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Tech Explorations offers educational courses and Bootcamps for
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Peter has developed a simple yet comprehensive style in teaching that
students from all around the world appreciate.

His passion for technology and the world of DIY open-source hardware,
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About Tech Explorations

Tech Explorations creates educational products for students and
hobbyists of electronics who rather utilize their time making awesome
gadgets instead of searching endlessly through blog posts and Youtube
videos.

We deliver high-quality instructional videos and books through our
online learning platform, txplore.com.

Supporting our students through their learning journey is our priority,
and we do this through our dedicated online community and course forums.

Founded in 2013 by Peter Dalmaris, Tech Explorations was created after
Peter realised how difficult it was to find high-quality definitive guides for the
Arduino, written or produced by creators who responded to their reader
questions.

Peter was frustrated having to search for Youtube videos and blog
articles that almost never seemed to be made for the purpose of conveying
knowledge.

He decided to create Teach Explorations so that he could produce the
educational content that he wished he could find back then.

Tech Explorations courses are designed to be comprehensive, definitive
and practical. Whether it is through video, ebook, blog or email, our delivery
is personal and conversational.

It is like having a friend showing you something neat... the "AHA"
moments just flow!

Peter left his career in Academia after his passion for electronics and
making was rekindled with the arrival of his first Arduino. Although he was
an electronics hobbyist from a young age, something that led him to study
electrical and electronics engineering in University, the Arduino signalled a
revolution in the way that electronics is taught and learned.

Peter decided to be a part of this revolution and has never looked back.

We know that even today, with all the information of the world at your
fingertips, thanks to Google, and all the components of the world one click
away, thanks to eBay, the life of the electronics hobbyist is not easy.

Busy lifestyles leave little time for your hobby, and you want this time
to count.

We want to help you to enjoy your hobby. We want you to enjoy
learning amazing practical things that you can use to make your own
awesome gadgets.



Electronics is a rewarding hobby. Science, engineering, mathematics,
art, and curiosity all converge in a tiny circuit with a handful of components.

We want to help you take this journey without delays and frustrations.

Our courses have been used by over 70,000 people across the world.

From prototyping electronics with the Arduino to learning full-stack
development with the Raspberry Pi or designing professional-looking printed
circuit boards for their awesome gadgets, our students enjoyed taking our
courses and improved their making skills dramatically.

Here's what some of them had to say:

"I'm about half way through this course and I am learning so much. Peter is
an outstanding instructor. I recommend this course if you really want to learn about
the versatility of the amazing Raspberry Pi” -- Scott

"The objectives of this course are uniquely defined and very useful. The instructor
explains the material very clearly.” -- Huan

"Logical for the beginner. Many things that I did not know so far about Arduino but
easy to understand. Also the voice is easy to understand which is unlike many courses
about microcontrollers that I have STARTED in the past. Thanks” -- Anthony

Please check out our courses at techexplorations.com and let us be part
of your tech adventures.



From the back cover

Printed circuit boards (PCBs) are, perhaps, the most undervalued
component of modern electronics. Usually made of fibreglass, PCBs are
responsible for holding in place and interconnecting the various components
that make virtually all electronic devices work.

The design of complex printed circuit boards was something that only
skilled engineers could do. These engineers used expensive computer-aided
design tools. The boards they designed were manufactured in exclusive
manufacturing facilities in large numbers.

Not anymore.

During the last 20 years, we have seen high-end engineering capabilities
becoming available to virtually anyone that wants them. Computer-aided
design tools and manufacturing facilities for PCBs are one mouse click away:.

KiCad is one of those tools. Perhaps the world’s most popular (and
best) computer-aided design tool for making printed circuit boards, KiCad is
open source, fully featured, well-funded and supported, well documented. It
is the perfect tool for electronics engineers and hobbyists alike, used to create
amazing PCBs. KiCad has reached maturity and is now a fully featured and
stable choice for anyone that needs to design custom PCBs.

This book will teach you to use KiCad. Whether you are a hobbyist or
an electronics engineer, this book will help you become productive quickly,
and start designing your own boards.

Are you a hobbyist? Is the breadboard a bottleneck in your projects? Do
you want to become skilled in circuit board design? If yes, then KiCad and
this book are a perfect choice. Use KiCad to design custom boards for your
projects. Don’t leave your projects on the breadboard, gathering dust and
falling apart.

Complete your prototyping process with a beautiful PCB and give your
projects a high-quality, professional look.

Are you an electronics engineer? Perhaps you already use a CAD tool
for PCB design. Are you interested in learning KiCad and experience the
power and freedom of open-source software? If yes, then this book will help
you become productive with KiCad very quickly. You can build on your
existing PCB design knowledge and learn KiCad through hands-on projects.

This book takes a practical approach to learning. It consists of four
projects of incremental difficulty and recipes.



The projects will teach you basic and advanced features of KiCad. If you
have absolutely no prior knowledge of PCB design, you will find that the
introductory project will teach you the very basics. You can then continue
with the rest of the projects. You will design a board for a breadboard power
supply, a tiny Raspberry Pi HAT, and an Arduino clone with extended
memory and clock integrated circuits.

The book includes a variety of recipes for frequently used activities. You
can use this part as a quick reference at any time.

The book is supported by the author via a page that provides access to
additional resources. Signup to receive assistance and updates.



How to read this book

I designed this book to be used both to learn how to use KiCad, and as a
reference.

All examples, descriptions and procedures are tested on the production
release of KiCad 5.0.

In January 2020, I updated several parts of this book to better reflect the
newer version of KiCad, version 5.1, that was available at the time. In Part 2 of
this book, I have added a new chapter that summarises the most important
differences between KiCad 5.0 and 5.1.

If you have never used KiCad and have little or no experience in PCB
design, I recommend you read it in a linear fashion. Don’t skip the early
chapters in parts 1, 2 and 3, because those will set the fundamental knowledge
on which you will build your skill later in the book. If you skip those chapters,
you will have gaps in your knowledge that will make it harder for you to
progress.

If you have a good working knowledge of PCB design, but you are new to
KiCad, you can go straight to Part 2, zoom through it very quickly, and then
proceed to the projects in Part 4.

Once you have the basic KiCad concepts and skills confidently learned,
you can use the recipes in Part 5 as a resource for specific problems you need
solved. These recipes are useful on their own. Throughout the text, you will
also find prompts to go to a particular recipe in order to learn a specific skill
needed for the projects.

Images: Throughout this book, you will find numerous figures that contain
screenshots of KiCad. To create these screenshots, I used KiCad 5.0.0 running
on Linux Ubuntu (I have updated some chapters with screenshots and
descriptions from KiCad 5.1.5). If you are using KiCad under Windows or
Mac OS, do not worry: KiCad works the same across these platforms, and
even looks almost the same.

Although I took care to produce images that are clear, there are cases where
this was not possible. This is particularly true in screenshots of an entire
application window, meant to be displayed in a large screen. The role of these
images is to help you follow the instructions in the book as you are working

on your computer. There is no substitute to experimenting and learning by



doing, so the best advice I can give is to use this book as a text book and
companion. Whenever you read it, have KiCad open on your computer and
follow along with the instructions.

This book has a web page with resources designed to maximise the value it
delivers to you, the reader. Please read about the book web page, what it
offers and how to access it in the section 'The book web page', later in this
introductory segment.

Finally, you may be interested in the video course version of this book. This
course spans over 17 hours of high-definition video, with detailed
explanations and demonstrations of all projects featured in the book. The
video lectures capture techniques and procedures that are just not possible to
do so in text.

Please check in the book web page for updates on this project. Be sure to

subscribe to the Tech Explorations email list so I can send you updates.



Requirements

To make the most out of this book, you will need a few things. You
probably already have them:

¢ A computer running Windows, Mac OS or Linux.
e Access to the Internet.

* A mouse with at least two buttons and a scroll wheel. I use a Logitech MX

* Ability to install software.
e Time to work on the book, and patience.


https://amzn.to/2ClySq0

The book web page

As a reader of this book, you are entitled access to its online resources.

You can access these resources by visiting the book’s web page at http://

txplo.re/klpr.

The available resources are:

1.  Alink to the book forum. The forum is a place where you can ask
book-related questions and have a conversation about your projects. I
spend time in the forum weekly, answering questions and participating
in discussions.

2. Errata and error report form. As I correct bugs, I post information about
these corrections in this page. Please check this page if you suspect that
you have found an error. If you have found an error that is not listed in
the errata page, please use the error report form in the same page to let

me know about it.

3. Downloadable resources. Download all photos, screenshots and
illustrations from the book in this Google Photos album, as well as the
illustrations and schematic files from the book. All of these resources in
high-definition.

From time to time, I will be posting additional KiCad resources and
updates on the Tech Explorations website. These updates will be available
through the Blog (https:/ /techexplorations.com/blog/) or the KiCad guide
pages (txplo.re/829¢9). By subscribing to the Tech Explorations email list,

you’'ll be sure to receive my regular book updates and news. The subscription

form is here: https: / /techexplorations.com /subscribe /.



http://txplo.re/klpr
http://txplo.re/klpr
https://techexplorations.com/blog/
https://techexplorations.com/subscribe/

Table of Contents

An introduction: Why KiCad? 11
Part 1: A quick introduction to PCB design___________.__ . .. 15
1. WhatisaPCB?> 16
2. The PCB design proCess. 22
3. Fabrication. 25
4. Installation. 27
5. Examples of KiCad projects. 31
Part 2: A hands-on tour of KiCad with a very simple project________ . . 38
6. Introduction to this section. 39
6.1. Main differences between KiCad 5.0 and5.1.________ 40
7.StartkiCad. 44
8. Schematic design in Eeschema_________ ... . 47
8.1. The schematic sheet 47
Page layout descriptionfile . . 50

8.2. Mouse buttons and hotkeys . 50
8.3. Eeschema buttons and menus.____ 53
Left toolbar ... 53

Right toolbar 56
Component selector 57

Power port selector 59

Wiring and delete tools______ . . 60
Junctiontool 62

Texttool 64

Graphics line tool 66

TOp to0IbaT 67
statusbar 80
MeeNUsS. 82

9. Layoutin Pcbnew 85
9.1. The user interface. ... 86
9.2. The layout sheet 87
9.3. Mouse buttons and hotkeys 89
9.4. Pcbnew toolbars and menus_ 95
Left toolbar ... 96

Top toolbar 98
Import the Netlist 99



Move footprints 100

Design Rules Check (DRC). . 102

Plot for Gerbers. 107

Layer choOSer 109

Right toolbar 111
Standard mode. 112

Net highlighter 113

Add footprint 114

Wi 118

Fill zones and keepoutareas_ . . . . 121

BAge CUt 122

GraphiCs 129

Text 132

Layers manager 136
Statusbar.______ 137
Meenus. 139

Part 3: Design principles and basic concepts . 164
10. About thisPart 165
11. Schematic symbols. 166
12, PCB ey OIS 168
121.FR4 168
12. 2. Trace. 168
12.3. Padsand holes. 170
124.Via_________ 172
12,5, Annular ring 173
12.6. Soldermask 174
12.7. Silkscreen. 174
12.8. Drill bit and dit hit. ... 175
12.9. Surface mounted devices 176
12.10. Gold Fingers 176
12.11. Panel .. 177
12.12. Solder paste and paste stencil .. 178
12.13. Pick-and-place. 180

13. Schematic design workflow._____ 182
13,1, Step 1. Setup. 182
13.2. Step 2. Symbols. 184
13.3. Step 3. Place and annotate symbols_____ .. ... 185
13.4. Step 4. Wire 185



13.5. Step 5. N S 186
13.6. Step 6. Electrical Rules Check 187
13.7. Step 7. Comments, 187
13.8. Step 8. Netlist 188

14. PCB layout Workflow . 190
141, Step 1. SetUD . 191
14.2. Step 2. Outline and mechanical constraints.__________ ... . 194
14.3. Step 3. Placement of components__________ . 196
14.4. Step 4. ROUtING. 198
14.5. Step 5. Copper fills. 199
14.6. Step 6. Silk SCreen. 201
14.7.Step 7. Design Rules Check 203
14.8. Step 8. Manufacturing. 204

15. Additional design considerations______ . . 206
15.1. Shape and Size 206
I\ 208
15.3. Traces. 209
Length 209
ANl OS 209
Weigt 209
width 210
PrOXIm Ity 210

Part 4: ProJeCtS 211
16. About this Part 212
17. Project 1: Design a simple breadboard power supply PCB_____ . 213
17.1. Walk through a simple project . 213
What you will build and listof parts____________ . 213

What youwill learn. 217
Project 1ePOSItOTY . 218

17.2. Schematic design: Eeschema___________________ . 219
SteD 1t SO U, 220

Step 2: SymbOlS, 220

Step 3: Arrange, Annotate, Associate. ... 224

Step 4: WITING 231

St 5 NS 233

Step 6: Electrical Rules Check_ . 235

Step 7: Comments, 236

Step 8: Netlist 237



17.3. Footprint layout in Pcbnew

Step 1: Setup

Step 2: Outline and constraints

Step 3: Place components.

18.3. Project repository

18.4. Schematic design in Eeschema

Step 1: Setup
Step 2: Symbols

Step 1: Setup

Step 2: Outline and constraints

Step 3: Place components.

19. Project 3: Arduino clone with build-in 512K EEPROM and clock__
19.1. Project details
19.2. Project repository

19.3. Schematic design in Eeschema

Step 1: Setup

Step 2: Symbols

237
238
242
245
247
250
252
256
257
258
259
259
260
260
261
261
261
264
268
270
272
272
272
273
273
274
276
276
278
279
281
282

285

285
288
288
288
288



21

22.
23.
24.
25.
26.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.

Creating copper fills
How to calculate the width of a trace

Mounting holes and openings___________... ...
Creating a new component (symbol)
Modifying an existing component (symbol)
Creating a new footprint - manually

Creating a new footprint - using the footprint wizard

Using an autorouter

How to create a bill of materials (BoM)



43. How to use hierarchical sheets 420

44. How to use differential pairs___ . . . 424
45. Interactive router 429
46. Creating unique board edge cuts________ . . 433
47. Using Git for version control . . . 438
48. Creating a multi-layer PCB___ 448
49. How tousebuses 453
50. How to update your schematic and layout (with Git) . ... 457
51. Starting KiCad apps individually. 461
52. Creating a new version of a PCB without altering the original ________. 463
53. Making a PCB without a schematic_________ .. ... 470
54. How to seta texteditorand why_ . 472
55. How to install 3D shapes. 474
56. How to change footprint in Pcbnew and back-import footprint symbol

associations to Eeschema. 476
57. How to import a 3D shape from Grabcad.com__________ . .. 484

58. How to import symbols, footprints and 3D shapes from Snapeda.com
490

59. How to change text and graphic properties in bulk (Pcbnew) 501
Part 6: Content by external authors________.._... ... . . 505
60. What is the meaning of the layers in Pcbnew and in the footprint
editor? (by Rene POschl) 506
61. Power pins in multi unit symbols (Marc Nijdam)__________....._._.... ... 510
61. KLC RULE F5.3 521

10



An introduction: Why KiCad?

Since KiCad first appeared in the PCB CAD world in 1992, it has gone
through 5 major versions, and evolved into a serious alternative to
commercial products. Once thought clunky and barely usable, it is now a
solid, reliable CAD application. While it is true that KiCad is still behind its
commercial competitors in specific areas,’ I believe that the benefits we get
from truly free (‘free” as ‘free and open source?” ) software are worth the
trade-off in polish and finish.

One of those benefits is KiCad'’s very active and growing community of
users and contributors. KiCad has a dedicated developer team, supported by
contributing organisations such as CERN, the Raspberry Pi Foundation,
Arduino LLC, and Digi-Key Electronics. The community is also active in
contributing funds to cover development costs. A fund-raising campaign
covered the requested amount by 160%, ensuring 600 hours of development
towards KiCad version 6. These alone, to a large extent, guarantee that
KiCad'’s development will accelerate, and will continue to in the future.

Next to the core team, are the people that make the KiCad community.
These people support the KiCad project in various ways: writing code,
sharing libraries, helping others learn. Over the last five years, I have seen an
explosion of interest in KiCad. As a consequence, the Internet is flooded with
relevant resources: guides, tutorials, libraries, scripts. Manufacturers have also
taken notice. Many of them now publish tutorials, explaining how to order
your boards. Some have even made it possible to do so by uploading a single
file from your KiCad project instead of having to generate multiple Gerber
files, making you prone to make simple errors because of the multiple export
options of this process.

Why do I use KiCad? I'm glad you asked. First, let’s look at my

background. I am an electrical engineer with a background in electronics and

! An example is KiCad’s library manager, traditionally the topic of complaints and the reason
of a lot of headaches. With version 5, however, library management is far better than it used to be.

Another area when KiCad is still behind some of the alternatives is in collaborative tools and
workflows for teams. With source control systems like Github, however, KiCad collaborative projects
are possible.

2 Learn about Free and Open Source Software: https:/ /en.wikipedia.org/wiki/
Free_and_open-source_software
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computer engineering. Above all, I am an educator and electronics hobbyist.
The majority of my PCB projects eventually find themselves in my books and
courses. My projects are very similar to those of other hobbyists, in terms of
complexity and size. I make things for my Arduino and Raspberry Pi courses.
It could be an Arduino clone, or shield, a Raspberry Pi HAT, or a stand-alone
relay board, power supply or motor controller. Nothing I would brag about.
As a hobbyist, KiCad proved to be the perfect tool to me. But I do plan to
design bigger and better boards.

This is why I decided not to use another excellent tool, Fritzing. In KiCad, I
saw a lot of benefits, without any show-stopping problems. I will list and
briefly discuss my top 10 KiCad benefits here.

Benefit 1: KiCad is open source. To me, this is very important, especially as
I find myself spending more time creating new and more complicated boards.
Open source, by definition, means that the code base of the application is
available for anyone to download and compile on their computer. It is why
technologies such as Linux, Apache, and Wordpress essentially run the
Internet (all of them open source). While I am not extreme in my choices
between open source and closed source software, whenever a no-brainer open
source option does appear, like KiCad, I take it.

Benefit 2: It is free! This is particularly important for hobbyists. CAD tools
can be expensive. Without a revenue resulting from the hobby capable of
supporting the licensing fees, it is hard to justify hundreds of dollars spent,
especially when there are viable alternatives. Which brings me to Benefit 3...

Benefit 3: KiCad is unlimited. There are no ‘standard’, “premium’ and
‘platinum’ versions to choose from. It’s just a download, and you get
everything. While there are many free commercial PCB tools, there are always
restrictions on things like how many layers and how big your board can be,
what can you do with your board once you have it, who can manufacture
your board, and much more. I'll say again: KiCad is unlimited! This is so
important, that I choose to pay a yearly donation to CERN that is higher than
the cost of an Autodesk Eagle license to do my part in helping to maintain
this.

Benefit 4: KiCad has awesome features. Features such as interactive
routing, length matching, and differential routing, are professional-grade.

While you may not need to use some of them right away, you will use them

12



eventually. Features that are not included “in the box” can be added through
third-party add-ons, one of the benefits of open source. The autorouter is one
example. The ability to automate workflows and extend capabilities through
Python scripts is another.

Benefit 5: KiCad is continually improved. Especially since CERN & Society
Foundation became involved in their current capacity, I have seen a very
aggressive and successfully implemented roadmap. At the time of writing
this, KiCad 5 is about one month old (it was released in early August, 2018).
The funding for KiCad 6 is complete, and the road map living document
published. When I'look at this roadmap, I get very excited: an improved and
modernised user interface, improvement in the schematic editor and the
electrical rules checker (hopefully, with better error messages), better net
highlighting, and much more, are in the works right now.

Benefit 6: KiCad’s clear separation of schematic and layout is a bonus to
learning and using it. Users of other PCB applications often find this
confusing, but I really believe that it is an advantage. Schematic design and
layout design are truly two different things. You can use them independently.
I often create schematic diagrams for my courses that I have no intention in
converting into PCBs. I also often create multiple versions of a board, using
the same schematic. This separation of roles makes both scenarios easy.

Benefit 7: I can make my boards anywhere: I can upload my project to any
online fabricator that accepts the industry-standard Gerber files; I can upload
it to an increasing number of fabricators that accept the native KiCad layout
file; and, of course, I can make them at home using an etching kit (I do not
cover this option in this book).

Benefit 8: KiCad works anywhere. Whether you are a Mac, Windows or
Linux person, you can use KiCad. I actually use it on all three platforms.

Benefit 9: KiCad is very configurable. You can assign your favourite
keyboard hotkeys and mapping, and together with the mouse customisations,
you can fully adapt it to you preferences.

Benefit 10: If you are interested in creating analog circuits, you will be
happy to know that KiCad now has integration with Spice. You can draw the
schematic in Eeschema, and then simulate it in SPICE, without leaving KiCad.

When I need to simulate an analog circuit, I normally use iCircuit, an excellent

13



desktop app. But I do plan to start using KiCad and Spice for this kind of
work.

These are the ten most important reasons for which I have chosen KiCad as
my tool of choice for designing PCBs. These reasons might not be right for
you, but I hope that you will consider reading this book first before you make
your own decision.

In this book, I have packed almost everything I have learnt as a KiCad user
over the last four years. I have organised it in a way that will make learning
KiCad quick. The objective of this book is to make you productive by the time
you complete the first project, in part 4.

If you come from another PCB CAD tool and are already experienced in
designing PCBs, I only ask that you have an open mind. KiCad is most
certainly very different to the tool that you are used to. It looks different, and
it behaves differently. It will be easier to learn it if you consciously put aside
your expectations, and look at KiCad like a beginner would. As per the Borg
in Star Trek, 'resistance is futile', and in learning, like in so many other aspects
of life, you are better off if you just go with the flow.

Let’s begin!

14



Part 1: A quick introduction to PCB
design
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1. What is a PCB?

As a child, I remember that my interest in electronics grew from
admiration of what these smart engineers had come up with, to curiosity
about how these things worked. This curiosity led me to use an old
screwdriver that my dad had left in a drawer (probably after fixing the hinges
on a door), to open anything electronic with a screw large enough for the
screwdriver to fit in.

A record player, a VCR, a radio. All became my victims. I am still
amazed that a charged capacitor didn't electrocute me. At least, I had the good
sense to unplug the appliances from the mains. Inside those devices, I found
all sorts of amazing things. Resistors, transformers, integrated circuits,
displays.

All of those things were fitted on small boards, like the one in Figure

1.1. This is an example of a printed circuit board, or PCB, for short.
Silkscreen
for markingg
and

Pads for decorations

surface mounted
components

Pads for
through-hole
components

/ /
".Jrack (Or tréce for
conngctioh) 4

Figure 1.1: The top side of a printed circuit board.

Let's have a look at the components of a PCB, what a PCB looks like and
the terminology that we use. The example PCB is one I made for one of my
courses (Figure 1.1).

The top side of the PCB is the side where we place the components. We
can place components on the bottom side too; however this is unusual.

In general, there are two kinds of components: through hole or surface
mounted components. Through hole components, are attached on the PCB via
inserting the leads or the pins through small holes, and using hot solder to
hold them in place. In the example pictured in Figure 1.1, you can see several
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holes into which you can insert the through-hole component pins. The holes
extend from the top side to the bottom side of the PCB, and plated with a
conductive material, such as tin, or in this case, gold. We use solder to attach

and secure a component through its lead onto the pad that is surrounding the
hole (Figure 1.2).

\

Figure 1.2: A through-hole omponent attached to a PCB.

If you wish to attach a surface-mounted component, then instead of
holes, you attach the component onto the surface of the PCB using tin-plated
pads. You will use just enough solder to create a solid connection between the
flat connector of the component and the flat pad on the PCB (Figure 1.3).

Figure 1.3: A surface-mounted component attached to a PCB.

Next, is the silkscreen. We use the silkscreen for adding text and
graphics. The text can provide useful information about the board and its

components. The graphics can include logos, other decorations, and useful
markings.

Figure 1.4: The white letters and lines is the silkscreen print on this PCB.
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In Figure 1.4, you can see here that I've used white boxes to indicate the
location of various components. I've used text to indicate the names of the
various pins, and I've got version numbers up there. It's a good habit to have a
name for the PCB and things of that sort. Silkscreen goes on the top or the
bottom of the PCB.

Sometimes, you may want to secure your PCB onto a surface. To do
that, you can add a mounting hole. Mounting holes are similar to the other
holes in this board, except that they don't need to be tinned. You can use a
screw and a nut and bolt to the other side so that the PCB is secured inside, for
example, a box.

Next are the tracks. In this example (Figure 1.5), they look red because
of the color of the masking chemical used by the manufacturer.

Tracks are made of copper, and they electrically connect pins or
different parts of the board. You can control the thickness of a track in your
design. Tracks can also be referred to as “traces’.

Notice the small holes that have no pad around them? These are called
‘vias.” A vialooks like a hole but is not meant to be used to mount a
component on it. A viais used to allow a track to continue its route to a
different layer. If you're using PCBs that have two or more layers, then you
can use vias to connect a track from any one of the layers to any of the other
layers. Vias are very useful for routing your tracks around the PCB.

The red substance that you see on the PCB is the solder mask. It does a
couple of things. It prevents the copper on the PCB from being oxidised over
time. The oxidisation of the copper tracks negatively affects their conductivity.
The solder mask prevents oxidisation.

Another thing that the solder mask does is to make it easier to solder by
hand. Because pads can be very close to each other, soldering would be very
difficult without the solder mask. The solder mask prevents hot solder from
creating bridges between pads because it prevents it from sticking on the
board. (Figure 1.6). The solder mask prevents bridges because solder cannot
bond with it.
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7 @M 3
Figure 1.6: A solder bridge like this one is a defect that solder mask helps in preventing.

Often, the tip of the solder, the soldering iron is almost as big or
sometimes as bigger than the width of the pads, so creating bridges in those
circumstances is very easy and solder mask helps in preventing that from
happening.

In Figure 1.7 you can see an example of the standard 1.6mm thick PCB.

L

Figure 1.7: This PCB has a thickness of 1.6mm, and is made of fiberglass.

Typically, PCBs are made of fiberglass. The typical thickness of the PCB
is 1.6 millimeters. In this close-up view of a PCB picture (Figure 1.8), you can
see the holes for the through-hole components. The holes for the through hole
components are the larger ones along the edge of the PCB. Notice that they are
tined in the inside, electrically connecting the front and back.

W e ’ A

_ ‘},‘1’
Figure 1.8: A closeup view of the top-layer.

In Figure 1.8 you can see several vias (the small holes) and tracks, the
red solder mask, and the solder mask between the pads. In this close up, you
can also see the detail of the silkscreens. The white ink is what you use in the
silkscreen to create the text and graphics.

Figure 1.9 is interesting because it shows you a way to connect grounds
and VCC pads to large areas of copper which is called the copper fill.
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Thermal
relief

Figure 1.9: Thermal relief COI‘;;S a pad to a copper region.

In Figure 1.9, the arrow points to a short segment of copper that
connects the pad to a large area of copper around it. We refer to this short
segment of copper as a 'thermal relief.' Thermal reliefs makes it easier to
solder because the soldering heat won’t be dissipated into the large copper
area.

Figure 1.10 gives a different perspective that allows to appreciate the
thickness of the tracks.

.

4 :
Figure 1.10: The plating of the holes covers the inside of the hole, and connects that front end with the
back end.

Notice the short track that connects the two reset holes (RST)? The light
that reflects off the side of the track gives you an idea of the thickness of that
copper which is covered by the purple solder mask.

In this picture, you can also see a very thin layer of gold that covers the
hole and the pad and how that also fills the inside of the hole. This is how you
electrically have both sides of the hole connected.

Instead of gold plating, you can also use tin plating in order to reduce
the manufacturing costs.
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Figure 1.11: A details of this example board at 200 times magnification.

The image in Figure 1.11 is at 200 times magnification. You can see a
track that connects two pads, and the light that reflects off one side of the
track.
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2. The PCB design process

To design a printed circuit board, you have to complete several steps,
make decisions, and iterate until you are satisfied with the result. Because you
are creating something that must be able to perform a specific operation (or
multiple operations) well, your design work must be of high quality, safe, and
manufacturable. There is no point designing a PCB that can’t be
manufactured.

Apart from the practical considerations of designing a PCB, there are
also the aesthetic ones. You want your work to look good, not just to function
well. Designing a PCB, apart from being an engineering discipline, is also a
form of art.

In this book, you will learn about the technical elements of designing a
PCB in KiCad, but I am sure that as you start creating your PCBs, your artistic
side will emerge. Over time, your PCB will start to look uniquely yours.

PCB design is concerned with the process of creating the plans for a
printed circuit board. It is different from PCB manufacturing. In PCB design,
you learn about the tools, process, and guidelines useful for creating such
plans. In PCB manufacturing, on the other hand, you are concerned about the
process of converting the plans of a PCB into the actual PCB.

As a designer of printed circuit boards, it is useful to know a few things
about PCB manufacturing, though you surely do not need to be an expert. You
need to know about the capabilities of a PCB manufacturing facility so that
you can ensure that your design does not exceed those capabilities and that
your PCBs are manufacturable. PCB manufacturers will supply “design rules”
which specify the dimensions and tolerances they can meet. For example, they
may require that all traces be a minimum of 5 thousandths of an inch wide.

As a designer, you need to have an understanding of the design
process, and the design tools. To want to design PCB, I assume that you
already have a working knowledge of electronics. Designing a PCB, like much
else in engineering, is a procedural and iterative process that contains a
significant element of personal choice. As you build up your experience and
skills, you will develop your unique designing style and process.

While a personalised design process contains unique elements, it still
follows the generic process you will learn about in this book. I distilled this
process by drawing from my own experience and learning from other
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people’s best practices. I also tried to simplify this process and make it
suitable for people new to PCB design.

Since, in this book, you will be using KiCad, I have created a schematic
that shows the PCB design process using KiCad terms and tools. You can see
it in Figure 2.1.

The Kicad design workflow

A4 Schematic
m'—' Eeschema library
editor

PCB
footprint
editor

Netlist

Design
Rules
Check

Footprint
library
editor

Pcbnew

e B e
Figure 2.1: The KiCad design workflow.

From a very high-level perspective, the PCB design process only has
two major steps:

1. it starts with a schematic diagram;
2. it ends with the layout.

The goal of the design is to create the layout. The layout is a file that
contains information about your board, which the manufacturer can use to
create the board. The layout must contain information about the size and
shape of the board; its construction (such as how many layers it must have);
the location of the components on the board, the location of various board
elements, like pads, holes, traces and cutouts; the features of these elements
(such as the sizes of holes and traces); and much more (which you will learn
in detail later in this book).

When we bring this generic process to KiCad, we can map it to the
elements that you see in Figure 2.1.

The process begins with Eeschema. In Eeschema you create the
electrical schematic that describes the circuit that eventually will be
manufactured into the PCB. You draw the schematic by selecting symbols
from the library and adding them to the schematic sheet. If a component that
you need doesn’t exist in the library, you can create it using the schematic
library editor.

Running regular electrical rules checks helps to detect defects early.
Eeschema has a build-in checker utility for this purpose, as has Pcbnew, the
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layout editor. These utilities help to produce PCBs that have a low risk to
contain design or electrical defects.

There are two things that you need to do before we go to Pcbnew:

1. associate the components in Eeschema with footprints;

2. create the netlist file, which contains information that Pcbnew
needs to set up the layout sheet. The netlist file is what connects Eeschema
and Pcbnew.

A symbol is a graphical representation of a real component in the
schematic; it does not have a physical counterpart. However, in the layout
editor (Pcbnew), everything is real in the sense that it has a real-world
counterpart. Therefore, you, as the designer, must associate the symbol with a
footprint. The footprint is a real thing; it represents resistors, switches, and
pads on the PCB. This allows us to match schematic components with
footprint modules.?

Once you have created the associations between symbols and modules,
you will then export the Netlist file from Eeschema. Then, you'll import the
netlist into Pcbnew, and all the footprints that you associated in Eeschema will
appear in a new sheet so you can start working on the layout.

You use Pcbnew to position the footprints on the sheet and wire them.
Wiring can be very time-consuming, especially for large boards. It is possible
to use tools that do the wiring automatically, a capability that can significantly
reduce the layout time.

Once you have your PCB laid out and have its traces completed, you
can go ahead and do the design rules check. This check looks for defects in the
board, such as a trace that is too close to a pad or two footprints overlapping.

Note that different PCB manufacturers may have different capabilities,
and /or they may offer enhanced capabilities for a higher price. If you are
designing a complex board with densely packed components, you may want
to shop around to find a manufacturer with suitable design rules for your
needs.

When you are finished working on the layout, you can continue with
the last step which involves exporting the layout information in a format that
is compatible with your board manufacturer’s requirement. The industry
standard for this is a format called ‘Gerber.” Gerber files contain several
related files, with one Gerber file per layer on your PCB, and contain
instructions that the fabrication house needs to manufacture your PCB.

Let’s move on to the next chapter where we’ll talk about fabrication.

3 In KiCad, a schematic contains symbols, and a layout contains footprints.
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3. Fabrication

Imagine that you have finished with laying out your board in KiCad
and you're ready to make it. What are your options? One option is to make
your PCBs at home. There’s a guide available on the Fritzing website, at:

http:/ / fritzing.org /learning / tutorials / pcb-production-tutorials / diy-
pcb-etching /.

The process described in the Fritzing guide is called etching. It involves
the use of various chemicals, in chemical baths. Some of these chemicals are
toxic. You have to have special safety equipment, and keep your children and
pets away. The process emits smelly and potentially dangerous fumes. Once
you have your board etched, you still need to use a drill to make holes and
vias, and then figure out a way to connect your top and bottom layers.

If this sounds like not your kind of thing (I'm with you!), then you can
opt for a professional PCB manufacturer service. PCBWay, OSH Park and
other manufacturers like ExpressPCB and Seeed Studio are very good at what
they offer.

You can get a professionally made PCB around $15 for several copies,
and without danger to yourself as well. I've used OSHPark (great for
beginners thanks to its straightforward user interface) and PCBWay (great for
more advanced projects that need a large array of manufacturing options)
extensively. I'm always happy with the result. Using an online manufacturer
does take a little bit of planning because once you order your PCBs it can take
up to several weeks for them to be delivered. If you're in a hurry there are
options to expedite the process if you are willing to pay a premium.

The typical small standard two-layer order costs around $10 for a two
square inch board; you get three copies of that. This price works out to around
$5 per square inch. The pricing is consistent in the industry, where the main
cost factor is the size of the PCB. There is a strong incentive to make your
PCBs as small as possible. Be aware of this when you design your layout.
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o 16-LED_gerber [N
Boo s o

Name ~ Date Modified Size Kind

16-LED-B_Cu.gbl
16-LED-B_Mask.gbs
16-LED-B_SilkS.gbo
16-LED-Edge_Cuts.gm1
16-LED-F_Cu.gtl
16-LED-F_Mask.gts
16-LED-F_SilkS.gto
16-LED.drl

Lo
e
<

8 items, 49.46 GB available

Figure 3.1: An example of the Gerber files that the manufacturer will need in order to make your PCB.

Now, let’s turn our attention to the files that you need to upload for
these services — and the files are Gerber files. Each layer on your PCB has its
own Gerber file which is simply a text file. Figure 3.2 shows the contents of an

example Gerber file.

Go4 #@! TF.FileFunction,Soldermask,Botx
%FSLAX46Y4654%

Go4 Gerber Fmt 4.6, Leading zero omitted, Abs format (unit mm)x
GO4 Created by KiCad (PCBNEW (2015-07-06 BZR 5891, Git 351914d)-product) date
03/09/2015 18:22:08%

SMOMMSs

GO1*

G04 APERTURE LIST*

%ADD10C, 0. 10000045

%ADD11R, 1.727200X2. 03200055 I
%ADD120, 1.727200X2. 03200045

G04 APERTURE END LIST*

D1ex*

D11x

X122555000Y-42545000D03

D12x

X120015000Y-42545000D03
X117475000Y-42545000D03
X114935000Y-42545000D03
X112395000Y-42545000D03

MO2x

Figure 3.2: Gerber files contain text

You can see that this is just a text-based file that contains instructions.
An advantage of this text format is that you can use a version control system
like Git and keep your projects stored in repositories like Github.com.

The Gerber files system and standard has been designed by Ucamco.
They make equipment and write software for PCB manufacturers — things
like a PreCAM software, PCB CAM, laser photoplotters and direct imaging
systems. If you're curious about how to read these Gerber files then you can
look up the specification of the Gerber format specification on Ucamco’s web
site. Beware, it’s a huge file.
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4. Installation

You can install KiCad on Windows, Mac OS and several flavours of
Linux using operating system-specific installers. Its source code is also
available, so you can download it and compile it yourself. You can find the
version of the installer for your OS at the KiCad download page: http://
KiCad-pcb.org/download.

I suggest you install the stable version of KiCad unless you feel

compelled to use the cutting-edge releases which contain the latest features
(and bugs). In this case, you can download the latest nightly build. You can
find information about these builds in the KiCad’s download page for your
operating system (Windows and OS X). If you are using Linux, you can install

KiCad from the command line using tools like apt-get (Debian, Ubuntu) and
dnf (Fedora).

You can find detailed instructions on how to do the installation on the
KiCad web site.

Please install your copy now before you continue with the next chapter.

I also recommend that you install the demo projects because they provide
multiple examples of design best practices. I have learned a lot about KiCad
by browsing and studying these examples.

In Ubuntu, you can do this by running this command:
$ sudo apt install KiCad-demo

The demos are installed in /usr/share/KiCad/demos, from where you can
copy them in your working folder (Figure 4.1).
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Gl 4 [ wusr share kicad | demos

©® Recent Name
@@ Home ‘ complex_hierarchy
[ Desktop
i custom_pads_test
@ Documents
<  Downloads ] €cc83
B Music ‘ electric
[ Pictures
Il Videos d flat_hierarchy
@ | Trash i interf_u
Kicad Projects
= ) i kit-dev-coldfire-xilinx_5213
+  Other Locations

" microwave
‘ pic_programmer

M ovthon scrints exambles

Figure 4.1: The KiCad 'demos' directory in Ubuntu.

In Mac OS, the demos are packaged with the installer. The installation
package looks like the example in Figure 4.2.

[ [ ] |43 KiCad
X 1 of 7 selected —

[dlCad

IKicad apps
»

KiCad Applications
Help, libraries

B = ;

kicad Application Support

TXT SHELL

EETS  README.teickup-kicad.command

Please read the readme for

[& Kicad > demos

Figure 4.2: The Mac OS installer contains the demo projects in a seperate folder.

Copy the 'demos' folder in your Documents directory, and the other two
folders as instructed ('KiCad' to Applications, and 'KiCad' to Application
Support). You can see the contents of this folded in Figure 4.3. The original
name of this folder is 'demos,' but I have renamed it to 'KiCad demos' to make
it easier to find among the other contents of my Documents folder.
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Kicad demos

Name

» | ) complex_hierarchy

» |7 custom_pads_test

> [ ecc83

> [ electric

» |7 flat_hierarchy
» 9 interf_u

» |7 kit-dev-coldfire-xilinx_5213
» [ microwave

» |7 pic_programmer
» [ python_scripts_examples
» [ simulation

» [ sonde xilinx

» | 7] test_pads_inside_pads

» [ test_xil_95108

» |7 video

Figure 4.3: The demo folder in my ~/Documents/KiCad demos folder (renamed from 'demos’).

In the Windows installer, the demos are available as an option (Figure
4.4).

5 KiCad 5.0.0 Setup = X

Choose Components
a Choose which features of KiCad 5.0.0 you want to install.

Check the components you want to install and uncheck the components you don't want to
install. Click Next to continue.

Select components to install: ; Main application
Schematic libraries

Footprint libraries

Footprint wizards

i-[¥] Help files

[] Environment variables

: File associations

Description

Space required: 5.0GB

<o ==

Figure 4.4: The Windows installer contains the demo projects as an optional component.

The default location of the KiCad demos in Windows is at C:\ Program
Files\ KiCad \ share\ kicad \ demos.
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I M < | demos

Home Share View
[ Cut v [
* u A Move to XK Delete ~ '{_-{j L
w.! Copy path ¥
Pinto Quick Copy Paste _ Copy to i Rename New Proj
access [:] Paste shortcut 2 - folder
Clipboard Organise New
<« v 4 > ThisPC > Local Disk (C:) » KiCad » share > demos >
~
Name Date modified

s Quick access

/02/2015 4:01 PM
pspice /02/2015 4:01 PM
sonde xilinx 6/02/2015 4:01 PM

Figure 4.5: The default demo directory in Windows.

pic_programmer

B Desktop 2 complex_hierarchy 6/02/2015 4:01 PM
ecc83 6/02/2015 4:01 PM
¥ Downloads  # electric 6/02/2015 4:01 PM
=] Pictures * flat_hierarchy 6/02/2015 401 PM
[£] Documents  # interf_u 6/02/2015 4:01 PM
kit-dev-coldfire-xilinx_5213 6/02/2015 4:01 PM
microwave 6/02/2015 4:01 PM

6

&

With KiCad and its demos installed, you can continue with the next
chapter, where you will take a look at one of the demo projects.
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5. Examples of KiCad projects

Now that you have installed your instance of KiCad let’s start your
familiarisation with it by looking at one of the examples that come with it.
Browse to the KiCad demos folder, and access the one titled
'pic_programmer’ (Figure 5.1).

ale> ¢ [ usr share kicad demos @ pic_programmer »
© Recent Name
@ Home g libs
[ Desktop
fp-lib-table
[@ Documents
; N o kicad_pcb
N Downloads i . pic_programmer.kicad_pc
By Music pic_programmer.net
[ | Pictures P
.l Videos -«?ﬁ pic_programmer.pro h
W Trash _éf‘ pic_programmer.sch h
Kicad Projects
= ) pic_programmer-cache.lib
+

Other Locations =
_éf‘ pic_sockets.sch b

sym-lib-table

Figure 5.1: The contents of the 'pic_programmer' demo project folder.

The demo project folder contains several files that make up the project.
The ones to focus on for now have the extensions “pro,” “kicad_pcb” and “sch.’
The file with the ‘pro” extension contains project information. The “kicad_pcb’
file contains layout information. The files with the “sch’ extension contain
schematic information. There are two “sch’ files because this project includes
two schematics.

Double-click on the ‘pro’ (project) file. The main KiCad window will
appear. This window is the launch pad for the other KiCad apps, like
Eeschema (the schematic editor) and Pcbnew (the layout editor). You can see
the main KiCad window in Figure 5.2.

KiCad 5.0.0-fee4fd1~66~ubuntu18.04.1 /usr/share/kicad/demos/pic_programmer/pic_programmer.pro [Read Only] - o &

File View Tools Browse Preferences Help

DEeela®s

Do e

%% pic_programmer.kicad_pcb

(]

i3

Project name:
pic_programmer.net Jusr/share/kicad/demos/pic_programmer/pic_programmer.pro

gﬂ pic_programmer.sch
m pic_programmer-cache.lib

Figure 5.2: The main KiCad window.
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The main KiCad window shows the project files in the left pane, the
various app buttons in the top right pane, and various status messages in the
bottom right pane. Let’s explore the schematic of this demo project. In the top
right pane, click on the first button from the left. This button will start the
Eeschema app, the schematic layout editor. You should see the editor as in the
example in Figure 5.3.

eeeeeeee — pc n— [kicad [Read Only]

RER 80 d@B:E PRV RZEATRER M2

X BUNNIFYHZ

&>

24 13 (5

o Rt

Figure 5.3: The schematic editor.

There are a few things going on here. At first, this window might seem
overwhelming. Don’t worry about the various buttons and menus, just
concentrate on the schematic itself. Look at the various symbols, like those for
the diodes, the transistors, and the operational amplifiers. There are symbols
for resistors, and connectors, with green lines connecting their pins. Notice
how text labels give names to the symbols, but also to the wirings between
pins. Notice how even the mounting holes, at the bottom right side of the
schematic, have names. Even though these mounting holes are not electrically
active, they are depicted in the schematic. The values of the capacitors and
resistors are noted, and any pins that are not connected to other pins are
marked with an ‘x’.

In the right side of the schematic, there is a rectangular symbol with the
title ‘Sheet: plc_sockets’ (Figure 5.4).

Double click on it. What happened?
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Sheet: pic_sockets

1 2 12 |
K7 Jo
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=
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DVCC_PIC

= YPP/MCIR  Wypp_pMcLR

o DATA—RB7 K paTA-RB7
CLOCK-RB6 DCLACK-RBE

Fite: pic_sockels.sch

VPP (13V) power

U4 .
inguctor THIL_ Radial D7 Smm_P5 Q0mr(Basiion_OTHCP
22uR

PURLFLC

vew 8 -
Figure 5.4: A link to another sheet.

This symbol is a link to another sheet, which contains additional
symbols that are part of the same schematic. It looks like the example in
Figure 5.5.

Eeschema — pic_sockets [/pic_sockets/] — /usr/share/kicad/demos/pic_programmer [Read Only] 0@
File Edit View Place Inspect Tools Preferences Help

2R Q8 0@ EE RN Ze:EER NS

mm

] < B

BRIP4+ x UIN\N Y 5¥

g

B A

Z082  X-8130 Y-59.70 dx-81.30 dv-59.70 dist 100.87

Figure 5.5: KiCad'’s schematics can span over multiple sheets.

KiCad'’s schematics can span over multiple sheets. If your schematic is
too large to comfortably fit in one sheet, just add more (you will learn how to
do this in this book).

I encourage you to spend a bit of time to study this schematic. You can
learn a lot about how to draw good schematic diagrams by studying good
schematic diagrams, just like you can learn programming by studying good
open source code.

Go back to the main KiCad window. Click on the third button from the
left, the one that looks like a PCB. This will launch Pcbnew, the layout editor.
The window that appears will look like the example in Figure 5.6.
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Pcbnew — hare/ki ic_ ic_ kicad_pcb [Read Only]
File Edit View Setup Place Route Inspect Tools Preferences

SNl o} 2R oaq &) & | [Meop_tayer (Pgup) :

Track: 0.500mm (19.69 mils) * 2 || Via: 1.60 mm (63.0 mils)/ 0.60 mm (23.6 mils) * = Grid: 1.2700 mm (50.00mils) 2 ||| ZoomAuto 2

Layers Manager

Layers

# [

»Bl & top_layer

M & bottom_layer
B & F.Adhes

M & B.Adhes

B & FPaste

B & B.Paste

M & Fsilks

W @ Bsilks

@ @ Fortyd

HEUQUEEe s

Pads  Vias  TrackSegments ~ Nodes  Nets  Unrouted
370 236 112 0
Z1.00  X111.760000 Y 22.860000  r114.073999 theta-11.6 mi

Figure 5.6: Pcbnew, the layout editor.

Again, don’t worry about the various buttons and menus, just
concentrate on the layout inside the sheet. Use the scroll wheel of your mouse
to zoom in and out, and the Alt+right mouse button to pan (you should also
be able to pan by holding down the middle mouse button). Zoom in and look
at some of the layout details, such as the pads, how they are connected to
traces, the names that appear on the pads and traces, and the colours of the
front copper and back copper layer traces. Note: in Linux, panning is done
with the middle mouse button, and the alt key is not used.

Also, compare how a footprint in the layout compares to the symbol in
the schematic. You can see a side-by-side comparison in Figure 5.7.

Figure 5.7: A side-by-side comparison of a footprint (left) and its schematic symbol (right).

Associated symbols and footprints have the same designator (J1, in this
example), and the same number of pins. The layout shows the traces that
correspond to the wires in the schematic.

Everything you see here is configurable: the width of the traces, which
layer they belong to, the shape, size, and configuration of the pads. You will
learn all of this in this book. In the layout, zoom in the J1 connector to see one
of its details: the name of the trace that connects pad 7 of J1 to pad 1 of R5.
Traces, like everything else in KiCad, have names. The names of everything
that you see in Pcbnew are defined (manually or automatically) in Eeschema.
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PC-CLOCK-0UT

Figure 5.8: Traces have names.

Try one more thing: In Pcbnew, click on the View menu, and then
choose the 3D Viewer. The 3D viewer will show you a three-dimensional
rendering of the PCB, with remarkable detail. You can zoom and turn the
board around to see it from any angle you want (Figure 5.9). Many of the
components are populated, like the LED, resistors and some of the integrated
circuits. For the rest, you can still see their pads and outlines on the board.

I 3083459900203
FG:}\:\'&SQ"{!?’.‘.'}))!

00305053000
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Figure 5.9: The 3D viewer will give you a realistic rendering of your board that you can examine in
3D.

As with the schematic editor, I encourage you to spend a bit of time to
study the layout of this demo project. Later in this book, you will learn about
the most important layout guidelines that will help you to design well-
functioning and elegant PCBs.

Apart from the demo projects that KiCad ships with, you should also
have a look at some of the very impressive showcased projects of boards
designed using KiCad. For example, the CSEduino is a 2-layer PCB that
contains an Atmega328P microcontroller and implements a simple Arduino
clone. You will be able to easily create a board like this by the time you finish
this book. Got to txplo.re /madewkicad for more examples of projects made
with KiCad.
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CSEduino 4.0 — 2—Layer PCB
by Jodo Alves (jpralves@gmail.com)

Figure 5.10: Featured board 'Made with KiCad'": CSEduino.

Another featured board is Anavi Light, a HAT board for the Raspberry
Pi. This is also a 2-layer board that allows you to control a 12V LED strip and
get readings from sensors.

Figure 5.11: Featured board 'Made with KiCad': Anavi Light.

Finally, a truly impressive board made with KiCad is Crazyflie (Figure
5.12). Crazyflie is a dense 4-layer PCB with a rather elaborate shape. The
board implements a the flight controller of a tiny drone. The shape is
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specifically designed to implement the drone’s body and arms. You will also
learn how to create PCBs with complicated shapes in this book.

Figure 5.12: Featured board 'Made with KiCad': Crazyflie.

With this chapter complete, you should have a better understanding of
the kinds of projects that people use KiCad for. These are also the kinds of
boards that you will be able to design by the time you complete this book.
Let’s get straight into the first project so that you can start discovering this
amazing tool by doing.
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Part 2: A hands-on tour of KiCad with a
very simple project
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6. Introduction to this section
In this section, you will learn about the fundamental functions of
KiCad, and create, perhaps, the simplest possible printed circuit board that
contains components. I encourage you to carefully follow the instructions in
this section and follow along by creating your version of this PCB on your
computer. If you are already skilled in PCB design, feel free to skip this
section.
Persevere, and you will come out the other end with:
1. the necessary skills for creating simple PCB in KiCad.
2. a basic but broad understanding of the KiCad process for
producing a PCB.
3. a preview of some more advanced features that you will learn and
practice in later projects in this book.
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6.1. Main differences between KiCad 5.0 and 5.1

This “wedge” chapter contains a listing of the most important differences
between KiCad 5.0 and KiCad 5.1. The bulk of this book is based on KiCad
5.0.0, which was released in August 2018. KiCad 5.1.5 was released November
2019.

KiCad 5.1 brings a lot of internal improvements and stability, but also a
few significant changes in the organisation of the various menus and
windows, as well as how the user interface works.

In this chapter, I list the most important changes that KiCad 5.1 brings,
focusing on the user interface. There are many other changes that I have not
listed here, most of them “under the hood”.

If you are interested in knowing all the changes that the KiCad developers
introduce with every release, please have a look at KiCad’s Launchpad

https: / /launchpad.net/kicad. For example, the release of version 5.1.5

contained 96 bug fixes, as you can see at the Milestone info page: https:/ /
launchpad.net/kicad/5.0/5.1.5.
Here are the main differences between KiCad 5.0 and KiCad 5.1:

1. Pcbnew: New Board Setup window replaces the Setup menu.

In KiCad 5.0, to create custom track widths and vias sizes, you would
bring up the Design Rules Editor window via the Setup menu (Setup —>
Design Rules). Under Setup, you could also bring up windows to customise
settings for Differential Pairs, Text, Graphics, Layers etc.

In KiCad 5.1, the Setup menu was removed, and replaced by a single
window, titled Board Setup. You can access this window through the File

menu (File —> Board Setup).
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Board Setup x

~ B
Text & Graphics

¥ Design Rules
Net Classes

Tracks & Vias PCB thickness: | 1.6 "
Solder Mask/Paste

Two layers, parts on Front & Back v

Copper layers: | 2 v

F.Crtyd Off-board, testing

F.Fab Off-board, manufacturing

[< I < I <]

F.Adhes On-board, non-copper

<]

F.Paste On-board, non-copper

<]

F.SilkS On-board, non-copper

Q

F.Mask On-board, non-copper

F.Cu signal v

B.Cu signal v
B.Mask On-board, non-copper

B.SilkS On-board, non-copper

[ < T < I < I <

B.Paste On-board, non-copper

Q

B.Adhes On-board, non-copper

Q

B.Fab Off-board, manufacturing

Import Settings... Cancel oK

Figure 6.1.1: The Board Setup window was introduced in KiCad 5.1.

As you can see in Figure 6.1.1, the new window contains all of the
options that formerly were available under the Setup menu item.

The Board Setup window also introduces a very useful capability: to
import board settings from another project. To use this feature, click on the
Import Settings button (bottom left of the Board Setup window), and select
the “.pro” file (the project file) of the project from where you would like to
import the settings. You can also select the settings that you would like to

import (Layers setup, Text & Graphics, Design rules, etc.).
2. Pcbnew: Bulk-edit of text and graphics properties
A welcome enhancement of the user interface is the ability to change the

attributes of text, track, graphics and via items in bulk. You can find the

relevant windows under the Edit menu item.
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Fill All Zones
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Global Deletions...
Cleanup Tracks and Vias...

Figure 6.1.2: You can edit properties for track, via, text and graphics items in bulk.

The Edit Properties windows contain powerful filters for selecting the
specific items that you want to change, based on attributes like their reference,

footprint values, layer, and more.
Edit Text and Graphic Properties X
Scope
Footprint references PCBtextitems
Footprint values PCB graphicitems
Other footprint fields
Footprint graphicitems

Filters

Filter items by layer: Hrcu v

Filter items by parent footprint reference:

Filter items by parent footprint identifier:

Action
O Set to specified values:
Layer: v ® Visible
Line thickness: | ... mm
Text width: (.. mm © ltalic
Text height: mm © Keep upright
Text thickness: | ... mm

Set to layer default values:

Line Thickness  Text Width Text Height Text Thickness Italic Upright
Silk Layers 0.15 mm 1 mm 1 mm 0.15 mm
Copper Layers 0.2 mm 1.5 mm 1.5 mm 0.3 mm
Edge Cuts 0.15 mm
Courtyards 0.05 mm
Other Layers 0.15 mm 1 mm 1 mm 0.15 mm
Cancel OK

Figure 6.1.3: The Edit Properties window include powerful filters for selecting specific items.

I now use this new feature extensively to do things such as ensure that
all my silkscreen text items are uniform and all my graphic lines have the
same width.
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3. Pcbnew and Eeschema: unified Preferences window

Another improvement is the introduction of a unified Preferences window.
It is available under the Preferences menu item, and it is identical between
Pcbnew and Eeschema.

In the Preferences window, you can set hotkeys that are common in both
applications, and specialised for each one (so, the same hotkey can behave
differently in Eeschema and in Pcbnew). There are multiple other settings that
you can access here, that are common between the applications: the autosave
frequency, which text editor to use, and the scaling of the toolbar icons

(another new feature in KiCad 5.1).

Preferences X
Common Measurement units: millimeters v
Hotkeys
v |3 na Default text size: 50.000 mils
Display Options
playLp Horizontal pitch of repeated items: | 0.000 mils
Colors
Field Name Templates Vertical pitch of repeated items: 100.000 mils
¥ Pcbnew
Display Options Increment of repeated labels: 1 = |+
Action Plugins Restrict buses and wires to Hand V orientation

Show footprint previews in symbol chooser

Symbol Field Automatic Placement
Automatically place symbol fields
Allow field autoplace to change justification
Always align autoplaced fields to the 50 mil grid

Cancel OK

Figure 6.1.4: The new Preferences window.

The Preferences window has separate panes for the specific
configurable attributes of Eeschema and Pcbnew. For each application
individually, you can control the grid style and size, the cursor type, bus
dimensions, colours, etc.
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7. Start KiCad

Once you know what kind of PCB you want to design, go ahead and
start Eeschema, KiCad’s schematic editor. Start KiCad's main window and
create a new project, as you can see in Figure 7.1.

KiCad 5.0.0-fee4fd1~66~ubuntu18.04.1 /home/peter/Documents/

Flle View Tools Browse Preferences Help

Open Project... ctrl+o PrOJect from Temp ate...  Ctrl+T

Open Recent » —E:, b |ﬁ\\-o ::
Import Project ’ ? . i
Archive Project... Project name:

home/peter/Documents/Kicad projects
Unarchive Project... / ypeter / Pres /

Exit Ctri+Q

Figure 7.1 To start a new project, click on File, New Project, New Project.

Give it a sensible name, like ‘LED and Resistor board,” and store the
project in a new folder that is easy for you to find on your computer. In my
example, I have named the project ‘Breadboard_5V_power_supply’, which is
the first real project you will be working on later in this book. For this reason,
the various file names and title bar names that you will see in this section will
contain the text ‘Breadboard_5V_power_supply’.

|
0
|
|
i

|
i

Create New Project x

| Name: [Breadboard_SV_power_supply{

Saveinfolder: | « i peter | Documents | Kicad projects || KLP2| BACEE Create Folder
| Places Name 4 Size Modified

Q search il BACEE Yesterday at 19:41
| @ Recently Used i BreadboardPowerSupply_v2 Sunday
| |4 peter il Common files 08/05/2018

Bl Desktop il Copy of TE Breadboard Power Supply 08/19/2018

@ File System & Environmentshield 05/22/2018

[ Documents il KiBoM-master 08/20/2018

il Music - LEI:)R 07/11/2018

[ Pictures i RPi FS HAT Monday <

KiCad project files (*.pro) 3
[& Create a new directory for the project
Cancel Save

Figure 7.2: Give your project a reasonable, descriptive name.

Your KiCad main application window should look like the example in
Figure 7.3:
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KiCad 5.0.0-fee4fd1~66~ubuntu18.04.1 /home/peter/Documents/Kicad projects/KLP2/Breadboard_5V_power_supply/Breadb... - O &

File View Tools Browse Preferences Help

D a® C

4

L 1, 2, 3/ \&

v D Breadboard_5V_power_supply.f I L-o I 3
%Li Breadboard_5V_power_supply = :b. iﬁﬁ. m s288 Q
EﬂBreadboard_SV_power_supply Project name:

/home/peter/Documents/Kicad projects/KLP2/Breadboard_5V_power_supply/
Breadboard_5V_power_supply.pro

Figure 7.3: The main KiCad application window.

The main KiCad application window provides access to its various
applications. It also provides a way to configure paths to the library and other
files. In your new project, you should be able to see three new files:

»  Breadboard_5V_power_supply.pro (depicted as a binder)
*  Breadboard_5V_power_supply.kicad_pcb
»  Breadboard_5V_power_supply.sch

In Figure 7.3, you can see that the ".sch' and "kicad_pcb' files are
depicted as nested inside the ".pro’ file.

Have a look at the project directory using the file manager (Finder in
Mac OS, and Windows Explorer in Windows). You will see all three files listed
inside the project directory:

{ 1 Home Documents Kicad projects KLP2 Breadboard_5V_power_supply !

Recent Name
=
Home Breadboard_5V_power_supply.kicad_pc
I?ki dboard ly.kicad_pcb
Desktop

.%3_. Breadboard_5V_power_supply.pro
Documents =

Downloads _‘z? Breadboard_5V_power_supply.sch

Music

Figure 7.4: The files of a new KiCad project.

In a KiCad project, the information that binds the various files that
make up the project is contained in the file with the ".pro' extension. This file is
maintained by the project manager.

In a new project, the project manager will automatically create two files,
one with the extension “.sch” and one with the extension “.kicad_pcb'. As you
can probably guess, 'sch' stands for 'schematic'. This file contains data for your
project’s schematic and is maintained by Eeschema.

The file with the ‘kicad_pcb’ extension, is the one that contains the data
of your project’s PCB layout. This file is maintained by Pcbnew.
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KiCad uses several other files, but you don’t need to be concerned
about them at the moment. If you are curious, you can find more information
in the KiCad documentation. You can find the documentation at txplo.re /kcff.

You can start Eeschema in multiple ways. Let’s try the most common
option.

First, click on the button marked as '1' in Figure 7.3.

Second, by clicking through the Tools menu, as you can see in Figure 7.5
(below):

KiCad 5.0.0-fee4fd1~66~ubuntu18.04.1 /home/peter/Documents/Kicad p

File View Tools Browse Preferences Help

0 @ (G
—_— Edit Schematic Symbols Ct

it D:‘ Edit PCB Layout Ctrl+p || :[>_ &

Iﬁﬁlf Edit PCB Footprints Ctrl+F it .
@ﬂg View Gerber Files Ctrl+G -
name:

Convert image “trl+B peter/Documents/Kicad p

Run PCB Calculator ctrl+a pard_5V_power_supply.pi

Edit Page Layout Ctrl+

Figure 7.5: You can start Eeschema using the Tools menu.

This will bring up Eeschema, displaying an empty sheet (Figure 7.6).
Let’s begin working on the schematic next.

Eeschema — Breadboard_5V_power_supply [/] — /h: er/D /Kicad projects/KLl dboard_5V_power_supply - O g‘
File Edit View Place Inspect Tools Preferences Help
= = ) = -
RSR 8 ceaa@BE PRGN ZEASEEE NS
i i
o P
1 =
23 7
+ /
|
S
X
*
As
i B
AD-
F
Z0.55 X-101.60 Y-111.76 dx-101.60 dy-111.76 dist 151.04 mm

Figure 7.6: Eeschema with an empty sheet.
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8. Schematic design in Eeschema
You are now in Eeschema and looking at an empty sheet, as in Figure
8.1. The annotations help us Walk through Eeschema’s menus items.

| Eesche ma Breadboard_5V_power_su ~/peter/Documents/Kicad projects/KLP2/Breadboard_5V_power_supply — 0O &

g"‘ oaa@,@ EE B e 'h\‘ia%

| R
5
2 D > o x 2 2\ \ i+ ¥ 5]

I Z0.55  X-101.60 Y-111.76 dx-101.60 dy-111.76 dist 151.04 mm [

Figure 8.1: An empty Eeschema sheet.

Let’s become familiar with Eeschema by taking a quick tour around its
various buttons, menus, and controls. Eeschema consists of the sheet area in
which you compose your schematic (1), multiple menu bars (2, 3, 4, 5, 6, 7),
the status bar (8), and the menus (9).

Let’s have a look at the useful mouse and keyboard controls before we
look around the Eeschema user interface.

8.1. The schematic sheet

In Eeschema, you create schematics inside the sheet area. As is typical
with engineering documents, at the bottom right corner of the sheet is the title
block. The title block contains information about your schematic, such as its
name, the name of its author (you!), and the date of the last edit.

In Figure 8.2, I have edited the title block to contain some example
information. You can add as much or as little information as you wish. At the
very least, I provide a title, the author name, revision, and a date.
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Getting ready ta create awesome PCBs

Practicing drawing

Learning Kicad's most frequently used functions

Designed by Peter Dalmaris

Tech Explorations

Sheet: /

File: Breadboard_5V_paower_supply.sch

Title: Learning Klcad with a slmple project

Size: Ab [ Date: 2018-06-14 [ Rew: 1

KiCad E.D.A. kicad 4.0.7-e2-637658ubuntulé 04 1 | 1d: 1/1
T I 5 | 6

Figure 8.2: The title block filled with example text.

To edit the contents of the title block, bring up the Page Setting dialog
box by clicking on File, then Page Settings (Figure 8.3).

[ Breadboard_5V_power_su

ZICN Edit View Place Preferences Tools Help

4 Append Schematic Sheet | ( @ @ Q Q Q

!

b ic Proi :
) Save Schematic Project Ctri+S

2%
(o Save Current Sheet Only

!E Page Settings

i S
() Print
][ Plot 4
a Close Ctrl+Q
— wewang ready ta create awesome PCBs

Practicing drawing

Learning Kicad’s most frequently used 1
Designed by Peter Dalmaris

Tech Explorations

Shoat: /

Figure 8.3: Bring up the Page Settings dialog box.

The Page Settings dialog box (Figure 8.4) contains two parts. On the left
side you can control the size and orientation of the schematic page (sheet),
and on the right, you can edit the information that appears in the title block.

Page Settings X
Paper Title Block Parameters
Size: Number of sheets: 1 Sheet number: 1
| A4210x297mm b Issue Date
[201 8-06-14 J |<<<| [14106118 ]‘ v | [] Exportto other sheets
Orientation: e
iapdscape + | Revision
‘ ‘ [1 ] () Export to other sheets
Custom Size: Title
Height: Width: [Learning Kicad with a simple project ] [} Exportto other sheets
s = Company
Layout Preview [Tech Explorations ‘ [ "] Exportto other sheets
Comment1
[Designed by Peter Dalmaris ] [ "] Export to other sheets
C 2
[Learning Kicad's most frequently used functions J [ "] Exportto other sheets
Comment3
lPracticing drawing | ) Exportto other sheets
=
E [Getting ready to create awesome PCBs J [} Export to other sheets
Page layout description file
] | Browse |
Cancel | OK |

Figure 8.4: The Page Settings dialog box.
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Go ahead and bring up the Page Setting dialog box. Start with setting
your sheet’s size and orientation. Engineering schematics tend to be oriented
in landscape. Choose the appropriate paper size for your locality.

The right side is more interesting. At the very top is the Issue Date field.
You can either type a date manually or click on the '<<<' button to have
today’s date copied into the field.

Continue with the rest of the fields. They are all self-explanatory. I
always fill in these fields:

e Revision: Each time I make a change to my schematic, I increase
the revision number by 1. Since we are starting with a new schematic, let’s use
"1" as the revision.

e Title: Something sensible that describes the project without having
to inspect the schematic diagram in detail.

e Commentl: The author name.
Comments 2, 3 and 4 are additional lines that you can use to provide

more information about the project.

Notice that on the right side of each field is a checkbox titled 'Export to
other sheets'. KiCad allows for a single schematic to be spread out to multiple
sheets, as you will learn in one of the more complicated projects in Section 5.
When you select one of these checkboxes, the content of the corresponding
text field will be copied and displayed in the title block of all sub-sheets.

At the bottom of the window is a field titled 'Page layout description
file'. This makes it possible to use a custom layout for your schematic sheets.
In my normal day to day work with Eeschema I rarely have to use a layout for
the sheet other than the default, but know that this is possible.

I will return to this topic shortly to show you how to customise the
sheet layout.

Go ahead and fill in your own information to populate the title block in
your project’s schematic sheet. Then click OK to commit the changes, and
check that your text appears in the title block.
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Figure 8.5: Zoom in/out and pan controls.

You can zoom in and out, and pan using the controls in the top toolbar
and sheet window to reach a closer look of the title block. In the next part of
this introduction, you will learn about more efficient ways to do this.

Page layout description file

Let’s return to the 'Page layout description file' that we briefly looked at
earlier. Remember that this is a field at the bottom of the Page Settings dialog
box (Figure 8.4) that allows you to select a sheet layout file other than the
default one.

If you wish to customise the way that the page looks in Eeschema, you
can do so. Please jump over to the recipe titled '42. How to design a custom
page layout' to learn how to do this.

8.2. Mouse buttons and hotkeys

We use the mouse and keyboard to interact with the sheet and its
elements. If you have a mouse with three buttons (recommended), you can
use all three to work with the symbols and the schematic on the sheet. I use a
two-button mouse, with several programmable buttons (a Logitech MX
Master 2S). Using my mouse configuration software, I can assign the keyboard
keystrokes I use most often to the mouse programmable buttons. This can
boost productivity significantly. Also important, is the scroll wheel. A scroll
wheel is useful for zooming in and out of the sheet.

This table contains information about the default role of each button or
button and key combinations:

Button, Keys Role

Left mouse button (LMB) Move a selection
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Right mouse button (RMB) Show the context menu for selection
Alt/Cmd + Right mouse button

P
(RMB) an

Zoom in/out at the position of the
Scroll wheel / P
cursor

Table 8.1: Mouse controls in Eeschema.

Many other key and mouse button combinations are mentioned in the
KiCad documentation; however, they will not always work as expected. This
is particularly true if you have remapped your keyboard and mouse, or if you
are using KiCad on a Mac, Linux PC, or inside a virtual machine.

In my experience, simple keyboard shortcuts work reliably. Try this now:
with Eeschema in focus, type '?". You should see the Hotkeys List (Figure 8.6,
one of the most useful windows in KiCad (a similar Hotkeys List is available
in Pcbnew). If the '?' Hotkey doesn’t work, try Ctr-F1, or click on the Help

menu item and choose 'List Hotkeys...".

Hotkeys List
Hotkeys List
Help (this window) ?
Zoom In F1
Zoom Out F2
Zoom Redraw F3
Zoom Center F4
Fit on Screen Home
Reset Local Coordinates Space
Edit Item E
Delete Item Del
Rotate Item R
Drag ltem G
Undo Ctri+z
Redo Ctri+Y
1 Mouse Left Click Return
Mouse Left Double Click End
Save Schematic Ctri+S
Load Schematic Ctri+L
Find Item Ctri+F
Find Next item F5
Find Next DRC Marker Shift+F5
Find and Replace Ctri+Alt+F
Repeat Last Iltem Ins
Move Block -> Drag Block Tab
Save Block Ctri+C
Move Schematic Item M
Copy Component or Label C
Add Component A
Add Power P
Mirror X X
Mirror Y ,_{
Orient Normal Component N
Edit Component Value v
__Fdit Comnanent Reference 11

Figure 8.6: The Hotkeys List in Eeschema.

51



In Ubuntu Linux, which is my preferred OS for running KiCad in, you pan

with the middle button. To resize the whole window, use alt-right-mouse.

There are a lot of hotkeys available, but for your quick introduction to

Eeschema only a few are necessary. To use a hotkey, simply place the pointer

of your mouse over a component and type the hotkey.

Hotkey | Role

A Add a new component to the sheet

E Edit, reveals a dialog box where you can edit all component
attributes

R Rotate (each time you press 'R’, the component will rotate by 90
degrees)

G Drag, useful for repositioning a component without disconnecting
any wires

M Move. If the component has wires connected, the wires will be
disconnected

del Delete

C Copy

W Start drawing a wire

T Add graphics text, useful for providing information about the
schematic

F3 Redraw the sheet, useful when you want to clear graphics artefacts

Table 8.2: A list of the most frequently used hotkeys in Eeschema.

There are more hotkeys available in Eeschema, but the ones listed in

Table 8.2 are the most useful ones. Before long, you will commit them to

memory and use them constantly.

You may wish to change some of those hotkeys if they interfere with

your existing keyboard mappings. To do this, click on the Preferences menu
item, then Hotkeys, and then Edit Hotkeys (Figure 8.7).

T

pect Tools Preferences Help

Configure Paths... k E

Manage Symbol Libraries... ———

Icons Options

Set Language
Hotkeys Options
ting ready t

ct[cmg ,d[a‘" Load Project File...
rning " Kicadi s o NS

daned bv Peter Dalmaris

Figure 8.7: How to edit your hotkeys.

Save Project File...
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This brings up the Schematic Editor Options window. Click on the
Controls tab to access the hotkeys editor (Figure 8.8):

Schematic Editor Options x
Display | Editing | Controls | Colors | Field Name Templates
Hotkeys: ‘ Double-click to edit
Command Hotkey ~

Zoom In F1

Zoom Out F2

Zoom Redraw F3

Zoom Center F4

Fit onScreen Home

Zoom to Selection Ctrl+F5

Reset Local Coordinates Space

Edit Item E

Delete item FESEI—

w

Rotate Item R

Dragltem
& center and warp cursor onzoom

Use touchpad to pan
& Pan while moving object

Cancel OK

Figure 8.8: Select an existing Hotkey to highlight it, and then type in a new key or key combination.

To change a Hotkey, select it with your mouse and type in a new key or
key combination.
Beware that these menus in Figures 8.7 and 8.8 may look different to
yours what you see in your instance of KiCad, depending on your operating
system and version of KiCad.

8.3. Eeschema buttons and menus
As you can see in Figure 8.1, Eeschema provides several menu bars, as
well as a status bar and the menus. Let’s look at the purpose of each one now.

Left toolbar

Menus item marked as 2" in Figure 8.1 consists of the left toolbar.

Qe O E(

kv

—
Figure 8.9: The Eeschema left toolbar.

The buttons in the left toolbar allow you to control various visual
aspects of the sheet. The button marked with '1', for example, allows you to
show or hide the grid. You can further control the size of the grid via the
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Schematic Editor Options windows which are available through the
Preferences menu item (Figure 8.10). Inspect the options in the Display and
Editing tabs. In the Editing tab, you can select your preferred measurement
unit (millimetres, inches etc.) among other things.

Schematic Editor Options

x

Display | Editing Controls Colors | Field Name Templates

Grid size: 25.0 2 | mils
Bus thickness: 12 < mils
Line thickness: 6 - mils
Part ID notation: A -
100

Iconscale: e %

50 275

& Auto
& show grid

& Restrict buses and wires to Hand V orientation
Show hidden pins
& show page limits

Footprint previews in symbol chooser (experimental)
Cancel OK

Figure 8.10: The Eeschema Preferences menu.

Depending on the grid size you have selected, you may need to zoom in
before you can see the grid points. In Figure 8.11 below, you can see my 25mils
grid. To be able to see it, I had to zoom in to zoom factor 3.67 using my
mouse’s scroll wheel. You can see the zoom factor in the leftmost edge of the

status bar, at the bottom of the Eeschema window.
v Eeschema — Breadboard_5V_power_supply [/] — /home/peter/Documents/Kic... - O & '

File Edit View Place Inspect Tools Preferences Help

& La2f Q8 oaqadlE
i ]
dn, 1 1
o P>
T 1
B /
. /
N
N
X
L ]
. JA
Z3.67 X-1.90 Y-8.25 dx-160.66 dy-269.90 dist 314.10 mm

Figure 8.11: An example of my 25mils grid, at Zoom factor 3.67.
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Buttons marked 2 and 3 in Figure 8.9 allow you to select your preferred
length unit. You can select between inches (button 2) and millimetres (button
3).

Button 4 allows you to select the shape of the cursor. There are two
options: small crosshairs, or long crosshairs (Figure 8.12). I find that long
crosshairs are useful when you work on large and spread-out schematics. The
XY lines extend across the full height and length of the sheet so that you can
easily determine if the position of the cursor is aligned with the position of
other components in the schematic.

[ Bread
File Edit View Place Preferen

[ Bre:
File Edit View Place Prefere

ey

dn s

[= — |B H
IT[; _lk_ iTL: [ 3

ks y £

¥ ¥

Figure 8.12: Short (left) and long (right) crosshairs.

Button 5 in Figure 8.9 allows you to show or hide normally invisible
pins in integrated circuit schematic components. Such components are often
designed to not show certain pins, such as power or ground, in order to
reduce visual clutter. KiCad can automatically connect these hidden pins to
the appropriate power sources if certain conditions apply.

Finally, Button 6 in Figure 8.9 allows you to lock the orientation of wires
to 90 degrees when it is enabled. You can see an example of what this button
does in Figure 8.13. The left green wire is restricted to 90 degrees orientation
(button 6 was pressed), while the green wire on the right is not restricted.
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[ Breadboard 5V _power supply /] (/home/peter/Desktop/KLP2) =
File Edit View Place Preferences Tools Help

2| = R Cg aac)|B
Wire orientation Wire orientation
restricted to 90 not restricted

S

s X UUNNF YR~ [

Figure 8.13: You can restrict wire orientation to 90 degrees, or leave it unrestricted.

You can experiment with the wire function too. Place your mouse
pointer inside the sheet, and type 'W' to enable wiring mode. Move your
cursor and click, then repeat to define the first segment of the wire. Continue
for a few more segments. When you are finished, double click to end drawing
the wire, or type the escape key to exit wiring mode. By using the Escape key,
you actually cancel the drawing process, and the wire that you draw will
disappear. Click on the orientation button to change orientation mode, and
create a few more wire segments. Can you see the difference between the two
modes?

I find that schematic diagrams look much better and are more readable
when wire orientation is restricted to 90 degrees, so I do almost all my wiring
that way.

Right toolbar

The right toolbar includes tools that allow you to add the various
elements that make up a schematic, including symbols, wires, labels, and text.
This toolbar also contains functions useful in manipulating sub-sheets.

You can see the right toolbar in Figure 8.14. In the following
paragraphs, you will become familiar with the buttons you will need in this
introductory project, such as the component and power symbol selectors,
wires, and delete. We'll leave the rest (like the bus and entry points tool, global
labels tool and the hierarchy navigation tool) for more complicated projects in
Section 4.
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Figure 8.14: The right toolbar allows you to control the various elements that appear on the sheet, and
sub-sheets.

When you click on the button labeled “1’, you will get you out of
whichever other command or tool you are using. For example, if you are
working on creating wires using the wire tool (item 5 in the right toolbar), you
can either type the ESC key or click on button 1 to exit the wire tool.

I often forget about the toolbar and instead use the hotkeys to switch
from one tool to another, and the ESC key to reset the cursor. As I mentioned
previously, hotkeys will become committed to your muscle memory and help
you speed up your work with KiCad. Until then, let’s continue with
understanding the most important buttons in the right toolbar.

Component selector
Button 3 allows you to select a component from the library and drop

this component onto the sheet. There are two ways to access the component
chooser:

1. Click on button 3 to choose the component chooser tool, and then
click on the sheet on the location where you would like to drop the
component,

2. Or, place the cursor somewhere on the sheet where you would like
to drop the component and then type ‘A’ (for “‘Add’).

Either way, the dialogue box in Figure 8.15 will appear.
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Choose Symbol (13144 items loaded) x

Q |r

Symbol ~ ﬁ)
R_Network03
R_Network03_Us
R_Network04 m m
R_Network04_uUs
R_Network05
R_Network05_US
R_Network06 J}
R_Network06_US =

R

Resistor

Key words: r res resistor

Reference R?

Value R

Cancel OK

Figure 8.15: The component chooser.

To find a component, you can type its name in the filter box (top of the
window), or browse through the libraries. In Figure 8.15 I typed ‘r’ in the filter
as I was looking for a resistor. The resistor component appears first in the list
of results, followed by other components that have a name that begins with

‘R’. To drop the component to the sheet, click on it to select it and then click
the ‘OK’ button.

Figure 8.16: When you close the component chooser, the component is attached to the cursor.

When you close the component chooser, the component is attached to
the cursor. You can move your mouse around and you will see how the
component moves with it. You can also use the ‘R” hotkey to rotate the
component to the orientation that you need. When you have placed the
component on the correct location and orientation, simply click to commit it in
place. The component will then have a solid outline and label, and will no
longer be attached to the cursor.

R?
e R
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Figure 8.17: When you commit a component to the sheet, its outline becomes solid.

If you want to move it again, place the cursor on it and type ‘M’ (for
‘Move’). The component will become attached to the mouse and you will be
able to move it until you commit to a new location with another click.

Power port selector

Button 4 in the right toolbar allows you to select and place a power
port. A power port is a symbol that represents a power connection, such as a
5V voltage source or a ground (GND). You can find and select a power port
using the normal component selector tool (button 3 in Figure 8.14). After all, a
power port is just another symbol. The power port button simply provides a
shortcut to this particular kind of symbol. Clicking on the power port button
will bring up the same symbol chooser window that is depicted in Figure 8.15,
except that now the filter takes us straight to the power-related components,
saving us a bit of time.

Choose Symbol (13145 items loaded) x

Q [5v

Symbol Desc |~
EC2-5NU RELAY| +
¥ power

+5VA power
+5VD power,
+5VL power,
+5VP power,
-5V

power,
-5VA power |

+5V
power-flag symbol
Key words: Power Flag Symbol

Reference #PWR?
Value +5V

Cancel OK

Figure 8.18: The power component chooser.

In Figure 8.18 T have also used the filter to find a 5V power source.
Clicking the 'OK' button will add this component to the sheet. I now have 2
components in my sheet, as you can see in Figure 8.19:

+5V
R?

o L

Figure 8.19: Two components are now in the schematic sheet.

Because the next tool you will learn about is the wire tool, let’s add two
more components to our sheet: a GND power component, and an LED. After
that, we will use the wire tool to connect them. 8.20 shows my current
schematic. Try to make yours look as similar as you can do this by adding the
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two new components and using the ‘R” and ‘M’ hotkeys to rotate and move
them to their correct positions.

+5V

¥ R?
1|<|2 R ]
Wien

<

GND

Figure 8.20: Four components are now in the schematic sheet.

Wiring and delete tools

Now that we have these four components in our sheet, let’s wire them.
To do this, we’ll use the Wire tool, which is labeled as ‘5’ in Figure 8.14. To
enable wiring mode, click on the wiring button or type ‘W’ (for ‘Wire’).

If you typed 'W' then your cursor is already drawing a new wire on the
sheet. Move your cursor around and you will see the green wire segment
following the cursor. Most likely, the beginning of the wire will not be within
one of the circles that indicate a pin on a component. It is unlikely that you
want to create a ‘floating” wire (L.e. a wire that is not connected to something),
so hit the ESC key to stop drawing the wire. The wire tool is still enabled (you
can confirm that by looking at the state of the wire button in the right toolbar).

Let’s try again to draw the first wire. We’ll make this wire connect the
GND component and the cathode of the LED component. Use the scroll wheel
of your mouse to zoom in to the pin that is coming out of the GND symbol,
and pan the sheet so that you can comfortably see both GND and LED
components.

Eeschema — Breadboard_5V_power_supply [/] — /home/peter/Documents/Kicad projects/KLP2/Brea... — O &

File Edit View Place Inspect Tools Preferences Help

28R Qloceead@eg=>RDZ8

Toes N

— D? F
mm

= LED P

T e =

e 04 74

b b

N

r J

GND %

®

Reférence Power symbol Name Library Footprint Description Ke;' words

#PWR? GND GND power <Unknown> GROUND power-flag symbol Power Flag

Z3.67 X30.50 Y 36.83 dx -128.27 dy-224.80 dist 258.82 mm

Figure 8.21: To connect a wire to a pin, place the cursor in the middle of the pin circle.
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With your cursor right in the middle of the circle at the edge of the pin,
and with the wire tool selected, click and release. You now have the start of
the first wire segment.

Move the cursor to the centre of the circle that marks the edge of the
cathode pin of the LED component. Assuming that you have turned off the
wire orientation restrictions, you will now have a wire that connects the GND
and LED in one straight line, like in Figure Figure 8.22:

Eeschema — Breadboard_5V_power_supply [/] — /home/peter/Documents/Kicad projects/KLP2/Brea... — O

File Edit View Place Inspect Tools Preferences Help

S L=2f Q8o aq@ESPREEZ R

= D?
bizid LED

3
E)

fvh
EX
o X M UNI\|I g &

s
b7

Z3.67 X30.50 Y 36.83 dx -128.27 dy-224.80 dist 258.82 mm Add wire
Figure 8.22: GND and LED are connected with a straight wire. Notice that orientation restrictions are

off.

I prefer my wires drawn using horizontal and vertical lines, so let’s try
again. First, delete the existing wire by selecting the delete tool (marked as "20’
in Figure 8.14). Then, click on the green wire to delete it. If your grid is large,
you may not be able to get your cursor right on the line, and your clicks will
have no effect. You can either change the grid size to something finer or click
on the wire on a location where a grid dot and the wire touch.

Once you delete the wire, type “W’, click on the orientation button in the
right toolbar to enable it, and try again to connect the GND and LED
components. Just like the first time, click on the circle of the GND component,
then click again on the circle of the LED’s cathode pin. You should have
something like this in your sheet:
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Eeschema — Breadboard_5V_power_supply [/] — /home/peter/Documents/Kicad projects/KLP2/Brea... — O
File Edit View Place Inspect Tools Preferences Help

SRS Q8 caQaQE: PR Z8
: i
Y LED iy
o P B P
by u:
£ 7
= q /

|
: §
X
GND ;
Z5.50 X26.04 Y 35.56 dx-132.70 dv-226.06 dist 262.13 mm Add wire

Figure 8.23: GND and LED are connected with a wire that forms a 90 degree angle. Notice that
orientation restrictions are on.

The wire now has a 90-degree angle as it travels from the GND
component to the LED. I think this is a better way to draw wires as it results in
a more readable schematic. Let’s continue with wire orientation restriction on,
and connect the resistor and the 5V power source. At the end of the process,
your schematic should look like this:

Eeschema — Breadboard_5V_power_supply [/] — /home/peter/Documents/Kicad projects/KLP2/Breadb... — o0 &
File Edit View Place Inspect Tools Preferences Help
ReR Qs cqaafE-PRWZS
o D? R? +5V. |
Fin} . L
oy LED R P
gy LA 1
s I~ /i
B 4 /
3
Y
X
AV .
GND § A
Reférence Powersymbol ~ Name  Library Footprint Description Key words
#PWR? +5V +5V power <Unknown> power-flag symbol Power Flag Symbol
7550  X19.70 Y21.60 dx-139.07 dy-240.03 dist 277.41 mm

Figure 8.24: The final schematic of a simple circuit with four components.

Junction tool

The next one of the buttons that you will need for the first project is
labeled "10" in Figure 8.14. This is the ‘junction’ button.

With the junction button, you can create connections between wires.
Let’s have a look at a simple example.

Go ahead and create two wires that intersect each other, like the
example in Figure 8.25. To end drawing a wire in mid-air (not connecting the
wire to a pin), double-click.
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|

Figure 8.25: two wires intersecting but not connected (there is no junction).

These two wires may look like they are connected because the intersect,
but they are not. There is no electrical connection between them. To connect
them electrically, use the junction button (labelled "10” in Figure 8.14 or

indicated by the arrow in Figure 8.26).
Try that now. Click on the junction button to enable it, and then click on

the exact location where the two wires intersect. In Figure 8.26 you can see
that a large green dot marks the exact location where the two wires are
electrically connected. Also, notice that the junction button is pressed.
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Figure 8.26: The two wires are electrically connected as indicated by the large green dot, that junction
symbol.

You can also connect two wires by drawing the end of one onto any part

of an existing wire.

Try this: use the “W” hotkey to get back into wiring mode, start a new
wire, and click on any part of an existing wire to end the drawing. Notice that
a junction dot is added to confirm that the two wires are now electrically
connected, not simply intersecting each other. Your schematic should look like

the one in Figure 8.27.
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Figure 8.27: You can connect two wires by drawing the end of one into another.
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You now have a completed circuit schematic, created using only 5 of the
buttons in the right toolbar. That is enough to allow you to create your very
first PCB, which is what you will do later in this section. You will learn about
the rest of the buttons in the right toolbar later in this book, starting in Section
4.

Let’s continue with the most important functions in the right toolbar.

Text tool

The last two of the buttons that you will use in this introductory project
are the Text button and the Graphics Line button. These do exactly what their
names suggests.

Using text and simple line graphics in your schematic have the
potential to increase readability, especially in a large and complicated project.

Let’s start with the Text tool. Click on the text button (labeled "18’ in
Figure 8.14), then click somewhere close to the LED in the schematic that you
started earlier in this section. You will see the text properties window, as in
Figure 8.28.

Text Properties x

A 5mm red LED|
Text:

Size: |1.270 H(mm) x W(mm)

Orientation: Style
Right @® Normal
Up Italic

@® Left Bold

Down Bold and italic

Cancel OK

Figure 8.28: the Text Properties window allows you to insert free text in your schematic.

Type in something sensible to provide useful information that will assist
the reader. I'd like my circuit to use a 5mm red LED, so that is what I typed in
the Text field. I also like the text to appear in a small size font, so I entered
“1.00" in the Size field. I left the rest of the widgets unchanged, but feel free to
experiment with them and see what they do.

When you click ‘OK’, the new text will be attached to your mouse
pointer so that you can position it at the exact location you want. The text
appears faded as you move it around, like in Figure 8.29.

D?
P
|/'/L ED
A Sivien psd LED
N
GND
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Figure 8.29: When you exit the Text Properties window, the new text is attached to the mouse pointer
SO you can position it.

When you have the new text in position, left-click your mouse to
commit it. The text will look solid, as in Figure 8.30.
D?
. ||<I] 2
|/|/L ED
A 5mm red LED

GND

Figure 8.30: The new text is committed to the sheet.

You can use the text tool by using the "T” hotkey (for “Text’). Place your
cursor on the position where you would like to place the text and type "T’. The
same dialog box that you saw in Figure 8.14 will appear, and from there
onward the process is the same as if you had clicked on the Text button.

If you make an error in the text, you can easily fix it by placing your
mouse over the text and typing ‘E’ (for ‘Edit’). Again, the Text Properties
dialog you saw in Figure 8.14 will appear, and any changes in the text or its
properties will appear when you click on the ‘OK’ button.

The ‘E” hotkey works with any other components in the sheet, not just
text. Go ahead and try it on the LED and resistor components, and see what
happens.

Try adding one more text item to provide additional information about
the resistor. For example, add text the says ‘current limiting resistor’, so you

end up with this result (Figure 8.31):
+9V

D? ?
1112 jr—R;[—'__T

N
]/{LED Current
A 5mm red LED limiting
resistor
GND

Figure 8.31: More text, this time in three lines.

