Area x|
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bottorm copper
inner 1

inner 2
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Ik, ancel

. Wewill usethe"inner 1" copper layer for the GND plane. Select "GND" from the Net drop-down list, or type
"GND" into the text box. Select "inner 1" from the Layer list. Set a hatch pattern of Full.

Add Copper Area x|
Het | GHD =l

Laver |top copper

bakkam cniﬁer

inner 2

Hatch patkern
’7 " MNone & Full " Edge

Ik, Cancel

. Click OK to exit the dialog and start drawing the polyline for the copper area. The cursor should change to a cross-
hair. We want to draw the outline of the copper area 50 milsinside the board outline. Place the cursor at the lower-
left corner of the copper area, which will beat X =50, Y = 50. Left-click to place the first corner. Then move the
cursor to X =50, Y = 1950 and left-click to place the second corner. Place the third corner at X = 2950, Y = 1950
and the fourth corner at X = 2950, Y = 50. After placing the fourth corner, right-click to close the polyline. Now
your board should look like:
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. Notice that the copper area has been drawn with adiagonal hatch pattern, in the color for layer "inner 1". Also,
most of the ratlines for the GND net have disappeared, and X-shaped symbolsin the ratline color have appeared on
the through-hole pinsin the net. These indicate internal connections of these pinsto the GND plane, using plated-
through holes with thermal reliefs.

. Wedltill have to connect the SMT pads to the GND plane. For this, we will use stub traces, which are short traces
which begin on a pad and end with aviato the GND plane.

. Let'sstart with the lower pad of C1. Select the pad by clicking onit. A white box should appear around the pad,
indicating that it has been selected, and the status bar should contain a description of the pin.

. Now start drawing the stub trace by pressing F3 (" Start Stub™ ). The cursor should change to a cross-hair, and you
will be dragging the end of atrace segment from the pad, on the top copper layer. Y ou may wish to zoom in with
the scroll wheel or the Page Up key. Move the cursor a short distance below of the pad, and left-click to set a
vertex. Then right-click to end the trace. A via should appear at the vertex, as shown. Notice that thereis athermal -
relief symbol on the via, indicating an internal connection to the GND plane.

file:///E|/allan/freePCB%20site/user_guide/user_guide_tutorial_add_areas.htm (5 of 8)3/19/2005 6:01:36 PM



FreePCB Tutorial: Copper Areas

. If you are unhappy with your trace, you can delete it by selecting the trace segment or the end viaand pressing F7
("Delete Connection”). Y ou can move the end via by selecting it and pressing F4 ("Move Vertex"). Y ou can add
segments by selecting the end via and pressing F2 ("Add Segment").

. Since stub traces are usually used to connect pads to copper areas on other layers, the end viais added
automatically when you end a stub trace. If you want, you can delete the via by selecting it and pressing F3
("Delete Via"). This may be useful if you are connecting a pad to a copper area on the same layer, or if you are
using a stub trace for some other purpose such as a shield trace.

« Now that you know how to do it, add stub tracesto all of the SMT pads which have ratlines. Y ou may need to
move some of the reference designators to keep them free of the end vias, sinceit is generally abad practice to
have a silk-screen item overlapping a pad or via. Y our board should look something like:
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. Congratulations, you have now routed the entire GND net, which is by far the largest net in the design. The copper
areamade it easy.

. Since we won't be doing any routing on the "inner 1" copper layer, and since the hatch pattern may be annoying
when we are working on other layers, let's make it invisible. Select Layers from the View menu to bring up the

View/Edit Layers dialog, and uncheck the Visible checkbox next to Inner 1. Click OK, and the copper area should
disappear. Alternatively, we could have changed the hatch pattern by selecting a side and right-clicking, then
selecting Hatch style from the context menu.

. Now, let's add a copper areafor net VCC on the "inner 2" copper layer. Y ou just need to repeat the same steps that
you performed for the GND area. These are:

0

O
]
]
]

Make the VCC net visible.

Change the VCC trace width to 15 mils.

Draw the VCC copper areaon the "inner 2" layer (you can use the same corner positions as the GND area).
Add stub traces for al of the SMT pads on the VCC net. There should be four, on C1, C5, C6 and C7.
Make the "inner 2" layer invisible.

. Select Project>Nets... to launch the View/Edit Netlist dialog. Make both VCC and GND visible. Y our board
should look like:
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1

Motor Controller

Save your work. In the next section we will route the rest of the nets on the top and bottom copper layers.
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6. Tutoria (continued)

6.9 Routing

Ok, let's route our PCB. Before starting, you might want to review Section 4.13: Nets, Ratlines and Routing.

. Optional: If you want to try some of the ratline editing features which were described in Section 4.13: Nets, Ratlines and Routing, read

the following:

o Start by saving your project, so you can reload it if you screw up.

o From the menus, select Project>Nets... to pop up the View/Edit Netlist dialog. Make all of the nets invisible except GND.

o Select aratline and deleteit by pressing F7 ("Delete Connect™). Then press F8 ("Recalc. Ratlines"), and the ratline should
reappear.

o You can add a new ratline between pins on the same net by selecting one of the pins and using F4 ("Connect Pin"), which allows
you to draw aratline to the other pin. Then press F3 ("Lock Connect") to lock it. Now if you press F8 ("Recalc. Ratlines'), some
other ratline on the net should disappear.

o You can unlock the locked connection with F3. Then if you press F8 the connections should revert back to their original state.

. OK, back to business. Use the View/Edit Netlist dialog to make all of the nets visible except for VCC and GND.
. If necessary, use the View/Edit L ayers dialog to make the inner 1 and inner 2 copper layersinvisible

« Now your board should look something like:
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F1] F2| F3 F4 F5] FE] F7 F8] Recale.
A atlines
Ready W 2646 i 2085 Mo selection Top

Select areasonably small value for the routing grid such as 10 mils.

We will be routing traces on the top and bottom copper layers, sinceinner 1 and inner 2 were used for the VCC and GND planes. The
currently active layer is shown on the status bar ("Top" in the screenshot above). Pressthe "4" key to switch to the bottom layer (since
there are 4 layers). Pressthe "1" key to switch back to the top layer. Keys"2" and "3" would select the inner layers.

Now select one of the longer ratlines, such asthe onein the lower left from JP4.8 to U1.14. Press F4 ("Route Segment") to start routing.
The cursor should change to a cross-hair, and you will be dragging a trace segment from whichever pin was closest to the cursor when
you pressed F4. Since the active layer is"Top", the trace segment will be colored green. Notice that the angle of the segment will snap to
multiples of 45 degrees.

Place the first vertex in the trace by left-clicking the mouse. Now you will be dragging a new segment from the vertex. Press 4" to
switch to the bottom layer. The segment will become red, and a via should appear at the vertex.

Continue adding segments until you are ready to complete the trace by drawing a segment from the last vertex to the end pin. Press F4
("Complete Segment") to add the last segment, or just left-click on the end pin. Y our trace should look something like the screenshot
below. Notice that | have used a few more segments and vias than necessary.

Now let's try editing the trace which you just drew. Select one of the vertices by clicking onit. A small white box should appear around it
to indicate that it has been selected, and information about the vertex should appear in the status bar. The editing options for avertex are:
o F1("Set Position") - pop up adiaog to set the X and Y coordinates of the vertex explicitly.
o F4 ("MoveVertex") - start moving the vertex by dragging it with the mouse. The snap-angle will not be in effect, but the routing
grid will.
o F5 ("Delete Vertex") - remove the vertex, and unroute the two adjacent segments, which will be replaced by asingle ratline
segment.
o F6 ("Unroute trace") - unroute the entire trace, which will revert to aratline.
o F7 ("Delete Connect") - delete the trace, without replacing it with aratline.
o F8 ("Recalc. Ratlines") - regenerate the ratlines for the net.
Now select one of the trace segments, which should turn white indicating that it has been selected. The editing options for atrace segment
are:
o F1("Set Width") - pop up adialog alowing you to set the width of the net, trace or trace segment.
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o F5 ("Unroute Segment") - replace the segment with aratline.
o F6 ("Unroutetrace") - unroute the entire trace, which will revert to aratline.

o F7 ("Delete Connect") - delete the trace, without replacing it with aratline.

o F8 ("Recalc. Ratlines") - regenerate the ratlines for the net.
. Most of these editing options are fairly self-explanatory, so you can try them out on your own. Try deleting a vertex or trace segment, and

then re-routing the resulting ratline. Ratlines between vertices are routed just like ratlines between pins.
. Now let's change the widths of some traces. Zoom in on the components in the upper left corner, like this:

F

. Thetraces between JP6, D1, R3, C2 and U3 are power traces, so let's make them wider than the default 10 mils. Select the ratline
between JP6.1 and D1.1. The status bar should indicate that thisis net "N00534". Press F1 ("Set Width"). The following dialog should

pop up:
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. Thedrop-down menu for Trace width (mils) has two options, 10 and 15 mils. Lets use 20 milsinstead, by typing "20" directly into the
text box. Note that we have the option of setting our new trace width as the default for the entire net, or just for this connection. We also
have the option of applying our new width to trace segments which have already been routed for the entire net or this connection. Since
thisisthe only connection for net "N00534", it doesn't really matter which options we select, so leave them alone. Click OK to exit the
dialog.