Notice how the text ‘Current limiting resistor” appears in three lines
instead of one? You can do this simply by inserting a carriage return after each
word, or after a word where you would like the line to end (Figure 8.32).
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Text Properties x

Current
Text: limiting
resistorl

Size: |1.270 H(mm) x W(mm)

Orientation: Style:
Right @® Normal
Up Italic

@® Left Bold

Down Bold and italic

Cancel OK

Figure 8.32: You can spread text over multiple lines.

In Figure 8.32, I spread the text over three lines, as you can see in the
Text text field.

One more thing before we look at the graphics line and polygon tool: To
move any component or schematic element to a new position, use the ‘M’
hotkey (for ‘Move’). Try it now: place your mouse cursor over the text
‘Current limiting resistor’. The text is now attached to the cursor. Move your
cursor with the attached text to a new position, then click to commit.

I remind you that you can use the ‘M’ hotkey on any component, not
just text. However, if the component that you are moving has wire
connections, these will be broken, and you will have to rewire it manually. To
move a component without breaking its wiring, you can use the ‘G” hotkey
(for ‘Grab’).

Play with the ‘M’ and ‘G’ hotkeys until you feel confident that you
understand them, and then move to the next part where you will learn about
the Graphics line and polygon tool.

Graphics line tool

The last of the buttons in the right toolbar that you will need for this
introductory project is the Graphics Line of Polygon button. It is the fourth
one from the bottom, labeled "17” in Figure 8.14.

By clicking on the button you will be able to draw straight lines. You
can draw multiple straight lines and create boxes or other polygons. You can
use these lines of polygons to do things such as group parts of your schematic
together, put boxes around text or simply highlight text, or add some simple
graphical elements to your schematic in order to improve its readability and
make it more aesthetically pleasing. You can also enable this tool by using the
‘i hotkey.

Let’s make a box to enclose our small circuit. Place your mouse around
the bottom left edge of the circuit (or anywhere else where you would like the
box edges to exist), and type ‘I'. Draw the box by moving your mouse to the
next corner and left-clicking to mark the end of that segment. To finish

66
Purchased by alexey vasinkin , weasel.ru@gmail.com.



drawing, double left-click. You should have something like the example in
Figure 8.33.

Y- TEEH B

D? R? s

1 m 2 =

'/'/LED Current 2

A 5mm red LED limiting Lo
resistor — i

GND H 1

Figure 8.33: Use the Line tool to draw lines and polygons.

The line tool is very basic. You can change its color, thickness, or
pattern. The only kind of line you can draw is what you see in the example of
Figure 8.33.

If you make a mistake, you will need to use the Delete tool and click on
each segment that you want to delete, then re-draw. The ‘E” and ‘G’ hotkeys

also work on lines.

Top toolbar

The top toolbar includes collections of buttons that perform a variety of
functions. There are buttons for saving your schematic diagram to disk,
printing it to paper or in other file formats, zooming in and out of the sheet,
checking the correctness of the schematic, and more.

In this chapter, you will become familiar with the top toolbar and learn
how to use the functions you will need for this first project. Figure 8.34 depicts
this toolbar, annotated with numbers for easy reference.

spencCIElcRkeRAE ] rna s =Bl WS

T2345 6 7 & 9 10 11 121314151617181920,21,22
Figure 8.34: The top toolbar allows you to save and print your sheet, as well as perform many other
functions.

B

Quick tour of the top toolbar
Let’s have a quick look at the functions available through the top bar

before we concentrate on those that are useful for this first project. Table 8.3
(below) describes the functionalities that you can access through the top-bar
buttons.

Button Description
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10

11
12

13

14

15

16

17

Saves the file to disk (you can also type Ctr-S to
achieve the same result, or click on File and then 'Save
Schematic Project’).

Configure the page settings. You have already
learned about this in the segment titled '8.1. The
schematic sheet'.

Print the sheet to paper.

Export the sheet to various file formats like PDE,
PostScript, SVG, DXF and HPGL.

Paste a copied item

Undo and redo the last command.

Find and replace text in the sheet

Redraw (useful when the sheet graphics rendering
leave artefacts behind)

Zoom in and out

The left button in this group will change the zoom
factor so that the schematic fits in the window. The
right button, when enabled, allows you define a
rectangle with your mouse, and zoom in to the
contents enclosed in the rectangle.

Navigate through hierarchical sheets

Access the library editor, which allows you to create
or edit symbols

Access the library browser so that you can find a
symbol and edit to your schematic

Access the footprint editor. With the footprint editor,
you can create new footprints or modify existing
footprints.

Annotate the schematic components so that each
component has a unique identifier

Perform the electrical rules check (ERC). This check
detects errors such as unconnected wires.

Associate symbols and footprints. This will trigger the
Cvpcb application.
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Generate the Netlist file. This file is then imported
18 into Pcbnew so that you can continue the process

with the board layout.

Symbol field editor. In this editor, you can edit the
19 symbol fields in bulk, instead of doing so individual

for each symbol in the symbol’s properties window.

Create a Bill of Materials. This uses a plugin that can
20 read the contents of the schematic sheet and generate
a spreadsheet that contains a list of its components.
Start Pcbnew. Using Pcbnew, you can create the
board layout.
Back-import component footprints (selected using
CvPcb) into the 'footprint' fields.

Table 8.3: The functions that are available through the top toolbar.

21

22

Of the functions you can see in Table 8.3, the ones you will need in this
project are 1, 2, 8, 13, 15, 16, 17, 18 and 20.

I'd like to concentrate on functions 13 (library browser), 15 (annotator),
16 (ERC), 17 (associator) and 18 (Netlist) since the rest are self-explanatory or
you already know how to use them (1, 2, 8).

Library browser
Click on button 13 to bring up the Library Browser. It should look like

the example in Figure 8.35.

Symbol Library Browser —- /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-... - 0 &
File View Help
- PDF
Pl @ d g =
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DSP_Microchip_DSPIC33 Q B w
Q_TRIAC_A1GA2 o]
DSP_Motorola _TRIAC_AZA1G o
DSP_Texas Q = +_
: Q_TRIAC_A2GA1
Device TRIAC_GA1A2
e Q_TRIAC_GA2A1
o C—
Diode_Laser T E—— O: m
Display_Character - fe -One_ fece |
k " RF_Shield_Two_Pieces
Display_Graphic
& : RTRIM
Driver_Display e
Driver_FET R_:etworko3 g J)
Driver_LED R_Ne work =
Driver_Motor zNEeworkod L
. R_Network04_US >
Driver_Relay -N ; e .U)
FPGA_Lattice R Etwmkos "
FPGA_Microsemi RoNetworkbodll> ©
~  R_Network06 [a
Name Alias Description Key words
R None Resistor rres resistor
Z7.33 X-2.54 Y -3.80 dx -2.54 dy-3.80 dist 4.57 mm

Figure 8.35: The symbol browser allows you to inspect the available symbols.
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Using the library browser, you can find a symbol among the available
symbol libraries. The symbol library browser is just that, a browser. It is useful
for browsing through and editing the available libraries and symbols. When
you find a symbol you want to use, you can insert it in your schematic; use the
"Place symbol' button from the right toolbar or the 'A' key for that.

The browser consists of three panes. The left-most pane contains the
libraries. The middle pane contains the symbols that are part of the selected
library. And the right pane shows the selected symbol.

You can resize the panes by placing your mouse over one of the vertical
dividing lines, then dragging the line to the left or right using your left mouse
button.

Try this out: in the left pane, scroll up and down to become familiar
with the available libraries. Find the one named 'device', and click on it. Did
you notice that the contents of the middle pane were updated as soon as you
selected the device library? Now scroll up and down the middle pane and
look for the symbol named 'R'. This is the standard resistor symbol. Click on it
and see how the graphical representation of this symbol appears in the right
pane.

You can use the scroll wheel in the right-most pane to change the size of
the symbol, but please note that this won’t change its size on your schematic;
it only affects the symbol size in the library browser.

To quickly browse through the available symbols, you can use the filter.
Try this now: Select the symbol library browser from the top toolbar, and then
click on the Filter button (at the start of the arrow in Figure 8.36).

Choose Symbol (13144 items loaded) x

Ple (Al 1 ‘

De! Symbol O
: 3
C_Feedthrough
c_small o]
C_Variable
cp L
CP1
CP1_Small C
CP_small
Crystal O

C
Unpolarized capacitor
Key words: cap capacitor

Reference C?
Value C

Name Alias Cancel oK
R None

Figure 8.36: The symbols browser filter allows you to quickly find a symbol.
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The filter window will come up, where you can add text in the filter text
field. In the example in Figure 8.36, I typed 'C' as I was looking for a standard
capacitor. Once you make your selection, double left-click on it or click Ok, to
have the symbol’s graphical symbol appear in the browser’s right pane.

The annotator

Annotating your schematic is a required step of the PCB design process.

To annotate your schematic, use the Annotator tool, which is accessible by
clicking on button 15 in Figure 8.34.

Let’s return to our tiny schematic, that consists of a resistor and an LED.
Here it is again, in Figure 8.37:

y / | +5V
P4 v
Gl R?
| | 51
|/|/N | SRS |
LED Current
A 5mm red LED limiting
resistor
GND

Figure 8.37: In this schematic, the diode and resistor symbols do not yet have a unique identifier.

In this schematic, notice that the diode and resistor symbols do not have
a unique identifier. The arrows point to the question marks next to the 'D' and
'R' symbols, that indicate that the schematic has not been annotated yet.

To do the annotation, click on the annotator button (15 in Figure 8.34).

This will bring up a new window that is titled 'Annotate Schematic', that you
can see in 8.38.

Annotate Schematic

Scope: Order:

@ |Use the entire schematic @ Sort components by X position m
Use the current page only Sort components by Y position =

Options: Numbering:

@ Keep existing annotations @ Use first free number after: |0
Reset existing annotations

First free after sheet number X 100
Reset, but keep order of multi-unit parts

First free after sheet number X 1000

Keep this dialog open

Annotate
Don't ask for confirmation

Clear Annotation

Close
Annotation Messages:

show: & All & Errors & warnings & Infos [ Actions |Save ReportFile
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Figure 8.38: This dialog box allows you to control the annotator.

The annotator dialog box allows you to control how the annotator will
complete its task. For example, if your schematic spans across multiple sheets,
you can choose to annotate all of the sheets or only the current one. If you
have annotated the schematic in the past and added new symbols which are
not annotated, you can also choose to retain existing annotations and only
annotate the new symbols. You can also control the direction of annotation,
and the numbering system.

Let’s keep things simple, and accept all the defaults. Click on the
Annotate button, and accept the warning dialog box that may pop-up. This
will complete the annotation, and update your schematic. Click on the Close
button to close the dialog. The result should look like the example in Figure
8.39:

+5V
N\
i D1 5 R1
< L ey
N
‘/‘/LED Current
A 5mm red LED limititng
resistor
GND

Figure 8.39: The symbols now have a unique identifier.

Let’s continue with the electrical rules check (ERC).

Electrical rules check (ERC)

Our simple schematic diagram looks correct, from an electrical point of
view. All wires seem to be correctly connected. The power ports also look
correctly connected.

Not much can go wrong in a small schematic like the one we are
currently working on. But as you start working on larger and more
complicated circuits (as we will be doing very soon), the risk of errors will
increase.

It is critical that we can identify and correct any errors before we
continue our work with the PCB layout editor (Pcbnew), and this is the
purpose of the Electrical Rules Check (ERC) function.

Let’s go ahead and try this now, in our simply LED and resistor circuit.

Click on the ERC button (labeled 16 in Figure 8.34). This will bring up
the ERC dialog box, which is empty (Figure 40).
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Electrical Rules Checker

ERC|| Options

ERC Report: Messages:

Total: 0
warnings: |0

Errors: 0

Create ERC file report

Error list:

Delete Markers Run Close

Figure 8.40: Starting the Electrical Rules Checker.

To start the check, click on the Run button. The ERC will do its work,

and produce a list of errors if any. In my case, it did produce two errors, as
you can see in Figure 8.41:

Electrical Rules Checker D) < sse | = & 5 ] =
0 RQQad@:k PRAMZemEE N
ERC | Options.
ERC Repoi L g
Total: 2 Finished
-
.
D1 R1 B
Create ERC file report

Error list:

o LED R
e B e S i T e S TR |
o @ (36.83 mm,30.48 mm): Pin 1 (Passive) of component D1 is not driven 1
(Net 1).
ErrType(3): Pin connected to some others pins but no pin to drive it c ! t
o @ (54.61 mm,30.48 mm): Pin 1 (Passive) of component R1 is not driven u rre r
het 2). 5mm red LED

limiting
resistor

Figure 8.41: Even in such a simple circuit, errors are lurking!

The checker returned two instances of the same error:

ErrType(3): Pin connected to some others pins but no pin to
drive it

To help us find and fix the error, it also marked the location of the errors
in the schematic using green arrows. This is probably one of the most
frequent errors that I encounter in KiCad. The error message itself may not
make much sense, but it is straight-forward. KiCad is complaining that there
is no power source for the circuit. It 'knows' that every circuit needs a power
source to operate, and that in the case of this circuit, it can’t find one.

Even though we do have a 5V and a GND symbol, these have to be
explicitly marked as power sources to satisfy the ERC rules. While not
intuitive for people new to PCB design, it will make sense if you think about.
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In general, a circuit contains wires that convey signals (like the voltage that
comes from an analog sensor) and power (like the current that comes from a
battery). KiCad needs to be able to tell the two apart, and it is our
responsibility as designers to mark our schematic explicitly.

Let’s go ahead and fix ERC’s errors by marking the wires that are
coming out of the 5V and GND symbols as power wires. Going forward, I will
also be using the word net' to mean a wire. The word net is used extensively
in KiCad, and it is good at this point to start becoming used to it.

Let’s go to the schematic, place the cursor near the 5V symbol and type
the 'A" key so we can add a new symbol. The symbol chooser will appear
(Figure 8.42). Type 'pwr' in the filter to get to what we are looking for faster.
The PWR_FLAG symbol is in the 'power' library.

Choose Symbol (13148 items loaded) x

Q pwr
Symbol De”
¥ power
WR FLAG E

GNDPWR i (p¢ PWR_F LAG
Earth Gr
Earth_Clean Cle ?
Earth_Protective Pri

v dk_Logic-Translators-Level-Shifters
TXBO104PWR IC

TXB0108PWR ICTS
v

PWR_FLAG
general power-flag symbol
Key words: Power Flag Symbol

Reference #FLG?
Value PWR_FLAG

Cancel OK

Figure 8.42: The power flag (PWR_FLAG) symbol.

Click 'OK' to add the PWR_FLAG symbol to the schematic. Position it
close to the 5V symbol, and connect it to the net that connects the resistor and

the 5V symbols. You should now have something like the example in Figure
8.43.

PWR_FLAG +5V

Current

A 5mm red LED limiting
resistor

GND PWR_FLAG
Figure 8.43: With the PWR_FLAG symbols we can mark nets explicitly as power nets.

What we have now is a circuit with the exact same symbols as before
(an LED, a resistor, and the GND and 5V symbols). But now, we have
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explicitly told KiCad that the nets between the LED and GND, and resistor
and 5V convey power. The PWR_FLAG symbols are not 'real’, in the sense
that they do not have a footprint that will appear in our PCB. Think of them as
tags, or instructions for providing KiCad with the information it needs to
operate.

Connecting the PWR_FLAG symbols to the two nets with the error
messages should fix those errors. Let’s verify. Run the ERC again by clicking
on the ERC button (labeled 16 in Figure 8.34), and then on 'Run'. Both errors
should be cleared, and there should be no green arrows in the schematic. Your
schematic should look like the example in Figure 8.44:

eeeeeeeeeeeeeeeeeeeeee

Qo @B PRANZAT=ES N
- PWR_FLAG
D1 R v o - O
LED R
1 l:l
'/'/N Current
A :Bmim: ireds= LED w5 as
limiting
resistor
GND PWR_FLAG

Figure 8.44: Thanks to the PWR_FLAG symbols the ERC errors are cleared.

Now that this simple schematic is electrically correct, we can continue
by associating the schematic symbols (the D1 and R1 symbols that you see in
Figure 8.44, with the footprints that we will work within the layout editor
(Pcbnew).

Cvpcb: Associate components and footprints

KiCad'’s approach to PCB design is to recognise that a PCB starts its 'life'
as a schematic diagram. In the schematic, abstract symbols represent the
components that will eventually populate the PCB. But, the keyword here is
'abstract'. A simple resistor symbol in the schematic can be implemented as
one specific physical resistor out of many possible ones.

You can choose to use a surface mount resistor, that come in a variety of
sizes and packages: 0201, 0402, 0603, 0805, and so on. You may choose a
through-hole resistor, which also comes in a variety of sizes and packages:
3mm, 6.5mm, 8.5mm and so on.

KiCad’s designers decided that it makes sense to separate the schematic
symbols from the footprints and give maximum flexibility to us, the PCB
designers, to assign a footprint to a symbol. Once you get used to this idea,
you will appreciate the power of this approach. You will be able to create a
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single schematic, and from it derive multiple PCB layouts. For example, you
can create a through-hole component version of the PCB during the
prototyping stage to make sure that your PCB works, and then create a
surface-mounted version of the PCB which is better for assembly using pick-
and-place machines.

The tool that connects the schematic symbols with the footprints is
Cvpcb. Let’s use it now.

Click on the Cvpcb button (marked as '17' in Figure 8.34). In Figure 8.45
you can see Cvpcb before we make any associations.

Cvpch 4.0.7-e2-6376~58~ubuntu14.04.1 Project: Thome/peter/Desktop/KLP2/Breadboard_SV_power supply.pro’

55 Lo U 00 00
By | G |33 | wp | d00 a2 07 0T

AEs!he!i(s ¢ 5 Dl - LED : 1 Air_Coils_SML_NEOSID:Neosid Air-Coil SML_lturn HDMO131A
Air_Coils SML NEOSID 2 RI - R : 2 Air_Coils_SML NEOSID:Neosid Air-Coil SML 2turn HAM6231A
BC Miniproject v2 3 Air_Coils_SML_NEOSID:Neosid Air-Coil SML 2turn_HDM6231A
Batteries 4 Air_Coils_SML_NEOSID:Neosid Air-Coil SML 3turn HAM@331A
Boards 5 Air_Coils_SML_NEOSID:Neosid Air-Coil SML_3turn_HDM@331A
Buttons_Switches_SMD 6 Air_Coils SML NEOSID:Neosid Air-Coil SML 4turn HAM8431A
Buttons_Switches ThmughMole 7 Air_Coils_SML_NEOSID:Neosid Air-Coil SML_4turn HDMe431A
Buzzers_Beepers 8 Air_Coils_SML_NEOSID:Neosid Air-Coil SML_Sturn_HAME531A

7 capacitors 9 Air_Coils_SML NEOSID:Neosid Air-Coil SML_Sturn HOMS31A
Capacitors_SMD | 10 Air Coils_SML_NEOSID:Neosid Air-Coil SML_6-10turn_HAMB631A-HAM1631A
Capacitors_Tantalum_SMD || 11 Air_Coils_SML_NEOSID:Neosid Air-Coil SML_6-10turn_HDMB8431A-HDM1631A
Capacitors_ThroughHole 12 Air_Coils_SML_NEOSID:Neosid Air-Coil SML 6turn HAM8G31A
Choke_Axial_ThroughHole 13 BC Miniproject v2:7mmTrimmer Vishay
Choke_Common-Mode Wurth 14 BC Miniproject v2:LED-RGB-8MM-COM-K-MINIMAL
Choke_Radial_ThroughHole 15 BC Miniproject v2:LED 8462 AK
Choke_SMD 16 BC Miniproject v2:LED SMD. Wurth
Choke_Toroid Throuthule 17 BC Miniproject v2:LED SMD_Wurth_v2
Clocks 18 BC Miniproject v2:TactileSwitch Omron
Coils 19 BC Miniproject v2:TE LOGO_URL vl
Components: 2, unassigned: 2 Filter list: LED* No filtering: 6554

Figure 8.45: Cvpcb before we make any associations.

The tool contains three parts. In the Left pane are the footprint libraries.
These libraries contain footprints. We will search in them to find appropriate
footprints for the resistor and LED. In the middle pane is the list of schematic
symbols and their associated footprints. At the moment, there are no
associations.

Let’s start by creating an association for the LED, which is already
selected in Figure 8.45. By default, the first library in the left pane is selected,
and a long list of items showing in the right pane. Cvpcb provides search
filters in the form of the buttons 3, 4 and 5 in Figure 8.45. If none of the filters
are selected, then in the right pane you will see all of the footprints that are
included in all of the libraries. This is a very long list to search through even if
you are only using the default footprints that come with KiCad. Click on any
other library in the left pane, and you will notice that the list in the right pane
changes.

Try out the Library filter, that is labeled as '5', and you can also easily
recognise thanks to the 'L' in its button icon. This filter allows you to display
in the right pane only those footprints that belong to the selected library in the
left pane. Click on the Library filter button to enable it, and then try out a few
libraries. See how the contents of the right pane change as you switch through

libraries?
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The button labeled as '4' is another filter that narrows down the items
you see in the right pane based on the number of pins that the selected device
in the middle pane has. For example, in Figure 8.45 the selected device has
two pins. When you enable the 'number of pins' filter, only footprints with
two pins will appear in the right pane.

Finally, the button labeled as '3' is the keyword filter. It narrows down
the items you see in the right pane to only those that contain a keyword that
matches that of the selected item in the middle pane. Click on it to select it.
Unless you have selected the LEDs library in the left pane, the right pane
should be empty, because the random library you have selected does not
contain any items with the keyword 'LED' in its name.

With all three filters selected, use the scroller of the left pane to find a
library named 'LEDs'. In the right pane, you will see all of the available
matching footprints (Figure 8.46).

Assign Footprints -0

File Preferences Help

£ 0 e | B BLEE B

Diode SMD ~ 1 D1 - LED | 40 LED_THT:LED_D5.6mm_Horizontal 03.81"°
Diode THT 2 R1 - R 41 LED_THT:LED D5.6mm_Horizontal 03.81
Display 42 LED THT:LED D5.0mm Horizontal 03.81
Display 7Segment 43 LED THT:LED D5.6mm_Horizontal 06.35
Fiducial 44 LED_THT:LED D5.6mm_Horizontal 06.35
Filter 45 LED_THT:LED_D5.0mm_Horizontal 06.35
Fuse 46 LED THT:LED_D5.6mm_IRBlack

Heatsink 47 LED THT:LED D5.0mm_IRGrey

Inductor SMD 8 LED_ :LED_D8.Omm

Inductor THT 49 LED THT:LED D1©.6mm

Jumper 50 LED_THT:LED D26.0mm

LED_ SMD 51 LED_THT:LED Oval W5.2mm_H3.8mm
LED_THT 52 LED_THT:LED Rectangular_W3.6mm_H2.€
Module 53 LED_THT:LED Rectangular W3.9mm H1.8
MountingHole 54 LED THT:LED Rectangular W3.9mm H1.8

NetTie 55 LED THT:LED Rectanqular W3.9mm H1.9~
- v y

Filtered by pin count (2), library (LED_THT): 68
Description: LED, diameter 8.0mm, 2 pins, http://cdn-reichelt.de/documents/datenblatt/A500/LED8MMGE_LED8MMGN_LED8MMRT%23KIN.pdFf; Key words: LED diame

Apply, Save Schematic & Continue Cancel OK

Figure 8.46: Finding the right footprint for the LED schematic symbol.

There are a lot of options. You can associate the LED symbol with a
Surface-Mounted Device (SMD) or Through-hole (TH) component of various
sizes and orientations. I am not too concerned about which one I will select in
this example since we are only warming up, and will not actually
manufacture this PCB. Select a reasonable footprint, like the one I have in
Figure 8.46, which is an 8mm LED.

You can see the footprint by clicking on the Footprint button, as in the
example in Figure 8.47 .
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File Preferences Help

S | Gk | 8¢ > | 31 xf ] e

Housings_DFN_QFN (@ o- e | 34 LEDs:LED_D3.0mm Horizontal 06.35mm_Z10.0mm
Housings DIP 2 R - R: 35 LEDS:LED_D4.6mm

Housings_QFP Ll 36 LEDs:LED_DS.0mm

Hoj Footprint: LEDS:LED D8.0mm 37 LEDS:LED D5.6mn FlatTop

Hol 38 LEDS:LED D5.6mm_Horizontal 01.27nm Z3.0mm

Wil QAR M 39 LEDs:LED_DS.0mm_Horizontal 01.27mm_29.6mn
T

40 LEDs:LED_DS.6mm_Horizontal 01.27mm_Z15.6mm

41 LEDs:LED_DS.6mm_Horizontal_03.81mm_Z3.6mm
42 LEDs:LED_DS.6mm_Horizontal_03.81mm 79.6mm
43 LEDs:LED_DS.6mm_Horizontal 03.81mm_Z15.6mm

e 44 LEDs:LED _DS.6mm_Horizontal 06.35mm Z3.6mm
E 45 LEDs:LED_D5.8mm Horizontal 06.35mm_Z79.6mm
¥ 46 LEDs:LED DS.6mm Horizontal 06.35mm Z15.6mm
Mel =z — 47 LEDS:LED . 6mm
Mel
Mel 49 LEDs:LED_D26.6mm
il 50 LEDs:LED_miniPLCC 2315
Mo| 51 LEDs:LED miniPLCC 2315 Handsoldering
e 52 LEDS:LED_Oval WS, 2nm_H3.8m
"—} S — 53 LEDs:LED PLCC-2
uﬂ L E D D Eeler 8.0mm 2 pins Filtered by key words+pin count-1ibrar...
REF* LastChange  NetlistP Layer  Pads  Staws
LED_D8.0mm 5,2017 FCu 2 -
2733 X-0.250000 Y-0250000 dx-0.250000 dy-0.250000 dist 0.3536

Figure 8.47: A view of the selected footprint.

To complete the association, double click on the footprint item. It will
appear in the middle pane, next to the schematic symbol.

Practice this process one more time, and find a footprint for the resistor
symbol. In Figure 8.48 you can see what my associations look like.

Assign Footprints - 0@
File Preferences Help
O || @ | pf | (BT S
Package_TO_SOT_SMD o 1 D1 - LED : LED THT:LED D8.6mm 1 Resistor THT:R_Axial DIN©204 L3.6mm C
Package TO_SOT_THT 2 Rl - R : Resistor THT:R Axial_ 2 Resistor_THT:R_Axial DIN0204 L3.6mm_C
Potentiometer SMD 3 Resistor THT:R Axial DIN0©204 L3.6mm_C
Potentiometer THT 4 Resistor THT:R Axial DIN©204 L3.6mm C
RF_Antenna _ 04
RF_Module 6 Resistor THT:R Axial DIN0©207_L6.3mm_C
RF_Shielding 7 Resistor THT:R Axial DIN0©207_L6.3mm_C
Relay_SMD 8 Resistor THT:R Axial DIN0207_L6.3mm_C
Relay THT 9 Resistor THT:R_Axial DIN0©207_L6.3mm_C
Resistor SMD 10 Resistor THT:R_Axial DIN©207_L6.3mm C
Resistor THT 11 Resistor THT:R Axial DIN©309 L9.6mm C
Rotary Encoder 12 Resistor THT:R Axial DIN©369_L9.6mm_C
Sensor_Audio 13 Resistor THT:R _Axial DIN©369_L9.6mm_C
Sensor_Current 14 Resistor THT:R_Axial DIN©3©9_L9.emm C
Sensor_Pressure 15 Resistor THT:R_Axial DIN©3©9_L9.6mm [
Sensor_Voltage 16 Resistor THT:R Axial DIN©3@9 L9.6mm O~
F’nterved by pin count (2), library (Resistor_THT): 88
Description: Resistor, Axial_DIN0204 series, Axial, Horizontal, pin pitch=7.62mm, 0.167W, length*diameter=3.6*1.6mm~2, http://cdn-reichelt.de/documents/datenblatt/B400/1_4W%23YAG.pdf; Key words:

Apply, Save Schematic & Continue Cancel OK

Figure 8.48: The resistor and LED symbols associated with footprints.

Our associations are now complete. Remember to save your work with
Cvpcb before you exit this application.

Create the Netlist file

When your schematic is ready, meaning that you have completed
drawing it, the ERC has passed, and you have associated symbols to
footprints, it is time to continue the work in the layout editor, Pcbnew.
Because in KiCad, the schematic editor and the layout editor are two different
applications (Eeschema and Pcbnew respectively), there is an intermediate
step necessary when you move from Eeschema to Pcbnew.

You must create a file called 'Netlist'.

The Netlist contains information about the symbols, their wiring, and
their association with footprints. This information is used by Pcbnew to fetch
the footprints from their libraries and place them in the layout design area and
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to create the ratnets, which are thin lines indicating the electrical connections
between the pins that we will need to implemented as as copper tracks.

Let’s go ahead to create the Netlist file for our small circuit. Click on the
button labeled 18" in Figure 8.34. It is easy to remember since it contains the
acronym 'NET" in its button icon. The Netlist dialog box will appear (Figure
8.49).

Netlist X

Pcbnew | OrcadPCB2 = CadStar = Spice

|  Generate Netlist |

Options: .
G

& |Default Format l—xs0fe ]

‘ Add Plugin...

Remove Plugin...

[] Use default netname

Default Netlist Filename:
\Breadboard_SV _power_supply.net

Figure 8.49: The Netlist dialog box.

The Netlist generator can create files that are readable by a variety of
layout programs, but since we will be using Pcbnew, we will only work with
the Pcbnew tab. Simply click on the Generate button to produce the Netlist
file. By default, the Netlist file will be saved in the project directory, which will
be easy to find once we get into Pcbnew shortly.

When you click on Generate, a new dialog box will ask you to confirm
the save location of the file. Accept the default project directory by clicking on
the Save button.

| > 4 @ Home Documents Kicad projects = KLP2 = Breadboard_5V_power_supply »
Recent Name

Home 3 Breadboard_5V_power_supply.bak

Desktop

m Breadboard_5V_power_supply.kicad_pcb
Documents "

Downloads || Breadboard_sV_power_supply.net _

. N
Music @ Breadboard_5V_power_supply.pro

Pictures

Videos _'z‘:' Breadboard_5V_power_supply.sch

Trash || Breadboard_5V_power_supply-cache.lib

DE’IHN\"'U-W\V\A

Kicad Projects

Figure 8.50: The new Netlist file is saved in the project directory.
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You can confirm that the new Netlist file is created by looking inside the
project directly. It is the file with the ".net' extension in its filename.

Before we continue work on this simple PCB, let have a quick look at
the status bar and the menus in Eeschema.

Status bar
The status bar is the area in the bottom of the Eeschema window. You

can see an example in Figure 8.51.
‘ ' oD ‘ P Zcpiozs EEJLJK.;//E;’;SH% T§

i
i {1 ¥87heriozs
e oy FOOCPrne: Description Key words
U1 DHT22  DHT11  Sensor Cnnne(toriPinHEaderiz.Stlmm:PinHead}rJx047 m_Verti Temperature and humidity mod digital temperature humidit} or

R3 found but value 3300 not found Z2.75 X43.20 Y 83.20 dx 43.20 dy 83.20 dist 93.75 mm

[~

Figure 8.51: The status bar in Eeschema.

The status bar contains useful information in five segments. With
reference to the labels in Figure 8.51, we have:

1: Status messages such as the total number of nets in a schematic or the
next command you are about to select from a menu item.

2: The zoom factor. As you zoom into the sheet to increase the level of
detail you can see, the zoom factor also increases.

3: The absolute coordinates of your mouse cursor. The coordinate
system in KiCad has its origin in the top left corner of the sheet. The
coordinates in segment 3 of the status bar are in relation to the origin (see
Figure 8.52).

[ Breadboard_5V_power_supply /] (/fhome/peter/Desktop/KLP2) —
File Edit View Place Preferences Tools Help
& e = G5 @ a @
3

o} : : : = | B
>
j :
Z0.69 X 0.00 Y 0.00 dx-111.76 dy-94.60 dist 146.42 mm|

Figure 8.52: The status bar in Eeschema.

4: The relative coordinates, which allow you to measure the distance
between two parts of the Sheet. To make a measurement, place the cursor on
the location where you would like the measurement to start, and press the
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spacebar to reset the dx, dy, and list counters. Then, move the cursor to the
location where you would like to measure the distance to. The results of this
measurement will be in the dx (difference in the x-axis), dy (difference in the y-
axis) and dist (absolute distance between the two points) figures.

As an example, let’s measure the distance between the two junction
points in our resistor and LED schematic. Place your cursor on the left

junction and press the spacebar to reset the counters (Figure 8.53).
|

PWRIFLAG +5v |
| D1 R1

1. L2 Sp— !
e e 5
LED Current !
A Smm red LED = limiting ‘

i resistor
e PN o PWR-FLAG]
170 Y93.35 dx 0.00 dy0.00 dist0.00 mm

Figure 8.53: Reset the counters by pressing the space bar.

Then, simply move the cursor to the location you want to measure the
distance to, let’s say the junction on the right side of the schematic. In the
example in Figure 8.54, we learn that the distance is 23.50 mm (dist), as is the
difference on the x-axis (dx). The two junctions are on the same location on the
y-axis, so the dy value is 0.

| PWR_FLAG 5y
D1
0 m 2 I—Ruiﬁ
'/‘/LE D Current i
A Smm red LED limiting '
resistor
AR FLAG
6.20 Y 93.35 dx 23.50 dy 0.00 dist 23.50 mm

Figure 8.54: Move the mouse cursor to a new location and see the dx, dy and dist counters to update.

5: Show the selected unit of length. I find that the ability to measure
distances is extremely important, not so much in Eeschema, but in Pcbnew. In
Pcbnew these measurements will help us place a footprint that requires
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precise physical dimensions. For example, we will use this measurement
technique to design a PCB that will fit precisely in our project box, or that will
have a screw terminal precisely placed to correspond with a provision for it
on our box.

Spend a few minutes to become comfortable measuring distances in
Eeschema. It is a skill you will also use in Pcbnew, the component library
editor, and the footprint editor.

Menus

To complete our tour of Eeschema, let’s have a quick look at the menus.

The first thing to notice is that these menus contain items that are also
available as buttons in the top and right hand toolbars:

e File
e Edit
¢ View
¢ Place
e Tools

These two menus contain unique functionality:

¢ Preferences
e Help

The File menu contains the 'Append Schematic Sheet' item, which is not
available as a button. Selecting this item allows you to insert the contents of
another schematic sheet into the current sheet. This is useful in cases where
you have, for example, a schematics that contains standard circuits, like power
supplies and LED arrays. Instead of re-drawing those circuits, you can simply
append them into your current design.

Let’s have a look at the Preferences menu. We will not be making any
changes there at this time since this is not necessary for the purposes of this
small introductory project. But we will be working with the preferences in
later projects, especially as you learn to create your own components, or
import third-party component libraries (Figure 8.55.

Eeschema — Breadboard_5V_power_supply [/] — /home/;

File Edit View Place Inspect Tools Preferences Help

Y | ﬁ Configure Paths...
Manage Symbol Libraries... —

General Options
dn Icons Options

mm Set Language

r
1 P \ Hotkeys Options
1
1
1
1
1
1

s
|

Save ProjectFile...
Load ProjectFile...

ki T
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Figure 8.55: The preferences menu item.

From the Preferences menu, click on the Manage Symbol Libraries
option. The Symbol Libraries window will appear (Figure 8.56).

Symbol Libraries x
Libraries by Scope
Global Libraries | project Specific Libraries
File: /home/peter/.config/kicad/sym-lib-table
Active Nickname
W e honepeterocments/Riaduibrories /i
2 4xxx_IEEE /home/peter/Documents/Kicad Libraries/Kic
3 |& 74xGxx /home/peter/Documents/Kicad Libraries/Kice
4 & 74xx /home/peter/Documents/Kicad Libraries/Kica
5 74xx_|EEE /home/peter/Documents/Kicad Libraries/Kica
6 Amplifier_Audio /home/peter/Documents/Kicad Libraries/Kic
7 |& Amplifier_Buffer /home/peter/Documents/Kicad Libraries/Kice
8 & Amplifier_Current /home/peter/Documents/Kicad Libraries/Kica
9 & Amplifier_Difference /home/peter/Documents/Kicad Libraries/Kice
10 Amplifier_Instrumentation /home/peter/Documents/Kicad Libraries/Kicé
1 Amplifier_Operational /home/peter/Documents/Kicad Libraries/Kice
122 |& Amplifier_Video /home/peter/Documents/Kicad Libraries/Kice
13 Analog /home/peter/Documents/Kicad Libraries/Kica
14 Analog_ADC /home/peter/Documents/Kicad Libraries/Kicé
15 |& Analog_DAC /home/peter/Documents/Kicad Libraries/Kicz
16 |& Analog_Switch /home/peter/Documents/Kicad Libraries/Kica
17 & Audio /home/peter/Documents/Kicad Libraries/Kica
18 Battery_Management /home/peter/Documents/Kicad Libraries/Kicé

Browse Libraries...| | Append Library| |Remove Library Move Up Move Down

Path Substitutions:

Environment Variable Path Segment
1 |KICAD_SYMBOL_DIR |/usr/share/kicad/library
2 |KIPRJMOD /home/peter/Documents/Kicad projects/KLP2/Breadboard_5V_power_supply

Cancel OK

Figure 8.56: The Component Libraries window.

You can use the Symbol Libraries window to manage... symbol
libraries. KiCad is endowed with a huge selection of libraries that its users
create and share. You can find and install them on your computer using the
functions in this window. I will show how to import and use a third-party
components library in a more involved project in Section 4 and in the recipe
titled '20. Adding a schematic symbol library in Eeschema'.

Also look at the General Options window. You are already familiar with
the Display, Editing and Controls tabs. Have a look at the Colors tab (Figure
8.57).
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Schematic Editor Options x

Display | Editing Controls || Colors|| Field Name Templates

General Component Sheet Miscellaneous
Il Wire Il Body Hl Sheet Il ERC warning
Il Bus Body background Il | Sheet file name Il ERCerror

Il | Junction I Pin Il | Sheet name Il | Grid

Il Label Il | Pin number Il | Sheet label Il Brightened
Il | Global label Il Pinname Bl | Hierarchical label Background Color
Il | Net name Il | Reference

Il Notes I Value

Il | No connect symbol HM | Fields

Cancel || OK

Figure 8.57: The Eeschema Colors Scheme window.

Through the Colors Scheme windows, you can customise the colours
that Eeschema uses. You can change the colour of practically any widget and
schematic attributes, like wires, junctions, and notes. Simply click on a colour
box to bring up a colour chooser and replace the original colour.

In the 'Set Language' Preferences menu item, you can change the KiCad
user interface language. KiCad has support for more than 10 languages, but
beware that this feature will not work unless your operating system also
supports the language you want to choose.

Continuing in the Preferences menu item, you will find the Hotkeys
item. You learned about the hotkeys in a previous segment of this book. Here,
I will only add that through this menu you can also export and import
Hotkeys. This is useful if you use KiCad in multiple computers and you want
to have the same Hotkeys configures across all of them.

At the bottom of the Preferences menu, you will find two functions that
allow you to save and load your custom preferences to your project file.
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9. Layout in Pcbnew

Pcbnew is KiCad'’s layout editor. Think of it as a drawing program that
is specifically designed for drawing printed circuit boards. Pick up a PCB and,
and try to identify and list its most important attributes.

Your list should be similar to this:

1. Components, like resistors and integrated circuits,

2. Wires (or traces, as we will call them), that connect the
components,

3. Aboard made of fibreglass or similar material, with a particular
shape,

4. Graphics, like text or drawings, printed on the board,

5. Holes, large or small.

6. Components, wires, and graphics may appear on one, or two
sides of the board. Wires can also appear in many layers that are sandwiched
between the top and bottom layer to allow for more complicated circuits.

We use the layout editor to design a PCB with all of these elements.
With KiCad’s Pcbnew, you can design PCBs that are very simple, like the one
we are working on in this section, and extremely complicated and dense ones,
like the one in Figure 9.1.

ALY =21 QAR (@ g5 Weonieows - @ EHE S

Track: 0.203 mm (8.00 mils) * [ Via: 0.64 mm (25.0 mils)/ 0.38 mm (15.0 mils) * &) | 5= | Grid: 1.2700 mm (50.00 mits) [ || Zoom 5.00 B

PCB_EDGE2
Gy

QLo P

2 kg0 BB G @ cl
HP L e 0

e ST O
2KALOTRSINE . JARTAR ¢

2

PCB_EDGE4

7500  X166.370000 Y87.630000  dx 166.370000 dy 87.630000 dist 188.037 mm
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Figure 9.1: An example of a relatively dense layout in Pcbnew. It belongs to the Crazyflie project4.

In the next few pages, you will take a hand-on tour of Pcbnew and learn
about it most important features.

9.1. The user interface

Let’s start Pcbnew. The objective is to become familiar with its user
interface and the functionality that is absolutely necessary for our very simple
first project.

To start Pcbnew, go back to the KiCad main application, and click on the
Pcbnew button, as in the example in Figure 9.2.

KiCad 5.0.0-fee4fd1~66~ubuntu18.04.1 /home/peter/Documents/Kicad projects/KLP2/Breadboard_5V_power_supply/Breadb...- 0 &

File View Tools Browse Preferences Help

DEela®e C

v i] Breadboard_5V_power_supply.f ko
|Hﬁ- Breadboard_5V_power_supply ‘— 7 E::]
i Breadboard_5V_power_supply Project name:

EBreadboard 5V_power_supply /home/peter/Do(uments/Kl('a‘proje(ts/KLPZ/Breadboard 5V_power_supply/
Breadboard_5V_power_: supplﬂ‘\ro
m Breadboard_5V_power_supply

Figure 9.2: Start Pcbnew from the main KiCad application window.

You can also start Pcbnew through the menu. Click on Tools, and then
'Run Pcbnew’, or through a keyboard shortcut (Ctrl-P on Windows and Linux,
Cmd-P on Mac OS).

Pcbnew will start, and you will see the main window. It should look

like the example in Figure 9.3.

I Pcbnew — /home/peter/Documents/Kicad projects/KLP2/Br ard_5V_power_supply/Breadboard_5V_power_supply.kicad_pcb - o &
LFile Edit View Setup Place Route Inspect Tools Preferences Help 6
dos > ”
=LY S caaadc miNew B |
. ———a == s .
| Track: 0.250 mm (9.84 mils) * : || Via: 0.80 mm (31.5 mils)/ 0.40 mm (15.7 mils) * == @¥id: 0.2540 mm (10.00 mils) < Zoom Auto = 1
p— } Trevere mamager
@& 5 b &
el Layers | jtems
e
vl 7 | merc
Ié 2 Il & B.Cu
in, B & F.Adhes
Iom ::] | %/ B.Adhes
== \_\ M & F.Paste
3 I B & B.Paste \/
|
1 I Ol m@rsiks
\;; @ W & Bsilks
W & F.Mask
I & B.Mask
3 [ & Dwgs.User
B & Cmts.User
@ M & Eco1.User
‘\ B & Eco2.User
[H & Edge.Cuts
g B B & Margin
g Dl P
Pads Vias Track Segments Nodes Nets Unrouted
0 0 0 0 1
Z1.03 X 327.406000 Y 10.922000 dx 327.406000 dy 10.922000 dist 327.588 mm

Figure 9.3: The Pcbnew main window, with its toolbars annotated.

* The Crazyflie is an open-source flying robotics platform. Visit the project website to learn
about the amazing products and projects that are based on Crazyflie: https:/ / www.bitcraze.io/
crazyflie-2/
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Compared to Eeschema, Pcbnew may seem more complex and even
intimidating, but rest assured, it isn’t. In this part of the book, I will help you
to learn only the most important functionalities so that you can start
designing your PCB very quickly. Just like we did in the Eeschema segment,
we'll start with the basics of the layout sheet (item 1 in Figure 9.3), then learn
about the mouse and hotkeys controls, and then the toolbars and menu bars
(the rest of the items in Figure 9.3).

Let’s start with the layout sheet.

9.2. The layout sheet

Similarly to Eeschema, in Pcbnew you design your PCBs inside the
designated sheet area. It does look very similar to the schematic sheet. You can
also edit the layout template in Pcbnew in the same way you did in Eeschema.
That is, by editing the page layout description file using the P1_editor
application.

You can also load an existing custom layout exactly as you did in
Eeschema. In Pcbnew, click on the File menu, then click on Page Settings. At
the bottom right side of the window, you will see the 'Page layout description
file' text field. Use the 'Browse' button to find and select the template you
created earlier in this section.

While you have the Page Settings window open, let’s fill in the form so
that it looks like the example in Figure 9.4.

Page Settings X
Paper Title Block Parameters
Size: Issue Date
A4210x297mm = 2018-08-29 <<<| |08/29/2018 v
Orientation: Revision
Landscape .
Title

Custom Size:
Height: width:

Averty simple PCB

Company
Tech Explorations

Layout Preview Comment1

Designed by Peter Dalmaris

Comment2

Comment3

Comment4

Page layout description file
/home/peter/Documents/Kicad projects/l |Browse

Cancel OK

Figure 9.4: The Pcbnew Page Settings dialog box.
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As you can see, the fields in the Pcbnew page settings window are
identical to the ones in Eeschema. Click on the Ok button to commit the title

block text, and confirm that your text appears in Pcbnew’s title block (as in
the example in Figure 9.5).

Figure 9.5: The Pcbnew title block.

The layout sheet uses a grid to help you place components on specific,
evenly spaced, locations. You can control the size of the grid from the grid
drop-down widget in the top toolbar.

e Preferences Dimensions Tools DesignRules Help

o8 TN SO I e - I-F =3k

* w || Via: 0.60 mm (23.6 mils)/ 0.40 mm (15.7 mils) * ¥ II Grid: 0.0500 mm (1.97 mils) (e

. Zoom Auto

58~ubuntu14.04.1 /home/peter/Desk

nensions Tools Design Rules Help S
Grid: 0.2
N Qaa [;)\ L | BB Grid: 0.1000 3.94 mils &
3.6 mils)/ 0.40 mm (15.7 mils) * v II Grid: 0.0500 mm (1.97 mils) Zoom Auto

Figure 9.6: You can change the grid size from the Grid drop-down widget.

When you are working on loosely populated PCBs (like the one we are
working on in this segment), you can opt for larger grids.

Another useful feature that you will use a lot, is called 'Zoom to
Fit' (Figure 9.7).
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Pcbnew — /home/peter/Documents/Kicad projects/KLP2/EnvironmentShield/EnvironmentShield.kicad_pcb — O
File Edit View Setup Place Route Inspect Tools Preferences Help
[ Bas, = < 4 -
UL -] o) ERI0 Q& Q& Wraew -/

==

Track: 0.250 mm (9.84 mils) * 2 || Via: 0.60 mm (23.6 mils)/ 0.40 mm ISt = Grid: 0.2540 mm (10.00 mils) ZoomA 3

Layers Manager
Layers ||tems
-?_ »l ¥ F.cu
2 Il & B.Cu
M & F.Adhes
I & B.Adhes
M & F.Paste
[ B.Paste
M & Fsilks
M & B.silks
M & F.Mask
B & B.Mask
@ & pwgs.User
Il & Cmts.User
M & Eco1.User
[ & Eco2.User
[ & Edge.Cuts
Il & Margin
[ & F.crtyd
B & B.Crtyd
B & F.Fab
M ¥ B.rab

Sl o s it

ZRe 00U

Pads Vias Track Segments Nodes Nets Unrouted
240 5 213 85 34 0
Z1.99 X 170.434000 Y 59.182000 dx 170.434000 dy 59.182000 dist 180.417 mm

Figure 9.7: Zoom to fit changes the zoom level so that the entire PCB fits in the Pcbnew window.

When you click on the 'Zoom to fit' button, situated in the top toolbar,
the zoom level of the sheet changes so that the complete PCB can fit within the
Pcbnew window.

9.3. Mouse buttons and hotkeys
In Pcbnew, the mouse and hotkeys work almost exactly the same as they
do in Eeschema. I use a mouse with two buttons and a scroll wheel. The scroll
wheel is useful for zooming in and out of the sheet.
This table contains information about the default role of each button or

button and key combinations:

Button, Keys Role

Left mouse button (LMB), single Show selected footprint’s details in the
click status bar

Left mouse button (LMB), double- | Show footprints properties window for
click the selected footprint

Right mouse button (RMB) Show the context menu for selection
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Pan (please note: this combination may
Alt/Cmd + Right mouse button  be different for you, as it depends on

(RMB) how your mouse and keyboard are
setup on your computer).

Zoom in/out at the position of the
cursor
Table 9.1: Mouse controls in Pcbnew.

Scroll wheel

When you do a single left click on a footprint, the footprint’s details are
shown in the status bar, at the bottom of the Pcbnew window, like in the
example in Figure 9.8.

=} :

HEHE w0

F]m Krgo S|

In the example of Figure 9.8, I have left-clicked on the footprints of a
potentiometer ('RV1'). In response, Pcbnew shows me the details of this
footprint in the status bar, in the area inside the red box. From this, you can
see the number of pads included in this footprint (3), it's orientation (90
degrees from its default orientation), which library it belongs to ('BC
Miniproject v2:7Trimmer_Vishay'), and more.

When you double left-click on a footprint, the Footprint Properties
window for this footprint will come up.
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Footprint Properties X

Properties | 3D Settings

Reference: Update Footprint from Library
R3 Edit
value: Change Footprint Footprint Editor
10k Edit| placement Type: Move and Place:
@® Through hole ) Free
Board Side: A . & Lockpsd
@ Front urface moun ock pads
ek Virtual Lock footprint
: Auto Place:
Rotation: Allow 90 degree rotation: Allow 180 degree rotation:
@® 0.0 0 0
+90.0
o 0 10 0 10
) 180.0 Local Settings:

S Pad connection to zones: Use zone settin
Other 9 =
Rotation (-360to 360):  set clearances to 0 to use netclass values.

Positive clearance means area bigger than the pad (usual for solder mask).
Negative clearance means area smaller than the pad (usual for solder paste).

X Position: Pad clearance: 0 mm
151.83 mm  Solder mask clearance: 0 mm
Y Position: Solder paste clearance: -0 mm
87.9 mm :
Solder paste ratio clearance: |-0.000000 %
Sheet path: Note: solder mask and paste values are used only for pads on copper layers.

/SADECDF5

Cancel [ OK |

Figure 9.9: Double left-click on a footprint to open the footprint properties window.

In the footprint properties window, you can edit that footprint’s
properties, such as its reference designation, it’s orientation, position, and
much more. You can also change the association of the underlying component
to a different footprint, or start the footprint editor so that you can edit the
current footprint.

The right mouse button produces a contextual menu that depends on
what you clicked on. For example, if you click on a footprint, you will get the
context menu in Figure 9.10.
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Select
Locking

Move

Rotate Counterclockwise
Rotate Clockwise

Flip

Delete

Properties...

Move Exactly...

Position Relative To...
Duplicate

Create Array...

Copy

Cut

Paste

Openin Footprint Editor

Update Footprint...
Change Footprint...

Center

1st Change Netlisl Zaomiln S
SADE  Zoom Out

X157.2 Zoom Auto 182.55!

Zoom 4
Grid ’

Figure 9.10: Clicking on a footprint produces this context menu.

Many of the functions in this menu are accessible through simple
hotkeys, like 'E' for the Properties window, R' to Rotate, and 'M' to Move.
These hotkeys should be familiar to you from Eeschema.

If you right-click on a track, you will get the context menu in Figure
9.11.

Select e | Filter Selection...
Locking bs
Move

Rotate Counterclockwise
Rotate Clockwise

Flip

Delete

Items in Same Hierarchical Sheet

Properties...

Move Exactly...
Position Relative To...
Duplicate

Create Array...

Copy

Cut

Paste

Openin Footprint Editor
Update Footprint...
Change Footprint...

SERE Pads Status Rotation Attribut
Zoom In 2 - 0 N a
Zoom Out 1163.068000 dy 70.104000 dist 177.499
Zoom Auto

Zoom

Figure 9.11: Clicking on a track produces this context menu.

Notice the there is very little difference between the two context menus.
The track contextual menu contains the 'Select' options, which the footprint
contextual menu does not. The footprint contextual menu, on the other hand,
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contains

the 'Open in Footprint Editor' option, which the track contextual

menu does not. Don’t worry about what these specific functions do, for now,

as we will not need them until later in this book.

Finally, if you right-click in an empty area of the sheet, you will get the

context menu in Figure 9.12.

Get and Move Footprint
Paste

Center

Zoom In

Zoom Out

Zoom Auto

Zoom

Grid

Figure 9.12: Clicking on an empty area of the sheet produces this context menu.

These are functions that allow you to reposition the sheet, zoom in and

out, and

change the grid size.

Hotkeys in Pcbnew are as important as they are in Eeschema. Most of

the hotkeys that you are already familiar with from Eeschema will work in

Pcbnew,
here.

but there are some differences, so it is worth spending a few minutes

With Pcbnew in focus, type '?' Or Alt-F1. You will see the Hotkeys List
(Figure 9.13.

Hotkeys List % !
Hotkeys List |
New Ctri+N |
Open ctrl+0 |
Save Ctri+s
Save As Ctri+shift+s l
Print Ctri+P |
Undo ctri+z |
Redo Ctri+Y |
Cut Ctri+X |
Copy Ctri+C
Paste Ctri+Vv l
Help (this window) Ctri+F1 |
Zoom In F1 [
Zoom Out F2 I
Zoom Redraw F3 |
Zoom Center F4
Zoom Auto Home l
Zoom to Selection Ctrl+F5
3D Viewer Alt+3 |
Switch Units Ctri+u |
Reset Local Coordinates Space

OK |

Figure 9.13: The Hotkeys List in Pcbnew.

There are a lot of hotkeys available, but for the purposes of your quick

introduction to Pcbnew, only a few are necessary. To use a hotkey, simply

place the pointer of your mouse over a footprint, track, text or another part of

the layout sheet and type the hotkey.

Hotkey

Role
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@) Add a new footprint to the sheet

E Edit, reveals a dialog box where you can edit all footprint
attributes

R Rotate (each time you press 'R, the footprint will rotate by 90
degrees)
Drag, useful for repositioning a footprint without disconnecting

G any wires. At the time of this writing, the Drag feature is not
working as expected; instead it operates as a regular Move.

M Move. If the footprint has tracks connected, the wires will be
disconnected

del Delete track or footprint

C Copy item

X Start drawing a track

\Y Add a via
Add graphics text, useful for providing information about the
schematic

F3 Redraw the sheet, useful when you want to clear graphics artefacts

Table 9.1: A list of the most frequently used hotkeys in Pcbnew.

There are more hotkeys available in Pcbnew, but the ones listed in Table 9.1

are the most useful ones. Before long, you will commit them to memory and

use them constantly.

If you wish to change some of those hotkeys, you can. The process is the

same as the one you learned about in the Eeschema segment. Click on the

Preferences menu item, then Hotkeys Options, and then Edit Hotkeys (Figure

9.14).

Preferences | Help
Configure Paths... IF.cu(Pgup) =
Manage Footprint Libraries...

Add 3D Shapes Libraries Wizard... 0 mm (10.00 mils)

X Layers Manager
General Settings

Display Options... Layers ||tems
Legacy Toolset ; r_ »H & F.Cu

* Modern Toolset (Accelerated) 11 |3 B & s.cu
Modern Toolset (Fallback) B & FAdhes
Set Language » o2 W B.Adhes

e oo et NEs
Save Project File... Export Hotkeys...
Load Project File... Import Hotkeys...

Figure 9.14: How to edit your hotkeys in Pcbnew.

This will reveal the Hotkey editor (Figure 9.15):
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Hotkeys Editor x

Double-click to edit

Command Hotkey

v Common
New Ctrl+N
Open ctrl+0
Save Ctrl+s
Save As Ctrl+shift+s
Print Ctrl+P
Undo Ctrl+z
Redo Ctri+y
Cut Ctrl+x
Copy ctrl+C
Paste Ctrl+v
Help (this window) Ctrl+F1
Zoom In F1
Zoom Out F2
Zoom Redraw F3
Zoom Center F4
Zoom Auto Home
Zoom to Selection Ctrl+F5
3D Viewer Ale+3
Switch Units Ctrl+u
Reset Local Coordinates Space
Set Grid Origin S

Reset Defaults Cancel OK

Figure 9.15: Select an existing Hotkey to highlight it, and then type in a new key or key combination.

To change a Hotkey, simply select it with your mouse and type in a new
key or key combination.
Now that you know how to use your mouse and keyboard to control

Pcbnew, let’s move on to the next topic and learn about the toolbar functions.

9.4. Pcbnew toolbars and menus

In Pcbnew, the available functions and tools are grouped in toolbars,
menus, and the status bar.

You can see the standard Pcbnew window in Figure 9.3. Following is a
quick summary of the purpose of each bar. We’ll look at some more details at
later parts of this book.

The left toolbar, marked 2" in Figure 9.3, contains functionality for
controlling the visual representation of the various elements of the PCB, as
well as of the user interface. For example, you can turn on or off the display of
rats nest lines. These lines show incomplete connections between pads. You
can also show or hide the part of the right toolbar that allows you to switch to
particular layers.

The right toolbar, marked '3' in Figure 9.3, contains the mains functions
needed for editing the contents of the sheet. This is where you will find
buttons for adding a new footprint, new tracks, and vias, text or graphics on
your sheet.

Next to the right toolbar is the Layers manager, marked '4' in Figure 9.3.
You can hide it by clicking on the Layers button in the left toolbar if you are
working on a small monitor and you want to maximize the available space in
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the sheet. The Layers manager allows you to select the board layer on which
you want to work next. For example, if you want to work on the front layer,
you will click on the 'F.cu’ option to select it. If you want to work on the back
layer, you will click on the 'B.cu’' option.

At the top of the Pcbnew window are three groups of functions. Two
toolbars, and the drop-down menus. Marked as '5' in Figure 9.3 is the Sizes
toolbar. It allows you to select sizes for the tracks, vias and the sheet grid.

On top of it is the main functions toolbar, marked as '6' in Figure 9.3.
This is where you will find functions for saving your work to a file, printing
your layout on paper, exporting it for manufacturing, performing the design
rules check (an equivalent of the Electrical Rules Check in Eeschema), and
importing the Neltlist file that you created in Eeschema.

Finally, at the very top of the Pcbnew user interface, we have the drop-
down menus. Many of the functions that are available through the toolbar
buttons are also available through the menus and, of course, through hotkeys.
But there are several functions that are only available through the menus. An
example is the Preferences menu, where its contents are only available
through it.

Let’s have a closer look at the items that I described above, and learn
the most frequently used functions by continuing the work we started in
Eeschema. We’ll design a very simple PCB for our resistor and LED circuit.

Left toolbar

In the left toolbar (Figure 9.16) there are several functions there are
familiar from Eeschema. For example, buttons labeled 2, 4, 5, and 6 have the
same functionality in Pcbnew as they have in Eeschema.
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Figure 9.16: The left toolbar.

For now, let’s not be concerned with buttons 1, and 7 to 16. These will
make more sense when we are working on a more elaborate PCB so that we
can make use of them.

Let’s try out the grid button (2). Click on it to enable it. You should see a
thin black box around it, indicating that the grid is enabled. White horizontal
and vertical lines should be visible in the sheet if the grid size is of an

appropriate size. In Figure 9.17, I have enabled the grid and set its size to 1

Pcbnew — /home/peter/Documents/Kicad projects/KLP2/EnvironmentShield/EnvironmentShield.kicad_pcb
File Edit View Setup Place Route Inspect Tools Preferences Help
= = oy = -
Wl e ¢ MR EfRloceee @ & mraewn - K
Track: 0.250 mm (9.84 mils) * 2 || Via: 0.60 mm (23.6 mils)/ 0.40 mm (15.7 mils) * 2 jI: Grid: 1.2700 mm (50.00 mils) 2

Layers Manager
La}’ers tems
> & F.Cu

Il & B.Cu

M & F.Adhes
M & B.Adhes
M & F.Paste
B & B.Paste
M & F.silks

Figure 9.17: Enable the grid and adjust the grid size.

Button 3 allows you to change the relative coordinate system from
Cartesian to Polar. I am more accustomed to the Cartesian system so I stay
with the default. With the relative coordinate system, you can measure the
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distance between two locations in the sheet. This is a very useful function in
Pcbnew as we want to design very accurate boards that will match well with
the components we plan to attach. In Figure 9.18 you can see the Cartesian

and Polar coordinate values as they appear in the status bar.
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Figure 9.18: Cartesian (right) and Polar (left) coordinates.

Buttons 4 and 5 allow you to switch the length measuring units to
millimetres or inches.

Button 6 allows you to change the shape of the cursor to be either a
simple pointer or a pointer with crosshairs that reach the sides of the Pcbnew
window, as you can see in Figure 9.19.

Pcbnew — /home/peter/Documents/Kicad projects/KLP2/EnvironmentShield/EnvironmentShield.kicad_pcb -0
File Edit View Setup Place Route Inspect Tools Preferences Help
= s 08, = 5
WENE 2 Dm SERocaaa& i &/ mrare

Track: 0.250 mm (9.84 mils) * 2 || Via: 0.60 mm (23.6 mils)/ 0.40 mm (15.7 mils) * 2 % Grid: 1.2700 mm (50.00mils) 2 ||| Zoom 3

Layers Manager
Layers |jtems

»H & F.Cu

B & B.Cu

M & F.Adhes
M & B.Adhes
M & F.Paste
B & B.Paste
Il & Fsilks

I & Bsilks

M & F.Mmask
B & B.Mask
3 & Dpwgs.User
B & Cmts.User
B & Ecot.User
[ & Eco2.User
[ & Edge.Cuts

2
o =

QU EHe s &

Pads Vias Track Segments Nodes Nets Unrouted
240 5 213 85 34
Z4.18 X 177.800000 Y 129.540000 r219.985117 theta-36.1 mm Highlight net

Figure 9.19: Pointer type changed to crosshairs.

In the next segment, we’ll have a look at the top toolbar. You will learn
how to use the Netlist button to import the schematic from Eeschema so that
you can start working on the layout for your first PCB.

Top toolbar

The top toolbar contains several groups of buttons that include
principal functions in Pcbnew. These functions allow you to save the layout to
disc, print it to paper or to a format that is supported by PCB manufacturers,
select a layer in which to continue work, import a netlist, and more.
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In Figure 9.20 you can see an example of the top toolbar.

P-*~ew — /¢ me/petr ™ocuments/Kicad -ajects/KLP2/Breadboa- ‘' 5V - ~w~ <upply/Br- “1board_5V_power_supply.kicad_pcb - o &%
Fila t Vi 2 etup é Route Insp\, ¥ Jools Preferences A4 A / \8 /
B8 } x| 2 -
S LR TET 0 & Q G Q) & & | Wrcurwn
Track: 0.250 mm (9.84 mils) * 2 || Via: 0.80 mm (31.5 mils)/ 0.40 mm (15.7 mils) * 2 e Grid: 0.2540 mm (10.00 mils) 2 Zoom Auto :l

tayersMaTTaTeT
12% Layers 3
items '\’

1_ Ml & F.Cu

Figure 9.20: The top toolbar in Pcbnew.

As you can see, there is a lot going on here. Some of the buttons should
be familiar to you; you saw them in Eeschema. With reference to the numbers
in Figure 9.20, buttons in groups 1, 3 and 4 work the same in Pcbnew as they
do in Eeschema.

Let’s explore some of the most commonly used functions of the toolbar
by continuing with the simple project we started in the Eeschema segment.

Import the Netlist

The layout work begins by importing the Netlist file. I remind you that
this file contains the information that Pcbnew needs in order to import the
necessary footprints and setup the ratsnests in the layout sheet. The ratsnests
are thin lines that connect the footprint pins that must be electrically

connected.
Let’s do this now. Click on the Netlist button, marked '6' in Figure 9.20.
Netlist X
Footprint Selection: Tracks Joining Multiple Nets:
@® Reference @® Keep Read Current Netlist
Timestamp Delete
Close
Exchange Footprint: Extra Footprints:
® Keep ® Keep Test Footprints
Change Delete
Rebuild Board Connectivity
Single Pad Nets:
@® Keep
Delete

Dry run. Only report changes in message panel

Silent mode

Netlist file: | /home/peter/Documents/Kicad projects/KLP2/Breadboard_5V_power_sup

Output messages:

show: & All & Errors & warnings & Infos [ Actions |Save Report File

Figure 9.21: The Netlist window.
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The Netlist window will appear. There are a lot of options that allow
you to fine-tune the behaviour of the Netlist import function. As we are
importing a Netlist to an empty sheet, the actual setting don’t matter.
However, imagine that you are importing a Netlist to a layout that already has
footprints in it. Perhaps you had to go back to Eeschema to make updates and
corrections, which resulted in a new Netlist file. How would you like Pcbnew
to handle components that have a new footprint? Or a footprint that exists in
the sheet but not in the Netlist you are about to import? These are things we
can control by making appropriate choices in the Netlist window.

In this example, we will accept the default options and let the import
proceed. Notice that in the 'Netlist File', the Netlist file we created in
Eeschema is already listed. If it isn’t, click on the Browse button to find it and
select it.

Next, click on the 'Read Current Netlist' button. Pcbnew will read the
file and show you the results in the Messages text area. The window will not
disappear. Move it a little to the side, and notice that the circuit’s footprints

are now in the layout sheet.
" Netlist x

Footprint Selection: Tracks Joining Multiple Nets:
@® Reference @® Keep Read Current Netlist
[
Timestamp Delete
Close
Exchange Footprint: Extra Footprints:
® Keep @® Keep Test Footprints
Change O Delete i o
Rebuild Board Connectivity
Single Pad Nets:
® Keep
Delete

Dry run. Only report changes in message panel

Silent mode

Netlist file: | /home/peter/Documents/Kicad projects/KLP2/Breadboard_5V_power_sup

Output messages:
Changing footprint "D1:/5B8772E4" pad "2" net name from "" to "Net-(D1-Pad2)". =
Adding new symbol "R1:/5B877554" footprint
"Resistor_THT:R_Axial_DIN0204_L3.6mm_D1.6mm_P7.62mm_Horizontal".
Changing footprint "R1:/5B877554" pad "1" net name from "" to "+5V".
Changing footprint "R1:/5B877554" pad "2" net name from "" to "Net-(D1-Pad2)".

Show: & All & Errors & warnings & Infos [ Actions |Save ReportFile
|

Figure 9.22: Reading the Netlist file will place the footprints to the sheet.

Click on the 'Close' button to dismiss the window. Let’s concentrate on
the footprints that we just added to the layout sheet.

Move footprints
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The two footprints should be attached to your mouse pointer. Click
anywhere inside the sheet to place them.

Place your cursor on the footprint bundle and use the scroll wheel to
zoom in.

Pcbnew — /home/peter/Documents/Kicad projects/KLP2/Breadboard_5V_power_supply/Breadboard_5V_power_supply.kicad_pcb - o0 &
File Edit View Setup Place Route Inspect Tools Preferences Help
%26 R =2Roaqe d &l e marw :E
Track: 0.250 mm (9.84 mils) * 2 || Via: 0.80 mm (31.5 mils)/ 0.40 mm (15.7 mils) * 2 % Grid: 0.2540 mm (10.00 mils) 2 Zoom Auto
- Layers Manager
5 Y g
Layers | jtems
»M & F.Cu
W & B.Cu
W & F.Adhes
B & B.Adhes
M & F.Paste
B & B.Paste
I & Fsilks
M & B.silks
W & F.Mask
H & B.Mask
[ & Dwgs.User
Il & Cmts.User
M & Eco1.User
[H & Eco2.User

®
1

QUIEBe s &

Pads Vias Track Segments Nodes Nets Unrouted
4 0 0 4 4 1
Z4.93 X 168.656000 Y 137.922000 dx 168.656000 dy 137.922000 dist 217.870 mm

Figure 9.23: Zoom into the footprint bundle.

Let’s separate the footprints manually. Use the 'M' hotkey to move one
of the footprints away from the other. When footprints and other items are
overlapping, the exact location where you mouse course is at may be occupied
by more than one of them. When that happens, Pcbnew does not know which
item you want to operate on. It will produce a context menu asking you to
clarify.

It looks like in the example in Figure 9.24, where I placed the mouse
pointer on a location where three items 'exist', a pad, and the two footprints.
Then, I typed "M/, for 'Move'. I am working at zoom level 7.33 and grid size
0.25 mm.

Clarify Selection

Footprint D1 onF.Cu

al
2. Footprint R1onF.Cu

Figure 9.24: A context menu asking for clarification of item selection.

You can click and select one of the footprints. This will attach the
footprint to your mouse pointer. You can then move it, and do a left-click to
place the footprints on its new position.
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Alternatively, because the LED footprint is larger than the resistor, it is
an easier target. Place your cursor on it, taking care to be clear of the resistor,
and again type 'M'. In Figure 9.25, you can see how I moved the LED footprint
to the left of the resistor.

Figure 9.25: The two footprints are not overlapping.

Let’s rotate the resistor by 90 degrees. Place your mouse pointer over
the resistor footprint, and type 'R’, for 'Rotate'. You will also need to use 'M' on
the resistor to move it a bit to the right, as in the example in Figure 9.26.

Figure 9.26: Move the resistor by 90 degrees. The arrow shows the ratsnest line.

In Figure 9.26 you can also see the single ratnest line, which indicates
that we must create a track that connects pad 2 of the LED footprint (D1) with
pad 1 of the resistor footprint (R1).

Design Rules Check (DRC)

At the moment, we have the two footprints in the sheet, placed at
locations where I think are appropriate for this project. We will need to use
some of the tools in the right toolbar, but before we get to it, I'd like to
introduce a few more of the functions from the top toolbar.

One of the most important functions is the Design Rules Check (DRC)
which you can access via the button labeled '7' in Figure 9.20. The DRC is
similar to the ERC in Eeschema. It checks your layout for errors.

The most common errors that the DRC can find are things like:

e two tracks are too close to each other
e no tracks connecting pads that should be connected
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* atrackis too close to a pad

e atrackis to close to the edge of the board

¢ atrackis too close to a via

* aviais too close to a pad

There are more, of course. The details of things such as 'when are two

tracks too close to each other' and ' when is a track too close to a pad’, are all
configurable by editing the Design Rules for the project. You can do that by
calling the Design Rules Editor from the Pcbnew main menu item

'Setup' (item '7' in 9.3). The Design Rules Editor looks like the example in
Figure 9.27.

Design Rules Editor
Net Classes Editor | Global Design Rules
Net Classes:
Clearance Track Width Via Dia| Via Drill| uVia Dia| uVia Drill
Default o2 025 06 04 03 0.
Add Remove Move Up
Membership:
|* (Any) v |* (Any) v
Net Class Net Class
Default Default
+5V Default +5V Default
GND Default GND Default
Net{(D1-Pad2) Default Net{(D1-Pad2) Default
<< Select All
Select All >>

Figure 9.27: The Design Rules Editor in Pcbnew.

In Figure 9.27 you can see the default design rules. All the values are in
millimeters. As per these rules, tracks must be 0.2mm away from other tracks,
vias, and pads, or more. The width of a track must be 0.25mm or more, and so
on. You can also see the default global design rules by clicking on the 'Global
Design Rules' tab. For the purposes of this simple project, we will work with
these default rules. In later projects, you will learn how to make modifications
to the design rules. Let’s click on the 'Cancel' button to exit this dialog box.

Next, let’s do a DRC now, even though we know that our layout is not
complete. I'd like you to see what a DRC error looks like, and learn to
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interpret it. Click on the DRC button, and the window depicted in Figure 9.28
should appear.

DRC Control x

Options: Messages:

Clearance:

Minimum track width: [p.2 | mm

Minimum via size: |0.4 mm Start DRC

Minimum uVia size: |0.2 mm List Unconnected

# Refill all zones before performing DRC Delete All Markers
Report all errors for tracks (slower)

& Check footprint courtyard overlap

& Check courtyard missing in footprints

Create Report File:

Error Messages:
Marker count: 0 Unconnected count: 0

Problems / Markers | Unconnected

Cancel OK

Figure 9.28: The DRC Control window.

On the left side of the DRC Control window, notice that there are
several options, such as 'Min track width' and 'Min via size'. These values are
copied from the Global Design Rules settings. You can confirm that by clicking
on the 'Global Design Rules' tab in the Design Rules Editor (Figure 9.27). The
DRC Control window allows you to change these values to you can try the
DRC with custom values.

For example, let’s say that the default values case the DRC to report an
error because a track to closer than 0.2mm to a pad. If you know that your
PCB manufacturer can accommodate clearances of 0.1mm, then you can use
'0.1' as a custom value in DRC Control to see if the error still comes up. If not,
then you can continue with your work, knowing that your manufacturer will
be able to produce the board. But if the error comes up again, you will know
that you have to move the track further away from the pad.

To start the check, click on the 'Start DRC' button. The result should be
what you see in Figure 9.29.
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options:  mesa ges:
| Pad clearances...

+ Edit View Setup Place Route Inspect Tools Preferences Help Clearance: Traf(llfdealrlan(esm
Refilling all zones.
a8s = 1 .
§ ‘{—_4 '...‘ m : ﬁ O ®\ Q Q Q (/\ i Minimum track width: (0.2 mm Zone to zone clearances...
Unconnected pads..
1ck: 0.250mm (9.84 mils) * || Via: 0.80 mm (31.5 mils)/ 0.40 mm (15.7 mils) * Minimumvia size: | 0.4 mm Keepoutareas... start DRC
Test texts...
Minimum uVia size: (0.2 mm Courtyard areas List Unconnected
Items on disabled layers...
& Refill all zones before performing DRC  Finished Delete All Markers

Report all errors for tracks (slower)
& check footprint courtyard overlap Delete Current Marker

& Check courtyard missing in footprints

Create Report File:

Error Messages

Marker count: 0 Unconnected count: 1
ers | Unconnected

ErrType(2): Unconnected items
* @(189.738 mm,%aszz mm): Pad 2 on F.Cy, B.Cu, Internal, Non-copper of R1
o @ (177.057 mm,146.861 mm): Pad 2 on F.Cu, B.Cu, Internal, Non-copper of D1

ds  Vias  TrackSegments  Nodes  Nets  Unrouted Cancel OK
0 4 4

Z4.93 X 201.168000 Y 138.430000 dx 201.168000 dy 138.430000 dist 244.195 mm | : -

Figure 9.29: The DRC reveals that two pads are not connected.

The DRC reveals no problems in the Problems/Markers tab, but show
two unconnected pads in the Unconnected tab. If you click on the error
message, it will automatically zoom and pan into the location of the error. This
error is easy to understand: Pad 1 of the R1 footprint on the front copper layer,
which also exists in the back copper layer (since this is a through-hole
component), should be connected to Pad 2 of the D1 footprint.

Let’s fix this. We will need to use the Wire tool that belongs to the right
toolbar. In Figure 9.30, the arrow points to the Wire tool. You can also activate
the Wire tool by typing the X' hotkey, which is how I prefer to do it.

R PR

$EIHJO

Figure 9.30: The Wire tool.

Place your mouse pointer over pad 1 of the resistor, and then type 'X'.
With the wire tool selected, mouse your mouse slightly to the left, and notice
that a thick red line that connects pad 1 of the resistor with the mouse cursor
(Figure 9.31).
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Figure 9.31: Drawing a new track.

As you are drawing the track, notice that the ratsnest line that connects
pads 1 and 2 is still showing. This indicates that the electrical connection is not
complete. Place your cursor in the middle of pad 2 of D1, and double click to
complete the new track.

Figure 9.32: Completed drawing a new track.

You now have a completed electrical connection between the two pads,
and the ratsnest line has disappeared. A solid red line with two segments
represents the new track. When you manufacture this board, this red line will
be implemented with copper.

The line of the track is important. By default, red refers to the top
copper layer, and green refers to the bottom copper layer. You can see which
colours represent the various PCB layers by inspecting the 'Visibles' panel on
the right side of the Pcbnew window. Figure 9.33 shows the first few items in
the list, which includes the top and bottom copper layers.

Visibles

Layer | Render

?Tg ym B FCu
t\ m| B BCu
s
m | B) FAdhes

m m| ] BAdhes

= m | B} FPaste
\ m | B B.Paste

Figure 9.33: Each layer has its own colour.
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With the only unconnected pair of pads connected, there should be no
more DRC errors. Repeat the DRC to make sure. It should come back clean,
with no errors in the Problems/Markers and Unconnected tabs.

There is still more work to be done. At the very least, we must add a
connector so that we can connect this simple circuit to a battery. We also need
to mark the borders of the PCB so that Pcbnew, and eventually the
manufacturer, know where to cut the board. But before we get to that, let’s
have a look at the 3-D representation of our work so far. In the main menu,
click on View, and then click on '3D Viewer' (Figure 9.34).

Pcbnew — /home/peter/Documents/Kicad projects/KLP2/Breadboal

File Edit View Setup Place Route Inspect Tools Preferencec Hel
3D Viewer -o@®
:’_. IL—:. v Show Layers Manager Q Q (File Edit View Preferences Help
Show Microwave Toolbar w e Al ANCHCHa N =R B A

Track: 0.2¢ mils)/ 0.40

Library Browser

3D Viewer

Zoom In
22kl Zoom Out
Zoom to Fit
Zoom to Selection
Redraw

v Show Grid
Grid Settings...

Display Polar Coordinates

Units

Render time 1ms ( dx 0.00 dv0.00

Figure 9.34: a 3-D representation of our incomplete board.

In the 3D viewer, you can manipulate the model using your mouse.
Zoom in and out, pan and rotate. You can get a very accurate preview of what
the PCB will look like if you went ahead to manufacture it. Many footprints,
like the LED and the resistor, have 3D models that are used to render this
view. If a footprint does not have a 3D model, only its pads will be shown.

Plot for Gerbers

While we are still on the top toolbar, let’s have a quick look at the
Gerber plotter and the layer chooser. You can access the Gerber plotter by
clicking on the button with the plotter icon in the group of buttons marked '4'
in Figure 9.20. In Figure 9.35 you can see the Plot window.
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Plot
Plot format: Output directory:
Gerber v Browse...
Layers Options
B Fcu Plot sheet reference on all layers Drill marks:
B scu Plot pads on silkscreen
B.Adhes B Plot footprint values Scaling:
FAdhes B Plot footprint references
B.Paste Force plotting of invisible values/references pjot mode:
F.Paste Do not tent vias
B Bsilks B Exclude PCB edge layer from other layers Default line width (mm):
B Fsilks 0.1
B.Mask
F.Mask Use auxiliary axis as origin
Dwgs.User Current solder mask settings:
Cmts.User Solder mask clearance: 0.2 mm
Ecol.User Solder mask min width: 0 mm
Eco2.User Gerber Options
Edge.Cuts Use Protel filename extensions Format ;
Margin Include extended attributes 4.5 (unit mm)
B.Crtyd Subtract soldermask from silkscreen © 46 (unitmm)
Messages:
Filter: B All Save report to file...
Plot X Generate Drill File Close

Figure 9.35: The Plot window from where you create the Gerber files.

When your layout work is complete and you are ready to send it to a
manufacturer, you will need to create several files that contain the necessary
board information. The Plot window is where this operation takes place.
Several files are needed because a PCB is the combination of multiple layers
and holes. You already know about the top and bottom copper layers, but
there are more. For example, there is the layer on which the graphics are
printed, both on the top (front silkscreen, or 'E.Silk') and the back (back
silkscreen, or 'B.Silk'). There is also the solder mask, front, and back ('F.Mask'
and 'B.Mask' respectively). The solder mask is a polymer material that is
applied over the copper traces to prevent short circuits and protect against
oxidisation. It also makes it easier to solder components onto the board by
preventing the solder from spreading away from the pads and onto the tracks.

Each of the layers that your PCB uses is described by its own file. In the
Plot window, you will select which files you’d like to create and then click on
the Plot button to have them created.

Most PCBs also have holes, used to implement things like vias, pads for
through-hole components, and opening for mounting screws. There is a
separate file that you must create that will contains information about these
holes, called the 'Drill File'. To create the Drill File, click on the 'Generate Drill
File' button, which is right next to the Plot button. This will bring up the Drill
Files Generation window, that you can see in Figure 9.36.
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Drill Files Generation
Output directory:

H Browse

Drill Units: Drill Map File Format: Info:
Millimeters HPGL Default Vias Drill: Drill File
© Inches PostScript Use Netclasses values
: : i Map File
Zeros Format © Gerber Micro Vias Drill: .
i DXF <
© Decimal format Report File
Suppress leading zeros SVG Holes Count:
Suppress trailing zeros PDF Plated Pads: 4 Close
Keep zeros Drill File Options: Not Plated Pads: 0
s Mirror y axis Through Vias: 0
Precision

Micro Vias: 0
Buried Vias: 0

B} Minimal header

Merge PTH and NPTH holes into one file
Drill Origin:
© Absolute

Auxiliary axis

Messages:

Figure 9.36: The Drill Files Generation window from where you create the Drill File.

Pcbnew can explore files in several different formats, but every
manufacturer I have ever used can work with Gerber-formatted files, so we
will use this type in this book. By default, Gerber is selected for the Drill Files
and the Plot files.

The exact options that you should select depend on the expectations of
your PCB manufacturer. For example, OSHPark has a guide to help you with
the Gerber export step. OSHPark also allows you to submit the Pcbnew file
with the KiCad_pcb extension, and avoid having to create the Gerber files
altogether, which is a welcome convenience. Pcbway.com also has a guide that
details the Gerber file export process from KiCad.

I will show you how to do both in the next project, in which we will
design and produce a PCB.

Layer chooser
The last top-menu item that I'd like to introduce is the Layer Chooser. It
is labeled '8" in 9.20. You can see it extended in Figure 9.37.
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Figure 9.37: The top-menu dropdown allows you to switch between layers.

The Layer chooser in the top toolbar contains the exact same items as
the Layer tab in the Visible pane next to the right toolbar. It allows you to
switch between layers.

Let’s do a quick experiment. Let’s delete the only track so far, and
redraw it, but this time in the bottom layer.

First, the delete part. Place your mouse cursor over the red track. Try to
avoid any areas where the track overlaps something else, like a pad. If you do,
Pcbnew will ask you to clarify your selection with the context menus you saw
previously. With your mouse over the track, hit the 'delete' key on your
keyboard. The track will disappear, and the ratsnest will appear in its place.

Next, click on the Layer Chooser to open it, and click on B.Cu (Back
Copper) to select it. Notice the small triangle pointing to 'B.Cu’ in the Layer
tab of the Visibles pane (Figure 9.38).
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Layers Manager
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M & F.Adhes
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M & F.Paste
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B & B.Mask
— [71 & Dwas. User

Figure 9.38: The back copper layer is selected.

Now, let's re-draw the track. Place your mouse over one of the pads
indicated by the ratsnest, and type 'X' to start drawing. Complete the drawing
by double left-clicking on the other pad. Your layout should look like the
example in Figure 9.39. The track is now green instead of red since it is in the
bottom copper layer.

Figure 9.39: A new track in the back copper layer.

With two-layer boards, it does not matter much whether a track is
placed on the top or the bottom layers. These days, single and double layer
boards bring no material differences in cost or manufacturing processes.

We will discuss PCB design principles and considerations later, and
learn good common practices for choosing positions for footprints and tracks,
but for now let’s continue to focus on Pcbnew.

Right toolbar

The right toolbar is where you will find the various drawing tools. With
these tools, you can add and remove footprints, graphics, text, dimensions
and, of course, tracks to the layout sheet. In Figure 9.40 you can see the right
toolbar annotated with numbers to make reference easier.

111



PEF E SR HNPUQUEEe £ 1+ [7

Figure 9.40: Theiright toolbar.

Standard mode
The button, marked as '1"' in Figure 9.40, allows you to the standard

drawing mode. Most likely, you will enter the standard mode by hitting the
ESC key. In Standard mode, you can click and select footprints and other
items, right-click to reveal the context menu and measure distances between
two points in the sheet.

Try this now: Hit the ESC key to enter standard mode, and click on the
LED footprint. You will see that the footprints properties appear in the status
bar, at the bottom of the Pcbnew window.
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Figure 9.41: Click on an item while in the standard mode to display the item's properties.

In Figure 9.41, I have clicked on the LED footprint. In the status bar, I
can see that this footprint designator is 'D1', it is on the front copper layer
('E.Cu'), it has two pads, and more.

Try clicking on the green track, that connects the LED to the resistor.
The status bar will tell you that the name of the net which is implemented by
the track is 'Net-(D1-Pad2)', and that it is drawn in the back copper layer
('B.Cu).

Net highlighter

The next button in the right toolbar, marked 2/, is the net highlighter.
While our current PCB is minimal, with a single net’, you will quickly find
yourself working on PCBs with many nets. In Figure 9.42 you can see an
example PCB that contains several more nets than our current PCB does.

>I remind you that a 'net' describes an electrical connection in Eeschema and in Pcbnew. A
track is the implementation of this connection. The track retains the name of the net.
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Figure 9.42: A PCB with several nets.
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With only a glance at this board, it is hard to determine which tracks
belong to, say, the 5V track or the GND track. But with the help of the Net

Highlighter tool, this task becomes much easier. Click on the Net Highlighter
button.
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Figure 9.43: The Net Highlighter makes it easy to see tracks among other tracks.

In Figure 9.43 you can see the highlighted green track, with the net
name 'GND2’ running from the bottom left of the image to around the middle
right side. Notice that the Net Highlighter tool is enabled.

Add footprint

When you imported the Netlist file into Pcbnew, Pcbnew automatically
added the specified footprints into the sheet. If you want to add additional
footprints, you can do so using the Add Footprint button, marked as '4' in
Figure 9.40.

In our simple PCB, there is currently no provision for an external power
source that will provide the power needed to light up the LED. It would be
good to be able to add a simple connector for this purpose.

Let’s go ahead and do this now.
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First, you need to decide what kind of connector to add to your board.
You can choose between something very simple, like two large pads on which
you can solder the power source wires. You can also choose a barrel connector
plug, a header connector like the ones used on the Arduino, or a screw
terminal. Of course, there are many more options.

Let’s assume that you have chosen a screw terminal, like the one in
Figure 9.44 for the convenience of being able to securely attach the wires that
come from a small AA battery pack.

Figure 9.44: We'll add this screw terminal to our prbjéct layout.

To add a new footprint, click on the Add Footprint button, or type the
'O hotkey. If you use the hotkey, first place your cursor on the approximate
location where you would like to attach the new footprint. The Load Footprint

dialog box will appear, as in Figure 9.45.
Choose Footprint X 1

Name:
[

History list:

Search by Keyword
List All

Select by Browser

Cancel || OK |

Figure 9.45: The Load Footprint dialog box.

This is not very useful. We don’t know or remember the name of the
screw terminal footprint, and the history list is empty. The easiest way to find
a footprint when you don’t know exactly what you are looking for is to use

the footprint browser.
Click on the button marked 'Select by Browser' to reveal the footprint

browser window (Figure 9.46).
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Figure 9.46: The footprint browser.

The footprint browser contains three panes. The one in the left lists the
available libraries; the one in the middle lists the footprints that belong to the
selected library; and the one in the right shows a visual representation of the
selected footprint. Take some time to browse around the various libraries and
footprints.

The footprint browser also gives you access to the 3D viewer. The 3D viewer
gives you a 3D rendering of what the selected footprint looks like on a 'virtual'
PCB. To use it, click on the button with the integrated circuit icon, as in the
example of Figure 9.47.

File View Help
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Figure 9.47: The footprint browser.

A good candidate for the 2-pole screw terminal we are looking for is
inside the Terminal_Blocks library. There are several footprints in this library,
and we want the one with the 2 pads, and 5.08 mm distance between the
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centres of the pads. The distance between the pads is conveniently provided
as part of the name of the footprint, but that is not always the case. I have
cultivated the habit of measuring a footprint to confirm it will match the real-
world part before I drop it to the layout sheet.

First, notice that in Figure 9.44, the rules against the pins of the screw
terminal shows that the distance between them is a bit over 5.08 mm. If you
want high accuracy, you can use a calliper to make these measurements (this
is something I will show you how to do in a later project). Another thing you
can do is to measure the pin distance against a length that you already know
is correct. In this case, You can plug the screw terminal into a standard
breadboard that we know has a socket pitch of 2.54 mm. The screw terminal
pins span across three breadboard holes, so the total distance is 2.54 x 2 = 5.08
mm.

Let’s go back in the footprint browser. Remember in Eeschema that we
can use the distance counter to measure the distance between to locations of
the sheet? We can use the exact same function in most apps in KiCad. Let’s
use it to confirm we have the right footprint. Place your mouse cursor in the
middle of pad number 1, and press the space bar to zero the dx and dy
counters. Then move your cursor to the middle of pad number 2. Look at the
dx reading in the status bar. It should show 5.08 mm (Figure 9.48).

TerminalBlock_bornier—2_P5.08§

Footprint 3D-Shape
Terminal_Blocks:TerminalBlock_bornier-2_P5.08mm ${KISYS3DMOD

dx 5.080000 dy 0.000000 dist 5.080 mm

Figure 9.48: The distance between the pads is 5.08 mm.

This is the confirmation we need to be sure that this is the correct
footprint for the screw terminal. Double-click on the footprint name to accept
it and drop it to the layout sheet (Figure 9.49).
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Figure 9.49: The screw terminal footprint is added to the layout.

Before we do the wiring, we should move it to a better position and
orientation. Place your mouse cursor over the screw terminal footprint and
use the 'M' and 'R' hotkeys to move and rotate the footprint. My version of the
layout looks like the one in Figure 9.50.
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Figure 9.50: The screw terminal footprint at its final position.

With the new footprint in the layout, the next thing to do is the wiring.
Let’s do that next.

Wiring

Right below the 'Add footprint' button in the right toolbar is the 'Add
tracks and vias' button. We use this button to create, you guessed it, tracks and
vias. As always, there are hotkeys to quickly enable these functions: 'X' to add
new track, and 'V' to add new vias.

Let’s work on adding new tracks. We need a new track that connects the
cathode of the LED to one of the pads of the screw terminal, and another to
connect the free pad of the resistor to the other pad of the screw terminal

First, ensure that the front copper layer is selected. We are working on
this project as a single-layer project.

Next, place your mouse cursor over pad 1 of the LED, and press 'X' to
get into track mode. The tool will start drawing immediate. As you move the
mouse, you will see the track being laid behind it. If you make a mistake, just
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hit the ESC key to cancel out of the track tool, and try again (press 'X' to begin
drawing again).

Try to draw the track that starts from the LED cathode pad to pad 1 of
the screw terminal. Remember that to end the drawing of a track, double-
click. In Figure 9.51, you can see the start of my attempt.

Figure 9.51: A question mark appear as I am trying to draw an ad-hock track.

When you try to end the track by double-clicking, you will notice that
Pcbnew is not allowing you to do so. This is because as you are drawing the
new track, Pcbnew is automatically checking for violations of the design rules.
Because we are trying to create a track that does not exist as a ratsnest, to a
footprint that is not in our Eeschema (and Netlist) sheet, Pcbnew assumes that
we are doing something illegal.

It is true that a better way to add the screw terminal footprint to our
PCB would be to first add it in the schematic diagram (Eeschema), and then
import it into Pcbnew through the Netlist, as we did with the other two
components. But while that is the orthodox way of doing things, KiCad allows
us to work in a more ad-hoc day by turning off the design rules checking. I
rarely work this way, but in some cases, this is necessary, as you will see in a
more appropriate example later.

To turn off the design rules checking by clicking on the top button in the
left toolbar (Figure 9.52).

SERN RN AR T\

Track: 0.250 mm (9.84 mils) * ¥ || Via: 0.60 mm (23.6 mil

Figure 9.52: Turn off design rules checking.

With the rules checking off, you can draw the new track as you wish. To
work with rules checking turned off under KiCad 5 and newer, you will also
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need to switch to the Legacy Toolset. To do that, click on Preferences and then
Legacy Toolset (Figure 9.53).

ect Tools Preferences | Help
Q Q Configure Paths...

Manage Footprint Libraries...

131.5mils)  Aqq3p Shapes Libraries Wizard...

General Settings
Display Options...

I © (T

N
Modern Toolset (Accef’é\}ated)
Modern Toolset (Fallback)

Set Language
Hotkeys Options

Save Project File...
Load Project File... I

I,

Figure 9.53: To turn off rules Cheking you must enable the legacy tool set in KiCad 5 or newer.

Place your mouse over Pad 1 of the LED and type 'X". Do single clicks to
create segments, and double-click to finish drawing over Pad 1 of the screw
terminal footprint. Notice the '?' at the end of my incomplete track in Figure
9.54? This is a reminder that you are working with design rules checking
turned off.
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Figure 9.54: The '?" at the end of the track reminds you that you are working with design rules
checking off.

Complete the wiring for the two ad-hoc tracks, so that the PCB looks
like the one in Figure 9.55. The two new tracks complete the circuit.
Remember to turn back on the design rules checking.

SPel | B BRI .. |

Figure 9.56: Ad-hoc tracks added.

I must repeat that adding ad-hoc wires and footprints is not best
practice and should only be used for a good reason. It is best to include all
components and nets in the schematic diagram, and then bring this
information over to Pcbnew where you can do the layout under the
supervision of the design rules checker. In this example, however, I wanted to
show you the flexibility of KiCad to work without any restrictions, while
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acknowledging that restrictions are in place for a very good reason: to avoid
human errors.

We are close to finishing this first PCB. The few remaining on our to-do
list are adding the board cut-out (that defines the borders of the board) and
the graphics (things like lines and text). But before we do that, let’s have a
quick look at fill zones and keep-out areas.

Fill zones and keepout areas

Buttons marked '6' and '7' in the right toolbar (Figure 9.40) allow you to
create copper fill zones and keep-out areas respectively. We will not be using
any of the two in this example, but will we in later projects. For now, I'd like
you to be familiar with these functions at a high level.

A copper fill is an area on the PCB from where the copper has been left
intact, instead of being etched out. In Figure 9.57 you can see an example of
copper filled areas in the back of this Arduino Uno clone.

s ~
L

Figure 9.57: The back of this Arduino Uno contains several copper filled areas.

Copper fills (also known as 'copper pours') are commonly used to create
a ground plane (as well as 5 V or 3.3 V planes) as a better way to distribute the
ground level around the board (as opposed to using traces). Another reason
for including copper planes is to reduce the amount of etching chemical
needed to remove copper from the raw board® and to improve the electrical
and radio interference characteristics of the final PCB.

There are different types of copper fills. Most designers tend to opt for a
solid copper pour, like the one you see in Figure 9.57. It is also possible to
create copper fills that include a pattern of a lattice, like the one in Figure 9.58.

® A raw PCB is covered with a layer of copper. Using an etching chemical process, the copper
is removed so that only the needed traces are left behind.
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Figure 9.58: PCB board showing copper pour with a hatch fill (Image reused under Creative
Commons License, https:/ /commons.wikimedia.org /wiki/File:PCB_copper_pour_hatch_filled.png).

A keep-out area is a part of the PCB where you wish to keep empty of
tracks, vias and copper pours. When you create a keep-out area, you can
specify which of the above you would like to keep out of it. Your choice
becomes part of the design rules checks, and the checker prevents you from
adding any of those items in the keep-out area.

You may want to create a keep-out area for things such as having an
area that provides structural support for other parts of a gadget, areas that can
be snapped off to help in manufacturing, to name a few.

In our current simple design, we will not create a copper fill or keep-out
areas, but we will in our later projects.

Edge cut

At the very least, the manufacturer needs to know the shape and
dimensions of the PCB, as well as the tracks, holes, and vias on it. So far in this
part of the book, we have been working on the tracks and holes for the pads,
but not on the PCB’s shape and dimensions. We also haven’t added any
graphical design elements, like text descriptions, to be printed on the PCB.
Graphics are useful because they both make our PCB more aesthetically
pleasing, and because they make the PCB easier to use.

Let’s start with defining the shape and dimensions of our PCB first. This
is something that many designers do at the start of the layout process in
Pcbnew, instead of the end as we are doing here. The advantage of doing it at
the start is that we can set the physical constraints of our PCB early on.
Imagine that you want to design a PCB that fits nicely inside a project box.
This is a major constraint, so you should set it in your design before you start
placing footprints and tracks on it. If you leave it for the end of the process,
you may find that the footprints and tracks are placed in a way that makes the
PCB bigger than the box. This will require a lot of rework so that everything
fits.
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To draw the border of the PCB, first, select the Edge.Cuts layer from the
layers manager toolbar or drop-down (Figure 9.59). The Edge.Cuts layer is a
special layer that contains information that the manufacturer needs in order to
know where to cut the board. When you export the Gerber files, the Edge.Cuts
layer information is exported into its own file.
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Figure 9.59: To create the PCB perimeter, select the Edge.Cuts layer first.

With the Edge.Cuts layer selected, you can use one of the graphics tools
marked as '8' in Figure 9.40 to draw it. Using the line, arc, and circle tools you
can create elaborate shapes for your PCB. Let’s start with something simple: a
rectangular PCB. Once we have this simple design ready, we can retrofit it
easily by adding space for two mounting holes along the two ends of the
rectangle.

Click on the line tool and start drawing the perimeter. As you are
drawing the perimeter, keep in mind that the polygon you produce must be
contiguous. That is, there must be no breaks anywhere along the polygon that
makes up the perimeter. A common problem here is that the start of the line
with the end does not meet precisely. Close the polygon so that your PCB now
looks like the example in Figure 9.60.
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Figure 9.60: The perimeter of the PCB is a simple polygon.

Look at the 3D representation of your board by clicking on View and 3D
Viewer. It should look like the example in Figure 9.61.
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Let’s add another feature to this board, a mounting hole. With a
mounting hole, you can secure your PCB to an enclosure with a screw. The
easiest way to add mounting holes to your PCB is to add a single pad and
modify it’s drill size to accommodate the size of the screw.

First, think about the screw you’d like to use. In my case, I'd like to use

a nylon screw, with a width of 2.97 mm, as measured with my calliper (Figure
9.62).

Figure 9.62: Measuring sizes with a calliper is easy and accurate.

We will need an opening slightly larger than 2.97 mm on the board.
When you consider adding mounting provisions to your PCB, you should
think about where the PCB will be eventually installed. It could be placed
inside a project box, or stacked onto another PCB, or perhaps used on a
breadboard. In the case of our example, let’s plan to have it mounted on a
plastic surface, using two screws. We can place the screws along the X or Y
axis of the board. I'll go for the X-axis. I'll place one screw hole on the left of
the LED, and another on the right of the screw terminal.

Let’s add the first opening. Place your cursor on the right side of the
LED, as I show in Figure 9.63, and type 'O’ to add a new footprint. Do a right
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click to bring up the Load Footprint dialog box, and then click on 'Select by

1
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Figure 9.63: We'll place the new screw opening at the approximatg location of the cursor.

In the Library Browser windows, look for the 'MountingHole' library in
the left pane, and select the 2.7mm hole footprint (Figure 9.64).
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Figure 9.64: 1 pin footprints make good screw holes.

Double-click on the 2.7mm item to select it and drop it to the layout
sheet. Position it close to the LED, as in the example of Figure 9.65.

Figure 9.65: The first screw hole is placed.

We’ll add a second screw hole next to the screw terminal, but first, we
have to confirm that the one we just added has the correct drill size. Place
your mouse pointer over the 1pin footprint, and type 'E' (for 'Edit’). Be careful
where you place your mouse pointer because its position dictates the
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properties window that will appear. For example, if you place your mouse
over the blue circle in the outer region of the footprint, you will get a
properties window that belongs to the back or front paste layer. We want the
properties of the hole, so make sure to place your mouse pointer right in the
middle of the footprint, as I show in Figure 9.65.

You can see the screw hole properties window in Figure 9.66.
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Figure 9.66: properties for the screw hole.

The arrows in Figure 9.66 show the properties that are most relevant to
what we are trying to do here: the shape and size of the drill. We want a
circular hole (not oval), so the default shape is good. We want a drill size that
is slightly larger than the diameter of the nylon screw I am planning to use
(which I measured at 2.97 mm). At 3.048 mm, the drill size is also good. With
this information, we know that the screw opening is appropriate. Click Ok to
close the properties window.

Let’s duplicate this hole so that we can add an identical one next to the
screw terminal. Place your mouse pointer over the yellow circle at the
perimeter of the hole, and type Ctrl-D to duplicate the footprint (Figure 9.67).

Figure 9.67: When duplicating a footprint using Ctrl-D, take care to place the mouse pointer on the
yellow line.
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Using Ctrl-D can be tedious because the correct target is a very thin line.
You can zoom in to increase the size of the target, or you can use the context
menu. To use the context menu, place your mouse point right in the middle of
the footprint and left-click. You can then follow the context menu by selecting
the footprint name and then 'Duplicate Footprint'.

Position Relative To...
- Duplicate %

Create Array...

Copy

Cut

Paste

Center
Zoom In
Zoom Out
Zoom Auto

N

Figure 9.68: You can duplicate a footprint via its context menu.

Zoom
Grid
Pads

This process will produce a copy of the original pad. Use the 'M' hotkey
to move the new pad on the right side of the screw terminal, like in the
example of Figure 9.69.

Figure 9.69: The second screw hole is on the right side of the PCB.

The two new footprints are outside the edge cut. View the 3D rendering
of the PCB (View, 3D Viewer), and you will see that the new footprints 'exist’
outside the PCB.

3D Viewer — o

File Edit View Preferences Help

| 2@ aaoqiilldd BB

127



Figure 9.70: The new footprints are outside the PCB; we must redefine the edge cuts.

To fix this, you must redefine the edge cuts drawing. You can do this
without deleting the existing edge cut. Let’'s work on the left side first. Select
the Edge.Cuts layer, and the click on the line graphic button. Zoom in to a
comfortable level so that you can make the yellow edge line thick enough. In
my example, I work at a zoom level of 13.75. Start drawing a new line from
the bottom left corner of the existing edge polygon, as in Figure 9.71.

Figure 9.71: Extend the edge cut polygon from a sensible place, like the bottom left corner of the
existing edge cut.

Continue the drawing of the new segment of the edge cut until it meets
the top left corner of the existing polygon. In the example of Figure 9.72, 1
have also deleted the vertical segment of the original edge cut polygon. It is
good practice to do so in order to reduce the risk of a manufacturer becoming
confused. An edge cut polygon should enclose a single area within its sides.

Figure 9.72: The left side of the PCB, redrawn with a new edge cut.

Repeat the same process on the right side of the PCB. Always take care
to create polygon line without interrupts, as the polygon must be contiguous.
Zoom in and pan as you do the drawing in order to work with larger 'click
targets'. Figure 9.73 shows the PCB with the completed edge cut polygon.
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Figure 9.73: The project PCB with its new edge cut polygon.

Use the 3D viewer to see a rendered version of the PCB. In Figure 9.74
you can my PCB, complete with its screw mounting holes and the edge cut
extension.

Figure 9.74: The project PCB with its new edge cut polygon, in 3D.

Graphics

With the edge cuts drawing complete, let’s use the same graphics tools
to add some cosmetic graphics to the board. Many footprints carry their own
graphics in the silkscreen layer. In our PCB, you can see that the LED, resistor
and screw terminal already have graphics. You can see them depicted in
white, in Figure 9.74.

Let’s add some custom graphical elements.

First, change the layer setting to front silk screen ('E.SilkS'). Then try
adding some graphics using the line, circle, and arc tools.

You already know how to use the line tool. I've used it to create a box
around the LED and the resistor.

To use the circle tool, select it, then click somewhere on the PCB where
you would like the centre of the circle to be, and move your mouse to draw it.
The further the mouse is from the centre, the larger the circle will be. I have
added two circles around the screw holes.

The arc tool is good for drawing parts of a circle. In later projects, we
will also use it to create round corners for our PCB, which look better to the
eye and are not as sharp. You can use the arc tool similarly to the circle tool,
but instead of drawing a full circle it will draw a partial circle. I have added a
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few decorative arcs on the inner sides of the two screw holes. In Figure 9.75
you can see my PCB art, and in Figure 9.76 its 3D rendering.

‘lock_bornief— &

Figure 9.76: A 3D rendering of simple graphics created using the line, circle, and arc tools.

You can also add graphics to the bottom of the PCB. At the moment,
there are no graphical elements there. Let’s add a couple of boxes and a circle.

First, select the bottom silkscreen layer ('B.SilkS'). All elements on the
PCB will overlap unless you un-select a layer. I find it easier to work with
silkscreens when I only have the one I am working on enabled and the other
disabled. You can do that from the layers manager toolbar. In Figure 9.77 1
have disabled the front silkscreen layer by clicking on its checkbox (in the red
box). This hides the silkscreen drawings in the front silkscreen so I can work

on the bottom silkscreen layer.
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Visibles

Layer | Render

m| B FCu
m| B B.Cu
m| B FAdhes
m | B3 B.Adhes
m| ] FPaste

m|( ] ESilks
b= B BSilks

B B.Mask
E) Dwgs.User
B Cmts.User
B} Ecol.User
B} Eco2.User
B Edge.Cuts
B Margin
B FCrtyd

=| B B.Criyd

' B FFab

m| [ BFab

Figure 9.77: When you work in the bottom silk layer you may disable the front silk layer in order to
reduce clutter.

In Figure 9.78 you can see my PCB’s silkscreen drawings in purple. I
have unchecked the top silkscreen layer to make it easier to see the bottom

silk screen elements.
9 Il & B.Cu
I & F.Adhes
m M & B.Adhes
M & F.Paste
L\ B & B.Paste
© M (] Fsilks
E\‘ »H & B.silks
’ M & F.Mask
- - { 3 - / L0Ting 2 I & B.Mask
ED a O | [ & Dwgs.User
~ ? I & Cmts.User

Figure 9.78: The purple line belong to the bottom silkscreen, with top silkscreen disabled.

In Figure 9.79 you can see the 3D rendering of the bottom of the PCB,
which shows the bottom silkscreen.

Figure 9.79: 3D rendering of the PCB showing the bottom silkscreen.
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In Figure 9.80 you can see the current state of the PCB with all layers
visible.

W ¥ B.Cu
M & F.Adhes
W & B.Adhes
M & F.Paste
[ & B.Paste
B & Fsilks
M & B.Silks
W & F.Mask
B & B.Mask
@ & Dwgs.User
Bl & Cmts.User
-

Figure 9.80: The PCB showing top and bottom silkscreen contents.

2URE e s |

It is also to add actual graphics to the silkscreen layer of the PCB, not
just simple lines and circles. You can have logos, for example, or elaborate
artwork. To do so you need to follow a process that involves converting a
bitmap graphics file into a footprint, before inserting it into the PCB. You will
learn how to do this in the breadboard power supply project.

This PCB is almost complete. There is only one more thing we need to
do, and that is to add text to the front and bottom silkscreen.

Text

To add text to the PCB, we can use the Text tool, which is one of the
graphics tools marked as '8' in Figure 9.40 . Let’s go right ahead and use it to
add your name to the board. Select the front silkscreen layer, and then click on
the 'T' button. Click on the location on the PCB where you would like the text
to appear. The Text Properties window will appear. Type your name in the
Text field, and double check that:

e 'ESilkS' appears in the Layer drop-down menu,

* 'Normal' appears in the Display drop-down menu.

Text Properties X
Text:
Peter|
width: (mm): Position X: (mm): Layer: Display:
1.5 182.118 WFsilks | | Normal
Height: (mm): PositionY: (mm): Style: Justification:
1.5 140.208 Normal s | | Center

Thickness: (mm): Orientation (deg):
0.3 0.0

Cancel OK m

Figure 9.81: The Text Properties window.

You can control the size of the text and its style, but other than that, the
text controls are limited. You have the option of placing the text in other
layers, including in the top or bottom copper layer. Copper layers are meant to
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be used for pads and tracks, so unless you have a good reason for this, use the
silk layers for text.

If you choose to add text to the bottom layer, take care to set the Display
drop-down menu to 'Mirrored'. This will inverse the text so that when it is
printed by the manufacturer it is readable.

I will also add text that provides information about the size of the
resistor, and also the polarity of the screw terminal pads. This information is
very used for the end user of the board. In Figure 9.82 you can see the final top
layer silk screen, and in Figure 9.83 is its 3D rendering.

Figure 983 Top silk screen ith additional text.

The text '330" has a character width of 1 mm. The rest of the characters
are 1.5 mm wide each. I placed the '+' and '-' symbols outside the perimeter of
the screw terminal so that they remain visible after the screw terminal is
soldered on. For the LED, the only use of these symbols is during the
assembly, to help me place the LED in the correct orientation. Once the LED is
on, the two symbols will be hidden, but that is not a problem since I will not
need them anymore.

I will add some text to the bottom of the board, where there is much
more space than the front. I typically include a board name, a version number,
a date, and my name. Go ahead to add your text, but remember to choose
'Mirrored' in the Display drop-down menu.
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Text Properties x

Text:

Simple LED & Resistor PCB
Version 1

August 31, 2018

Designed by Peter Dalmaris

width: (mm): Position X: (mm): Layer: Display:

1 180.34 HB.silks : | | Mirrored 2
Height: (mm): PositionY: (mm): Style: Justification:
1 144.526 Normal 2 | | Right

Thickness: (mm): Orientation (deg):
0.3 0.0

Cancel OK

Figure 9.84: The Text Properties, set to print in the bottom silkscreen layer.

I have changed the character width to 1 mm to allow the full text to fit
in the available space. I also changed the Layer to B.Silk, the Display to
Mirrored, and the Justification to Right. You can use the 'M' hotkey to
precisely place the block of text on the PCB, just like you do with any
footprint.

Figures 9.85 and 9.86 show the final result.
N

Figure 9.86: 3D rendering of the back of the PCB, with the text clearly visible.

There’s one thing you will need to attend to before we can declare this
project complete. With reference to Figure 9.85, notice the text 'REF**
appearing over the screw hole footprints? This isn't text that we would like to
include in our manufactured PCBs. Text or other graphical elements that you
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do not want appearing in the final PCB can be made invisible by editing the
item’s properties.

Let’s make the three instances of REF** invisible. Place your mouse
cursor exactly over the 'REF**' text of the right screw hole. Then, use the 'E'
hotkey to show the text item’s properties window.

Footprint Text Properties X

Footprint REF** (MountingHole_2.7mm) orientation 0.0

Rererence. ¥ P stpt.a\{r: /Sit_vte:
Visible @® Normal
wrath: (mm): 1 @ |Invisible Italic
Height: (mm): 1 Qr\entat\on:
@ 0.0
Thickness: (mm): |0.15 +90.0
Offset X: (mm): 0 -90.0
180.0
OffsetY: (mm): |-3.7
Other
Layer: WFsilks

Rotation (-180.0 to 180.0)

Unlock text orientation

Cancel OK

Figure 9.87: To make a text item invisible, edit it's Display property.

The Display property of the item is right above the OK button. Click on

the 'Invisible' radio button, and the 'Ok'.
In Figure 9.89 and Figure 9.88 you can confirm that the 'REF**' instances

are now invisible.

Figure 9.88: The invisible 'REF**' instances are not showing in the 3D rendering.

Well done! At this point, your PCB is complete. Make sure you save
your work (KiCad does not do this automatically).

You might be wondering, why not go ahead to manufacture this board?
While the board you just created is an excellent first project, I'd like you to
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extend your skills by designing a more challenging board. That board, a
simple breadboard power supply, will also be very useful for many of your
future projects, so it is an excellent candidate for sending to manufacture.
Let’s complete this section by taking a closer look at the Layer Manager,
Status bar and the menus, and then we’ll continue with another project.

Layers manager

You are already familiar with the Layers manager from your work on
the simple LED and resistor PCB. The layer manager, apart from allowing you
to select the layer on which you would like to work next, also allows you to
select which aspects of the layout are rendered.

The Layer manager appears in two different forms. It’s available as a
simple drop-down as part of the top toolbar, and in its full-featured variation
on the right side of the right toolbar. Because the full layer manager takes up a
substantial real estate in Pcbnew, which you may need to use in the layout
sheet, Pcbnew provides a button in the right toolbar that allows you to show
or hide the layers manager toolbar.

You can see all this in the example of Figure 9.90.

F.Cu (PgUp)
MB.Cu(PgDn)

board_S5V_power_supplykicad_pcb  — o &

Eey -y ERocaaa @ & e [msis

Track: 0.250 mm (9.84 mils) * 3

Via: 0.80 mm (31.5 mils)/ 0.40 mm (15.7 mils) * 3 : || zoom3.a

Layers Manager

: Layers |jtems

: [Eowgs.User f—

&F.
K Mcmts.User :L; g
3 @B.Cu
5 MEcot.User B & FAdhes
= [Meco2.User & M & B.Adhes
mm [MEedge.cuts \_\ M & FPaste
= & B.Paste
E (©) »Hl & Fsilks
73 @ B & Bsilks
Q B & FMask
3 B & B.Mask
= = [ & Dwgs.User
@ B & Cmts.User
&) B & Ecot.User

= < . = x;q Eco2.User
: [ & Edge.Cuts
X W & Margin
v O & Fortvd
L B @& B.Crtyd
S B & FFrab
- W@ 8Fab
Lk

¥
Backup file: "/home/peter/Documents/Kicad projects/KLP2/Breadboard_5V_power_supply/Bre . y.kicad_pcb-bak
Wrote board file: "/home/peter/Documents/Kicad projects/KLP2/Breadboard_SV_power_supply/Breadb power_supply.kicad_pcb
7314 X210.312000 Y 119.380000  dx 210.312000 dy 119.380000 dist 241.832 mm___ Duplicated 1item(s)

Figure 9.90: The two variation of the layer manager, and the show /hide button.

The drop-down version of the layout manager and the Layer tab of the
toolbar version are almost identical. They both allow you to select the current
layer. But the toolbar version also allows you to hide or show the items that
belong to a layer. For example, to make the tracks drawn in the front copper
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layer, just un-check the F.Cu option. The red track in our small PCB will
disappear.

Try hiding the items in the front and back silkscreen layers as another
example.

Hiding and showing layer items is not possible through the drop-down

version.
The toolbar version also has a second tab, titled Items (Figure 9.91).
Layers Manager Layers Manager
Layers |jtems Layers |ltems
Il & F.Cu [ Footprints Front
Il & B.Cu [ Footprints Back
W & F.Adhes & values
I & B.Adhes [ References
Il & F.Paste [ Footprint Text Front
[ & B.Paste [ Footprint Text Back
>l & F.silks [ ] Hidden Text
Il & B.silks Il & Pads Front
M & F.Mask Il & Pads Back
B & B.Mask [E & Through Hole Pads
X & Dwags.User
Il & Cmts.User & Tracks
Il & Eco1.User & Through Via
[ & Eco2.User [ & Non Plated Holes
[ & Edge.Cuts
I & Margin [J& Ratsnest
[ & F.Crtyd Il & No-Connects
[ & B.CrtYyd M & Anchors
B & F.Fab I & Worksheet
M & B.Fab O
O
B & Grid
|

Figure 9.91: The Layer (left) and Items (right) layers of the Layers Manager toolbar.

In the Items tab, you can control the visibility of additional items of
your PCB. For example, try un-checking the 'Text Front' item. This will make
text to disappear, even if it belongs to multiple layers. Experiment with some
of the other options in the Items tab, including the Grid option. When you
check and uncheck the Grid option, notice how the Grid button (at the top of
the right toolbar) updates its state.

Status bar
The status bar appears in the bottom of the Pcbnew window. It contains

two segments. The top one displays the properties of the currently selected
item, which the second one shows coordinates, distance, and zoom
information.
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Let’s have a look at an example. In your simple LED and resistor PCB,
click on the LED footprint. The properties of the LED footprint will appear in
the status bar (see Figure 9.92).

(\

Figure 9.92: The selected LED footprint with its properties displayed in the status bar; the coordinates
of the mouse pointer are also displayed in the status bar.

This way, you can quickly get information about footprints, tracks, text
and graphical items.

A very useful feature of the status bar is distance counter. You have seen
this feature before, in Eeschema. It works in the exact same way in Pcbnew.
Let’s look at an example.

What is the width and height of the PCB you have just designed, in
millimeters? We can measure it. Please your mouse pointer on the left extreme
of the PCB, press the spacebar to reset the counters, and move it to the right
extreme. The dx counter will show a value of 44.50 mm. The dy shows a value
of -0.25 mm because I move my pointer down during the measurement
(Figure 9.93).

10

Shape @ (132.500 mm,105.000 mm) Layer Width
Circle  @(134250mm,107.750mm)  FSilks 0200 mm
3 Z5.00 X 173.250000 Y 104.250000 I dx 44.500000 dy-0.250000 dist 44.501 I

Figure 9.93: The width of this PCB is 44.50 mm.

Do the same on the Y axis to find out the height of your PCB. The height
of my PCB is 12.75 mm (Figure 9.94).
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Shape  @(132.500mm,105.000mm)  Layer Width

Circle @ (134.250 mm,107.750 mm) FSilks 0.200 mm
3 Z5.00 X 150.750000 Y 111.250000 I dx 0.000000 dy 12.750000 dist 12.750 I
Figure 9.94: The width of this PCB is 44.50 mm.
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Just like the status bar in Eeschema, the status bar in Pcbnew also
provides information about absolute cursor coordinates, the zoom level, and
the distance unit selected.

Menus

To complete our tour of Pcbnew, let’s have a quick look at the menus.

The first thing to notice is that many of the functions that are available
through the toolbars are also available through the menu system. For
example, in the File menu, you will find options for printing, editing the page
settings, plotting and saving the layout, and in the View menu, you will find
options to zoom in/out, redraw and fit the layout to screen.

All of the menus except for Place, contain unique functionality. In this
segment, we'll review the most commonly used of those functions.

File
In Figure 9.95 you can see the contents of the File menu.
Pcbnew — /home/peter/Documents/l

File Edit View Setup Place Route Inspect To
1 Q«

mm (31.51

Save Copy As...

Rescue
Revert to Last Backup

Import
Export
Fabrication Outputs

Page Settings...
Print...
Plot...

Archive Footprints

Exit
Figure 9.95: The Pcbnew Edit menu.

You should be able to recognise many of the items in it:

1. Page Settings, allows you to edit the contents of the title block
and the page layout, as you have already learned.

2. Print, allows you to print the layout on paper.

3. Export, allows you to export the layout in various formats. For
example, you can use the SVG files (one per layer) in third-party drawing
applications, and Specctra DSN for using external autoroutes that support this
format (such as FreeRouting, which you can learn about in a relevant recipe).

4. Plot, allows you to export the layout to a format appropriate for
sending to a manufacturer, like Gerber. Interestingly, you can also use Plot to
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export to SVG, PDF and other formats. All of those can be used to
manufacture the final PCB.

5. Close, to close Pcbnew.

Apart from the above, several functions available through the File menu
are new:

1. Save a Copy As..., allows you to save the layout under a new file
name. This is useful when you want to branch out your layout. For example,
you can have one layout designed to use surface mounted components with
the file name 'LED_resistor_smd.KiCad_pcb', and another with the file name
'LED_resistor_th.KiCad_pcb'.

2. Revert to Last Backup, allows you to load the layout recovery
file. Pcbnew automatically saves your work every 10 minutes. This value is
configurable via the Preferences, General window. The backup file has the
'KiCad_pcb-bak' extension. When you click on Revert to Last, Pcbnew will
ask you to confirm that you want to revert to the content of the backup file
and replace your current work.

3. Rescue, allows you to load an automatically created backup. By
default, Pcbnew will back up your work every 10 minutes. You can control the
interval through the General Settings window, from the Preferences menu
item. I personally save my work manually every couple of minutes, and
commit to the project Git repository and prefer not to rely on KiCad'’s
autosave function.

4. Fabrication Outputs, give you access to several types of file
formats that can be used in a PCB fabrication process. In this book, you will
learn how to export for manufacturing using the industry-standard Gerber
files.

5. Import, allows you to import Specctra auto routing and DXF
(Drawing Exchange Format) files that contain CAD models. DXF is a format
developed by Autodesk. With it, for example, you can create a layout of a PCB
placement in a program like Fusion 360 and import it into KiCad.

6. Export, allows you to export layout data to Specctra, GenCAD (a
file format used in PCB manufacturing and testing), IDFv3 (a PCB file format)
and others. These file formats make it possible to use KiCad PCB projects with
other CAD software. Unless you have a need to inter-operate with third-party
CAD software, you are unlikely to need to venture into this menu.

7. Archive Footprints gives the ability to package the footprints
found in a layout in a directory within your project so that you can share the
project with your collaborators. Your collaborators will be able to work with
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your project even if they don’t happen to have the needed footprint libraries
installed.
Let’s have a look at the functionality found in the Edit menu next.

Edit

In Figure 9.96 you can see the contents of the Edit menu.

Pcbnew — /home/peter/Document:

File Edit View Setup Place Route Inspect

Undo (@}
Trac m (31.
Cut
& com
ree Paste
Q22 Delete
<
Té Find...

dn, Edit All Tracks and Vias...
mm Set Footprint Field Sizes...
L .

- Change Footprints...

T[T Move and Swap Layers...

oo Global Deletions...
©0i0 Cleanup Tracks and Vias...

Figure 9.96: The Pcbnew Edit menu.

In the Edit menu you can see the standard Undo, Redo, Delete and Find
buttons, but in addition, there are several more buttons that are worth a closer
look.

In summary:

e Global Deletions, which allows you to delete all items of a specific
kind.

e Cleanup Tracks and Vias, which allows you to clean up stray items,
like unconnected tracks and redundant vias.

e Move and Swap Layers, which allows you to swap a layer with any
other layer.

e Set Footprint Field Sizes, which allow you to set default properties for

footprint text values.
The Global Deletions window provides a quick and efficient way to

remove all items of a specific kind of items from the layout. This is one of
those features that you will use rarely, but that will save you a lot of time
when you need them. While it is a blanket approach to removing items,
remember that you still have access to the Undo function, so if you make a
mistake you can restore your work.

Try to be selective, when you use Global Deletions. Selecting the 'Clear
board' radio button will delete everything in the layout. Selecting 'Text' will
only delete the text items. You can also apply your choice to a specific layer or
to all layers.
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Delete Items 2

Items to Delete: Filter Settings:

Zones

Text

Board outlines

Drawings

Footprints

Tracks

i Layer Filter:

Clear board @ Alllayers

Current layer only

Current layer: |F.SilkS

Cancel OK

Figure 9.97: The Global Deletions window.

The Cleanup Tracks and Vias windows help us tidy up leftover tracks
and vias, quickly. Try this experiment. In your LED and resistor layout, add a
few stray tracks. As you are laying a track, type 'V' to add a via, and continue
drawing. Double-click to end drawing. Don’t connect the stray track to any
pads. That is what makes it 'stray'. Now, bring up the Cleaning Options
window by clicking on Edit and Cleanup Tracks and Vias. Leave the current
default selections as they are, and click OK.

The stray track and vias that you just added should disappear.

Cleaning Options x

[ |Delete track segments connecting different nets
[ Delete redundant vias

& Merge overlapping segments

& Delete dangling tracks

Cancel | [0 OK

Figure 9.98: The Cleaning Options window.

The Swap Layers function (Figure 9.99) is very useful when you want to
transfer all tracks from one layer to another. For example, say that you want to
move all track from the front copper layer ('E.Cu') to the bottom copper layer
('B.Cu").

To do that, first bring up the Swap Layers window by clicking Edit and
the Swap Layers. Then, click on the button marked '...", right next to the 'F.Cu'
label, and from the small window that appears, select 'B.Cu’, then dismiss the
small window by clicking on the 'x' button, and click OK. Try that now in your
LED and resistor layout. See how the (originally' red tracks are now green?
That happened because the tracks were transferred from the front copper
layer to the back copper layer.
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To restore the tracks to the front copper layer, do the opposite. Back in
the Swap Layers window, click on the '..." button that is next to the 'B.Cu'
label, and select 'F.Cu' from the small window that appears. Then, dismiss the
small window and click OK.

Move Layers: x
F.Cu | ... | No Change In16.Cu | ... | No Change B.Adhes | ... | No Change
In1.Cu | ... | No Change In17.Cu | ... | No Change F.Adhes | ...| No Change
In2.Cu | ... | No Change In18.Cu | ... | No Change B.Paste | ... | No Change
In3.Cu | ... | No Change In19.Cu | ... | No Change F.Paste | ... | No Change
B.Fab | ... | No Change
In4.Cu | ... | No Change In20.Cu | ... | No Change B.SilkS | ... | No Change
In5.Cu | ... | No Change In21.Cu | ... | No Change F.SilkS | ... | No Change
In6.Cu | ... | No Change In22.Cu | ... | No Change B.Mask | ... | No Change
In7.Cu | ... | No Change In23.Cu | ... | No Change F.Mask | ... | No Change
In8.Cu | ... | No Change In24.Cu | ... | No Change Dwgs.User | ... No Change
In9.Cu | ... | No Change In25.Cu | ... | No Change Cmts.User | ... | No Change
In10.Cu | ...  No Change In26.Cu | ... | No Change Eco1.User | ... | No Change
In11.Cu | ... | No Change In27.Cu | ... | No Change Eco2.User | ... | No Change
F.Fab | ... | No Change
In12.Cu | ... | No Change In28.Cu | ... | No Change Edge.Cuts | ... | No Change
In13.Cu | ... | No Change In29.Cu | ... | No Change Margin | ... | No Change
In14.Cu | ... | No Change In30.Cu | ... | No Change B.CrtYd | ... | No Change
In15.Cu | ... | No Change B.Cu | ... | No Change F.Crtyd | ... | No Change
Cancel oK

Figure 9.99: The Swap Layers window.

In Figure 9.100 you can see the Set Text Fields window. The width,
height and thickness properties control how the footprint text values are
rendered in the editor. Do a small experiment to see how this works: With the
simple LED and resistor layout loaded in Pcbnew, bring up the Set Text Size
window. Change Width and Height to 2, and Thickness to 0.35. Click OK. You
should see that all text items that belong to properties will be re-drawn with
the new properties, and look around twice as large. To make them go back to
their original sizes, restore Width and Height to 1, and Thickness to 0.15.

Set Text Size x
Footprint Fields: Current Text Dimensions:
Reference designator width: |1 mm
Value Height: |1 mm
User defined Thickness: [0.15 mm
Footprint filter:
Cancel | | OK

Figure 9.100: The Set Text Size window.

View
In Figure 9.101 you can see the contents of the View menu.
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File Edit View Setup Place Route Inspect Tools

A HE v Show Layers Manager
Show Microwave Toolbar

Track: 0.2¢ Library Browser

3D Viewer
Zoom In

Zoom Out
Zoom to Fit

Zoom to Selection
Redraw

@ v Show Grid
E Grid Settings...

Display Polar Coordinates
E Units

v Full Window Crosshair
v Show Ratsnest

Drawing Mode
Contrast Mode
Flip Board View

Figure 9.101: The Pcbnew View menu.

In the View menu you can see the familiar Zoom, Fit and Redraw
buttons, but in addition, there are several more buttons that I'd like you to
look at.

1. 3D Viewer, which renders a 3D view of the PCB

2. Show Ratsnest, which shows you a list of all unconnected nets in
the PCB

3. Drawing Mode, which allows you to choose from a variety of
graphics options that help when you work on busy boards

You have already used the 3D viewer in several occasions (Figure
9.102). Apart from the default settings of the viewer, there are several more
features you should be aware of. First, experiment with the top menu bar,
which allows you to zoom in/out, pan and rotate the model.

3D Viewer - 0@

File Edit View Preferences Help

B % 2@ eaaoqql dd iR aeav e @

Reload time 0.048 s dx 0.00 dv0.00

Figure 9.102: The 3D Viewer.

You can control much of the rendering behavior of the viewer through
its display options window, which you can access by clicking on the cog-
wheel button in the top toolbar (Figure 9.103). Try out the various options to

144



see the effect they have on the rendering of the model. There are more
rendering controls through the Preferences menu.

Another useful function is available in the File menu. There, you can
export the rendered view to PNG or JPEG image files. This is a good way to
capture a high-quality render of your board that you can insert in a blog post
or documentation.

{ 3D Viewer \?:ni.
tmils) * = || V8 File Edit View Preferences Help R- 1| (Zoon
- Rl eem o = = R i L N
3D Display Options x
Render options: Board layers:

6 & |Realistic mode T & showsilkscreen layers
8 & show board body p— & show solder mask layers
6 & show copper thickness p==y & show solder paste layers
‘éa Show model bounding boxes 7 & Show adhesive layers
@ & show filled areas in zones User layers (not shown in realistic mode):

3D model visibility: #| [ show comments and drawings layers

_! [ show 3D through hole models #) © SshowECO layers

_!_ & show 3D SMD models

_! & show 3D virtual models

Cancel || OK

Render time 1ms (... dx0.00 dy0.00
Figure 9.103: The 3D Viewer’s display options window.

Setup
The Setup menu contains just two items, Design Rules and Layers
Setup. You can see the Setup menu in Figure 9.104.

File Edit View Setup Place Route Inspect
888
o ;IE fee  LOVETSSetup... v

Design Rules...

Track: 0.250 mm | i
Texts and Drawings...

Default Pad Properties...
Pads to Mask Clearance...
Differential Pairs...

tr2

Figure 9.104: The Setup menu

The two most important items in this menu are the top two: Layers
Setup and Design Rules. You will use them in all projects of this book. You can
read a summary of what these items do in the next few pages.

The bottom four items allow you to configure secondary aspects of how
the layout, such as how text should look like by default, and what should be
the default configuration of a pad.
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Let’s take a closer look at those.

Design Rules Editor

In the Breadboard Power Supply and later projects, you will be
spending a lot of time learnings on how to use the Design Rules Editor.
Briefly, this Editor allows you to create classes of nets that have specific design
attributes. Tracks that belong to those nets are then drawn with adherence to
this attributes.

For example, you can create a net class called PWR' that dictate the
track width, via diameters and other attributes that should apply specifically
to a track that belongs to this class. You could create another class called 'SGN'
that dictate these attributes for tracks that convey signals, instead of power.
This makes sense because a typical signal track will only need to convey a few
milliamps of current, while a track that feeds power to the circuit components
will be required to convey much more than that.

Design Rules Editor x

Net Classes Editor| Global Design Rules
Net Classes:

Clearance Track width | Via Dia| Via Drill | uvia Dia| uVia Drill | Diff Pair Width | Diff Pair Gap

Default 0.2 0.25 0.8 0.4 0.3 0.1 0.2 0.25

Add Remove Move Up

Net Class Membership

*(Any) v Select All *(Any) v Select All

Net Class Net Class
Default Default

Cancel OK

Figure 9.105:The Net Classes Editor.

In Figure 9.105, you can see Net Classes Editor with its default values. In
our simple PCB, there’s only one net, and it is assigned to the Default class. In
later projects, you will learn how to create classes and assign nets to one of
them.

In the same figure, there is also the Global Design Rules tab (Figure 9.106) .
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Design Rules Editor x

Net Classes Editor | Global Design Rules

Routing Options:

Minimum track width: [0.2 mm
Minimum via diameter: |0.4 mm
Minimum via drill: (0.3 mm

Allow blind/buried vias

Allow micro vias (uVias)

Minimum uVia diameter: mm
Minimum uVia drill File Edit View Setup Place Route
4 =
Specific via diameters and track widths, which can be used to replace default Netclass valt BIE E:::] c\ =

for arbitrary vias or track segments.

Track: 0.250 mm (9.84 mils) * Via: 0

Custom Via Sizes: Custom Track Widths

Drill value: a blank or 0 => default Netclass value / E
Track: 0.400 mm (15.75 mils)

Diameter Drill widt! S

Via 1 Track 1/0.3 /Tﬁ

Via 2 Track 2 0.4 "

Via 3 Track 3

Via 4 Track 4

Via s Track 5

Via 6 Track 6

Via7 Track 7

Via 8 Track 8

Cancel OK

Figure 9.106: The Global Design Rules.

There, you can create custom track and via sizes, and have them
available in the top toolbar drop-down. This way you can create tracks and
vias using ad-hoc sizes that can override their assigned class.

Layers Setup
In Layers Setup (Figure 9.107), you can control the number of layers you
would like your board to have, and, to some extent, the type of these layers.

Layer Setup X
Preset Layer Groupings Copper Layers Board Thickness
| Two layers, parts on Front and Back v | |2 v ‘:1.6 ‘ mm
Layers
. Name  Eabed Ty
F.Crtyd [ x] Off-board, testing
F.Fab a Off-board, manufacturing
F.Adhes x| Off-board, manufacturing
F.Paste [x] On-board, non-copper
F.Silks [x] On-board, non-copper
F.Mask [ x] On-board, non-copper
\F.Cu l ‘ signal bl
[B.Cu \ ‘ signal |
B.Mask [ x] On-board, non-copper
B.SilkS [ x] On-board, non-copper
B.Paste [x] On-board, non-copper

| Cancel || OK

Figure 9.107:The Layers Setup.
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Pcbnew can produce PCBs with up to 32 copper layers, and this is
configurable in the Layers Setup window.

There are presets of up to four layer-PCBs with parts on the front, back,
or both. As you experiment with selecting one of them, notice the effect on the
enabled or disabled status of each layer. For example, if you choose the "Two
layers, parts on Front only' preset, you will notice that many of the copper
layers are disabled. If you click on 'OK' to commit the change, these layers will
disappear from the Layers Manager, leaving only the enabled ones showing.

You can change the layer configuration as you are working on your
PCB. For example, you may start with a 2-layer PCB and then realise that you
need additional layers to complete the routing. That is not a problem. Just go
into the Layer Setup window and add a couple of layers.

Other setup options
The bottom four options of the Setup menu contain:
1. Text and Drawings
2. Default Pad Properties
3. Pads to Mask Clearance
4. Differential Pairs
The Text and Drawings settings allow you to configure defaults for
things like the text character width, height and thickness, and the thickness of
a graphic segment (such as a line or an arc).

Text and Drawings x

Graphics: Footprints: General:

Graphic segment width: (mm): Edge width: (mm): Default pen size: (mm):
[b.2 || 0.5 0.1

Board edge width: (mm): Text thickness: (mm):

0.15 0.15

Copper text thickness: (mm): Text height: (mm):

0.3 1

Text height: (mm): Text width: (mm):

1.5 1

Text width: (mm):

1.5

Cancel OK

Figure 9.108: Default text and graphics settings.

I find the defaults in Figure 9.108 appropriate for most boards.
The Default Pad Properties is fairly involved, but you only need a few
options tweaked in relation to setting defaults (Figure 9.109).
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Pad Properties x

General | Local Clearance and Settings | Custom Shape Primitives
= Parent Footprint Orientatio
Pad b Hole shape: ARG
ad number: 3 =
ES Siculag Rotation: 180.0
Net name: Hole size X: |3.048 mm
Pad type: NPTH, Mechanical = Holesize Y: mm
Shape: Circular = Layers
Position X: 163.576 mm Copper: | Allcopper layers 2
Position Y: 146.812 mm  Technicallayers:
F.Adhes
Size X: 3.05 mm
B.Adhes
SizeY: mm
F.Paste
Orientation: 0 : | deg B.Paste
0.0 deg F.Silks
Shape offset X: mm B.Silks
Shape offset Y: mm & F.Mask
Pad to die length: mm & B.Mask
Dwgs.User
Trapezoid delta: mm Eco1.User
Trapezoid axis: Eco2.User
. Show pad in outline mode
Corner size: %
Corner radius: mm

Cancel OK

Figure 9.109: Default pad properties.

In the General tab, the pad type offers four choices:

1. Through-hole, best for using with through-hole components. This
option creates a hole that is internally plated, with pads on either side so that
components can be soldered.

2. SMD, suitable for SMD components. An SMD pad does not
contain a hole.

3. Connector, which is similar to the SMD type, but is round and
typically used as a contact for probes

4. NPTH, Mechanical, which is a non-plated through hole pad,
suitable for creating mounting holes.

If you choose 'Through-hole' as your default, you will also be able to
specify the hole shape, as either oval or circular, and for each type, the exact
dimensions.

In the Local Clearance and Settings tab you can specify minimum
clearances (Figure 9.110). I prefer to keep the values there at 0 so that the
footprints in my projects inherit these values from their parent footprints.
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Pad Properties

Local Clearance and Settings

Set values to 0 to use parent footprint or netclass values

ance means area bigger than the pad (usual for mask clearance)
clearance means area smaller than the pad (usual for paste clearance).

Negati

Net pad clearance:
Solder mask clearance 0
Solder paste clearance: 0

Solder paste ratio clearance: |-0.000000

Note: solder mask and paste values are used only for pads on copper layers

Pad connection From parent footprint
Thermal relief width: (0

Thermal relief gap: |0

mm

mm

mm

mm

mm

Parent Footprint Orientat

Front side
Rotation: 180.0

Show pad in outline mode

Cancel OK

Figure 9.110: The Local Clearance and Settings pad

The Pads Mask Clearance window (Figure 9.111) allows you to control

the pad mask clearance. The mask is the thin layer of non-conductive
materials that covers the front and back of the board and also prevents solder
from creating bridges between pads. The values you use here control how

much of the pad will be covered with the masking material. If you cover too

much, you will decrease the risk of solder bridges, but you will make

soldering harder since there will be less of the pad exposed.

Pads Mask Clearance

Note: for clearance values:

- a positive value means a mask bigger than a pad.

X

- a negative value means a mask smaller than a pad.

These global values are used only to build the mask shape

of pads on copper layers.

Solder mask clearance: b.2
Solder mask min width: 0
Solder paste clearance: -0

Solder paste ratio clearance: |-0.000000

millimeters

millimeters

millimeters

%

OK

Figure 9.111: The Pads Mask Clearance window.

Finally, the Differential Pair Dimensions allow you to control how close

together will be drawn traces that belong to the same pair, and how wide each

trace should be.
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Differential Pair Dimensio...%
width: [p.2 mm

Trace gap: |0.25 mm

& Vvia gap same as trace gap

Cancel OK

Figure 9.112:Differential pair settings.

Place

In Figure 9.113 you can see the contents of the Place menu.
Pcbnew — /home/peter/Documents/Kicad projects/KLP2/
File Edit View Setup Place Route Inspect Tools Preferences H
LIE }:::| m Footprint 2 1
Via
Zone

Track: 0.250 mm (9.84 mil

5.7n

Keepout Area

Text

Arc

Circle

Line

Polygon

Dimension

Layer Alignment Target

Drill and Place Offset
Grid Origin

Figure 9.113: The Pcbnew Place menu.

In the Place menu, you will find the same tools as in the right toolbar.
Let’s not spend any more time here and move straight to the Route menu.

Route
In Figure 9.114 you can see the contents of the Route menu.

File Edit View Setup Place Route Inspect Tools Preferences Help

B o] m single Track

Differential Pair
Track: 0.250 mm (9.84 mils) * 2

2

Tune Track Length

Tune Differential Pair Length
Tune Differential Pair Skew/Phase

Interactive Router Settings...

g

Figure 9.114: The Pcbnew Place menu.

With the Single Track option, you can create regular tracks and vias. It is
the option you will use most often. The rest of the tools in the Route menu are
useful in advanced layouts that involve things such as high-frequency digital
busses or analog circuits where the radio properties of the tracks must be
taken into account.

Let’s have a quick look at each one:
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1. Single Track, allows you to create single tracks and vias. You
have already used this tool in our simple LED and resistor project.

2. Differential Pair, allows you to route two tracks at the same time.
KiCad identifies tracks that should be routed together based on the ending of
their net names. In the current version 5, two tracks can be identified as a pair
if their net names end with '+' and '-' respectively, and their start pads are
adjacent to each other. While you are drawing the paired tracks, you can also
create vias, for both at the same time.

3. Tune Track Length, allows you to adjust the exact length of a
single track. This is useful if you want to control precisely the signal
propagation time.

4. Tune Differential Pair Length, which is a function similar to
Tune Track Length, but for a pair of tracks ('differential pair') at the same time.

5. Tune Differential Pair Skew/Phase, allows you to precisely
control the clock skew of differential pairs, another consideration in high-
frequency digital electronics design. Clock skew is a phenomenon in which
the same clock signal arrives at slightly different times to its destination. The
effect of this is that different parts of the circuit can end up operating at a
slight clock offset, which is not desirable. Learn more about clock skew on
Wikipedia.

For example, we can use Differential Pairing for tracks that involve

serial communications, such as the TX and RX tracks in a UART circuit, or the
MISO and MOSI tracks in an SPI circuit. You can learn more about differential
pairs in the recipe titled '44. How to use differential pairs'.

Interactive Routing

Interactive routing is one of the most important features of Pcbnew. It
makes drawing tracks quick and efficient.

It helps you create tracks while avoiding items in the layout that can’t
be moved, or moving them (the term is 'shove') if they are movable.

Let’s do an experiment with Interactive routing. Open the simple LED
and resistor layout, and delete the track that connects pad 2 of the LED and
pad 1 of the resistor. In Figure 9.115, I have deleted the track. To make the
layout easier to read, I have disabled the front and back silkscreen layers by
unchecking F.SilkS and B.SilkS in the Layer Manager.
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Figure 9.115: The resistor d LED are not connected.

The ratsnest line between the LED and resistor is telling us that this
track must be implemented. Type the X' hotkey to enter the track drawing
mode. Place your mouse cursor in the middle of pad 2 of the LED. Move your
mouse towards the screw terminal footprint, and notice how the track that the
router leaves behind does not intersect any other tracks and goes around
pads. Try to finish the drawing by double-clicking on pad 1 of the resistor. You
can see my, admittedly terrible, design in Figure 9.116.

Figure 9.116: A new route using the Interactive Router, avoiding other tracks and pads.

In Figure 9.116, I have highlighted the new net using the 'Highlight Net'
button in the right toolbar. Of course, this new net is a very poor design since
it is much longer than necessary, with a lot of corners. In PCB design, we aim
to create tracks that are as short as possible, with as few corners as possible.
More about PCB design principles later.

The point of this example is that as I was moving my mouse pointer
through a particular path, the Interactive Router was able to find a way to
place the track without violating any of the design rules.

You have fine control over the designer through the context menu
Figure 9.117.
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Interactive Router Settings x

Highlight collisions
Shove
® walk around
Move item
Mouse drag behavior: ‘
Free angle mode (no shove/walkaround)
Jump over obstacles
™ Remove redundant tracks
& Optimize pad connections
& Smooth dragged segments

Allow DRC violations
Optimizer effort

Cancel OK

Figure 9.117: The Interactive Router Settings.

You can change these setting at any time, even during the drawing of a
track. I usually set the Mode to 'Walk around', which produces a result similar
to the one you see in Figure 9.116. As long as you choose a sensible path with
your mouse, the interactive router will produce a sensible track. You can also
try out the Shove mode. With Shove mode on, the interactive router will push
over any items that are not explicitly fixed on the layout. You can have
footprints on a fixed position by locking them through their properties and
then allow for existing tracks and vias to be moved by the router as needed for
laying new tracks. It is work spending some time to get used to this feature, as
it is powerful and it will make your work with KiCad much more efficient in
comparison to drawing in Default mode without Interactive Routing.

In Figure 9.117 I have selected the option 'interactive drag' for the
mouse drag behaviour. This allows me to use the 'G" hotkey to drag a track to
a new position without breaking it (which is the 'move' operation). Beware
that you can drag a track by clicking on it to select it and then dragging to
move it. The ‘G’ hotkey is a shortcut meant to save you one click. This way I
can re-arrange a track that I or the Interactive Router created, without having
to repair broken connections. When using the 'Move' method, the typical
result is that a single segment of a track is moved, and its connection to the
rest of the net is broken, which needs to be repaired.

Another powerful feature of the Interactive Router is the ability to
redefine a segment of the track or the full track without having to manually
delete the original. You simply type 'X' to start the track drawing process, and
you draw the start and end of the new track or track segment. When you
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double-click to finish the drawing process, the Interactive Router will
automatically remove the old track or track segment, as it is now redundant.

Let’s use this feature to repair my awful track from Figure 9.116. Type
X' and click on pad 2 of the LED to start a new track. You can also start the
drawing at another position of the existing track is you want to redefine a
segment of the track instead of the complete track (Figure 9.118).

Figure 9.118: Starting a new track to replace the old one.

Then, move your mouse on pad 1 of the resistor and double-click to
complete the drawing. The new track is created, and the old track is

automatically deleted (Figure 9.119).

Figure 9.119: The newly created track replaces the original.

It is worth spending some time here to get used to these capabilities of
the Interactive Router. We will be using it extensively in the projects that will

follow.

Inspect

The Inspect menu (Figure 9.120) includes functions for looking into
nets, measuring distances on the sheet, and launching the design rules
checker. You can do the latter two by using buttons in the top and right
toolbars.

R ———— P —— P —— Pr——— -
File Edit View Setup Place Route Inspect Tools Preferences Help

888 : ’
‘IE [.“] m g List Nets |

Measure

1%

Track: 0.250 mm (9.84 mils) * 2 || Via: 0.¢
Design Rules Checker

m_

Figure 9.120: The Inspect menu.

155



The List Nets options give you a list of the nets that are present in the
PCB. In Figure 9.121, you can see the Nets window. You can type in the name
of the net you want to inspect in the filter box or click on the net row. In

Pcbnew, whichever net you select will be highlighted.

Nets X

Net name filter: & show zero pad nets

Net name Number of pads

net 000

net 001

net 002 |Net-(D1-Pad2)
net 003 +5V

Cancel OK

Figure 9.121: The Net Filter window.

In Figure 9.122 you can see the GND net that I selected in Figure 9.121,
highlighted with a high-contrast colour. This makes it easy to see how the

selected net is routed.

Figure 9.122: A list of nets present in this simple PCB.

With the Measure tool, you can measure distances on your board
(Figure 9.123). Notice that there is a keyboard shortcut for this tool. Just click
to start measuring distance and angle, and click again to end. You can use this

tool by clicking on the Measure tool button from tbe right toolbar ( % ).

50 mm (9.84 mils) * : || Via: 0.80 mm (31.5 mils)/ 0.40 mm (15.7 mils) * 2 % Grid: 0.2540 mm (10.00 mils) 2 Zoom Auto
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€T
91
LT
6T
1z
(44
144
8¢
62
o€
[43
€€

wwee
wwee
wwEe
wwee
wuwEe

wwee
wige
wwee
wwee
wuwEe
wwEe
wuwee
wwEe
wwge

Figure 9.123: The Measure tool.

Finally, you can start the design rules check by clicking on the Design
Rules Checker option in the Inspect menu, or by clicking on the bug button
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from the top toolbar (" ). Either way, the DRC window will come up
(Figure 9.124).

DRC Control x
Options: Messages:
Clearance:
Minimum track width: |p.2 mm
Minimum via size: |0.4 mm SEartDRC
Minimum uVia size: [0.2 mm List Unconnected
& Refill all zones before performing DRC Delete All Markers
Report all errors for tracks (slower)
& Check footprint courtyard overlap
& Check courtyard missing in footprints
Create Report File:
Error Messages:
Marker count: 0 Unconnected count: 1
Problems / Markers | Unconnected
Cancel OK

Figure 9.124: The DRC tool.

The DRC tool will check for problems in your PCB, such as
unconnected nets, or traces that are too close to other traces. You will become
very familiar with this essential tool as you practice working on the projects in

this book.

Tools
All but one of the items in the Tools menu are available in the top
toolbar. You can see the Tools menu in Figure 9.125.

e Route Inspect Tools Preferences Help

= T | QO LoadNetlist.. =
Update PCB from Schematic...

2 || Via: 0.80 mm (31 G
Update Footprints from Library...

Set Layer Pair...

External Plugins...

Figure 9.125: The Tools menu.

Here is a summary of the items in the Tools menu.

1. Load Netlist, allows you to import the Netlist file from
Eeschema.

2. Update PCB from Schematic is an alternative to the Netlist. If
you make changes to the schematic after you begin work in Pcbnew (perhaps
you have added a new symbol, or fixed the wiring), you can choose the
Update function to automatically annotate the symbols, create the new netlist,
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and import it into Pcbnew. I am very used to working with the Netlist directly,
so I don’t use the Update function, however, I suggest you give it a go as it can
speed up your work.

3. Set Layer Pair, is useful in boards with 4 or more layers. It allows
you to choose which layer should be connected when you create a via.

4. Update Footprints from Library, will check for updated versions
of the footprints that exist in your layout, and apply them. This saves you
doing this work manually, as was the case with older versions of KiCad.

5. External Plugins allows you to extend the capabilities of KiCad
through Python scripts.

I'd like to take a closer look at the Set Layer Pair option.

Let’s start with the Layer Pairs option. When you work with PCBs that
contain more than 2 layers, say 4, or more, you can configure which of these
layers should be considered pairs when you create vias. You can configure the
Layer Pairs using the Select Copper Layer Pair window. When you are
working on a 2-layer board, the Select Copper Layer Pair window looks like
the example in Figure 9.126. There’s not much to do here, and the only option
is to pair the top and bottom layers. Now, when you create a via, a track from
the top layer will continue to the bottom layer, and vice versa. The 'x' marks
the selected layer.

Select Copper Layer Pair:

Top/Front Layer Bottom/Back Layer

FCu . FCu
. B.Cu l.
Cancel OK 8

Figure 9.126: The Select Copper Layer Pair window in a two-layer board.

Change your board configuration so that it is a four-layer board. You
can do that through the Design Rules menu (we will look at this in more detail
in the next segment). Bring up the Layers Setup window, and change the
number of layers to 4 (Figure 9.127).
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Layer Setup x
Preset Layer Groupings Copper Layers Board Thickness
Four layers, parts on Frontand Back v | |4 N/ ‘ 1.6 mm

s

F.Crtyd Off-board, testing

FFab Off-board, manufacturing
F.Adhes Off-board, manufacturing

F.Paste On-board, non-copper

F.Silks On-board, non-copper

F.Mask On-board, non-copper

‘ F.Cu signal >

‘ In2.Cu signal v

|

‘Im.(u ‘ ‘signa[ i
|
|

‘ B.Cu signal i

B.Mask [x] On-board, non-copper

Cancel OK S

Figure 9.127: To change your board to a four-layer board, open the Layer Setup window from the
Design Rules menu.

Now open the Select Copper Layer Pair window again. It will look like
the example in Figure 9.128.

5
Select Copper Layer Pair: %

Top/Front Layer Bottom/Back Layer

[ =m

In1.Cu X In1.Cu
.an.Cu .ln2.Cu
.B.Cu .B.Cu

Cancel | OK

Figure 9.128: The Select Copper Layer Pair window in a four-layer board.

In this example, I have set the pairs to be the front copper and the first
inner copper layers. With this configuration, when I create a via, a track that
starts in the top copper layer will continue in the first inner copper layer, and
vice-versa.

Please switch your board back to a two-layer configuration now before
continuing.

Preferences

Through the Preferences menu, you can control various aspect of the
operation of Pcbnew (Figure 9.129).
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Inspect Tools  Preferences Help
ﬁ O Q Configure Paths...
Manage Footprint Libraries...

80 mm (31.5 mils) Add 3D Shapes Libraries Wizard...

General Settings

Display Options...

Legacy Toolset

Modern Toolset (Accelerated)
Modern Toolset (Fallback)

Set Language ’
Hotkeys Options »

Save ProjectFile...

Load ProjectFile...

a

Figure 9.129: The Preferences menu.

You will be using most of the items in the Preferences menu as you
work through the projects in this book, but following is a summary:

1. Manage Footprint Libraries Wizard, allows you to import
footprint libraries. Once a new library is imported, you can use its footprints
in your layout. You will learn how to use this tool in a later project in this
book. There is also a recipe that explains how to do this; look for the one titled
21. Adding a footprint library in Pcbnew'.

2. Configure Paths, allows you to configure the locations of symbol,
footprint, and 3D shape libraries. You can also access the path configuration
window from the main KiCad window. Look at the Kicad documentation for
details on the roles of the environment variables and the paths that they point
to.”

3. Add 3D Shapes Libraries Wizard, allows you to download 3D
shapes from KiCad’s own repository and 3rd party repositories that are used
in Pcbnew’s 3D Preview. You can learn how to do this by reading the recipe
titled '55. How to install 3D shapes'.

4. General settings, allow you to control a variety of aspect of
Pcbnew’s operation, such as the frequency of the autosave function, the
measurement units and type of coordinate system used.

5. Display options, allow you to control Pcbnew operations details
such as the use of accelerated graphics, the grid style and how net names are
displayed.

6. Set Language, allows you to change the language used in the
Pcbnew user interface.

7 http:/ /docs. kicad-pcb.org/master/en/kicad.html
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7. Hotkeys Options, allows you to customise the various hotkeys,
as you learned earlier.

8. Save and Load project File allows you to save the .pro file that
contains information about the project (but not the layout and schematic files,
since that information is stored as individual files).

9. There are recipes that cover the usage of the libraries wizard and
the 3D shapes wizard. In the next few pages, you'll take a closer look at some
of the other options in the Preferences menu.

General
Through the General Setting window (Figure 9.130), you can configure
much of the behaviour of Pcbnew.

General Settings x

. B — Coordinates: Magnetic Pads:
Auto save (minutes): [[10 =

@ Cartesian coordinates Never
User Interface: Polar coordinates @® When creating tracks
100 Units Always
Icon scale: === heh
50 2759% JICHES Magnetic Tracks:
& Auto @® Millimeters Never
. @ When creating tracks
& showicons in menus OO
& Show ratsnest Always
Pan and Zoom: Show page limits Legacy Routing Options:
& Center and warp cursor onzoom & Enforce design rules when routing
Limit graphic lines to 45 degrees
Use touchpad to pan & Auto-delete old tracks
Edit action changes track width -
& Pan while moving object & Limit tracks to 45 degrees

& Prefer selection to dragging o
& Use double segmented tracks
Rotationangle: |90.0

Cancel OK

Figure 9.130: The General Setting window

Here, you can control the drawing behavior of Pcbnew. For example,
you can make tracks and pads 'magnetic’ so that as you draw a new track, it
will 'stick’ to a pad when you mouse your mouse close enough, ensuring an
electrical connection.

You can control autosave, select your preferred coordinate system and
unit of measurement, the shape of the course, and much more.

I find that the default settings work well and rarely make any
customisations here.

Display

Similarly to the General Settings window, the Display Options window
(Figure 9.131) allows you to control the graphical attributes of Pcbnew.
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Display Options x

Accelerated Graphics:

Subpixel Antialiasing (High Quality) =

Grid Options (not supported in Legacy Tools
Grid style:
@® Dots

Lines

Small crosses

Grid thickness: 0.5 px

pX

4r 4

Min grid spacing: |10

Cursor Options
Cursor shape:
Small crosshair

@® Full window crosshair

& Always display crosshairs

Annotations:
Show net names:
Do not show.

On pads
On tracks

@® On pads and tracks

& show pad numbers

[ show pad no net connection indicator

Clearance Outlines:
Show track clearance:
Never

New track
@® New track withvia area
New and edited tracks with via area

Always

[ show pad clearance

Cancel OK

Figure 9.131: The Display Options window.

For example, you can choose if you would like to show pad numbers

and footprint outlines, net names, and track clearances.

Again, the default settings are reasonable and I prefer not to make any

modification to the Display options.

Language

The Language option allows you to choose one of 19 languages
available for KiCad’s user interface. Whichever language you choose, must
also be supported by the locale of your operating system (Figure 9.132).

peter

File Edit View Search Terminal Help

i uuuuuuuuuuuuuuuu \rauvaln,

English

Hotkeys Options
Save Project File... French

Load ProjectFile...

Italian
Greek
Slovak

Polish
Czech

Finnish
Spanish
Portuguese
German

Slovenian

Hungarian

peter@ubuntu-kicad5:~$ locale
LANG=en_US.UTF-8

Figure 9.132: The Pcbnew language settings have to match the locale of your operating system.

Hotkeys

You have learned about the Hotkeys options in earlier segments of this
book. You know that you can show the current hotkeys by selecting
Preferences, Hotkeys, and List Current Keys and that you can set up your own
hotkeys through Preferences, Hotkeys and Edit Hotkeys.
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You can also import and export hotkeys from the same menu item,
which is a good way to ensure that you have the same settings across the
computers where you use KiCad.
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Part 3: Design principles and basic
concepts
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10. About this Part

In Part 2 of this book, you learnt about some of KiCad’s most commonly
used features. You used Eeschema and Pcbnew to design the schematic
diagram and the layout of a very simple board. You also had your first
experience with some of the decisions that a PCB designer has to make as they
are working on their PCB.

Before you continue your learning journey with a few more realistic
PCB projects, it is appropriate to become familiar with concepts, conventions
and design patterns that will help you in being more efficient in the way you
work, produce better performing boards, and create boards that you feel
proud to look at.

Some of the things that you will learn in this chapter are
straightforward. You will learn about the symbols and units that appear in the
schematic diagrams and the layout diagrams. The terminology used to
describe the various components and characteristics of a printed circuit board.

You will also learn about the general processes of the schematic and
layout steps of designing a PCB. These are processes that every designer will
go through to one degree or another, regardless of which CAD application
they are using. These processes will become natural as you become more
proficient and confident. The layout chapter in this Part of the book will take
you through it, and you will have the opportunity to practice it in the projects
of Part 4.

In this part of the book, you will also learn about the most important
practical design considerations and conventions that can help you create
amazing PCBs. For example, how should you arrange the various parts of a
circuit on the PCB? How should you supply power to each section? How
should you arrange components such as buttons and potentiometers (which
make up the user interface of a device)? How thick should the copper of a
signal or power trace be? Is it appropriate to have traces that contain 90-
degree angles? The answer to these questions and many more will be covered
in this Part 4 of the book.
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11. Schematic symbols

Electronics and PCB design has its own symbolic language. This
language is written in schematic diagrams. In Figure 11.1 you can see an
example of a schematic that contains several symbols of this language.®

} U [ 11
| ]

Figure 11.1: A segment of the Arduino Pro Mini schematic diagram.

In this example, you can see the schematic symbols of several components
that make up the Arduino Pro Mini. The large rectangular symbol with
designator 'U2' is a linear voltage regulator integrated circuit. Its model
number is 'MIC5205'. The symbol contains several pins that provide inputs
and outputs, and each of them is named.

You can also see three capacitors, two of them are polarised (designated
C19 and C13) and one isn’t (C10). You can also see a resistor, R11. The
capacitors and the resistor also have their values marked in the schematic.
There are also symbols for an LED, a jumper connector, and power (Vcc, RAW,
and GND).

All of these symbols follow a particular standard. There are several
standards available, but most notably engineers around the world tend to
work with the American style ('IEEE') or the European ('IEC') style. The

symbols in Figure 11.1 follow the American style.

8 Get the full schematic here (last accessed 22/11/2018: https:/ / cdn.sparkfun.com/
datasheets/Dev/ Arduino/Boards/ Arduino-Pro-Mini-v14.pdf
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In KiCad you can choose to use either the American or the European style
symbols. Whichever one you choose, be consistent. Do not mix American-
style resistor symbols with European-style capacitor symbols in the same
schematic.

The KiCad standard symbols library contains symbols of both styles,
though the European style symbols seem to be more plentiful. In most cases,
American-style symbols will have the postfix 'US' in their name. In Figure
11.2, you can see an example of a resistor symbol, with the European style in
the left and the American on the right. The name of the American style symbol
ends in 'US', and you can take that into account when you are searching for a
symbol in the Symbol Chooser.

Choose Symbol (13152 items loaded) x Choose Symbol (13152 items loaded) x
Q (7 l Q [rus |
Symbol ~ CF Symbol Desc
¥ Device ¥ Device W
R R US Resistor US symbol
R_Network03 m Im Varistor_Us Voltage dependent re¢ | ('
R_Network03_US Thermistor_Us Thermistor, temperatt Y
R_Network04
R_Network04_US J)
R_Network05
R R US
Resistor Resistor US symbol
Key words: r res resistor Key words: r res resistor
Cancel OK Cancel OK

Figure 11.2: A resistor, European-style (left) and American-style (right).
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12. PCB key terms

Creating printed circuit boards is an engineering discipline, and as
such, it has its own 'language'. In this chapter, you will learn the most
commonly used terms so that you can understand the information found in
places such as PCB fabrication websites and CAD tool documentation.

Here we go.

12.1. FR4

The most common material used to make printed circuit boards is FR4
(or FR-4). This is a glass-reinforced epoxy laminate composite material, or in
simpler terms, fibreglass cloth bound using an epoxy resin.

Go over to the Wikipedia article to read more about this material
(https:/ / en.wikipedia.org/wiki/FR-4).

The 'FR' part of the name stands for 'Flame Retardant', an obviously
desirable quality for a board that will hold together components that can
potentially ignite when they fail.

Other useful attributes of the FR4 are:

e Very light and strong

* Does not absorb water

¢ Itis an excellent isolator

e Maintains its quality in dry and humid environments

Apart from the standard FR4 and variants (like FR4 tracking resistant
and halogen-free), there are other materials that can be used in rigid or flexible
printed circuit boards. Examples include High Tg (HTG) for applications that
must operate in high temperates, paper-based materials with PF resins,
aluminium, or various kinds of TG rigid and flexible boards.

12.2. Trace

Traces (also called 'tracks') are conductive paths. Most often they made
of copper. Traces are used to transmit signals and power throughout a circuit.

In Figure 12.1 you can see the traces in the front side of this PCB as thin
purple lines that provide the connections between the golden pads where the
component terminals will eventually be. You will learn more about pads next.
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Figure 12.1: An example of traces.

As the designer of a PCB, you have total control over the characteristics
of traces. You can control their width, height, and route, including the angles
by which a trace changes direction. If you want a trace to be able to
accommodate a large current flowing through it with little resistance and
temperature rise, you can design it to be wider and thicker. This is useful
when a trace is meant to feed power to the components of your board. Traces
that are meant to convey low power-current signals (less than 20 mA) can be
made narrower, with less copper.

Keeping the width of traces to around 0.3 mm (or even less, depending
on your manufacturer’s guidelines) makes it possible to draw traces closer
together and reduce the final size of your PCB.

Figure 12.2: An example of wide traces.

In Figure 12.2, you can see an example of traces that are much wider than

regular signal traces. These traces connect the terminals of a 240 Volt relay.
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The traces in these examples are purple because of the solder mask
chemical used to finish the manufacturing process. You will learn about the

solder mask further down in this chapter.

12.3. Pads and holes

Pads and holes are the most prominent feature of a printed circuit
board. Pads come in two varieties and in several shapes. There are TH
(through-hole) pads and SMD (surface-mounted device) pads.

In Figure 12.3 you can see an example of a board that contains
exclusively TH pads, and in Figure 12.4 you can see a board that contains TH
and SMD pads.

Figure 12.3: Through hole pads.

Through-hole pads, unlike SMD pads, connect the front for the PCB with
the back electrically. In the examples, you can see that the gold plating of the
pad fills the inside of the hole. If you turn the PCB around, you will see that a
matching pad exists in the back.

SMD
pads

Figure 12.4: An example of SMD pads.
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Boards with mostly TH pads are popular among hobbyists because
through-hole components are easier to work with, at least in the beginning.
SMD components are smaller; hobbyists tend to not use them until they are
more comfortable with their soldering skills. I find that with a bit of practice,
SMD components are as easy to work with as their TH counterparts.

In the industry, on the other hand, the vast majority of PCBs are designed
to contain SMD components. This is because SMD components can be
populated on the board automatically using pick and place machines and
because their small size results in smaller PCBs.

Apart from the two varieties I described above, pads also come in several
shapes. Most often you will see round pads, but rectangular and oval shapes
are also possible. Using KiCad, you can create such pads and control their
geometry to the extent that your PCB manufacturer allows.

In Figure 12.5 you can see an illustration of a cross-section of a PCB
showing the configuration of pads, and two types of holes, Plated-Through
Hole (PTH) and Non-Plated Through Hole (NPTH).

Holes & pads

Plated Non-Plated
Through Through Pad
Hole (PTH) Hole (NPTH)

rcu
.

Figure 12.5: Pads and holes.

Plated-Through Holes is the more common variety and the default type of
hole in more cases. A drill is used to create the hole, and then copper is used to
cover the hole’s sides so that its two ends (at the front and back copper layers)
are electrically connected. Vias are constructed in the same way, except that
they have a much smaller diameter so it is not possible to accommodate
component pins.

On the other hand, in a Non-Plated Through Hole, we use the same drill to
create the hole, but there is no copper used to cover the sides of the hole, so

there is no electrical connection between its two ends.
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Finally, pads without holes are useful for attaching surface-mounted

component, as you learned earlier.

12.4. Via

When you want to move a signal that travels across a trace from one
side of a PCB to another (say, from front to back), you can create a via. A via is
a hole with its sides covered with copper or gold (or other conductive
material), that allows a trace to continue its route across layers.
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Figure 12.6: Vias allow a trace to continue between layers.

In Figure 12.6, you can see the two sides of the same PCB. On the left,
the arrows point to two vias in the front of the PCB, and on the right, the
circles indicate the same vias on the back of the PCB. Vias are very similar to
through-hole pads, except that they don’t have any exposed copper (they are
covered by the solder mask), and they don’t have a pad (so you can’t solder a
component).

In simple circuits with only a few components, it is possible to create all
of the traces on one layer of the PCB. When a PCB gets busy with more
components it quickly becomes impossible to do the routing on a single layer.
When multiple layers are needed, vias provide the simplest method of
allowing a trace to use the available board real estate.

In the Figure 12.7 you can see the types of interconnections between
layers that are possible.

Hole Buried Blind Blind Through Micro
via via via via via
F.Cu -
In2.Cu
B.cu N

Figure 12.7: Types of interconnections between layers.
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For through-hole components, you would design a hole that connects the
top and bottom copper layers. This hole is implemented using a drill. It is
wide enough to allow for the pin of the component to go through it.

Vias are smaller than holes in terms of their diameter. They are not wide
enough for pins to go through them, but they are plated, like holes, and they
allow for electrical connection between layers to take place.

A 'through via' is like a hole, but narrower. It connects the top and bottom
layers. A buried via is a via that connects any two internal layers. In the four-
layer example of Figure 12.7, the buried via connects the In1.Cu and In2.Cu. A
'blind via', also connects two layers, but has one end exposed on to the outside
of the board, either top or bottom.

In high-density boards, another option for interconnecting layers is to use a
'micro via' (“uvia’). A micro via is made using high-powered lasers, instead of
a mechanical drill; the use of lasers makes it possible to dramatically reduce

the diameter of the via.

12.5. Annular ring

The annular ring is a term that describes the area on a pad that
surrounds a via. An important related metric is the width of the annular ring,
which we define as the minimum distance between the edge of the pad and
the edge of the via or pad hole.

— ———— Annular ring

Figure 12.8: Annular rings and width.

In Figure 12.8, the width of two annular rings is indicated with the two red
lines. Ideally, the drill hit (the location on the board where the drill lands and
creates a hole) is right in the middle of the pad. This is what we usually want.

If the drill bit is not aligned correctly, then the hole can be closer to one edge
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of the pad (a 'tangency'), or it could even miss the pad completely (a
‘breakout’).

12.6. Soldermask

As you know;, traces are made of copper. Copper slowly reacts with
oxygen in the air, resulting to oxidisation. Oxidised copper produces a pale
green outer layer. To prevent this from happening, PCB manufacturers cover
the exposed copper with solder mask, a thin layer of polymer that insulates it
from oxygen. As an additional benefit, the solder mask also prevents solder
bridges from forming between pads.
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Figure 12.9: The rear of a Raspberry Pi Zero protected with a thin layer of solder mask.

In Figure 12.9, you can see the back of a Raspberry Pi Zero. In this example,
the copper is protected by a thin layer of green solder mask. Only the pads
and the mounting holes are not covered by the solder mask.

Solder mask polymers are available in different colours, with green being
the most common and cheaper. You can create fancy looking PCBs with black,

blue, red, purple and many other colours.

12.7. Silkscreen

Printed circuit boards are not complete without text and artwork that
convey useful information and add a touch of elegance. In Figure 12.9 you can
see an example of such text and artwork on the back of a Raspberry Pi Zero.
You can see the Raspberry Pi logo, logos of various certifications, and various
text items that inform us about the model etc. All this consists of the
silkscreen.
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Figure 12.9: The white text and graphics on this Raspberry Pi Zero consist of the silkscreen.

The name 'silkscreen' is rather misleading. Of course, no actual silk is used
to produce the white elements on the PCB. The method used to print the
silkscreen in large numbers is a relative of the traditional screen printing
process that you can use to print a graphic on a T-shirt. The silkscreen text and
graphics are printed on the boards while they are still in their panels.

White is the most common colour for the silkscreen, but black and yellow
are also available.

In the projects that you will work through later in this book, you will
spend a considerable amount of time creating the informational and

decorative text and graphics in the silkscreen layer of the PCB.

12.8. Drill bit and drill hit

Drill bits are used to create holes and vias, but also cutouts. Drill bits are
typically made of solid coated tungsten carbide material and come in many
sizes, like 0.3 mm, 0.6 mm and 1.2 mm. The look like the one in Figure 12.10.
These drills are attached to computer controlled drilling machines and are
guided by a file that contains information about the coordinates and the drill
size for each hole on the PCB.

Figure 12.10: An example drill bit.
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It is interesting to note that for very small holes, usually vias, drill bits are
replaced with lasers. These vias are often called 'micro-vias'. With laser
drilling, it is also possible to create vias that connect in-between layers of the
PCB.

The term 'drill hit' describes the location on the PCB where the drill bit

comes in contact with the PCB and creates a hole.

12.9. Surface mounted devices

If your objective is to create a PCB that is easy to manufacture in very
large numbers, with a minimum size, then you should design it to contain
surface mounted components instead of through-hole components.

In Figure 12.11 you can see an example of what is possible to do with
SMD on a board. A full computer, on a tiny board, for a few dollars.

Figure 12.11: The Raspberry Pi Zero contains almost exclusively SMD components.

On this board are a highly integrated microprocessor, memory,
communications, and connectors. Even the connectors are SMD. In fact, the
only component that is through-hole is the header.

Creating something like this using through-hole components, if at all
possible, would result in a board that was many times the size of the
Raspberry Pi Zero, and would cost many times more because most of the
assembly would have to be done by hand.

While hobbyists prefer to work with TH components because they are
easier to solder and repair, learning to work with SMD, at least the larger
ones, is certainly possible.

In this book, you will learn how to create an SMD version of a PCB, in

addition to the TH version.

12.10. Gold Fingers
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Appropriately called 'Gold finders' are gold-plated connectors placed
on the edge of a PCB. Gold fingers are useful for interconnecting one board to
another. You can see an example in Figure 12.12. This is the micro:bit
educational single board computer.

o:b
lil

Figure 12.12: Gold fingers on a Micro:bit.

The micro:bit uses its gold fingers to connect to other devices, like motor
controllers and sensors, via a slot. Gold fingers, when manufacture properly
and with sufficient thickness, makes it possible to attach and detach the PCB
to a slot at least 1,000 times before they start to wear out.

12.11. Panel

To manufacture PCBs economically, manufacturers use machines that
can work on large panels. Each panel can be designed to contain many copies
of the same PCB. It is also possible to use clever algorithms that place different
PCBs on the same panel so that the capacity of the panel is fully utilised, and
that the individual cost of each PCB is reduced. This is how it is possible to
have a single 'hobby' PCB manufactured for a few dollars. This panelisation
process is key to this reduction in costs.

In the example of Figure 12.13, a single panel contains four individual
PCBs. The four PCBs are populated while they are still part of the panel using
an automated pick and place machine. A pick and place machine is a robot
that uses an arm to pick each component from a container and places it
precisely on the pads. Once the components are on the board, the panel moves
into the next step of the process in which they are 'baked' and secured in
place.
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Figure 12.13: A panel with four individual PCBs.

To remove the PCBs from the panel, manufacturers utilise defined
breakaway routes and points on the board to snap them off. In Figure 12.14
you can see the breakpoints along the edges of this PCB.
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Figure 12.14: This PCB used to be part of a panel.

Using a drill, the manufacturer removed the substrate material in between
the breakpoints so that with a small amount of force, individual PCBs can

break free from the panel without damage.

12.12. Solder paste and paste stencil
Solder paste (or solder cream) is a soft and sticky material (at room

temperature) that is applied on pads in preparation to attaching a component.

Think of solder paste as normal solder. While with normal solder you will
need a soldering iron to heat it, melt it, and apply it on a component pin that
is already in place, with solder paste you will first use a syringe (or one of the

other application methods) to cover the pad, then place the component on the

pad, and provide heat in the form of an oven to heat the paste and bond it
with the pad and the component’s plated area.
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Figure 12.15: Solder paste in a syringe dispenser, and an SMD component.

In Figure 12.15 you can see an example of a solder paste in a syringe
dispenser, that you can purchase from retailers like RS Components. Using the
syringe equipped with a thin nozzle, you can manually deposit a small
amount of solder paste on the pads. Using tweezers, you can place the
component you want to attach on the solder paste. Because solder paste is
sticky (before it’s baked), the component will attach to it. Once you have all
the components you want on the board, you can place it in an oven to bake it.
After the baking process is complete, the solder paste will be solid, like
normal solder. The SMD components will be mechanically secure and
electrically connected to the pads.

Solder paste also comes in a tub, which is more appropriate for application
to a board using a stencil (Figure 12.16). Stencils are useful in large-scale

productions.

Figure 12.16: Solder paste is a tub container.

A stencil, typically made of stainless steel, is cut so that it has openings
of the exact size and the exact location of the pads of the board. The technician
will place the stencil over the board, and then apply the paste on the
openings. When the stencil is removed, the paste remains on the pads only.

Then, either manually or using an automated pick and place machine,
the components are placed on the pads and stick on them because of the
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paste. The last step is to bake the board in a reflow in order to solidify the
paste.

Figure 12.17: A stencil, with solder paste being applied using a squeegee (photo courtesy of
Pcbnew.com).

A reflow oven is an industrial-sized machine that is used to complete the
process of attaching SMD components on a PCB. You can also purchase or
make a reflow oven for use at home. People have even made reflow ovens for
their projects using discarded toasters. In either case, a reflow oven is
designed to operate under a specific program that controls the amount of heat
a board receives over time. This is important because the heat must be
appropriate for the purpose of converting the solder paste into good-quality
electrical connections, without causing damage to the board or the

components on it.

12.13. Pick-and-place

Pick and place machines are robots that assemble the various
components on the surface of a circuit board. When you contract a
manufacturer to not only make your boards but also to populate them, they
will be using a pick and place machine. You can see an example of a pick and
place machine in Figure 12.18.
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Figure 12.18: A large pick and place machine (By Peripitus [GFL (http:/ /www.gnu.org/ copyleft/
fdl.html) or CC BY-SA 3.0 (https:/ /creativecommons.org/licenses/by-sa/3.0)], from Wikimedia
Commons).

A typical pick and place machine, like the one in Figure 12.18, includes:

1. arepository of the various components that are to be placed on the
board,

2. a conveyor belt that brings in the boards,

3. an inspection system composed of cameras that can optically
recognise the board, components and other guidance markings on the board,

4. arobotic arm that can pick a component from the repository and
place it on the board (these arms are usually fitted with suction cups so they
can pick and manipulate components).

Modern high-end machines are very versatile, optimised for short runs
of complicated boards, and artificial intelligence designed to assembled and
test boards ensuring high levels of reliability.
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13. Schematic design workflow

In Part 1 of this book, you learned about the PCB design workflow,
without getting into any details. It is time to take a closer look at the two most
important parts of the process: the schematic design, and the layout. In KiCad,
the schematic design is done using Eeschema, and the layout is done in
Pcbnew.

Let’s learn about the workflow of creating a schematic in Eeschema. You
can see it in Figure 13.1.

But before we get into it, I'd like to highlight something very important:
I designed the workflow that you see in Figure 13.1 to help you take your first
few steps in PCB design. As you gain confidence and knowledge, you will
develop your own workflow. While you should follow the workflow in Figure
13.1, know that you are by no means 'locked' in it. KiCad is very versatile and
can accommodate a huge variety of working styles. It can also work in
tandem with other tools in your toolchain, such as other CAD applications,
and autoroutes (both of which you will learn about in this book).

Arrange, Electrical
Symbols | annotate, Rules Check Consnegts

associate
1. Add symbols to sheet 1. Signals : 1. Run ERC 1. Add text
2. Create symbols if 2. Power 2. Fix errors information
: needed : (PWR_FLAG) 3. Repeat ERC 2. Add graphics
CYPPr 1. Arrange symbols in functional 1. Customise net names :
blocks :
: 2. Annotate symbols :
- 3. Associate with footprints H
E
2. Pagesetings S $ $ U099 w=.. .

Figure 13.1: The schematic design process.

In addition, engineering and design is a massively iterative process. Linear
simply doesn’t work. Yes, the workflow you see in Figure 13.1 is obviously
linear, but that’s ok because you will abandon it in favour of an iterative
model before you finish working with this book.

Let’s have a look at the 8 steps of the schematic design workflow.

13.1. Step 1. Setup
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When you start to work on a new schematic in Eeschema, there are two
things that you will want to do: configure the grid size and set up the page.
The Setup in Eeschema is simpler in that it is in Pcbnew, as you will see.

You can set the grid size from the Display tab of the Schematic Editor
Options window, which you can find in the Preference menu (Figure 13.2).

Schematic Editor Options x

Display | Editing = Controls = Colors Field Name Templates

Grid size: 25.0 < | mils
Bus thickness: 12 - mils
Line thickness: 6 < mils
Part ID notation: A s
100

Icon scale: —_— %

50 275

& Auto
& show grid

[ Restrict buses and wires to Hand V orientation
] Show hidden pins
& show page limits

] Footprint previews in symbol chooser (experimental)

Cancel oK

Figure 13.2: You can set the grid size from the Display tab.

The grid size determines where your mouse pointer will snap on the
schematic sheet. The snap feature helps in the drawing process so that the end
result looks good. The default setting is 25 mils, which I find good for most
projects I have worked in.

You should definitely take a few minutes to set up your page in the
Page Settings window, available from the File menu (Figure 13.3).

Page Settings x
Paper Title Block Parameters
Size: Number of sheets: 1 Sheet number: 1
A4210x297mm 2 Issue Date
2018-08-14 <<<| |08/30/2018 | v Export to other sheets
Orientation:
. Revision
Landscape 2
1 Export to other sheets
Custom Size: Title
Height: width: Learning Kicad with a simple project ) Export to other sheets
Company
Layout Preview Tech Explorations ] Export to other sheets
Comment1
Designed by Peter Dalmaris ] Export to other sheets
Comment2
Learning Kicad's most frequently used functions ] Export to other sheets
Comment3
Practicing drawing ~] Export to other sheets
pe——  Comment4
= Getting ready to create awesome PCBs ] Export to other sheets

Page layout description file
Browse

Cancel OK

Figure 13.3: The Page Settings window.
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As in my example in Figure 13.3, you should type in the details of your
project, such as the date (you can copy the current date into the field by
clicking on the '<<<' button), the revision number and a title. When you print
out your schematic (or export it as PDF to share it with others), this
information will also be printed. In Pcbnew, you will find the same Page
Settings window, as you will see in the next chapter.