. Now route the trace. Sincethe D1 isan SMT part, the trace segment which connects to D1.1 must be on the top layer. If you start routing
from this pad, the active layer will be automatically set to "Top". If you start routing from JP6.1, which is a through-hole pad, you can
start on either "Top" or "Bottom" but you must be on "Top" to complete the trace to D1.1.

. Insimilar fashion, set the width of the other power traces to 20 mils and route them. Y our board should look like:

F

. Now route the rest of the traces on the board. Feel free to get creative with trace widths and routing if you like. If we were actually going
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to produce the board, it might look something like this.
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6. Tutorial (continued)

6.10 Adding Text
To complete our masterpiece, let's add some text on the top silk-screen layer to identify the board.

. Select Text from the Add menu to pop up the Add/Edit Free Text dialog.

Add/Edit Free Text X|
Texk: |
[ Mirror image Upits | MIL -
Uppercase height IIII—
Lirie widkth

% Use default For height

" Set width ID

Lawver

boktam silk

top copper
boktom copper
inner 1

inner 2

Position

{* Drag to position angle

an
180
X |0 vy |0 270

Ik Cancel |

. Enter "Motor Controller" in the Text field. Make sure that the Units are set to "MIL". Enter 100" in the Uppercase
Height field, as shown below.

™ Set position and angle
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Add/Edit Free Text x|

Text: | Mator Controller

™ Mirror image Units | MIL -
Uppercase height I 100
Line widkh

% Use default For height

™ Set width | 10

Layer

botkom silk

top copper
boktom copper
inner 1

inner 2

Position

{%" Drag to position Angle

Q0
150
x |0 v |0 270

Ik Cancel |

. Click OK. You will find yourself dragging a rectangle which represents the bounding box for the text. Place this
near the bottom of the PCB, and left-click.

™ Set position and angle
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1L

Motor Controller

This completes our PCB layout. Save your work. In the next section, we will create the Gerber and drill files which you
would send to the manufacturer to fabricate your board.
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6. Tutoria (continued)
6.11 Checking Design Rules

Design Rules are a set of rulesthat establish lower limits for dimensions such as trace widths and clearances. They are necessary because the
PCB manufacturing processis subject to certain limitations and tolerances, and the design has to allow for this. For example, you can't use trace
widths of 1 mil in your layout, because it is physically impossible to etch them reliably.

If you are having your PCBs made for you, the board house should provide design rules based on their process. For example, Advanced Circuits
recommends the following for their low-cost process:

Minimum trace width 0.008 inch
Minimum clearance between copper features 0.008 inch
Minimum distance from copper to edge of PCB 0.014 inch
Minimum annular ring width (pins) 0.007 inch
Minimum annular ring width (vias) 0.005inch
Minimum silkscreen line width 0.008 inch

The Design Rule Checker (or DRC) isatool that you can use to make sure that your project doesn't contain any violations of these rules.
These are referred to as DRC Errors. Since your tutorial project may not actually contain any DRC Errors, | would suggest that you close your
project and instead open C:\freepcb\tutorial\motor_drc_errors.fpc, as shown below. This contains several typical errors. Seeif you can spot them.

= FreePCB - motor_drc_errors.fpc® -0 ﬂ
File Edit “iew Project Tools Add Help

O == =N Unitz|mil =] Grids: Vizible |200 *| Placement|10 R Fh:uutinglE *| Ange |45 T

[ zelection
B backaround
O wisible grid
O highlight

O DRC emor
B board outine
B ratline

O top =ik

[ battam silk;
B thpad
I top copper
B innerd

B inner 2

B bottom copper

Pefl-£5)
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Motor-Cantroller

F1] [F2[ Add Fa[Add [F4] Add [FE] [FE] F7] [FB[ Recalc.
Area Text Fart Fiatlines
Ready [x: 3083 [v: -232 Mo selection [Top [ | =