13.2. Step 2. Symbols
The two most important elements of schematic diagrams are the
symbols and the electrical connections between the symbols. The symbols are
graphical representations of real-life components. For example, a resistor
looks like the symbol in Figure 13.4.
R

-

Figure 13.4: The symbol for the resistor.

Assuming you know what you are designing, in the second step of the
workflow involves getting all the needed symbols from the symbol chooser
and adding them to the schematic sheet (Figure 13.5).

Choose Symbol (13149 items loaded) x
Q
Symbol Desc
LED LED generic

PWR_FLAG general power-flag symbol
R Resistor

v 4xxx_IEEE
> 4001
> 4002

3
o1l
P 4xxx O—l' oc
o—23
b |

4008 < 4006

Reference U?
Value 4006
Footprint
Datasheet

Cancel OK

Figure 13.5: Use the symbol chooser to find symbols.

KiCad has a huge variety of symbols and symbol libraries to pick from.
On top of that, you can create your own custom symbols and your own
libraries. Those custom libraries can contain your custom symbols or symbols
that you have collected from other sources.

In this step, simply get all the required symbols on the sheet. If any are
missing, create them yourself (you will learn how to do that in this book), or
find them by searching on the Internet. Once you have all of them, continue to
step 3.
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13.3. Step 3. Place and annotate symbols

In step 3, you will move the symbols in place, and prepare them for
wiring. In Figure 13.6, I have placed the symbols in the approximate position,
in relation to the other symbols, so that I can easily wire them in the next step.
I want to keep the wires short, with as few angles as possible in order to
produce a readable outcome.

D? R? +5V
LED R {[\
;—|<}—€[ o I

<

GND
Figure 13.6: Move the symbols in place.

Before you move on to the wiring step (step 4), you should also
annotate the symbols. Notice how the LED and the resistor have designators
'D?" and 'R?' in Figure 13.6? The question marks indicate that these symbols
have not been annotated. With annotation completed, the schematic will look
like the example in Figure 13.7.

LED R 1L
I/e—lé—@[ 1

4

GND

Figure 13.7: The symbols are now annotated.

KiCad can annotate all symbols with the click of a button, as you will
see later.

With your schematic symbols annotated, you can move on to Step 4,
wiring.

13.4. Step 4. Wire

In step 4, you will connect the symbols using wires. Each wire is
attached to a symbol pin and creates a net. In the example of Figure 13.8, the
green wires connect the LED and the resistor to the 5V voltage source and the
GND. The 5V and GND symbols are special kinds of symbols, ‘power’
symbols. This schematic contains three wires, so it contains three nets.
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D1 R1 +5V

LED R
| =1
I/I/N —J

GND

Figure 13.8: The symbols are connected using wires.

Understanding nets is important because of what you can do with them
in Pcbnew. The ones in the example here don’t have a custom net name, but
they do have an automatically assigned name that Eeschema has generated.
With or without a custom net name, this schematic is fully wired, so you can
continue in the next step of the workflow, where you will actually assign
custom names for these nets, or at least the most important nets.

13.5. Step 5. Nets

In step 5 you will name your schematic nets, at least the most important
ones. Nets that are important are, for example, those that connect to the GND
and 5V symbols. By giving them a custom name to replace the generic one
assigned by Eeschema, you will make it easier to work with it in Pcbnew.
Typically, power nets are implemented with wider traces to allow them to
accommodate higher currents. Other examples of 'important’ nets are those
that implement antennas, and data or address busses. In either case, the
geometry of those nets, once implemented as traces is important, and having a
custom name makes their manipulation easier.

The analogy from the world of programming is this: imagine you have
a variable that is used as a counter of the number of users participating in a
forum discussion. This variable could have any time you like, as long as it is
valid. You could call it number_or_forum_participants' or 'var32'. Which one
would you rather use?

In Figure 13.9 you can see two labels attached to the wires that connect
the circuit to the GND and 5V symbols.

LED R
GND 1 BV
B Tab

GND
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Figure 13.9: This example shows two labeled nets (GND' and '5V").

13.6. Step 6. Electrical Rules Check

In more realistic circuits than the one with the LED and resistor symbols
we have been using as an example, it is a good habit to regularly check for
errors. In programming, the equivalent is to regularly run the compiler every
time you complete a new segment of code. The compiler will produce
messages to draw your attention to defects. You will need to fix those defects
before you continue to write new code.

In Eeschema, this kind of check is done by the Electrical Rules Check
utility (ERC). The ERC will check for a variety of error conditions, like
unconnected pins, problems with power pins, problems with pins connecting
to incompatible pins, etc.

In Figure 13.10, the ERC revealed two problems with this schematic.
This is one of the most common problems that you will come across to. You
learned about this in Part 2, in the section with the title 'Electrical rules check
(ERC).

Electrical Rules Checker %

ERC|| Options

ERC Report Messages + 5V

Total: 2

Warnings: 2
Errors: 0

Create ERC file report
Error list

ErrType(3): Pin connected to some others pins but no pin to drive it
e @ (105.41 mm,24.77 mm): Pin 1 (Power input) of component #PWRO04 is not
driven (Net 1).
ErrType(3): Pin connected to some others pins but no pin to drive it
e @ (76.83 mm,33.02 mm): Pin 1 (Power input) of component #PWRO03 is not
driven (Net 3).

Delete Markers Run Close

Figure 13.10: This ERC revealed two problems with this schematic.

13.7. Step 7. Comments

Let’s continue with the programming analogy. Just like in programming
comments are very important to increase the value of your code, similarly, in
CAD design and in particular in schematic and layout design, you can use
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comments for the same purpose. I try to be liberal with comments, especially
when I work on schematics and layouts that I plan to share with other people.
Comments come in the form of text labels that highlight features of the
schematic, and graphics, such as lines and boxes, that help group segments of
the schematic into functional components.
You can see an example in Figure 13.11. I may have gone a bit
'overboard' with my comments, however, the result is that for the reader/

learner it is very clear as to what each group of symbols is, and how it relates
to the other symbols.

Bridge rectifier Voltage regulator Pawer indicator

Win+

PWR_FLAG

< Output
Power input power

N o o 7m On/0ff switch indicator Power output
a1 e Vit U1l LM7805_T0220
a— o1l w3 Véut+ »
R 2 ‘
SWLA o],
=Y RV v & I B2

D

LED

1
P4
1

P
Barrel_Jack gr o = T
+|C1 +|C2

dn_ i
o 03;< o J3
criii 9 SW_DPDT_x2 2 ¢ ; i
Conn_02x02_0dd_Even

PWR_F LAG

Figure 13.11: This schematic is commented to improve comprehension.

13.8. Step 8. Netlist

Your work in the schematic design of your board was complete in Step
7. The only thing left to do in Eeschema is to export the necessary schematic
data to Pcbnew, so that you can continue with the layout process. In other
CAD applications, a tighter integration between the schematic design and the
layout components means that you can jump directly from one to the other.
But in KiCad, the two components are separate. To start work on the layout,
you need to export the 'netlist’ file from Eeschema, and import it into Pcbnew
(Figure 13.12).

I find that the separation of the schematic and layout editors in KiCad is
a positive design decision. It helps in reinforcing the fact that these two

operations are, indeed, separate, and need focus and planning to perform each
one well.
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Netlist x

Pcbnew | OrcadPCB2 | CadStar | Spice :
Generate Netlist

Options:

o Close
& |Default Format

Add Plugin...

Use default netname

Default Netlist Filename:
TE_breadbaord_power_supply.net

Figure 13.12: Export the netlist from Eeschema prior to starting work on the layout.

The separation between schematic and layout designs means that you
must be forward-thinking and disciplined when you are working with the
schematic. Imagine that you are working on the layout when you realise that
you forgot to place a switch or a pull-up resistor in the schematic. You will
have to go back to Eeschema, add the missing symbols, re-export the Netlist,
re-import the Netlist to Pcbnew, and start the layout again. If only you had not
forgotten in the first place! After a few times of this, I found myself becoming
better at thinking ahead and planning during the schematic design work. In
turn, this meant fewer iterations, and faster start to end PCB design duration.

Nevertheless, starting with KiCad 5, this overhead is shortened, since a
shortcut was introduced by its developers. You can update the netlist from the
Pcbnew Tools menu (Figure 13.13).

I still find myself clinging to the old ways of doing things, but I must
say that with this shortcut, the integration between Eeschema and Pcbnew is
tighter than ever before, without losing the advantages of having separate

applications.
oute Inspect Tools  Preferences Help
= ﬂ (3 Load Netlist... MF.cu(Pg
Via: 0.70 mm (2 — T i || Grid:1.2

Update Footprints from Library...

Set Layer Pair...

External Plugins...

Figure 13.13: Quick import of the netlist into Pcbnew is now possible.
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14. PCB layout workflow

In Part 1 of this book, in the chapter titled 'The PCB design process in
KiCad', you saw a high-level view of the process of creating a PCB in KiCad.
The process starts with the design of the schematic diagram that describes
your circuit using Eeschema, and concludes with the layout of the physical
components of the PCB using Pcbnew. KiCad contains other tools that assist
us in this process, like the footprint and component editors and Cvpcb which
allows us to associate components to footprints.

In this chapter, we'll focus on the PCB layout step of the process. In
KiCad, this is the step that involves Pcbnew. This is because I perceive the
layout step as the one that uniquely shapes the final 'real world' product.
What it will look like, how well it will function, how 'manufacturable’ will it
be, how durable it will be; all this depends on the layout step.

The process I describe in this chapter is applicable to any PCB layout
tool, although I will be using KiCad terminology where necessary to make it
easier for the reader to associate the process with the functionalities inside
Pcbnew.

You can see the process in Figure 14.1. For simplicity, as I mentioned in
the chapter on the schematic design workflow, I have rendered it to look
linear. In reality, the process is iterative. It is often necessary to move, for
example, from step 3 back to step 1 in order to adjust the grid so that parts fit
better in the available space. Having said that, this diagram should help you
understand the steps through which every PCB design has to go through. In
this chapter, I will describe each of those steps. Once you apply this process to

the projects in Part 4 of this book, it will become 'natural'.

5 [} 7
Outline and Add Design Rules
constraints oomponomt Copper fills silkscreen Check

Figure 14.1: A serialised view of the PCB layout process.

190



14.1. Step 1. Setup

In the setup step, you configure the Pcbnew drawing grid size, the
layers and set the design rules for the layout. The grid size and number of
layers depends on the dimensions and complexity of your PCB. The design
rules are governed mostly by the constraints set by your PCB manufacturer,
but also by the requirements of your project. Let’s start with the grid first.

The grid provides assistance with the placement of footprints, drawing
of traces, and the drawing of the cutout (boundary) of your PCB. Pcbnew
provides multiple grid sizes, but you can also define your own custom size.

When you start a new project, select the grid that is most appropriate
for the design of the board’s outline and the placement of the footprints.
Typically, we will choose a larger grid size for the outline, and a smaller one
for the footprints. We may go for a third, smaller grid size to help with the
drawing of the traces as this often needs to negotiate tiny details on the PCB,
like going around pads and vias.

Larger grids produce more coarse drawings.

Let’s say that you want to produce a rectangular PCB that measures 50
mm by 30 mm. On it, you want to place a few resistors, LEDs and headers. A
reasonable grid choice for the outline and the larger features is 1.27 mm, and
half that (0.635 mm) for the components. When you start work on the traces,
you can consider going one level down from 0.635 mm, to 0.508 mm or even
0.2540 mm if there are too many pads to connect.

The larger grid will allow you to draw the cutout of the board in precise
1.27 mm segments. With this grid, you will be able to draw the long side (50
mm) with 39 x 1.27 mm segments, for a total length of 49.53 mm, or with 40 x
1.27 mm segments for a total length of 50.8 mm. If you need to go for an exact
50 mm side, then you can define a custom grid side, say 0.5 mm, using the
Grid Setting dialog box (Figure 14.3), and select it from the Grid drop-down
menu (Figure 14.2).

Once you are finished drawing the cutout, you can switch to the smaller
Grid side and continue by placing the footprints inside the board.

KiCad makes it easy to switch between two grid sizes by using the grid
fast switching shortcuts. The default shortcuts are Alt-1 and Alt-2, although I
have changed this to something else to avoid conflict with the Ubuntu
operating system’s Alt-[X] shortcut that allows fast switching between
applications (where 'X' is the number of the application on the taskbar).

To define which grid size you want to work with, use the Grid drop
down menu (Figure 14.2).
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:es Help

Q & ® Erareoy) : HE

1(19.7 mils) * 2 % Grid: 0.2540 mm (10.00 mils) 2 Zoom 8.4

Figure 14.2: Select your working grid from the top menu.

To define the two Grid Fast Switching sizes, and to set your custom grid
sizes, open the Grid Setting dialog box by clicking on View, Grid Settings
(Figure 14.3).

jit View Setup Place Route Inspect Tool b

IE v Show Layers Manager @ -
Show Microwave Toolbar Grid Settings %
930 Library Browser 2 Grid Origin: User Defined Grid:
3D Viewer x [0 S Size X: ‘b.254 mm
izz: 'C;‘Ut Yo mm | SizeY: [0.254 mm
Zoom to Fit Fast Switching:

Zoom to Selection
l Redraw
v Show Grid

~ Grid Settings... = - - Cancel OK
Display Polar Coob&inates

Grid 1: | Grid: 2.5400 mm (100.00 mils) | v

Reset Grid Origin Grid 2: | Grid: 2.5400 mm (100.00 mils) | +

Figure 14.3: The Grid Settings dialog box.

After the grid size, you need to define and confirm the number of layers
you want to use and the design rules. In regards to the number of layers, the
vast majority of hobbyist projects seem to be best implemented with two
layers. The best online manufacturers have optimised their processes to work
with two layers, both from a cost and also quality perspective. Even if you
create a single-layer PCB design, these manufacturers will use a two-layer
process on it, and therefore the cost will be the same. If you are creating a
more complicated PCB, you can setup Pcbnew for more than two layers. You
can select the number of layers for your PCB from the Layer Setup dialog box,
that you can reach from the Setup menu (Figure 14.4).

File Edit View Setup Place Route Inspect LayenSatup x
g ‘I‘* ?-u‘ “Lay Preset Layer Groupings: Copper Layers: Board Thickness:
3 | 0= | eee Design Rules... Two layers, parts on Front and Back 2 1.6 mm
Track: 0.300 mm { 2 2 A
Texts and Drawings.) Layers: 4
d Default Pad Propertil... BEmS En] 6 I Type
e Pads to Mask Clearani... F.Crtyd 8 d, testing
”/: Differential Pairs... F.Fab 10 .
12

F.Adhes d, non-copper

14

16 d, non-copper

F.Silks 18 d, non-copper
20

F.Mask d, non-copper
22
F.Cu 24
B.Cu 26
28

B.Mask d, non-copper
30
32

cancel OK
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Figure 14.4: KiCad can produce PCBs with up to 32 layers.

The last item in the Setup todo list is to define and confirm the Design
Rules. The design rules that you want your PCB to comply with are dictated
by your project’s technical requirements but also by your preferred
manufacturer’s capabilities and guidelines. To set up your project’s design
rules, open the Design Rules Editor from the Setup menu. In Figure 14.5 you
can see the editor with the default values for one of the projects in this book.

File Edit View Setup Place Route Inspect Design Rules Editor x
Fres
A4 .I? fogq __L3Vers Setup...

‘) Net Classes Editor|| Global Design Rules

| Design

Track: 0.300 mm (

2 | NetClasses:
Texts and Drawing...

Default Pad Propdiies... Clearance  Track Width | Via Dia| Via Drill | uVia Dia|uVia Drill| Diff Pair Width | Diff Pair Gap

Pads to Mask Cleai
Differential Pairs...

Default 0.2 0.3 0.7 0.5 0.3 0.1 0.2 0.25

Add Remove Move Up
Net Class Membership:

* (Any) v Select All *(Any) v Select All
Net Class Net Class

Default Default
V- Default V- Default
/Vin+ Default /Vin+ Default
/Vout+ Default /Vout+ Default
Net-(D1-Pad2) Default Net-(D1-Pad2) Default
Net-(D3-Pad2) Default Net-(D3-Pad2) Default
Net-(D5-Pad2) Default Net-(D5-Pad2) Default
Net-(D6-Pad2) Default Net-(D6-Pad2) Default
Net-(J2-Pad1) Default = Net-(J2-Pad1)  Default

Cancel OK

Figure 14.5: The Design Rules Editor with its default settings.

When starting a new project, it is a good habit to confirm that at the very
least, the design rules are compatible with the guidelines set by your preferred
manufacturer. The best online manufacturers publish these guidelines on their
website. For example, OSHPark has a web page® with design rule information
specifically for KiCad, where we learn that the minimum track (trace) width is
0.006' and the minimum via diameter is 0.027'. PCBWay also publishes this
information in a page on their website,'? where we learn that their minimum
track (trace) width is 0.1 mm and minimum drill size is 0.2 mm. Beware of the
units that manufacturers report these numbers as they may be in imperial

units (inches), metric (mm), or in mil.

? https:/ / docs.oshpark.com / design-tools / kicad / kicad-design-rules /
Accessed November 19, 2018

10 https:/ / www.pcbway.com / capabilities.html
Accessed November 19, 2018
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You should ensure that the values in the Design Rules editor, both in the
Net Classes Editor tab and in the Global Design Rules tab, are equal or larger
to those that your manufacturer specifies as a minimum. If you want to be
able to manufacture your boards with multiple manufacturers, then you must
ensure that your design rules comply with the largest minimum of their
requirements.

The default values in the Design Rules Editor are larger than the minimum
values of both OSHPark and PCBWay, so I usually don’t make any changes to
them. I do, however, add at least one new row in the Net Class Editor tab to
define larger track widths and vias for power tracks as these convert more
current compared to the default (signal) tracks. You will learn how to do this
in the projects. There is also a recipe in Part 5 where you can learn how to do
this quickly.

14.2. Step 2. Outline and mechanical constraints

The next step in the process is the definition of the board outline. This
outline defines the shape of your board. It is good practice to define the shape
of your board before you add any components to it so that you can ensure that
it will fit properly within the confines of a project box or other mechanical
constraints.

Apart from defining the shape and the dimensions of your PCB, this is
the step where you must also define fixed features such as mounting holes
and cutouts. Again, these items must match your project box or other external
mechanical constraints. If you don’t deal with these issues now, it is likely that
you will have to relocate components and traces later, a much more tedious
exercise. In Figure 14.6 you can see the board outline from one of the projects
in this book. I have unchecked all layers except for Edge.Cuts to make is easier
to see the yellow line of the board outline.
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Figure 14.6: Define the board outline in the Edge.Cuts layer.

To define the outline and the cut outs of a board, select the Edge.Cuts
layer from the layers manager and use the graphics tools to draw it. As
mentioned in the Setup section, I prefer to use a large grid size while I am
drawing the outline.

The easiest shape you can draw for your PCB is rectangular. However,
using Pcbnew’s Arc and Circle graphics tools you can create elaborate non-
rectangular shapes that will make your PCB stand out. In the projects in this
book, we’ll use these tools to create rounded corners and other interesting
features. If you can’t wait to learn how to do this, you can jump to the
Trregular shaped PCB’s' recipe in Part 5 of this book.

To create mounting holes and cutouts, you can choose one of a couple of
methods. You can create them in the Edge.Cuts layer, or using pads during the
component placement step. If your preferred manufacturer supports the first
method, then I suggest you go with that as it is faster and helps to keep your
design clean because you are not mixing the electrical and mechanical aspects.
See an example in Figure 14.7.
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3D Viewer - o®
IFlle Edit View Setup Place Route Inspect Tools Preferences Help File Edit View Preferences Help
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Track: 0.250 mm (9.84 mils) * 2 || Via: 0.80 mm (31.5 mils)/ 0.40 mm (15.7 mils) * 3

Pad; Vias Track Segments Nodes Nets Unrouted
Figure 14.7: You can create openings within the outline of the PCB in Edge.Cuts if your manufacturer
supports this method.

In this example, I have created a simple rectangular PCB. Within it, I
used the circle graphics tool to create two round openings (screw holes), and
the polygon tool to create a small rectangular opening. You can learn more
about how to create openings by jumping to the Creating mounting holes and
openings recipe.

14.3. Step 3. Placement of components

After we have defined the mechanical characteristics of our PCB we can
proceed by placing the components (called 'footprints' in Pcbnew) on it. Like
everything in engineering (and in life, in general) a good amount of thinking
and planning here will pay off dividends later in the form of fewer errors and
need to move things around in order to fix those errors.

When you import the project footprints to PCBnew by reading the
netlist file, all of the footprints are arranged in a matrix adjacent to each other.

Continue by placing in position the footprints that make up the user
interface of your PCB. These are things like connectors, indicator LEDs and
buttons. You can see an example of this placement process in Figure 14.8.

Figure 14.8: An example outcome of the component/footprint placement step.
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In this example, I started the placement process by positioning the user
interface components along the edges of the board. You should think carefully
where to place those components. For example, at the top left of the board,
you can see the barrel connector. A cable will plug into this component.
Therefore there is a requirement here to ensure that there is sufficient space
around the board for the cable. I could have placed the connector facing in the
opposite direction, but then the cable would interfere with my work in the
breadboard. In Figure 14.9, you can see how the barrel connector, in the top
left corner of the PCB, makes it easy to connect the power supply without
obstructing the use of the breadboard.

Figure 14.9: Consider the user interface requirements of your PCB carefully.

Other parts of the user interface are the mini slide switch, the two
indicator LEDs, and the headers. The headers consist the mean by which the
power supply PCB plugs into the breadboard, so their positions are severely
restricted by the geometry of the breadboard. I actually placed these
components first and locked them in place.

I have more freedom to decide the position of the slide switch. My final
decision was guided by the principle of placing UI components along the
edges of the PCB for easier access, and ergonomics. I felt it would be easier to
reach the switch if it was away from bulky components (like the large
capacitor) and closer to the breadboard. I placed the two LEDs around the
switch after I had locked the switch in place. Apart from better ergonomics,
the LEDs are electrically connected to the switch so it makes sense to place
them close as this results in shorter traces.

Once I had finalised the positioning of the UI components, I continue
with everything else. I followed these principles:

1. Components that are functionally related should stay close to
each other.

2. Shorter traces are better.

3. Consider how placement will affect assembly.
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4. Consider component manufacturer specifications.

The four diodes belong to the same functional block (the bridge
rectifier), so I placed them as closely as possible. The same applies to the two
capacitors and the voltage regulator (the regulator stage). Finally, I placed the
current limiting resistors close to their LED for the same reason.

In this example, there is no particular manufacturer specification that I
had to take into consideration, other than providing sufficient space for each
component. In other cases, however, you may have to deal with components
that need, for example, specific provisions for removing excess heat. This can
be done by providing additional space for a heat sink, or provide thermal vias
for the same purpose. Thermal vias are vias that are not connected to a trace.
They are useful for moving heat away from a component, such as an
integrated circuit, through a die-attached paddle in between the via and the
component. If the manufacturer specifies this as a requirement, you should
implement the heat vias or other provisions in this step.

With the components placed on the board, the next step of the process is
the routing of the traces.

14.4. Step 4. Routing

With the component placement step complete, you can move on to the
next step, routing the traces. This step involves the drawing of the copper
connections between the pads. To implement the traces between the pads, you
can follow this process:

1. Start with any critical traces. This could include signal traces that
have specific shape and length requirements, like an onboard antenna.
2. Continue with power traces.

3. Finish with the rest of the traces.
Let’s have a look with an example of what a critical trace might look

like. In Figure 14.10 you can see the front and back view of the Microbit board.
The Microbit includes a trace Bluetooth antenna. You can see its trace in the
top left corner of the front of the board (left image). Because the antenna has
strict geometrical specifications for it to operate properly (and legally), it is the
first trace that is placed on the board. In the right image of Figure 14.10, you
can see the back of the board. In the top right corner of the back of the board
you can see that the area of the antenna has nothing on it. No components,
and no traces. This is a 'keep out' zone, an area that we can define on a board
to make sure that the autorouter or we cannot place anything there. Doing so
would affect the way that the antenna works.
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To learn how to create a keep out area you can refer to the relevant
recipe.

Figure 14.10: The integrated antenna in this Micro:bit is a critical trace.

Once you have taken care of critical traces, if any, continue with power
traces. Power traces travel throughout your circuit to feed it with power, and
as such, they convey a higher current then signal traces. For this reason, it is
appropriate to design power traces (GND, 5V, 3.3V etc) so that they are wider
than normal signal traces. For low voltage and low power consumption
boards, power traces should be around 0.30 mm to 0.40 mm in width. The
trace width depends on a few variables and you can learn more about it in the
Trace Width Calculator recipe. You can learn about using net design rules to
automatically define the width of a trace in the custom net design rules recipe,
or how to adjust the trace width manually in the custom design rules recipe.

After you have completed the routing of the power traces, you can
continue with the rest of the traces. For larger boards, you can setup an
autorouter that can save you some time. For smaller boards, you can finish
routing manually. You can learn about the autorouter in the relevant recipe.

Before continuing to the next step, run the Design Rules Check process
to make sure no defects have been introduced.

14.5. Step 5. Copper fills

This step is not necessary and often designers decide to skip it. Copper
fill is an area on the board that is fully covered with copper.

Typically, copper fills (also known as 'copper pours') are used to create a
ground plane, which is a contiguous mass of copper connected to electrical
ground. Similarly to a ground plane, you can create copper planes connected
to a voltage level. If your PCB draws power from a battery, then the ground
plane is connected to the negative electrode of the battery, and a voltage plane
is connected to the positive electrode of the battery.
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When a copper fill is created, pads can be connected to the fill using a
small number of very short traces called ‘thermal reliefs” (or 'thermals' for
short). You can see an example of this in Figure 14.11.

Figure 14.11: Arrows show where GND pads use thermals to connect to the GND plane.

In this example (the breadboard power supply board project from this
book), you can see how multiple GND pads are connected to the ground
plane in the back of the PCB using up to four short traces. The purpose of the
thermals is to help with the soldering of the components on the pad. If the
pads were connected to the plane with a full complement of copper, the heat
of the soldering iron would dissipate into the copper fill too fast, and the pad
would not be able to reach a temperature suitable for the solder to melt. To
reduce the heat dissipation speed, the thermals are used to ensure electrical
conductivity while managing the heat from the soldering iron.

The distance between the copper fill and traces that belong to a different
net is termed 'backoff' or 'standoff".

Copper fills may be made to be solid, or using a pattern like a 'cherry
pie lattice'. Modern copper pours are almost always solid. In the past, cherry
pie lattice or hatched patterns were used to prevent wrapping, but this does
not seem to be a problem anymore. I have never experienced wrapping in my
boards using a solid copper fill.

The benefits of using ground copper planes are:

1. They offer a degree of protection against electromagnetic
interference
2. They help to dissipate heat produces by the board components

3. They enforce the discipline of placing signal traces on the top
layer and connecting all ground pads to the bottom ground copper plane

using vias.
To learn how to create a copper fill, please refer to the relevant recipe in
Part 5. As you will see, the process is very similar to creating a keep-out zone.
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A copper fill is created once all routing is completed. In a typical 2-layer
board, a ground plane is created in the bottom of the PCB, and often a V+ (say,
5 V) copper fill is created on the top layer. If your board is using multiple
layers and multiple voltages (like 3.3 V or 5 V), then another option is to use
the bottom layer for the ground plane, one of the middle layers for the
positive voltages, and the top layer for the signals.

Before continuing to the next step, run the Design Rules Check process
to make sure no defects have been introduced.

14.6. Step 6. Silk screen

Step six of the PCB design process is the silkscreen artwork. Silkscreen
artwork can be placed on the top and bottom layers. KiCad offers two special
layers dedicated to the silkscreen: 'F.SilkS' and 'B.SilkS'. In general, the
silkscreen artwork involves the following elements:

1. Descriptions of pads (i.e. what is the role of each pad). This is
done using text characters.

2. A name and version number of the board, also in text characters.

3. Your logo, and other graphics you may want to include.

4. Other instructions that may assist the end user, like names,
models and values of components, input and output voltage levels, and email
address or a website where the user can look for more information.

Let’s have a look at an example of these elements in the board you can
see in Figure 14.12.
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Figure 14.12: The silkscreen information on this board improve its usability.

The board in Figure 14.12 is one I designed for one of my Arduino
courses. I designed it as an Arduino shield. It contains a prototyping board,
and has provision for a DHT22 sensor, a BMP280 sensor, a photoresistor, and
LED, and exposes the I2C interface so I can connect an LCD screen. When
fully assembled and stacked on an Arduino Uno and an Ethernet Shield, it
looks like the example in Figure 14.13.
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Figure 14.13: The Environment Shield in operation.

In Figure 14.12 you can see the contents of the top layer silkscreen in
white ink. The Tech Explorations logo, with a URL, and the 'open-source
hardware' logo appear on the left of the board. The name of the board and its
version appear at the left edge of the board. Each pad has text that describes
its purpose; the BMP280 and DHT22 pads are marked. There is also
information on the values of the resistors, and the cathode of the LED is
marked. All this information will help the end user to assemble the board
without the need for a reference document.

The prototyping area is also marked. The row of pins that convey the
GND and 5V levels are clearly marked. The bottom layer can also have a
silkscreen where you can provide additional information. Because the bottom
layer typically does not have components, there is more available real estate to
use for this purpose.

Spending some time to design a beautiful and informative silkscreen
adds significant value to your board, so it is worth the effort. Because there is
no automated test, like the DRC, for ensuring that the information in the
silkscreen is correct, you should take care to manually check and double check
that there are no errors. Much of the silkscreen text and graphics belong to the
footprints themselves. If the footprints come from a quality source, like the
KiCad repository, the risk for errors is low, but it is still prudent to check your
self. For example, in Figure 14.12, the LED footprint came with its own
silkscreen graphics. The circle around the pads is part of the footprint. But to
make the assembly process easier, I added the 'K' designator to indicate the
cathode pad so that the end user would know how to connect the LED. The
shield pad markings ('A0', 'A1', 'SCL', 'SDA, etc.") are all part of the Arduino
shield footprints that I imported into the project. While I modified the
footprint to add space for the prototyping area and the LCD screen, I left the
silkscreen text in place.
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To learn how to insert graphics, such as a logo, to the silkscreen, please
refer to the relevant recipe. There is also a recipe that shows how to insert
silkscreen text and simple graphics to the top or bottom layer.

14.7. Step 7. Design Rules Check

The seventh step of the PCB design process is the Design Rules Check
(DRC). While it is a good habit to run the DRC frequently, and at least every
time you complete major trace routing or adding a copper fill, you should
always run it when you are satisfied that the design work is complete and
before you send the board to your manufacturer.

To start the DRC, click on the DRC button which is located in the top

toolbar ( * ). In the DRC window (Figure 14.14), click 'Start DRC' to run the
basic check. If it all goes well, the Problems and Unconnected tabs will remain
empty.

1
DRC Control x

Messages:

Pad clearances...
Clearance: Track clearances...

Checking zone fills...
Minimum track width: |0.2 mm Zone to zone clearances...
Unconnected pads...

Minimum via size: |0.4 mm Keepoutareas...
Test texts...

Options:

Start DRC

Items ondisabled layers... List Unconnected
Finished
Refill all zones before performing DRC Delete All Markers

Minimum uVia size: |0.2 mm

Report all errors for tracks (slower)
Check Footprint courtyard overlap
Check courtyard missing in footprints

Create Report File:

Error Messages:
Marker count: 0 Unconnected count: 0

Problems / Markers | Unconnected

Cancel OK

lﬁurie 14.14: The DRC window; this checked returned no errors.

The DRC window allows several check options. You can get it to
automatically refill zones before performing the DRC, to report all errors for
tracks, and do a couple of courtyard checks, like courtyard overlap and
footprints with missing overlaps. A footprint courtyard is defined by the
KiCad documentation'! as the smallest area that provides a minimum
electrical and mechanical clearance around the component. Footprint
courtyard layers are F.CtrYd and B.CtrYd.

1 http:/ /kicad-pcb.org/libraries/klc/F5.3/
Last accessed November 19 2018.
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When I did the DRC again in my project board, with all options
selected, as you can see in Figure 14.15, the DRC returned one problem that
indicates that one of the board’s footprints has no courtyard defined.

DRC Control x
Options: Messages:

Pad clearances...

Clearance: Track clearances...
Refilling all zones...

Minimum track width: |0.2 mm Zone to zone clearances...
Unconnected pads...
Minimum via size: |0.4 mm Keepoutareas... Start DRC
Test texts...
Minimum uVia size: [0.2 mm (Courtyard areas... List Unconnected

Items on disabled layers...
& Refill all zones before performing DRC  Finished

& Reportall errors for tracks (slower)
& Check footprint courtyard overlap Delete Current Marker

Delete All Markers

& Check courtyard missingin Footprints

Create Report File:

Error Messages:
Marker count: 1 Unconnected count: 0

Problems / Markers | Unconnected

ErrType(45): Footprint has no courtyard defined
o @ (158.242 mm,154.940 mm): footprint "G***" has no courtyard defined

Cancel OK

Figure 14.15: This DRC returned one problem.

To investigate the problem, I turned off the filled zones so I can see the
board with more clarity. The DRC arrow in Figure 14.16 indicates the problem
area.

Figure 14.16: The logo footprint has no courtyard defined and triggered the courtyard check.

Because the logo only has silkscreen elements and no electrical or
mechanical attributes, you can simply ignore this problem. If this was an
actual electrical component, you would need to evaluate it and fixed if you
determined that it could affect the operation of the board. Not every warning
or problem needs to be dealt with; many can be ignored safely.

14.8. Step 8. Manufacturing

The goal of the PCB design process is turning the PCB from a set of files
on your computer into a physical object. There are a few ways by which you
can do that. At home, you can use a chemical etching process, or a CNC
machine to carve out a circuit on a copper board. I personally find the
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chemical etching process too messy, not to mention that you have to work
with potentially toxic chemicals. If you already have a CNC machine, then
you can certainly use it to make your boards. With a bit of patience and
practice, you will be able to create two, or even four layer boards. In both
cases, you will need to use a special process to create vias and holes, with
copper-plated holes being more challenging.

I personally prefer the simplicity of using online manufacturers who
can produce high-quality boards for a relatively small cost. You will need to
plan ahead because the lead time (manufacturing plus shipping) can take a
few weeks.

The standard method for ordering a PCB from an online manufacturer
is by exporting Gerber files from KiCad and importing them to the
manufacturer’s website. Lately, companies like Oshpark make it possible to
simply upload Pcbnew’s ' KiCad_pcb' file. I find this development very
encouraging because it is so simple. Exporting Gerber files has been the source
of many mistakes and wasted time in my life. You have to be careful to export
the correct files, with the correct file name extensions and units, and must not
forget the drill files. With the ability to upload the "KiCad_pcb' you
automatically eliminate a big risk factor.

In this book, you will learn how to manufacture a PCB with an online
service by using both the traditional Gerber files and Pcbnew’s 'KiCad_pcb'
file. To learn how to do this, please refer to the relevant recipes in Part 5 of this
book (using the KiCad_pcb file and the traditional Gerber files method).
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15. Additional design considerations

After reading the previous chapter, you should have a better
understanding of the PCB design and layout process. Always keep in mind
that there is no substitute for planning. Good planning not only will produce a
better result, but it will allow you to get there faster and with fewer problems
to deal with.

In this chapter, you will find common practices, advice, and simple
things that you can do so that your PCBs come back from the manufacturer
looking great and working perfectly. This chapter builds on the previous one.
I advise you to not proceed unless you have already read the previous
chapter.

I have grouped the Design Considerations into several topics. Let’s
begin with Shape and Size.

15.1. Shape and size

A printed circuit board is defined primarily by its shape and size. These
attributes dictate what components will fit on its surface, where they will be
placed, how they will be wired, and how to interface the board with other
components of your project (like a project box). For these reasons, defining the
outline of the board is one of the first design decisions you have to make.

Unless you have good reasons for doing so, keep your boards
rectangular. This shape is easier to manufacture and results in less wasted
space on the manufacturing panel. This results in a lower price. Rectangular
PCBs also make it easier to place components and route the traces.

If you do have good reasons for doing so, KiCad and other modern
tools, in conjunction with modern manufacturing techniques, allow you to
implement almost any shape you can imagine. Round, triangular and other
irregularly shaped PCBs are possible for both hobbyist and professional
designers. In Figure 15.1 you can see the board of the Crazyflie 2.0 tiny
quadcopter. The board’s shape defines the actual quadcopter shape.
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Figure 15.1: The Crazyflie 2.0 board is irregular (but awesome).

Modern design tools, like KiCad, also allows creating interesting
features even if you go for a very simple board outline, like a rectangle. You
can create a rectangular shape with rounded corners, for example, instead of
sharp, 90-degree corners. Please read the relevant recipe to learn how to create
a rounded corner.

Aside from the shape, two more considerations are important that relate
to the mechanical aspects of your PCB: heat distribution requirements and
mounting requirements.

To mount your PCB to a project box you can use screws or snap-on
points. If you want to use screws, you must create screw mounting holes on
your PCB that match the screw bosses in the box. You can see an example in
Figure 15.2.
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Figure 15.2: This project box has eight screw bosses.

If you are designing a PCB that is very small in size, screw holes will
take up a disproportionately large amount of space. To avoid this, consider
using snap-on point. A snap-on point is simply a location along the edge of
the board where a small plastic flap that belongs to the project box will rest
with a small amount of tension. This will keep the board in place. Creating a
provision for snap-on points is just a matter of marking the area where the
flap will rest as a keep out zone to prevent footprints and other elements from
placed there.

The last consideration for this section is heat distribution requirements.
While the board itself does not produce heat (unless traces are heating up
because of a defect), the components on it can produce a considerable amount
of heat. Transistors, voltage regulators, ICs and other components may need
provisioning for distributing their heat away. Part of the planning for this can
be done during the shaping of the board. For example, if you have a TIP
transistor that drives a motor, you may need to provide it with a heatsink. The
heatsink will require additional space, that you should either provide as
cleared space around the transistor or perhaps by placing the transistor in the
outer edges of the board so that it can be combined with an opening of the
project box to facilitate ventilation. When you work with such components,
take care to review their datasheet as they often contain advice on how to best
implement heat distribution.

15.2. Layers

Modern PCB manufacturing methods have matured to the extent that
two-layer boards are the norm. While you can still design and upload a single
layer board, manufacturers will simply treat it as a two-layer board. On the
other hand, if you are making your own boards at home, using the traditional
chemical etching method or a CNC router, then a single board design is
certainly much easier to manufacture than a two-board design.

The advantages of two-layer boards include:
1. They allow for easier component placement and trace routing.

For most boards above the trivial level of complexity, the second layer allows
traces to move from top to bottom and provide electrical connectivity without
having to move components around or use jumper wires.

2. They are cheaper to make compared to multilayer boards, as
manufacturers have optimised their processes for two-layer boards.

208



3. They provide ample space for a ground plane that can also be
used for dissipating heat (useful, for example, in motor controller
applications) and for countering interference from electromagnetic fields.

4. They provide additional space for silkscreen artwork, which can
contain information about the board, graphics, and contact details for the
designer.

15.3. Traces

A few simple design principles will ensure that your traces work
flawlessly.

Length

Keep your traces as short as possible. As traces increase in length, more
energy is lost on them as heat because of the material resistance. An additional
benefit of shorter traces is controlling propagation time. This is especially
important in applications that operate in high-frequencies and where data is
transmitted in a bus through several traces (for example, RAM interfaces). The
data must arrive at its destination within tightly controlled timeframes across
all the traces of the bus. The main factor for this is the trace length. KiCad has
tools that allow you to set specific trace lengths for applications such as that.

Angles

Electricity doesn’t like flowing through sharp angles.

When a trace contains a sharp angle, like a 90-degree change of
direction, undesired reflections and radio interferences can be generated. This
is especially true for applications that operate at 200Mhz or more.

In slower applications, 90-degree angles don’t make a noticeable
difference, but it is still a good habit to use 45-degree angles in your traces.

Weight

As the designer, you must also decide on the thickness and copper
weight of the traces. A standard thickness of a two-layer board is 1.6 mm.
Various manufacturers, like PCBWay, offer other options, ranging from ultra-
thin 0.4 mm to very thick 2.4 mm. A thicker board will be structurally stronger
and can have interesting applications, such as the example of the Crazyflie
board which provides the structural integrity for this tiny quadcopter.

Another consideration is the copper weight, which defines how much
copper is used to create the traces. This number is separate to the trace width
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value. Copper weight is defined in ounces (0z), as the weight of copper
present in one square foot. The industry standard is 1 oz copper weight (300 g
per square meter). Designing traces with more copper requires a more
expensive etching process but improves the electrical characteristics of the
board. In most applications, a 1 oz copper weight is appropriate. If you are
unsure, you can use the Calculator app that comes with KiCad to confirm that.

Width

You can increase the amount of current that flows through a trace by
increasing its width, instead of the copper weight. In particular, for traces that
transport power to your circuit (ground, 5V etc), it is a good practice to
increase their width compared to signal traces.

You can learn how to calculate the ideal width of a power trace in the
relevant recipe.

Proximity

Traces should be sufficiently separated from each other. This is good
from a manufacturing point of view, but also for operational reasons.

Manufacturers have limits on how close two traces can be before they
can no longer be manufactured without a high chance of defects. A typical
separation between traces that is compatible with most manufacturers is 0.15
mm (6 mil). As an example, you can visit PCBWay’s capabilities page.'?

The second reason for which separation is important is for avoiding
cross-talk interference between neighbouring traces. Again, this becomes
important in high-frequency applications.

12 https: / / www.pcbway.com / capabilities.html
Accessed November 19, 2018.
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Part 4: Projects
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16. About this Part

In this part, you will design three printed circuit boards on KiCad. Each
circuit board project will give you the opportunity to consolidate and expand
on your knowledge. You will become proficient in using KiCad features. You
will also gain experience in schematic design and layout.

The topic of the first project is a breadboard power supply. This project
will teach you how to design a board with specific mechanical constraints, on
top of walking through the full design process.

The topic of the second project is a tiny HAT for the Raspberry Pi. In
this project, you will learn how to use third-party board layouts and
customised them to your needs. Board layouts can save you a lot of time since
you do not need to take your own accurate measurements.

The topic of the third is to design an Arduino Uno clone, with features
useful for building mobile, battery-powered gadgets. In this project, you will
learn, among many things, how to shrink the size of your PCBs using SMD
components, how to use the autorouter, and how to use hierarchical sheets.

Let's begin!
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17. Project 1: Design a simple breadboard power
supply PCB

17.1. Walk through a simple project

This project is the first complete and realistic one in this book. You will
learn to use KiCad’s most important functions, and experience a simplified
version of the PCB design process.
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Figure 17.1: The outcome of Project 1.

In this project, you will build a double-sided PCB for a 5V power
supply. You will be able to use this power supply to power your breadboard
Arduino projects, or any project that requires a 5V power supply. As an input
to your power supply, you can use an old DC or AC walled power supply, as
long as its output voltage does not exceed 35V (I'll explain the reason behind
this limit shortly).

In the process of designing your power supply, you will learn all the
skills you need to create PCBs of comparable complexity. You will not learn
everything there is to know in KiCad; you will not suddenly become an
experienced PCB designer. But, you will have the opportunity to apply the
principles you learned in Part 3, and create a respectable board.

What you will build and list of parts
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In this first project, you will design the PCB for a 5V power supply for
your projects. This power supply will use the LM7805 voltage regulator, a
bridge rectifier composed of four 1N4007 (or 1N4004) rectifier diodes, a couple
of smoothing capacitors, and a couple of indicator LEDs with their current-
limiting resistors.

To draw power from mains safely, you will need a walled power supply
from an appliance that you don’t need anymore, that is capable of outputting
AC or DC between 7V to 24V.

Here are the parts you will need:

1. One walled DC or AC power supply capable of outputting
between 7V and 25V.

2. One LM7805 voltage regulator IC.
Four 1N4007 rectifier diodes.
One 470 pF capacitor, with a working voltage of at least 25V.
One 47 pF capacitor, also with a working voltage of at least 25V.
One red and one yellow LED

7. Two 330 Q resistors to protect the LEDs

The exact capacitance values of the capacitors are not important. Larger
capacitors will produce a smoother voltage in the output. What is important,
however, is their working voltage. If you use a capacitor with a working

AN

voltage of 25V, be careful to not use a mains power supply that provides an
output voltage of more than 25V, as this will exceed the maximum rated
voltage of the capacitor. In Figure 17.2, you can see the parts that we’ll be
using in this project.

Figure 17.2 The components that we’ll use in our power supply.

In regards to the schematic, our power supply is depicted in Figure 17.3:
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Figure 17.3: The power supply schematic diagram.

In the schematic, you can see the stages that lead to a stable 5V output
voltage.

In stage A, we connect a step-down transformer mains power supply. In
the schematic, I have marked it a 9V DC, but it can be any power supply that
produces AC or DC between 7 and 25V.

The voltage from this mains power supply is taken through stage B, the
rectifier stage. If the input is an AC waveform voltage, the output of the
rectifier will be a DC waveform voltage, always positive. If the input is a DC
voltage, then the output will be the same DC voltage.

To learn about rectifiers and how they work to produce DC voltage
from an AC input, please read the relevant article on Wikipedia®.

In the next stage, C, the voltage is further stabilised. The capacitor stores
energy as the voltage rises and releases it as the voltage drops, and in effect, it
'bridges' the gaps in the waveform.

In stage D, we use the voltage regulator LM7805 to produce the 5V
regulated voltage that we aim for. At this point, we can go ahead and connect
the circuit that we want to power. However, we can use an additional smaller
capacitor to smoothen out this voltage even further, in stage E.

Stage F is where we can connect an indicator LED that can tell us when
the power supply is operating.

Figure 17.4 shows the assembled circuit on a breadboard. You can try
this yourself and confirm that it is operating as expected.

13 https:/ /en.wikipedia.org/wiki/Rectifier, visited December 11, 2018.
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Figure 17.4: The power supply implemented on a breadboard for testing.

In my testing, I supplied the input with 9V DC using a spare mains
power supply and tested the output. I used my multimeter to get the actual
values of the voltage from the mains power supply, and the output from my
breadboard power supply.

FDCV

Figure 17.5: The actual voltage of the 9 V DC mains power supply I use to power the breadboard
power supply.

In Figure 17.5 you see that the actual voltage of my 9 V mains power
supply is slightly higher than what is advertised on the label. This is often
done by design, to compensate from the voltage drop that occurs when a load
is connected. In this measurement, I had only connected an LED as a load.
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Figure 17.6: Actual output voltage, when input power comes from a 9 V DC mains power supply.

In Figure 17.6 you can see the actual output voltage of the circuit when I
use my 9 V DC mains power supply. It is very close to 5 V. In another test, I
applied a 16 V DC input voltage from my bench power supply to the
breadboard circuit and measured the output voltage at 5.010 V. At 20 V input,
the output voltage was 5.013 V. Based on these tests, we can be confident that
this breadboard power supply works as expected.

Now that you have a good overview of the objective of this project, let’s
turn our attention back to KiCad.

What you will learn

In this project, you will use all of KiCad’s main features that you
learned about in Parts 2 and 3 of the book. As with the rest of the projects in
this book, we will follow the design process outlined in Figure 17.7. You
should download your copy of the graphic from the book’s page,'* print it,
and use it as a quick reference guide.

To keep things simple, the process you will follow assumes that all of
the components we need for designing this PCB are available in KiCad’s

!4 The book page is at http:/ / txplo.re/klpp. Valid as of December 11, 2018.
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standard libraries'® and that we are not interested in implementing any 'fancy’
design and aesthetic features. You will have the opportunity to do both in
later projects.

Nevertheless, you will learn a great deal. Here’s a list of your learning
objectives for this first project:

1. Learn how to design a schematic using Eeschema, KiCad’s
schematic editor.

2. Learn how to do an electrical test and confirm that the schematic
is correct.

3. Learn how to associate the components in Eeschema with
footprints, using KiCad’s Cvpcb, KiCad'’s associations editor.

4. Learn how to create a file that contains the information that we
need in order to do the PCB layout in Pcbnew. Pcbnew is KiCad’s layout
editor. The file that contains the information is known as the 'netlist'.

5. Learn how to use Pcbnew to design your PCB, place the
components on it, and connect them by creating routes.

6. Learn how to prepare the PCB for manufacturing, including
testing for defects.

7. Learn how to upload the files that contain the PCB design data to
an online manufacturer.

While this process may feel like a lot of work, over time, it becomes just
part of your prototyping process. Personally, designing a PCB is work that I
enjoy immensely. Creating a PCB involves engineering and design/aesthetic
elements.

Creating a PCB is an opportunity to not only create something useful,
but also an object of art. Once all your electrical tests are done, once you have
placed and routed all the components on the board, you will find yourself
obsessed with small details, like the exact position of a silk screen label, or the
size of a contour that defines the shape of a corner.

But to get to the art, you must first take the first step.

Let’s do that now with the schematic design in Eeschema.

Project repository
This project has a Git repository. You can access it at txplo.re/klpp1.

15 A library is a collection of components (the symbols that we will use to create the PCB
schematic), and footprints (which we will use to design the layout of the PCB). KiCad comes with a
lot of very useful standard libraries, but we can also import and use libraries created and shared by
KiCad users.
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This repository contains multiple commits at each step of the design
process, as I was going through it. Feel free to clone this repository on your
computer and make any modifications you feel like.

17.2. Schematic design: Eeschema

Let’s begin the design process with the schematic diagram. The KiCad
tool you will use is Eeschema, the schematic editor. You can follow the
schematic design process in Figure 17.7.

1
Arrange, Electrical
Setup Symbols ! annotate, Rules Check Comments
. associate - . .

1. Add symbols to sheet 1. Signals

H 2. Create symbols if 2. Power g

: needed : (PWR_FLAG) :
:-----: 1. Arrange symbols in functional 1. Customise net names
: blocks :
2. Annotate symbols
1. Setgrid 1. Generate Netlist for Pcbnew :
2. Page settings

Figure 17.7: The schematic design process.

1. Run ERC 1. Add text
2. Fix errors information
3. Repeat ERC 2. Add graphics

3. Associate with footprints

In Eeschema, you will replicate the schematic in Figure 17.3, with
several changes and adaptations. Let’s discuss those first.

As it appears, the schematic in Figure 17.3 is powered by a battery. The
breadboard power supply will be powered by an AC/DC power transformer
power brick. You will need some kind of connector to feed the voltage from
the power brick to your board. In addition, the schematic does not contain a
switch. From a usability point of view, it would be nice to have a switch on
board so that we can use that to turn on power to the power board instead of
having to unplug the cable from the board. Again from a usability point of
view, if we choose to use a switch, it would be good to have an indicator LED
that can inform us when the breadboard power supply is powered, in
addition to when the breadboard itself is getting power.

I will show you how to implement those changes to the basic circuit in
Figure 17.3, and create the schematic in Eeschema in accordance with those
decisions.

Important: remember to save your work frequently. Although KiCad is
very stable, it can still crash. Saving frequently will protect you from lost
work.
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Step 1: Setup

Start KiCad and create a new project. I called mine

BreadboardPowerSupply_v2. From the KiCad main window, start Eeschema.

You should now have an Eeschema blank sheet. The first step of the schematic

design process is the setup of the page. Open the Page Settings window and

fill in the project information. If you want to use a custom layout, you should

do that now by selecting your custom page layout description file.

In Figure 17.8 you can see the settings of my schematic page. I am using

a custom version of the page layout description file. You can learn how to do

this by reviewing the recipe titled '42. How to design a custom page layout'.

Paper
Size:

A4210x297mm

Orientation:
Landscape

Custom Size:
Height: width:

Layout Preview

Page Settings x

Title Block Parameters

Number of sheets: 1 Sheet number: 1
Issue Date

2018-08-12 <<<| |08/12/2018 | v Export to other sheets
Revision

2 Export to other sheets
Title

Breadboard Power Supply v2 Export to other sheets
Company

Tech Explorations Export to other sheets
Comment1

[Designed by Peter| Export to other sheets
Comment2

Export to other sheets

Comment3
Export to other sheets

Comment4
Export to other sheets

Page layout description file
/home/peter/Documents/Kicad projects/KLP2/Common files/TechExp| | Browse

Cancel OK

Figure 17.8: The schematic page parameters.

The new schematic page is ready. Let’s add the circuit symbols in it.

Tech” .
Explorations

Designed by Peter txplore.com

Tech Exploratians

Sheet: /

File: BreadboardPawerSupply_v2.sch D

Title: Breadboard Power Supply v2

Size: Ak [ Date: 2018-08-12 [ Rev: 2

KiCad E.D.A. kicad 5.0.0-fee4fd166ubuntuli8.04.1 | Id: 1/1

L3 | 5 | 6
Figure 17.9: The sheet information.
Step 2: Symbols

In this step, you will place the symbols that represent the components

in the circuit. You will do this by finding them in the symbols browser and

adding them to the sheet, one at a time.
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Start by creating a list of the symbols you need to search for in the
symbols browser. Here is a list of the components that are part of the circuit.
Each one will need a symbol. I have included the package information where
applicable because in step 3 you will need to associate the symbols to a
footprint.

One LM7805 voltage regulator IC, TO220
Four 1N4007 rectifier diodes
One 470 pF capacitor, with a working voltage of at least 25V
One 47 uF capacitor, also with a working voltage of at least 25V
A red LED to show power status on the output (breadboard)
A green LED to show power status on the input
Two 560 Q resistors to protect the LEDs
One slide switch to use as the ON/OFF switch

9. Two 2x2 headers for the interface between the power supply and
the breadboard

10. A barrel connector for the power input

Begin adding each symbol to the sheet. In Eeschema, click on the Place

® NP

Symbol button from the right toolbar ( :[>. ), or type the 'A" hotkey. In the
symbol chooser window, type Tm7805' in the filter field. The symbol you are
looking for is available from one of the symbol libraries that KiCad ships with,
so it should appear, as in Figure 17.10.

Choose Symbol (13143 items loaded) X
Q |Im7805
Symbol Desc
v dk_PMIC-Voltage-Regulators-Linear
LM7805CT_LTB ICREG LINEAR 5V 1A u LM7805.70220
¥ Regulator_Linear 1], 3

o-=1| Vo=

GND

o

LM7805_TO220
Positive 1A 35V Linear Regulator, Fixed Output 5V, TO-220
Key words: Voltage Regulator 1A Positive

Reference U?
Value LM7805_TO220

Cancel OK

Figure 17.10: The symbol for the voltage regulator.
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Select the version of the symbol with the TO220 package, and click 'OK'
to add it to the sheet.

Continue with the rectifier diodes. The symbol for a rectifier diode is the
same as for a normal diode. In the symbol chooser, type 'D'" in the filter field.
Click 'OK' to add the diode to the sheet.

Choose Symbol (13144 items loaded) X
Q [p
Symbol
¥ Device

D

D_ALT
D_Bridge_+-AA
D_Bridge_+A-A

D_Bridge_+AA- D
D_Bridge_-A+A
D_Bridge_-AA+
D_Capacitance

D
Diode
Key words: diode

Reference D?
Value D

Cancel OK

Figure 17.11: The symbol for the diode.

You need four diodes. Instead of repeating the process four times,
duplicate the first diode three times using the 'C" hotkey. Simply position the
cursor over the first diode and type 'C' to duplicate the symbol.

Several of the symbols in this schematic have values. For example, there
are two capacitors with 470 uF and 47 uF capacitance values, and two 560 Q
resistors. This step is a good opportunity to set those values for each symbol,
using the Symbol Properties dialogue box.

Let’s set the value for the 470 uF capacitor.

Place your mouse pointer over the symbol, and type “E”, or right-click and
select Properties —> Edit Properties from the contextual menu.

In the Properties window that appears, type the value of the symbol; in
this case it is “470 pF”. Click Ok to commit this change.
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Symbol Properties

P

Fields

Name Value Show H Align V Align Italic Bold Text Size
Reference C1 Left Center 1.270 mm
Value 470uF * ) Left Center 1.270mm
Footprint 1.270 mm

== — -7 Center Center

Datasheet ~ Center Center 1.270 mm

i 1 i ? Update Fields from Library...

Symbol Orientation Aspect
Library Reference: | Device:CP ) 00 O Default
. o +90 Mirror around X axis
Unit v X X
+180 Mirror around Y axis
Alternate symbol (DeMorgan) 90
Unique ID: ' 5B9F5330 Edit Spice Model... Cancel OK

Figure 17.12: Set the value of a symbol.

Some symbols don’t have specific value, like resistors and capacitors
do. In similar cases, such as with the barrel DC power connector, you can use
the Value field to provide a description of the symbol that will be helpful to
the end user. Remember that the text that you enter in the Value property of a
symbol is carried across to PCBNew and the layout. You will be able to make
those values visible on the final PCB, for example in the silkscreen. By adding
those values in the schematic, you will not have to type them in the layout
step, and you will have a more detailed and descriptive schematic.

Continue with the rest of the items. The capacitors should be polarised,
so ensure that you select the correct version of the symbol. In Figure 17.13 you
can see the symbols that make up the schematic in this project. If you are
having trouble locating these symbols, use their names as shown here to
search for in the symbol chooser. For example, the barrel connector is
discoverable in the symbol chooser under the name 'Barrel_Jack_Switch'. If
you are not sure about the name of a symbol, you can always browse the
symbol libraries manually. Remember to set the values of the symbols as you
add them to the sheet.

SW?A

?
12 ok SW_DPDT_x2

Conn_02x02_0dd_Even LM7805.T0220

1 Ml :égi Ay val3
e

12
Conn_02x02_Qdd_Even

«2l6ND

i

Barrel_Jack_Switch

—-%o
_/\:EZ

D? D?

LED LED :;Ei:
V7RIS DE’ DE’

Figure 17.13: The schematic symbols.
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With all the symbols that make up this schematic in the sheet, you can
continue to step three, where you will do the three A’s: 'Arrange, Annotate,
Associate'.

Step 3: Arrange, Annotate, Associate

In step three, you will arrange the symbols in place, provide a unique
designator for each one ('Annotate’), and finally will associate each symbol
with a footprint. In the PCB design process depicted in Figure 17.14,
associations are done in the Cvpcb step, but you can also do this at the symbol
level, for each symbol individually.

The Kicad design workflow

v Schematic
m—v Eeschema library
editor

PCB
footprint
editor

Netlist

Design
Rules
Check

Footprint
library
editor

Gerber Gerber
fles St Fabrication | 4

Figure 17.14: The KiCad design workflow.

In later projects, I will also show you how to use Cvpcb and do the
associations in 'bulk'.
Arrange
We want symbols to have a logical arrangement so that they are both
easy to read, and so that the risk of defects is reduced. What this means in
practical terms depends on various factors, but in general:
1. Symbols should be arranged in functional blocks; those symbols
that are directly connected should be placed near each other,
2. Inputs should be placed on the left side and outputs on the right.
This project lends itself well to this approach. The power supply is a
linear combination of functional blocks. You can simply arrange them in place
in accordance to these blocks.
Use the ' and 'R’ hotkeys to move and rotate the symbols. I actually
started with placing the voltage regulator first, as I regard this component the
centre piece of the circuit. Then, I move to the input and then the output. Use
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the grid to produce a placement that is symmetrical and balanced. In Figure
17.15 you can see how I have arranged the symbols.

u? J?
LM7805_T0220 Conn_02x02_0dd_Even
1 2

Barreljack Suitch %D? # 5 Al 3 SW2A {j
E ’

oo

-

c?
T cp SW_| DPDT_x2

#D? #D? 42 D? % D? Conn 02x02 Odd Even
D D LED LED
: ¥

Figure 17.15: The symbols grouped and arranged according to functionality.

Annotate

Now that the components are in place, they need a unique designator.
Think of the designator as an ID. The designator consists of a letter that
depends on the type of the device it is attached to and a number. These two
together must be unique for each symbol. You can learn more about
designators on Wikipedia.'® You can set the designator for each symbol
yourself, through the Symbol Properties window. But this is a tedious and
error-prone process. It is better to use the Annotator tool that Eeschema

provides. Click on the Annotator button in the top toolbar ( Q
the default setting. Click on the 'Annotate' button to allow the annotator to do

). You can use

its work.
Annotate Schematic X
Scope: Order:
@ |Use the entire schematic @ Sort components by X position A
Use the current page only Sort components by Y position 2
Options: Numbering:
@ Keep existing annotations @® Use first free number after: |0
Reset existing annotations First free after sheet number X 100

Reset, but keep order of multi-unit parts First free after sheet number X 1000

Keep this dialog open Annotate
Don't ask for confirmation clear Annotation

Close

Annotation Messages:

Show: & All & Errors & warnings & Infos [ Actions |Save Report File

Figure 17.16: The Annotator.

16 https:/ /en.wikipedia.org/wiki/Reference_designator, visited December 11, 2018.
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The tool will assign a unique designator to each symbol, and the
schematic will now look like the example in Figure 17.17.

12
Conn_02x02_0dd_Even
i 2

AR v
2 g 3 4
o1 o Lo E] Swia ['r']m
R

T T LI

U1
LM7805_T0220

R SW_DPDT_x2

a
Barrel_Jack_Switch f
i D1 D3
3 %D %D
=
o3 13
D2 #DA i DS i D6 COnn_g)xGE_OdeAEven
%D D N LED I LED :E} j:"
Figure 17.17: The components have a unique designator

Associate
Time to associate the schematic symbols with the layout footprints. This
association is what helps, Pcbnew, the layout editor, to know which footprints
to use. While you can create these associations at any time, up until the end of
the schematic design process and just prior to exporting the Netlist, I have
created a habit to do it when I have added all the symbols to the schematic
sheet.
You can do the associations in two ways:
1. Inbulk, using the Cvpcb tool
2. Individually, through the symbol properties
Let’s try out both. We can start by doing the associations for a couple of
symbols, like the voltage regulator and the switch. When you have multiple
instances of the same symbol, like the resistors and the diodes in this project,
the bulk associations tool (Cvpcb) is more efficient.
Place your mouse cursor over the voltage regulator symbol and type 'E'
to bring up its properties. You can see the properties window in Figure 17.18.

symbol Properties x

Fields:

Unit:

Orientation (degrees)
®o
+90
+180
-90
Aspect:
@ Default
Mirror around X axis

Mirror around Y axis

Library Symbol

Regulator_Linear:LM7805_T0220
validate || Change

Symbol ID:
SB70E454

Edit Spice Model
Reset Field Properties

Update Field Values

Horizontal Position:

Name Value Align left
Reference U1

Value LM7805_TO220

@ Align center
Align right

aairchildsemi.com/ds/LM/LM7805.pdf

Footprint{Packag
Datasheet http://u
Visibility:

show

Rotate

Field Name:

Field Value:

Vertical Position
Aligntop

@ Align center
Align bottom

Font Style
Normal

@ 1talic
Bold
Bold and italic

Package_TO_SOT_THT.TO-220-3_Vertical

Browse Footprints

Fontsize: |1.270
Position X:|0.000

Position Y:|5.715

mm

mm

mm

Cancel OK

Figure 17.18: The properties for the U1 (voltage regulator) symbol.

The voltage regulator symbol already has a symbol assigned to it. You
can see that the Footprint field has a value. You can verify this by selecting the
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Footprint field to enable it, and then clicking on 'Browse footprints'. This will
bring up the footprints browser. In the browser, the library and footprint for
the TO220 package should already be selected.

Click OK or Cancel to get out of the symbol properties for the voltage
regulator, and continue to edit the barrel connector (Figure 17.19). This symbol
doesn’t have a footprint so let's give it one.

Symbol Properties x

Fields
Unit: Horizontal Position: Vertical Position:
Fe— Align left Align top
Reference J1 @ Align center @ Align center
Orientation (degrees) .
@®o 9 Value Barrel_Jack_Switch Align right Align bottom
20 Datasheet ~
+180
90 Visibility: Font Style
Show @ Normal
Aspect :
@ Default Rotate Ll

Bold
Mirror around X axis

Bold and italic
Mirror around Y axis

Field Name:
Library Symbol:

Connector:Barrel_Jack_Switch Field Value:

validate || Change

Browse Footprints
symbol ID:

5B70ED22 Fontsize: |1.270 mm

Edit Spice Model Position X:|1.270 mm

Position Y: |-1.016 mm
Reset Field Properties E

Update Field Values +

Cancel OK

Figure 17.19: The properties for the barrel connector symbol.

In the symbol properties window for the barrel connector, click on the
footprint field, and then the 'Browse Footprints' button. In the footprint
browser window that came up, look for a library titled 'Connector_BarrelJack'.
In it, there are several footprints that might work. This is where you need to
look at the actual, physical part that you want to use as a component on the
breadboard, and ensure that the footprint you choose here matches that

component. In my case, I want to use a barrel connector like the one in Figure
17.20.

Figure 17.20: I want to use this connector.

There are a few possible matches for this component, but to be certain
you should measure the physical component and cross-check those
measurements against the footprint representation in the footprint browser. I
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do this with my calliper, as in Figure 17.21. I can take a few measurements
between the connector pins and then check for a footprint that matches those
measurements.

Figure 17.21: The distance between two of the connector pins is 6.18 mm.

In the footprint representation that you can see in the footprint browser
(Figure 17.22), I can confirm that the distance between pins 1 and 2 is about
the same as what I measured with my calliper in the real component. As with
Pcbnew, you can measure a distance by placing the mouse pointer on the
centre of one of the pins, press the spacebar to reset the dx, dy and dist
counters in the status line, and move the mouse pointer on the centre of the
other pin.

To associate the footprint to the symbol, double-click on the footprint
name (Figure 17.22).

Library Browser — Connedyor_BarrelJack — /h /Kicad Libraries/Kicad_buildin_libraries/kicad-footprints-master/Connec... - 0 &

File View Help

R E» Baqoqlid-

Battery BarrelJack_CUI_PJ-036AH-SMT_Horizontal
Button_Switch_Keyboard BarrelJack_CUI_PJ-063AH_Horizontal
Button_Switch_SMD BarrelJack_CUI_PJ-063AH_Horizontal_Circular|
Button_Switch_THT [ Barr Ul [
Buzzer_Beeper BarrelJack_Horizontal

CMakeModules BarrelJack_Wuerth_6941xx301002
Calibration_Scale
Capacitor_SMD
Capacitor_THT
Capacitor_Tantalum_SMD
Connector
Connector_Audio
Connector_BarrelJack
Connector_Card
Connector_Coaxial
Connector_DIN
Connector_Dsub
Connector_FFC-FPC
Connector_HDMI
Connector_Harwin

Connector_Hirose

REF** Last Change Netlist Pat Board Side Pads Status Rotatio Attributes Footprint
BarrelJack_CUI_PJ-102AH_Horizontal  Nov 28, 201 Front 3 : 0.0 Norma Connector_Barrel.
Z6.89  X7.620000 Y 0.000000 dx 7.620000 dy 0.000000 dist 7.620 mm

Figure 17.22: In the footprint browser, locate the appropriate footprint for the symbol.

You can confirm that the association is set in the symbol’s properties
window by looking at the Footprint field value (Figure 17.23).
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Symbol Properties x

Fields:
Unit: Horizontal Position: Vertical Position:
T — Align left Aligntop
Reference J1 @ Align center @ Align center
Orientation (degrees|
@Io o (deocees) Value Barrel_Jack_Switch Align right Alignbottom
Footprint Connector_BarrelJack:BarrelJack_CUI_PJ-102AH_Horizo...
i Datasheet ~
+180
-90 Visibility: Font Style
Show @ Normal
Aspect
@ Default Rotate Italic
Mirror around X axis it
Mirror around Y axis Bold and [talic
Field Name:
Library Symbol.
Connector:Barrel_Jack_Switch e
i Connector_BarrelJack:BarrelJack_CUI_PJ-10Z
Validate Change = Sz
Browse Footprints
symbol ID:
5B70ED22 Fontsize: |1.270 mm
Edit Spice Model Position X:|1.270 mm
Position Y:|-1.016 mm
Reset Field Properties v
Update Field Values ==
Cancel OK

Figure 17.23: The footprint and symbol association is recorded in the symbol properties.

Let’s continue this work using the Cvpcb. Click on the Cvpcb button

-

‘ﬁ as
from the top toolbar to start the app ( ** ). The Cvpcb window will open.
You can see that the barrel connector and the voltage regulator symbols are
already associated with a footprint. Go on to work on the rest.

Assign Footprints -o®
File Preferences Help
Ak I R s =] s

Button Switch Keyboard 2 c2 - CP1 : 2 Battery:BatteryHolder Keystone 103
Button_Switch SMD 3 | N D : 3 Battery:BatteryHolder Keystone 104
Button_Switch THT 4 02 - D: 4 Battery:BatteryHolder Keystone 10
Buzzer Beeper 5 03 - D : 5 Battery:BatteryHolder Keystone 10¢
CMakeModules 6 D4 - D: 6 Battery:BatteryHolder Keystone 107
Calibration Scale 7 = LED : 7 Battery:BatteryHolder Keystone 50(
Capacitor_SMD 8 06 - LED : 8 Battery:BatteryHolder Keystone 104
Capacitor_THT 9 J1 - Barrel Jack_Switch : Connector Barrellack:Barrel] 9 Battery:BatteryHolder Keystone 10
Capacitor_Tantalum_SMD 10 J2 - Conn_02x062_0dd Even : 10 Battery:BatteryHolder Keystone 24¢
Connector 1 J3 - Conn_62x62_0dd_Even : 11 Battery:BatteryHolder Keystone 24¢
Connector_Audio 12 R1 - R : 12 Battery:BatteryHolder Keystone 24]
Connector_BarrelJack 13 R2 - R: 13 Battery:BatteryHolder Keystone 29¢
Connector_Card 14 Swl - SW_DPDT_x2 : 14 Battery:BatteryHolder Keystone 36(
Connector_Coaxial 15 u1 - LM7805_T0220 : Package TO_SOT THT:T0-220-3 Ve 15 Battery:BatteryHolder Keystone 30(
Connector_DIN 16 Battery:BatteryHolder Keystone 30
Connector Dsub 17 Battery:BatteryHolder Keystone 30(
Connector_FFC-FPC 18 Battery:BatteryHolder Keystone 363
Connector_HDMI 19 Battery:BatteryHolder LINX BAT-HLI
Connector_Harwin 20 Battery:BatteryHolder MPD_BC2AAPC
Connector_Hirose 21 Battery:BatteryHolder MPD_BC12AAP(
Connector_IDC 22 Battery:BatteryHolder MPD_BC2003
Connector_JAE 23 Battery:BatteryHolder MPD_BH-1865(
Connector_JST - 24 Battery:BatteryHolder Seiko MS621f-
Filtered by library (Battery): 24
Apply, Save Schematic & Continue cancel oK

Figure 17.24: Cvpcb shows the remaining symbols for association.

Let’s associate the two capacitors with their footprints. First, measure
the diameter of their package, and the distance between the pins. I am using
two cylindrical electrolytic capacitors. The larger has a diameter of 10.18 mm
and pin pitch 5.19 mm, and the smaller a diameter of 6.46 mm and pin pitch
2.54 mm. In Cvpcb follow these steps:

1. In the middle pane, select C1. This will be associated with the
large capacitor footprint.

2. In the left pane, find the Capacitor_THT library. This library
contains through hole footprints.
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3. In the right pane, search for a footprint of a capacitor with a
diameter of around 10 mm.

In the top toolbar, Cvpcb offers various filters to help in finding
footprints faster (Figure 17.25). You can experiment with them to understand
how they work. The only one I am using at the moment is the one with the '’
symbol on it. This is the library filter. It affects the items showing in the right
pane. Only those that belong to the library selected in the left pane will show.

o ol
Figure 17.25: Cvpcb has footprint filters for faster browsing.

The one that best matches my particular capacitor has the string
'CP_Radial_D10.0mm_P5.00mm_P7.50mm'. This footprint has a diameter of
10 mm, and a pin pitch of 5 mm, exactly what I was looking for (Figure 17.26).
Double-click on it to assign it to C1. To confirm you have the right part, you
can also view the graphical representation of the footprint by clicking on the
icon that looks like a microchip from the top toolbar (second from the right).
You can then confirm these measurements.

Assign Footprints

File Preferences Help

|« o | b)x 2RI E

1 a - CP1 : Capacitor THT:CP Radial D10 or_THT:CP_Radial_D10.0mm_P2.50mm_PS.0mn
2 [+ cP1 THT:CP_Radial _D16.6émm_P3.50mm
3 01 ) THT:CP_Radial _D16.6mm_P3.80mm
a 02 ) or_THT:CP_Radial_D16.0mm_P5.00mm
5 03 )
6 04 - ) THT:CP_Radial _D16.emm_P7.50mm
7 05 LED THT:CP_Radial D12.5mm_P2.50mm
8 06 LED THT:CP_Radial D12.5mm_PS5.00mn
9 J1 - Barrel Jack Switch : Connector Barrellack:Barr( THT:CP_Radial_D12.5mm_P7.56mm
10 J2 - Conn_02x62_0dd_Even THT:CP_Radial_D13.6mm_P2.50mm
n J3 - Conn_02x62_0dd_Even THT:CP_Radial D13.emm_P5.60mn
12 R1 R THT:CP_Radial D13.emm_P7.50mm
13 R2 - R THT:CP_Radial D14.6mm_P5.60mm
14 W1 - SW_DPDT_x2 THT:CP_Radial _D14.emm_P7.50mm
15 u1 LM7805_T0226 : Package TO_SOT THT:T0-220-3 THT:CP_Radial _D16.6mm_P7.50mm
THT:CP_Radial_D17.0mm_P7.56mm
THT:CP_Radial _D18.emm_P7.50mm
THT:CP_Radial D22.6mm_P16.00mm
THT:CP_Radial _D22.6mm_P10.00mm n
THT:CP_Radial_D24.0mm_P16.60mm_3pin_SnapIt
THT:CP_Radial_D24.6mm_P10.60mm_SnapIn
or_THT:CP_Radial_D25.0mm_P10.00mm_3pin_SnapI{
Con or_THT:CP_Radial_D25.0mm_P10.00mm_SnapIn
con THT:CP_Radial D26.emm_P16.06mm 3pin_SnapIi-
Filt HT): 357
o dial, pin pitch=5.00mm 7.50mm, , diameter=10mm, Electrolytic Capacitor; Key words: CP Radial series Radial pin pitch 5.00mm 7.50mm diameter 10mm Electrolytic Capacito

Figure 17.26: Found the footprint for the large capacitor.

Continue with the smaller capacitor, the diodes, LEDs and the resistors.
Always measure and double check that you have the correct footprint.
Although you can come back here and change the associations if needed, it
really pays to get it right the first time.

In Figure 17.27 you can see the completed associations table. Click on
'Apply, Save Schematic & Continue' to save your work, and then 'Ok’ to
dismiss Cvpcb and return to Eeschema.
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& Group symbols | Reference Value Footprint Datast

3] CapautorjmcPJamaLD'o omm_P5.00mm

Field show Gro
2 cP1 Capacitor_THT:CP_Radial_D6.3mm_P2.50mm

Reference
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Footprint
Datasheet

By

>D1-D4 D Diode_THT:D_DO-41_S0D81_P10.16mm_Horizontal

> D5,D6 LED LED_THT:LED_D5.0mm

aeae

n Barrel_Jack_Switch | Connec tor_BarrelJack:BarrelJack_CUI_PJ-102AH_Horizontal
>12,13 Conn_02x02_0dd_Even
> R1,R2 R

sw1 SW_DPDT_x2

u1 LM7805_T0220 Package_TO_SOT_THT:TO-220-3_Vertical http://www.fairchildsemi.c

Apply, Save Schematic & Continue Cancel oK

Figure 17.27: The completed symbol-footprint associations.

That was step 3 of the schematic design process. Next is the wiring.

Step 4: Wiring

Wiring is the part of the schematic design process I enjoy the most. It is
also where most of the errors can happen. If not caught in time those errors
can wreak havoc in later work, especially in the layout. While Eeschema can
check for some basic errors like leaving a pin unconnected, or connecting a
signal pin to a power source, it is up to the designer to ensure that it is correct.

To wire-up this project schematic, we will depend on Figure 17.3 for
most of the guidance. The wiring of the additional symbols (like the LEDs and
the barrel connector) are straightforward to do without a reference to guide
us.

There is no particular method for the wiring. I typically start from the
left of the schematic and make my way to the right. To the right of the
schematic is the rectifier network (made up of the four diodes). I will wire that
up first since the four diodes consist of a single functional block. I will then
connect the barrel connector to the rectifier, and continue with the C1

/ ). Wire the

rectifier diodes and connect pin 1 and pin 2 of the barrel connector to the

capacitor and the voltage regulator.

In Eeschema, type 'W' or click on the wire tool button (

rectifier. Use the Unconnected tool ( X ) to mark pin 3 as unconnected (if you
don’t, the ERC will produce an error). In Figure 17.28 you can see the wiring
progress at this point.
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Figure 17.28: The progress so far.

Continuing towards the voltage regulator, connect the rectifier with the
capacitors, the regulator, and the power indicator LED (Figure 17.29).

u1
LM7805_T0220

> v _ vofd
Barrel_Jack_Switch =
| al + s + SW1A
- N NS =d N €2 | [’ sw oporx2
135 w—— CP: cP
N E QTO/"T’
4
1l oz
D2 Dk DS5
Dot Np < LED
N
L .

Figure 17.29: More progress.

Finish the process with the right side of the schematic, the output. This
includes the switch, the on/off indicator LED and the pin connectors. You can
see the completed wiring in Figure 17.30. Remember to mark pin 3 of the
switch as unconnected. To improve the readability of the schematic, I also
moved the switch symbol upwards.

SWiA

ul
] SW_DPDT_x2
EH7805°10220) nn_02x02_0dd_Eve
i ? e
Barrel_Jack_Switch 5 2
- D1 - D3
2 :

Figure 17.30: The completed wiring.

With the wiring complete, it is prudent to run an Electrical Rules Check
now. In Figure 17.7, the ERC is shown as step 6, just before you will create the
Netlist file. That is also a good time to do this check in order to detect
problems that are introduced as you are tweaking the schematic. That is ok.
Running the ERC now will help to actually complete the wiring correctly.

Click on the ERC button ( ’o‘ ) to bring up the tool. Click on the Run button
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to run it. The tool returns two common issues with the wiring, as you can see
in Figure 17.31.

Electrical Rules Checker x

U1
LM7805_T0220

1[G T Create ERC file report
L3 2 Error list:
+ 5 + . pi
p1 b3 c1 v in connecte:
N D P N
)
ected t

driven (Net 7)

- 4
o Np

Delete Markers Run Close

Figure 17.31: To common issues revealed by the ERC.

The ERC tool also marks the location of the two problems with green
arrows. This is a common issue affect symbols with pins that are configured as
power pins. Power pins must be connected to nets that are themselves marked
with a power flag symbol. The power flag symbol informs KiCad that the
marked flags convert power, not signals. To fix this type of error, attach the
PWR_FLAG symbol to the nets that are connected to the pins marked with the

green arrow. You can find the PWR_FLAG symbol in the symbols browser
(Figure 17.32).

PWR_FLAG

é u1
LM7805_.T0220

i Lly Vol
2 N
NN .;. ci i L
) D = cp —_—
—
D2 D4
PWR_FLAG
L X

Figure 17.32: The PWR_FLAG symbols resolve the ErrType(3).

The PWR_Flag symbols can be connected anywhere in the net that is
connected to the offending net; it is not necessary to place them right next to
the pin. Run the ERC again to confirm that the two issues are resolved.

With all issues resolved, let’s move on to the next step, naming the nets.

Step 5: Nets
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Each wire (net) you created in the previous step is anonymous.
Eeschema stores information about the nets in the ".sch' text file, which you

can open and inspect with a text browser (Figure 17.33).

Open~ & BreadboardPowerSupply_v2.sch o = o

F 1 "SW_DPDT_x2" H 6450 3494 50 0000 C CNN
F 2 "digikey-footprints:Switch_Slide_11.6x4mm_EG1218" H 6450 3300
50 0001 C CNN
F 3 "" H 6450 3300 50 0001 C CNN
1 6450 3300
1k [} 0 -1
SEndComp
Text Notes -313450 -185750 0 50 ~ 0
text sample 3
Wire Wire Line
3550 3700 3550 3750
Wire Wire Line
3900 3700 3900 3850
Wire Wire Line
3550 4200 3550 4450
Wire Wire Line
3550 4450 3750 4450
Wire Wire Line

SAAA AAra Snan Anan

PlainText ¥ Tab width:8 » Ln1,Col1 » INS

Figure 17.33: A segment of the project .sch file showing wire (net) information.

As you can see in Figure 17.33, each wire is defined by a set of
coordinates. When you import the schematic information to Pcbnew with the
use of the Netlist file, the nets are automatically given names such as 'Net-(D3-
Pad2)'. Although they are human-readable, they are not very descriptive.
Having descriptive names in Pcbnew make the layout process easier since you
can know immediately what the purpose of a track is (power, signal) without
having to follow it to the pads hunting for clues.

You can give nets human-readable names with the use of net labels.
When you place a net label on a net, the value of the label becomes the net’s
name when you create the Netlist file. When you then import the netlist file to
Pcbnew, the tracks are named after the nets, instead of the automatically
generated names.

Let’s go ahead to name the nets in this schematic. In particular, you
should name the power nets (GND, 5V output, input voltage). The rest are not
necessary to name, although you can if you wish.

Click on the net label tool from the right toolbar to select it ( ===). Click
on the net that conveys positive voltage from the rectifier network to the
voltage regulator. A window will come where you can type in the name of this

net. Since we don’t know that input voltage (it will be within a wide range of
values) let’s call it 'Vin'. Type 'Vin' and click Ok (Figure 17.34).
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Label Properties

x

Text: ‘Vin\

Size: |1.270 H(mm) x W(mm)

Orientation: Style:

@ Right @ Normal
Up Italic
Left Bold

Down Bold and italic

Cancel | | OK

Figure 17.34: Set the Vin net.

The schematic will look like the example in Figure 17.35 (partial,
showing the "Vin' label).

PWR_FLAG
Vin
1 ?
Barrel_Jack_Switch e
v z D1 Z D3 —— Ci
D b — P

=]

JT D2 7 D4
Figure 17.35: Added Vin net label.

To the same for 'V-'. I have also named nets V1 and V2 for the wires that
come out of the barrel connector, and Voutl and Vout?2 for the positive voltage
before and after the switch.

The result should be like the example in Figure 17.36.

Output

Power Qan/0ff power
Power_input Bridge_ rectifier Voltage_r indicator__ switch indicator Power output
PWR_FLAG
i SWiA
T (hi7d08 T30 I SW.DRDT_x2 &
= [N onn_02x02_0dd_Eve
1 ol t o T voue2 1 2
i L = ) 3 &
Barrel_Jack_Switc o z: + O-ZX
3 il 04" ==i03 —— C1 c2 RL R
— N ANp == « = R R
=X
AL 2 |__4

o]

13

1

D2 D4 5 o n_02x02_0dd_Eve
ZSD ZSD \’J? LED 1 2
- N 3 [y

PWR_FLAG l

1 ¢ . b M-

Figure 17.36: Added three net labels.

An added benefit of using net labels is that you can attach them to pins.
Pins that are attached to labels with the same name are considered to be
electrically connected even if there is no wire drawn between them. This is a
technique that you can use in large schematics to de-clutter them. You will
make use of this technique in the third project.

Step 6: Electrical Rules Check
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With the wiring and the labelling complete, let’s run the Electrical Rules

Check to make sure that there are no defects. Click on the ERC button ( " )
to bring up the tool, and click on Run.

The result comes back empty, which is great! Let’s move on to Step 7
where you will add comments and other graphical information to the
schematic.

Step 7: Comments

In this step, you will add comments and other graphical information to
the schematic. This information improves readability. This is especially
important if you are working with other people, or are sharing your project.

Eeschema allows for text and rectangles only. Any such items are
treated as comments are in a program: for the human reader only. They are
not passed onto Pcbnew.

Start with the rectangle tool ( i--2). Use it to create rectangles around the
functional groups of the circuit. The result is in Figure 17.37. I admit I have

gone a bit overboard with this. Perhaps fewer boxes would be better.

PWR_FLAG

SWiA

T vi Ut 7
SW_DPDT_x2

LM7805_T0220 onn_02x02_0dd_Eve

1 3 Voutt 1111 vout2 1 2
Barrel_ack_Switch L. é O?X
i ~

+ +

1 v D1 D3 s R1 R3
—_lx ZSD ZSD 470 uF m— 47 uF| [5641Q 560 Q
AL L

V2

J3
D2 D4 D§A 36 n_02x02_0dd_Eve
ZS D ZS D LED LED

1 2
N 3| a

Q

PWR_FLAG

¢ S

Figure 17.37: Functional groups marked with boxes.

Switch to the text tool ( T) to annotate the boxes with a descriptive
name. You can see the result in Figure 17.38.

N4 - N5 — Output

Power QOn /Off power
Ni - Power input._ . N2 - Bridge rectifier N3 - Voltage regulator . indicator  switch . indicator N7 _— Power output
' I PUR_FLAG H 0o
i 1 i SW1A I i {
i T v U1 i i i b i
i i 1 1SW_DPDT_x2} | i i
e | 8010220 i i o i i {onn,ozxozoad,ﬁve*;

Figure 17.38: Each box has a name.

Your work to design this schematic is now complete. All that is left to
do is to produce the Netlist file that you will use to import the circuit to
Pcbnew and continue there with the layout.
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Step 8: Netlist

The Netlist file contains the circuit information that Pcbnew needs in
order to import the correct footprints and nets. Every time that you make a
change to the schematic, you must create a new netlist file and import it again
into Pcbnew. When you do this, Pcbnew is smart enough to be able to import
only changes to the layout sheet. For now, we are going to work with a brand-
new layout project, and generate the Netlist for the first time.

In Eeschema, click on the Netlist button in the top toolbar ( ). This
will bring up the Netlist window (Figure 17.39).

Netlist x

Pcbnew | OrcadPCB2 | Cadstar | Spice
Generate Netlist

_ Close
& Default format

Add Plugin...

Use default netname

Default Netlist Filename:
BreadboardPowerSupply_v2.net

Figure 17.39: The Netlist window.

While the Netlist window provides the options to export into four
different formats, we are only interested in KiCad. The 'Pcbnew’ tab is
selected. Leave the defaults as they are, including the file name, and click on
the 'Generate Netlist' file. At the prompt, accept the default location for the file
(the project folder). After the file is generated, you will be able to see it in the
project’s folder.

< { @ Home Documents Kicad projects KLP2 BreadboardPowerSupply_v2 )
®© Recent Name
@ Home BreadboardPowerSupply_v2.bak
[ Desktop =
Ihﬁki BreadboardPowerSupply_v2.kicad_pcb

[ Documents
v Downloads

Musi \
4 usie 4?-;_ BreadboardPowerSupply_v2.pro
[ Pictures
| Videos _éf‘ BreadboardPowerSupply_v2.sch
@ Trash BreadboardPowerSupply_v2-cache.lib
@  Kicad Projects
+  Other Locations

Figure 17.40: The netlist file has the ".net' extension.

The Netlist file has the ".net' extension. It is a text file that you can open
using a text editor.
Time to move into Pcbnew and start work on the layout of your board.

17.3. Footprint layout in Pcbnew

237



Let’s start the layout process. To do this, you will follow the steps
illustrated in Figure 17.41.

1 2 3 4 5 6
Outline and Place 4 Design Rules
SAp constraints components i Coppelille Check

1. Define size and shape 1. Critical traces 1. Run DRC
2. Define mounting holes 2. Power 2. Fix error
3. Define cutouts a 3. Everything else A 3. Repeat DRC

1. Set grid 1. Place components on board 1. Create GND fill 1. Create Gerbers files

2. Set design rules 2. Arrange user interface components 2. Create V+ fill if 2. Verify Gerbers files
3. Arrange in functional blocks necessary 3. Upload Gerbers to manufacturer
4. Complete placement

Figure 17.41: A serialised view of the PCB layout process.

Step 1: Setup

Begin by setting up your layout project. From the KiCad main window,
click on the Pcbnew button.

First, set the page by opening the Page Setting window (Figure 17.42).

You can access the window through the File menu.
[ Page Settings .‘

Paper Title Block Parameters

Size: Issue Date

A4210x297mm = 2018-08-14 <<<| |08/14/2018 | v
Orientation: Revision

Landscape = 2

Title

Custom Size: Breadboard Power Supply
Height: width:

Company
Tech Explorations

Layout Preview Comment1

Designed by Peter

Comment2

Comment3

Comment4

Page layout description file
/home/peter/Documents/Kicad projects/t | Browse

Cancel OK

Figure 17.42: Setup the page layout.

Next, set up the grid size. You want a setting that is appropriate for the
size of the board outline. The board’s shape and size is tied to that of the mini-
breadboard on which I want the power supply to plug. The two outmost rows
of my breadboard have a distance of around 47.37 mm between them. I will
set my grid size to a value that is a close fraction of this number. A reasonable
value for the grid is 0.127 mm. I need 372.99 segments of 0.127 mm each to get
a segment of 47.37 mm. I think that is accurate enough for this purpose
(Figure 17.43).
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Figure 17.43: This grid looks appropriate for drawing the board border.

Next, let’s decide on the number of layers for this PCB. The PCB is fairly
simple, with a small number of through-hole components, which results in a
small number of traces. A two-layer PCB will suffice for this. A new KiCad
project contains two layers by default, but if you wish to confirm this, open
the Layer Setup window from the Setup menu (Figure 17.44).

Layer Setup x
Preset Layer Groupings: Copper Layers: Board Thickness:
Two layers, parts on Front and Back 2 2 s | |16 mm
Layers:
Name Enabled Type

F.Crtyd Off-board, testing

F.Fab &  offboard, manufacturing
F.Adhes ™~ On-board, non-copper
F.Paste & On-board, non-copper
F.SilkS & On-board, non-copper
F.Mask & On-board, non-copper

F.Cu signal

B.Cu signal

B.Mask & On-board, non-copper

Cancel oK

Figure 17.44: This board will contain two layers.

Before defining the design rules, you should import the Netlist file. This
will allow you to set the net classes, in addition to the global design rules to
satisfy the manufacturing requirements of your preferred manufacturer. Click
on the Netlist import button ( ). The Netlist window will come up. Since
you are importing the Netlist to a new project, all the default settings are
appropriate (Figure 17.45).
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Netlist x

Footprint Selection: Tracks Joining Multiple Nets:
@® Reference ® Keep Read Current Netlist
Timestamp Delete
Close
Exchange Footprint: Extra Footprints:
® Keep ® Keep Test Footprints
Change Delete

Rebuild Board Connectivity
Single Pad Nets:

® Keep

Delete

Dry run. Only report changes in message panel

Silent mode

Netlist file: | /home/peter/Documents/Kicad projects/KLP2/BreadboardPowerSupply vz

Output messages:

show: & All [ Errors & warnings & Infos [ Actions |Save Report File

Figure 17.45: The Netlist window.

Click on the 'Read Current Netlist' button, and then 'Close'. The
footprints are now in the layout sheet, as in the example in Figure 17.46.

Figure 17.46: The footprints are arranged randomly in the layout sheet.

For now, leave the footprints as they are. Before arranging them in their
final locations, you will need to draw the outline for the board. You will do
that in Step 2. But before you do that, you should work on the design rules.

The manufacturer I am planning to use is Pcbway.com, and their PCB
specifications are available on their website.'” T have set my minimum design
rules to match or exceed their specifications. I also took the opportunity to
create a custom design rule for the power traces. I would like the traces and
vias that belong to one of the power nets to be slightly larger than the signal

17 https:/ / www.pcbway.com / capabilities.html, visited December 12, 2018.
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traces. You can learn how to create a custom net class, and then assign nets to
classes in the recipe titled '27. Create custom net design rules'. You can also
learn how to create custom via and track sizes in the recipe titled '26. Custom
Global Design Rules and changing the width of a trace'. You can see my Net
Class settings in Figure 17.47, and Global Design Rules settings in Figure

17.48.

Design Rules Editor

Net Classes Editor | Global Design Rules

Net Classes:
Clearance Track width | Via Dia| Via Drill | uvia Dia| uVia Drill | Diff Pair Width | Diff Pair Gap
Default 0.2 0.25 0.8 0.4 0.3 0.1 0.2 0.25
Power 0.3 0.3 1) 0.6 0.3 0.1 0.2 0.25
Add Remove Move Up
Net Class Membership:
Power v Select All * (Any) v Select All
Net Class Net Class
/V- Power Default
V1 Power Net-(D1-Pad2) Default
V2 Power e Net-(D3-Pad2) Default
/Vin Power Net-(D5-Pad2) Default
>>>
/Vout Power Net-(D6-Pad2) Default
/Vout1 Power Net-(J1-Pad3) Default
/Vout2 Power Net-(J2-Pad1) Default
Net-(SW1-Pad3) Default
V- Power
Cancel OK

Figure 17.47: My net class settings for this project.

Design Rules Editor

%
Net Classes Editor | Global Design Rules
Routing Options:
Minimum track width: |0.2 mm
Minimum via diameter: |0.4 mm
Minimum via drill: |0.3 mm
] Allow blind/buried vias
] Allow micro vias (uVias)
Minimum uVia diameter: mm
Minimum uVia drill: mm
Specific via diameters and track widths, which can be used to replace default Netclass values on demand,
for arbitrary vias or track segments.
Custom Via Sizes: Custom Track Widths:
Drill value: a blank or 0 => default Netclass value
Diameter Drill width
Vvia1/1.0 0.6 Track 1/0.30
Via 2 I Track 2
Via3 Track 3
Via4 Track 4
Vias Track 5
Via 6 Track 6
Via7 Track 7
Via 8 Track 8
Cancel | (BN OK
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Figure 17.48: My Global Design Rules settings for this project.

Click Ok to exit the Design Rules Editor and save your project. Let’s
continue with Step 2, the outline and mechanical constraints.

Step 2: Outline and constraints

In Step 2, your objective is to draw the outline for your board. You can’t
start the placement of the footprints until you have defined its boundaries. For
the board of this project, we have strict mechanical constraints because we
want it to fit precisely with a mini-breadboard. Therefore, we will start the
process of designing an outline for the board by taking a couple of simple
measurements from the breadboard.

Because we want the breadboard power supply to connect to the power
rails of the breadboard, the most important measurement is that one that gives
us the distance between the two rows of holes at the top and bottom of the
breadboard. I am using my calliper to measure this distance, as you can see in
Figure 17.49.

Figure 17.49: The distance between the top and bottom rows is critical for this project.

My calliper measures this distance to be 47.50 mm. I tried to place the tips of
the calliper tips in the centre of the holes. This measurement will help me
place the output pins in the correct position in Step 3 of the process. I took one
more measurement, to find out the width of the breadboard, 54.98 mm (Figure
17.50). This measurement will help me draw the outline of the board. I did not
take a measurement of the length of the breadboard because that is not useful

for the purpose of drawing the board outline.

4 o

Figufe 17.50: Measuring the width of the breadboard.
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With the measurements complete, let's continue with Pcbnew. Select the
Edge.Cuts layer from the layers manager and set the cursor shape to large.
With grid at 0.127 mm and zoom level 3.05 (a good match for the board
dimensions we are working with), click on the line tool to select it. I'd like the
board to be slightly narrower than the breadboard so that its sides don't
extend beyond the breadboard. So, I will draw the long side of the board
around 52 mm. Place the mouse pointer in the sheet, press the space bar to
zero the dx and dy counters, and draw a vertical line that is as close to 52 mm
as you can get it. The dx counter should read 0, and dy should read 52.324 mm

(Figure 17.51).

X 157.226000 Y 94.107000 dx 0.000000 dy 52.324000 dist 52.324

Figure 17.51: Drawing the first line of the outline.

Press the space bar to zero the counters, and continue horizontally with
a29.972 mm line (Figure 17.52.

_

4 X 187.198000 Y 94.107000 dx 29.972000 dy 0.000000 dist 29.972

Figure 17.52: Drawing the second line.

Again, press the space bar to zero the counters (a habit you will soon
develop is to zero the counters every time you draw a line), and move the
mouse up by around 7 mm.
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400000 dx 0.000000 dy-6.985000 dist 6.985

Figure 17.53: Drawing the third line.

Continue to draw the outline of the board, until you have the final

closed polygon, as in the example in Figure 17.54. I have marked the
N

dimensions within the layout sheet using the 'Add dimension' tool ( ).

38.227 mm

o1
o
0
N
&
3

3

6.985 mm

29.972 mm
Figure 17.54: The final outline.

You can see the 3D rendering of the board by clicking on View, '3D
Viewer'. If your outline is not a closed shape, you will get an error message
from the 3D viewer. It will give you the coordinates of where the outline is
open so you can fix it. You should not continue from this point if the outline is

not closed.
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Figure 17.55: A 3D rendering of the final outline.

The outline is now complete. Because we don’t plan to mount this board in a
project box, there is no need for screw holes or other mounting provisions. We

can continue with Step 3, and arrange the footprints within the board.

Step 3: Place components

Start the placement with those footprints that make up the board’s user
interface. Those are the barrel connector, the slide switch, the LEDs, and the
pins that connect the board to the breadboard. Place the barrel connector
along one of the corners of the board and is away from the breadboard so that
the cable does not interfere with your prototyping. Place the slide switch and
LEDs along the inside edge of the board, so that it is easier to reach. In Figure
17.56 you can see the placement of those footprints. I have also placed the
headers in their final positions so that their pins fit precisely in the
breadboard’s power rails.

Figure 17.56: The user interface footprints in their final positions.
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The exact positions of the barrel connector, LEDs and switch are not
important in the sense that they can be placed in a variety of locations.
However, the position of the connectors must be very accurate, else they will
not align well with the breadboard. In Figure 17.56, I used the measuring tool
to double-check that the distance between the outer pins is correct. You can
also use the dx and dy counters in the status bar to help with measuring the
distance during positioning. Finally, I have aligned the header footprints to
the right and locked them in place using the context menu'® (click on both
footprints while holding down the Shift key to select them, and then right-

Figure 17.57: Align footprints to the right, and lock them in place.

Continue with the rest of the components. As much as possible, try to
keep functional groups of footprints together, allowing for the available space.
In Figure 17.58 you can see the final positioning of the footprints in my
project. During placement, observe the thin ratsnest lines that represent the
nets. Eventually, you will have to replace the ratsnest lines with traces,
therefore you should try to position the footprints so that these lines are as
close as possible. When a ratsnest line travels over a footprint, it is an
indication that you will have a trace that travels over a footprint and that may
need vias or complicated paths to make it possible. If you invest a bit of time
to place footprints in a way that ratsnest lines are short and are not crossing
over other footprints, your routing work will be significantly simplified.

You should also use the Align/Distribute context menu to place the
footprint in precise positions in relation to each other. If you try to do this 'by

18 The Align/Distribute context menu only appears if you have selected more than one
footprints.
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eye', you risk having components that look misaligned in the final populated
PCB.

o)
N
o
N
+
3

3

38.227 mm

29.972 mm
Figure 17.58: The final placement of the footprints on the board.

Step 4: Route

In Step 4, you will replace the ratsnets (that highlight the pads that
should be connected with copper) with traces. While it is possible to use an
autorouter to do this (as you can learn in the recipe titled '40. Using an
autorouter'), it is beneficial to route at least the first few boards manually. This
way you will gain valuable experience and skill that you will need to correct
poor autorouter output or route unconnected pads.

As per the process in Figure 17.41, start by routing any critical traces,
continue with power traces, and finish with everything else. Before you draw
a trace, check that the trace width is correct.

In this board, there are no traces that I would call 'critical’, such as an
embedded antenna. Therefore, let's go straight into drawing the power traces.
Start with the GND level power traces. Select B.Cu from the layers menu, the
'Route Tracks' tool from the right toolbar, and draw the traces that start from
pad 2 of the barrel connector (Figure 17.59).

#6 4 6E AW IQUIEE e L5 EH

»
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Figure 17.59: Creating a route that belongs to the Power net class.

Pause here for a minute to examine the trace you just created. Its net
belongs to the Power net class, so according to the net class rules you defined
in Step 1, its width should be 0.30 mm. You can confirm that by viewing the
track’s properties. Place your mouse over a segment of the trace, and type 'E'.
Look at the Width property. Is it saying '0.3 mm'? Great!

Still working in the B.Cu layer, continue to create the traces for all the
GND-level nets. You can take a look at the schematic diagram as you go
drawing the traces. In Figure 17.60 you can see the current state of the board,
which has all GND-level tracks completed, drawn in the B.Cu layer.

SNy

Figure 17.60: GND-level traces in the B.Cu layer are completed.

Continue with the F.Cu layer, and the rest of the nets in the power class.
The result is in Figure 17.61.
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ik
Figure 17.61: Non—GND level traces in the F.Cu layer are completed.

There are only a couple of traces left to do. Trace them to complete the
routing step (Figure 17.62).

Figure 17.62: All tracing is complete.

Before you move on to Step 5, do an ERC to ensure there are no defects.
My project looks good so far; no problems detected, and no unconnected pads
(Figure 17.63).
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Start DRC

es|
m Courtyard areas...
items on disabled layers..
@ Refill all zones before performing DRC ~ Finished Delete All Markers
Report all errors for tracks (slower)
& Check footprint courtyard overlap
& Check courtyard missing in footprints

List Unconnected

Create Report File:

Cancel oK

Figure 17.63: The ERC have given the all-clear.

Step 5: Copper fills

In this step, you will create a copper filled area in the bottom copper
layer, and attach it to the GND-level net.

Start by selecting the B.Cu layer from the layers manager. Then, click on
the 'Add filled zones' button from the right toolbar. Click on the top-left corner
of the board to start the drawing of the polygon (Figure 17.64).

B @Fcu
YE @ B.Cu
B & FAdhes
B & B.Adhes
M & FPaste

E:

& B.Paste

B & Fsilks

M & Bsilks

M & F.Mask

[ & B.Mask
3 & Dwgs.User
M (& Cmts.User
M (& Ecol.User
[ & Eco2.User
[ & Edge.Cuts
W & Margin
& @ Fortvd
W@ s.crtvd
& FFab

W ¥ BFab

ww £z¢'Zs
38.227 mm

ez QU B e s

i

B

Figure 17.64: Start to draw the copper fill polygon.

The Copper Zones Properties window will appear (Figure 17.65).
Ensure that the B.Cu layer is selected. Because you want this copper fill to be
connected to the ground level net, select 'V-' from the Netlist. The rest of the
properties are appropriate for our project. Feel free to experiment with them if
you wish.
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Copper Zone Properties x

Layer: Net: Net Filtering:
W F.cu <no net> Display:
I B.Cu Show all (pad count)
/Vout2
Nin Hidden net filter:
/NVout1 Het:>
/N1 Visible net filter:
N2 =
Net-(D5-Pad2)
Net-(D6-Pad2) J ApplyFilters
Settings.
Clearance: (mm): Default pad connection: Zone priority level:  Outline slope:
0.508 Thermal relief = LY z Arbitrary

Minimum width: (mm):

Thermal Reliefs: Fillmode: Outline style:

0253 Antipad clearance: (mm): | Polygon < | | Hatched
ing: 0.508

Corner smoothing: Boundary mode:
None = S - -

Spoke width: (mm): LowResolution 2

0.508

Export Settings to Other Zones Cancel OK

Figure 17.65: The Copper Zones Properties window.

Click on the 'Ok’ button to dismiss the properties window, and continue
with the drawing. You should see that a thin line connects the mouse pointer
with the location of your last click. Place the mouse pointer to the next
location to define a new edge for the copper fill polygon, and click again to
draw it. Continue to point and click to draw new fill polygon edges until you
have a closed polygon that follows the perimeter of the board. Eventually, you
should have something like the example in Figure 17.66. The copper fill
polygon appears in green. It is not filled yet.

To fill the area with copper, place your mouse over the green line and
right click to bring up the context menu. Click on Zones, Fill, to complete the
filling process (Figure 17.67).
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Figure 17.67: Fill the zone with coppér.

To see the effect of this operation on your board, click on the 'Show
filled areas in zones' button from the left toolbar. You can see the outcome in
Figure 17.68.

7112 mm

wm
N
W
N
=
3

3

38.227 mm

6.985 mm

Figure 17.68: The copper-filled area in the B.Cu layer.

You will be able to see the copper filled zone in the 3D representation of
the board (via the View menu, '3D Viewer").

Run another ERC to make sure there is no introduced defect, and then
continue with Step 6, the silkscreen.

Step 6: Silkscreen

In Step 6, you will add text and graphics to the top and bottom
silkscreen layers. This will improve the usability of your board by providing
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usage instructions and other helpful annotations, and will also make your
board look finished and professional.

I usually start by adding my logo, board name, and version, and
continue with other text. I also take the opportunity to move, resize, or hide
any silkscreen elements that the footprints contribute.

Let's begin with the logo. There is a recipe titled 29. How to add a
custom logo to the silkscreen' that explains the process in detail. Here, T will
assume that you already have an appropriate logo converted to a KiCad
footprint, added to your footprint library and ready to use. I would like to
place my logo on the ESilkS layer so that it is visible when I am working with
the board.

Select the F.SilkS layer from the layer manager, and then click on the
Add Footprints button from the right toolbar (or just type 'O'). Bring up the
footprint browser, and navigate through the libraries to find your logo. I
selected a small version of my logo and placed it in between the two
capacitors where there is a small amount of available space. In Figure 17.69 1
have hidden the copper filled area to make it easier to see the silkscreen. The
3D Viewer gives a good perspective of what the logo will look like on the
board.

Figure 17.69: The logo, in position.

While I am working with the logo, I will continue to add a larger
version on the bottom silkscreen, as well as some text with the board name,
version, and contact information. I also added the KiCad and OSH logos.
Select the B.SilkS layer before you do all this. When you add elements in the
bottom silkscreen, remember to edit their properties and select '‘Back' from the
board side group (Figure 17.70).
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Footprint Properties
Properties | 3D Settings
Reference: Update Footprint from Library
G+ Edit
value: Change Footprint Footprint Editor
LOGO Edit| placement Type: Move and Place:
@ Through hole Free
Board Side: N Suc t B lockpad
®
Front urface mounl o OCK pads
@ [Back h Virtual Lock footprint
Auto Place:
Rotation: Allow 90 degree rotation: Allow 180 degree rotation:
@® 0.0 0 0
+90.0
B0 0 10 0 10
180.0 Local Settings:
ot Pad connection to zones: Use zone setting
Rotation (-360t0 360):  set clearances to O to use netclass values.
Positive clearance means area bigger than the pad (usual for solder mask)
Negative clearance means area smaller than the pad (usual for solder paste).
X Position: Pad clearance: 0 mm
83.947 mm  Solder mask clearance: 0 mm
Y Position: Solder paste clearance: 0 mm
124.333 mm ,
Solder paste ratio clearance: |-0.000000 %
Sheet path: Note: solder mask and paste values are used only for pads on copper layers

Cancel OK

Figure 17.70: Remember to select 'Back' when you add elements to the B.SilkS.

The silkscreen (front and back) looks like the example in Figure 17.71. 1
have also provided the 3D rendering of the back of the board.
b

B Breadboard
Tech® Power Supply ¥2

Explol

Lxplo

o
) peter@txplore.com
oon

Figure 17.71: Done with logos and informational text.

Continue with tidying up the rest of the silk screen elements. I moved
E.SilkS elements that belong to the various footprints so that they are more
visible (some of them happened to be outside the outline of the board), and
don’t overlap.

Remember that during the schematic design, I added the values of the
capacitors, resistors and other components using the symbol properties
window. For example, I set “470 uF” for the value of one of the capacitors.
These values have been carried across to the layout editor. If we want to make
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them visible on the PCB, we can do so easily. Let’s have a look at how to do
that with the capacitor.

In Figure 17.1, the arrow points to the value of the symbol that was
imported into PCBnew from EESchema. By default, PCBnew will place it in
the F.Fab layer. This layer is typically used as part of the project’s
documentation, or to provide additional information to the fabrication house,

but is not actually printed on the PCB for the end-user to be able to see.

Figure 17.72: The value of the symbol is placed in the E.Fab layer.

If you wish to print at least some of the footprint values on the final
PCB, you should change the layer on which these values exist. Let’s do this for
the 470 uF capacitor. Please your mouse over the value text, and type “E” to

get the footprint text properties window. From the Layer dropdown, select
“F.GilkS”, and click Ok.

Footprint Text Properties

ILayer: Mesiks R~ | @ visible
width: 1 mm Italic

Height: 1 mm Justification: Center v

Thickness: | 0.15 mm Orientation: 0.0 v

Position X: | 37.057 mm Mirrored

PositionY: | 113.117 on Keep Upright

Footprint C1 (470 uF), front side, rotated 270.0 deg

Figure 17.73: Set the Layer property of the footprint text to “F.SilkS” so that it is printed on the PCB
and visible to the end user.

The value is now visible in the silk screen. Most likely, you will need to
position it appropriately so that it exists inside the edge of the PCB. Use the
“M” (move) and “R” (rotate) hot keys to do this.
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Figure 17.74: T have moved the fotnt value text so that it is inside the PCB

You can see the final result in Figure 17.75. I have hidden the bottom

Figure 17.75: The work on the silkscreens is completed.

Step 7: Design Rules Check

We are now one step closer to manufacturing. Before we do that, let’s
make sure nothing is broken by running the DRC one last time.

The DRC does complain about a few things, as you can see in Figure
17.76. The DRC uses small red arrows to point to the offending locations.
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DRC Control x

Messages:
Pad clearances.
Clearance: Track clearances...
Refilling all zones...
Minimum track width: |0.2 mm  Zone to zone clearances...
Unconnected pads..
Minimum via size: (0.4 mm Keepoutareas
Test texts...
Courtyard areas. List Unconnected
items on disabled layers...
& Refill all zones before performing DRC  Finished Delete All Markers

Report all errors for tracks (slower)

Options:

Start DRC

Minimum uVia size: |0.2 mm

& Check footprint courtyard overlap
& Check courtyard missing in footprints

Create Report File:
ssages:
o0
Marker count: 4 Unconnected count: 0

Problems / Markers = Unconnected

ErrType(45): Footprint has no courtyard defined

* @ (52.197 mm,110.363 mm): footprint "G***" has no courtyard defined
ErrType(45): Footprint has no courtyard defined

+ @ (44.577 mm,135.509 mm): footprint "G***" has no courtyard defined
ErrType(45): Footprint has no courtyard defined

* @ (46.355 mm,111.887 mm): footprint "REF**" has no courtyard defined
ErrType(45): Footprint has no courtyard defined

* @ (41.021 mm,118.999 mm): footprint "REF**" has no courtyard defined

29.972 mm Cancel oK

Figure 17.76: The DRC is complaining about missing courtyards.

The problem has to do with missing courtyards of the added graphics.
In particular, the four logos I added are treated as footprints by Pcbnew, even
though they only have a silkscreen layer. Because they are treated as
footprints, a courtyard is expected, and not finding one triggers an error
message.

You can safely ignore these error messages and move on to the next
step.

Step 8: Manufacture
Let’s order this board! I will Use Pcbway for this board. To complete
this step you will need information available in recipes '31. How to make and
test Gerber files' and '32. How to manufacture a PCB with PCBWay'.
In summary:
1. Generate the Gerber files, save them in a new folder
2. Create a Zip archive of the Gerber files folder
3. Upload the Zip archive to Gerblook for a final check
4. If no issues are detected, place your order with your
manufacturer
The details of my order to Pcbway is showing in Figure 17.77. Take care
to enter accurate size information so that you can receive an accurate quote. I
used the Measure Distance tool for this purpose.

257



Product No: PCB file Name:

Product Detail =1

Product Detail

Product No. : W14531ASR5 GerberFile : W14531ASR5_Gerber.zip
Board Type : Single PCB Panel Way:
Size: 52.2 x 30 mm Quantity : 5 Layers : 2 layers
Material : FR-4 TG130 Thickness : 1.6 mm Min Track/Spacing : 6/6mil
Min Hole Size : 03 Solder Mask : Red Silkscreen : White
Gold fingers : No Surface Finish : HASL lead free Via Process : Tenting vias
Finished Copper: 10z Cu Additional Options:

2018-08-20
CreateTime : 8/16/2018 10:08:33 AM Build Time : 3-4 days Estimated Finish Time : China Time

Zone(GMT+8)
Manufacturing :

tal: US $19.00

Figure 17.77: My order details to Pcbway.

17.4. Project extensions

Try these alterations to the first project:

1. Replace the 90-degree corners with rounded corners.

2. Replace the resistors, LEDs, diodes, and capacitors with surface-
mounted components.
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18. Project 2: Design a small Raspberry Pi HAT

18.1. What you will build and list of parts

My motivation for creating this simple Raspberry Pi HAT, is to make it
easier for students of my course Raspberry Pi Full Stack to connect the course
hardware to their Raspberry Pi. Using this HAT, students will be able to
simply snap-on the board, and continue with their study, instead of spending
time manually assembling the components on a breadboard.

In this project, you will create a tiny board for the Raspberry Pi. The
board will contain four SMD components (three resistors and an LED) to help
in reducing its size, a button, and a DHT22 sensor. We'll use a standard 2.54
mm pitch header with two rows to connect the board to the Raspberry Pi. To
secure the board on the Raspberry Pi, we'll also include a mounting hole that
matches the one that is located on the Raspberry Pi board (Figure 18.2).

1 2 3 4 5 6
Outline and Place : Design Rules
Setup constraints components i Copperifills ] Check

1. Define size and shape 1. Critical traces 1. Run DRC

2. Define mounting holes 2. Power 2. Fix error
3. Define cutouts A 3. Everything else A 3. Repeat DRC

1. Setgrid 1. Place components on board 1. Create GND fill 1. Create Gerbers files

2. Set design rules 2. Arrange user interface components 2. Create V+ fill if 2. Verify Gerbers files
3. Arrange in functional blocks necessary 3. Upload Gerbers to manufacturer
4. Complete placement

Figure 18.1: A serialised view of the PCB layout process.

An interesting aspect of this project is that instead of following precisely
the layout process depicted in Figure 18.1, you will iterate between steps 2
and 3.
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Figure 18.2: The board of this project will be similar to the one in the photograph, except that we will
use SMD versions of the resistors and LED.

You will use your experience from the first project to speed up the
process, and at the same time extend your skills.
The board will contain these components:
1. An 8x2 header, female, with the standard 2.54 mm pitch.
2. ATH momentary button.
Two 10 kQ resistors, SMD 0805 package.
One 330 Q resistor, SMD 0805 package.
One red LED, SMD 0805 package.
. One DHT?22 sensor.
For the SMD components, I have chosen the 0805 package because that

SN

is large enough to make hand-soldering possible.
Let’s begin.

18.2. What you will learn

In this project you will learn and practice:

e Adding surface-mounted modules (SMD) to your board

e  Minimising the amount of space needed for a board

e Creating non-rectangular shapes for the board outline

e Adding mounting holes

e How to revise the board outline after you place the footprints in order
to conserve space

18.3. Project repository

This project has a Git repository. You can access it at txplo.re/klpp2.

This repository contains multiple commits at each step of the design
process, as I was going through it. Feel free to clone this repository on your
computer and make any modifications you feel like.
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18.4. Schematic design in Eeschema
Start a new KiCad project, and store the project files in a new folder. I
called mine 'RPi FS HAT.'

Step 1: Setup
Start by creating a new Eeschema file. Setup the page use the Page

Settings window (accessible via the File menu). You can see my setup in
Figure 18.3.

Page Settings x
Paper Title Block Parameters
Size: Number of sheets: 1 Sheet number: 1
A4210x297mm 2 Issue Date
2018-08-16 <<<| |08/16/2018 | v Export to other sheets
Orientation:
= Revision
Landscape
2 Export to other sheets
Custom Size: Title
Height: Wwidth: Raspberry Pi Full Stack HAT Export to other sheets
Company
Layout Preview By Peter Export to other sheets
Comment1
Export to other sheets
Comment2
Export to other sheets
Comment3
Export to other sheets
— Comment4
— Export to other sheets
Page layout description file
/home/peter/Documents/Kicad projects/KLP2/Common files/TechExp |Browse
Cancel oK

Figure 18.3: The page settings.

Continue to Step 2.

Step 2: Symbols

Find the symbols for the components listed below, and place them on
the sheet.

1. A Raspberry Pi B+ (search for the Raspberry symbol).

2. A TH momentary button, (search for the DPST symbol).

3. Two 10 kQ resistors, SMD 0805 package (search for the R’
symbol).

4. One 330 Q resistor, SMD 0805 package (search for the 'R' symbol).

5. One red LED, SMD 0805 package (search for the LED symbol).

6. One DHT22 sensor (search for the DHT11 symbol).

You might be wondering about the Raspberry Pi B+ symbol being listed
above instead of the 2x8 header. And perhaps, why are we using a 2x8 header
instead of a 2x20 header that the Raspberry Pi B+ has. The answer to the full
question is that in the schematic, I would like to depict the wiring of the
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circuit with an actual Raspberry Pi symbol that shows the full pin details, such
as the GPIO and pin numbers. Because of KiCad'’s flexibility, I can then
associate the symbol with any compatible footprints. Instead of going for the
full 2x20 pin header, I opt to go for the 2x8 header. This is because the circuit
only uses pins in the first half of the header, and since I want to minimize the
size of the board, it is beneficial to use the smallest possible header than the
full header.

The Raspberry Pi header is available from the Connector library. You
can find it quickly if you search for it in the Symbol chooser window (Figure
18.4).

Choose Symbol (13144 items loaded) x
Q |raspberry
Symbol Desc
» —History - Recently used items

v Connector

Raspberry Pi_ 2 3
expansion header for Raspberry Pi 2 & 3
Key words: raspberrypi gpio

Reference J?

Value Raspberry_Pi_2_3

Cancel OK

Figure 18.4: The Raspberry Pi symbol.

Go ahead and add the symbols on the sheet. For the resistors, remember
to also set their values via the Symbol Properties window (hover your mouse
pointer over the symbol, and type “E”). In Figure 18.5, you can see the Symbol
Properties for R1, where I have set the Value property to 10 KQ (I am not
worried that I am using a non-ASCII character here because I do not plan to
use the FreeRouting autorouter).
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Symbol Properties X

Fields
Name Value Show H Align V Align Italic Bold Text Size
Reference R1 Right Center 1.270 mm

Value 10l Right Center 1.270 mm

Footprint |Resistor_SMD:R_0805_2012Metric Center Center 1.270 mm
Datasheet ~ Center Center 1.270 mm
i 1 i § Update Fields from Library...
Symbol Orientation Aspect
Library Reference: | Device:R (| ;R 0 O Default
T +90 Mirror around X axis
Unit: v . .
O +180 Mirror around Y axis
Alternate symbol (DeMorgan) 90
Unique ID: [ 5B761A56 | Edit Spice Model... Cancel oK

Figure 18.5: Set the value for R1.

Remember to set the Value property for the R2 (10 kQ), R3 (330 Q2) and
R4 (330 Q2) symbols.
Your sheet should look like the example in Figure 18.6.

12
Raspberry_Pi_2_3

NI <rI aI >

s 55 20
Mm M
é./é i 8L6PIa14,/TXD 10_SD/GPI00RL w2
A%6p1015,/RXD 1D_SC/GPI012E SW.DPST
ﬁ:ﬁPlGié SDA/GPIO2=%° =p e
R? LGPI017 SCL/GPI03d 3~ :
Ijn 42L6pia18/PWMO AT
GCLKO/GPIO4eLe
33L6P1019,/MISO1 GCLK1/GPI0SES
R? 38L6pia20,/MOSI1 GCLK2/GPIO6PL
R H06p1021 /5CLKL
CEL/GPI074E:
d3L6pi022 CE0/GPI082
48Lcpia23 MIS00,/GPI09 5
=i 8Lcp1024 MOS10,/GPI010ES R
7 22cpi025 SCLKO/GPI01123
7 [E] > 3cpiaze
OHTLL| 2 B 43bepia27 PWMO/GPI012cB2
E PWM1/GPI013PS
4]
Sk . R LD
ZEZEXTEZTZTZTZTE
i A A
<o AL AR A A

Figure 18.6: The symbols added to the Eeschema sheet.

Even though I plan to use the DHT22, the available symbol in the
libraries is for the DHT11. Because the two sensors are pin-compatible, you
can still use the DHT11 symbol, and rename it to DHT22. Do that by placing
your mouse pointer over the DHT11 symbol, then type 'E'. In the Symbol
Properties window, change the 'DHT11' value to 'DHT22' (Figure 18.7).
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Symbol Properties x
Fields:

Unit: Horizontal Position: Vertical Position:

Name Value Align left Align top
Reference U? Align center @ Align center
Value DHT11 @ Align right Align bottom
Footprint
Datasheet http://akizul nshi.com/download/ds/aosong/DHT11....

Visibility Font Style:

& show @ Normal

Rotate Italic
Bold

Bold and italic

Field value:
|DHT22|

Symbol ID:

5B761C54 Fontsize: |1.270 mm

Edit Spice Model Position X:|-5.842 mm

Position Y:|-1.143 mm
Reset Field Properties D

Update Field Values

Cancel OK >
Figure 18.7: Change the field value of the sensor symbol.

Your schematic is now consistent with the reality of what you are
designing. Let’s continue with Step 3.

Step 3: Arrange, Annotate, Associate
In Step 3, you will work on the three 'A's: Arrange, Annotate and

Associate.

Arrange

Unlike Project 1, in this project we don’t have a natural flow of electricity
from one end of the schematic to the other. Instead, we have a central
component, the Raspberry Pi, to which we connect the peripherals. With this
in mind, place the footprints on the side of the Raspberry Pi where the pins to
which they will connect, are. The DHT22 sensor will connect to 3.3V, GND
and GPIO17 (physical pin 11), so place it, and its pull-up resistor, on the left
side of the Raspberry Pi symbol. The LED will be connected to GPIO4
(physical pin 7), so place it and its current limiting resistor to the right side of
the Raspberry Pi. The button will be connected to GPIO14 (physical pin 8), so
it, and its pulldown resistor should also go to the left of the Raspberry Pi
(Figure 18.8).
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Figure 18.8: Final placement of the symbols.
Annotate

Next, annotate the symbols using the 'Annotate Schematic Symbols' tool. With
the default settings in the annotator window, the result is shown in Figure
18.9.

|
Raspberry_Pi_2.3

NT &I -—|T By

u o
MM
= =
Mm M
8L6PI014/TXD I0_SD/GPI00L
Swi 40.6p1015/RXD ID_sc/GPIo1RE:
SW_DPST
5 S86pi016 SDA/GPI023-
TR i dbepia17 ScL/GPI03d2o
' d2.6p1018 /PWMO
s 2o e oo 6CLKO/GPI04Le
SA6P1019/MISO1 GCLK1/GPI05R
S8.6p1020,/MOSI1 GCLK2/GPI06RL R3
o A0.6p1021 /SCLKL R
TEL/GPI074E
oi e 43bepia22 TE0/GPI08%
oiias| & 10 2 46L6p1023 MIS00,/GPI09L &
2 = 18.6p1024 MOSI0,/GPI01 0t e
8 — 22.6p1025 SCLKO/GPI01 123 N
Tt ] S24.6p1026
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Figure 18.9: Annotated symbols.



Associate
This is the more interesting part of Step three. There’s a few things to
keep in mind:

1. For the resistors and the LED, instead of using TH (Through Hole)
footprints, we will use SMD (Surface-Mounted Device). Because we
want to attach the board components on the top side of the board, in the
Pcbnew layout we will be routing the pads of those footprints
exclusively on the top copper layer. It is certainly possible to attach
components on the back of the board, but this is rarely done.
Automated pick and place machines can only place components on one
side of the board. If we need to place components on the other side, the
operator will need to flip the panels over. In the footprint library, take
care to choose footprints that have the '0805' package type. This package
has a size of 2 mm x 1.2 mm.

2. For the Raspberry Pi, we don’t want to use a full-sized HAT. As long as
we choose a footprint with enough pins to accomodate for the first 16
pins of the Raspberry Pi (2x8) that we need for the circuit (even though
we are only using 7 of those), and the pin numbers between the
Raspberry Pi symbol and our footprint of choice match, we are free to

pick and choose.

Let’s start with assigning footprints to the resistors. If you want to do
this individually for each symbol, open their properties window, click on the
Footprint field, and click on the Browse Footprint button to bring up the
footprint browser. I prefer to use Cvpcb and save some time. Open Cvpcb,
and choose the Resistor_SMD library from the left pane, and the
0805_2012_Metric symbol from the right. Double click to associate this
footprint with the three resistor symbols.

For the LED, choose the LED_SMD library, and the 0805_2012Metric
footprint.

For the DPST switch, I have found a matching footprint in the
Freetronics library. If you haven’t installed it, download it from the Freetronics
Github repository, and install it. Information on how to do this is available in
the recipe titled '21. Adding a footprint library in Pcbnew'. I have chosen the
SW_PUSHBUTTON_PTH because I have a lot of those pushbuttons in my
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drawers. You can choose an SMD version of the pushbutton if you want to
reduce the size of your board even further.

For the DHT22 sensor, you need a pin header with four pins. The actual
DHT?22 device is manufactured with four physical pins, although only three
are electrically operational. Notice that the schematic symbol shows pins 1, 2
and 4. Those pins will match the footprint pads with the same numbers,
leaving footprint pad 3 unconnected. From the library named
'Connector_PinHeader_2.54mm’, select the footprint with name that ends with
'1x04_P2.54mm_Vertical'.

Finally, for the Raspberry Pi footprint, choose the footprint with title
that ends with '2x08_P2.54mm_Vertical', from the same library.

The associations now look like those in Figure 18.10.

Assign Footprints 0@
File Preferences Help
0| @ > || {3 5310 5
Connector_FFC-FPC - 1 D1 - LED : LED _SMD:LED_ 0805 2012Metric .54mm:PinHeader 1x@3_P2.54mm H’
Connector_HDMI 2 J1 - Raspberry Pi 2 3 : Connector_ PinHeader 2.54mm:PinHeader 2x08_P2.54mm .54mm:PinHeader_ 1x03_P2.54mm_V
Connector_Harwin 3 Rl - R : Resistor_SMD:R _0805_2012Metric -54mm:PinHeader 1x03_P2.54mm_V
Connector_Hirose 4 R2 - R : Resistor SMD:R 0805 2012Metric .54mm:PinHeader 1x03_P2.54mm_V|
Connector_IDC 5 R3 - R : Resistor_SMD:R_0805_2012Metric .54mm:PinHeader 1x04 P2.54mm_H
Connector_ JAE 6 Swl - SW _DPST : freetronics_footprints:SW_PUSHBUTTON PTH . 54mm: PinHeader p: \
Connector_JST 7 u1 - DHT22 : Connector PinHeader 2.54mm:PinHeader 1x04 P2.54mm_'.54mm:PinHeader_1x04 P2.54mm_V
Connector_Molex .54mm:PinHeader 1x04 P2.54mm V|
Connector_Multicomp .54mm:PinHeader_1x@5_P2.54mm_H
Connector_ PCBEdge .54mm:PinHeader 1x05_P2.54mm_V|
Connector_Phoenix_GMSTB .54mm:PinHeader_1x05_P2.54mm_V|
Connector_Phoenix_MC .54mm:PinHeader 1x05_P2.54mm_V|
Connector_Phoenix_MC_HighVol .54mm:PinHeader_1x06_P2.54mm_H
Connector_Phoenix MSTB .54mm: PinHeader 1x06_P2.54mm_V|
Connector_Pin .54mm:PinHeader 1x06_P2.54mm V|
Connector_PinHeader 1.06mm .54mm: PinHeader 1x06_P2.54mm_V|
Connector_PinHeader 1.27mm .54mm:PinHeader 1x07 P2.54mm_H
Connector_PinHeader_2.00mm .54mm:PinHeader_1x07_P2.54mm_V|
Connector_PinHeader 2.54mm .54mm:PinHeader 1x07_P2.54mm_V|
Connector_PinSocket_1.00mm .54mm:PinHeader_1x07_P2.54mm_V|
Connector_PinSocket 1.27mm .54mm:PinHeader 1x68_P2.54mm_H
Connector_PinSocket 2.00mm .54mm: PinHeader 1x08 P2.54mm V|
Connector_PinSocket_2.54mm .54mm: PinHeader_1x08 P2.54mm_V|

Connector RJ - .54mm: PinHeader 1x68 P2.54mm V|-

Filtered by library (Connector_PinHeader_2.54mm): 278
Description: Through hole straight pin header, 1x04, 2.54mm pitch, single row; Key words: Through hole pin header THT 1x04 2.54mm single row

Apply, Save Schematic & Continue cancel oK

Figure 18.10: The final associations table.

Please note: In Figure 18.10, I have selected the PinHeader Connector
“Connector_PinHeader_2.54mm”. This footprint is electrically correct, and, as
you will see in the layout pages, it works. However, the 3D model of the
pinheaded model represents two twos of pins. Remember that the Raspberry
Pi header consists of two rows of pins. By using a pinheaded as the footprint
for the HAT, the HAT’s 3D representation will have pins in place of its header,
which don’t “fit” with the header of the Raspberry Pi.

In Figure 18.11 you can see what the final PCB will look like with a pin
header.
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Figure 18.11: The completed PCB with a pin header

In Figure 18.12:, you can see what the final PCB will look like with a socket
header.

Figure 18.12: The completed PCB with a socket header

Conclusion: If you want the 3D representation of your HAT’s header to
“match” with the header of the real Raspberry Pi, then consider using a
PinSocket_2x08_P2.54mm_Vertical footprint instead of the
Connector_PinHeader_2.54mm I use in Figure 18.10.

Click on the 'Apply, Save Schematic & Continue' button to commit this
work, and then click on OK to dismiss the window.
Let’s jump to Step 4, wiring.

Step 4: Wiring
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Step 4 is straightforward. In the Python scripts for Raspberry Pi Full
Stack, I have configured the LED to be controlled by physical pin 7, the button
to be read by physical pin 8, and the data from the sensor to be read by
physical pin 11. Apart from those pins, the rest are the pins for the 3.3V supply
(physical pin 1) and the GND (there are multiple of those, but I'll use physical
pins 6 and 9).

Go ahead to do the wiring. The result is in Figure 18.13.

11
Raspberry_Pi_2 3

NERe ]

o U
e 22
Mm M
8L.6p1014 /TXD I0_SD/GPI00L
49%cpia15/RXD ID_SC/GPI01fS
R2
R Sbhepials SDA/GPI02d 3+
Ubcpi017 SCL/GPI03 3
hGPI018,/PWMO
6CLKO/GPIO4L
LGPI019,/MISO1 6CLK1/GPIOSES:
LGPI1020,/MOSI 6CLK2/GPIO6P L R3
2| bGPI021,/5CLK1 - |2 R
CEL/GPI07E
i I 4—2:@4022 ﬁ/eplozs:;ﬁ'o
siiasl 2 1o é—ﬂ:emozz M[soommo%é i
& GP1024 MOSI0/GPI0L0~2 N5t
- 26p1025 SCLKO/GPI01123 N
GPI026
ai 36pi1027 Pwmommou:%
[] B PWM1/GPI01353
2ReRaan
= 5 P e ¥
LG] \r? \r.? \l;l’ (GGG
CEREBERE

Figure 18.13: Wiring complete, but not elegant.

While the wiring, as shown in Figure 18.13, is complete and correct, it
isn’t elegant. It has wires crossing over other wires and too many junctions.
We can do better than this, and produce a schematic diagram that is both
correct, and good to look at. Consider these issues when you work on larger
circuits. In Step 5, Nets, you will learn how to reduce the clutter by naming
your nets and removing wires.

Before moving on, run an ERC. The results will contain multiple issues
with the schematic. Specifically, it will complain about passive pins that are
not driven. This has to do with the unused pins on the Raspberry Pi symbol.
To resolve those issues, place the 'unconnected' symbol on each unused pin on
the Raspberry Pi symbol. You will also need to use the PWR_FLAG symbol in
any wire that conveys power. Those are the wires connected to the 3V3 and
GND pins. You can see the updated schematic in Figure 18.14.

269



A1

Raspberry_Pi_2_3
)
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%83h6P1019 /MISOL 6CLKL/GPI052%
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Figure 18.14: The updated schematic with PWR_FLAG and Unconnected symbols.

Time to continue with Step 5.

Step 5: Nets

You already know how to name nets from your work in Project 1, but in
this project, you will also learn how to use named nets in place of wires. In
Step 4, you wired the circuit, but the result is rather messy. What you will do
now is to remove the wires and rely on net names and symbols for KiCad to
about the electrical connections between pins.

Let’s work on the first one. Remove all the wires that go to the GND
pins and connect them to the GND symbol. You can see an example of this in
Figure 18.15.

:0,/GPI04Z
‘1,/GPI0S

12/GPI06 R3
T/GPI07
0,/GPI08
10,/GPI09
1/GPI010
1/GPI011

1/GPI012
./GPIO13

Figure 18.15: Using the GND symbol in place of a wire to the GND pin.

Another simplification you can do on the schematic is to replace the signal
wire that connects the button to pin 8 on the Raspberry Pi symbol with net
labels. Delete the wire, and place a net label on the Raspberry Pi pin 8 and the
output of the button. I am using the name 'button_input' for this label (Figure
18.16).
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Figure 18.16: A wire feplaced with net labels.

One more modification left to do is to replace the 3.3V wires with labels.
You can see the result in Figure 18.17.

M
—— = =
a
X / S
= 1 sl
3 28 L0
:‘ <>_3V3 1
z button_input 8Lp1g14,/7xD ID_SD/
gad s20GPI015 /RXD ID_SC/
SW_DPST R2
: 0 R »&8hcpio16 SDA/
e ; = 11k cpig17 scLy
i 2
; ) »2LGP1018,/PWMO
button_inpu GCLKO/
s83hLGPI019 /MISO1 GCLK1/

Figure 18.17:The 3.3V wires are replaced with net labels.

Before finishing this step, let's name the remaining of the wires. I used
names like 'button_input', 'led’, 'sensor_data' and 'GND'. The final schematic
is in Figure 18.18.

0 1
n Raspberry Pi_2_3
| T ~|
3V3 ad 5%
9 .
< butten_input 8Lcpg14 /730 ID_SD/GPI00EA
swi 504 *O5GPI015 /RXD ID_sc/GPIa1
SW_DPST = R2 o 3
: R s86LcpPI016 SDA/GPI02e3x
33 : 1 116pI017 SCL/GPI03e 3%
. : ¥ 2cpia18,/PWMO
button_inpu @ GCLKO/GPIO4 7 led
I 538L6pI019/MISO1 GCLK1,/GPI052%
s 5 >38api020/MosIt GCLK2/GPIa6EI
g 0hGPi021/5CLK1
R = a o b
2 CET/GPI07528
i1 [ $43b6ri022 TE0/GPIoa=2%
bisa| 2 102 sd6hcpi023 MIS00,/GPIage2
z s&Bhcpio24 M0S10,/GPI0105E%
= 2GPI025 SCLKO/GPI01123¢
$82GPI026
GND s&3bcpi027 PWMO/GPI01 252
3> PWR_FLAG PWM1,/GPI01 30
~F =R~~~ =]
o i EREAREE L
GNGND
Figure 18.18: Final wires are labeled.

The net naming step is complete, let's move on to do the Electrical Rules

Check.
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Step 6: Electrical Rules Check

Although you have been doing electrical rules check during the wiring
process, let’s do one more to detect any last-minute issues.

Got the all-clear (an empty Error list)? Let’s move on to Step 7.

Step 7: Comments

Let’s add some informative comments. At the very least, I include
component values, like that of the resistors. I used boxes to mark-up
functional blocks and named them. The final schematic is in Figure 18.19.

[

2

&
2 - Sensar i L A Raspberry_pi2.3
i B D0
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1= y.hutton < buttan_input BLep 1014 /TxD ID_SD/GPI00H
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Figure 18.19: The final schematic.

Let’s get into the next and final step where you will export the netlist
file.

Step 8: Netlist

You have finished with the schematic, and the ERC is clear of errors. All
that is left to do is to produce the Netlist file so you can continue with the
layout process. Click on the Netlist button, accept the default settings in the
Pcbnew tab, and click on 'Generate Netlist' to produce the file. Accept the
default netlist name, for consistency. Close the windows.

You should have these 6 files in the project folder (Figure 18.20).
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Figure 18.20: Checking the project files.

RPi FS HAT )

Let’s continue with the layout process, where you will import the .net

file into Pcbnew.

18.5. Footprint layout in Pcbnew
Let’s start the layout process. To do this, you will follow the process

illustrated in Figure 18.1.

Step 1: Setup

For this project, I will use the same grid, layer, and design rules settings

as those in the first project. I'll be using the same manufacturer, so I do not

need to make any changes to the minimum values for things such as the drill

size and the track width. I will only customise the text of the page settings

window since this project does have its own name (Figure 18.21).

Size:

Paper

A4210x297mm

Orientation:

Landscape

Custom Size:

Height:

width:

Layout Preview

Page Settings

Title Block Parameters

Issue Date
e

Revision
2

Title
Raspberry Pi Full Stack HAT

Company
Tech Explorations

Comment1
Designed by Peter
Comment2
Comment3

Comment4

Page layout description file
/home/peter/Documents/Kicad projects/t

Cancel
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Figure 18.21: Project 2 Page Settings.

Before you set up the design rules, import your netlist file. This will
allow you to allocate the nets to the appropriate net class. My setup is
showing in Figure 18.22.

Design Rules Editor x

Net Classes Editor | Global Design Rules
Net Classes:

Clearance Track Width | Via Dia| Via Drill| uVia Dia uVia Drill | Diff Pair Width  Diff Pair Gap

Default 0.2 0.25 0.8 0.4 03 0.1 0.2 0.25
Power 0.3 0.3 1 0.6 0.3 0.1 0.2 0.25

Add Remove Move Up

Net Class Membership:

Power v Select All *(Any) v Select All

Net  Class Net Class
/3V3  Power Default
GND  Power /button_input  Default
/led Default
/sensor_data Default
Net-(D1-Pad2)  Default
Net-(J1-Pad10) Default
Net-(J1-Pad12) Default
Net-(J1-Pad13) Default
Net-(J1-Pad14) Default

Cancel OK

Figure 18.22: Design rules and net classes.

Continue with the outline and the mechanical constraints.

Step 2: Outline and constraints
The mechanical constraints that will influence the outline of this board

depends primarily on the pin header, and the mounting hole. These two
factors are constrained by the mechanical design of the Raspberry Pi. On top
of that, we have to allow for enough room for the components, although this
will be much easier to do compared to the first two.

After importing the netlist, the 8x2 pin header is already on the Pcbnew
sheet, and it has the correct geometry. We can draw the outline of the board
around this footprint and then continue with the mounting hole. We will have
to make a precise measurement on a real Raspberry Pi to determine the exact
position of the hole in relation to the pin header. My calliper says that the
centre of the hole is 5.30 mm away from the centre of pin 1, and has a
diameter of 2.95 mm.

Move the header away from the footprint bundle. You should also
rotate it so that the footprint is in a horizontal position, with pin 1 (with the
rectangular pad shape) placed towards the inside of the board. This is the side
of pin 1 on the actual Raspberry Pi. Then, create the mounting hole. Proceed
as follows.
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Select the Edge.Cuts layer.
Click on the circle button from the right toolbar.
Place your mouse in the middle between pads 1 and 2.

= LN =

Press the space bar to reset counters dx and dy.

5. Move the mouse towards the left until the dx shows a value as
close as possible to 5.30.

6. Click to draw the circle.

7. Keep an eye on the left side of the status bar where the circle
radius is displayed; draw the circle to a radius of approximately 1.47 mm (half
the diameter I measured earlier).

With my grid setting of 0.127 mm, I was able to position the centre of
the hole at 5.33 mm away from the centre of pins 1 and 2 and to create a hole
with a radius of 1.397 mm. If you use the 3D viewer now, the circle you just
created will appear solid instead of hollow. That is because there is not a
closed outline around it. Let’s create the actual board outline next. You can see
the result of this work in Figure 18.23.

Shape Radius @ (142.621 mm,116.840 mm) Layer width
Circle 1.397 mm @ (141.224 mm, 116.840 mm) Edge.Cuts 0.150 mm

Figure 18.23: The mounting hole and pin header in position.

For this outline, I would like to draw rounded corners instead of 90-
degree ones. To learn how to do this, please read the recipe titled '33. Rounded
corners'. As my constraints are the header, the mounting hole, and the
minimum space need to place the rest of the footprints within the outline, I
will go ahead to draw the outline. I am open to the possibility that after I add
the components inside the outline, I may need to redraw parts of the outline
to improve the design. You can see the final outline in Figure 18.24.
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Figure 18.24: This outline looks ok for now.

With this outline, let’s move to Step 3 and place the components within
it. If needed, we can make improvements to it.

Step 3: Place components

The board only has a button and LED as a user interface. I placed the
button first in one of the corners of the board where it will be easily accessible.
Then, I placed the sensor header along the bottom edge and took care to orient
pin 1 towards the corner so the when the sensor is installed, its grill is facing
outwards. This will keep the space behind it free to place the LED and
resistors (Figure 18.25).

Figure 18.25: The board with the footprints positioned.

I selected the SMD components and used the context menu to distribute
them horizontally.

My first drawing of the outline seems to be appropriate for
accommodating the footprints. I will leave it as it is. If you wish to make
changes, you can simply delete a segment of the outline and redraw it as you
wish.

Step 4: Route

This is a small circuit, perfect for practicing your manual routing skills.
Remember that you can use the FreeRouting autorouter if you wish. Learn
how to do this in the recipe 'Using an autorouter'.

To route this board, start with any tracks that convey power since there
are no tracks that we can legitimately call 'critical’. The power tracks are those
with net names '3V3' and 'GND'. Then continue with the rest.

After this work, the board looks like the example in Figure 18.26.
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Figure 18.26: Routing complete, although one ratnest line remains.

The use of SMD components in place of TH means that we need fewer
vias, and we have more of the board available for routing since board real
estate is not lost.

The board in Figure 18.26 contains one remaining ratnest line (the one
that connects pins 6 and 9). I left that on purpose. In the next step, you will
create the GND copper filled zone. Based on the project’s design rules, the
copper fill will be connected to any GND pads through reliefs when we create
the copper fills. By leaving this last ratnest line as it is, we don’t need to create
a new trace.

One last thing to do before continuing with Step 5, is to run the design
rules check. When I ran mine, two errors were reported (Figure 18.27).
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[ DRC Control x

Options: Messages:

Pad clearances...
Clearance: Track clearances...
Refilling all zones...
Minimum track width: |0.2 mm  Zone to zone clearances...
Unconnected pads...
Minimum via size: 0.4 mm Keepoutareas... Start DRC
Test texts...
Minimum uVia size: [0.2 mm Courtyard areas... List Unconnected
Items on disabled layers...
& Refill all zones before performing DRC - Finished Delete All Markers

Report all errors for tracks (slower)
& Check footprint courtyard overlap Delete Current Marker
& check courtyard missing in footprints

Create Report File:

Error Messages:
Marker count: 2 Unconnected count: 0

Problems / Markers | Unconnected

ErrType(4): Track near pad

* @ (147.955 mm,116.840 mm): Via 0.800 mm net [] (0) on layers F.Cu/B.Cu
Ease(arsssmm f1sg10mm):Ead lon ko B.cou Integnal Non:coppenof Jisssssss sl
ErrType(45): Footprint has no courtyard defined

Cancel

Figure 18.27: The 'Track near pad' error must be fixed.

One error had to do with the proximity of a via to a pad. This is marked
with a red arrow. This is a violation of the design rules, so it must be fixed
before continuing. I fixed the error by deleting the trace segments that connect
to the via, moved the via downwards and away from pin 1 of the button, and
then restored the traces.

The other error was about a missing courtyard for the button footprint. I
can ignore this one because it does not affect the functionality of the board.

Let’s move on to Step 5.

Step 5: Copper fills

In this step, you will create a copper filled zone in the back copper layer,
and connect it to the GND net. Follow the process described in the recipe '25.
Creating copper fills'. The result is shown in Figure 18.28.

00000000
qooo@ooog
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Figure 18.28: The GND copper filled zone, in green.

As I suspected, the filled zone is connected to the GND pins 6 and 9 of
the 2x8 pin header. This removed the ratnest line that connected these pins
earlier.

Run the design rules check one more time to ensure that there are no
violations. Apart from the courtyard error for the button footprint, the list
should be clear.

Let’s work on the silkscreen next.

Step 6: Silkscreen
In the front and back silkscreen layer, I would like to:
1. Provide information about the values of the resistors.
Clearly mark the anode and cathode of the LED.
MarK the sensor pin names.
Mark the Raspberry Pi pin to which the button is connected to.
Mark the Raspberry Pi pin to which the LED is connected to.
Add the board name and version number.

NSO e

Add contact information.

8. Add alogo and other graphics.
All this information will make assembly easier and will assist the user

when she is working on her Python script without having to look at the board
schematics and probing with a multimeter. To figure out which GPIO to use in
their script to control the LED, they only need to look at the board.

Not all of this information will fit in the front of the board, so we will
use the back silk screen.

Let's begin with the resistor values. We provided those values in the
schematic, and they were carried over in the layout, but are available in the
E.Fab layer. This is not visible in the final board, so you will need to change
the layer of this text to F.SilkS. You can do this through the Footprint Text
Properties window. Place your mouse pointer on the text and type 'E' to show
the properties window. Then, change its layer to 'E.SilkS (Figure 18.29).
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Footprint Text Properties X

Footprint R3 (3300Q) orientation 0.0

Vilie: Display: Style:

’ et @ visible @® Normal
width: (mm): 1 Invisible Italic
Height: (mm): 1 (?riemtanom:

@® 0.0
Thickness: (mm): |0.15 +90.0
Offset X: (mm): 0 -90.0
180.0
Offset Y: (mm): 1.65
Other
Layer: WFsilks

Rotation (-180.0 to 180.0)

Unlock text orientation

Cancel OK

Figure 18.29: Changing the layer of the footprint text properties.

Do the same for the rest of the text labels of the SMD components
(Figure 18.30).

Figure 18.30: The SMD component text is in the ESilkS layer.

These are the other changes or additions I made in relation to text
labels:
1. Iplaced a 'C' character (for 'cathode') next to the cathode pad of
the LED.
2. Ichanged the layer of the DHT22 text label to 'E.SilkS'".
3. T'added labels 'GND', 'DATA', and '3V3' to the sensor pins.
The front silkscreen is complete (Figure 18.31).

Figure 18.31: The E.SilkS text labels.

In the back silkscreen, I will place the rest of the elements. Those are
items 4 to 8 from the list at the start of this chapter.
Click on the B.SilkS layer from the layers manager, and add:
1. The text 'Button: GPIO14, LED: GPIO4' (Figure 18.32)

280



2. The text 'Raspberry Pi Full Stack Version 2'
3. The text 'peter@txplore.com'
4. The Tech Explorations logo.

Text Properties x
Text:
Raspberry Pi
Full StackT,
Version 2
width: (mm): Position X: (mm): Layer: Display:
0.8 167.894 M ssilks : | | Mirrored 32
Height: (mm): PositionY: (mm): Style: Justification:
0.8 121.539 Normal 2 || Left

Thickness: (mm): Orientation (deg):
0.2 0.0

Cancel OK

Figure 18.32: Reduce the size of the text to make it fit in small areas.

For the text, I reduced the size of each character to 0.8 mm width and
height to make it fit in the small amount of space available.
You can see the end result in Figure 18.33.
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Figure 18.33: The final board.

Let’s run a final design rules check, in the next step of the process.
Step 7: Design Rules Check

The DRC reports only two courtyard related issues, that you can safely
ignore since they don't affect the operation of the board (Figure 18.34).
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DRC Control x

Options: Messages:
Pad clearances...
Clearance: Track clearances...
Refilling all zones...
Minimum track width: |0.2 mm Zone to zone clearances...
Unconnected pads...
Minimum via size: |0.4 mm Keepoutareas... Start DRC
Test texts...
Minimum uVia size: |0.2 i courtyard areas... List Unconnected
Items on disabled layers...
& Refill all zones before performing DRC  Finished DalotaAllMackers

Report all errors for tracks (slower)
& check footprint courtyard overlap
& check courtyard missing in footprints

Create Report File:

Error Messages:
Marker count: 2 Unconnected count: 0

Problems / Markers | Unconnected

ErrType(45): Footprint has no courtyard defined

* @ (150.876 mm,127.508 mm): footprint "SW1" has no courtyard defined
ErrType(45): Footprint has no courtyard defined

* @ (152.654 mm,121.666 mm): footprint "G***" has no courtyard defined

Cancel OK

Figure 18.34: Courtyard issues don’t affect the operation of the board.

The design work for this board is complete, so lets continue with the
manufacturing step.

Step 8: Manufacture
In this final step, you will upload your board to your manufacturer’s
website. I will use PCBway, as usual, so I will need to:
1. Export the Gerber files.
2. Create a Zip archive that contains the Gerber files.
3. Test the archive is valid by uploading it to gerblook.org.
4. If the archive is valid, follow the ordering process on the
manufacturer’s website.
I exported the Gerber files as I did for project 1. The validation did not
reveal any issues.
In Figure 18.35 you can see how I used the “Add Dimension” tool from
the right tool bar to measure the horizontal and vertical size of the board. I
manually copied the result (27.940 mm and 17.653 mm) to the manufacturer’s
order form so I can receive an accurate quotation. The dimensions that appear
in Figure 18.35 are embedded in the Gerber files (in the bottom silk screen
layer, though they will not be printed because they are outside the edge cuts),
but are not parsed at by the manufacturer.
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Figure 18.35: The board dimensions.

You can see my manufacturing choices in Figure 18.36.

@ PCB Specification Selection @“‘ Om@ @
© Single pieces Panel by Customer Panel by PCBWay
1 g
T B e K X
X mm inch'~mm . ’ P o
= o Single Size panel Size

[ oo B

fil!',
ZG e | | ©
=

Figure 18.36: Pcbway.com provides multiple options; I particularly like the choices of solder mask and
silkscreen colours.

And, finally, the order details:
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Product Detail

Product Detail

Product No. :

Board Type :
Size:

Material :

Min Hole Size :

Gold fingers :

Finished Copper:

CreateTime :

Manufacturing :

W14531ASR6

Single PCB
27.94 x 17.65 mm
FR-4 TG130

0.3

No

loz Cu

GerberFile :
Panel Way:
Quantity :
Thickness :
Solder Mask :

Surface Finish :

Additional Options:

8/18/2018 8:30:04 AM Build Time :

W14531ASR6_Gerbers.zip

5
1.6 mm
Blue

HASL lead free

3-4 days

Layers :
Min Track/Spacing :
Silkscreen :

Via Process :

Estimated Finish Time :

Figure 18.37: The order details.
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6/6mil
White

Tenting vias

2018-08-22
China Time
Zone(GMT+8)

Total: US $18.00



19. Project 3: Arduino clone with build-in 512K
EEPROM and clock

19.1. Project details

In this project, you will build on the knowledge and skill of the
previous two projects and design an Arduino-compatible board using, mostly,
surface-mounted components. The board will contain a microcontroller, two
EEPROM modules, a clock and calendar module, two crystal oscillators, and
several SMD-sized resistors, capacitors, and LEDs. In addition, it will include
headers for connecting peripherals to the microcontroller.

All this, in a relatively small board, measuring 44x28 mm. Working on
this board will give you the opportunity to explore some of KiCad’s powerful
features, such as splitting schematic diagrams into more than one sheet, using
an autorouter, and converting a two-layer board into a four-layer board.

The name I have given to this board is '‘Battery powered Arduino with
clock and extended EEPROM'. Or, let’s call it 'BACEE/, for short.

Here is the list of components:

Component Description Part
1 Battery (multiple cells) Battery
2 Polarised capacitor CP1
3 Unpolarized capacitor C
4 LED generic LED
Generic connector, single
5 row, 01x09, script generated Conn_01x09_
(KiCad-library-utils /schlib/ Male
autogen/connector/)
Generic connector, single
6 row, 01x04, script generated Conn_01x04_
(KiCad-library-utils /schlib/ Male
autogen/connector/)
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10

11

12

13
14
15
16

Generic connector, double
row, 02x03, odd/even pin
numbering scheme (row 1 odd
numbers, row 2 even
numbers), script generated
(KiCad-library-utils /schlib/
autogen/connector/)

Generic connector, single
row, 01x04, script generated
(KiCad-library-utils /schlib/
autogen /connector/)

Resistor, for LED

Resistor, pull-up for RESET

I2C Serial EEPROM,
1024Kb, DIP-8/SOIC-8/
TSSOP-8/DFN-8

IC MCU 8BIT 32KB FLASH
32TQFP

Clock/timer IC

Two pin crystal

Two pin crystal

Resistor, pull-up, for 12C

Conn_02x03_
Odd_Even

Conn_01x04_
Male

R (330 Q)
R (10 kQ)

241.C1025

ATMEGA328
P-AU

DS13375+

Crystal

Crystal

R (10 kQ)

I designed this board because I wanted an Arduino-Uno compatible

board, small in size, that I can power using alkaline batteries. I'd like this

board to be able to keep the time, to have sufficient build-in memory for data

logging, and to be able to connect a variety of sensors using standard headers.

I also wanted a design that I can use as a basis for other similar projects. For

example, I can design a variation of the base BACEE board with an integrated

environment sensor, or wireless communications.
In Figure 19.1, you can see the four-layer 3D rendering of the board. The

Atmega328P-PU MCU is in the centre of the board. The headers and the

indicator LED are placed along the edges. Using SMD components helps to

keep the board size to a minimum. I selected SMD packages that are large

enough to be hand soldered.
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Arduino clone with
— 2Mbit EEPROM

- Clock & calendar
= 12C, SPI & GP(Os
R2 A project from

Kicad Like a Pro
from Te

32768kHz
]GND Y1

B
P-on

Figure 19.1: The outcome of this project.

For the most part, we will follow the schematic and layout design
processes depicted in Figure 19.2 and Figure 19.3.

Arrange, . Electrical
Symbols annotate, Rules Check comments

associate

1. Add symbols to sheet = 1. Signals 1. Run ERC 1. Add text
2. Create symbols if : 2. Power : 2. Fix errors information
needed : (PWR_FLAG) : 3. Repeat ERC 2. Add graphics

1. Arrange symbols in functional 1. Customise net names :
blocks :

2. Annotate symbols :
3. Associate with footprints H
5

Figure 19.2: The schematic design process.

1 2 3 4 5 6
Outline and Place : Design Rules
Sy constraints components i Czariills Check

1. Set grid
2. Page settings

E 1. Define size and shape E 1. Critical traces E 1. Run DRC E
2. Define mounting holes 2. Power H 2. Fix error
E 3. Define cutouts ' 3. Everything else : 3. Repeat DRC '
1. Set grid 1. Place components on board 1. Create GND fill 1. Create Gerbers files
2. Set design rules 2. Arrange user interface components 2. Create V+ fill if 2. Verify Gerbers files
3. Arrange in functional blocks necessary 3. Upload Gerbers to manufacturer
4. Complete placement

Figure 19.3: A serialised view of the PCB layout process.

However, as you are now more skilled in this type of work, you will feel
free-er to iterate through the steps. For example, during the layout work, you
may decide to redraw the outline of the board after you complete the footprint
placement in order to accommodate a header. You can do that easily by
adjusting your drawings in the Edge.Cuts layer.

Let’s begin.
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19.2. Project repository
This project has a Git repository. You can access it at txplo.re /klpp3.
This repository contains multiple commits at each step of the design
process, as I was going through it. Feel free to clone this repository on your
computer and make any modifications you like.

19.3. Schematic design in Eeschema
Start a new KiCad project, and store the project files in a new folder. I
called mine 'BACEE'".

Step 1: Setup

Start by creating a new Eeschema file. Setup the page use the Page
Settings window (accessible via the File menu). You can see my setup in
Figure 19.4.

Page Settings x
Paper Title Block Parameters
Size: Number of sheets: 1  Sheet number: 1
A4210x297mm = Issue Date
2018-08-20 <<<| |08/20/2018 | v | [ Exportto other sheets
Orientation:
Revision
Landscape
2 & Export to other sheets
Custom Size: Title
Height: width: ttery powered Arduino clone with Extended EEPROM| [ Export to other sheets
Company
Layout Preview Tech Explorations & Export to other sheets
Comment1
Designed by Peter & [Export to other sheets

Comment2
Export to other sheets

Comment3
Export to other sheets

_— Comment4
[ Export to other sheets

Page layout description file
/home/peter/Documents/Kicad projects/KLP2/Common files/TechExp| | Browse

Cancel OK

Figure 19.4: The page settings.

Notice that this time, I have checked the 'Export to other sheets'
checkboxes. This is because I will be using hierarchical sheets to spread-out
the schematic design. By checking the export boxes, the information of the
page settings will be copied across the sheets.

Continue to Step 2.

Step 2: Symbols

Most of the symbols you will need for this schematic are available in the
build-in symbol libraries, or in third-party libraries that you can install. Here
is a list of the symbols, including the libraries in which you can find them:
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1. The Atmega328p-AU symbol, in the Digikey library:
dk_Embedded-Microcontrollers: ATMEGA328P-AU

2. The 24L.C1025 EEPROM module x 2:
Memory_EEPROM:24L.C1025
Crystal oscillators x 2: Device:Crystal
Non-polarised capacitors x2: Device:C
Polarised capacitor: Device:CP1
Resistors x 2: Device:R
LED: Device:LED
Battery connector: Device:Battery

O 0 NS Ww

I2C connector: Connector:Conn_01x04_Male
10. Serial connector: Connector:Conn_01x04 Male
11. ICSP (SPI) connector:
Connector_Generic:Conn_02x03_Odd_Even
12. Digital pins (GPIO) connector: Connector:Conn_01x09_Male
13.  GND symbol
14. PWR_FLAG symbol

To keep the schematic clean and readable, eventually, you will place the
connector symbols (9, 10, 11 and 12) in a separate hierarchical sheet. Learn
how to create hierarchical sheets in the recipe with the title '43. How to use
hierarchical sheets.'

For the DS1337S+, I made a custom symbol because I could not find one
with the exact pin configuration for this module. Create one too. You can use
the example in Figure 19.5 for guidance. You should also use information from
the component datasheet to help with the design. The datasheet is available at

this location!? (footprint information) and this location® (full datasheet). To
learn how to design a custom symbol, please read the recipe titled '35.

Creating a new component (symbol)'.

Y https:/ / pdfserv.maximintegrated.com/ package_dwgs/21-0041.PDF, visited December 12,
2018.

20 http:/ /www.farnell.com/ datasheets / 74348.pdf, visited December 12, 2018.
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Figure 19.5:The only custom symbol for this project.

Start with the root sheet (the default sheet), and add items 1 to 8, 13 and
14. Remember to set the property values, especially for the capacitors and the
resistors. R1 is 330 €3, R2 is 10 k(, C1 and C2 are 22 pF, and C3 is 10 uF.

The sheet should look like this example in Figure 19.6.
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Figuré 19.6: The symbols in the root sheet.

Then, create a new hierarchical sheet. To learn how to work with

hierarchical sheets, please read the recipe titled '43. How to use hierarchical

sheets'. Give the new sheet a reasonable name. Since it will contain connector
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symbols, a good name is 'Connectors.'. In the new sheet, add symbols 9 to 12
(Figure 19.7).

Ji2
Conn,()biOLLMale

-—

42
Conﬂ,(Jl)iO#,Male

J2
Conn_Ol)i(JQ_Male
1?
Conn_02x03_0dd_Even

3 4

e
o
PE
i
- 5 6
TEX
Lo
s
TN

Figure 19.7: The contents of the Connectors sheet.

Continue with Step 3.

Step 3: Arrange, Annotate, Associate

In Step 3, you will work on the three 'A's: Arrange, Annotate and
Associate.

Arrange

Unlike the previous projects, project 3 has a higher number of symbols
and pins to connect. If we use only wires for the connections, the end result
would be hard to read. Instead, we will use a combination of wires and,
mostly, labels. We reserve wires only for those pins that are in near proximity.
For everything else, we’ll use net labels.

With this in mind, place the symbols in functional groups, allowing for
sufficient space between the groups to make the schematic comfortable to
work with and read.

In the root sheet, my schematic looks like the one in Figure 19.8.

DS13375+
il

él" a2 e o A *T“’TfT
st o2fx2 scu (8o A e P03 EXY
o INTA s S04 [Bo @ l%lm,‘
l 0
1l toe —l’—nv
02 —r—cp _T_i“m
)
7 nd
U

b

pr

Figure 19.8: The current state of the root sheet.
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In the Connectors sheet, things are much simpler since we only have the
four connector symbols (Figure 19.9).

J?

42 Cann_Ol:iolo_Male
—_—

Ccnn_ﬂiiﬂh_Male

-—— 2

2

Conn_Oi)iOQ_Male i
=_—

Conn_02x03_0dd_Even

2 1 2

3 3 4
-—

4 B 6
-—

Figure 19.9: The current state of the Connectors sheet.

Annotate
Annotate all symbols by clicking on the Annotate Schematic button. The
symbols in both sheets will get a unique designator.

Associate

The symbol to footprint association will require a lot of your attention.
All of the components in this project are available in multiple packages. The
crystal oscillators can come in a variety of sizes, and with two or four pins.
The passive components, like the resistors and the capacitors, also come in a
variety of widths and lengths. And the integrated circuits, like the clock/
calendar module, can come in a multitude of packages, like DIP, MSOP, SOIC,
and the ultra-small uSOP, with 8 or 16 pin configurations. You will need to
spend a lot of time pouring over manufacturer datasheet and supplier
websites to find the package that is available for purchase and that fits with
your design requirement before you make the associations here.

In my design, I used SMD components that are reasonably easy to
solder by hand. For the resistors, capacitors and the LED, this means 0805
packages. For the ICs, I chose the largest SMD packages available for each
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one. You can see my choices in Figure 19.10. I used Cvpcb to make the

associations in bulk.

Reference Value Footprint
BT1 Battery 3V |Connector_PinHeader_2.54mm:PinHeader_1x02_P2.54m m_
>(C1,C2 22 pF Capacitor_SMD:C_0805_2012Metric_Pad1.15x1.40mm_Han
c3 10 uF Capacitor_SMD:C_0805_2012Metric_Pad1.15x1.40mm_Han
D1 LED LED_SMD:LED_0805_2012Metric_Pad1.15x1.40mm_HandSo
J1 GND_rail Connector_PinHeader_2.54mm:PinHeader_1x05_P2.54mm_
J2 I12C connector Connector_PinHeader_2.54mm:PinHeader_1x04_P2.54mm_
J3 Digital pins Connector_PinHeader_2.54mm:PinHeader_1x09_P2.54mm_
Ja Serial connector Connector_PinHeader_2.54mm:PinHeader_1x04_P2.54mm_
J5 ICSP connector Connector_PinHeader_2.54mm:PinHeader_2x03_P2.54mm_
J6 5V_Rail Connector_PinHeader_2.54mm:PinHeader_1x05_P2.54mm_
> J7-J26 Conn_01x01_Female |Connector_Pin:Pin_D1.0mm_L10.0mm_LooseFit
R1 330Q Resistor_SMD:R_0805_2012Metric_Pad1.15x1.40mm_Hand!
> R2,R3 10kQ Resistor_SMD:R_0805_2012Metric_Pad1.15x1.40mm_Hand'
> U1,U3 241L.C1025 Package_SO:SOIJ-8_5.3x5.3mm_P1.27mm
U2 DS1337S+ Package_S0:S0-8_5.3x6.2mm_P1.27mm
u4 ATMEGA328P-AU digikey-footprints:TQFP-32_7x7mm
Y1 Crystal 32768 kHz Crystal:Crystal_SMD_MicroCrystal_CC7V-T1A-2Pin_3.2x1.5n
Y2 Crystal 16MHz Crystal:Crystal_SMD_5032-2Pin_5.0x3.2mm_HandSoldering

Figure 19.10: The final associations table.

Before you continue with Step 4, edit the values of the symbols as per
Figure 19.10. For example, edit the C3 capacitor that is connected to the

battery to be 10uF, and so on.
Important: use Latin characters for the values ('u' instead of
'u' and 'Ohm' instead of 'Q'), instead of the Greek ones.
This is because the FreeRouting autorouter which you will use
during the layout process has a bug which causes it to freeze
when symbol values contain non-ASCII characters.

Let’s jump to Step 4, wiring.

Step 4 and 5: Wiring and Nets

In this project, you will use net labels to do almost all of the wiring in
place of regular wires. You will also use hierarchical labels and pins to
'connect’ the pins of the symbols in the two sheets that make up this project.

In the previous projects, in Step 4 we simply focused on doing the wiring,
using wires. As a consequence, we allocated names for the various nets in Step
5. Because I have chosen to use named nets to do most of the wiring, I am
combining Steps 4 (wiring) and 5 (nets) into a single step.
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To improve readability and reduce the risk of defects, I choose to draw the
schematic and do the wiring with the following attributes:

1. Group the components according to function. The micro-controller unit
and its supporting symbols will consist one group. The EEPROMs,
another. The clock, another. And the connectors, another group.

2. To reduce clutter in a single page, I will use hierarchical sheets. I will
place the bulk of the symbols on the root sheet, and the connectors in
the child sheet.

3. Also to reduce clutter and the risk of error, I will use named nets to
connect pins, instead of wires.

I find it more logical to start the labelling process in child sheets, and
then work my way up to the parent. This way you can be sure that once the
parent (root) sheet is complete, the wiring is also complete.

Go over to the Connectors sheet. Because we want to connect the pins of
those connectors to nets that exist in the root sheet, we will use hierarchical
labels. For any connections that exist within the sheet (i.e. that don’t make any
references to nets outside the sheet), you can use regular net labels. Let’s start
with the ICSP connector. Click on the hierarchical label tool to select it and
label the ICSP connector as in this example in Figure 19.11. If you don’t know
how to do this, review the recipe titled '43. How to use hierarchical sheets'.

J5
ICSP connector
MISO G—t 2 _Avee
SCK o2 4 _aMos|
RESET 2 6 _qGND

Figure 19.11: The hierarchical labels of the ICSP connector.

Continue with the rest of the connectors in this sheet. The finished
sheets is in Figure 19.14.
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12¢ coanector Serial iqnnectnr
-TCIGND q JEND
== _Ncc 2
3 —=Vcc
=—=0SDA 24 a
-LOSCK R
-4 N1
13 15
Digitai pins ICSP . cannectar
TR MISO A2 avee
-t 0503 3 4
3 SCK< IMQSI
D RESET g2 6 _G6ND
=005
-8 dano
-LGVCC

Figure 19.12: Completed labelling in the Connectors sheet.

Switch over to the root sheet. I suggest you start with the central symbol,
the Atmega328 microcontroller. Use labels to mark all communications pins
(I2S and SPI), as well as the GPIOs that you want to break out to the digital
pins connector. Use wires only for the external 16MHz oscillator, led, reset line
and battery. Don’t forget to use the Unconnected symbol for any pins that are
not connected to a net. You can see the current version of the root schematic
sheet in Figure 19.13. You can download a high-resolution version of the
schematic in PDF format by visiting txplo.re/klpr.

A few additional points to notice:

e Use wires to connect symbols that belong to the same functional group
together.

* Use net labels to connect pins across functional groups.

e Use the PWR_FLAG to mark the Vcc net as a power net and prevent
related ERC errors
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Ni — Clock/Calendar

N2 — Atmega328P—PU with oscillator and battery

File: prototyping_area.sch
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J PDO
GND GNDPWR PDL
321 pp2
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ADC7 222
N4 — Connectors sheet L oo
| | ]
Sheet: Connectors
e 02 _g§ s PWR_FLAG
cC.
—pPVee D3
sgé_ <A 04 _gg GNDPWR
GNDPWR ek 2T o6
s D6 o—!
oy i nrd_b7
—PRX DB | D8
RESET__lqpeser
MOSL_b mos)
MISO_tamiso
File: Connectors.sch
N5 - Prototyping area
Sheet: prototyping area
°
D GND iTech
i Explore
GNDPWR Designed by Peter txple
Vee |
pov Tech Explorations
Sheet: /
File: BACEE.sch

Title: BACEE: Battery powered Arduino clone with Extended EE|

Figure 19.13: The root sheet that contains the bulk of the symbols, wired.

You can download a high-resolution PDF copy of the schematic in 19.13

from the book support page (txplo.re/kicadr).
Notice that in this schematic, I have used the GNDPWR symbol, instead
of the GND symbol to denote ground. The GNDPWR symbol is more
appropriate as per the IEC 60617 specification. Electrically, both work in
exactly the same way, and the PWR_FLAG symbol is still necessary to allow
the ERC to pass.
You still need to connect the nets of the root sheet with the nets of the

Connectors sheet. Use the hierarchical pin importer tool to do this easily. The

only 'challenge' is to decide on the location of the pins. My practice is to first

export all the pins and then re-arrange them based on the symbol to which

they belong. You can see my completed work on the Connectors sheet

rectangle in Figure 19.14.
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Sheet: Cannectars

S GND n2¢—D2
Vcc—}Vcc D31<>—D3
ch:— SDA 040—32

—bSCK 05—
GNDPWR T 06
X D6<—
—aTX -
RX—}RX D7—
nac—D8
RESET__qpeseT
MOSI__ngs
MISO__{amisa

File: Connectars.sch

Figure 19.14: The Connectors sheet rectangle, labeled and wired.

The wiring and net naming steps are complete, let’'s move on to do the
Electrical Rules Check.

Step 6: Electrical Rules Check

You should be doing frequent electrical rule checks as you work in the
wiring and labelling steps (4 and 5), but you should always run it again before
you continue.

Got the all-clear (an empty Error list)? Let’s move on to Step 7.

Step 7: Comments

Let’s add some informative comments and graphics that improve the
readability of your schematic. I have includes component values, like that of
the resistors, and boxes to mark-up functional blocks. I also spread out the
elements of the schematic to better use the available space, and to make it
easier to perform modifications and additions in the future.

The final schematic is in Figure 19.15 and Figure 19.16. You can
download a high-resolution version of the schematic in PDF format by

visiting txplo.re /klpr.
NS — 12C connector N6& — Serial cannector
J2 I
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G =—=—GND
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3 NB — SPI connector
Digitai pins
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-2 503 J5
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Figure 19.15: Connector sheet graphics added.
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Figure 19.16: Root sheet graphics added.

Let’s get into the next and final step where you will export the netlist
file.

Step 8: Netlist

You have finished with the schematic, and the ERC is clear of errors. All
that is left to do is to produce the Netlist file so you can continue with the
layout process. Click on the Netlist button, accept the default settings in the
Pcbnew tab, and click on 'Generate Netlist' to produce the file. Accept the
default netlist name, for consistency. Close the windows.

You should have these 6 files in the project folder (Figure 19.17).
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Cali> 4« 1 Home Documents Kicad projects KLP2 =BACEE »
© | Recent BACEE
4@ | Home Name
[ Desktop BACEE.dsn
[0 | Documents -

) Ihﬁ. BACEE.kicad_pcb
~ | Downloads
dd | Music BACEE.kicad_pcb-bak
B | Pictures

. BACEE.net
M Videos
S
& | Trash BACEE.pro
&  Kicad Projects BACEE.rules
+  Other Locations —é? BACEE.sch

Figure 19.17: Cheéking the project files.
Let’s continue with the layout process, where you will import the .net
file into Pcbnew.

19.4. Footprint layout in Pcbnew
Let’s start the layout process. To do this, you will follow the steps
illustrated in Figure 19.3, with a small 'twist' as you will see soon.

Step 1: Setup

For this project, I will use the same design rules settings as those in the
first project. I'll be using the same manufacturer, so I do not need to make any
changes to the minimum values for things such as the drill size and the track

width. I will only customise the text of the page settings window (Figure
19.18).

Page Settings x
Paper Title Block Parameters
Size: Issue Date
A4 210x297mm 2 2018-08-22 <<<| |08/22/2018 v
Orientation: Revision
Landscape 2 2
Title
Custom Size: y-powered Arduino with Extended EEPROM and clock
Height: width:
Company

Tech Explorations

Layout Preview Comment1

Designed by Peter in Berowra

Comment2

Comment3

Comment4

Page layout description file
/home/peter/Documents/Kicad projects/t |Browse |

Cancel OK

Figure 19.18: Project 3 Page Settings.
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Before you set up the design rules, import your netlist file. This will
allow you to allocate the nets to the appropriate net class. My setup is
showing in Figure 19.19.

Design Rules Editor &Y

Net Classes Editor | Global Design Rules
Net Classes:
Clearance Track width | Via Dia| Via Drill | uVia Dia| uVia Drill | Diff Pair Width | Diff Pair Gap

Default 0.2 0.25 0.8 0.4 0.3 0.1 0.2 0.25
Power 0.2 0.3 1 0.6 0.3 0.1 0.2 0.25

Add Remove Move Up

Net Class Membership:

Power v Select All *(Any) v Select All

Net  Class Net Class

/Vcc  Power Default

GND Power /ADDS1 Default
JADDS2 Default
/D2 Default
/D3 Default
/D4 Default
/D5 Default
/D6 Default

/D7 Default

Cancel OK

Figure 19.19: Design rules and net classes.

Continue with the outline and the mechanical constraints.

Step 2 + 3: Outline, constraints and component placement

For this project, my main design guideline is size. I want to make this
board as small as possible so that it fits in small places, or it can become part
of other projects. This is also why I opted to use SMD components.

In addition, I decided to use regular pin headers so that I can connect
regular jumper wires during prototyping. This decision will increase the size
of the board since these headers are relatively large. However, I can always
solder peripherals directly to the pads if I want to reduce the height of the
board, or even design a version of the board that uses smaller (including
SMD-type) connectors.

I would like to make this board rectangular, to make it easier to fit
inside a project box. I will make the corners round because they look
awesome.

Lastly, I decided that having mounting holes is necessary to be able to
secure the board inside a project box. I'd like to place the holes along the four
corners of the board.

300



Because I don’t have any measurements to go with, my process is to
start with the components, and then create the outline around them. While in
projects 1 and 2, I followed the process depicted in Figure 19.3, this time I
combined steps 2 and 3 and iterated through them until I was happy with the
outcome.

I started by placing the footprints as closely as I could, being mindful of
the space needed to do the routing later. I placed the MCU at the centre of the
board since everything has to connect to it. Then, I placed the EEPROM chips
on one side, and the clock on the other.

Then, I placed the supporting components (resistors, crystals,
capacitors) as close as I could to their connecting footprints.

Finally, I worked on the Ul, the user interface. That is, the headers and
the indicator LED. I placed those along the edges of the board.

At this point, the board looks like the example in Figure 19.20.

ADS1

Figure 19.20: First iteration of the layout.

This layout can improve. For example, R2 is probably better placed on
the right side of C1. The ratsnest lines indicate that the tracks will be shorter if
I do place it there. I also think that I can reduce the distance between the IC
footprints. You can try those ideas on your own if you like. However, for the
first iteration, this placement is adequate. Time to draw the outline in the
EdgeCuts layer, and create the mounting holes. To make drawing easier, I am
using a grid size of 0.508 mm.

301



You can see the outline of the first iteration in Figure 19.21. I did move
R2 to the left of C1 and used the alignment tools (available from the context
menu) to align them horizontally. Try to reduce the distance between the
footprints and bring the connectors inwards. This will produce a more
compact board, which will cost less to manufacture.

000000000

Figure 19.21: First iteration of the layout with its outline.

-

To make sure that the footprints were not too close to each other
(making routing hard or impossible later), I did a test run of the FreeRouting
autorouter. The autorouter was able to fully route this board. This gave me the
confidence to commit to it, with a caveat: I must add the mounting holes and
do another auto routing test before I fully commit to the design.

In Figure 19.22 and Figure 19.23 you can see the final board outline,
with the mounting holes and the rounded corners. The radius of the mounting
holes is 1.136 mm, and of the rounded corners 1.02 mm.
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Figure 19.23: 3D rendering of the board.

I did a second test autoroute run and again I was able to fully route the
board. With this information, I decided to commit to this placement and
outline. Before you continue, consider if this placement and outline can be
improved. For example, can the footprints be placed even closer to each other?
How will that impact hand-soldering? Can you move the passive components
in other locations in order to free up space above the J2 and J3 connectors so
that you can further reduce the width of the board?

When you are ready, continue with step 4, where you will route the
board in a 2-layer and a 4-layer configuration.

Step 4: Route
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The board in this project 3 is denser than the ones in the two previous
projects. Without any special provisions, and with the help of the autorouter,
you can easily fully route a two-layer version. However, I think that this
project presents a good opportunity to demonstrate how you can work in
multiple layers. Therefore, in addition to routing the board in two layers, you
will also route it in four layers.

Using the autorouter - two layers

Pcbnew is set to a two-layer board configuration by default. You can
confirm that by accessing the Board Setup window, through the File menu
item (see Figure 19.24).

File | Edit View Place Route Inspect Tools
New

Open...

Open Recent >

Save As...

Rescue

Append Board...

Import Non-KiCad Board File...
Revert to Last Backup

Import 4
Export 4

Fabrication Outputs >

Page Settings...

Print... |
Plot... |
Archive Footprints > I
Exit

- Id

Figure 19.24: The Board Setup menu item.

This will bring up the Board Setup window, which looks like the one in
Figure 19.25.
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v

Two layers, parts on Front & Back

Text & Graphics
¥ Design Rules
Net Classes

Tracks & Vias PCB thickness:

Solder Mask/Paste

V]

[< < T < IO < T < IO < T < IO < I < I < ]

(<<

Import Settings...

F.Crtyd
F.Fab
F.Adhes
F.Paste
F.Silks
F.Mask
F.Cu
B.Cu
B.Mask
B.SilkS
B.Paste
B.Adhes

B.Fab

Board Setup %

Copper layers: |2

mm

UIrLLdl Y, NOIFLOPPET
On-board, non-copper
On-board, non-copper

Offboard, manufacturing

Cancel OK

Figure 19.25: The two-layer configuration.