Now let's run the Design Rule Checker. Y ou can launch it by selecting the Tools>Design Rule Check menu item. Thiswill pop up the following

diaog:

Design Rule Check

—Minirmurn distance allowed

Units  |MIL ™
krace width 10
pad ko pad 10
pad to krace 10
trace ko trace 10
hole ko pad or trace 15
hole to hale 25
annular ring {pins)
annular ring (vias)
board edge ko any copper 25

board edge ko hole

T

COpper area to coppet area 10

ous_|

We will modify the fields in the dialog to match the Advanced Circuits values. Trace width should be set to 8 mils. The pad to pad, pad to trace,
trace to trace and copper area to copper area values should be set to 8 mils. The annular ring (pins) values should be set to 7 mils, and the

annular ring (vias) value should be set to 5 mils. The board edge to any copper field should be set to 14 mils. The hole to pad or trace, board

edge to hole and hole to hole values are not given, so let's use 25 mils which seems reasonable. Y our dialog should look like:
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Design Rule Check f. |

—Minimum distance allowed

Units M
krace width
pad to pad
pad ko krace
krace ko trace
hole to pad or trace
hole ko hole
annular ring {pins)
annular ring (vias)

board edge ko any copper 14

[+
on

T

board edge ko hole

oo

COPpEr area to copper area

Check, | Clase

'

Now click OK to run the checker. A new dialog should pop up with alist of errors, as shown below.

Zhecking parts: d
0: IP6,1 pad to board edge (5 mil)
1: IP6.2 pad to board edge (5 mil)

Checking nets and parts:
Z: "NO3791" trace to 1,26 pad (2.8 mil)
3 "N04614" trace ko U1, 16 pad hole (0 mil)

Checking nets:
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Errors 0 and 1 are violations of the minimum clearance between pads and the board edge. Errors 2 and 3 are trace-to-pad violations.If you ook
closely at the layout window, you will see that symbols consisting of small orange rings have been placed at the site of each error, as shown
below.

o : :

Motor—Cantrole

These small circles may be hard to see, but if you pressthe "d" key on the keyboard they become much larger solid circles, as shown.
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o : :

Motor-Cantrolle

Now zoom in on one of the errors, such as the one at U1.16.

Click on the DRC Error ring to highlight it. The PCB elements that caused the violation will aso be highlighted, as shown. Also, a description of
the error will appear in the status bar.
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i

In this case, the error is a clearance violation between pad U1.16 and the trace segment passing through it, which are not on the same net. Oops!
Y ou can fix the error by rerouting the trace to avoid the pad, as shown. Note that the DRC Error symbol doesn't automatically disappear, but you
can delete it by selecting it and pressing the "Delete" key, or by re-running the Design Rule Checker.

~

Now let's zoom in on the DRC Errors on the |eft side of the board, and select one of them.
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In this case, the error is atrace-to-board-edge violation. Actually, there is also a pad-hole-to-board-edge violation at the same point, which you
can seeif you click on the ring again. Basically, the problem is that JP6 is too close to the edge of the board. We can solve the problem by
moving it further to the right, as shown.

I will leave it up to you to find and fix the last error. Then you can run the Design Rule Checker again, which should not find any errors.

Y ou should reload your tutorial project before beginning the next section. When you close the motor_drc_errors.fpc project, | would suggest
that you do NOT save your changes, so you or someone else can use it again in this tutorial.

PREV Table of Contents NEXT
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6. Tutoria (continued)

6.12 Making Gerber and Drill Files

Thefinal step in our tutorial is making the Gerber filesand Drill file which you would send to the PCB
manufacturer. Y ou might want to review Section 4.18: Exporting Gerber and Drill Files before

proceeding.

Select Generate CAM files... from the File menu. "CAM" is an acronym for "Computer-Aided
Manufacturing”. The following dialog should appear.
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Generate Gerber and Drill Files X|
—Files —Gerber file options
I¥ Crill file ¥ Include board outline
v Gerber - top silkscreen v add maoires
W Gerber - bottom silkscreen v &dd laver description text
v Gerber - top solder mask v &dd pilot holes to pads and vias
[v¥ Gerber - bottam solder mask
v Gerber - top copper Hnits fMIL T