Focus on the configuration of the front and bottom copper layers, in the

red box. You can use the drop-down menus to assign a specific type of track to

each layer. You can choose between signal, power, jumper, and mixed. These

types are treated as recommendations by the autorouter. In this example,

leave them as they are, and you will see how FreeRouting will still route the

power traces in the bottom copper layer, even though they are clearly not

signal traces.

Use the instructions in the recipe titled '40. Using an autorouter' and

perform the autorouting of this board. FreeRouting's result is in Figure 19.26.

Board Layout 0@

mpleted routing of the two-layer board.
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After you import the ".ses' file back into Pcbnew, your board will look
like the example in Figure 19.27.
l

Figure 19.27: The two-layer board, fully routed, in Pcbnew.

Let’s repeat the exact same process to create the four-layer version of
this board.

Using the autorouter - four layers

To create the four-layer version of this board, start by clearing the tracks
of the two-layer version. You can do this quickly through the Global Deletions
menu item, under Edit (Figure 19.28).

File Edit View Setup Place Route Insp

Delete Items x
\'4 _
: Items to Delete: Filter Settings:
Trac h] Zones & Automatically routed tracks
Cut
Text Locked tracks
@k| copy
Paste . Board outlines & Unlocked tracks
Delete Drawings & vias
P
Té Find... Footprints
dn | Edit All Tracks and Vias... & Tracks
mm Set Footprint Field Sizes... Markers T
Change Footprints... o ben 7‘35;“ £l
+— ear boar ® ayers
T[L} Move and Swap Layers... ® y
Current layer only
© o M;w_“q‘;u,g,w,;,,,i,irb‘ —
o © =
Cleanup Tracks and Vias... Current layer: ‘Edge.Cuts|

Cancel OK |

Figure 19.28: Delete existing tracks.

With your board clear of tracks, open the Board Setup window (under
the File menu bar item), and switch to the four copper layers option from the
Copper Layers drop down. There is also a drop-down at the top of the Board
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Setup window which gives you presets for various board configurations.
Because our board will only have parts mounted on the front side, choose
“Four layers, parts on Front” in this drop-down.

In the second pane of this window, you can see the default board
configuration for the current choice. Particularly interesting are the items in
the red box, where you can see that the top and bottom layers are allocated to
signals, and the two inner layers are allocated to power. These are sensible
choices, so I'll leave them like that. You can see my four-layer board setup in
Figure 19.29.

Board Setup x

.ayers |

Text & Graphics

¥ DesignRules
Net Classes
Tracks & Vias
Solder Mask/Paste

Four layers, parts on Front

Copper layers: | 4 [ v
ha §

PCBthickness: [ 1.6 mm

<]

F.Crtyd Off-board, testing

<]

F.Fab Off-board, manufacturing

<]

F.Adhes On-board, non-copper

<]

F.Paste On-board, non-copper

<]

F.SilkS On-board, non-copper

<]

F.Mask On-board, non-copper

<]

F.Cu signal v

<]

In1.Cu power plane v

<]

In2.Cu power plane -

B.Cu signal v

<]

B.Mask On-board, non-copper
B.SilkS On-board, non-copper

B.Paste On-board, non-copper

Import Settings... Cancel OK

Figure 19.29: Conﬁgtlre the four—ia;E board.

Click OK to commit these changes. Repeat the FreeRouting process to
have this board automatically routed. I saved the new DSN file with the file
name 'BACEE_four_layer.dsn' to distinguish it from the two-layer version.
There is nothing else you need to do in FreeRouting. All the information
FreeRouting needs in order to route the board is in the Specctra DSN file.

You can see the FreeRouting result in Figure 19.30.
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Board Layout

Net-(C1-Pad1) " Net-(C2-Padl)

00000000 -

Figure 19.31: The four-layer board, fully routed, in Pcbnew.

Two layers, or more?

You may be wondering, is there any advantage of opting for a four
layer board over a two-layer board?

In short, no.

If you can have your board routed in two layers, you will save money. I
had both versions of the board if this project manufactured at Pcbnew. The
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PCB cost (excluding shipping) for the four layer board was $55, and for the
two-layer board was $18. That is a significant difference.

I would only consider four or more layer boards for very dense boards
where routing in 2 layers is impossible without jumpers.

Step 5: Copper fills

I continue from the previous step using the two-layer version of the
board. If you prefer to work on the four layer board, the process for creating
copper fills is exactly the same. Because I kept the two-layer board Specctra
Session file, I can simply delete all traces and load the Specctra Session file for
the two-layer board.

In this step, you will create a copper filled zone in the back copper layer,
and connect it to the GND net. Follow the process described in the recipe '25.
Creatmg copper fills'. The result is shown in Flgure 19.32.

m@®®"m@®® O
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T

T
f
.

Bo000000 ()

Figure 19.32: The GND copper filled zone, in green.
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Run the design rules check one more time to ensure that there are no
violations. The list should be clear of errors or warnings.
Let’s work on the silkscreen next.

Step 6: Silkscreen
In the front and back silkscreen layer, I would like to:
1. Provide information about the values of the resistors.
2. Clearly mark the anode and cathode of the LED.
3. Label the GPIO pin names.
4. Add the board name and version number.
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5. Add information about the board features.
6. Add contact information.
7. Add alogo and other graphics.

To make the text fit in the available space, you will need to reduce its
size and width via the text properties window. I used 0.8 mm for width and
height for connector names, and 0.6 mm for designator and pad names. Also,
note that much of the information you would like to display in the silkscreen
layer is available in the F.Fab layer. You can simply change that to the F.SilkS
layer via the text properties window, and adjust their size to make them fit in
the available space.

You can change the properties of text multiple text items (as well as those
of tracks, vias and graphics) through the relevant bulk properties edit
window. There are two such windows, under the Edit menu item in PCBnew.
For example, say that you want to set the properties of all footprint reference
text to have a text width and height of 0.6mm, and a thickness of 0.15, and to
appear in the front silk screen layer. To do this, bring up the “Edit Text and
Graphic Properties” window (under Edit), and set the values as per the

example in Figure 19.33.
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Edit Text and Graphic Properties b3

Scope
Footprint references PCB textitems
) Footprint values ) PCB graphicitems

) Other footprint fields

Footprint graphicitems

Filters
) Filter items by layer: | [Xal! M

) Filter items by parent footprint reference:

Filter items by parent footprint identifier:

Action
O Set to specified values:
Layer: WFsiks v @ Visible
Line thickness: ) mm
Text width: (0.6 ) mm @ ltalic
Text height: / 0.6 | mm ® Keep upright
Text thickness: | 0.15 mm

Set to layer default values:

Line Thickness  Text Width Text Height Text Thickness | Italic Upright
Silk Layers 0.15 mm 1 mm 1 mm 0.15 mm
Copper Layers 0.2 mm 1.5 mm 1.5 mm 0.3 mm
Edge Cuts 0.15 mm
Courtyards 0.05 mm
Other Layers 0.15 mm 1 mm 1 mm 0.15 mm
Cancel OK

Figure 19.33: With the help of this Edit window, you can set text and graphic properties in bulk.

This window allows you to select other items for which you want to
change their properties in bulk, but they all work the same way. Choose what
you want to bulk-edit via the Scope and Filter widgets, and then set the values

for the various properties. The bulk-edit windows are huge time savers.

As the board is crowded, I prefer to turn off all Cu, Adhes and Paste
layers. This will make it easier to see the contents of the silkscreens.

You can see my version of the board, with the silkscreen completed in
Figure 19.34.
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Figure 19.34: The board with the completed silkscreen, back, and front.

The 3D rendering is in Figure 19.35.
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Figure 19.35: 3D rendering of the board, showing the back and front silkscreen.

Your work is almost finished, let’s do a final DRC before you export the

Gerber files.
Step 7: Design Rules Check

The DRC reports only three courtyard related issues, that you can safely
ignore since they don't affect the operation of the board (Figure 19.36).
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DRC Control

x

Options: Messages:
Pad clearances...
Clearance: Track clearances...
Refilling all zones...
Minimum track width: |0.2 mm Zone to zone clearances...
Unconnected pads...
Minimum via size: 0.4 mm Keepoutareas... | StartDRC |
Test texts...
Minimum uVia size: |0.2 mm [Courtyard areas... List Unconnected
Items on disabled layers...
[ Refill all zones before performing DRC  Finished el bRl ars

"] Reportall errors for tracks (slower)
& Check footprint courtyard overlap
& Check courtyard missing in footprints

Create Report File:

Error Messages:
Marker count: 3 Unconnected count: 0

Problems / Markers | Unconnected

ErrType(45): Footprint has no courtyard defined

¢ @ (128.016 mm,97.790 mm): footprint "G***" has no courtyard defined
ErrType(45): Footprint has no courtyard defined

& @ (99.568 mm,92.456 mm): fFootprint "LOGO_OSHW_silkscreen_2mm" has no courtyard defined
ErrType(45): Footprint has no courtyard defined

¢ @ (105.918 mm,102.870 mm): footprint "REF**" has no courtyard defined

Cancel OK

Figure 19.36: Courtyard issues don’t affect the operation of the board.

The design work for this board is complete, so let's continue with the
manufacturing step.

Step 8: Manufacture
In this final step, you will upload your board to your manufacturer’s
website. I will use Pcbway, as usual, so I will need to:
1. Export the Gerber files.
2. Create a Zip archive that contains the Gerber files.
3. Test the archive is valid by uploading it to gerblook.org.
4. 1If the archive is valid, follow the ordering process on the
manufacturer’s website.
I exported the Gerber files as I did for project 1 and project 2. The
validation did not reveal any issues.
Use the distance measuring tool to get a precise measurement of the
size of the board so that the price quote you receive is accurate.
Well done!
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Part 5: Recipes
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20. Adding a schematic symbol library in Eeschema

One of KiCad'’s great strengths is the sheer number of symbol and
footprint libraries contributed by individual users and organisations. In this
recipe, you will learn how to find, download and install symbol libraries to
KiCad. Once you install a symbol library, you will be able to use its symbols in
your schematics, precisely as you can with KiCad’s build-in symbols.

You can find libraries for KiCad using Google, through searches like
'KiCad library download.' You may also know the location of contributed
libraries as they are often shared in email lists and social media. Quality
libraries are contributed by organisations like Digikey, Freetronics and

Snapeda. Sources like Snapeda allow you to use a search engine to find
individual symbols, footprints or 3D representations of a component and
import it into KiCad. Others, like Digikey, allow you to download full
repositories of symbols, and footprints and install them in bulk into KiCad.
Either way, the process is the same.

In this recipe, you will learn how to import the symbol libraries
published by Digikey.

First, use your browser to visit the Github repository from where you
can download the libraries archive. The repository looks like the example in
Figure 20.1.

digikey / digikey-kicad-library ©Watch~ 65 % Star 394 YFork 55

<>Code (D lIssues 2 Pull requests 1 Projects 0 Wiki Insights
An atomic parts library for Ki-Cad.

® 146 commits ¥ 1 branch 1release 42 8 contributors
aaaaaaaaaaaaaaaaaa Il request Create newfile  Uploadfiles  Findfile [ bl

Ben Hest updated data, corrected one part Latest commit b6b4579 21 days ago

B digikey-footprints.pretty 21 days ago

i digikey-symbols 21days ago
gitignore

LICENSE.md S ago

README.md

Figure 20.1: The Digikey KiCad libraries repository.

The folder titled 'digikey-symbols' contains symbols. The folder titled
'digikey-footprints.pretty’ contains footprints. In this recipe we concentrate on
the symbols, and in the next one on the footprints. Before you start the
download, click on the symbols directory and have a look inside. You will see
a long list of files with "1ib' and .dem' filename extensions. The files with the
'1ib' extensions are the actual library files that contain the symbols. Those with
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the ".dem' extension contains descriptions, aliases, and keywords for the
symbols.

Go back to the root of the repository, and click on the green button to
download the ZIP archive of the repository. Expand the Zip file, and store its
contents in a folder where you would like to keep third-party libraries. I
placed mine in a folder titled 'KiCad Libraries' inside my Documents folder.

< «| @ Home | Documents | Kicad Libraries »
© Recent Name < > 4 @ Home Documents Kicad LI digikey-kicad-library-master >
@ Home g 30shapes ® | recent Name
Bl oeskio < e | Documen ts  KicadLibraries digikeykicad-library-maste® digikey-symbols >
i g Buttons Switches THTprettymasdlf @ | Home [l digikeyfootprints.pretty e
D | Documents b Bl oesion Recent
& | Downloads - Bl cocuments [l digikey-symbols @ | Home [l ¢k Addressable-specialty.dem
™ 5 Deskto
&3 Music freetronics_kicad_ibrary-master ¥ Downloads SRS = e dk_Addressable-Specialty.lib
@ | Pictures P s D | Documents
LICENSEmd

| Videos Ml !cad bukdin Ubrades B e ¥ | Downloads [l ¢k _Alarms-Buzzers-and-sirens.dcm
@ Tash g prettykicad-ibsmaster | videos README md B Music dk_Alarms-Buzzers-and-sirens.lib
= @ Pictures

B \ideos [l ¢k Automotive-Relays.dem

@ | Trash dk_Automotive-Relays.lib

Kicad Projects
L] ) Il o« salundem
+ | OtherLocations
dk_Balun.lib

[l ¢ _Barrel-Audio-Connectors.dem

Figure 20.2: The Digikey libraries are now in the KiCad Libraries folder.

You can visit the contents of the Dikigey folder to confirm that it
contains everything available on the Github online repository.

Continue by starting KiCad and Eeschema. Open the Library Manager
by clicking on Preferences, 'Manage Symbol Libraries..." (Figure 20.3).

ols ' Preferences = Help

Configure Paths...

anage ol Lib
General Options
Icons Options

Set Language
Hotkeys Options
Save ProjectFile...

Load ProjectFile...

Figure 20.3: Start the Library Manager in Eeschema.

In the Library Manager, click on the ‘Browse Library' button (Figure
20.4).
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Symbol Libraries =
Libraries by Scope
Global Libraries | project Specific Libraries

File: /home/peter/.config/kicad/sym-lib-table

Active Nickname

1 S |/home/peter/Documents/Kicad Libraries/Kicg
| 2 |& 4xxx_IEEE /home/peter/Documents/Kicad Libraries/Kice
: 3 1 (&4 74xGxx /home/peter/Documents/Kicad Libraries/Kice
; 4 .. 74xx /home/peter/Documents/Kicad Libraries/Kice
T (&4 74xx_IEEE /home/peter/Documents/Kicad Libraries/Kice
T (&4 Amplifier_Audio /home/peter/Documents/Kicad Libraries/Kice
T 4 Amplifier_Buffer /home/peter/Documents/Kicad Libraries/Kica
T [ Amplifier_Current /home/peter/Documents/Kicad Libraries/Kicz
T [ Amplifier_Difference /home/peter/Documents/Kicad Libraries/Kice
: 10 ’. Amplifier_Instrumentation /home/peter/Documents/Kicad Libraries/Kice
|11 ‘i Amplifier_Operational /home/peter/Documents/Kicad Libraries/Kice
T 4 Amplifier_Video /home/peter/Documents/Kicad Libraries/Kice
[13] ¥4 Analog /home/peter/Documents/Kicad Libraries/Kica
T [ Analog_ADC /home/peter/Documents/Kicad Libraries/Kica
T [ Analog_DAC /home/peter/Documents/Kicad Libraries/Kice
[ 16 .. Analog_Switch /home/peter/Documents/Kicad Libraries/Kice
[ 17 vi Audio /home/peter/Documents/Kicad Libraries/Kice
T 4 Battery_Management /home/peter/Documents/Kicad Libraries/Kice
——— — PR R T R T T S TP S Wk RS S L

B

Browse Libraries.% Append Library | | Remove Library Move Up Move Down

Path Substitutions:

Environment Variable Path Segment
1 |KICAD_SYMBOL_DIR |/usr/share/kicad/library
2 |KIPRJMOD /home/peter/Documents/Kicad projects/KLP2/Scrapbook project/sandbox_project

Cancel OK

Figure 20.4: The Library Manager.

Using the browser, navigate to the location where the newly
downloaded Digikey library files are. Since you want to import all of the
symbols to KiCad, multiple select and highlight all files with a "1lib' extension.
You can do this by selecting the first file in the list, hold down the shift key,
scroll to the bottom of the list and click on the last file (Figure 20.5). When all
lib files are selected, click 'Open’.

Select Library .‘

f‘ | ¢ | Kicad Libraries | Kicad_buildin_libraries ‘{klcad-symbols-master‘

Places Name - Size Modified
Q search

@ Recently Used W 74xx.lib 159.8kB 1

B Cistor libraries I 74xx_IEEE.lib 133.7kB  07/30/2018
@ peter Amplifier_Audio.lib 38.4kB  07/30/2018
@ Desktop I Amplifier_Buffer.lib 3.2kB  07/30/2018
@ File system I Amplifier_current.lib 17.4kB  07/30/2018

B Amplifier_Difference.lib 3.4kB 07/30/2018

IR Documents B Amplifier_Instrumentatio... 8.1kB  07/30/2018

& Muslc B Amplifier_Operationallib  43.1kB  07/30/2018
= Flctores B Amplifier_Video.lib 2.0kB  07/30/2018
@ videos B Analog.lib 7.5kB  07/30/2018
|&3 Downloads

Analog_ADC.lib 58.6kB  07/30/2018
B Analog_DAC.lib 51.0kB  07/30/2018 |

| Kicad symbol library files (*.lib)

Cancel &]
Figure 20.5: Select all "lib' files.

All new symbol libraries are now in KiCad. You can verify this, first, by
scrolling down the list in the Symbol Libraries manager window until you
find the libraries with the 'dk' prefix (Figure 20.6). These are all the Digikey
symbol libraries that you just imported.
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Symbol Libraries

Libraries by Scope

Global Libraries | project Specific Libraries

File: /home/peter/.config/kicad/sym-lib-table

Active Nickname
197 & dk_Data-Acquisition-Digital-to-Analog-Converters-DAC /home/peter/Documents/Kicad Libraries/digi
igs dk_Data-Acquisition-Touch-Screen-Controllers /home/peter/Documents/Kicad Libraries/digi
199 & dk_DC-DC-Converters /home/peter/Documents/Kicad Libraries/digi
200 & dk_Digital-Isolators /home/peter/Documents/Kicad Libraries/digi
201 dk_Diodes-Bridge-Rectifiers /home/peter/Documents/Kicad Libraries/digi
gozr & dk_Diodes-Rectifiers-Arrays /home/peter/Documents/Kicad Libraries/digi
203 & dk_Diodes-Rectifiers-Single /home/peter/Documents/Kicad Libraries/digi
204 | & dk_Diodes-Zener-Single /home/peter/Documents/Kicad Libraries/digi
205 |& dk_Display-Modules-LCD-OLED-Graphic /home/peter/Documents/Kicad Libraries/digi
'zoé 4 dk_Display-Modules-LED-Character-and-Numeric /home/peter/Documents/Kicad Libraries/digi
207 & dk_D-Sub-Connectors /home/peter/Documents/Kicad Libraries/digi
208 & dk_Embedded-Microcontrollers /home/peter/Documents/Kicad Libraries/digi
209, & dk_Encoders /home/peter/Documents/Kicad Libraries/digi
210 & dk_Evaluation-Boards-Sensors /home/peter/Documents/Kicad Libraries/digi
211 | & dk_Ferrite-Beads-and-Chips /home/peter/Documents/Kicad Libraries/digi
212 | & dk_Fixed-Inductors /home/peter/Documents/Kicad Libraries/digi
213 dk_Fuses /home/peter/Documents/Kicad Libraries/digi
214 & dk_Gas-Sensors /home/peter/Documents/Kicad Libraries/digi
=

dk Humiditv-Maoisture-Sensors

Browse Libraries... ‘ Append Library

Remove Library

/home/neter/Documents/Kicad Libraries/diai™
>

Move Up | | Move Down

Path Substitutions:

Environment Variable
1 |KICAD_SYMBOL_DIR
2 |KIPRJMOD

/Jusr/share/kicad/library

Path Segment

/home/peter/Documents/Kicad projects/KLP2/Scrapbook project/sandbox_project

Cancel OK

Figure 20.6: The newly imported symbol libraries have a 'dk' prefix.

Click Ok to dismiss this window and try to add a symbol from the new
libraries to the Eeschema sheet. Click on the Place Symbol button (right
toolbar) and click on the sheet, or type 'A' to bring up the symbol chooser.
Scroll in the list, or type 'dk' in the filter to find the Digikey symbols (Figure
20.7).

Choose Symbol (13148 items loaded) x

Q

Symbol

¥ dk_Digital-isolators
ADM3251EARWZ
ISO1540DR

v dk_Diodes-Bridge-Rectifiers
CD2320-B11000_Obsolete

KBP04G
MB6S
MB6S-TP

DF04M
IC RECT BRIDGE 400V 1.5A 4DIP
Key words: DF04M-ND

Reference D?

Value DF04M -

Cancel OK

Figure 20.7: One of the symbols in the imported symbol libraries.

Select one of them, and double-click on it to add it to the Sheet. I
selected the DF04M rectifier. At this point, you should have the symbol on the
Eescema Sheet, like in Figure 20.8.
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gis 2. D2
DFO4M

Figure 20.8: One of the new symbols, added to the Eeschema project sheet.

Using the exact same method, you can import individual symbols.
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21. Adding a footprint library in Pcbnew

In this recipe, you will learn how to import third-party footprint
libraries to your KiCad instance. In the example that follows, we will import
the footprint libraries that are published by Digikey. In the previous recipe
('20. Adding a schematic symbol library in Eeschema'), you downloaded,
expanded and save the library files to your computer. I assume that you have
completed this step. If not, please go to the '20. Adding a schematic symbol
library in Eeschema' recipe and complete the steps described there before you
continue here.

Start KiCad, and Pcbnew. Open the Footprint Libraries manager
through the Preferences menu (Figure 21.1).

pect Tools Preferences | Help

O Q Configure Paths... ,p

m (31.5 mils) 0

Add 3D Shapes LibrariesW!zard...N‘
General Settings
Display Options...
Legacy Toolset

* Modern Toolset (Accelerated)
Modern Toolset (Fallback)

Set Language
Hotkevs Options

Figure 21.1: Start the Footprint Libraries manager.

In the Footprint Libraries, click on the 'Browse Libraries' button.
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Libraries by Scope

Global Libraries | project Specific Libraries

File: /home/peter/.config/kicad/fp-lib-table

Footprint Libraries

Nickname Library Pal~
freetronics_footprints |/home/peter/Documents/Kicad Libraries/freetronics_kicad_library-mas
Battery /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-{
Button_Switch_Keyboard /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-{
Button_Switch_SMD /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-{
5 Button_Switch_THT /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-{
[ T & Buzzer_Beeper /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-{
T & Calibration_Scale /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-{
'T & Capacitor_SMD /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-{
T & Capacitor_Tantalum_SMD /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-{
77 & Capacitor_THT /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-{
T &4 CMakeModules /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-{
T [~ Connector /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-{
? & Connector_Audio /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-{
T [ Connector_BarrelJack /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-{
15 |& Connector_Card /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-{
‘T Connector Coaxial /home/peter/Documents/Kicad Libraries/Kicad buildin libraries/kicad;l'

Browse Libraries...| § Append Library| |Remove Library Move Up Move Down | | Options Editor

Path Substitutions:

Environment Variable Path Segment

KIPRJMOD /home/peter/Documents/Kicad projects/KLP2/Scrapbook project/sandbox_project
2 |KISYS3DMOD Jusr/share/kicad/modules/packages3d/
3 [KISYSMOD /Jusr/share/kicad/modules/

Cancel OK

Figure 21.2: The Footprint Libraries manager; click on 'Browse Libraries' to add a new library.

Use the browser to navigate to the location where you stored the
Digikey footprints library. This is the folder with the ".pretty’ extension, inside
the Digikey KiCad library folder. You should only select the .pretty folder, not
browse to its contents. Inside this folder are multiple files with the
'KiCad_mod' extension. Each of those files contains one footprint (Figure
21.3).

Select Library X

| v [& Kicad Libraries
> [ 3Dshapes
| > (i Buttons_Switches_THT.pretty-master
v [ digikey-kicad-library-master
, L digikey-footprints.pretty]
| > [ digikey-symbols N
> (i src
[ freetronics_kicad_library-master
[ Kicad_buildin_libraries
[ pretty-kicad-libs-master
[ Test lib
v [ Kicad projects
> [ Custom libraries
> [ Custom libraries.pretty
> [ KLP2
> [ Peter's documents
[ Downloads
[ Music
[ Pictures
> [ Public
> [ Templates

>
>
>
>

v v oY

| All supported library formats 2

Cancel | oK
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Figure 21.3: Find and select the .pretty folder that contains the footprints.

Click on the .pretty folder to select it, and then click on 'Ok'. Back in the
Footprint Library manager, you will see a new row that contains the 'digikey-
footprints' library (Figure 21.4). Click Ok to dismiss the manager window. The

new library is now ready to use.

Libraries by Scope

Global Libraries | project Specific Libraries

File: /home/peter/.config/kicad/fp-lib-table

Footprint Libraries

Active Nickname Library Pal”
W2 ™ TETTIITGDIUTK JTIOTITE] PECET/ DUTUITTETILS/ KICaU LIDT a1 TES/ KICaU_DUNUIT_UDTaTTES/KICau-t
103 & TerminalBlock_4Ucon /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-{
104 & TerminalBlock_Dinkle /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-{
105 | & TerminalBlock_MetzConnect /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-{
106 | & TerminalBlock_Philmore /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-{
107 & TerminalBlock_Phoenix /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-{
108 & TerminalBlock_RND /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-{
109 & TerminalBlock_TE-Connectivity /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-|
10 & TerminalBlock_WAGO /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-i
m & TestPoint /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-f
112 & Transformer_SMD /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-{
113 | & Transformer_THT /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-{
114 | & Valve /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-{
FET-N arﬁ L

bameloetec/Documents icad Libcacies [Kicad by

Browse Libraries...

Q

DoCaentS RIeaa proy

Append Library| |Remove Library Move Up Move Down

Options Editor

Path Substitutions:

Environment Variable Path Segment

1 |KIPRIMOD /home/peter/Documents/Kicad projects/KLP2/Scrapbook project/sandbox_project
2 |KISYS3DMOD /Jusr/share/kicad/modules/packages3d/
3 |KISYSMOD Jusr/share/kicad/modules/

Cancel OK

Figure 21.4: The new library appears in the Footprint Libraries list.

Back in Pcbnew, use the 'O’ shortcut or select the 'Add footprint' button
to add a new footprint. The footprint chooser will come up. Click on 'Select by
Browser' button to bring up the browser. Let’s find a Digikey footprint that
matches the bridge rectifier symbol from the previous recipe. In the Browser,
scroll down the left pane to find the digikey-footprints library, and then scroll
down to find the DIP4_W?7.62mm footprint. Click on this footprint to see it in
the right pane (Figure 21.5).

Library Browser — digikey

prints — /home/peter/Documents/Kicad Libraries/digikey-kicad-library- ikey-footprints.pretty - o &

File View Help

M E= A aaoali-

Sensor_Pressure
Sensor_Voltage

Cellular_Modem_NL-SW-LTE-GELS3-C
Cellular_Modem_NLSW-LTETSVG

Socket DFN-10_2x2mm
Sources DFN-10_3x3mm
symbol DFN-12-1EP_3x3mm

TerminalBlock
TerminalBlock_aUcon
TerminalBlock_Dinkle
TerminalBlock_MetzConnect
TerminalBlock_Philmore
TerminalBlock_Phoenix
TerminalBlock_RND
TerminalBlock_TE-Connectivity
TerminalBlock_WAGO
TestPoint

Transformer_SMD
Transformer_THT

N

EEG !
DIP-6_W7.62mm
DIP-8_W7.62mm
DIP-10_W10.16mm
DIP-14_W3mm
DIP-16_W7.62mm
DIP-18_W7.62mm
DIP-20_W7.62mm
DIP-28_W7.62mm
DIP-40_W15.24mm
DisplayPort_2040210-1
DisplayPort_Mini_2129320-3

Valve DO-35
Varistor DO-35_NK
digikey-footprints

freetronics_footprints

DO-41

REF** BoardSide  Pads  Status Footprint
DIP-4_W7.62mm 1 Front 4 i Norma digikey-footprints:DIP-4_W7.62mm
Z9.32 X-2.540000 Y -2.540000 dx -2.540000 dy-2.540000 dist 3.592 mm
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Figure 21.5: Browsing the new Digikey footprints library.

Double-click on it to select it and add it to the Pcbnew sheet. The
selected footprint will now appear in the Pcbnew sheet (Figure 21.6).

Figure 21.6: A footprint from the Digikey library in the Pcbnew sheet.
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22. Using footprint libraries offline
You can opt to download Pcbnew footprints and use them locally
instead of accessing the online Github repository. To do that, follow these

steps:

1. Go to https:/ / github.com /KiCad /KiCad-footprints

2. Click on the green 'Clone or download' button to download the
repository.

3. Extract the downloaded Zip file into a folder of your choice.
Consider creating a folder for all KiCad libraries in a reasonable place like the
'Documents' folder.

4. Start Pcbnew

5. Open the Footprint Libraries window, under the Preferences
menu

6. Select all libraries and click on 'Remove Library' to delete them. If
you have any third-party libraries that you want to keep, leave those
unselected.

7. Click on the 'Browse Libraries..." button. The browser will appear.

8. Navigate to the location where you extracted the footprints, and
open the folder that contains all the ".pretty' subfolders. Hold the Shift key
pressed, click on the first .pretty folder on the list and then on the last one.
This allows you to multiple-select all of the folders.

9. With all the .pretty folders selected, click the 'Ok’ button to exit
the browser.

10. The Footprint Libraries now contains a list of all the footprint
libraries saved on your local machine, in the Local Libraries tab (Figure 22.1).
This means that you can use these footprints in all your projects.

11. Click Ok to exit the Footprint Libraries window.

12. Test that Pcbnew can access the local footprints. While still in
Pcbnew, click on the Add Footprints button from the right toolbar, and then
anywhere in the page to add a footprint.

13.In the Choose Footprint window, click on 'Select by Browser.'

14. Use the footprint browser to select libraries and footprints, and
ensure that all of them display a footprint representation in the right pane
(Figure 22.2).
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https://github.com/KiCad/kicad-footprints

| Libraries by Scope

| | Global Libraries

Footprint Libraries

Project Specific Libraries

| | File: /home/peter/.config/kicad/fp-lib-table

Active Nickname Library Path
1 &
2 |& Battery /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-footprints-n
3 |& Button_Switch_Keyboard |/home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-footprints-n
4 |& Button_Switch_SMD /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-footprints-n
5 & Button_Switch_THT /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-footprints-n
6 |& Buzzer_Beeper /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-footprints-n
7 |& Calibration_Scale /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-footprints-n
8 |& Capacitor_SMD /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-footprints-n
9 |& Capacitor_Tantalum_SMD | /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-footprints-n
10 & Capacitor_THT /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-footprints-n
1 |& CMakeModules /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-footprints-n
122 |& Connector /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-footprints-n
13 |& Connector_Audio /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-footprints-n
14 & Connector_BarrelJack /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-footprints-n
15 | & Connector Card /home/peter/Documents/Kicad Libraries/Kicad buildin libraries/kicad-footorlnts-’n‘
Browse Libraries...| |Append Library| | Remove Library Move Up Move Down | | Options Editor
Path Substitutions:
Environment Variable Path Segment

1 |KIPRJMOD /home/peter/Documents/Kicad projects/KLP2/Copy of TE Breadboard Power Supply

2 |KISYS3DMOD Jusr/share/kicad/modules/packages3d/

3 |KISYSMOD Jusr/share/kicad/modules/

Cancel OK L}
Figure 22.1: These footprints are stored locally.
Library Browser — Capacitor_THT — /home/peter/Documents/Kicad Libraries/K;d_buildin_libraries/kicad-footprints-m... - o

File View Help

R @@= B oQqlild-

Battery
Button_Switch_Keyboard
Button_Switch_SMD
Button_Switch_THT
Buzzer_Beeper
CMakeModules
Calibration_Scale
Capacitor_SMD
Capacitor_THT
Capacitor_Tantalum_SMD
Connector
Connector_Audio
Connector_BarrelJack
Connector_Card
Connector_Coaxial
Connector_DIN
Connector_Dsub
Connector_FFC-FPC
Connector_HDMI
Connector_Harwin
Connector_Hirose

CP_Axial_L10.0mm_D4.5mm_P15.!
CP_Axial_L10.0mm_D6.0mm_P15.{
CP_Axial_L11.0mm_D5.0mm_P18.|
CP_Axial_L11.0mm_D6.0mm_P18.(
CP_Axial_L11.0mm_D8.0mm_P15.|
CP_Axial_L18.0mm_D6.5mm_P25.!
CP_Axial_L18.0mm_D8.0mm_P25.|
CP_Axial_L18.0mm_D10.0mm_P25
CP_Axial_L20.0mm_D10.0mm_P2¢€
CP_Axial_L20.0mm_D13.0mm_P2€
CP_Axial_L21.0mm_D8.0mm_P28.|
CP_Axial_L25.0mm_D10.0mm_P3C
CP_Axial_L26.5mm_D20.0mm_P33
CP_Axial_L29.0mm_D10.0mm_P35
CP_Axial_L29.0mm_D13.0mm_P35
CP_Axial_L29.0mm_D16.0mm_P35

CP_Axial_L29.0mm_D20.0mm_P35

CP_Axial_L30.0mm_D12.5mm_P35

CP_Axial_L30.0mm_D15.0mm_P35

CP_Axial 130.0mm_D18.0mm_ P35~
D

REF** letlist Path Board Side Pads Status
CP_Axial_L30.0mm_D10.0mm_P35.00mm_Horizontal pr 28,2018 Front 2
Z1.98 X-2.540000 Y -17.780000 dx -2.540000 dy-17.780000 dist 17.961 mm

Figure 22.2: Testing local footprints.

As you are now using local footprints, remember to regularly download
the latest version of the repository from GitHub, and repeat the process
described above so that you always have the newest set of libraries.
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23. Using symbol libraries offline
As with footprints, you can opt to download Eeschema symbols and
use them locally instead of accessing the online Github repository. To do that,
follow these steps:
1. Go to https:/ /github.com /KiCad /KiCad-symbols.
2. Click on the green 'Clone or download' button to download the

repository.

3. Extract the downloaded Zip file into a folder of your choice.
Consider creating a folder for all KiCad libraries in a reasonable place like the
'Documents' folder.

4. Start Eeschema.

5. Open the Manage Symbol Libraries window, under the
Preferences menu.

6. Select all libraries and click on 'Remove Library' to delete them. If
you have any third-party libraries that you want to keep, leave those
unselected.

7. Click on the 'Browse Libraries..." button. The browser will appear.

8. Navigate to the location where you extracted the footprints, and
open the folder that contains all the "lib' subfolders. Hold the Shift key
pressed, click on the first .lib folder on the list and then on the last one. This
allows you to multiple-select all of the folders.

9. With all the .lib folders selected, click the 'Ok’ button to exit the
browser.

10. The Symbol Libraries now contains a list of all the footprint
libraries saved on your local machine, in the Local Libraries tab (Figure 23.1).
This means that you can use these footprints in all your projects.

11. Click Ok to exit the Symbols Libraries window.

12. Test that Eeschema can access the local footprints. While still in
Eeschema, click on the Place Symbol button from the right toolbar, and then
anywhere in the page to add a symbol.

13.In the Choose Symbol window, expand the tree and click on any
item. For each item you click on, you should see the symbol in the right pane
(Figure 23.2).
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https://github.com/KiCad/kicad-symbols

Libraries by Scope

Global Libraries

File: /home/peter/.config/kicad/sym-lib-table

Project Specific Libraries

Symbol Libraries

Active Nickname Library Path

1 _ /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-sym
T & 4xxx_IEEE /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-symt
| 3 | ~ 74xGxx /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-symt
T & 74xx /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-symt
T & 74xx_IEEE /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-symt
T Amplifier_Audio /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-symt
|7 | &4 Amplifier_Buffer /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-symt
T & Amplifier_Current /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-symt
T & Amplifier_Difference /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-symt
T & Amplifier_Instrumentation /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-symt
11 | &4 Amplifier_Operational /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-symt
|12 | & Amplifier_Video /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-symt
? & Analog /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-symt
|14 | & Analog_ADC /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-symt
? & Analog_DAC /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-symt
? (&4 Analog Switch /home/peter/Documents/Kicad Libraries/Kicad buildin libraries/kicad-svm’t'

| Browse Libraries...| | Append Library

Remove Library| | MoveUp | | Move Down

Path Substitutions:

Environment Variable

Path Segment ‘

1 |KICAD_SYMBOL_DIR
2 |KIPRIMOD

/Jusr/share/kicad/library
/home/peter/Documents/Kicad projects/KLP2/Copy of TE Breadboard Power Supply

Cancel

| oK N
Figure 23.1: These symbols are stored locally.

Choose Symbol (12204 items loaded) X
Q [r \
Symbol Desd™ CP
R_Network03 ! 3Res
R_Network03_US 3Res
R_Network04 4Res |m |m
R_Network04_US 4Res
R_Network05 5Res
R_Network05_US 5Res
R_Network06 6 Res J)
6Res .

R_Network06_US

R
Resistor
Key words: r res resistor

Reference R?
Value R (=

| Cancel OK

Figure 23.2: Testing local symbols.

As now you are using local symbols, remember to regularly download
the latest version of the repository from GitHub, and repeat the process
described above so that you always have the latest set of libraries.
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24. Create a keep-out zone
A keepout zone is an area on a PCB layer that is marked to be free of
footprints or traces. You may want to create keepout zones in response to
mechanical, electrical or radio specifications. For an example of a case where a
keepout zone is necessary, please go to the section on Routing, in Part 3.
To create a keepout area follow this process:
1. In Pcbnew, select the 'Add Keepout Areas' tool from the right

4
////////

menu bar.

2. In the page, click on the location where you would like the first
edge of the keepout area to be. The dialog box in Figure 24.1 will appear.

3. Select the layer for the keepout, the elements that you want to
exclude from this area, and how the outline should look, then click 'Ok’ to
start drawing.

4. Draw the outline of the keepout area. The outline should be fully
enclosed. To finish drawing, double-click.

5. To test that the keepout area is working, place one of the
forbidden elements inside of it, and do a Design Rules Check. For example, I
placed two vias in the keepout area, and I started the DRC. The DRC will
contain 'Via inside a keepout area' messages, and the offending vias are
marked with an arrow (Figure 24.1).

Keepout Area Properties x

Layers:
v IF.Cu
W s.cu & Keepout vias

& Keepout tracks

& Keepout copper pours

Outline slope:
Arbitrary

Outline style:
Line

Cancel OK b

Figure 24.1: The Keepout Area Properties window.
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Figure 24.1: The keepout area is defined by a thin red line; the DRC has detected two vias that are not
allowed in it.
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25. Creating copper fills

In Part 3, you learned about copper fills, which is the fifth step of the
PCB layout process. In this recipe, you will learn how to create a copper fill in
KiCad. We'll be using the breadboard power supply board project for this
demonstration. Before you create a copper fill, you must complete the routing
of your board. In Figure 25.1, you can see the example board fully routed. The
next step is to create a copper fill for the ground level (also known as 'ground
plane’).

Figure 25.1:The fully routed board.

In Pcbnew, follow this process:
1. From the left toolbar, click on the 'Show filled areas in zones' button

@. This will allow you to see the filled zone you are about to create. If this
button is not pressed, the filled zones will be invisible. This is a useful option
to use when you want to examine your board by reducing the amount of
visual clutter.

2. From the right toolbar, click on the 'Add filled zones' button @
In this example, you will create a ground plane. From the Layers
Manager, click on 'B.Cu'".

Layers Manager
Layers |jtems

W & Fcu
»l & B.Cu
Il & F.Adhes
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3. To start drawing the outline of the copper fill, place the cursor on the
board location where you would like the first corner to be, and click. I am

Figure 25.2: Select the back copper layer.

starting my drawing on the top left corner of the J2 connector.

Figure 25.3: Click at the position you want to start drawing a copper fill.

4. The Copper Zone Properties window will appear. Most of the
defaults are appropriate for this project. Draw your attention to selecting the
correct layer ('B.Cu' since we want to create a ground plane in the bottom
layer), the connected Net (in his example, the Ground net name is 'V-'), and
the clearance of the copper fill to other nets (0.508 mm). Click 'Ok’ to accept
these settings, and continue drawing the outline of the copper fill.

Layer:
W F.Cu
Il B.Cu

Settings:

Clearance: (mm

0.508

Minimum width: (mm):

0.254

Corner smoothing:

None

5. Draw the outline of the copper fill. Click to create an edge, and try to
draw each edge of the polygon as close as you can to the border to the board.
To complete the outline, double-click on the exact location where you started
the drawing. Figure 25.5 shows my example board on completion of the

ground plane.

Copper Zone Properties

Net:
<no net>

Eve

Net-(J2-Pad1)
/Vin+

/Vout+
Net-(D1-Pad2)
Net-(D3-Pad2)
Net-(D5-Pad2)
Net-(D6-Pad2)

) Default pad connection: Zone priority level:

Thermal relief = I )

Thermal Reliefs: Fill mode:
Antipad clearance: (mm):

0.508

Polygon =

Boundary mode:

~ | Spoke width: (mm):
0.508

Low Resolution 2

Export Settings to Other Zones

Net Filtering:
Display:
Show all (pad count)

Hidden net filter:
Net-*

Visible net filter:

*

Apply Filters

Outline slope:
Arbitrary

Outline style:
Hatched

Cancel OK

Figure 25.4: Connect the copper fill to a net.
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Figure 25.5: The completed ground plane in the bottom layer.

You can use the 3D viewer to inspect the new copper fill. Zoom in to
one of the ground pads and notice that it is connected to the ground plane
using thermals (Figure 25.6).

3D Viewer -o@
File Edit View Preferences Help

E % #@®aacallidad'B%

Rendertime 2... dx0.54 dy-0.01

Figure 25.6: A partial 3D view of the ground plane, showing thermal traces between pads and ground
plane.

If you want to re-create a copper fill, right click on the zone’s border
and click 'delete’ from the context menu.
You can make the copper fill disappear (but not deleted) by clicking on

o

the 'Do not show filled areas in zones' button from the right toolbar (L_V).
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26. How to calculate the width of a trace

KiCad includes a calculator that you can use to precisely work out what
the width of a track should be based on various parameters, like the current
you wish to convey through the trace, its total length, and the maximum
temperature rise when that current is actually flowing through it. You can use
this calculator to find out the minimum trace width, or you can rely on your
experience and choose a width that is much larger than the standard width of
signal traces.

To use the calculator, open the KiCad launcher window and click on the
calculator icon (Figure 26.1).

KiCad 5.0.0-fee4fd1~65~ubuntu18.04.1 /home/peter/Documents/Kicad projects/KLP2/Scrapbook project/sandbox_project/s...

File View Tools Browse Preferences Help

DEe a® C

v D sandbox_project.pro = I E N
%\i sandbox_project.kicad_pcb _é:_: i> f . E::]
@ﬂ sandbox_project.sch Project name:
Ihﬁ\i _autosave-sandbox_project.kic /home/peter/Documents/Kicad projects/KLP2/Scrapbook project/sandbox_project/

sandbox_project.pro
pcb_calculator opened [pid=3380]

Figure 26.1:The calculator is available through the KiCad launcher window.

J

The calculator app actually contains multiple calculators. One of them is
the Track Width calculator. Select it by clicking on its tab. Fill in the values that
best describe your power track requirements. For a typical Arduino gadget,
the values that you see in Figure 26.2 are reasonable. I have only altered the
conductor length value to 30mm to better match the power trace length of one
of my PCB projects. I tend to overshoot these values to ensure that the trace
width that the calculator returns can comfortably cover the requirements.

PCB Calculator - 0@

Regulators | Track Width | Electrical Spacing TransLine RF Attenuators Color Code = Board Classes

Parameters: External layer tracg
Current: 1.0 A Trace WIdth mm
Temperature rise: |10.0 degC Trace thickness: |0.035 mm
Conductor length: Hﬂ mm Cross-sectionarea: 0.0105135 mm x mm
Resistivity: |1.72e-8 Ohm-meter [HBENES ORERES Eam

Voltage drop: 0.0490796 Volt

If you specify the maximum current, then the trace widths will be calculated to Power loss: 0.0490796  Watt

suit.

If you specify one of the trace widths, the maximum current it can handle will
be calculated. The width for the other trace to also handle this current will Internal layer traces:
then be calculated.

% . . T dth

The controlling value is shown in bold. (B g 0.781437 mm
The calculations are valid for currents up to 35A (external) or 17.5A (internal), Trace thickness: |0.035 ]
temperature rises up to 100 QEg C, and widths of up to 400mil (10mm). Croteaactionarea 00273503 A
The formula, from IPC 2221, is

1 = K*dT%% * (W*H)% 75 Resistance: 0.0188663 ohm
where: ) Voltage drop: 0.0188663  Volt
1 = maximum current in amps
dT = temperature rise above ambient in deg C Power loss: 0.0188663 watt

W, H = width and thickness in mils
K = 0.024 for internal traces or 0.048 for external traces

Figure 26.2:The Track Width calculator.
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At the top right corner of the calculator, there is a field where you can
provide the trace thickness. This is a value that you don’t have control over
and is defined by the manufacturer’s specifications (some manufacturers
allow you to select the weight of your copper trace, but for simplicity let’s
assume here that this is fixed). The default value, 0.035 mm, seems to be an
industry standard. Manufacturers typically make their boards with that trace
thickness. To be sure, either search your preferred manufacturer’s website for
their trace thickness or ask them.

As you type in the parameters, the calculator returns the suggested
trace width. In the example of Figure 26.2, the suggested width is 0.30 mm.
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26. Custom Global Design Rules and changing the
width of a trace

This recipe is updated to cover Kicad 1.5 and newer.

When you start a new project in Pcbnew, the only trace width available
is 0.25 mm (9.84 mils). If you need to create a trace with a different width, you
will need to create a custom track width for that value.

For example, in the Trace Width Calculator recipe, I calculated that the
minimum width for a power trace that can convey 1 A over 30 mm with a
maximum of 10 degrees Celsius temperature rise is 0.30 mm. In Pcbnew, there

is drop-down menu from where you can manually select the desired width of
a track, titled “Track”.
File Edit View Place Route Insp

B Rae

Figure 26.1: The Track drop-down menu; there is only one width available by default.

By default, this drop-down offer a single track width option: 0.250 mm. In
this recipe, you will learn how to add '0.30 mm' as a track width option in the
top toolbar drop-down menu. You can also use the exact same way to add

custom Via sizes.
In Pcbnew, start by bringing up the Board Setup window. You can do
this in three ways:

1. Click on File —> Board Setup
. Click on the Track drop-down, and then “Edit pre-defined sizes...”.
3. Click on the Via drop-down, and then “Edit pre-defined sizes...”.

In any case, you will see the same result (Figure 26.2) .
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Board Setup X

v Layers Pre-defined track and via dimensions:
Text & Graphics Tracks Vias Differential Pairs
¥ Design Rules Width Size Drill Width Gap Via Gap
Net Classes
[ Tracl
Solder Mask/Paste *
e i + i + i
Import Settings... Cancel OK

Figure 26.2: The Board Setup window with the Tracks & Vias pane selected.

Select the Tracks & Vias pane, under Design Rules. There, you will see
three columns: Tracks, Via and Differential Pairs. There’s a “+” button at the
bottom of each column.

Let’s add a few custom widths and Vias. To add each one, click on the “+”
button and type in the numbers in the relevant row.

In Figure ..., you can see my custom tracks and vias.

Board Setup x

v Layers Pre-defined track and via dimensions:

Text & Graphics Tracks Vias Differential Pairs
¥ Design Rules Width Size Drill Width Gap Via Gap

Net Classes 0.30 mm 0.90 mm 0.50

ksl 0.35mm

Solder Mask/Paste

+ i e & + i

Import Settings... Cancel OK \

Figure 26.3: The Board Setup window with the Tracks & Vias pane selected; I have added several new
custom track widths and vias.

Click 'Ok’ to commit the changes, and confirm that the Track and Via
drop-down menus show the new values (Figure 26.4).
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File Edit View Place Route Inspect Tools Preferences Help

3 & & File Edit View Place Route Inspect Tools Preferences Help
2 Re M Q|G ) B & | (e . : & | po >
W | X @ QQ i (i A Y=Y @logaad MRl EE

Track: 0.250 mm (9.84 mils) * v | Via:0.80/0.40 mm (31.5/15.7 mils) *
Via: 0.90/0.50 mm (35.4 / 19.7 mils)

Track: 0.250 mm (9.84 mils) * Via: 0.80/0.40 mm (31.5/15.7 mils) * v | | Z= | | Gric

Track: 0.300 mm (11.81 mils)

Track: 0.350 mm (13.78 mils)

mils) \

Edit pre-defined sizes...
Edit pre-defined sizes...

Figure 26.4: The Track Width drop-down contains a custom value.

Let’s test that you can create a trace with the custom with. First, select
the '0.30 mm' option from the track width drop-down menu. Then, use the 'X'
shortcut or click on the Route Tracks button from the right toolbar to enter the
track drawing mode. Draw a new track in the Page. Type 'Esc' to end the
drawing, and choose the '0.25 mm' option from the track width menu. Draw
another trace and compare its width to the first. I have also added a third
trace, with 0.40 mm width. Notice that the traces have a different width?

0.25mm
0.30mm

0.40mm

Figure 26.5: Three traces with different widths.

You can change the width of a track at any time by using the trace’s
properties window. Place your mouse on the trace, type the 'E' shortcut (for

'Edit') and select the desired width from the Width drop-down menu (see
Figure 26.6).
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Track & Via Properties X

Common

Net: [<no net> v

() Locked
Tracks

Start point X: 55.0545 mm Layer: WF.cu -
Start point Y: 31.369 mm

End point X: 95.123 mm

End point Y: 31.369 mm

Pre-defined widths: 0.25 mm

Track width: Lo [ mm

0.35
- 0.4 E

7 Cancelr ) OK

Figure 26.6: How to change the width of a track via the Properties window.

Click OK to make the change effective.
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27. Create custom net design rules

This recipe is updated to cover Kicad 1.5 and newer.

Eeschema allows you to give custom names to any net. This makes your
schematic more readable since you will be able to read its name and infer its
purpose quickly. Named nets also allow you to speed up routing by defining
design rules specific to named nets. For example, if you have a custom net
design rule for nets named Power’, this rule will be applied automatically,
saving you the additional effort of manually setting things such as trace width
and via diameters.

In this recipe, you will learn how to create a custom design rule for a net
named 'Power'. The net name is arbitrary but should match the net names that
you defined in Eeschema in order for the rule to be applied in Pcbnew.

In Pcbnew, open the Board Setup window from the File menu. Click on
Net Classes under Design Rules. Click on the ‘+” button to add a new net
class. At the prompt, give the new class a name, like Power'. A new row will
appear, with default values for the various attribute fields (Figure 27.1). To
update these values, click inside the field that you want to edit, type in the
new value and hit Enter. In the example of Figure 27.1, I have set 0.30 mm for
the Track Width, since this is the value that the calculator suggested as the
minimum width. I adjust the rest of the values accordingly. For vias, I chose 1
mm for the diameter and 0.6 mm for the drill to closely match the increased
power trace width. I don’t plan to use micro-vias (uVia) so I left their values
unchanged. For the differential pairs, I matched their width and gap with the
single trace width and clearance.
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Board Setup X

¥ Layers Net Classes
Text & Graphics Name Clearance Track Width Via Size Via Drill uVia Size uVia Drill dPair Width dPair Gap
v DesignRules Default 0.2mm 0.25mm 0.8mm 0.4mm 0.3mm 0.1mm 0.2mm 0.25mm

Net Classes
S N N
Tracks & Vias

Solder Mask/Paste

+) g
Net Class Memberships
Filter Nets Net Net Class
Net class filter: ‘ v
Netname filter: | ]| NVin Power
- - ~ /voutt Power
| Show All Nets Apply Filters | INout2 Power
Net-(D1-Pad2) Default
Assign Net Class
Newrekabes . ‘ Net-(D3-Pad2) Power
Net-(D5-Pad2) Default
( Assign To Listed Nets ) Assign To Selected Nets /| Net-(D6-Pad2) Default
Import Settings... | Cancel || OK |

Figure 27.1: The new Power class.

With the new rule set for the Power class, when you draw the trace for a
net named 'Power’, the custom design rules will be applied. The Power traces
will have a width of 0.3 mm (instead of 0.25 mm), and a via diameter of 1 mm
(instead of 0.8 mm).

You can assign nets to a net class by using the Net Class Membership
segment widgets of the Design Rules Editor. From the left side of the Net
Class Membership segment, choose the net class you want to assign nets to. In
the example of Figure 27.2, I have selected the Power class.

Board Setup L
v Layers Net Classes
Text & Graphics Name Clearance Track Width Via Size Via Drill uVia Size uVia Drill dPair Width dPair Gap
v DesignRules Default 0.2mm 0.25mm 0.8mm 0.4mm 0.3mm 0.1mm 0.2mm 0.25mm
Tracks & Vias

Solder Mask/Paste

+| €
Net Class Memberships
Filter Nets

Net class filter: ‘

Net name filter: [

| Show All Nets Apply Filters

Assign Net Class

. 5 4 Net-(D3-Pad2) Power
New net class: Bova - ‘
Net-(D5-Pad2) Default
Assign To Listed Nets ( Assign To Selected Nets kj Net-(D6-Pad2) Default

Import Settings... | Cancel || OK |

Figure 27.2: Assigning nets to a Net Class.
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From the list of nets in the right side of the same segment, select the nets
that you want to assign to the net class. I have selected the three nets you can
see 'boxed-in' in Figure 27.2. You can select multiple nets by holding down the
Shift key and clicking on a row. In the Assign Net Class box, select the Power
class from the drop-down menu, and then click on “Assign To Selected Nets”.
Click “OK” to dismiss the window and commit the changes. These nets are
now members of the Power net class and will assume that Class’s attributes
when you create their traces
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28. How to add silkscreen text and simple graphics
In KiCad, adding silkscreen text and simple graphics to your boards is
very easy because there are tools dedicated to this task. In this recipe, you will
learn how to do it.
I will demonstrate using the breadboard power supply board (Figure
28.1). This board is already routed and contains a ground plane which I have
made invisible in order to make it easier to work with the silkscreen.

o0l

8o

SW_DPDT_x2 ‘
£ /o4 eon Lo\
" A o
Q ]
O

Figure 28.1: Let’s add some custom silkscreen elements to this board.

The board already has several silkscreen elements on it, courtesy of the
footprints we have used on it. The silkscreen elements are marked with a
light-blue colour in Figure 28.1, and with white in the board’s 3D
representation (Figure 28.2).

Figure 28.2: The existing silkscreen elements are shown in white in the 3D view of the board.

In the right bottom corner of the board, you can see the outline of the
barrel connector footprint. There is a white line that marks the edges of the
footprint, and the name of the footprint J1".

Let’s say that you want to make the text J1' to not be printed in the
manufactured board. To do that, you must edit the text properties and make it
invisible. Place your mouse cursor over the text, and type the 'E' shortcut (for
'Edit'). The Properties window in Figure 28.3 will appear.
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Footprint Text Properties x

Footprint J1 (Barrel_Jack) orientation 0.0

Display: Style:
Reference:

] Visible @® Normal
width: (mm): 1 @ |Invisible O Iltalic
Height: (mm): 1 Orientation:

1 0.0
Thickness: (mm): |0.15 @ +90.0
Offset X: (mm): 5.75 -90.0
0 180.0
Offset Y: (mm): 8.45
Other

Layer: HWFsilks = .
Rotation (-180.0 to 180.0)

] Unlock text orientation

Cancel || OK |

Figure 28.3: The Text Properties window.

Click on the 'Invisible' radio button to select it, and click on the Ok
button. The T1' text should no longer be visible on the board, or in its 3D
representation. To bring it back, either type 'Ctr-Z' (Windows, Linux) or 'Cmd-
Z' (Mac OS) to undo the change. Or, edit the barrel connector footprint (place
your mouse pointer on the footprint and type 'E'), then click on the Reference
text 'Edit' button to bring up the text properties for the footprint reference text,
and choose 'Visible' from the Display box.

Footprint Properties X
Properties | 3D Settings
Reference: / Update Footprint from Library
J1 Edit
value: Change Footprint Footprint Editor
Barrel_Jack Edit| placement Type: Move and Place:
@ Through hole Free
Board Side: Sar . ® Lockpad
@ Front urface moun [} ock pads
Back Virtual Lock footprint
) Auto Place:
Rotation: Allow 90 degree rotation: Allow 180 degree rotation:
@® 0.0 0 0
) +90.0
~ -90.0 0 10 0 10
180.0 Local Settings:
ot Pad connection to zones: Use zone setting =

Rotation (-360to 360):  set clearances to 0 to use netclass values.

Positive clearance means area bigger than the pad (usual for solder mask).
Negative clearance means area smaller than the pad (usual for solder paste).

X Position: Pad clearance: 0 mm
158.329 mm  Solder mask clearance: 0 mm
Y Position: Solder paste clearance: -0 mm
160.329 mm .
Solder paste ratio clearance: |-0.000000 %
Sheet path' Note: solder mask and paste values are used only for pads on copper layers.
/5B45579D

Cancel OK

Figure 28.4: You can access the footprint reference text from the footprint properties.

Let’s continue to add custom text and simple graphics to this board.
First, because we want to insert silkscreen elements into the top layer of the
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board, select 'ESilkS' from the Layers Manager. If we wanted to do the same to
the bottom layer, we would select 'B.SilkS' (we will do this later because there
is an additional consideration for doing so).

To add text, click on the Text tool from the right toolbar (Figure 28.5).

=1
©
i,
T

Figure 28.5: These tools are used to create silkscreen elements.

Now click on the location on the board where you would like the text to
appear. I will place mine over the barrel connector footprint. The Text
Properties window will appear (Figure 28.6). Type your text in the text box.
You can also control the size and other attributes of your text (I encourage you

to experiment with them).

Text Properties x

Text:
This is sample text|

width: (mm): Position X: (mm): Layer: Display:
%5 153.67 HFsilks : | |Normal 2
Height: (mm): PositionY: (mm): Style: Justification:
1:5 154.178 Normal 2 | | Center

Thickness: (mm): Orientation (deg):
0.3 0.0

Cancel | OK

Figure 28.6: Text properties.

With the text and properties as it appears in Figure 28.6, click on Ok.
The silkscreen should look like the example in Figure 28.7.
DT x2 7 5

Figure 28.7: The new text appears in a single line.

The text appears in a single line, and it crosses with other elements, like
the LED footprint and other text. It would be better to have this text appear in
three lines, justified to the left, and moved to the right edge of the board. To
do that, bring up the Properties window again (place your mouse pointer over
the text and type 'E'), and break the text into three lines, as you can see in
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Figure 28.1. Also, change the justification to 'Right'. You can reduce the text
size by reducing the Width and Height to 1.0 mm.

Text Properties %

Text:
This is
sample
text|

width: (mm): Position X: (mm): Layer: Display:
15 164.592 WFsilks : | |Normal 3
Height: (mm): PositionY: (mm): Style: Justification:

1.5 155.194 Normal < | | Right

Thickness: (mm): Orientation (deg):
0.3 0.0

Cancel OK

Figure 28.8: Text now appears in three lines, justified to the right.

Click Ok to commit the changes, and notice how this text appears on
the board (Figure 28.9).

Figure 28.9: The text appears in three lines, justified to the right..

If you need to move the text, use the 'M' shortcut ('Move').

Next, let’s add a box around the text. We'll use the polygon tool for this.
If you wanted to draw a circle you would use the circle tool, and if you
wanted to draw an arc you would use the arc tool. While you are still working
on the F.SilkS layer, click on the polygon tool (the first from the top in Figure
28.5), and click on the four corners around the text to create the outline.
Double click to exit the drawing mode. The result should look like the

example in Figure 28.10.

-

Figure 28.10: Added a box around the text.

In 3D, the board looks like the example in Figure 28.11.

Figure 28.11: Added a box around the text, in 3D.
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Now, let’s say that you’d like to print the same text and box in the
bottom silkscreen layer. Start with the text. Place your mouse pointer on the
text and type 'E' to show the text properties. Change the Layer to 'B.SilkS' and
the Display to 'Mirrored' (Figure 28.12).

Text Properties 29
Text:
This is
sample
text|
width: (mm): Position X: (mm): § Layer: Display:
155 164.592 M s.silks 2 | | Mirrored 3
Height: (mm): Position Y: (mm): ~ Style: Jusﬁcatlon:
1.5 155.194 Normal 2 | | Right

Thickness: (mm): Orientation (deg):
0.3 0.0

Cancel || OK N

Figure 28.12: Moving the text to the bottom silkscreen.

Because the text is now placed in the bottom silkscreen, it is necessary
to display it in mirrored orientation. Click Ok, and then used the 'M' key to
move the text in position. Repeat the same process for each of the four lines
that make up the box (Figure 28.13).

Line Segment Properties x

Start point X: | 164.846 mm Item thickness: |0.2 mm

Start point Y: | 159.004 mm  Default thickness: 0.2 mm
End point X: [164.846 | mm I Layer: | MB.silks z l
End pointY: |151.638 mm

Cancel OK I}

Figure 28.13: Moving the line to the bottom silkscreen.

You can see the result and its 3D representation in Figure 28.13.

Figure 28.13: The text and box appear in the bottom silkscreen.

The bottom silkscreen elements appear in purple. In the 3D view, turn
the board around to see the bottom layer, where the silkscreen elements

appear in white.
To learn how to add a custom logo to the silkscreen, please continue

with the next recipe.
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29. How to add a custom logo to the silkscreen

To add your logo or other graphics on your PCB, you first need to
determine the dimensions of the area on the PCB where the logo will be
placed. An important consideration is that the graphics file must be a bitmap
(BMP or PNG), and monochrome. For the end result to be a crisp and high-
quality graphic, you must also use a file with a high DPI (Dot Per Inch) count,
at least 500 DPI. This is something I discovered experimentally.

In this recipe, you will learn how to add a logo to your PCB. KiCad
provides a tool that allows you to convert a bitmap file into a footprint that
can be imported into Pcbnew. Because there is a plethora of image
manipulation programs and this book is not about image manipulation, I
leave it up to you to create a suitable image file.

For this example, I will use a BMP file that has a size of 1140 x 448 pixels
to create a footprint that will fit in an area that is around 10 mm wide on the
PCB. The bitmap file is far larger than what is necessary for our 10 mm end
result, but after a lot of trial and error I have discovered that including more
data in the raw file (a larger file) will result in a silkscreen graphic with better
detail, that looks crisp and professional.

From this starting point, follow this process to create the graphics
footprint and add the logo to your PCB in the front silkscreen:

1. Open the main KiCad window and click on the 'Bitmap to
Component Converter' button.

D> RS

Figure 29.1: The 'Bitmap to Component Converter' button.

2. Click on the 'Load Bitmap' button and import the BMP file.
3. The image of the logo will appear on the left pane of the tool. Click on

the '‘Black&White Picture' tab.
4. The Bitmap to Component Converter is a very simple tool that allows

you to do some basic manipulation of a bitmap image file. The most
important modification you will need to do here is to match the size of the
footprint you are about to create, with the area in which you want to place the
logo. In this example, I would like to place the logo in an area that is around
10 mm in width. I'd like the height to be proportional to the width. In Figure
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29.2, find the Bitmap Info box at the top right corner of the Converter. In it,
you can see the raw dimensions of the image. The only item that you can edit
is the resolution. Increase or decrease the resolution until the size matches
your requirements. In my case, I had to increase the resolution to 2500 DPI
(height and width) to get my images to around 10 mm. In fact, 11.6 mm across
is still fine for the available space so I left the resolution at 2500 DPL.

Bitmap to Component Converter - 0@

Original Picture = Greyscale Picture | Black&White Picture Bitmap Info

Size: 1140 448 pixels
Size: 11.6 4.6 mm
BPP: 24 bits

Resolution: | 2500 2500 DPI

Load Bitmap

Export

Postscript (.ps file)
Logo for title block (.kicad_wks file)

mage Options
Black / White Threshold:

t < Al
0 100

Negative

User layer Eco1

User layer Eco2

/home/peter/Desktop/TechExplorationsLogo.bmp

Figure 29.2: The Bitmap to Component Converter.

5. Ensure that Pcbnew and 'Front silkscreen' are selected, and then click
on Export.

6. 'Export' will prompt you for a location for the new footprint library
you are about to create. If you want to use this logo among all your projects,
create and select a new folder outside of your current project folder. In my
case, I created a new folder inside my current project directory, named
'ProjectLibraries’, gave this new library a suitable name
"TechExplorationsLogo_2500DPI1.KiCad_mod', and saved the file. You can now
close the Converter.

7. Go into Pcbnew, and click on Preferences, ManageFootprintLibraries.
Before you use the new footprint you must import it. You can choose to
import the new library for the current project only, or for all projects. In either
case, click on the preferred tab, and then on the 'Browse Libraries' button.

8. Navigate your file system and click on the folder that contains the
new library. Click Ok to select it. In Figure 29.3 you can see the imported
library in my 'Project Specific Libraries' tab.
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Footprint Libraries
Libraries by Scope
Global Libraries | Project Specific Libraries
File: /home/peter/Documents/Kicad projects/KLP2/Copy of TE Breadboard Power Supply/fp-lib-table
Active Nickname Library Path Plugin Type Options | Description

1 &

Figure 29.3: The new footprint library is specific to this project.

9. Select the front silkscreen 'F.SilkS' from the Layers Manager.

10. Press the 'O’ key (to add a footprint) or click on the 'Add Footprints'
button from the right toolbar, and then click on the location on the board
where you would like to add your logo.

11. The 'Chose Footprint' window will appear. Click on the 'Select by
Browser' button. The Library Browser will appear (Figure 29.3).

Library Browser — ProjectLibraries — /home/peter/Documents/Kicad projects/KLP2/Copy of TE Breadboard Power Supply/ProjectLibraries - o &
File View Help
R @ R aaoqiid-
Package_TO_SOT_THT 2
Potentiometer_SMD . .
Potentiometer_THT
ProjectLibraries
RF_Antenna
RF_Module
RF_Shielding
Relay_SMD
Relay_THT
Resistor_SMD
Resistor_THT
Rotary_Encoder
Sensor_Audio
Sensor_Current
Sensor_Pressure
Sensor_Voltage
Socket
Sources
symbol
TerminalBlock

TerminalBlock_4Ucon
TarminalBlack Minkia > .
Gree N BoardSide  Pads  Status t Footprint
LOGO k Front 0 N ProjectLibraries:TechExplorationsLogo_2500DPI
7804  X-5.080000 Y-2.540000 dx-5.080000 dy-2.540000 dist 5.680 mm

Figure 29.3: Find your new library in the Library Browser.

12. Look for your new library that contains your logo footprint. The
library’s name is the same as the name of the folder in which the logo
footprint is.

13. When you find the library and footprint, double-click on it to select
it and drop it on your board.

14. The logo will now appear in the front silkscreen layer of your board.
You can verify that it looks as you want it by opening the 3D viewer (Figure
29.4).

1 -
Figure 29.4: The logo appears on the front silkscreen.
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What if you wanted to place this logo on the back silkscreen? All you
have to do is to edit the logo footprint properties and select '‘Back' as the board
side (Figure 29.5).

Footprint Properties x
Properties | 3D Settings
Reference: Update Footprint from Library
Gl Edit
Value: Change Footprint Footprint Editor
LOGO Edit cement Type: Move and Place:
Through hole Free
Board Side: S . ® Lockpad
L)
Eiomnt urface moun! ock pads
@ Back Virtual Lock Footprint
5 Auto Place:
Rotation: Allow 90 degree rotation: Allow 180 degree rotation:
@® 0.0 0 0
) +90.0
90.0 0 10 0 10
180.0 Local Settings:
5 Pad connection to zones: Use zone setting s
Other
Rotation (-360to 360):  set clearances to 0 to use netclass values.
Positive clearance means area bigger than the pad (usual for solder mask).
Negative clearance means area smaller than the pad (usual for solder paste).
X Position: Pad clearance: 0 mm
158.242 mm  solder mask clearance: 0 mm
Y Position: Solder paste clearance: 0 mm
154.94 mm :
Solder paste ratio clearance: |-0.000000 %
Sheet path: Note: solder mask and paste values are used only for pads on copper layers.

Cancel OK

Figure 29.5: Switch your logo to the back silkscreen layer via the footprint properties window.

The PCB should now look like the example in Figure 29.6.
|/

R
“

G“
32

Figure 29.6: The logo now appears on the back silk screen.

As long as your original bitmap image is of decent quality, you will be
able to decorate your boards with beautiful graphics.
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30. How to manufacture a PCB with Oshpark

In this recipe you will learn how to order a PCB from Oshpark, using
Pcbnew’s '.KiCad_pcb file'. This method reduces a lot of the risk associated
with the relative complexity of using Gerber files to do the same thing. Please
note that very few online manufacturers can accept .KiCad_pcb files. If you
want more control over the manufacturing details of your PCB, please
consider using the traditional Gerber files method. You can learn more about
this in the recipe “30. How to manufacture a PCB with Oshpark”.

We'll use Oshpark.com as this is one of the very few services currently

offering this option. Please follow this process:

1. Start by using your file manager to browse into your project’s folder.
In that folder, locate the file with the extension "KiCad_pcb'. This is the file
that contains your PCB’s layout data, and it was created by Pcbnew.

< 4 Kicad projects = KLP2 = EnvironmentShield » Q= = - 0@
©  Recent Name - Size Modified
@ Home i Gerber
[ Desktop
EnvironmentShield.bak
[0 Documents
y 1
~ Downloads 1 . h
Bl Music EnvironmentShield.kicad_pcb-bak
@& Pictures
S Videos EnvironmentShield.net
W  Trash },3_ EnvironmentShield.pro
B  Kicad Projects

_éf’ EnvironmentShield.sch

Other Locations

+

EnvironmentShield-cache.lib
Gerber.zip

[—
net_report.txt

Page Layout.kicad_wks

“EnvironmentShield.kicad_pcb"” selected (374.9 kB)

Figure 30.1: The KiCad_pcb file contains the layout of your PCB

2. Use your browser and navigate to www.oshpark.com.
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OSHPARK  ABOUTUS  SERVICES  SUPPORT  SHARING ™ SIGNIN

5 MO TN

A
Let's get started! 2
b

Drag and drop your KiCAD, EagleCAD, or zipped Gerber files

X BROWSE FOR FILES

Figure 30.2: One of the attractions of Oshpark is it's simple user interface.

3. Drag and drop the KiCad_pcb file onto the purple box in the Oshpark
home page.

M | < | > |« Kicadprojects KLP2 = EnvironmentShield » <

r

©  Recent Name

@ Home (] Gerber

Let's get started!

Drag and drop your KiCAD, EagleCAD, or zin

. BROWS:. CORFILES
< A :
Trash Environmentshield.pro

Figure 30.3: Uploads are as easy as drag and drop.

Deskto
& Environmentshield.bak

Documents

Downtosd Hﬁ" Environmentshield kicad_pcb

~ Environmentshield.kicad_pcb-bak
Pictures

EnvironmentShield.net

[

[u]

v

4 Music
a

| Videos
o]

4.If you are using a development version of KiCad that is not yet
supported by Oshpark, you will receive a message prompting you to upload
Gerber files instead. In this case, please read the Gerber files recipe, create a
Zip archive with the Gerber files, and upload the archive to Oshpark. If the
upload of your KiCad_pcb file was successful, then let’s continue.

5. If the upload succeeded, you will see a rendering of the front and
back layers of your board, and a form where you can provide a name and
description of your project, and your email address.
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About your board

We detected a 2 layer board of 3.24 x 2.10 inches (82.2 x
53.4mm)
3 boards will cost $34.00

Board name

EnvironmentShield kicad_pcb

Description

Email

Bottom

Notes

o Processing information

« Processing EnvironmentShield.kicad_pcb as KiCad CAM
job.

« Kicad processing includes re-drawing your fill zones.
Please verify any copper pours. See help page. %

« 2 layer board of 3.23x2.10 inches.

Figure 30.4: The upload was successful.

6. Fill in your project details, and click on Continue. The checkout
process will take you through a verification step, where you can inspect that
each layer of your board is correct, and a payment step. Oshpark’s service is
extremely simple. The only technical choice you have to make is whether you
would like to opt for the 2 oz copper, 0.8mm thick PCBs. If you choose this
option you PCB will have half the thickness of a 'normal' PCB, but with more
copper in each trace. This is a good option for PCBs that will operate with
higher currents in more confined spaces.

At this point, you can proceed with your order and a few weeks later
you will receive your PCBs. Oshpark will notify you via email as your order is
progressing.

353



31. How to make and test Gerber files

The vast majority of online PCB manufacturers accept Gerber files.
Gerber files consists an industry standard, and virtually every PCB CAD
application can produce them. In this recipe, you will learn how to export the
necessary Gerber files, package them in a Zip archive, and upload them to a
manufacturer. For the manufacturer, we will use pcbway.com, but the process
is very similar across the industry.

PCBWay is a quality manufacturer located in China. Apart from
competitive pricing, they offer a vast range of customisations. While Oshpark
aims for simplicity, PCBWay aims to satisfy every conceivable PCB
manufacturing desire.

In Pcbnew, to generate the Gerber files, follow this process:

1. Click on the Plotter button ﬂ in the top toolbar to bring up the
Plot window.

2. PCBWay provides information about which Gerber files to produce
and the various settings that you will need to enable. Other manufacturers
should have similar information available on their website. There are two sets
of files that you must create. The first set contains individual files for each
layer of the PCB. The second set contains a file for the drill so that the
manufacturer can know how to drill the holes and vias. You can see the main
Plot window in Figure 31.1. If you are uploading your Gerber to PCBWay, you
can set up your Plot window as in this example. Before you click on the Plot
button to generate the files, click on the folder button on the top right corner
of the window to change the output directory to a new directory. I usually
name directories that contain Gerber files 'Gerber'. Once you set the output
directory, click on the Plot button. In the output messages text area, you will
see green text indicating that the files were created. Do not close this window
yet!
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Plot x

Plot format: Output directory:
Gerber + | |Gerber/ =
Included Layers: General Options:
& F.Cu [7) Plot sheet reference on all layers Drill marks:
& B.Cu & Plot footprint values
F.Adhes & Plot footprint references Scaling:
B.Adhes ["] Force plotting of invisible values/references
& F.Paste Ao e e
& | Bpaste 0 not tent vias :
& Fsilks & Exclude PCB edge layer from other layers
@ B.Silks & Exclude pads from silkscreen Line width: (mm):
2R 0.1
@ F.Mask (7] Use auxiliary axis as origin
& B.Mask
Dwgs.User
Cmts.User
Eco1.User & check zone fills before plotting
Eco2.User Solder Mask Options:
& Edge.Cuts Clearance: 0.2mm
Margin width: omm
F.Crtyd Gerber Options:
B.Crtyd & Use Protel filename extensions Coordinate Format
F.Fab [) Include extended (X2) attributes o LR
B.Fab @ 4.6, unit mm

[] Generate Gerber job file

[7) Subtract soldermask from silkscreen

Plot file "/home/peter/Documents/Kicad
projects/KLP2/BreadboardPowerSupply_v2/Gerber/BreadboardPowerSupply_v2-Edge.Cuts.gm1"”
created.

show: & All & Errors & warnings [ Infos [ Actions | Save Report File

Run DRC... | Generate Drill Files... ‘ Close Plot

Figure 31.1: The Plot window, where you create the individual layer files.

3. You still need to create the drill files, unless your PCB has no holes.
Click on the Generate Drill Files button in the bottom of the Plot window to
do that. If you are uploading your Gerber to PCBWay, copy the setting from
Figure 31.2, and click on Generate Drill File. This file will be stored in the
Gerber directory along with the rest of the Gerber files. You can now Close
both Drill and Plot windows.

Generate Drill Files *
Output Directory: |Gerber/ =
File Format: Drill Map File Format: Default Via Drill: - -
@ Excellon ) HPGL Use Netclass values Generate Drill File
Gerber X2 (experimental) @ PostScript Micro Vias Drill: Generate Map File
Drill Units: Gerber ol COuTE = =n CFil
S - : enerate Report File
Millimeters DXF plated pads: 39
@ Inches 0 SVG Non-plated pads: 0 Close
- Through vias: 2
Zeros Format: 2 e %i : 5
Decimal format Excellon Drill File Options: - C_ od és‘ »
> 5 uried vias:
@ Suppress leading zeros MirrorY axis
*) Suppress trailing zeros & Minimal header
") Keep zeros ] PTH and NPTH holes in single file
Precision: 2:4 brillorigln:
@ Absolute

) Auxiliary axis
Messages:

Create file /home/peter/Documents/Kicad projects/KLP2/TE Breadboard Power Supply/Gerber/
TE_breadbaord_power_supply-PTH.drl

Create file /home/peter/Documents/Kicad projects/KLP2/TE Breadboard Power Supply/Gerber/
TE_breadbaord_power_supply-NPTH.drl

355



Figure 31.2: The Generate Drill Files window.

4. Use your file manager and go to your project’s directory. Have a look
inside the Gerber’s directory and confirm that the Gerber files are there.

ects KLP2 TE Breadboard Power Supply  Gerber Q HES P4 4 Kicad projects  KLP2 TE Breadboard Power Supply Gerber » Q
Name size © Recent Name - size
@ Home TE_breadbaord_power_supply-8.Cugbl
[ Desktop
il rescuebackup TE_breadbaord_power_supply-8.Mask.gbs
D Documents
%% TE_breadbaord_power_supplR b & | Downloads TE_breadbaord_power_supply-8.Paste.gbp
TE_breadbaord_power_supply-rescue.lib T _power_supply-8.5ilks.gbo
@  Pictures
TE_breadbaord_power_supply.pro B videos TE_breadbaord_power_supply-Edge.Cuts.gm1
sym-lib-table Trash TE_breadbaord_power_supply-F.Cu.gtl
Kicad Projects
TE_breadbaord_power_supply.kicad_pcb-bak & & TE_breadbaord_power_supply-F-Mask.gts
+ Other Locations
TE_breadbaord_power_supply-cache.lib TE_breadbaord_power_supply-F.Paste.gtp
j? TE_breadbaord_power_supply.sch TE_breadbaord_power_supply-F.silks.gto
TE_breadbaord_power_supply.net TE_breadbaord_power_supply-NPTH.drl
TE_breadbaord_power_supply.bak TE_breadbaord_power_supply-PTH.drl

Figure 31.3: The Gerber files inside the Gerber directory.

5. Next, you must create a Zip archive that contains the Gerber directory
with all the files in it. In Ubuntu, this can be done with a right-click, and by
choosing the 'Compress..." option (Figure 31.4). The Gerber.zip files should be

OpenInNew Tab
‘ rescue-backup N
Open In New Window

‘ rescue-backup

(= Open With Other Application
I\\. _autosaveTE B P A - Gerber.zip
1 Cut
\3 C -
%. TE_breadbaorg  <°PY Iﬁﬁ‘i _autosave-TE_breadbaord_power_supply.kicad_pcb
Moveto... ¥

TE_breadbaorq  COPY to-.. e __

Move to Trash
TE_breadbaorc__Rename... S
Compress... R
sym-lib-table | Local Network Share
Openin Terminal
TE_breadbaord Revertto Previous Version... 3

Properties

" Figure 31.4: Create a Zip archive of the Gerber directory.

6. Upload the Zip file to a service like gerblook.org to ensure that they
are correct. Gerblook will render the board layers, and you can visually
inspect potential issues.

You are now ready to order your PCB from an online manufacturer
using your Gerber files archive. To learn how to do this with pcbway.com
please read the next recipe.
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32. How to manufacture a PCB with PCBWay

Now that you have a Zip file that contains your project Gerber files, you
can proceed with the upload process. PCBWay wants you to provide some
information about your board first before you upload the Zip file. You will
need to find out your board’s dimensions, how many layers it has, and decide
about the board thickness (Figure 32.1).

PCBWay PCB Prototype the Easy Way
1

Home PCB Instant Quote PCB Assembly Product Center Why Us? Feedback q

A PCB Prototype
£ Instant Quote

[E] sMD stencil
Dimensions Quantity
PCB Assembly X mm| | Choose Num (pcs) j

@& Flexible PCBs Layers

Figure 32.1: PCBWay requires some information before you upload your Gerber’s.

Follow this process to find out the dimensions of your board and

complete the ordering process:
1. Open your PCB project in Pcbnew.

2. Use the Measure Distance tool ( : ) from the right toolbar to
measure the width and length of your PCB.

wwee ' sz

wwee ' ot
wwee ST

Figure 32.2: Use the Measuring tool to find out the dimensions of your board.

3. Type in the length and width values in the form (Figure 32.3). Choose
your desired quantity, number of layers and thickness (1.6mm is a good
standard value, only change it if you have a good reason for doing so). Click
on Quote Now to go to the quotation page.
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FA PCB Prototype
- Instant Quote !

SMD Stencil

Dimensions Quantity
1 [

PCB Assembly 30 x| 51 mm| |5 :l

@& Flexible PCBs Layers Thickness
2 Layers A E1.6mm j

B Quote Now £ Get $5.00 - Free Prototype Order

Figure 32.3: The PCB prototype form filled in.

4. The Quote page can be overwhelming at first (Figure 32.4). Most of
the default settings are safe to keep. The only change that I make is to select
the HASL lead-free surface finish since I try to work in a lead-free
environment. This page does give you a good overview of the kind of
customisations that are possible with PCBWay and why they are worth
considering for your project. You can make boards on aluminium or rig-flex
boards, with a large variety of thicknesses, solder mask colours, and surface
finishes. They even support black silkscreen! When you are ready, click on the
'Add to cart' button (not showing in Figure 32.4, this button is on a side
panel). This will take you to the upload page.

R ONIRA® S

ingle pieces anel by Customer anel by ay
s P c P PCBW.

a S

X mm inch’~mm

<4 Additional Options

Figure 32.4:Most default options are safe to keep, except for the surface finish.
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5. In the next step, you are prompted to upload the Gerber Zip archive.

upload File -

2 Attach Your Gerber Files PCBWay wil never disclose your PCB files to any third party!

© gerber files. DXP Others

+ Add Gerber File C:\fakepath\Gerber.zip

10mins - 1 hours

Submit Order Now skip Eagle(.brd) => Gerber file (3)

Figure 32.5: PCBWay upload facility.

6. When the upload is complete, PCBWay’s engineers will check your
project to ensure that it is technically valid and manufacturable. You will not
be able to check out and pay for your boards until the audit is completed
(Figure 32.6).

us so
uss?
US $0.00

wAPALE. > & $?

Figure 32.6: Your PCB project is subject to an audit by PCBWay’s engineers before you can checkout.

The audit process usually takes a few hours to complete. If all goes well,
you will receive an email advising you that you can complete the checkout.
Once paid, you'll have your boards in a few weeks.
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33. Rounded corners

In this recipe, you will learn how to create a rounded corner, like the
one in the example in Figure 33.1. In this example, the arrows point to some of
the rounded corners of the board. Although it does take additional work to
design these corners, they do contribute to making this board look and feel
'quality’.

Figure 33.1: The arrows point to some of the rounded corners on this board.

To practice how to create an outer and an inner rounded corner, let’s use
an empty page in Pcbnew. Start a new KiCad project, and open KiCad. Since
we will be designing the layout of a PCB, opt for a large grid and zoom factor.
In my design, I use 1.27 mm (50 mils) for the grid size, and 11.46 for the zoom

factor. Select the Edge.Cuts layer, and click on the Line tool ( :
33.2 you can see our objective: our aim is to replace the 90-degree angled of

). In Figure

this board with rounded corners.

Figure 33.2: We will convert the angled corners into rounded corners.

We will need to re-draw parts of this outline, but if you wish to follow
along with the practice operations, go ahead and draw the polygon.

360



To create rounded shapes, you will use the arc tool (:\ ). Click on its
button to select it. Next, zoom in to the top left corner to practice using the arc
tool. To draw an arc, you will go through a sequence of three clicks. First, click
on the location where you wish to set the centre of the circle of which the arc is
part of. Then, click at a location that defines the radius of the arc. Finally, click
to define the length of the arc. In Figure 33.3, you can see this sequence.

r:1.27mm
. 0768 6deg !
v

2
- A6:90.0deg
0:180.0deg

Figure 33.3: Creating an arc involves three clicks.

From left to right:

1. Using the grid as a guide, click inside the corner so that the centre of
the arc’s circle is across the corner. I am using a 1.27 mm grid, so I placed my
mouse pointer to the grid dot that is located 1.27 mm horizontally and 1.27
mm vertically from the corner.

2. Move the mouse one grid segment upwards, to meet the existing
outline line, and click. This defines the radius of the arc, which is 1.27 mm.

3. Finally, draw the 90 degree arc itself. Move the mouse towards the
vertical line until it is over the grid dot, 1.27 mm below the corner. Click to
complete the process.

In the fourth image of Figure 33.3 you can see the outcome of this
process. This was only practice. The corner is still there, and to complete the
work we will need to remove the lines that make it, leaving only the arc. But
before we get to that, I'd like to show you one more thing.

Still working on the top left corner, create a new, longer arc, like the one
in Figure 33.4 (the new arc is the longer one).

Ya

Figure 33.4: You can create arcs of arbitrary lengths.

To create this longe arc, place your mouse on the grid point that is 2 x
1.27 mm = 2.54 mm vertically and 2.54 mm horizontally away from the corner.
Define the arc radius and draw the arc in the same way as the first arc. You
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will end up with a longer arc than the first one. This is how you can create
rounded corners of arbitrary size.

Let’s continue to finish work on this corner (delete the longer arc, if you
created it).

The next step is to remove the lines that create the 90-degree corner.
This process is described visually in Figure 33.5.

Figure 33.5:Delete and replace the lines, leaving the rounded corner in place.

Refer to Figure 33.5. Start with the horizontal line. Place your mouse
over it and type the Del key to remove the line (1). Use the line tool to restore
the horizontal line, but this time start it from the top-right corner to the edge
of the arc (2). With the grid size at 1.27 mm, it should not be a problem
creating a perfectly closed outline. If the outline is not closed, KiCad will show
a warning message when you attempt to use the 3D Viewer. Continue with
deleting the vertical line (3). Restore this line, and you will end up with an
outline like the one in Figure 33.6, with a rounded corner.

Figure 33.6:The top left corner is now rounded.

Follow the exact same process to replace the rest of the external corners
with rounded corners. Each time, draw the arc in the size you want, and
replace the straight lines, always taking care to produce a perfect closed
outline (Figure 33.7).

Figure 33.7: All external corners are rounded; let's work on the internal corner next.
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For the remaining corner, the internal corner, we’ll use a slightly
modified process. Instead of placing the centre of the arc’s circle inside the
outline, we'll place it on the outside. The process is described visually in
Figure 33.8.

Figure 33.8: Creating an internal corner.

Start by clicking on the grid dot that is 1.27 mm horizontally and 1.27
mm vertically away from the corner, outside the outline (1). Move the mouse
pointer right, on the existing line, and click to define the radius (2). Then
draw the arc so that it meets the horizontal line (3). Finally, delete the two
straight lines that make up the corner, and replace them with new lines that
meet the arc. In Figure 33.9 you can see the completed board outline with
rounded corners.

Figure 33.9: The board outline with completed rounded corners.

As you learned in the chapter 'PCB layout process', you should design
the outline of the board before you place any footprints on it and do any
routing. This will make it much easier to draw the outline since you will not
need to negotiate obstacles. This is also the best time to create screw holes and
other openings (as, for example, for passing wires). Please read the 'Creating
mounting holes and openings' recipe to learn more about this.
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34. Mounting holes and openings

The easiest way to create openings for requirements such as a screw or
mounting holes, passing wires, or other component requirements, is to design
them in the Edge.Cuts layer in the exact same way that you go about
designing the board outline. Essentially, when you create a board internal
outline, the manufacturer will treat it as a void, and carve material out of it.

If your manufacturer does not support this method, you can either
choose to switch to a manufacturer that does or use pads or other footprints
that have the shape you want. You can also create your own footprints for this
purpose.

In this recipe, you will learn how to use the Edge.Cuts and pads
methods.

The instructions that follow build a board similar to the one I describe
in the 'How to create a rounded corner' recipe. You can see our starting point
in Figure 34.9. The only difference is that the one in this recipe is larger (144
mm x 76 mm) so that there is enough space in it for the openings.

Figure 34.9: We will add four screw holes and an opening to this board.

To create mounting holes for the screws, start by measuring the size of
the screws you wish to use. This is done easily with a calliper if you have one
(Figure 34.1).

Figure 34.1: This screw will require an opening slightly larger than 2.88 mm.
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The screw I measured in Figure 34.1 has a width of 2.88 mm, so it will
require an opening that is slightly larger than 2.88 mm. I would like to place
four screw holes on the board, along with its outer corners. To make it easier
to achieve opening diameters of around 2.95 mm or 3.0 mm, I will change the
grid size to 0.508 mm.

Let’s start with the first screw hole at the top left corner of the board.

Click on the Circle tool to select it ( @ ).

Place your mouse cursor across the top left rounded corner, inside the
board outline, to a location that will allow you to draw a circle with at least a 3
mm diameter. This translates to 1.5 mm in radius. We will use the radius value
because the KiCad status bars provide this as we draw the circle. The example
in Figure 34.2 shows the process.

1A
A

Layer shape  Radiu (86.360 mm,42.672 mm)

Shape Radius @ (86.360 mm,42.672 mm)
circle  0.000mm @ (86.360mm,42.672mm)  Edge.cuts  Circle 1. 524"“" @(84 836 mm,42.672 mm) Edg C ts

Figure 34.2: Drawing a circle with a radius of 1.524 mm.

Click to set the circle centre, and then drag the mouse and click again to
define the circle radius. KiCad'’s status bar displays the current radius as you
draw the circle. Because of the grid size, I have selected, the closest value I can
get to 1.5 mm for the radius is 1.524 mm. That is close enough, so I will click
there to complete the drawing. Using my calliper, I have measured that the
head of the screw is 5.39 mm, so that gives me a lot of tolerance to work with
as I design the holes.

You can look at the 3D rendering of the hole, in Figure 34.3.

Figure 34.3: The new hole is rendered properly in the 3D viewer.
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Repeat the same process to define the other three holes. Alternatively,
because you want to create additional holes of the same size, you can
duplicate the first hole by clicking on the hole outline to select it and typing
Ctr-D. In Figure 34.4 you can see the board with all the screw holes in place.

Figure 34.4: Five identical screw holes placed along the edges of the board.

You can verify that your board is as expected by using the 3D Viewer.
An alternative way to create mounting holes is to use a pad footprint, or
even simpler, the via tool. Let’s try that next to place a sixth hole adjacent to

O
the inner corner. Click on the via tool to select it ( ). Place your mouse
over the location where you'd like to via to go and click.

Figure 34.5: Placing a via.

Next, you must define its size so that the screw can fit through it. Place
your mouse over the via and type 'E' to bring up its properties. You can see
the properties window in Figure 34.6, with the values that match the screw I
plan to use. Take care to check the "Locked' checkbox to prevent the via/screw
hole from being moved later when you work on the components and traces. I
defined the drill size diameter to 3.1 mm to accommodate the size of the
screw. The via diameter must be larger than the drill, otherwise, KiCad will
display an error message. I set the diameter to 3.3 mm (Figure 34.6).
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Track & Via Properties x

Common:

Net: v | & Locked
Vias:

PositionX: |139.192 mm Design rule vias: s | mm

PositionY: |79.756 mm Viatype: | Through
Diameter: (3.3 mm St
Drill: {3.1 mm

End layer:

Use net class size

Cancel OK |

Figure 34.6: The via properties, appropriate for repurposing it as a screw hole.

Click Ok to commit these values. You can see the end result in Figure
34.7.

Figure 34.7: The via as a screw hole; as every via, it is plated internally.

As with all vias, the one you just created is plated internally. A small
amount of tin is also present on the surface, just around the hole. In the 3D
representation of Figure 34.7 you may be able to see a very thin light-coloured
line. This is not a problem for the new role of this via as a screw hole.

Let’s do one more alternation of this board as part of this recipe. You
can make intents and opening on the board to facilitate the routing of wires, or
as provisions for mechanical characteristics of components. Let’s create a
simple rectangular opening in the board. Working in the Edge.Cuts layer, use

the line tool to create a rectangular opening ( :
the right side of the board, as you can see in Figure 34.8.

). Draw this rectangle on
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File Edit

Figure 34.8: The board has a new rectangular opening, with its 3D rendering.

If your manufacturer is unable to work with internal cutouts in the
Edge.cuts layer, you can still create them as custom footprints. Learn how to
create footprints in the 'Creating a new footprint' recipe.
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35. Creating a new component (symbol)

In this recipe, you will learn how to create a custom symbol. You use
symbols in schematic diagrams that you can create in Eeschema. Much of
what you will learn in this recipe you will be able to reuse for modifying
existing symbols. There is a separate recipe in this book that explains how to
do that.

Most likely, you want to create a custom schematic symbol because you
have a physical component but can’t find an existing symbol to represent it.
Perhaps you have searched through the symbols that come with KiCad, and
Googled for suitable third-party symbols, but couldn’t find any.

It is also likely that you will want to associate your new symbol with a
footprint. If your physical component has a standard package, like DIP, for
example, then you will be able to associate an existing footprint with your
custom symbol. If not, you will also need to create a custom footprint. You can
learn how to do this in the relevant recipe, also available in this book.

In this recipe, you will learn how to create a custom symbol by creating
a symbol for the 555 timer integrated circuit. There are plenty of libraries for
KiCad that contain this symbol, but for the sake of learning, let's pretend that
we can’t find it.

What we want to create is a symbol like the one in Figure 35.1.

u?
NE555P_PD
4 =
AT RESET o 7
B SRS O R
ZITRIG 2  ouT |2
Sfcont ©

&l

Figure 35.1: A custom-made symbol for the 555 IC.

Our objective is to create a symbol that complies with the convention. In
regards to IC symbols:
1. We arrange pins around a rectangle.
2. We group pins according to function (like inputs, outputs, power
etc.)
3. We place the Vcc pin on the top of the rectangle.
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4. We place the GND pin on the bottom of the rectangle.
5. We choose an appropriate name and designator for the symbol.
Symbol designators are standardised; you can learn more about them here.

The physical component that we are working with is in Figure 35.2. This
component comes in a standard DIP package with 8 pins.

e o B

Figure 35.2: The physical component is a 555 timer in a DIP package with 8 pins.

Because we are working to create a symbol, we don’t need to know
anything about the physical characteristics of the physical component other
than the total number of pins that its package contains. You need to know
details about the physical characteristics when you are working on the
footprint of the component.

However, it is beneficial to have access to the data sheet of the
component. The data sheet contains information that you need: The names,
numbers, and roles of each pin, whether they are input, output, bidirectional,
power, signals, etc. All this is useful information, and the more you have on
hand, the better.

The data sheet for the example component is available from its
manufacturer. The information you need is on page 6, and I have included it

in Figure 35.3 for your convenience.
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http://www.ti.com/lit/ds/symlink/ne555.pdf

I TEXAS
INSTRUMENTS
NAS555, NE555, SA555, SE555
www.ti.com SLFS022| -SEPTEMBER 1973-REVISED SEPTEMBER 2014

6 Pin Configuration and Functions

NA555...D OR P PACKAGE
NE555...D, P, PS, OR PW PACKAGE
SA555...0 OR P PACKAGE
SES555...D, JG, OR P PACKAGE

SE555...FK PACKAGE
(TOP VIEW)

(TOP VIEW)

GND[] 1 S 8" [l Vee NC

TRIG[] 2 7[] DISCH DISCH

OUT[] 3 6 [| THRES NC

RESET[] 4 5[] CONT THRES
NC
NC - No internal connection
Pin Functions
PIN
D, P, PS,
NAME P‘W: JG FK o DESCRIPTION
NO.
Controls comparator thresholds, Outputs 2/3 VCC, allows bypass capacitor
CONT 5 12 o] connection
DISCH 7 17 (¢ Open collector output to discharge timing capacitor
GND 1 2 - Ground
1,3,4,6,8,
NC 1%,1118',1138'. - No internal connection
19

ouT 3 7 (¢ High current timer output signal
RESET 4 10 1 Active low reset input forces output and discharge low.
THRES 6 15 1 End of timing input. THRES > CONT sets output low and di low q
TRIG 2 5 1 Start of timing input. TRIG < % CONT sets output high and discharge open
Vee 8 20 - Input supply voitage, 4.5 V to 16 V. (SE555 maximum is 18 V) |

Figure 35.3: Pin configuration and functions from the IC’s datasheet.

Let’s start the process of creating a new symbol. In the main KiCad
window, click on the Symbol Library Editor button (Figure 35.4).

File View Tools Browse Preferences Help
1 = | & n
0GB &a® O J

v ﬁ sandbox_project.pro ) I k-o
lhﬁ sandbox_project.kicad_pcb —'l,;‘—c. i>-% i . E::]
sandbox_project.sch Project name:

Figure 35.4: Start the Symbol Editor.

You must store each symbol inside a library file, so before you start
creating the symbol create a new library. Create a new library by clicking on

the 'New library' button ( m ), or through the File menu.

New Librar

Name: [Peters_libraryllib

Saveinfolder: | « | il peter | Documents | Kicad projects | Custom libraries

Places Name
Q search

@ Recently Used

i Custom libraries

i peter

B Desktop

@ File System

Figure library; I have placed mine in a directory named 'Custom libraries’.

KiCad will ask you if you would like this library to be available to all
projects ('Global') or only to the current project (Project’). Choose the most
appropriate one for your circumstances (I chose 'Global'). You are now
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working in the new library, and you will store the new symbol in it. You can
confirm this by looking at the header of the Editor window. The path and

P

A prompt will ask you to select the library in which you will store the symbol.
The library you just created should be listed. Click on it to select it and click
'ok' to continue. The Symbol Properties window will show up. The most

name of the library you just created must be showing there.

Next, click on the 'Create new symbol' button in the top toolbar (

important values that you need to complete are the symbol name and
designator. The name typically consists of the physical component’s model
name and any other information that helps to identify it. When you use it
later, you have to search for it in the symbol library and having a good name
will help you find it quickly. In my example, because I want to differentiate
my 555 symbol to those that exist in other libraries, I add my initials 'PD' at
the end of the name.

For the designator, you should not guess. Visit Wikipedia to see the
Reference Designators table (https:/ /en.wikipedia.org / wiki /

Reference_designator). You can see a section of this table in Figure 35.5. The

designator for integrated circuits is 'U,' so type this in the Default Reference
Designator field. For an authoritative discussion on designator and standards,
please refer to a series of articles written by Lawrence Joy at https:/ /txplo.re/
96bc7.

RV Varistor
Switch (all types, including push-buttons)

Transformer

TC Thermocouple

TP Test point

TUN Tuner

U Integrated circuit (IC) h
\ Vacuum tube

VR Variable resistor (potentiometer or rheostat)

Figure 35.5: A section of the reference designators standard IEEE 200-1975/ ANSI Y32.16-1975.

Figure 35.6, shows the values I have entered in the Symbol Properties
window. Other than the symbol name and the designator, everything else
remains as per the default.
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Symbol Properties

General Settings:

Symbol name: NE5S55P_PD

Default reference designator: [U|

Number of units per package: |1
] Create symbol with alternate body style (DeMorgan)
] Create symbol as power symbol
Units are not interchangeable
Pin Settings:
Pin text position offset:

& show pin number text
& show pin name text

& Pinname inside

Cancel

| OK A
Figure 35.6:The properties for the new symbol.

Click Ok to commit and continue. KiCad will place the designator and
symbol name in the middle of the sheet, on top of the other. Use the 'M'

hotkey to relocate the two blocks of text. You should have something similar
to the example in Figure 35.7.

u?
NES55P_PD

Figure 35.7: An empty new symbol.

Continue by drawing the outline of the symbol. You can either use the

polygon tool ( 3) or the rectangle tool ( D ) to do this. Your outline should
look like the example in Figure 35.8.

up?
NES55P_PD
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Figure 35.8:The outline of the footprint.

Add the background colour that is consistent with other IC symbols by
opening the drawing properties window for the rectangle (place your mouse
pointer on the rectangle line and type 'E'). Under 'Fill Style', check the 'Fill
background' radio button (Figure 35.9).

Rectangle Drawing Properties X |

General:
width: 0.000 (mm)3
Sharing:

Fill Style: i |

Do not fill
Fill Foreground /
@ FFill background!
Cancel oK [}

Figure 35.9: Fill the rectangle background.

Next, work on the pins. Keep the datasheet open because you need the
information in it. For your convenience, refer to the excerpt in Figure 35.3.

A
Click on the pin button in the right toolbar ( OT ). Place the 8 pins around the
perimeter of the symbol outline, as in the example of Figure 35.1. The thing to
remember here is that the convention is to group similar pins together and
place the two power pins to the top and bottom of the rectangle. Let’s start
with the Vcc pin. According to the datasheet, the Ve pin is number 8, and
according to the convention, it should go to the top edge of the rectangle.
Click on the pin tool, and then click in the middle of the top edge. The Pin
Properties window will come up. Fill it as you can see in the example in
Figure 35.10.

Pin Properties %
Pin name: Vce Name textsize: |1.270 millimeters
Pin number: 8 Number text size: | 1.270 millimeters
: millimeters
Orientation: |1 _Down Length: 2.540 o
PinPos X: 0.000 millimeters
Electrical type: | =) Power input
PinPosY: -6.350 millimeters
GraphicStyle: |l—Line
Sharing: (x)T
Common to all units in symbol
Common to all body styles (DeMorgan) U
Schematic Properties: .
& visible >

Cancel OK

Figure 35.10:The Vcc pin propérties.
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In Figure 35.10, the fields inside the box are the ones that you need to
focus on. The pin name is arbitrary, but of course, you should use a name that
is appropriate. I usually use the same name that I see in the documentation for
this pin. The Pin number, on the other hand, is very important. The Pin
number is how schematic symbols and footprints can associate physical and
symbolic pins. When you design the custom footprint for this physical
component in the 'Creating new footprint' recipe, it is the number that you put
in the Pin number field that dictates which net in the schematic diagram
connects to the correct pad in the footprint. Take the pin number for the Vcc
pin from the documentation ('8') and type it in this field.

In the orientation drop-down, select the option that matches the side of
the rectangle where you are attaching the pin. The Vcc pin should go on the
top of the rectangle and should have its circular connector pointing away from
the rectangle. The horizontal line of the pin orientation icon represents the
rectangle. If you wanted to place the pin on the left of the rectangle, you
would choose the icon with the circular connector printing towards the left.

Finally, because the Vcc pin is a power pin, I have selected the Power
input' electrical type. You should choose the same type for the GND pin.

Click Ok to commit the changes. Place the pin in the middle of the top
side of the rectangle, as you can see in Figure 35.11. I have moved the text
block so that they don’t overlap with the pin.

NES55P_PD o VY

Vcc

Figure 35.11: The Vcc pin, in place.

Follow the same process to add the GND pin (pin 1) in the bottom edge
of the rectangle. Copy the pin name and number from the datasheet, and
mark it also as a Power Input.

Continue with the left side of the rectangle where you should place the
input pins. According to the datasheet, the input pins are RESET, THRES,
TRIG. There is one bidirectional pin, 'CONT,' which you can place either on
the left or the right of the rectangle. I have placed it on the left. Your symbol
should look like the example in Figure 35.12.
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NE555P_PD oo u?

npue RESETY
inpute-C T HRRE
Input@—2 TRIG

Bldlrectionalo-2 CONT g
)

i

Figure 35.12: Input pins are placed on the left side.

The pin attributes for the input pins on the left of the symbol look like
the example in Figure 35.13. Remember that pin 5 is bi-directional so its
electrical type should be 'bidirectional'.

Pin Properties x
Pin name: [TRIG| ] Name textsize: |1.270 millimeters
Pin number: 2 Number text size: | 1.270 millimeters
; ; . . millimeters
Orientation:  |e-Right = Length: 2.540 Gl
Pin Pos X: -10.160 millimeters
Electrical type: | =) input
PinPos Y: 1.270 millimeters

GraphicStyle: ||—Line
Sharing:
Common to all units in symbol 2
—] Common to all body styles (DeMorgan) @_ T R I G
Schematic Properties:
& visible

Cancel OK

Figure 35.13: The input pin attributes.

Continue in the same way to create the last two pins. Those are output
pins, as per the datasheet. Use the pin names and numbers as those appear in
Figure 35.3 for pins 7 and 3. When completed, you should have a symbol that
looks like the example in Figure 35.14.
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NES55P_PD @ Uz

inputo-L U T

mputeD] THRES DISCH Hlooutput
21 TRIG

Inpute——

Bidirectionalei CONT %
)

O UT ;®0utput

~

Figure 35.14:The completed custom symbol.

The last thing to do is to add the URL for the real-world component
datasheet to the symbol properties. This will be useful to you for future
reference. It will be surely useful when you go ahead to create a custom
footprint to match the symbol. To add the datasheet URL, click on the Symbol,
'Fields..." to bring up the Field Properties window. Click on the Datasheet row
to select it and then copy/paste the URL in the Field Value field (Figure 35.15).
Click Ok to commit the changes.

symbol | Place Preferences Field Properties
{ Newsymbol
save Symbol
Import Symbol.. Value NES55P_PD @ Center @ Center
Export Symbol... Footprint
__Properties | Datasheet

tttttt

Field Value:
http://www.ti.com/lit/ds/symlink/ne555.pdFf

Show Datasheet

1.270 mm
ssssssssssssss mm
=" YPosition: |-7.620 mm

Edit Spice model

Ccancel OK

Figure 35.15: The datasheet is very useful to have readily available.

Your work is complete. Save the symbol to the selected library by

clicking on the Save Current Symbol button ( :[‘\a ). Then, test that you can
use it in Eeschema. Open Eeschema. Go into Symbol Libraries from the
Preferences menu and add the new library (read the relevant recipe if you
don’t know how to do this). Place your cursor on the Sheet and type 'A' to add
a new symbol. Search for the name of your library by typing part of its name
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in the filter field (Figure 35.16). The library should appear. Double-click on the
symbol to drop it on the sheet.

Choose Symbol (13145 items loaded) x

Q |peter

Symbol Desc
¥ Peter_symbols

- -

| NES55P
v Peters_library
NE555P_PD

bbbl

NE555P_PD

Reference U?
Value NE555P_PD

Eantnrint

Cancel OK

Figure 35.16: Find your new library and symbol.

The custom 555 symbol should now be in place inside Eeschema, and
you can go ahead to use it as you do with any other symbol (Figure 35.17).

File Edit View Place Inspect Tools Preferences Help

AR Qasco@aqa
s u?
= NE555P_PD
- PR
A RESET o 7
-5} mmEmEs DSE8 I~
Z{TRIG 2 ouT |2
~2{ CONT ©
i |

Figure 35.17: Your new custom symbol in Eeschema.

In this recipe, you learned how to create a brand-new symbol. What if
you have found a symbol that is close to what you want, but could be perfect
with a bit of tweaking? In other words, what if you want to modify an existing
symbol? You can learn how to do this in the '36. Modifying an existing
component (symbol)' recipe.
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36. Modifying an existing component (symbol)

In this recipe, you will learn how to modify an existing symbol. It builds
on knowledge that you have learned in the recipe on how to create a custom
symbol. If you have not read that recipe (titled 'Creating a new component
(symbol)'), please do that now and come back when you have.

The process of modifying an existing symbol starts with finding the
symbol that you want to modify. Then, you create a copy of the original
symbol, make the changes, and save it to an existing or new symbol library.

Let’s begin. Your objective is to make a few cosmetic changes to a
symbol that ships with one of the standard symbol libraries of KiCad 5. The
symbol name is '74HC595'. This is a common 8-bit shift register that you will
find in many Arduino projects. The symbol itself is complete as it comes out of
the box, but for the sake of this recipe, let's say that you would like to re-
arrange some of the pins, change the location of the text blocks, and add some
descriptive text.

First, in Eeschema, find the symbol you want to modify and add it to
the sheet. You can do this using the 'Place Symbol' tool from the right toolbar

( :[> ). With the symbol on the sheet, right click on it to reveal the context

menu and click on Properties, 'Edit with Library Editor'.
uz
74HC595

u

SER O QAIi:SZ
1= apld

Move U?
Drag

S R C LR Orientation

B

L
(3]
A
m
—
PN

Properties | Edit Properties...
Duplicate Edit Value...
Delete Edit Reference...

S
pu)
(53}
A

OE Autoplace Fields Edit Footprint...

Open Documentation

=

Center
Zoom In
Zoom Out

Redraw View

Zoom to Fit
Zoom
Grid

Close

Figure 36.1: Edit an existing symbol with the Library Editor.
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You have already used the Library Editor to create a new symbol in the
'35. Creating a new component (symbol)' recipe, so the editor window should
be familiar (Figure 36.2).

Symbol Library Editor - 74xx (/home/peter/Documents/Kicad Libraries/Kicad_buildin_librarie... - o %
File Edit View Symbol Place Preferences Help
REL >RFEP BT & O0QQa -
n @ o}
— 1 | Symbol
Ll 7.
> 4XXX uz < T
AT o
TS > 4xxx_IEEE monel M SER S aA o2 [
fo? > 74xGxx QB oti-state @
[ T lnput@g SRCLK QC loTri—swte
B 7400 44 3 N
7402 Input SRCLR AD peti-sate
QE Mo 2
74469 # 5
74CBTLV3257 moute2) RCLK QF ?T"_S"“E NP
74CBTLV3861 MW;I._ 4] Qa ?Tri—swte *
74HC00 QH otri-state
>
74HC02 - 1o
74HC04 Z  QH' Peoutout
© ¥
74HC14 L
74HC240 74HC395 - @
74HC244
74HC245 v
Name Alias Unit Body Type Description
74HC595 None A Normal Symbol 8-bit serial in/out Shift Register 3-State Output:
Z2.75 X-60.96 Y -33.00 dx-60.96 dy-33.00 dist 69.32 mm

Figure 36.2: An existing symbol, waiting for your modifications.

Using the knowledge you gained in the '35. Creating a new component
(symbol)' recipe, move the pins around, change their text, modify and move
the text blocks, or add new text as you see fit. I modified the symbol to look
like the example in Figure 36.3. I have added a block of text that describes the
device and moved the input pins along the left side of the rectangle.

Uy 9 74HC595

Input(g SER § QA 1T5®Tri—state

Q B —oTri—state

Z

Q C ——oTri—state

5

Q D F=oTri—state

mpute SRCLK
et SRCIR BB cristoie

Q F i®Tri—sta'ce

6

8—bit shift register

19| QG —<Tri—state

npute=—< RCLK QH 2 ke
13| =+

inpute=—={ OE QH' ieoutput

mmei GND
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Figure 36.3: A slightly modified version of the build-in 74HC595 symbol.

When your modifications are complete, you must save the footprint in a

library. If you click on the Save button ( ?a ), then you will overwrite the
original symbol with the modified version. A better option is to save the
modified symbol in a new library file. I prefer this option. Click on the Export

button ( v ), or select Symbol, 'Export Symbol' from the menu. Navigate to
your libraries directory, type in a new name for the new symbol and click Ok.
I simply added my initials after the original name of the symbol (Figure 36.4).

Export Symbol x
Name: [74hc595_PD.lib] |
Saveinfolder: | < || Kicad projects | Custom libraries Create Folder
Places Name A Size Modified
Q search Peters_library.lib 593 bytes 15:49

@ Recently Used
| Custom librar...
il peter

@ Desktop

@® File System

I} Documents

il Music

I® Pictures

@ videos

KiCad symbol library files (*.lib) 2

Cancel Save

Figure 36.4: Saving the modified symbol.

Finally, let’s test your modified symbol. In Eeschema, add the new
symbol library to your libraries table if it isn’t there already. Add a new
symbol to the sheet, which will reveal the symbol chooser window. Use the
filter to search for the filter, by typing '74HC595' in the field (Figure 36.5).
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Choose Symbol (13147 items loaded) x

Q [ZEE }
u o 744C595
Symbol Desc dderr B aalts
> —History - Recently used items = 3 plle
v 74hc595_PD Alsrcik 2 ac %o
o
74HC595 8-bit serial in/out Shift Register o IR
T . . AASREIR = oef
74HCT595 8-bit serial in/out Shift Register 5 oFf2e
7415595 8-bit serial in/out Shift Register 7. - 6,
v 74xx cuGH -
74HC595 8-bit serial in/out Shift Register L3 OF < aH 9
=
» dk_Logic-Shift-Registers o
€l
74HC595
8-bit serial infout Shift Register 3-State Outputs
Key words: HCMOS SR 3State
Reference U?
Value 74HC595 >
Cancel OK

Figure 36.5: The modified symbol appears in the symbol chooser results.

Notice that there are three items inside the '74hc595_PD' library. Apart
from the actual symbol name, there are two more: '74HCT595' and '74L.5595'.
These are aliases, pointing to the same symbol. To edit the aliases, use the
symbol properties window from the Library Editor’s 'Symbol' menu.

Properties For 74HC595 x

Options | Description | Aliases | Footprint Filter

Alias List:
74LS595
74HCTS595
Add
Edit
Delete
Delete All
Cancel | | OK |

Figure 36.6: Symbols can have aliases, configurable from the Properties window.

Double click on any of the symbol aliases to add the modified footprint
to the sheet. The example in Figure 36.7 shows the original symbol on the left,
and the modified version on the right.
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74HUC?595 74HC595
q =
4y = 15
d4ser O QAi—f‘e L4ser g;gg?
11|emee 2? 2° I sreLk §, ac %e
40 KN S0 e
SR g'g 4 LSRR & at %e
2 €=
A2 ek QF kS Sg E’;
L35E ac e ddprck s N[5
4 | QHP—e
0E o .9
% QH’—g—e = QH
ool ml

Figure 36.7: The original (left) and modified (right) symbols.
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37. Creating a new footprint - manually

After creating a new schematic symbol, you may need to create a
matching footprint. In this recipe, you will learn how to do this manually. For

some types of footprints, KiCad has introduced a wizard that can accelerate
the process. There is a separate recipe that covers that option.

As with creating a new symbol, to create a new custom footprint you
will need some mechanical information from the real-world component’s
datasheet. If you don’t have a datasheet, you can use a calliper to take
measurements. I usually use both datasheet and calliper together. The
datasheet gives me the mechanical values I need for the drawing of the
component (width and height of the package, pins and their positions, pin
attributes etc.), and then I use the calliper to confirm the dimension and
distance values.

In recipe 'Creating a new component (symbol)' you created a custom
symbol for the 555 integrated circuit. In this recipe, you will create a footprint
for that symbol.

Creating footprints is a slightly more involved process than creating a
symbol because we have to consider the physical characteristics of the device,
and the manufacturing requirements. We have to think about how to place
information about the footprint in the various physical and design layers that
KiCad uses for this purpose. For example, information about the boundary of
the footprint is placed in the courtyard layer, pads are placed in the copper
layers (front and back), the outline of the footprint goes in the fabrication
layer, and any artwork (text and graphics) goes to the silkscreen. In Figure
37.1 you can see the elements that make up a typical KiCad footprint, and the
layers where those elements are placed. The footprint in Figure 37.1 is what
you will work towards creating in this recipe, even though it already exists in
a library that you can import.
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All copper
layers

F.Fab

) ® 3 7~ " [
DIP-8_W/.62mm

Figure 37.1: The elements and layers of a typical footprint.

To create the footprint in Figure 37.1, you will work through a process in
which you place the elements in one layer. The real component for which you
will design this footprint is shown in Figure 37.2.

Figure 37.2: You will create a footprint for this component, the NE555N timer integrated circuit.

The component in Figure 37.2 has a standard DIP package with 4 pins
on each side. The data sheet is available from its manufacturer. From the
datasheet, you will need the mechanical data illustration towards the end of
the document. For your convenience, I have included this illustration in
Figure 37.2.
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http://www.ti.com/lit/ds/symlink/ne555.pdf
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Figure 37.2: The mechanical characteristics of the R-DIP-T8 package.

You will create this footprint by following this process:

1. In the front fabrication layer (‘F.Fab') you will draw the outline of the
footprint. The fabrication layers (front and back) are used by the
manufacturer. Their elements do not appear in the end result.

2. In the top and bottom copper layers, you will draw the pads.

3. In the front courtyard layer (F.CrtYd'), you will draw the external
outline of the footprint. No other footprint will be allowed within this
outline.

4. In the front silkscreen layer ('E.SilkS'), you will add text and graphics,
such as the corners of the DIP package and the side where pin 1 is
facing.

Let’s begin. From the main KiCad window, click on the Footprint Library
Editor button (Figure 37.3).

File View Tools Browse Preferences Help

D a® & N

v ﬁ sandbox_project.pro 5 l L-o I
%\i sandbox_project.kicad_pcb —;f’ :b- ?Hﬁ. t::]
@ﬂ sandbox_project.sch Project name:

|$‘= sandbox_project_outline_with  /home/peter/Documents/Kicad projects/KLP2/Scrapbook £
e - - “'sandbox proiect.nro

Figure 37.3: Start the Footprint Library Editor.
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The Footprint Editor window will appear. From the File menu, select
'New Footprint' (Figure 37.4).

Footprint |

File Edit View Setup Place Insp
Set Active Library... :‘3

Open Footprint... o
Save .

Figure 37.4: Create a new Footprint.

The Editor will prompt for a name for the new footprint. Since we are
creating a footprint for a DIP component with 8 pins and 7.62 mm width
(including the pins), type in this name: 'DIP-8_W7.62mm_PD'. I added my
initials, to differentiate from other DIP-8 footprints that might be available in
other libraries. Of course, use your own initials. Click on Ok to dismiss the
dialog. The Editor will show an almost blank sheet. Its only content is two text
blocks, one in the front fabrication area (the name of the footprint), and one in
the front silkscreen area (REF**").

Front Fabrication layer ('EFab') - Outline

Continue with the front fabrication layer. Select 'E.Fab' from the layers
manager, and use the polygon tool to draw a rectangle in the dimensions of
the DIP package. Those dimensions appear in the documentation. Working in
millimetres, you should draw a rectangle that is 6.60 mm in width and 10.16
mm in length. You will need to adjust the grid to make it easier to achieve
those dimensions, or at least as close to them as you can get. I set my grid to
0.1270 mm and I was able to create a rectangle with the exact 6.60 mm x 10.16
mm dimensions. Also, change the cursor shape so that the crosshairs extend to
the edges of the sheet, and use the dx and dy values in the status line to know
the length of each segment of the rectangle as you draw it. In Figure 37.5, the
arrows point to the tools that you use and functions you should enable to
draw the outline of the footprint. The exact point where you start drawing is
not important.
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Footprint Editor — digikey-footprints — /home/peter/Documents/Kicad Libraries/digikey-kicad-library-master/digikey-footprints.pretty - 0

‘F\Ee Edit View Setup Place Inspect Tools Preferences Help

BRhRhR g &6 g Beoaaadle

‘ Grid: 0.1270mm (5.00 mils) 2 || | Zoom Auto
- Visibles
Layers
P-8_WZ.62mm_PD °© amw
. - 5 =g
M & F.Adhes
©® m@sadhes
M & F.Paste
:\ B & B.Paste
B B & Fsilks
T M & Bsilks
W & F.Mask
&  m@smask
o&
¥ mw
gfes 194
% =14
(=]~
L1
@ & F.Crtyd
B & B.Crtyd
> B @ Frab
M & BFab
Footprint  Value T Footprint Layer \.,6e ape Length Angle  @(-6.350mm,3.683 mm)
REF** DIP-8_W7.62mm_PD B6BES F.Cu Drawing A/E.gment 0.000mm 0.0 @ (-6.350 mm,3.683 mm)
7835  X-6.350000 Y 3.683000 dx 0.000000 dy 0.000000 dist 0.000 mm  Add graphic line

Figure 37.5: Using the polygon tool, start drawing the rectangle.

Draw the first horizontal line of the outline to a length of 6.60 mm. In
Figure 37.6 notice that the dx value is 6.60 mm. Click at that point, and
continue with the first vertical line.

Footprint Editor — digikey-footprints — /home/peter/Documents/Kicad Libraries/digikey-kicad-library-master/digikey-footprints.pretty - o &

File Edit View Setup Place Inspect Tools Preferences Help

S CF | o W= gl R o o Baloaqaedgle

Grid: 0.1270 mm (5.00 mils) = Zoom Auto

Visibles

DIP—8_WZ/62mm_PD 2 [

L1

L1

M & F.Adhes
W & B.Adhes
W & F.Paste
I & B.Paste
B & Fsilks
M & 8.silks
M & F.Mask
H & B.Mask
O

|14

L1

(=]

(=]~

L1

O & F.crtyd
B & B.Crtvd
2> [ @ F.rab
M ¥ B.Fab

2#d ¢ 21U JEU 0

Footprint Value Footprint Layer ‘E{de ‘\.fpe Length Angle @ (-6.350 mm,3.683 mm)
REF** DIP-8_W7.62mm_PD F.Cu rawing Ségment 6.604 mm 0.0 @ (0.254 mm,3.683 mm)
Z8.35 X 0.254000 Y 3.683000 dx 6.604000 dy 0.000000 dist 6.604 mm Add graphic line

Figure 37.6: The first line, at 6.60 mm, is complete.

Extend the vertical line to 10.16 mm. Use the crosshairs to help you
create a perfect 90-degree angle between the two lines (Figure 37.7).
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Footpr int Value Footprmt Layer Type Shapg Length Angle
REF** DIP-8_W7.62mm_PD 5B6BESF5 Drawing Segm\( 10.160 mm -90.0
Z10.02 X-1.143000 Y 11.938000 dx 0.000000 dy 10.160000 dist 10.160 mm

Figure 37.7:The first vertical line is 10.16 mm in length.

Complete the rectangle so that in the end you have something like the
example in Figure 37.8.

Figure 37.8:The completed outline in the F.Fab layer.

Pads

Continue with the placement of the pads. As per the data sheet’s
mechanical specifications, the pad centres must be 2.54 mm apart. The pin
diameter is 0.25 mm, so the pad drill must be slightly larger than that. The
specification doesn’t give us the exact offset of the pins from the body of the
device, so we will have to use our judgement or a calliper. I used my calliper
to find that the offset is around 1 mm. With this information, let's go ahead
and place the pads. Keep the grid size to 0.127 mm since this works well with

the 2.54 pad pitch we are working with. That is because 2.54 is a multiple of
0.127.

From the right toolbar, click on the pad tool ( @ ). Follow these steps:
1. Move the pad to the top left of the outline.

2. Align the crosshair centre exactly on the vertical line, around 1
mm from the corner.
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3. Press the space bar to zero the dx, dy and dist values of the status
bar.

4. Move the pointer slightly to the left, to separate the pad from the
outline. At dx at 0.63 mm, I think this distance is good. It is smaller than the 1
mm that I measured with my calliper, but since the device pins are flexible, I
opt to a narrower rather than a wider footprint.

5. Ensure that dx is still at 0.63 mm and click to commit the pad in
place. After clicking your mouse, do not move it until you press the space bar
again to reset dx and dy. This will allow you to measure the distance between
this pad and the next. Don’t worry about the negative sign in the dx value, we
are only interested in absolute values when we measure distances for the
purposes of creating this new footprint.

The result is similar to what you can see in Figure 37.9.

Grid: 0.1270 mm (5.00 mils) = Zoom Auto

&/

> DIP-8_WZ.62mm_PD

ZuIEIRE

K=o
2Ed &30 JQU/0

REF** Last Change Netlist Path Board Side Pads Status Rotation Attributes F
DIP-8_W7.62mm_PD Aug 08, 2 Front 0 4 Norma D
Z8.35 X-8.382000 Y 2.794000 dx -0.635000 dy 0.000000 dist 0.635 mm

Figure 37.9: The first pad is in place.

The pad tool is still enabled, and the second pad is attached to the
cursot, waiting to be placed. Hopefully, you reset dx and dy as soon as you
clicked to commit pad 1. If you didn’t, move the cursor over pad 1, and press
the spacebar to reset the counters. Then, follow this process:

1. Move the mouse downwards making sure that dx is always zero.

2. Look at the dy counter, and stop moving the mouse when it reads
'2.54 mm'.

3. When dy becomes 2.54 mm, click your mouse to place pad 2 in
position.

4. Press the space bar to reset dy to zero.

5. Repeat this process until you have all four pads on the left of the
footprint’s outline.
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When you place pad 4 in position, you must move the mouse across to
the other side of the outline. To ensure that pad 5 is exactly horizontal from
pad 4, place your mouse pointer exactly over pad 4, and press the spacebar.
Then move the mouse to the right, making sure that dy is always zero. Place
pad 5 in position so that it is exactly 0.63 mm from the right vertical line and
click to commit it in place. Your footprint should look like the example in
Figure 37.10.

Grid: 0.1270 mm (5.00 mils) 2. Zoom Auto

57

DIP-8_WZ.62mm_PD

pEdg &R QU0

REF** Last Change etlist Path Board Side Pads Status Rotation Fi
DIP-8_W7.62mm_PD Aug 08, 2 Front 4 - N D
Z8.35 X-0.508000 Y 10.414000 dx 7.874000 dy 0.000000 dist 7.874 mm

Figure 37.10: Left side has four pads, continue on the right side.

Continue to place pads 6, 7 and 8 in the same way. Eventually, your
footprint will look like the example in Figure 37.11.

Grid: 0.1270 mm (5.00 mils) = Zoom Auto

DIP-8_W/Z.62mm_PD 5
it
©
i’\
D
1
NP
-y

REF;‘ L Netlist Pat Board Side Pads Status tat Att te Fc

DIP-8_W7.62mm_PD U 2 Front N 3
Z8.35 X-8.636000 Y -1.778000 dx -8.128000 dv-7.112000 dist 10.800 mm

Figure 37.11: All footprints in place.

Before you continue work in the other layers, you should check that the
footprint drills are appropriate for the pin size of the physical device. You
should also change the pad type of pad 1 to rectangular instead of circular.
This is due to a convention that holds that the first pin of an integrated circuit
should be square to make it possible to identify the correct orientation of the
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chip during assembly. We will do this now, but we will also add graphics in
the silkscreen to reduce the risk of error in assembly.

To configure a pad, use the pad’s Properties window. Place your mouse
cursor over the first pad, and type 'E". This will bring up the pad’s Properties
window. As you can see in Figure 37.12, you should change the Pad shape to
rectangular. You can also confirm that the hole size is 0.762 mm, which is
sufficiently larger than the pin diameter, so there is no need to change this.
You can also confirm that for this pad, copper will be poured in all copper
layers. If you have a good reason for doing so (perhaps you are designing a
single layer board that you want to etch at home?), then you can change this
setting to a bottom copper layer. If you were creating an SMD pad, you could
specify the top or bottom copper layer.

Pad Properties x

General | Local Clearance and Settings | Custom Shape Primitives
Parent Footprint Orientatio
o b 3 Hole hane Front side
ad number: pe: | Circular Rotation 0.0
Net name: Hole size X: |0.762 mm
Pad type: Through-hole = Hole size Y: mm
Shape: Rectangular = Layers
Position X -8.382 mm Copper: | Allcopper layers 2
Position Y: 2.794 mm  Technical layers

F.Adhes
Size X: 1.524 mm

B.Adhes
SizeY: 1.524 mm
F.Paste

Orientation: 0 : | deg B Paste
0.0 deg F.silks
Shape offset X: 0 mm B.Silks
Shape offset Y: 0 mm & F.Mask
Pad to die length: |0 mm & B.Mask
Dwgs.User

Trapezoid delta: mm Eco1.User

Trapezoid axis: Eco2.User
Show pad in outline mode

Corner size: %

Corner radius: 0 mm

Cancel OK

Figure 37.12: Pad 1 is now a square.

You can leave the rest of the pads as they are, no changes are needed.
Your footprint should look like the example in Figure 37.12.

Figure 37.12: The footprint, with fabrication layer and pads completed.

Front Courtyard layer ('"E.CrtYd')
Let’s continue with the front courtyard layer (‘'F.CrtYd') where you will
create the outline of the boundary for the footprint. From the Layer Manager,
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select F.CrtYd'. Your objective is to draw a rectangle around the footprint that
encloses the pads and the footprint outline. Allow sufficient space around the
pads to ensure that they cannot overlap with other footprints. Select the
polygon drawing tool and start drawing from the top right corner of the
footprint (Figure 37.13).

Footprint Editor — digikey-footprints — /home/peter/Documents/Kicad Libraries/digikey-kicad-library-master/digikey-footprints.pretty — o &
File Edit View Setup Place Inspect Tools Preferences Help
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Z12.24 X0.635000 Y 1.778000 dx 6.985000 dy-1.905000 dist 7.240 mm Add graphic line

Figure 37.13: Drawing in the front courtyard layer.

Draw the rectangle around the footprint until the polygon is fully
enclosed. In the end, your footprint should look like the example in Figure
37.14. The rectangle around the footprint is the boundary as defined in the
front courtyard layer.

Figure 37.14: The line around the footprint is the front courtyard outline.

Front Silkscreen

While your footprint is now functionally ready, you should spend a few
more minutes to add informational text and graphics in the front silkscreen
(‘E.SilkS') layer. Since you are working on the footprint of an integrated circuit,
at the very least you should mark the location of pin 1. Let’s do that now.
Select 'F.SilkS' from the Layer Manager. Select the polygon tool. Draw four
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lines to mark the outline of the IC on the board, like in the example of Figure
37.15.

Figure 37.15:In the F.SilkS layer, mark the edges of the footprint.

Also draw a circle that indicates the position of pin 1, using the circle
tool. The end result is in Figure 37.16.

Figure 37.16: A circle in the E.SilkS layer indicates the position of pin 1.

Tidy up

You are almost finished with this design. Time to tidy up before saving
the new footprint. Use the 'M' hotkey to move the text blocks over and below
the footprint. Select the complete footprint, including the text block, and move
it over the center of the axes. The final footprint is in Figure 37.17.

DIP-8_W7.62mm_PD

Figure 37.17: The final custom footprint.

Save the footprint
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The last thing you must do before you can use your custom footprint is
to save it. If you already have a folder for your custom footprints with the
".pretty' extension, you can use that to store the new footprint. If not, create

this folder now. Then, click on the 'Export' button from the top toolbar (Figure
37.18).

File Edit View Setup Place Inspect Tools Preferences Help

Fre e sl sap ]
BhhR g L&0E ¢ &
Grid: 0.1270 mm (5.00 mils) = Zoom Auto

Figure 37.18: Use the Export button to save the new footprint.

This will bring up the Export Footprint window. Navigate to

your .pretty folder, give your new footprint a name (or accept the default, as I
do), and click on Save (Figure 37.19).

Export Footprint x
Name: DIP-8_W7.62mm_PD.kicad_mod
Saveinfolder: | « | Custom libraries.pretty Create Folder
Places Name 4 Size Modified
Q search DIP-8_W7.62mm_Peter.kicad_m... 3.4kB Tuesday

@ Recently Used
[ Custom librar...
4 peter

@ Desktop

@® File System

i Documents

il Music

\®] Pictures

i@ videos

KiCad footprint files (*.kicad_mod) 32

Cancel Save

Figure 37.19: Save the new footprint.

Test the footprint
Let’s go back to Pcbnew to test your new footprint by adding it to the
sheet. If the .pretty folder that contains your new footprint is not in the

libraries table, add it now (Figure 37.20). You can learn how to do this in the
relevant recipe.
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Libraries by Scope
Global Libraries | project Specific Libraries

File: /home/peter/.config/kicad/fp-lib-table

Footprint Libraries X

Active Nickname Library Pal™
Z & TEMTMTEBIOTK TTOTITE] PETET/ DUCUNTENTS/ RICaU LIDTETTES/ NICaU_UUNUTT_ DT aTTes7 KIcau-t
103 | & TerminalBlock_4Ucon /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-f
104 | & TerminalBlock_Dinkle /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-f
105 | & TerminalBlock_MetzConnect /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-f
106 | & TerminalBlock_Philmore /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-f
107 | & TerminalBlock_Phoenix /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-f
108 | & TerminalBlock_RND /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-f
109 | & TerminalBlock_TE-Connectivity /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-f
110 | & TerminalBlock WAGO /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-f
111 | & TestPoint /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-f
12 | & Transformer_SMD /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-f
13 | & Transformer_THT /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-f
14 & Valve /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-f
115 & Varistor /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-f
146 |7 digikew-footacio

117 Custom libraries

El

hw:ar hnrllw Kicad ] ihrer—k\radrlihmrurm%

/home/peter/Documents/Kicad projects/Custom libraries.pretty

Browse Libraries...

Path Substitutions

Environment Variable

1 |KIPRJMOD
2 |KISYS3DMOD
3 |KISYSMOD

Append Library

Remove Library Move Up Move Down | | Options Editor

Path Segment

/home/peter/Documents/Kicad projects/KLP2/Scrapbook project/sandbox_project
Jusr/share/kicad/modules/packages3d/
Jusr/share/kicad/modules/

Cancel OK

Figure 37.20: My custom .pretty folder is in the libraries table.

Once that is done, use the

'O’ hotkey to add a new footprint. Use the

browser to navigate the list of libraries. Find your custom library, and in it,

you will find your new footprint (Figure 37.21).

Library Browser — Custom libraries — /home/peter/Documents/Kicad projects/Custom libraries.pretty _o®

File View Help

MG @R QeoQlld-

Lonnector_KJ

] DIP-8 W

Connector_SATA_SAS
Connector_Samtec
Connector_Samtec_HLE_SMD
Connector_Samtec_HLE_THT
Connector_TE-Connectivity
Connector_USB
Connector_Wago
Connector_Wire
Converter_ACDC
Converter_DCDC
Crystal
Custom libraries
Diode_SMD
Diode_THT
Display
Display_7Segment
Fiducial
Filter
Fuse
Heatsink
Inductor SMD
REF**

DIP-8_W7.62mm_PD
7932

DIP-8_W7.62mm_Peter

X10.160000 Y 0.000000

W

Board Side
Front

Footprint
Custom libraries:DIP-8_W7.62mm_f
mm

Pads Status
8 .
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Figure 37.21: Select your new footprint from the library browser.

Double click on the footprint, and Pcbnew will place it on the sheet

(Figure 37.22).
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Pcbnew — /home/peter/Documents/Kicad projects/KLP2/Scrapbook project/sandbox_project/sandbox_project.kicad_pcb - 0 &
File Edit View Setup Place Route Inspect Tools Preferences Help
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0 0
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Figure 37.22: Your new footprint in the Pcbnew sheet.

Well done, this was a long process. You now have a custom footprint
that you can use in your layouts as you do with any other footprint.
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38. Creating a new footprint - using the footprint
wizard

In the previous recipe, you learned how to create a custom footprint.
The footprint you designed was for a standard 8-pin DIP integrated circuit. As
you will probably agree, designing this footprint required a significant
amount of effort. For devices like that, and several others, the KiCad Footprint
Editor offer a wizard that can cut the total time needed to create something
like the footprint from the previous recipe by 90%. In this recipe, you will
learn how to use this wizard to create the same DIP-8 footprint as the one
from the previous recipe which just a few keystrokes and clicks.

To make the most out of this recipe you should first read the previous
one.

From the main KiCad window, start the Footprint Manager. In the
Footprint Manager, click on the 'New footprint using footprint wizard' button
(Figure 38.1).

File Edit View Setup Place Inspect Tools Preferences Help
S88 S5y S8 ! | oy @
BN g0 E *F04 DM

Grid: 0.1270 mm (5.00 mils)

om Auto

Figure 38.1: Start the footprint wizard.

The footprint wizard window will appear. At the moment it contains no
information because we have not selected one of the available footprint
generators. To do so, click on the 'Select wizard script to run' button (Figure
38.2).

Footprint Wizard [no wizard selected]

WO EmReqoalid

B Parameter |Value Units

k
I

Figure 38.2: Select a wizard script to run.

The Generators window will appear. It contains a list of the available wizard
scripts. There is a good variety of scripts, and you can expect more in the
future. Feel free to experiment with each one to gain an understanding of how
they work. For the purposes of this recipe, select the S-DIP script, and click
'Ok’ to select this script.
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Footprint Generators X

Available Footprint Generators | Messages

Name Description
1 |Circular Pad Array Circular array of pads
2 |2DBarcode QRCode QR Code barcode generator
3 QFP Quad Flat Package (QFP) footprint wizard
4 |FPC(SMT connector) FPC (SMT connector) Footprint Wizard
Lo __TJouchslider _Capacitive Touch Sliderwizard
PO SO SO SO TSSO ete, TOOCPTICWIZaT e
8 |BGA Ball Grid Array Footprint Wizard
9 |QFN Quad Flat No-lead (QFN) footprint wizard
10 BARCODE USS-39 USS-39 Barcode

11 |Micromatch SMD connectors |Micromatch (with lock and w/o lock), footprint wizard

12 \ZIP N lines Zip Package Footprint Wizard
13 [ ZOIC ZOIC, etc, Footprint Wizard
Update Python Modules Cancel OK

Figure 38.3: Select one of the wizard scripts.

The wizard window is now populated with the footprint parameters
and its preview. All the parameter values are editable. To create the 8 pin
package, simply type '8' in the pad count field. The rest of the parameters are
appropriate as they are, but you should check again. The drill size is
adequately large at 0.8 mm to accommodate the pins. The pad pitch is also
good at 2.54 mm (Figure 38.4).

Footprint Wizard [S-DIP] -0

=R e JECRTIRP NECRCNCN i

Parameter |Value __Units
Body | pad count |8 integer ‘

rowcount |2 integer

pad pitch 2.54 mm

pad width 1.2 mm

pad length |2 mm

row spacing |7.52 mm

drill size 0.8 mm

v

Building new KiCad FP Wizard footprint with the
following parameters:
Footprint Wizard Name:  S-DIP
Footprint Wizard Description: Single/Dual Inline
Package Footprint Wizard
Pages: 2
Pads
pad count: 8
row count: 2
pad pitch: 2.54mm
pad width: 1.2mm
pad length: 2mm
row spacing: 7.52mm
drill size: 0.8mm
Body
silk screeninside: False

Auklina v maraine O Conen =

RER®* Last Change Netlist Pat Board Side Pads Status Rotatio Attributes Footprint 3D-Sha|

DIP-8_296_ELL nknown Front 8 & ( Norma DIP-8 296 ELL  No3Ds
7501  X-15.240000 Y -2.540000 dx-15.240000 dy-2.540000 dist 15.450 mm

Figure 38.4: The footprint parameters in the wizard.

Click on the Body tab to inspect the footprint body parameters. The
default values are appropriate. Feel free to change them to see their effect on
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the footprint. When you are ready, click on the 'Export footprint to editor'

button (Figure 38.5).

Footprint Wizard [S-DIP] - o@

NG @A eqoaqld

Pads Parameter Value
silk screeninside
outline x margin 0.5
outliney margin 0.5

Units
bool
mm
mm

Building new KiCad FP Wizard footprint with the
following parameters:
Footprint Wizard Name:  S-DIP
Footprint Wizard Description: Single/Dual Inline
Package Footprint Wizard
Pages: 2
Pads
pad count: 8
row count: 2
pad pitch: 2.54mm
pad width: 1.2mm
pad length: 2mm
row spacing: 7.52mm
drill size: 0.8mm
Body

silk screeninside: False

aubling « marain: A Emm = >
REF** Last Change Netlist Path Board Side Pads Status Footprint 3D-Sha
DIP-8_296_ELL Front DIP-8_296_ELL No 3D

Zs5.01 X-15.240000 Y -2.540000 dx-15.240000 dy-2.540000 dist 15.450 mm

Figure 38.5: The Body parameters.
The footprint that you just created with a few clicks in the wizard is

now in the footprint editor (Figure 38.6). You can continue with other
Customisation tasks there.

Footprint Editor — Custom libraries — /home/peter/Documents/Kicad projects/Custom libraries.pretty x

File Edit View Setup Place Inspect Tools Preferences Help
o 9 sy snp
JEgE ik

Be2loqaqfe

I %= o H]!

(=14
L4
ng
(=14
(=1
14
B @ rcrtyd
B @ B.crtyd
B @ FFb
W@ Brab

YT I PIovik 1t

dx-0.762000 dy -6.350000 dist 6.396 mm

21401 X-0.762000 Y-6.350000

Figure 38.6: The new footprint is in the editor for additional work.

A couple of things you can do:
1. Change the type of pad 1 from oval to rectangular
2. Change the type of the rest of the pad from oval to circular (I did
not do that)
3. Rotate the footprint by 90 degrees.
4. Move the text blocks.
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To change the pad types, bring up the properties window for each pad.
You can find instructions on how to do this in the previous recipe (hint: use
the 'E' key).

In Figure 38.7 you can see what my wizard-generated custom footprint
looks like after I completed changes 1, 3 and 4.

Figure 38.7: The final footprint; most of the work was done by the wizard.

As you can see, using the wizard radically reduces the amount of time
needed to create a footprint.
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39. Modifying an existing footprint

In this recipe, you will learn how to modify an existing footprint. You
may want to do something simple, like relocate silkscreen graphics, or change
the drill size of the pads. Whichever the case may be, the process is the same.

Start by finding a footprint to edit. Let's assume that you know which
library this footprint is in, and you know its name. If you don’t, use the
footprint browser in Pcbnew to find it first.

From the main KiCad window, start the Footprint Manager. In the
Footprint Manager, use the Tmport footprint' button to find and import the
footprint (Figure 39.1). If the Editor already contains a footprint, you will get a
prompt asking for confirmation to discard it. Consider saving it if you haven’t
done so already, and continue.

File Edit View Setup Place Inspect Tools Preferences Help

TR g/L00E 0+ 00 w2

Grid: 0.1270 mm (5.00 mils) 2 Zoom 8.46 2 i

Figure 39.1: Import the footprint you want to edit.

In the browser, navigate to the .pretty folder where the footprint is, and
select it. In my example, I navigated to the location of the Digikey footprints
directory, and I have selected to modify the LED_3mm_Radial footprint
(Figure 39.2).

Import Footprint x

R4 <« | fll peter || Documents | Kicad Libraries | digikey-kicad-library-master | digikey-footprints.pretty

Places Name - Size Modified
Q search LED_2-SMD_Gull_Wing_4.4x3.85mm.kicad_mod 1.9kB 06/24/2018
@ Recently Used LED_2-SMD_No_Lead_1.7x0.8mm.kicad_mod 1.6kB 06/24/2018
ROl ™ LED_3mm_Radial.kicad_mod - 1.4kB T 4/2018 |
4 peter LED_S5mm_Radial.kicad_mod 1.1kB 06/24/2018
@ Desktop ] LED_7Seg_VAOS-C40259-BW_50.kicad_mod 2.6kB  06/24/2018
@® File System LED_Bar_Graph_LTA-1000.kicad_mod 3.8kB 06/24/2018
3 Documents LED_Breakout_Parallax_wS2812B.kicad_mod 2.2kB 06/24/2018
@ Music LED_IR_TSAL6100.kicad_mod 1.0kB 06/24/2018
[@ Pictures LED_RGB_WP154A4SUREQBFZGC.kicad_mod 1.3kB 06/24/2018
@ Videos LFQFN-16-1EP_3x3mm.kicad_mod 3.1kB 06/24/2018
i Downloads LFQFN-16-1EP_4x4mm.kicad_mod 3.1kB 06/24/2018
LGA-8_2x2.5mm_BMP280.kicad_mod 2.3kB 06/24/2018
1GA-12 4 8x2 8 VI 180 kicad mod 2 8kR 06/24/2018 |~

KiCad footprint files (*.kicad_mod) =
Cancel Open

Figure 39.2: Navigate to the footprint’s location and select it.

Click 'Open' to import the footprint. The footprint will appear in the
Editor sheet. Let’s make a couple of simple modifications:
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1. Add the block text LED' in the silkscreen.

2. Mark the cathode pad with the letter 'C' in the silkscreen. Note:
According to IEEE 315, Clause 8.4, the letter “K” should be used to mark the
Cathode, while the letter “C” is reserved for the Collector.?!

3. Reduce the drill size to 0.8 mm for both pads.

Let’s start with the text. Select the 'F.SilkS' layer from the Layers
Manager. Select the Text tool. Click on the right side of the LED footprint; the
text properties will appear. Type 'C' in the text box and click on 'Ok'. Position
the text block right next to the symbol cathode (the straight section of the
circle), and then click below the footprint to create the second text block. Type
'"LED' in the text box, and click 'Ok’ to create the new block. Click on the sheet
to commit the new block.

Continue with the pad drill size. Hover the mouse pointer over pad 1
and type 'E' to bring up the pad properties. In the pad properties window,

21 For your convenience, I have included the text of IEEE 315, Clause 8.4.

8.4 Rules for Drawing Style 1 Symbols

To draw a device symbol, start at an electrode whose polarity is known (usually an emitter)
and proceed along the

device, showing all of its regions individually. Finally, indicate ohmic connections where
required.

NOTE — 8.4A: Numbers, letters, and words in parentheses are to correlate illustrations in the
standard; they are not intended to

represent device terminal numbering or identification and are not part of the symbol as
shown in items 8.5, 8.6, 8.10, and

8.11.

Name of Terminal

Letter

Anode A

Base B

Collector C

Drain D

Emitter E

Gate G

Cathode K

Source

Main terminal

S

Substrate (bulk)

T

U

“Used with bidirectional thyristors. The terminals

are differentiated by numerical subscripts 1 and 2,

T 1 being the terminal to which the gate trigger

signal is referenced, if applicable.
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change the hole size X value to 0.8 mm (Figure 39.3). Then click 'Ok’ to make
the change effective.

Pad Properties x
General | Local Clear Custom Shape Primitives
Parent Footprint Orientatio
o~ ber: - Holeahane Front side
a5 SLTLIRE: pe: | Circular % Rotation: 0.0
Net name: Holesizex: (0.8 T | mm
Pad type: Through-hole = Hole size Y: mm
Shape: Rectangular = Layers
Position X: -2.54 mm Copper: | All copper layers 2
Position Y- 0 mm Technical layers:
F.Adhes
Size X: 2 mm
B.Adhes
SizeY: 2 mm
F.Paste
Orientation: 0 2 | deg B.Paste
0.0 deg F.Silks
Shape offset X: 0 mm B.Silks
Shape offsetY: |0 mm & F.Mask
Pad to die length: |0 mm & B.Mask
Dwgs.User
Trapezoid delta: mm Eco1.User
Trapezoid axis: Eco2.User . .
Show pad in outline mode
Corner size: %
Corner radius: 0 mm

Cancel OK

Figure 39.3: Modify the drill size for pad 1.

Do the same for pad 2. The modified footprint should look like the
example in Figure 39.4.

Footprint Editor — Buzzer_Beeper — /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-footprint... - O &%
File Edit View Setup Place Inspect Tools Preferences Help
@88 a5y 888 9 Suh sap wog - S
EBRhRR ¥ 006G *FC4+ 0D B aEloeeaedle
Grid: 0.1270 mm (5.00 mils) = Zoom 13.75 2

Visibles

P

Layers |jtems

1Y)

1Y

M & F.Adhes
Il & B.Adhes
M & F.Paste
B & B.Paste
»Hl & F.silks
I & B.silks
Il & F.Mask
B & B.Mask
O&

14

1Y

&

H&

1Y

O & F.crtyd
B & B.Crtyd
B & F.Fab
Il & B.Fab

2Ed &P IJIQU O

REF** Last > Netlist Pat Board Side Pads Status Rotat Footprint
LED_3mm_Radial - g Front 2 o N LED_3mm_R
Z13.75 X-5.334000 Y -4.826000 dx -5.334000 dy-4.826000 dist 7.193 mm

Figure 39.4: The modified footprint.
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Before you can use the modified footprint you must save it. Use the
Export Footprint button (the one with the red arrow) to do this. Navigate to

the location of your custom footprints .pretty folder, and store the modified
footprint there (Figure 39.5).

Export Footprint x

Name: [LED_3mm_Radial_PDlkicad_mod

Saveinfolder: | « | fiif peter | Documents | Kicad projects | Custom libraries.pretty Create Folder

Places Name 4 Size Modified
Q search DIP-8_W7.62mm_PD.kicad_mod 2.5kB 15:28
@ Recently Used DIP-8_W7.62mm_Peter.kicad_mod 3.4kB Tuesday
i Custom librar...

4l peter

@ Desktop

® File System

i Documents

il Music

i@ Pictures

i@ videos

KiCad footprint files (*.kicad_mod) 2

Cancel | | Save

Figure 39.5: Store the modified footprint in the custom footprints folder.

You are now able to use your modified footprint in your layouts.
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40. Using an autorouter

The autorouter that was included in KiCad 4 has been removed in
KiCad 5. It is possible that a new autorouter will be added in the future. Until
then, you can use an external autorouter. In this recipe, you will learn how to
use FreeRouting, an open-source autorouter.

The online project home for FreeRouting is at freerouting.org. There,
you will find information on how to install it on your computer and usage
documentation. FreeRouting is a stand-alone program with many capabilities.
If you are planning to design a large PCB, it may be worth spending some
time to study the FreeRouting documentation. In this Recipe, you will learn
how to use FreeRouting to autoroute a simple PCB that you are working on in
Pcbnew.

In my experience, the easiest way to install FreeRouting is by installing
yet another application, LayoutEditor. LayoutEditor is a general editor that is
used in micro and nano-electronics. It happens to include a binary version of
FreeRouting and installers for many operating systems. This means that you
will not have to worry about downloading the source code of FreeRouting
and compiling it for your operating system. For this reason alone, it is worth
downloading and installing LayoutEditor.

Start by going to the LayoutEditor download page, and download the

version for your operating system. Once you have it on your computer, install
it. When the installation is complete, go to the installation directory of the
LayoutEditor. On my Ubuntu computer, this directory is /opt/layout.
Navigate to the bin folder and find a file named 'freeRouting.jar'. This file
contains the FreeRouting application. You can copy the file to a location that is
convenient for you to access, or create a shortcut.

FreeRouting is a Java application, so if you don’t have the Java Runtime
Environment, you should install it now. On Ubuntu, you can install the JRE

through a terminal window by typing;:
$ sudo apt install default-jre

Now that you have access to FreeRouting, let's use it.
Open an unrouted project in Pcbnew. You can see my example in Figure
40.1.
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Figure 40.1: We will use FreeRouting to autoroute this PCB.

You must export a Specctra DSN file that contains the information that
FreeRouting needs in order to do the routing. Create the DSN file by clicking
on File, Export, 'Specctra DSN..." (Figure 40.2). A dialog box will ask for a
location and file name for this file.

File Edit View Setup Place Route Inspect Tools Preferences Help

toeeae®lE

Save Copy As...

)mm (27.6 mils)/ 0.50 mm (19.7 mils) * 2

Rescue
Revert to Last Backup

Import

Fabrication Outputs GenCAD.
VRML...
IDFV3...
STEPR-
SVG...

Footprint Association (.cmp) File...

~ —

Figure 40.2: Export the DSN file for FreeRouting.

Page Settings...
Print...
Plot...

Archive Footprints

Proceed with FreeRouting. Run freeRouting by double-clicking on
the jar file. The Java Runtime Environment should execute the program
assuming it is installed correctly. FreeRouting will ask you to load the DSN
file, so locate it and load it. Eventually, FreeRouting will display your board
with the various footprints and its layout exactly as you see it in Pcbnew. To
run the autorouter, click on Routing, followed by Autorouting (Figure 40.3).
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Board Layout G
File [Routing| Zoom utilities Help
Rou 75 Autorouting Zoom ; Undo : Units
H i L Q) e} >3 1 um |~
1 7 Routing (manushor = ot i complate PCB L
BA) select/Edit

+Drag

%3 Undo
Q! Redo

27 incomplete connections to route current layer: F.Cu cursor: (128519, -142728)

Figure 40.3: FreeRouting showing an unrouted board.

After a few seconds, FreeRouting will create the routes and show them
in red and blue colour, depending on the layer that the route exists in. You will
need to import this version of the board back to Pcbnew to continue with the
work there. To export from FreeRouting, click on File, Export, Export Specctra
Session File. You can close FreeRouting and return to Pcbnew.

Board Layout _o®
File| Routing Zoom _utilities Help
& save zoom Undo Units
& saveas Q| a » | & 1 [um [~

Save GUI Settings as Default

~ Export
@ quit Export Eagle Session Script
writes a session file in the Specctra .ses format

Postroute completed Via Count: 0 Trace Length: 252,267.4289 cursor: (154778, -142728)

Figure 40.4: Exporting the routed PCB from FreeRouting.

In Pcbnew, go to File, Import, 'Specctra Session..." and select the file with
the .ses extension that FreeRouting created (Figure 40.5).
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File Edit View Setup Place Route Inspect Tools Preferences

Save TOQQQC

Save Copy As...

) mm (27.6 mils)/ 0.50 mm (

Rescue

Revert to Last Backup
Export ’ DXF File...
Fabrication Outputs

Page Settings...
Print...

Figure 40.5: Importing the SES file.

Pcbnew will display the fully routed board, as you can see in Figure
40.1.

Figure 40.1:The fully autorouted board.

While the autorouter did its job, there is still work to do. For example,
you will need to pay attention to power traces and confirm or edit their
widths. You must also run the Design Rules Check to ensure that none of the
design rules are violated.

Should you use an autorouter, or route everything manually? It
depends. There does not seem to be a consensus on this topic. Many people
opt to use it; others prefer manual routing. The newer versions of KiCad,
starting with KiCad 4, introduced powerful interactive routing tools which
make manual routing fast. I prefer to use the autorouter for larger boards

because of its speed, and then use interactive routing to make any changes
necessary.
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41. How to create a bill of materials (BoM)
In KiCad, you can create a Bill of Materials*? (BOM) report via third-

party plugins. In this recipe, you will learn how to use one of the plugins to

create a BOM in CSV format, like the one in Figure 41.1.

G H 1

1 [Component Ioescription Part References Value Footprint Quantity Per Datasheet  Category  §1
2 1 Battery (multiple cells) Battery  BT1 Battery 3V PinHeader_1x02_P2.54mm_Vertical 1~
3 2 Polarised capacitor cp1 a 100F _0805_2012Metric_Pad1.15x1.40mm_HandSolder 1]~
4 3 Unpolarized capacitor c ae 220F C_0805_2012Metric_Pad1.15x1.40mm_HandSolder 2]~
5 4 LED generic LED o1 LED LED_0805_2012Metric_Pad1.15x1.40mm_HandSolder 1]~
6 5 Generic connector, single row, 01x09, script generated (kicad-library-utils/sc Conn_01x09_ 4 DigitalPins PinHeader_1x09_P2.54mm_Vertical 1~
7 6 Generic connector, single row, 01x04, script generated (kicad-library-utils/sc Conn_01x04_J1 12C connector _ Pinkeader_1x04_P2.54mm_Vertical 1~
8 7 Generic connector, double row, 02403, 0dd/even pin numbering scheme (row Conn_02x03_J2 ICSP connector  PinHeader_2x03_P2.54mm_Vertical 1~
9 8 Generic connector, single row, 01x04, script generated (kicad-library-utils/sc Conn_01x04_J3 Serial connector _ PinHeader_1x04_P2.54mm_Vertical 1~
10 9 Resistor R R2 2200hm R_0805_2012Metric_Pad1.15x1.40mm_HandSolder 1~
1 10 Resistor R R1 3300hm R_0805_2012Metric_Pad1.15x1.40mm_HandSolder 1]~
2 11 12C Serial EEPROM, 1024Kb, DIP-8/SOIC-8/TSSOP-8/DFN-8 2410105 U1U3  241C1025 50U-8_5.3:5.3mm_P1.27mm 2 http://ww1.microchip.com/
13 12 IC MCU 8BIT 32KB FLASH 32TQFP ATMEGA328 U4 ATMEGA328P-AU TQFP-32_7x7mm 1 hetp://www. Integrated Ci &
1 13 0513375+ U2 0513375+ 50-8_5.3x6.2mm_P1.27mm 1
15 14 Two pin crystal Crystal V2 16 MHz Crystal_SMD_5032-2Pin_5.0x3.2mm_HandSoldering 1~
16 15 Two pin crystal Cystal V1 Crystal 32768kHz _ Crystal_SMD_MicroCrystal_CC7V-T1A-2Pin_3.2x1.5mm_HandSoldering 1~
17

18

19

20

21

22 Component Groups: 15

23 Component Count: 17

24 Fitted Components: 17

25 Number of PCBs: 1

26 Total components: 17

27 Schematic Version: 1

28 Schematic Date: 19/8/18

29 BoM Date: Mon 20 Aug 2018 05:35:07 PM PDT

30 Schematic Source: projects/KLI y-po i extended powered_Arduino_with_Extended_EEPROM/Battery-powered_Arduino_with_Extended_EEPROM.sch

31 KiCad Version: Eeschema 5.0.0-fee4fd1~66~ubuntu18.04.1

32
3

Figure 41.1: A BoM created using the KiBoM Python script.
The plugin you will install is a Python script, available from Github. To
install it, follow these steps:

1. Download the ZIP archive of the Github repository from https:/ /
github.com /SchrodingersGat /KiBoM (Look for the green 'Clone or
download' button and select 'Download ZIP")

2. Extract the contents of the ZIP archive.

22 An alternative to the term “Bill of Materials” (“BOM”) is “Parts List” (“PL”). This term is
described in ANSI/ ASME Y14.34 as:

Parts List (PL): a tabulation of all parts and bulk materials used in the item(s), except those
materials that support a process and are not retained, such as cleaning solvents
and masking materials.

3.20.1 Integral Parts List integral parts list: a parts list prepared and revised as part of an
engineering drawing (see Fig. 4).

3.20.2 Separate Parts List separate parts list: a parts list prepared as a document separate from
the engineering drawing to which it is

associated, and one that may be revised independently of the drawing (see Figs. 9A and 9B).

When a separate list is prepared and a cover sheet is used, it shall include the mandatory
information shown in Fig. 1; other information may also be included.

NOTE: Other terms previously used to describe a parts list are list of materials, bill of
materials, stock list, and item list.
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3. Copy the folder named 'KiBoM-master' to your KiCad documents
folder, or anywhere you prefer to keep your work files.

4. Start KiCad, and open Eeschema.

5. Click on the BOM button from the top toolbar (Figure 41.2)

6. The Bill of Material window will appear. Click on the 'Add
Plugin' button.

7. Navigate to the location of the KiBOM_CLLpy file and double-
click on it to select it (Figure 41.3). You can accept the default name for the
plugin.

8. The plugin is now installed. The Bill of Material window will
show relevant information in the 'Plugin information' text box, and the
command line path (Figure 41.4).

The command line path is of particular interest because you can control
the output of the plugin by manipulating the command line arguments in it.
You can find information about the valid arguments and ways to customise
the plugin output at the plugin Github page.

Using the default configuration, however, produces a complete BoM.
Go ahead and try it out. Load a schematic into Eeschema, and click on the
BoM button. Click on the 'Generate' button. The plugin will produce the BOM
file, and provide information about the work it did in the 'Plugin information'
text box.

Browse to the project directory, and you will find the newly-created
".csv' file, that contains the BoM (Figure 41.5). You can open this file with a text
editor or a spreadsheet application. In Figure 41.1, you can see the BoM for
project 3 of this book as it appears in Microsoft Excel.

n E::] ? ‘ ;\iii % I?%i BACOK

= s

Figure 41.2: The BoM button.
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Plugin files: X

7 < | i} peter | Documents || Kicad projects | KLP2 KiBoM-master

Places Name 4 Size Modified |~
Q search i bomlib 17:35
@ Recently Used i example 16:24
[ bin i tests 16:24
4 peter L] __init__py 0bytes 16:24
@ Desktop B KiBOM_CL1py N 49kB 16:24
@ File System |J LICENSE.md 1.0kB 16:24
i@ Documents L] README.md 18.6kB 16:24
& Music
[® Pictures
@ videos
& Downloads
Files(*) 2
Cancel Open

Figure 41.3: Navigate to the location of the KiBOM_CLLpy file.

Bill of Material x
Plugins: Generate
KiBOM_CLI e
Close
Help
Add Plugin
Remove Plugin
Name: ——
KiBOM_CLI Edit Plugin File

Command line:
python "/home/peter/Documents/Kicad projects/KLP2/KiBoM-ma¢

Plugin Information:
KiBOM - Bill of Materials generation for KiCad

Generate BOM in xml, csv, txt, tsv or html formats.

- Components are automatically grouped into BoM rows
(grouping is configurable) .

Figure 41.4: The BoM plugin is installed.

Caled 4 Kicad projects = KLP2 = Battery-powere...tended EEPROM Battery-powere...nded_EEPROM »
© | Recent KiBoM-master X Battery-powered_Arduino_wit
@ Home Name
[m Desktop [l ArduinoClone-Gerber
[ Documents
i Battery-powered_Arduino_with_Extended_EEPROM_bom_1.csv.tmp
<  Downloads
dd Music . Battery-powered_Arduino_with_Extended EEPROM_bom_1.csv
[ | Pictures

/> Battery-powered_Arduino_with_Extended_EEPROM.xml

M Videos

@ Trash bom.ini

Figure 41.5: The newly-created CSV file that contains the BoM.

If you are interested in an alternative plugin to implement the bill of
materials feature in KiCad 5, I encourage you to have a look at KiCost
(https:/ / pypi.org /project/kicost/). As per the KiCost documentation, this

plug-in generates part-cost spreadsheets for boards. This is very helpful if you
want to make an accurate cost calculation for your project. The plugin can also
generate an XML file that you can upload to Digi-Key or Mouser to quickly
order the project parts.
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42. How to design a custom page layout

You can create a custom version of the page layout. A popular reason
for doing that is to include a logo in every project page.

In this recipe, you will learn how to create a simple custom sheet layout.
The only difference between the default layout and the one we are about to
create is that the custom one contains a logo graphic. Once you have your
custom sheet layout file, you will be able to use it in all your schematics.

To create and edit sheet layouts, KiCad provides a helper application
called P1_Editor. To start P1_Editor, go back to the main KiCad application
(which is really an application launcher), and click on the P1_Editor button on
the far right of the toolbar (Figure 42.1).

KiCad 4.0.7-e2-6376~58~ubuntu14.04.1 /home/peter/Desktop/KLP2/Breadboard_5V_power._supply.pro

File Browse Preferences Tools Help
e Y|
A HE) = = | WY | B
-~ Bnadboanijv /_power_supply.pro ;9: | m - =
»/ y It 4 m B

& Breadboard_5V_power_supply.kicad_pcb

[it?j Breadboard_5V_power_supply.pro

- Project name:

/# Breadboard 5V_power_supply.sch [/home/peter/Desktop/KLP2/Breadboard_5V_power_supply.pro
pl_editor opened [pid=34202]

Ipl_editor closed [pid=34202]

[ If Breadboard_5V_power_supply-cache.lib pl_editor opened [pid=34337]]

- Ipl_editor closed [pid=34337)

f# _saved Breadboard_5V_power_supply.sch

Ly h K
" TechExplorationsCustomSheetLayout kicad_v

Figure 42.1: Starting PI_Editor.

The editor will start, showing the default layout. You can choose to
work and edit the default layout, or create a new one from scratch (right-click
on File and then New Page Layout Design).

Let’s keep this task as simple as possible, and go with the first option.
Your P1_Editor should look like the example in Figure 42.2.

Fle Preferences Help
R EER: | @ & & @ |[[T)][%) || tetroppagecomer < pager  ~
Design e Properties
~ >R mproperties | Generaloptions
s Tvp Page 1 option
=) None
L
T Text
=
T
L Hijustfication |Left v Bold
T
L Vjustification | Center ¥ taic
z Text Width (mm)  Text Height (mm)
T
L
= Constrains:
MaxSize X(mm) MaxSize Y (mm)
s (mm) (mm)
T
T 5 Accept
T
L Comment
T
‘-r Pos X (mm)
Page size: widh 297 height 210 Zo51 x4 v &5 &30 coord oigi: LeftTop page comer___m.

Figure 42.2: P1_Editor showing the default sheet layout.
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On the right side of the editor, you can see the design elements. They
consist of lines, rectangles and text fields. To add new items in the designer,
place your mouse cursor at the location where you would like to add it and do
a right-click. The contextual menu that appears gives you the option to add

lines, rectangles, text or bitmap (graphics) object.
Q @\ (7 [Q\ @ Left Top page corner

v | Page1 \/
Properties
Item Proper
Type
_ o Text
" AddLine ‘
D Add Rectangle
H justificatio
T AddTex !
» Append Page Layout Descr File || Vjustificatior
& Add Bitmap N ‘|| Text Width (r
Center F4 ‘
Constraints:
Sheei: i F1
F,,:.E ©\ Zoomin 5 Max Size X (1
Title: =
Size: A4 [ Date e\ ZoouTou: i ‘
KiCad E.O.L, pLedilor 4.0.7-e2-6376580D ) _
T T G Redraw view F3
[Q\ Zoom auto Home
Comment
®\ Zoom select > ‘
< o [
&7, Grid Select | Pos X (mm)

| K Close

719%A X219 V12A dy 229 dv13A

Figure 42.3: The P1_Editor context menu.

roord arinint 1o

Experiment with all of those. Lines and rectangles are simple to use, just
click and draw. With text, you have two options. You can simply drop in a text
object that contains the fixed text that you type in the text object’s "Text' field

in its properties (as in Figure 42.4), or use one of KiCad’s format symbols.
@ Left Top page corner

v || Page 1 -

Properties

Item Properties | General Options

Type
| Text

Page 1 option
None %

Text
test Text

Bold

dtest Text
Hjustification |Left ¥

t A

Vjustification Center v
Text Width (mm)  Text Height (mm)
{0.000 0.000

Italic

Constraints:
Max Size X (mm) Max Size Y (mm)
{0.000 0.000

Accept

Comment
|

Pos X (mm)

7362 X182Y134 dx192 dy 144 coord origin: Left Top page corner  m...

Figure 42.4: You can insert fixed text in the sheet layout.

The default sheet layout uses format symbols to display information
such as the KiCad version and the date in the title block. For example, if you
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click on the Title text object, you will see the content 'Title: %T' in the Text field
of the object’s properties (Figure 42.4).

Item Properties | General Option

Type Page 1 option
YL\ None

Text
Title: %T

Sheet:

X Hjustification |Left v | EJB
File:

'Tit[e: Vjustification | Center v | B It
Size: A4 I Date; ‘|| TextWidth (mm)  Text Height (mi
KiCad E.D.A.- pl_editor 4.0.7 ||| |2000 | {2.000

o] [ Constraints:

Max Size X (mm) Max Size Y (mm
|0.000 | {0.000

Figure 42.4: The Title format symbol ‘%T".

The content of the '%T' symbol is sourced from the Title field of the Page
Setting dialog box (Figure 42.4). The table below contains all the available
formal symbols that you can make reference to in PI_Editor:

Symbol Description
%K KiCad version
%o/ Paper format name
%Y Company name
%D Date
%R Revision
%S Sheet number
%N Number of sheets
%Cx Comment (x = 0 to 9 to identify the comment)
%F Filename
%P Sheet path
%T Title

Table 42.1: A list of format symbols available in KiCad.

Since we are working on modifying the default sheet layout, we will not
need to do anything with the format symbols. Instead, I'd like to add the Tech
Explorations logo in the title block.

The process starts with creating a graphics file in PNG format that
contains the graphic you would like to add to the layout. Take care to create
one with the appropriate dimensions because P1_Editor has a very limited
ability to resize graphics files. An image of around 500 pixels width and 300
pixels height fits nicely within the header of the title block.
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Next, right-click somewhere in the title block header, and select 'Add
Bitmap' (see Figure 42.3). This will bring up the image chooser. Navigate to
the location of your graphics file and double-click to select it (Figure 42.5).

& DR @0 QT efTop page comer v |[Paces -
choose Image
g
wsted o op
sgmsi | Places Name v size | Modified
x6Te} |Q Search i ar 07/06/18
:gm6:Y | H Recently Used || Ar 02/02118
X7Tel | peter . B0 Monday
pel - £n 2410418
T Hesystem || Fo 1200318
e
i Documents || Im —
1170 | Music - Kic taosns ||| b
sgma:l] |88 Pictures - L 13:06
<1270 |l Videos - 07/06/18
xt13T¢ i3 Downloads [ Ra o e\
xt14T¢ | Bench Comp... | WM Ra 24/04118
X158 |5 Folders and fi.. TechExplorationsLogo_500px.png X 258kB 1303
x16:TE trar 219.1kB 171014
xt17:7§ trar 219.1k8 1771014
sgmg
2gm10; Image Files (*bmp;* png:* jpg;* jpeq;* jpe;* fif*.tiff*.if:*.pnm;* ppm;* pgm;* pbim; . pcH iff .ico;*.cur;* ani* ga;* tpic;* xpm) ¥
xt18:T§
— =

fth 27 hainkt 210 758 Y17 V1M A1) dv174 conrd orinin 1 oft Ton nana corm

Figure 42.5: The image chooser.

A small window titled 'New Item' will appear. This window allows you
to specify the position of the new item, but since the new item will be attached
to the mouse pointer once you click the 'Ok’, and therefore you will be able to
position it accurately, there is no need to make any changes in the New Item
window. Click 'OK' to insert the logo graphic to the layout.

New Item
Pos X (mm)
{0.000] | origin
Pos Y (mm) Lower Right ¥
{0.000 |

End X (mm)
Origin
End Y (mm) ot

Text

Cancel OK

Figure 42.6: Confirm the addition of the new item to the layout.

When you click 'OK’, the New Item window will disappear, and the
logo graphic will appear attached to your mouse pointer. Move the mouse to
find the exact location where you’d like the logo to be, and left-click to commit
it.

If the location or the size of the logo is not exactly as you would like
them, there’s a couple of things you can do.

First, you can move the logo by right-clicking on it and selecting 'Move'.
Move the logo to a new location and left-click to commit it.
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Second, if you need to reduce the size of the graphic logo by a small
amount, you can do this within P1_Editor by increasing the Bitmap PPI
setting. The default is 300. If you increase this value to, say, 500, the graphic
will become smaller. Don’t forget to click on the Accept button after you
change the Bitmap PPI value. For larger changes or increases in size, it is
better to use a proper graphics editing tool to prevent reducing the quality of
the graphic.

PI_Editor 4.0.7-2-6376~58~ubuntu14.04.1[]
File Preferences Help
ID&IRS0E QR [%) | |teftToppage comer v |[page1  ~
Design 4'» Properties
e
T textaText Item Properties | General Options
T text5Text Type Page 1 option
L segmsitine | || [stmap None -
T text6:Text
L segmé:Line Accept
T text7:Text ®
e QTeCh Comment
e Explorations
L segm7:Line txplore.com Pos X (mm)
B bm1:8itmap) 17.002 Origin
T text10:Text Pos Y (mm) Lower Right | ¥
T texti1:Text b 27.007 -
L segm8:Line -
T text12:Text Bitmap PPI |500
T texti3Text [ Rev:
T texiaTex Pubuntul4.04.1 [0 172 e
T text15Text 5. | 6 1
T texti6Text Step X (mm) Step Y (mm)
‘ T text17-Text 0.000 0.000
L segm9:Line
| L segmioiine
Page size: width 297 height 210 z242 X247 Y141 dx 257 dy 151 coord origin: Left Top page corner m...

Figure 42.7: Changing the Bitmap PPI will change the size of a graphic.

In Figure 42.7 you can see what my logo looks like after I changed the
value of the Bitmap PPI field to 500.

If you are ready to save your new layout and apply it to your schematic
sheet, go ahead. Click on File and Save, and give it a reasonable name in the
Save dialog box that appears. I also like to save my layouts in a location that is
easy for me to find. In this case, I save the layout file in the project directory
(see Figure 42.8).

: Create file
rel
B VN loaonsCustomsheeitayou TRRRS
5 r
1d saveinfolder: | 4 peter | i Deskiop @ Create Folder %
54
rel |Places Name v |Size | Modified
b= l
el |9 Recently Used
8 |5 peter
eskop
N |E Fite system 1
i
3 K Documents [
o [ Music
7| | Pictures
7| |W@ Videos
7| |3 Downloads
| | Bench Computer
T | Folders and files
£
10 Page layout descr file (*.kicad_wks) ¥
J Cancel
»

Figure 42.8: Save your layout file in a location that is easy to find later.

That’s all there is to do in P1_Editor. Close this application and return to
Eeschema.
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In Eeschema, open the Page Setting dialog box (File, Page Settings). In
the 'Page layout description file' field, click on the browse button to find the
layout file you just created. Click Open to accept your selection.

You will get a warning about the effect that changing the layout will
have on your project. Accept the warning to dismiss the box, and you will see
the file name of the custom layout file in the 'Page layout description file' field
(Figure 42.9).

Page Settings

Paper Title Block Parameters
Size: Number of sheets: 1 Sheet number: 1
A4210x297mm v Issue Date
[2018-06-14 <<<| |14/06/18 v Export to other sheets
Orientation: " —
Revision
Landscape \/ ( ;
|1 Export to other sheets
Custom Size: Title
Height: Width: | Learning Kicad with a simple project | Export to other sheets
Company
Layout Preview | Tech Explorations | Export to other sheets
Comment1
1 Designed by Peter Dalmaris | Export to other sheets
Comment2
} Learning Kicad's most frequently used functions ‘ Export to other sheets
Comment3
| Practicing drawing [ Export to other sheets
. Comment4
= \ Getting ready to create awesome PCBs [ Export to other sheets

Page layout description file

ﬁ ‘TechExploranonsCustomShee(Layout.kxcad_wks Browse

Cancel OK

Figure 42.9: We have selected our custom sheet layout file.

When you click the OK button to close the Page Settings dialog box,
KiCad will ask you to save the project file. It does that because you have made
a change to the project, and this change must be committed to the project file.
Click on the Save button to do so and overwrite the existing project file with
the updated version.

Save Project File
Name: Breadboard_5V_power_supphyjpro
Saveinfolder: | « | i peter | i Desktop ‘Kuz Create Folder
Places Name v Size | Modified
Q search (] Breadboard_5V_power_supply.pro 1.4kB 13:06
# Recently Used
i peter
[ Desktop
1 File System
& Documents
8 Music
| Pictures
4@ Videos
i Downloads
i Bench Computer
i Folders and files
+ KiCad project files (*.pro) ¥
S

Figure 42.10: Save the updated project file to disk.

The process is now complete. Your logo should appear in the title block,
with all the text blocks populated as expected. Figure 42.11 shows what my
custom sheet layout looks like.
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Sheet: / X
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Gize: Ak | Date: 2018-06-14 [ Rev: 1 &
KiCad E.D.A. kicad 4.0.7-e2-637658ubuntuik.04.1 | Id: 1/1 o]
% [ 5 I 61 |t
g
DA

i homelpeterDescopLF2/ saved Sreschoard S power upplschsmed | 2275 X17400 15430 7110 oy 1460 Gsi7258 —

Figure 42.11: Peter’s custom sheet layout.

You can use the same sheet layout in any of your projects simply by
loading the sheet file to the project through the Page layout description file'
field in Page Settings.
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43. How to use hierarchical sheets

As your schematic diagrams grow, your sheets will become cramped
and harder to read. When that happens, you need to split your diagrams into
multiple sheets. In KiCad, this is done using hierarchical sheets. Hierarchical
sheets are regular schematic sheets with hierarchical relations between them.
When you start Eeschema, the sheet that you see is known as the 'root'. You
can create a new sheet as a 'child' of the root, in which you can continue your
work.

Sheets communicate with each other by means of hierarchical and
global labels, and hierarchical pins. These allow nets that exist in different
sheets to become logically connected. This way, when you import the netlist to
Pcbnew, the layout will show footprints that represent symbols in all sheets
that are part of the same project, with their nets connecting their pins
seamlessly.

In this recipe, you will learn how to use hierarchical sheets. Open
Eeschema. To add a child sheet to the root sheet, click on the 'Create

-

hierarchical sheet' button on the right toolbar ( “)y, With your mouse, click
at an empty location of the root sheet to create one point of a new rectangle,
drag and click again to commit the rectangle, as in Figure 43.1.

Shetiz SHedSOTEDELS

7
£

ez 1eSB/FIT S ach

Figure 43.1: This rectangle represents a hierarchical sheet.

In the properties window that appears, type in a reasonable name, like
'Connectors'.

Schematic Sheet Properties x

File name: Connectors.sch Size: |1.270 millimeters

Sheet name: ‘Conne(tors\ Size: |1.270 millimeters
Unique timestamp: | 5SB7FDE14

Cancel OK
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Figure 43.2: The hierarchical sheet properties needs a good name.

Your new sheet is now created. The Sheet rectangle will display the
sheet name and the new file that is created to contain its data. You can
navigate through sheets using the Navigator. Its button is in the top toolbar
(Figure 43.3).

sloeaad@g: PN ZeEEEE M.

T
Navigator J x
. ”Sheet: Connectars
b d Root!
@ Connectors ~

File: Connectors.sch

Figure 43.3:Use the sheet navigator to access a sheet.

In the navigator, double-click on the Connectors sheet to access the
sheet by that name. You will see a new, empty sheet. To go back to root, click
again on the Navigator button and then double-click on the Root sheet, or
click on the 'Leave sheet' button to jump to the parent of the current sheet

In the Connectors sheet, add a simple symbol, like the
Conn_01x04_Male connector (Figure 43.4).

J?
Conn_01>5_04_Male

Figure 43.4: A new connector in the child sheet.

What you will do next is to use hierarchical labels to connect the four
pins of this connector to nets that exist in the root sheet. To do that, you must
use a specialised type of net label, the 'hierarchical label'. You will then place
its counterpart, the 'hierarchical pin' to the corresponding sheet rectangle in
the parent sheet.

Start with the first pin (although you can do multiple pins in bulk once
you understand the process). In the Connectors sheet, click on the hierarchical
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label button from the right toolbar ( i ). Then click on the first pin of the
connector to create a new hierarchical label. Call it 'GND'. The label properties
allow you to set its orientation and shape. The connector now looks like the
example in Figure 43.5.

J?
Conn_O:L)iOlr_Male
=—=—GND

Figure 43.5: A hierarchical label in pin 1.