f -
I Gerber - bottom capper iZopper ko copper-fill clearance 10

v Gerber - inner 1 COpper

1l e - ey 2 B Hole-edge to copper-fill clearance | 10

™| Gerber - inner 3 coppet Solder mask clearance g

I Gerber - imer 4 copper Pilot hole diameter 10

I Gerber - inner 5 COpEEr

| Epermr - irmr & mmmns Minirnurn silkscreen line width 12
Thermal relief line width 10
Board outline line width g
annular ring widkh (pins) 7
annular ring width {vias) 5

ioukput Folder: I C\freepch_1000_download\projects! TutorialhCam

Create Files | E:xik I

Select the files that you wish to create by checking or unchecking the boxes next to them. Y ou can also
include various items such as the board outline, moiré patterns, layer description text and pilot holesin
the Gerber files. For this project we don't need pilot holes, since we have no intention of drilling the
holes by hand.

Now check the numeric parameters for the Gerber files, and change them if necessary to match the
dialog. Make sure that the Units are mils. The Copper to copper-fill clearance is the space that FreePCB
will create around traces and vias which pass through copper areas. The Hole-edge to copper-fill
clearance is the clearance that will be created around holes through copper areas. The Solder mask
clearance isthe space that FreePCB will |eave around pads in the solder masks. The Minimum
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silkscreen stroke width is the minimum line width that will be used for items on the silkscreen layers.
The Thermal relief line width is the width of the linesin thermal reliefs, which connect pads to copper
areas. The Board outline line width is the width of the lines used to draw the board outline. The Annular
ring width (pins) and Annular ring width (vias) parameters specify the width of annular rings placed
around inner layer pin and via holes for thermal relief connections.

The Output folder is the destination folder for the files which will be created. By default, thisisa
subfolder of the project folder named "CAM". Y ou can changeit if you like. The folder will be created
iIf it doesn't already exist (although its parent folder must exist).

Now click Create files to make the files. The following dialog should appear.

Writing File: "C:\FreePCB\projects! TutoriahCamMidrill_File.drl ;I
Writing File: "C:\FreePCE\projects TutorialhCamMitop_silk. grb"

Writing File: "C:\FreePCE\projects TutorialhCarMibottom_silk.grb"

Wriking file: "C:\FreePCB\projects! TutorialyZaMikop_mask. grb”

Writing File: "C:\FreePCE\projects) TutorialhCarbottorn_rask, grb"

Witing File: "C:\FreePCB\projects! TukoriahCAMitop_copper.grb”

Writing File: "C:\FreePCB\projects TutoriahCaMibottom_copper.grb”

Writing File: "C:\FreePCB\projects! TutoriahCaMlinner _copper_1.grb"

Writing File: "C:\FreePCE\projects! TutoriahCamMiinner _copper_2.arb"

i Ny

ok |

If there were any errors, messages will appear in the dialog. Usually, an error will result in FreePCB
aborting that file and going on to the next one. Click OK to dismiss the dialog.

Now you can view your Gerber and drill files using a Gerber Viewer such as ViewM ate by Pental ogix
(which isfree, and available here). ViewMate can also print check plots on your printer. Y ou should
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ALWAY S check your files before using them to make a PCB. Also, read Section 4.173: Drill Sizesfor
important information about the drill file.

Screenshots of the Gerber files for the top silk-screen, top copper and inner 1 copper layers of our
tutorial project are shown below. These ook pretty crude in the screenshots. To appreciate just how

precise they really are, you should open your own filesin ViewMate and zoom in on some of the smaller
features.

. Motor Controller ..

Top Silkscreen
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|

Top Cepper Laver

E RN TR R R EE NN
(RN NN NN N W]
ae eS8 BE ¥

o

@ Inner 1 Copper Layer
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7. License

Copyright notice:

FreePCB: a PCB | ayout editor
Copyright (C 2003, 2004 by Allan Wi ght

This programis free software; you can redistribute it and/or
nodify it under the terns of the GNU General Public License

as published by the Free Software Foundation; either version 2
of the License, or (at your option) any |ater version.

This programis distributed in the hope that it will be useful,
but W THOUT ANY WARRANTY; w t hout even the inplied warranty of
MERCHANTABI LI TY or FI TNESS FOR A PARTI CULAR PURPCSE. See the
G\NU General Public License for nore details.

You shoul d have received a copy of the GNU General Public License

along with this program if not, wite to the Free Software
Foundation, Inc., 59 Tenple Place - Suite 330, Boston, MA 02111-1307, USA.

The full terns and conditions of the GNU General Public License can be vi ewed here.

PREV Table of Contents
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