Next, you must expose this label to the parent sheet by placing a
hierarchical pin to the sheet’s representative rectangle. Jump to the parent
—

—_)
sheet ( ). The easiest way to create a hierarchical pin is to use the

Q

hierarchical pin importer tool from the right toolbar ( A ). You can also use

the hierarchical pin tool ( 4 ) but then you will have to remember the exact
name of each hierarchical label in the child sheet. Let’s go with the importer.
Click on the importer button, then place the mouse cursor on the right
or left edge of the hierarchical sheet rectangle. Click to create the hierarchical
pin. A new pin will appear, with the name of the hierarchical label you created

in the child ('Connector') sheet (Figure 43.6).
Sheet: Connectors

GND

Figure 43.6: A hierarchical pin connecting the two sheets.

If you had used the hierarchal pin tool, a dialog box would ask for the
name of the pin. The name you type must match exactly the name of a
hierarchical label in the child sheet.

If you had created multiple hierarchical labels in the child sheet, then
with the importer tool still selected, you could continue clicking, and with
each click, another pin carrying the name of its label counterpart will appear.

Try that now. Return to the Connector sheet (use the Navigator or
double-click to the sheet representative rectangle), and using the hierarchical
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label tool create three more labels, as you can see in Figure 43.7. In pins 3 and
4 T have configured the labels as 'bi-directional'.

J?

Conn_01>i04_Male
—L qeND
-LGVCC

—3 &SDA
e

Figure 43.7: Four hierarchical labels.

Return to the root sheet, and select the pin importer tool. Click three
times below the existing hierarchical pin, to create the remaining four pins.

The result is in Figure 43.8.

Sheet: Connectors

> GND
>Vece
O SDA
O SCK

File: Connectors.sch

Figure 43.8: Imported hierarchical pins.

From here, you can connect these pins to other parts of your schematic
in the root sheet. For example, you can use wires, or local labels, as in Figure

43.9.

Sheet: Connectors

> GND

Vec PVcc

GND = SDA___lyspa
SCK__bsck

Figure 43.9:Connecting hierarchical pins to the rest of the schematic.
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44. How to use differential pairs

Differential pairs allow you to route two wires at the same time. This
capability is useful in those cases where two adjacent wires are
complementary and have to be treated as such. By routing the wires together,
we can ensure that the travel time of the signal from origin to destination will
be practically the same, as well as that they will receive an almost identical
amount of interference.

Differential pairs are important in applications such as audio, digital
singling, data communications (RS-422, Ethernet etc). The technique helps to
minimise electromagnetic interference and crosstalk. It also helps to minimise
the noise that these wires emit to their environment.

KiCad, apart from allowing to draw differential pairs in the layout, also
provides tools to configure them. You can set the total length of the pair,
ensuring matching lengths of traces where that is important (like in high-
speed memory applications).

To enable the differential pair feature in Pcbnew, you need to label the
participating nets in Eeschema with names that end with '+' and '-' or with

'_N'and '_P'. Let’s have a look at a very simple example, depicted in Figure
44.1.

[N
(=]

1 3 10 wirel— =]
wirel+
wire2—
wire2+
wire3—
wire3+
wire4—
wire4+
wire5—
wire5+

[
N

Conn_01x10

Conn_01x10
= NN O[Oy [N [0 |WO

= N [N | O[O N[00 WO

Figure 44.1: The wires that belong to a pair have net names that end with '-' or ‘+'.

In this example, I have two connectors, with wires connecting their
pins. I have labeled the wires with net labels, and for each pair, the name of
the label ends with either '+' or '-'. In place of '-' or '+' I could have used '_P' or
"N
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When you export the netlist for this schematic and import it into
Pcbnew, you will have a layout like the one in Figure 44.2.

Conn_01x10

Figure 44.2: The unconnected layout view.

You can route each net using individual routes, or use differential pair
routing. To enable differential pair routing, choose this option from the Route

menu (Figure 44.3).
' Setup Place Route Inspect Tools Preferences Help
\ m Single Track
| »
Tune Track Length
Tune Differential Pair Length
Tune Differential Pair Skew/Phase

LAY

(9.84 mils) * 2

Interactive Router Settings...

Figure 44.3: Enable differential pair routing.

Then, click on one of the pads to begin drawing. You will see that you
are now drawing two traces: one is connected to the pad you clicked on, and

the other to its pair (Figure 44.4).

Figure 44.4: Started drawing a differential pair.

Click on the pad that is highlighted in the ]2 connector to complete the
drawing. The result is in Figure 44.5.
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Figure 44.5: The first differential pair is routed.

In the next example, try to route a differential pair but this time add
vias, like in Figure 44.6. As you can see, by typing 'V' you create two vias, one

for each trace member of the pair.
Conn_01x10

Figure 44.6: The second differential pair is traced in the B.Cu with the help of vias.

KiCad allows you to fine-tune the length of a trace. This allows you to
control the signal propagation through the trace, precisely. Let’s try this out.
Start by clicking on the 'Tune Track Length' option from the Route menu.
Then, click on a member trace of one of the differential pairs that you want to
tune the length for. This will give you information about the current length of
that trace (Figure 44.7). In this example, the trace I clicked on is shorter than
the target.

‘ Too short: 37.056 mm/40.000 mm

Figure 44.7: The current length of this trace is 37.056 mm; the target is 40 mm.

To configure the target length, right click on the trace and click on the
'Length Tuning Settings..." option. In the window that comes up, define the
track length target. There are other options you can experiment with, that
define the characteristics of the meanders that KiCad uses to adjust the trace
length. I have changed my target length to 40 mm (Figure 44.8).
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Single Track Length Tuning x

Length / Skew
Tune from:
Tune to:
Length Tuner Constraint:
Increase Spacing '."'/'Target length: |40 mm
Decrease Spacing
Increase Amplitude Meandering

Decrease Amplitude

IN

Amax

Y

Minamplitude (Amin): 0.1 mm
Max amplitude (Amax): 1.1 mm
Spacing (s): 0.7 mm
Miter style: arc

Miter radius (r): 100 %

Cancel OK

Figure 44.8: You can control the characteristics of differential per traces.

To adjust a trace so that its length becomes equal to the target, click on a
trace to select it and move your mouse to the direction where you want to
meanders to appear. KiCad will keep you informed about the current length
of the trace. When you reach the target, click to commit the changes.

Tuned: 40.000 mm/40.000 mm

Figure 44.9: Adjusting the length of a differential trace.

Repeat the same process for the rest of the differential traces. If the
length adjustment is blocked by a via, continue on the other side of the via.
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You can tune the length of both traces in a pair at the same time by selecting
the 'Tune Differential Pair Length' option from the Route menu.
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45. Interactive router

The interactive router is an advanced tool that can make a big difference
in the effort required to layout a board. With the interactive router, you can
create and modify traces in three modes, and you can configure your mouse
drag behaviour. Let’s experiment with the interactive router now.

Load one of your layouts in Pcbnew. From the Route menu, open the
'Interactive Router Settings...' window (Figure 45.1).

Setup Place Route | Inspect Tools Preferences Help

888, :
JI:? fees m Single Track

Differential Pair

(9.84 mils) * 2

Tune Track Length

Tune Differential Pair Length

Tune Differential Pair Skew/Phase
pm—
Figure 45.1: Open the Interactive Router Settings.

My interactive router is set up as you can see in Figure 45.2.
i Interactive Router Settings x

Mode:
Highlight collisions

Shove
@® |walk around
Options:

Mouse drag behavior: | Interactivedrag 2
Free angle mode (no shove/walkaround)
Jump over obstacles

[ Remove redundant tracks

[ Optimize pad connections

& smooth dragged segments

Allow DRC violations

—

Optimizer effort: low high

Cancel OK

Figure 45.2: Current setting of my interactive router.

The 'Walk around' mode will ensure that no elements of my layout
(such as vias and traces) can be moved while I am drawing a new trace. My
mouse behaviour is set to 'drag’, which means that I can select a trace or a via,
and move it around without disconnecting it for traces that are already
connected to it.

Let’s try an experiment. In Figure 45.3, I have deleted the trace from pad
8 of the pin header.
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Figure 45.3: One pad is not connected.

With the interactive router in 'Walk around' mode, I will start drawing a
new wire. As I move my mouse towards pad 2 of the SW1 footprint, the trace
is routed around other objects, likes footprints and wires (Figure 45.4).

Figure 45.4: Example of the 'Walk around' mode.

You can influence the route of the trace using your mouse. Because in
the interactive router setting I have not selected the option 'Allow DRC
violations', the trace will always be legitimate.

Next, switch the router mode to 'Shove'. Try the same experiment, but
now try to 'force' your way through an existing trace. The interactive router
will obey, and move traces around as you are directing it with your mouse
(Figure 45.5). In this case, this kind of behaviour is not very useful.
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Figure 45.5: Example of the 'Walk Shove' mode.

Next, try the 'Highlight collisions' mode. The router will not move or go
around anything. Instead, it will simply highlight all the violations that you
are causing with your manual routing (Figure 45.6).

Figure 45.6: Example of the 'Highlight collisions' mode.

Let’s experiment with the mouse. The default setting for mouse drag
(when you click and hold on an item like a via or route) is 'Interactive drag'.
Click on a via and move the mouse and try this out. As in the example of
Figure 45.7, the traces remain connected to the via, and the router moves other
items aside as it is trying to accommodate your instructions.

431



Figure 45.7: Interactive drag when using the mouse.

Now, switch the mouse mode to 'Move item' and repeat the same
process. As you can see in Figure 45.8, while I was able to move the via, the
traces did not follow along.

Figure 45.8: 'Move item' mode when using the mouse.

It is worth your time to learn the interactive router. Its usefulness really
becomes obvious in complex projects.
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46. Creating unique board edge cuts

If you need a PCB with a complex outline, you will find it very
challenging to design with the available tools in Pcbnew. For such cases, it is
possible to create the board outline in a dedicated drawing program, and then
import the design into Pcbnew.

There are significant limitations in using external drawing programs
that relate to the kinds of graphics file formats supported for KiCad, and the
complexity of the design that you want to import. Nevertheless, you can
create very interesting boards using only open source software and some basic
artistic skills.

The current version of KiCad can import DXF R12 graphics files. You
can create such files using a variety of tools, like Adobe Illustrator and the
open-source Inkscape. Because of the limitations of KiCad’s import function,
any DXF file you import must not contain polygon lines and ellipsis. If it does,
the import will fail, without KiCad providing any feedback. If your drawing
does have such elements, you can use another tool to convert them into
primitive components. Such a tool is LibreCAD, also open source.

In this recipe, I will show you how to create a complex board outline
using Inkscape and LibreCAD.

Inkscape is available on virtually any computer platform. Go to
inkscape.org to download your copy. Similarly, you can download your copy
of LibreCAD from librecad.org.

Start by creating a design of your PCB in Inkscape. Take care so that
your design has the dimensions you need. In my case, I would like to draw a
fancy-looking PCB that is at maximum 60 millimetres in length and 50
millimetres in width. To make my design easier, I set the grid to be the same
as the one I plan to use in Pcbnew. I have also configured the Inkscape page in
a similar way to the drawing settings in Pcbnew. To access the properties
window, click on the cogwheel icon in the top bar (Figure 46.1).
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http://inkscape.org
http://librecad.org
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Figure 46.1: In Inkscape, set up the drawing area to resemble the Pcbnew sheet.

Go ahead and create a drawing. You can see my fancy drawing in
Figure 46.2. I know. My drawing skills are terrible.
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When you are finished, click on File, Save As. In the window that
appears, choose the 'Desktop Cutting Plotter (AutoCAD DXF R14)(*.dxf)' file
format (Figure 46.3).
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| Compressed Inkscape SVG (*.svgz)

Places Name, *| compressed plain SVG (*.svgz)
h

Q seard 5 Desktop Portable Document Format (*.pdFf)

@ Recently Used |7 Documents ‘ ; )

& peter @ Downloads Cairo PNG (*.png)

B Desktop Music | Postscript (*.ps)

@ File System @ Pictures Encapsulated PostScript (*.eps)

[ templates ~ [ Public ‘ Enhanced Metafile (*.emf)

= i

[T Documents i Templates Windows Metafile (*.wmf)

= : Videos

il Music . @vi ‘ PovRay (*.pov) (paths and shapes only)
| JavaFX (*.fx)

& Append filename extension automatically OpenDocument drawing (*.odg)

& Enable preview LaTeX With PSTricks macros (*.tex)

Optimized SVG (*.svg)

Compressed Inkscape SVG with media (*.zip)

GIMP Palette (*.gpl)

Layers as Separate SVG (*.tar)

HP Graphics Language Plot file [AutoCAD] (*.plt)
Synfig Animation (*.sif)

Desktop Cutting Plotter (AutoCAD DXF PRM) (*.dxF)

sK1 vector graphics files (*.sk1)
Jessylnk zipped pdf or png output (*.zip)

Figure 46.3: Save in DXF R14 format.

In Figure 46.4 you can see my export settings.
] Desktop Cutting Plotter X

Options ‘ Help

[) use ROBO-Master type of spline output
& use LWPOLYLINE type of line output

Base unit: [mm 2 l
Character Encoding: L Latin 1 =
Layer export selection: | All (default) =

Layer match name: ‘

| Cancel || OK |

Figure 46.4: The DXF R14 export settings.

Notice that this format, DXF R14, is not compatible with KiCad’s import
feature. If you try to import it to KiCad now, you will not get what you expect.
You will need to convert the DXF file to a compatible format using LibreCAD.

In LibreCAD, open the File menu and click on Open. Find the file you
just saved with Inkscape and open it.

Click on the outline of the shape, and from the Tools menu select
Modify, Explode (Figure 46.5).
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Figure 46.5: The Explode tool will convert all drawing elements into primitives that KiCad can
import.
Next, save the file in DXF 12 format. From the File menu in LibreCAD,
choose Save As. In the window that appears, name your new file and choose
the DXF R12 file format from the dropdown (Figure 46.6).

Cancel Name | drawing_R12.dxf Q Save
@ Home 4 KLP2practice = dxf_sample_project (v
[ Desktop Name Size Modified «
@ | Documents W complex_pcb.dxf 349kB 21:27
q f12.dxf 1 1
B Downloads W complex_pcb_dxf12.dx 31.5kB 21:53
W drawing.dxf 42kB 22:26
dd  Music W #drawing.dxf 17.7kB  22:34
[  Pictures
Drawing Exchange DXF 2007
'  Vid :
1608 Drawing Exchange DXF 2004
+ | Other Locations Drawing Exchange DXF 2000

Drawing Exchange DXF R14

LFF Font
_ QCad Font I

Figure 46.6: Save the exploded drawing in the DXF R12 file format.

Back in Pcbnew, choose Import, 'DXF File...' from the File menu (Figure
46.7).
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Print...
Plot...
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Figure 46.7: Import the DXF R12 file into Pcbnew.

The Pcbnew importer will ask you for the import settings. Select the
Edge.Cuts graphics layer. I prefer to use 1 mm as the default line width for the
outline. Your new board outline will appear in Pcbnew. Try viewing its 3D
representation in the 3D Viewer (Figure 46.8).

BRloeqad & & &/ marw @
7o 2| [

Figure 46.8: Your new, fancy board outline in Pcbnew.

From this point, you can continue working on the board layout as
normal. Place footprints, trace pads, create copper zones, all within your
tancy-looking PCB outline.
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47. Using Git for version control

KiCad projects consist of files that contain plain text. You can use any
text editor to open them and have a look inside. For example, in Figure 47.1
you can see a section of the schematic ".sch' file for one of my projects, opened
using the Atom text editor.

® © @ - TE breadbaord_power_supply.sch — / Drive...

TE_breadbaord_power_sup... X
U 1 1 5B459429
7 P 4000 3500
F 0 "#FLGO1" H 4000 3575 50 0001 C CNN
F 1 "PWR_FLAG" H 4000 3650 50 0000 C CNN
F 2 "" H 4000 3500 50 0001 C CNN
F 3 "" H 4000 3500 50 0001 C CNN
1 4000 3500
1 0 0 -1
$EndComp
5 Wire Wire Line
4000 3500 4000 3600
7 Wire Wire Line
4000 3600 3700 3600
Connection ~ 3700 3600
$Comp
L PWR_FLAG #FLGO2
> U 1 1 5B4596EF
P 3900 5225

u 200n E3204 &
LF r 4 4 [D2files

Figure 47.1: Import the DXF R12 file into Pcbnew.

The fact that KiCad’s projects are text files makes it easy to use a
versioning system, like Git, to keep track of all changes made across the
project. There are several popular versioning systems available, but my
personal preference is Git. It is open source, fast, very popular, and extremely
versatile. As you will see in this recipe, it is also very easy to use.

What you will learn in this recipe is how to use Git, and the Github
online repository, to maintain your project’s history. Doing so will allow you
to:

1. Preserve your project’s history. This will allow you to access past
versions of any file in your project.

2. Create experimental branches. This is useful if you want to
experiment with alternate design options, or design different versions of the
same board. Each one can be stored in a separate branch of the same
repository.

3. Merge or discard different branches. This Git function allows you
to merge (unify) two branches into one. For example, you may have the main
branch of your project, and go on to work on an experimental branch as you
are investigating a special board feature. If the experiment succeeds, you can
merge the experimental branch to the main branch, and continue from there.
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If not, you can just discard the failed experiment branch, and continue with
the intact project in the main branch.

These are just three of the many possible scenarios. Those are the three
scenarios that I use most often.

If you use Git alongside an online repository, like Github, you will be
able to use this versioning system to collaborate with other people on the
same project. You will also be able to share your project and its history with
other people. In Figure 47.2, you can see part of the history of one of the
projects in this book, as it appears in the publicly-accessible repository on
Github.

L] futureshocked / KicadLikeAPro-Project-2-RaspberryPiFullStackHAT @uUnwatch~ 1 KsStar 0 0

<> Code Issues 0 Pull requests 0 Projects 0 Wiki Insights Settings

Branch: master v

Commits on Sep 14, 2018

Update README.md

Verified E2  8804c38 <>

B futureshocked committed 3 days ago
Commits on Aug 18, 2018

Merge branch 'master' of github.com:futureshocked/KicadLikeAPro-Proje... - & 5efbla o
B futureshocked committed on 18 Aug -
CreatsREADME:mct Verfied = [F = aBe26ac | <>
u futureshocked committed on 18 Aug
Initisl.commit Verfied = [F  a93f3a7 <
B futureshocked committed on 18 Aug
Added Gerbers, completed project. E ££824a7 <o
3 futureshocked committed on 18 Aug
Added text silkscreen pabels to the front. & 966111e <

B futureshocked committed on 18 Aug

Figure 47.2: Part of a history of one of the projects in this book on Github.

In Figure 47.3, you can see the history of the schematic file for the same

project.
[ futureshocked / KicadLikeAPro-Project-2-RaspberryPiFullStackHAT @ unwatch~ 1 *Star 0 0

<> Code Issues 0 Pull requests 0 Projects 0 Wiki Insights Settings

History for KicadLikeAPro-Project-2-RaspberryPiFullStackHAT / RPi FS HAT.sch

Commits on Aug 17, 2018

Added comments. B 9229b4b <>
)

B3 futureshocked committed on 17 Aug

Extended a wire for clarity #2. B cl2e998 <
&

B futureshocked committed on 17 Aug

Extended a wire for clarity. B 533366f <>
.

3 futureshocked committed on 17 Aug

Named last few wires. B fa35827 <>

3 futureshocked committed on 17 Aug

Replaced wires with net labels - E  dd5ds5e6 <>

B futureshocked committed on 17 Aug

Replaced GND wires with GND symbol. B 8dcdeb6 <>

B futureshocked committed on 17 Aug

Added PWR FLG and Unconnected. A el

Figure 47.3: Part of the history of the schematic file on Github.
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The numbers in the right side of each column are called 'commits'. Each
number is an ID that refers to a commit. The full ID of a commit is a long
alphanumeric, like 'f0266d1343a446d068e874{46cf9cc29'. What you see in
Figure 47.3 is a short hash of that ID. A commit may contain changes in
multiple files, or additions and removals of files. To get detailed information
about a commit, you can click on the commit number. The result is a side-by-
side comparison of the changes detected in each file, as in the example of
Figure 47 4.

5 EMEEEE RPi FS HAT.sch View v
S d

button_input button_input

Text Label 5700 2400 1 50 ~0 Text Label 5700 2400 1 50 ~0

3v3 3v3
- Text Label 4050 3200 1 50 ~0 + Text Label 4050 2900 2 50 ~0@

3v3 3v3

Text Label 3050 3250 2 50 ~0 Text Label 3050 3250 2 50 ~0

3v3 3v3

sensor_data sensor_data
Text Label 3600 4450 @ 50 ~0 Text Label 3600 4450 0 50 ~0
GND GND
+ Connection ~ 4050 3200
+ Wire Wire Line
4050 2900 4050 3200
$EndSCHEMATC $EndSCHEMATC

Figure 47.4: The changes detected in file 'RPi FS HAT.sch' at commit.

In this tutorial I will give you a basic introduction of Git and Github. Git
is a big topic, and I do encourage you to learn more about it by using a
specialised source, like this Getting Started guide from Github.

Read on to learn how to use Git and Github in the context of a KiCad
project. You will learn how to:

1. Create the repository on your computer.

2. Commit changes of your project to the repository.
See those changes in the log.

Checkout past commits.

Create branches.

AR

Upload your project to Github so you can share it with other
people.

Start by installing Git on your computer. For each operating system,
you can find detailed instructions on the Git web site. Here, I will show you
how to do this in Ubuntu. To begin, start the terminal and type the following

instructions at the command prompt:
$ sudo apt install git

Once the installation is complete, configure your git user settings:
$ git config ——global user.name 'testuser’
$ git config ——global user.email 'testuser@example.com'’

From this point onwards, the instructions and the code is the same for
all operating systems as long as you have access to the command line. Most of
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these operations are also possible using the Git desktop app, if you prefer a
graphical user interface.

You are now ready to use Git with your KiCad project. Use the terminal
to browse into your KiCad project. At the root of the project, initialise the Git
repository:

$ git init

You will get confirmation that your new repository is ready to use,
something like this:

Initialized empty Git repository in /home/peter/Documents/KiCad
projects/KLP2/BreadboardPowerSupply_v2/.git/

Add the current project files into the repository:

$ git add .

$ git commit -am 'First commit.'

Again, Git will respond with confirmation. If you want to know what

the current status of the repository is, use the 'status' command:

$ git status
On branch master
nothing to commit, working tree clean

Now lets say that you have made a change to the schematic diagram
and that you wish to store this in the Git repository. Save your Eeschema file,

and check the status of the repository:
$ git status
On branch master
Changes not staged for commit:
(use 'git add <file>...' to update what will be committed)
(use 'git checkout -- <file>...' to discard changes in
working directory)

modified: BreadboardPowerSupply_v2.bak
modified: BreadboardPowerSupply_v2.sch

no changes added to commit (use 'git add' and/or 'git commit

-a' )

Git knows about the change, but it is not yet committed to the
repository. To commit it, use the commit command:

$ git commit -am 'Added text label.'

[master 2f77b7b] Added text label.

2 files changed, 183 insertions(+), 181 deletions(-)

rewrite BreadboardPowerSupply_v2.bak (68%)

Continue to do some more work in Eeschema, and save and commit

this new work:
$ git commit -am 'Added 2nd text label.’
[master 74cabdc] Added 2nd text label.
2 files changed, 4 insertions(+)

Git is keeping track of these commits in its log. If you want to know
what is in the log, you can check with the log command:
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$ git log

commit 74cabdc120196a703eb71c2290f016fa3b4b65eb (HEAD —>
master)

Author: Peter Dalmaris <peter@txplore.com>

Date: Sun Aug 12 19:52:07 2018 -0700

Added 2nd text label.

commit 2f77b7b68037436ed169797e9dbb8bd7678bd69a
Author: Peter Dalmaris <peter@txplore.com>
Date: Sun Aug 12 19:50:23 2018 -0700

Added text label.

commit 06d8909c726ae8f57cad456c4f9e0fc46e7b37fdd
Author: Peter Dalmaris <peter@txplore.com>
Date: Sun Aug 12 19:44:37 2018 -0700

First commit.

The newer commits appear on top. Each commit has an ID, that is
useful if you want to operate on it. Let’s say, for example, that you changed
your mind about the latest change you made, and that you want to go back to
a previous version of the Eeschema file. As long as you have the commit ID,

you can do that using the checkout command:
$ git checkout 2f77b7b68037436ed169797e9dbb8bd7678bd69a
Note: checking out '2f77b7b68037436ed169797e9dbb8bd7678bd69a".

You are in 'detached HEAD' state. You can look around, make
experimental

changes and commit them, and you can discard any commits you
make in this

state without impacting any branches by performing another
checkout.

If you want to create a new branch to retain commits you
create, you may

do so (now or later) by using -b with the checkout command
again. Example:

git checkout -b <new-branch-name>

HEAD is now at 2f77b7b Added text label.
As an attribute to the checkout command you must provide the commit

ID of the commit that you want to retrieve. Git will confirm that it retrieved
this commit, and that in the case of this example, the Eeschema files have been
restored to the earlier version. Close and reopen Eeschema and you will see
that the schematic is, indeed, at its earlier version. The changes you
committed since then still exist in the repository, its just that you are now at an
earlier time in its history.
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As Git is telling you, you are now in detached HEAD state. This simply
means that you have rewound your project to an earlier time. The commit on
which you are working on now is not the latest. You can work on this version
and decide what to do next. If you are just looking around, then you can
checkout HEAD when you are ready and continue work from the latest

version:
$ git checkout master

If you choose to make changes, you can create a new branch and

continue work there. You can create a new branch of your project like this:
$ git checkout -b new_branch

Where 'new_branch' is the name of the new branch. Continue to work
in this branch as normal, saving your files and committing them to the
repository. When you decide to return to the master branch, simply check it
out:

$ git checkout master

Close and reopen your KiCad apps and you will see that their contents
are updated accordingly. Continue to work in the new branch. The convention
is that the master branch contains completed work. When you are ready, you
will want to merge your experimental branch with the master branch. To do
this, checkout the master branch, and then merge the experimental branch

into the master.
$ git checkout master
$ git merge new_branch

Sometimes, there are conflicts between the two versions of a file, and Git
will not be able to automatically merge them. In that case, Git will let you

know, like this:
Auto-merging BreadboardPowerSupply_v2.sch
CONFLICT (content): Merge conflict in
BreadboardPowerSupply_v2.sch
Auto-merging BreadboardPowerSupply_v2.bak
CONFLICT (content): Merge conflict in
BreadboardPowerSupply_v2.bak
Automatic merge failed; fix conflicts and then commit the
result.

You will need to resolve the conflict by using a text editor and manually
merging the files in question.

Git is a powerful tool for both saving your work at multiple points, and
for experimenting. If used correctly, there is essentially no risk of loosing
work. Knowing that you can return to any point in the history of your project
is truly liberating.

Another important benefit of using Git in your KiCad projects is that it
is made for collaboration. You can share your repository with other people
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using a tool like Github.com. If you work in a team, then the team members
will be able to work on the same project at the same time, in their own branch,
and then merge their work into the main branch. This makes it possible to use
KiCad in teams, even though the KiCad itself does not have any collaboration
capabilities.
Uploading your repository to Github

Suppose you would like to publish your project online so that other
people can access it. You can do this easily by creating a remote Git repository
on a service like Github. The repository on Github is a remote copy of your
local repository. Every time you make a change to your local repository, you
can push it to the remote so that your collaborators can access the updates.
And vice-versa: if a change is accepted in the remote, you can pull it to your
local repository so that you can use the changes.

Start by creating a repository on Github (Figure 47.5).

ues Marketplace Explore A +~ €~
—
New repository &
-Supply © Unwatch ~ Import repository 0
New gist
Wiki Insights Settings

New organization

This repository Edit

New issue

© 0 releases 42 1 contributor

Figure 47.5: Create a new repository on Github.

Give it a name, a license type (I prefer the MIT license for sharing
projects), and a description.

Next, go to your command line, and browse to the directory where your
project is saved. I assume that you already have a local Git repository for your
project in this directory. If not, follow the instructions in the first part of this
chapter to create and populate one.

Go ahead to create the remote for your local project. A common name
for the remote is 'origin’, so let’s use that in this example.

Using the command line, working inside the directory of your project,
type:

$ git remote add origin git@github.com:futureshocked/

KiCadLikeAPro-Project-Breadboard-Power-Supply.git

Replace the remote URL for the one of your project. You can find your
remote URL from the repository page on Github (Figure 47.6).
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© 0 releases 42 1 contributor

Create new file = Upload files = Find file Clone or download ~

Clone with SSH ® Use HTTPS

Use an SSH key and passphrase from account.

git@github.com: futureshocked/KicadLik ’ B

ADME.

Open in Desktop Download ZIP

Figure 47.6: Find out your repository URL on Github.

You can confirm that the remote is set by typing:

$ git remote -v

origin git@github.com: futureshocked/KiCadLikeAPro-Project-
Breadboard-Power-Supply.git (fetch)

origin git@github.com:futureshocked/KiCadLikeAPro-Project-
Breadboard-Power-Supply.git (push)

Before you can "push’ (i.e. upload) your local repository to the remote
for the first time, you will need to 'pull’ (i.e. download). Pushing and pulling
is not the same as uploading and downloading because both also include
merging. With merging, the contents of the local and remote repositories are
synchronised.

Go ahead to pull the remote to your local repository like this:
$ git pull origin master —-allow-unrelated-histories
From github.com: futureshocked/KiCadLikeAPro-Project-
Breadboard-Power-Supply

*x branch master —> FETCH_HEAD

Merge made by the 'recursive' strategy.

LICENSE | 21 +++++++++++++++++++++

1 file changed, 21 insertions(+)

create mode 100644 LICENSE

Git will ask you for a comment using your default text editor. Type in
something like 'First pull' and save the file to allow Git to complete the pull.
For the first pull only, you will need to use the —allow-unrelated-histories
since the two repositories are not related. From this moment onwards, you
will be able to use 'git pull origin master' to pull from the remote.

Finally, go ahead to push your local repository to the remote. Do this:
$ git push origin master

Counting objects: 117, done.

Delta compression using up to 2 threads.

Compressing objects: 100% (116/116), done.

Writing objects: 100% (117/117), 332.61 KiB | 2.75 MiB/s,
done.
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Total 117 (delta 61), reused @ (delta 0)
remote: Resolving deltas: 100% (61/61), done.
To github.com: futureshocked/KiCadLikeAPro—-Project-Breadboard-
Power-Supply.git
9428bca..30dfd14 master —> master
The local repository is now merged with the remote on Github. Refresh

your web browser to see your project files on Github (Figure 47.7).

& > C | & GitHub, Inc. [US] | https://github.com/futureshocked/KicadLikeAPro-Project-Breadboard-Power-Supply Q | g E e Ssd

L] futureshocked / KicadLikeAPro-Project-Breadboard-Power-Supply © Unwatch~ 1 * Star 0 0
<> Code Issues 0 Pull requests 0 Projects 0 Wiki Insights Settings

This is the first project from the book Kicad Like a Pro Edit

Add topics

® 27 commits 1 branch © 0 releases 22 1 contributor s MIT

Branch: master v New pull request Create new file =~ Upload files  Find file Clone or download ~
u futureshocked Merge branch 'master' of github.com:futureshocked/KicadLikeAPro-Proje... = Latest commit 36dfd14 5 minutes ago
s BACEE_Gerber Added gerber files for the two-layer board. 4 days ago
[£) BACEE-cache.lib Wired main symbols. 5 days ago
[E) BACEE.bak Added informational graphics. 5 days ago
[E) BACEE.dsn Autorouted 2-layer version. 4 days ago
[E) BACEE.kicad_pcb Added gerber files for the two-layer board. 4 days ago
[E) BACEE kicad_pcb-bak Added gerber files for the two-layer board. 4 days ago
[E) BACEE.net Created netlist. 5 days ago
[E) BACEE.pro Started layout work. Imported netlist and setup the sheet. 4 days ago
[E) BACEE.rules Autorouted 4-layer version. 4 days ago
[E) BACEE.sch Added informational graphics. 5 days ago
[£) BACEE.ses Autorouted 4-layer version. 4 days ago
=) BACEE_Gerber.zip Added gerber files for the two-layer board. 4 days ago
[E) BACEE_four_layer.dsn Autorouted 4-layer version. 4 days ago

Figure 47.7: After the push, the project files are now on Github

Authentication
To avoid having to type in your Github credentials every time you pull
or push, you should setup your SSH keys in your Github account. Each of
your computers has a unique SSH key (or you can generate one). Once setup,
Github will use that key to authenticate it, in place of a user name and
password. My Github SSH keys setup looks like the example in Figure 47.8.
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Personal settings SSH keys m

Profile
This is a list of SSH keys associated with your account. Remove any keys that you do not recognize.
Account
Emails p
Delete
Notifications SSH
Billing

SSH and GPG keys

4 Delete

Security

SSH

Blocked users

Repositories

Organizations 4 Delete
SSH

Saved replies

Applications
Ubuntu Kicad 5 virtual machine
) Fingerprint: @7:cf:5!
: Delete
Developersattings Added on 18 Aug 2018

Last used within the last week — Read/write

Check out our guide to generating SSH keys or troubleshoot common SSH Problems.

Figure 47.8: SSH keys speed up interactions with Github.

To learn how to setup your SSH keys, please follow the instructions that
Github provides in its documentation, at https:/ /help.github.com /articles /
connecting-to-github-with-ssh /
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48. Creating a multi-layer PCB

In KiCad, you can create PCBs with up to 32 layers. You can set the
number and configuration of layers in Pcbnew, using the Layer Setup window
(under the Setup menu). The layers number and configuration is independent
of your schematic.

Before getting into the 'how' for multilayer boards, let’s ask 'why' would
you want to design one.

An obvious answer is that multilayer PCBs make it possible to reduce
the size of a board by providing more space for the routing of the traces. If
you have a small board and find yourself unable to fully route it (and the
autorouter also being unable to complete the routing task), even after
repositioning the components, then increasing the number of available layers
is a good option.

On the other hand, multilayer PCBs are expensive. A 4-layer PCB can
cost around twice the cost of a 2-layer PCB. It may be better to use a jumper
wire for that last un-routable trace.

Let’s look at the 'how', now. Start by setting the number of layers you
would like to have on your PCB by bringing up the Layer Setup window, in
Pcbnew, Setup (Figure 48.1).

File Edit View Setup Place Route Inspect Toc

" PRYE] wp... y @

Design Rules...
Track: 0.250 mm | 1.5m
Texts and Drawings...

Default Pad Properties...

Pads to Mask Clearance...
Differential Pairs...

Figure 48.1: Setup the number of layers and their configuration.

Next, select the number of layers for your board, under the Copper
Layers drop-down (Figure 48.2).
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Layer Setup x

Preset Layer Groupings: Copper Layers: Board Thickness:
Two layers, parts onFrontand Back 2| | 2 1.6 mm
Laiers: ﬁ
6
F.Crtyd 8 d, testing
F.Fab 10 d, manufacturing
12
F.Adhes d, non-copper
14
F.Paste 16 d, non-copper
F.silks 18 d, non-copper
20
F.Mask d, non-copper
22
F.Cu 24 | =
B.Cu 26 =
28
B.Mask d, non-copper
30 | >
132
cancel OK

Figure 48.2: Let’s make this a four-layer board.

Finally, configure the usage type of each layer by selecting an option
from the layer’s drop-down menu (Figure 48.3). These settings are used by the
autorouter. If you are routing your board manually, these settings have no

effect in your work.
i Layer Setup .‘

Preset Layer Groupings: Copper Layers: Board Thickness:
Four layers, parts onFrontand Back 2 | |4 | |16 mm
Layers:
F.AQnes [  On-Doara, non-copper A
F.Paste On-board, non-copper
F.Silks On-board, non-copper
F.Mask ™~ On-board, non-copper
F.Cu signal 2
In1.Cu signal =
In2.Cu signal 2
B.Cu signal
[ — |
B.Mask
mixed -
| jumper
Cancel OK

Figure 48.3: Select the usage type of each layer.

Except in rare cases, you will assign signal, power, or mixed usage types
to each layer. Here are some guidelines that you can use when you decide
how to configure these layers:

1. When you use SMD components in the front copper layer, set the
E.Cu to signal. This ensures that the traces that connect the components stay
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on this layer, thus avoiding vias (except for this that connect the components
to power and ground).

2. If you place components on the back copper layer, you should
also set B.Cu to signal.

3. If there are no components on the back copper layer, you can set
B.Cu to signal or mixed. This will allow for the autorouter to use B.Cu to route
as needed.

4. Choose at least one of the inner layers for Power (usually GND).
You can use blind vias to connect SMD components to that inner layer. A blind
via does not go through the entire width of the board; it only connects an
outer layer to an inner layer, directly.

5. You can choose to have both inner layers set for power. In a four-
layer board, you can assign In2.Cu to Power for GND, and In1.Cu to Power
for 3.3V. In high-frequency applications, this arrangement also has
electromagnetic interference benefits.

A common configuration for four-layer boards is this:

1. E.Cu: Signal

2. In1.Cu: Power

3. In2.Cu: Power

4. B.Cu: Signal

A common configuration for two-layer boards is this:
1. F.Cu: Mixed
2. B.Cu: Mixed
If you are designing a 4-layer board or over, you should also enable
blind and micro vias. To do that, open the Design Rules Editor and check the
boxes for 'Allow blind /buried vias' and 'Allow micro vias (uVias)' (Figure
48.4).

Design Rules Editor x

Net Classes Editor | Global Design Rules
Routing Options:

Minimum track width: |0.2 mm
Minimum via diameter: |0.4 mm
Minimum via drill: (0.3 mm
& Allowblind/buried vias
& Allow micro vias (uVias)
Minimum uVia diameter: |0.2 mm
Minimum uVia drill: |0.1 mm

Specific via diameters and track widths, which can be used to replace default Netclass values on demand,
for arbitrary vias or track segments.

Figure 48.4: Enable blind and micro vias.

Let’s have a look on how to manually route a four-layer board. From
the Layers Manager, select the layer where you would like to start drawing a
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new wire, say F.Cu. Start drawing a trace. To create a via and continue
drawing in a different layer, right-click to reveal the context menu, and select
one of the appropriate via menu items (Figure 48.5).

Cancel

New Track

End Track

Break Track

Drag (45 degree mode)
Drag (free angle)
Place Through Vi
Place Blind/Buried Via
Place Microvia

Select Layer and Place Blind/Buried Via...

I\ — |

Switch Track Posture

Select Track/Via width
Custom Track/Via Size...

Interactive Router Settings...

Zoom
Grid

Figure 48.5: Select a via option.

Each of those options has a keyboard hotkey. For example, you can use
'V' to create a through via, and 'Shift-Alt-V' for a blind or buried Via. If you
use one of the Place commands, KiCad will create vias to a layer based on
your previous selections. If you want select a specific layer to connect, opt for
one of the 'Select Layer' options. This will bring up the Select Layer chooser

(Figure 48.6).
.

Select Layer &

Figure 48.6: Select the layer to connect using a via.

Take a bit of time to experiment with these options and 'get the feel' of
using vias to connect specific layers. In Figure 48.7 you can see my practice
session. Vias allow a trace to continue between layers. Each layer is
represented by a different colour.
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Figure 48.7: Practicing via placement.
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49. How to use buses

In cases where you have several wires that belong to the same
functional group, buses can help reduce clutter and risk of errors.

Let’s look at an example. Say you want to connect a Z80 microprocessor
to a memory chip. This connection requires a lot of wires for the address and
data. In Eeschema, you would start with an arrangement like the one in
Figure 49.1. Our objective is to connect pins A0 to A15 from the CPU to the
pins with the same name on the RAM module and do the same for the data
pins.

u?
Z80CPU u?
,T 628128

|

5 —12 75 Qo 13
261 RESET g a0 |29, —2L fa Qi 1%
A AL —10 14 Q2 15
a2 |32 —3 143 Q3 17
B T /%] |EX —8 a4 Q4 18
JYRELR —2ZL 125 Qs (19
As |33 —56 146 a6 20
A7 wwr A6 |38 —3 a7 Q7 2L
A8INT a7 2L —27 |8
A |38, —26 |49
Jey ER —23 110
e yA vy at0 A0, —25 111
~281 RFSH A1 L3N VP
241 WA a2 |2~ —28 | x93
A8 AT A3 3. —3 A1k
A4 A —31 a5
A5 5 —2 116
211 7p Do L4, —22 A ¢s1
2213R p1 M5, —30 1eso
A% Wrea 02 P2 —2% 4
-294 1orRa 03 B —29 4 wr
04 -
ps |2
-25) BUSRA 6 L9,
23| BUSACK p7 K3,

221 6Np

Figure 49.1: Let’s connect the CPU to the RAM using buses.

You can use normal wires, and the schematic would be correct,
although very (visually) busy. Instead, we will use the bus option, and create
two busses, one for the address pins and one for the data pins. To do that, you

will use two tools from the side menu, the Bus tool ( / ), and the Bus Entry

N
tool( ™ ). Use the Bus tool first to draw a bus line in between the CPU and

the RAM. In Figure 49.2 I have drawn a bus with this particular shape. It
doesn’t have to look like this; the exact shape is up to you.
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780CPU u?

,_‘T 628128
|
G —12 g Qo 13
261 RESET 2 a0 (30, —d1 fa Q1 |14 o
a1 3L, —10 |4 Q15
a2 |32 —3 a3 Q3 17
LB N A3 |33 —38 a4 Qu |18
PR EC R —Z2 {25 as |19
A5 35 —0b8 a6 Q6 20
A7 Nmr A6 |35, —3 {7 Q7 21
A& TNT a7 3L, —27 1 a8
A8 gg e% A9
A9 —23 1 a10
Jova vy a0 [0, —25 1 a1
281 pFsH A1 o —2t 1 a12
24 WA a2 2. —28 113
A8 FAT M3 3. —3 LAt
povy £ —3L f a5
A5 [ —2 M6
217p po [, —22 4 cs1
22{wR p1 K5, —30 1 cs2
191 HREQ 02 K2, —2% 4 qe
201 Tora 03 % —29 d wr
o4
s 2o
«25] BUSRAQ pe KO,
23lausack 2 o7 13,
O

Figure 49.2: A bus is depicted by a thick blue line.

Next, use the Bus entry tool to create entry points from the pins to the
bus. Attach the bus entries to the bus line (Figure 49.3), and then use a normal
wire to connect the bus entry lines to the CPU pins if the bus entry lines
themselves are not long enough (Figure 49.4). You can also move the bus entry
line if needed to align them better.

A0 139
A2 B2
A3 |33,

Figure 49.3: Bus entry lines for pins A0 to A3.

A0 B3O
AL
A 132
A |33
IR LN

Figure 49.4: Using normal wires to connect the pins to the bus entries.

Do the same thing on the RAM module side. Your schematic will look
like the example in Figure 49.5. In this example, I have grounded A16 of the
RAM module since the CPU address bus can only drive 16-bit addresses (not
17 bits, as the RAM module is capable of).
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uz

:T 628128
o) 12 13
261 RESET = a0 [30 e Q=
a1 |3L 10 Al Qi —015
32 A2 o e
L Sqd /%] EES a3 a3 -
P ED 8 fay Qu (18
a5 {35 el B
ALl T 6 |36 557 22 <] BT TR,
LG TNT A7 BN Z7 3 4
38 A8
A8
39 N 26 | pg
= Ag |28 231 = i
ML A0 25 |4i
28 | preq M1 L e vy
24 AT M2 |2 28 | 4%
18| FarT M3 3 3
4 ALk
Alh 31
B ALS
GND 2 1 A6
211 7p 14
«=— RD D0 — 22
= “L oy TR
A1 WreQ 02 H2, o
201 16Ra o3 |8 ETE: B
| 7 —23 d wr
s 2o
251 BUSRA D6 {10,
-231 BUSACK p7 K3,

Figure 49.5: The Address bus, unlabelled.

To complete the bus wiring, you need to label each bus entry point. The
labels allow Eeschema to know which pins within the bus are electrically
connected. To quickly set create the labels, use the net label button, label the
first net with 'A1', and then continue by using the Insert key to insert the rest
of the labels automatically. Each time you press Insert, the next label, properly
numbered, will appear. When you complete all labels on the CPU side, up to
A15, manually create the next label as 'A0' and continue using the Insert key.
The final result looks like the example in Figure 49.6.

uz
Z80CPU Tk
={ 628128
U A0 12 13
26 RESET g A0 g‘i) ’22 A 11 22 SS 14,
Al A2 10 15
32 A2 A2 Q2 [—==—e
6 | A2 15343 A5 9 a3 Q3 17
———PCLK A3 A4 8 18
34 AL Al Q4 —="—0v
Al AS 7 19
35 AS AS Q5 —=2—
A5 A6 6 20
17 kNN 36 A6 A6 QW= —
= NM| A6 A7 5 21
— A7 Q7 4+ —
16 37 A7
= INT A7 A8 27
38 AB A8
"8 139 a9 A9 26 |49
A9 A10 23
27| 40 A10 A10
<= M1 A10 Al 25 AL
281 RFem Ay [LALL M2 4
o241 WATT AL [[2-AL2 L
AL3 28 | )13
A8 HALT A3 [3AL3 Mh 3
4 Ab Alh
ALk A15 31
A5 |5 AL5 T [
GND AL6

Figure 49.6: The address bus is now labeled.

Repeat the same process to wire the data bus. The result is in Figure
49.7.
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u?
;‘T 628128
o A0 42 13 DO
-26 | RESET 2 a0 |30A0 rerperm [ T
31 Al Al Q1 ————
AL TR 5[5t Sp
32 A2 Q
A2 A3 9 17 D3
6l 33 A3 A3 a3
s A3 At 8 18 D4
34 A4 Al Q4=
Ay AS -7 19 D5
35 A5 A5 as
A5 A6 6 20 D6
A7) a6 [36 A6 a7 5|2 bl D YRS,
16| e 27 |3747 | Q7 = —2
38 A8 A8
A8 N
a9 [39A9_N |
225 ato [0 Ata A1 25 A0
~281 RFSH a1 [ ALL M2 4 I‘:g
24| AT a2 | 2 AL2 \A13 28
A8 FAT a3 |3 A13 A13
4 ALk ALk 3 | as4
ALk
- EmE A5 321 e
GND A6
21|55 14 00
2L/ D 2
2|y o1 |15D1 oAb G54
A1 vreq p2 202 g 22 2
W p3 | 803 ey ot
Bjea: S
05
+25| BUSRA pe |10 06
231 BUSACK 2 p7 1307
9

Figure 49.7: The data and address buses are fully wired.

As you can see, the resulting schematic is clear and easy to read. The
two buses contain invisible but real electrical connections. When you import
the netlist file into Pcbnew, these connections will be converted into
individual tracks.
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50. How to update your schematic and layout (with
Git)

Printed circuit board design is an iterative process. You'll work on a
schematic, continue with the layout when you decide to make a change and
have to go back to the schematic. In the projects of this book, the process you
experienced was mostly linear. When you work on your own projects, you
will be working in a more iterative process.

In this recipe, you will learn how to make a change in the project
schematic and carry this change over to the layout. To demonstrate, I will use
the second project of this book.

At the end of this project, the board looked like the one in Figure 50.1.

Figure 50.1: You will make a change to the schematic of this board.

Say that you’d like to add a second LED, connected to pin 1, to indicate
that power on the Raspberry Pi is on. This requires a change to the schematic.
Then you have to carry this change over to the layout so that you can update
the board.

As an aside, I will do this process in a new Git branch of this project.
You can safely ignore this if you simply want to learn how to make a change
to the board. If you want to know how to use Git to maintain the history of a
project, please read the recipe titled '47. Using Git for version control'.

Using the terminal, browse to your project:
$ cd /home/peter/Documents/KiCad\ projects/KLP2/RPi\ FS\ HAT/

Create a new Git branch for the project:
$ git checkout -b add_power_led
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Switched to a new branch 'add_power_led'

Make sure that you are working in the new branch:
$ git branch
* add_power_led

master

net_names

The indicator ™' is next to the new and active branch name. This means
that any new commits will go to this branch, which is what you want.

Start KiCad and open your KiCad project. Start Eeschema. Add the LED
with a resistor connected to the GND and 3V3 nets (Figure 50.2).

.

M

A

Nij ﬂ]tﬂ‘ Raspberry. Pi_2.3
Mm M
b Pawer Indicatar LED
L4 /TXD ID_SD/GPI0022¢
L5 /RXD I0_SC/GPI01428¢ 3v3
16 SDA/GPI023x R4
17 SCL/GPIO3A3X  (ndicator LED 3300
18,/PWMO
GCLKO/GPI04e L —iled
la/MISO1 GCLKL/GPI052%
10/MOSI1 6CLK2,/GPI06R3X R3 LDEzD
1 /SCLKL 3300 N
TEL/GPI07E

12 TEO/GPI08R%
13 MIS00,/GPI09=23x
14 MOS10,/GPI0L 0 EEio GND
5 SCLKO/GPI01123 N
16 .
e QWA /eDIN4 ’I—QI

Figure 50.2: The new elements are indicated by the box.

Of course, remember to annotate the new symbols. Assign footprints to
the new symbols using Cvpcb (Hint: if you copy the existing resistor and LED,
the new components will preserve their associations with the footprints so
you will not need to associate them manually). You can see the associations of
the updated schematic symbols in Figure 50.3.

i) o) | 50
1 D1 - LED : LED SMD:LED 0805 2012Metric
2 D2 - LED : LED_SMD:LED 0805 2012Metric
3 J1 - Raspberry Pi 2 3 : Connector_ PinHeader_ 2.54mm:PinHeader 2x08 P2.54mm Vertical
4 R1 - 10KQ : Resistor SMD:R 0805 2012Metric
5 R2 - 10KQ : Resistor SMD:R 0805 2012Metric 5
6 R3"= 3300 : Resistor_ SMD:R_0805 2012Metric €
7 R4 - 3300 : Resistor SMD:R_0805 2012Metric i
8 SW1 - SW _DPST : freetronics footprints:SW PUSHBUTTON PTH €
9 u1l - DHT22 : Connector_PinHeader 2.54mm:PinHeader_ 1x04 P2.54mm_Vertical

Figure 50.3: The associations of the updated schematic symbols.

Do an Electrical Rules Check to make sure nothing is broken. Then,
export a new netlist file (you may overwrite the old netlist), and close
Eeschema.

At this point, commit the changes to Git:
git commit -am 'Added new symbols.'
[add_power_led 54ade43] Added new symbols.
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2 files changed, 117 insertions(+), 36 deletions(-)

Start Pcbnew and import the new netlist file. It is worth spending a bit
of time to carefully select the appropriate options from the Netlist import
window (Figure 50.4). In this example, we have added two new symbols. We
have not deleted any symbols, and we have not made any changes in
associations. This is a fairly simple scenario, and the default options in Figure
50.4 will work well.

Netlist x
Footprint Selection: Tracks Joining Multiple Nets:
@® Reference ® Keep Read Current Netlist
Timestamp Delete
Close
Exchange Footprint: Extra Footprints:
® Keep ® Keep Test Footprints
Change Delete

Rebuild Board Connectivity
Single Pad Nets:

® Keep
Delete

Dry run. Only report changes in message panel

Silent mode

Netlist file: | /home/peter/Documents/Kicad projects/KLP2/RPi FS HAT/RPi FS HAT.net

Output messages:

show: & All [ Errors & warnings & Infos [ Actions |Save Report File

Figure 50.4: Select the appropriate import options.

If you had deleted a symbol, you should opt for the 'Delete’ option
under 'Extra Footprints'. This will delete any footprints that exist in the layout
but not in the schematic. If you made changes to the associations, you should
opt for the 'Change' option under 'Exchange Footprint.' As you expect, this
would change the footprint of an existing symbol.

When you submit the importer, the new footprints will appear where
your mouse pointer happens to be (Figure 50.5).
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(@)
Figure 50.5: The new footprints.
Place the footprints as usual. You may need to make more space by
adjusting the Edge.Cut drawings. You can see my final version of the updated
board in Figure 50.5.

Figure 50.5: The final version of the board.

Remember to update the Git repository with the latest version of the

board:
$ git commit —-am 'Completed update of the board.'
[add_power_led fe394cb] Completed update of the board.
2 files changed, 946 insertions(+), 20 deletions(-)
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51. Starting KiCad apps individually

KiCad is a collection of apps that are bound together through the
project ".pro’ file and the main KiCad window. Despite that, you can use the
individual apps in stand-alone more.

Say, for example, that you would like to have a quick look in the
schematic file of one of your projects. You don’t need to start the main KiCad
window and then start Eeschema. You can start Eeschema directly.

Try this now. Go into the directory for one of your projects, and locate
the file that ends with ".sch'. Right click on the file, and select on the 'Open
with Eescheam (Standalone)' option (Figure 51.1).

> 4 X Home Documents Kicad projects = KLP2 ' RPiFS HAT »

Recent Battery-powered_Arduino_with_Extended_EEPROM x RPi F
Home Name
Desktop g Gerbers

Documents

RPi FS HAT-cache.lib

Downloads

0
Music ; RPi FS HAT.sch T e
Ll ] OpenlEescma @F.aﬁ[; N
Pictures N i icati
RPI FS HAT.pro Open With Other Application
Videos Cut
TRk RPi FS HAT.net Copy
Move to...
Kicad Projects RPi FS HAT.kicad_p( ke
Move to Trash
. -
Other Locations Iﬁ\i RPi FS HAT kicad_p( Rename...
Compress...
RPi FS HAT.bak Revert to Previous Version...

Properties
README.md

LICENSE

Gerbers.zip

Figure 51.1: Start Eeschema in stand-alone more.

Eeschema will start, and contain the schematic (Figure 51.2).
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Eeschema — RPi FS HAT [/] — /home/peter/Documents/Kicad projects/KLP2/RPi FS HAT - )
File Edit View Place Inspect Tools Preferences Help

HES Re™ +©§=§ caaadEE PR Ze%

n
&3
# 1
Sensor i sl AT Raspheniy Pi 2.3 I
Tt
mm w3 S P
= button 3 button_input BLepioga,/1x0 1D_SD /GP10042%¢ I,
% SWl 504 bGPIDLS /RYD 1D_SC/GPn128 =
SW_DPST 3 A2 |
ﬁ? : L 10k LoPioLE SDA/GPI024 3% Z
W3 : LGPIDLT SCL/GPI0343X - |ndicator LED /
: . BGPIOLE/PYMO
T = lbutton_input o GCLKO/GPIDud 7L ted
2LGPIDLI/MISOL oLkt /cPiosek N
- 2 BLGPI020/MOSI1 GCLK2 /GPID6E R3 =
[] Tita i Lopio2t/scikL o5 3300
5 TE1/GPiI07425 x
= bGPI022 TE0/GPI084L
vt [B=lni| 2 BLcpin23 MIS00 /GPID9Zhe
z B.cri024 M0510/GPI0L0qE% s -
- bGPI02S SCLKO/GPI01 1925 N A
ALGPID26 e
ND i3crinz7 PWMO /GPID12433¢
b0 PWR_FLAG PWM1/GPI01335 =4 B
AD
~ v
o DA I B A A A (85|
@
ihe
GNOND =
- Pa
“ » B
Z1.83  X105.40 Y 54.60 dx 105.40 dy 54.60 dist 118.70 mm

Figure 51.2: Eeschema in stand-alone more.

You can do the same thing with Pcbnew; look for the file with the
"kcad_pcb' extension.

= | RFIFD MNAILKILAU_PLU-UdR

hﬁ RPi FS HAT.kicad_pcb A Open With Pcbnew (Standalone)
Open With Other Application
RPi FS HAT.bak Cut Ctrl+x
Copy ctrl+C
| READMEmd Move to...
Copy to...
=] LICENSE Move to Trash Delete
Rename... F2
ﬁ Gerbers.zip
Compress...
Revert to Previous Version...
Properties Cerl+l

Figure 51.3: Start Pcbnew in stand-alone more.
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52. Creating a new version of a PCB without altering
the original

Once you have your schematic ready, you have a wide range of options
available to you in regards to how to design the actual PCB. You may choose
to go for an SMD version so that the final board is small in size. You may
choose to go for a TH version so that the assembly is easier (although with a
bit of practice, you can solder SMD components just as easily). You may want
to experiment with different shapes to accommodate different end-usage
scenarios.

Whatever you choose, it is possible to have a single project, with a
single schematic, but with multiple layouts. Assuming that the schematic
between the various versions of your final PCB remains the same, the only
differences will be in the associations and the layout. Still, those differences
affect most of the project files:

e The schematic ".sch' file will store the associations for the board-
specific footprints,

e The layout 'KiCad_pcb' file will store the board-specific layout,

e The netlist 'net' file will also store the board-specific net and
footprint information

e and, of course, the Gerber files will depend on the board-specific

layout
The best way to go about doing this is by using Git. With Git, you will

be able to store these board-specific versions of the project files safely, without
affecting the other board versions. For each board version, you can create a
separate branch. For example, if you have three layouts as your target, 'small’,
'medium’ and 'large’, you can implement them by creating three branches
named appropriately.

If you haven’t read the recipe titled '47. Using Git for version control
yet, please do so now.

Let’s go ahead and look at an example. Let’s create an extended version
of the board from Project 3, the Arduino clone. I would like to modify that
board so that it contains a prototyping area. This will involve enlarging the
board outline, adding pads and a couple of power rails for 5V and GND.

Use your terminal window to navigate to your project folder. Check
that all your latest work is committed to Git:
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$ git status
On branch master
nothing to commit, working tree clean

If you have uncommitted changes, commit them now so that your
working tree is clean.
Continue to create a new branch. I will call my new branch 'proto-area’

to indicate that the new board version will have a prototyping area.
$ git checkout -b proto-area
Switched to a new branch 'proto-area'

You can use the next command to see the branches in your project, and

double-check that you are working in the new branch before you continue:
$ git branch
master
* proto-area

The proto-area branch is active, so we can proceed. Start KiCad and
open the project. I will add the prototyping area in a new hierarchical sheet in
the schematic, export the new netlist, and adjust the layout in Pcbnew. I will
not change any existing footprints, only add the footprints for the prototyping
area. The new footprints will consist of individual pads and a couple of pin
connectors for the rails.

In Figure 52.1 you can see the sheet symbol in the Eeschema root sheet,
and in Figure 52.2 the new prototyping area sheet.

N File: Tonnectors.sch

Prototyping area

Sheet: prototyping_area

-1
= —pano

Vee_1sv

File: prototyping_area.sch

Figure 52.1: The new sheet symbol in the project root sheet

Power rails Prototyping pads

5
1 1 1 1
i o——h s 27 i T S
O——o 3
"—Q‘GND_rai( 4 4 4 4
1 187 ST NPT P
1 1 1 1
X109 T TS Ty
1 1 1 1
—i- 110 115 520 T
T
s\D—— 3 _J6 1 1 L A
P - 5V_Rail aNTEN X o1 126
—2-

Figure 52.2: The prototyping schematic in the prototyping sheet.
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Save the changes in Eeschema. This is a good point in time to commit

these changes to the proto-area Git branch. In the terminal, type this:
$ git status
On branch proto-area
Changes not staged for commit:
(use 'git add <file>...' to update what will be committed)
(use 'git checkout -- <file>...' to discard changes in
working directory)

modified: BACEE-cache. lib
modified: BACEE. bak
modified: BACEE. sch
modified: Connectors.bak
modified: Connectors.sch

Untracked files:
(use 'git add <file>...' to include in what will be
committed)

prototyping_area.bak
prototyping_area.sch

no changes added to commit (use 'git add' and/or 'git commit
-a 1 )
Git is telling you that there are several changed files and two untracked
files that belong to the new sheet. Add the new files to the repository:
$ git add .
And commit all new changes to the current working branch:
$ git commit —-am 'Created schematic for prototyping area.'
[proto—-area ec43d9a] Created schematic for prototyping area.
7 files changed, 961 insertions(+), 151 deletions(-)
create mode 100644 prototyping_area.bak
create mode 100644 prototyping_area.sch
Continue to do an electrical rules check, and then use Cvpcb to
associate the new symbols with footprints. You can see the new associations in

Figure 52.3.
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4 C3: = 10uF : Capacitor SMD:C_0865 2012Metric_Padl.15x1.46mm_HandSolder
S Dl LED . 2 i 4
GND_rail :

. - *PINHeade X024 P2.54 Ve 3
8 33 = Digital pins : Connector PinHeader 2.54mm:PinHeader_ 1x09 P2.54mm Vertical
9 J4 - Serial connector : Connector PinHeader 2.54mm:PinHeader_1x04 P2.54mm Vertical

11 J6 - 5V_Rail : Connector_ PinHeader 2.54mm:PinHeader 1x65 P2.54mm Vertical
412 J7 - Conn_01x01 Female : Connector Pin:Pin _D1.6mm_L10.06mm_LooseFit
| 13 J8 - Conn_01x01 Female : Connector Pin:Pin D1.6mm_L16.06mm_LooseFit

14 J9 - Conn_01x01 Female : Connector Pin:Pin D1.6mm_L16.06mm_LooseFit

15 J10 - Conn_01x01 Female : Connector Pin:Pin D1.6mm_L16.06mm_LooseFit

16 J11 - Conn_01x01 Female : Connector Pin:Pin D1.6mm_L16.6mm LooseFit

17 J12 - Conn_01x01 Female : Connector Pin:Pin D1.6mm_L16.06mm LooseFit

18 J13 - Conn_01x01 Female : Connector Pin:Pin D1.6mm_L16.0mm_ LooseFit

19 J14 - Conn_01x01 Female : Connector Pin:Pin D1.6mm_L16.0mm_LooseFit

20 J15 - Conn_01x01 Female : Connector Pin:Pin_D1.6mm_L16.0mm_LooseFit

21 J16 - Conn_01x01 Female : Connector Pin:Pin_D1.6mm_L16.0mm_LooseFit

22 J17 - Conn_01x01 Female : Connector Pin:Pin_D1.6mm_L16.0mm_LooseFit

23 J18 - Conn_01x01 Female : Connector Pin:Pin_D1.6mm_L16.06mm_LooseFit

24 J19 - Conn_01x01 Female : Connector Pin:Pin D1.6mm_L16.6mm_LooseFit

25 J20 - Conn_01x01 Female : Connector Pin:Pin_D1.6mm_L10.6mm_LooseFit

26 J21 - Conn_01x01 Female : Connector Pin:Pin D1.6mm_L16.0mm_LooseFit

27 J22 - Conn_01x01 Female : Connector Pin:Pin D1.6mm_L16.06mm_LooseFit

28 J23 - Conn_01x01 Female : Connector Pin:Pin D1.6mm_L16.06mm_LooseFit

29 J24 - Conn_01x01 Female : Connector Pin:Pin D1.6mm L16.6mm LooseFit

30 J25 - Conn_01x01 Female : Connector Pin:Pin D1.6mm_L16.06mm LooseFit

31 J26 - Conn_01x01 Female : Connector Pin:Pin D1.6mm_L16.06mm_LooseFit

37 ey <3 o t 7 o n

33 R2 - 10kOhm : Resistor SMD:R 0865 2012Metric_Padl.15x1.46mm_HandSolder

24 m 24101a75 - Parkane SN-SAT1-R 5 WS mMm D1 27mm

Figure 52.3: The associations for the new symbols.

Time to generate the netlist file, and continue with Pcbnew. I used the
title ' BACEE_extended.net' for the new netlist file, to differentiate it from the
existing board file (Figure 52.4.

Save Netlist File X

Name: [BACEE_extended.net

Saveinfolder: | « | fiif peter | Documents | Kicad projects || KLP2 | BACEE Create Folder

Places Name 4 Size  Modified
Q search sl BACEE_Gerber Wednesday
@ Recently Used L] BACEE.net 20.4kB 08/21/2018

4l peter
@ Desktop
@ File System

i Documents
& Music

i@ Pictures

i@ videos

&l Downloads

KiCad netlist files (*.net) 2
Cancel | [[iSave

Figure 52.4: Use a descriptive name for the board-specific netlist file.

In Pcbnew, open the new netlist file. You will have to browse for it if
you used a custom name, as I did (Figure 52.5).
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http://bacee_extended.net

Netlist X

Footprint Selection: Tracks Joining Multiple Nets:
@ Reference ® Keep Read Current Netlist
Timestamp Delete
Close
Exchange Footprint: Extra Footprints:
® Keep ® Keep Test Footprints
Change Delete

Rebuild Board Connectivity
Single Pad Nets:

® Keep
Delete

Dry run. Only report changes in message panel

Silent mode

Netlist file;§ /home/peter/Documents/Kicad projects/KLP2/BACEE/BACEE_extended.nel

Output messages:

show: & All & Errors & warnings & Infos [ Actions |Save Report File

Figure 52.5: Load the new netlist file.

The new footprints will appear in the sheet (Figure 52.6).

Figure 52.6: The new footprints appear in the sheet.

This is a good time to commit the changes to Git. The changes include
the new net file and an updated project file. Use 'git add ." and 'git commit -am
'Created new netlist file' to do so.

Next, work on changing the outline of the board to accommodate the
new footprints, and then placing and wiring them. I decided to keep the board
at the same width but make it longer.

You can see the result in Figure 52.7 and Figure 52.8.
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Figure 52.8: The 3D rendering of the new board version.

In the new board version, you can see the prototyping area pads and
the power rails. I have added additional holes with a 0.35 mm radius in
between the prototyping area and the rest of the board to make it easy to
snap-off the prototyping area if it isn’t needed. I also added a couple of
additional mounting holes.

You can proceed to do a DRC check and then export the Gerber files.
Then, save the project files (especially the Pcbnew file), and do one last

commit:
$ git commit —-am 'Completed design of extended board.'
[proto—area ccblcd7] Completed design of extended board.
2 files changed, 940 insertions(+), 136 deletions(-)

All your work is safe in the Git repository, inside the proto-area branch.
Let’s say you want to go back to the original version of the board, which is
stored in the 'master' branch. First, close KiCad and all its applications. Then,
type in this:

$ git checkout master

Switched to branch 'master’

Go back to KiCad, and open Eeschema and Pcbnew. Your original
version of the board is still there, intact. Want to go back to the extended

version? No problem, close KiCad and type this:
$ git checkout proto-area
Switched to branch 'proto-area'
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Isn’t this awesome?
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53. Making a PCB without a schematic

Sometimes you just want to "hack' a PCB together. You are so confident that
you know what you are doing that you are willing to forgo the schematic step,
the ERC, and the design rule checks in Pcbnew, and just produce a PCB. You
may be copying an existing PCB.

In that case, you can use Pcbnew autonomously, and disable design rules
checking. Here’s how it works.

Start by launching Pcbnew directly, not through the main KiCad window.
You can do this by double-clicking on the Pcbnew application icon, or by
searching for Pcbnew' in your operating system’s launcher. In Ubuntu, I
search for 'pcbnew’ in the Activities tool (Figure 53.1.

Pcbnew (Stan...

Figure 53.1: Start Pcbnew directly.

When Pcbnew starts, disable the design rules check by clicking on the
first button in the left toolbar.

Track: 0.250 mm (9.84 mils) * 2 ||V

4

Figure 53.2: Disable design rules check.

You are now free to create your board; free from all checks and
restrictions. You can add footprints, traces, outlines. You will not be able to use
the autorouter since there is no information available for pad and net
relationships.

You will not be able to assign traces to nets, but you will be able to
control trace width by manually setting custom trace widths in the global
design rules (Figure 53.3).
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Design Rules Editor x

Net Classes Editor | Global Design Rules
Routing Options:

Minimum track width: |0.2

mm
Minimum via diameter: |0.4 mm
Minimum via drill: |0.3 mm

Allow blind/buried vias

Allow micro vias (uVias)
Minimum uVia diameter: mm
Minimum uVia drill: mm

Specific via diameters and track widths, which can be used to replace default Netclass values on demand,
for arbitrary vias or track segments.

Custom Via Sizes:
Drill value: a blank or 0 => default Netclass value

Custom Track Widths:

Diameter Drill width
Via 1 Track 1/0.25
Via 2 Track 2/0.3
Via 3 Track 3/0.4
Via 4 Track 4
Vias Track 5
Via 6 Track 6
Via7 Track 7
Via 8 Track 8

Cancel OK

Figure 53.3: Your traces can have one of the custom widths.

In Figure 53.4, you can see a very rough board I designed without a
schematic. Although I created a copper pour in the back copper layer, I did
not connect it to a net, since there are no nets. However, you can easily
connect the copper pour to any pad using a small trace segment.

3D Viewer _o®

File Edit View Preferences Help

" @ aaoalli g HEB

Render time 1 ms ( dx0.18 dy0.47

Figure 53.4: A board, without a schematic.
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54. How to set a text editor and why

All of the data that makes up a KiCad project is stored in plain text files.
You can open those files and edit them manually using a text editor. If you
have strong programming skills with experience in text processing, you are
also able to edit the project files programmatically. Kicad power users often do
this, and the results are close to magic.

In the main KiCad window, you can set your preferred text editor.
Doing so gives you a shortcut for opening project files quickly, through the
KiCad window. You can see this in Figure 54.1.

File View Tools Browse Preferences Help
e a® O
v {] rPiFs HAT.pro =
> Gerbers e b
I\ RPi FS HATKicad nch
RPi FS HAT/ et

e/peter/Docum
Rename File...

@ﬂ RPIFSHAT,  pelete File
AR\ rPi Fs HAT-cache.lib

Figure 54.1: Once set up, you have a shortcut for viewing project files in a text editor.

When you open, say, the layout data files in a text editor, its contents
look like the example of Figure 54.2.

Open~ I RPi FS HAT.kicad_pcb Save = ~

x

(net 1 GND)

(net 2 "Net-(D1-Pad2)")
(net 3 /3v3)

(net 4 "Net-(J1-Pad2)")
(net 5 "Net-(J1-Pad3)")
(net 6 "Net-(J1-Pad4)")
(net 7 "Net-(J1-Pad5)")
(net 8 /led)

(net 9 /button_input)
(net 10 "Net-(J1-Pad10)"

)
(net 11 /sensor_data)

(net 12 "Net-(J1-Pad12)")
(net 13 "Net-(J1-Pad13)")
(net 14 "Net-(J1-Pad14)")
(net 15 "Net-(J1-Padi5)")
(net 16 "Net-(J1-Padi6)")
(net 17 "Net-(D2-Pad2)")

(net_class Default "This is the default net class."
(clearance 0.2)
(trace_width 0.25)
(via_dia 0.8)
(via_drill 0.4)
(uvia_dia 0.3)
(uvia_drill 0.1)
(add_net /button_input)
(add_net /led)
(add_net /sensor_data)
(add_net "Net-(D1-Pad2)")
(add_net "Net-(D2-Pad2)")
(add_net "Net-(J1-Pad10)")
(add_net "Net-(J1-Pad12)")
(add_net "Net-(J1-Pad13)")
(add net "Net-(J1-Pad14)")
PlainText v TabWwidth:8 v Ln1,Col1 S INS

Figure 54.2: An example of a layout data file, in clear text.
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To set your preferred text editor, open the KiCad main window and
click on 'Set Text Editor..." (Figure 54.3).

KiCad 5.0.0-fee4fd1~66~ubuntu18.04.1 /home/peter/D

File View Tools Browse Preferences Help

OEE @ || Confioueraths.
Set Text Editor...

v El RPI FS HAT.pro PDF Viewer » D ‘

[ — ]
>
Gerbers Icons Options . —J

RPi FS HAT.kicad_|{ £
=< RPi FS HAT.net
e ’
@a RPi FS HAT.sch
R RPi Fs HAT-cache.lib

Set Language

]
. 'Documents
Hotkeys Options ’

Figure 54.3: Set Text Editor.

The file browser will appear. Navigate to the location of the text editor
program file, and select it. In my example, I am setting gEdit as my preferred
text editor (Figure 54.4).

Select Preferred Editor

(2] |®]usr |bin

Places Name - Size Modified

Q search 1 gdbtui 126 bytes 04/09/2018
@ Recently Used |] gdbus 43.1kB  04/10/2018
& peter . gdialog 9.2kB  04/09/2018
8 Desktop |1 gdk-pixbuf-thumbnailer 14.4kB  03/16/2018 |~
@ File System ) gdmflexiserver 27.1kB  08/01/2018
|} gdm-screenshot 14.4kB  08/01/2018
W gedit 10.2kB  04/13/2018
|1 gemtopbm 10.1kB  04/23/2016
| gemtopnm 10.1kB  04/23/2016
| gencat 22.8kB  04/16/2018
] genisoimage 644.9kB  04/21/2017
[ gean 197.8kB  02/09/2018
L] gerbview 780.5kB  08/01/2018 |-

| Executablefile (*) : |

i Documents
@ Music

@ Pictures
@ videos

i Downloads

Cancel |

Figure 54.4: My preferred text editor.

Now, you will be able to right-click on any file in the Kicad project that
is listed in the KiCad main window, and select “Edit in a Text Editor” to open
it.
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55. How to install 3D shapes

KiCad'’s 3D viewer can display 3D versions of footprints as long as they
are installed. Because of the file size of those 3D shapes, they are not installed
by default but are available for later installation through a wizard.

To install the 3D shapes, start Pcbnew, and start the Wizard by clicking
on Preferences, 'Add 3D Shapes Libraries Wizard...".

Route Inspect Tools Preferences Help

‘\:, ﬁ Q Q Configure Paths... p)
Manage Footprint Libraries...
Via: 0.80 mm (31.5 mils) h [0n

General Settings
Display Options...
Legacy Toolset
* Modern Toolset (Accelerated)
Modern Toolset (Fallback)

Set Language 4

Figure 55.1: Start the 3D install wizard.

The wizard will ask you a few questions about which 3D shape libraries
you want to install, and where. I choose to install them in my KiCad libraries
directory (Figure 55.2).

Add 3D Shape Libraries Wizard x

mﬁ Welcome to the 3D shape Libraries downloader Wizard!
)

Please select the URL for the 3D libraries to download

https://github.com/KiCad/kicad-packages3d

3D shape local folder:
/home/peter/Documents/Kicad Libraries/3Dshapes

Browse

Default 3D Path

(1]

Visit our official Kicad repository on Github and get more libraries

Next > Cancel

Figure 55.2: Define the 3D shapes library location.

Next, the wizard will ask you to select the libraries you want to install. I
select them all so that I can have any existing libraries updated, and new ones
downloaded (Figure 55.3).

Add 3D Shape Libraries Wizard x

Eﬁ Select Github libraries to add:
2

& Battery.3dshapes

& Button_Switch_SMD.3dshapes

& Button_Switch_THT.3dshapes

& Capacitor_SMD.3dshapes

& cCapacitor_THT.3dshapes

& Capacitor_Tantalum_SMD.3dshapes
& Connector.3dshapes

& Connector_BarrelJack.3dshapes

Selectall Unselectall

<Back Next > Cancel

474



Figure 55.3: Select the libraries to install.

Next, the wizard will give you a review of the work that it will do.
Existing libraries will be updated, and new ones will be installed fresh.

Add 3D Shape Libraries Wizard X
ﬁ Local library folder:
b /home/peter/Documents/Kicad Libraries/3Dshapes
3D shape libraries to be downloaded:

Status Libraries
59 [Update 'Sensor_Audio.3dshapes

60 |Update |Sensor_Current.3dshapes
61 |Update Sensors.3dshapes

62 |Update TestPoint.3dshapes

63 |[New Transformer_SMD.3dshapes
64 |Update Valve.3dshapes

<Back Finish | Cancel
Figure 55.4: Review the libraries that will be downloaded.

Click on Finish to start the download. For slow Internet connections
(like mine), you may want to consider doing this overnight. It may take a few
hours to complete (Figure 55.5).

Battery.3dshapes [1/64] x

Battery_CR1225.step

Cancel |

Figure 55.5: The download process will take up to a few hours.

In the end, the 3D viewer will be able to use 3D shapes for many of the
most common footprints, but not all. In the example of Figure 55.6, you can
see a board with some of its footprints represented using available 3D shapes.
Not all of the footprints do.

241€1025 . ,
= F

ud
— -
-
-

-
-
] -
—
U3 241C1025

” Di RL
5P connect: % LD £
— LD 3300Mm_ 1pkohy

R T
R

Figure 55.6: Many, but not all, footprints have 3D shapes.
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56. How to change footprint in Pcbnew and back-
import footprint symbol associations to Eeschema

This scenario is bound to happen before long: You have created your
schematic, completed all the symbol and footprint associations, and created
your layout in Pcbnew. With the layout complete, you realise that one of the
footprints you chose is just not right, and that you should replace it with a
better one.

In this recipe, you will learn how to change a footprint in Pcbnew, and

update your schematic so that both schematic and layout files are in sync.
There are a couple of ways to deal with this situation. In any case, the
end result of the footprint change process involves:

Changing the footprint for a symbol.
Updating the layout to use the new footprint.
Update the schematic symbol and footprint association.

Ll

Update the schematic in Eeschema with the new association.

If you don’t do all that, your project will be out of sync, and new work
will inevitably introduce confusion errors.

The best way to go about changing a footprint for a component after
you have completed your layout, is to do the necessary work in Pcbnew and
then use the back-import process to update the associations file and
Eeschema. Let’s have a look at how this works through a simple example.

Let’s begin with the LED and resistor circuit from Part 2 of this book. The
current iteration of this project and PCB, looks like this (Figure 56.1):
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Figure 56.1: This is the current version of the example PCB.

Let’s change the footprint of the LED so that we can use a surface
mounted component, instead of the current through-hole component.

To change a single footprint, you can right-click on the footprint you want
to change, and select “Change footprint”. If you wanted to change several
footprints at once, you can click on the “Change Footprints...” menu item,
under Edit. Either way, the window that will come up is almost identical. For
our example, we'll go with the single footprint change.

Right-click on the LED footprint and select “Change Footprint” from the

context menu.

Move

Rotate Counterclockwise
1 Rotate Clockwise

Flip

Delete

Properties...

Move Exactly...

Position Relative To...

ENEET o TR A

Duplicate

Create Array...

Copy

Cut

Paste

Openin Footprint Editor
Update Footprint...

Change Footprint... >
Select k '

Locking »

Center

700m In

Figure 56.2: Change a single footprint.
The Change Footprints window will come up. From the available
options, click on the “Change selected footprint” radio button (1), and then
click on the library icon to select the new footprint from the library (2).
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drawers.

Change Footprints X

O Change selected footprint ? o

Change footprints matching reference: | D1

Change footprints matching value: LED

Change footprints with identifier:

LED_THT:LED_D8.0mm

New footprint identifier:

LED_THT:LED_D8.0mm

Update Options

Remove text items which are not in library footprint

Reset text layers and visibilities

Reset text sizes, styles and positions

Output Messages

Show: All

Errors

Warnings

Actions

Infos Save...

Apply Close

Figure 56.3: The Change Footprints window.
In the Footprint Library Browser window, find the SMD component you
want. I will use the LED_0805 footprint since I have a lot of those in my

Footprint Library Browser — LED_SMD — /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-footpri... - 0O &

File View Help

& ¢ @ coaqaq

iy revtpTe
Diode_SMD
Diode_THT

Display
Display_7Segment
ESP32-DEVKITC-32D
Fiducial

Filter
freetronics_footprints
Fuse

Heatsink
Inductor_SMD
Inductor_THT

Jumper

LED_THT
Libraries
Module
MountingHole

REF**
LED_0805_2012Metric

Z12.79  X-4.013200 Y 0.254000

Last Change
Jun 30, 2018 Front
dx -4.013200 dy 0.254000 dist 4.021

LED_1W_3W_R8

LED_0201_0603Metric
LED_0402_1005Metric
LED_0603_1608Metric
LED_0603_1608Metric_Castellated
LED_0603_1608Metric_Pad1.05x0.95mm_t

LED_0805_2012Metric_Castellated
LED_0805_2012Metric_Pad1.15x1.40mm_t
LED_01005_0402Metric
LED_1206_3216Metric
LED_1206_3216Metric_Castellated
LED_1206_3216Metric_Pad1.42x1.75mm_t
LED_1210_3225Metric
LED_1210_3225Metric_Castellated
LED_1210_3225Metric_Pad1.42x2.65mm_t
LED_1806_4516Metric
LED_1806_4516Metric_Castellated

Netlist Path Board Side

Grid: 0.0254 mm (1.00 mils)

v ZoomAuto ¥

Pads Status Rotation Attributes Footprint
2 - 0.0 Insert LED_SMD:L
grid X 0.025400 Y 0.025400 mm

Figure 56.4: Choose the new footprint from the library browser.

Double click on the new footprint to select it. The new library identifier
will appear in the relevant field in the Change Footprints window. Click
Apply to commit the change, and Close to dismiss the window (Figure 56.5).
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Change Footprints X

O Change selected footprint

Change footprints matching reference: | D1

Change footprints matching value: LED

Change footprints with identifier:
LED_THT:LED_D8.0mm m

New footprint identifier: H
LED_SMD:LED_0805_2012Metric H m

Update Options
Remove text items which are notin library footprint

Reset text layers and visibilities
Reset text sizes, styles and positions

Output Messages
Change footprint "D1" (from “"LED_THT:LED_D8.0mm") to "LED_SMD:LED_0805_2012Metric": OK

(1)

b i

\ \

\ |\
Show: All @ Errors [l @ warnings [l @ Actions \ @ Infos S
Apply Close

Figure 56.5: The new footprint identifier is listed.
Because the geometry of the new footprint is different to that of the

original, we must re-draw the traces.

Figure 56.6: We must redraw the traces to work with the new footprint.
Remove the last couple of segments from the tracks that connected the
old TH LED, and redraw them so that the new SMD LED is connected to the

rest of the circuit.
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Figure 56.7: The new SMD LED is connected to the circuit.
Save your work in Pcbnew.

The new layout, that contains the new footprint/replacement of the old TH
LED is ready. The last thing that remains to do is to update the schematic.

To do this, first export the Footprint Association File (.cmp), by clicking on
File, Export, Footprint Association (.cmp) File. Give the new file a reasonably
descriptive name. This is the file that contains the new associations

information, which we will import in Eeschema.

Cancel Name | LED and Resistor board with smd LEDAcmp\l Q Save
@ Home < LEDand Resistor board (e
[® Desktop Name Size Modified ¥
D Documents l project_footprints.pretty 21 Nov 2018
N LED and Resistor board.... 827 bytes 09:43

v  Downloads

dd  Music

B Pictures

'@ Videos

o

Other Locations

KiCad symbol footprint link files (*.cmp) v

Figure 56.8: Save the Footprint Association File.
Now, we can continue to Eeschema. Open Eeschema by clicking on the
Eeschema icon in the Pcbnew toolbar, or via the main Kicad window.

Pcbnew — /home/peter/Documents/Kicad projects/KLPz.\Q\mk ug

File View Tools Browse Preferences Help \\\
OEE a® 0@ |
- ;_:‘ LED and Resistor board.pro = references Help >
b I oroec.footprits.precty J: P qac@on E@E s o -0
/ LED and Resistor board.cmp Projecl;name: - . - i \
|i'h‘i'LEDandResistorboard.kicad_pcb £22Tdeﬁaiter/oocuw nm (31.5/15.7 mils) * v | | = | | Grid: 0.0635 mm (2.50 mils) v Z

Figure 56.9: Open Eeschema to import the cmp file.

Before you do the import, have a look at the current association of the LED
symbol with its footprint. Place your mouse over the LED symbol, and type
“E” to bring up its properties (or, right click and select Properties, Edit
Properties.
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Move D1
Drag

Properties
Duplicate
Delete

Orientation

Autoplace Fields
Open Documentation

Center

Fa4

Edit Properties... B
Edit Value... \Y
Edit Reference... u
Edit Footprint... E
Show Datasheet Ctrl+D
Edit with Library Editor  Ctrl+E

Figure 56.10: See the current properties of the LED symbol.
The LED symbol is currently associated with a through-hole footprint

(LED_THT:LED_D8.0mm).

Fields

Name |

Value

Symbol Properties

Reference D1|
Value LED

Footprint 'LED_THT:LED_D8.0mm \

Datasheet ~

+ ||V ki

Symbol

Library Reference: | Device:LED
Unit: v

Alternate symbol (DeMorgan)

Unique ID: | 5SBF1E878

Show

H Align
Center
Center
Center

Center

Orientation
0o
490
O +180

0 -90

Edit Spice Model...

V Align
Center
Center
Center

Center

Italic Bold Text Size
- - 1.270 mm

1.270 mm
1.270mm
1.270mm

Update Fields from Library“:

Aspect
O Default
O Mirror around X axis
O Mirror around Y axis

Cancel OK

Figure 56.11: The current footprint association of the LED symbol.
Let’s update the symbol association. Click OK to close the properties

window. From the Eeschema top tool bar, click on the back-import button

(first from the right), or File, Import, Footprint Association File...

Fi{g\ Edit View Place Inspect Tools Preferences Help

New...

Open...

Open Recent

Save

Save Current Sheet

Save Current Sheet As...

Append Schematic Sheet Content...
Import Non KiCad Schematic...

Ctrl+N
Ctrl+O
»

Ctrl+S

Shift+Ctrl+S

G @ c

s WL
i 7 g

Footprint Association File...

’

Figure 56.12: The current footprint association of the LED symbol.
Next, select the .cmp file you created earlier, and click on Open.
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Cancel Load Symbol Footprint Link File Q

©®  Recent 4 From thevideo course = LEDand Resistor board = »

& Home Name Size Modified ¥

[ Desktop @ project_footprints.pretty 21Nov 2018
LED and Resistor board with smd LED.cmp 699 bytes 11:52

[0 Documents .
| ] LED and Resistor board.cmp 827 bytes 09:43

v~  Downloads

dd Music

[ Pictures

@ Videos

KiCad symbol footprint link files ( *.cmp) ¥

Figure 56.13: Select the .cmp file that contains the new association.

A new dialog box will ask you to keep the footprint visibility as-is, or

show /hide all footprint field. I prefer to keep visibility as-is, but if you want

to experiment, try “show all”. To hide the fields, you will need to re-import

the .cmp file and choose “hide all footprint field”.
Change Visibility X

Select the footprint field visibility setting.

Keep existing footprint field visibility
Show all footprint fields
Hide all footprint fields

Cancel OK

Figure 56.14: Choose your footprint field visibility settings.
Click Ok to commit the changes. Your schematic looks the same as
before:

A simple LED Resistor

schematic
+5V
D1 R2
LED R ) PWR_FLAG
PWR_FLAG ¢ GND/[m ¥
2 _J)1

L
Y& 1 Conn_01x02_Male
GND

Figure 56.15: Your updated schematic; looks the same as before.

To verify the new association, bring up the properties window for the

LED. It should look like this:
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Symbol Properties x

Fields

Name Value Show HAlign V Align Italic Bold Text Size
Reference 5 ) Center = Center 1.270 mm
Value LED Center = Center 1.270 mm
| Footprint 'LED_SMD:LED_0805_2012Metric | % Center | Center 1.270mm
Datasheet ~ Center = Center 1.270 mm
i 1 i E Update Fields from Library...
Symbol Orientation Aspect
Library Reference: | Device:LED m 00 ©O Default
b - +90 Mirror around X axis
Unit:
+180 Mirror around Y axis
lternate symbol (DeMorgan 90
Unique ID: | 5BF1E878 Edit Spice Model... Cancel OK

FigureA56ﬁ.riW6: Verify the new symbol-footprint association.
As you can see, the LED symbol is now associated to the
LED_SMD:LED_0805 footprint.

With this, the process of changing a footprint is complete.

What if your project contained more than one footprints of the same kind,
that you wanted to change in a single step? Say, for example, that you have 5
TH LEDs, and you want to change them into SMD footprints?

In that case, you can use the bulk-change option that is available from the

Edit menu in Pcbnew.

ile | Edit | View Place Route Inspect Tools Pre

i b
Tra¢ Cut mr
K Copy

2 Paste

./;- Delete

| Find...

Edit Track & Via Properties...
Edit Text & Graphic Properties...

Eootprints

13

Swap Layers...

Fill AllZones

Unfill All Zones
Global Deletions...

oa

=] || =

Cleanup Tracks and Vias...

Figure 56.17: YoJcan change multiple footprints via the Change Footprints menu item.
The dialog box that will come up allows you to choose multiple
footprints that match various criterial, such as the footprint identifier or a
reference. You can apply the new footprint to any existing footprints that
match the criteria you have chosen.
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57. How to import a 3D shape from Grabcad.com

The 3D viewer in Pcbnew provides an excellent way to visualise your
board before you send it out for manufacturing. Out of the box, the 3D viewer
will show you what your board will look like, and can render the PCB itself,
the traces, copper fills and all pads and holes.

The 3D Viewer can also visualise the components that will eventually be
attached on the board, so that you can have a complete picture of the final
product.

KiCad ships with a comprehensive library of 3D shapes as a seperate
download (because of its size). See recipe ”55. How to install 3D shapes” for
more information on how to do that.

However comprehensive this library may be, there will always
components on your board that don’t have a matching 3D shape available in
KiCad’s library.

In those cases, you have two options:

1. Look for a matching shape in a 3™ party provider.
2. Make a matching shape yourself.
In this recipe, you will learn how to find and import a 3D shape from one

such provider, Grabcad.com. You can follow the same process to import

shapes from other providers. In a separate recipe, you will also learn how to
create your own shapes.

To demonstrate how to import a 3D shape, we’ll work on the PCB from
Project 1 of this book. Our starting point is the end of Project 1, when the final
PCB looks like this:
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Figure 57.1: This is the current version of the example PCB; two 3D shapes are missing.
It already looks good, with most of the components having a match in the
KiCad 3D shape library. But, two components don’t. The barrel connector and
the slide switch have no match.

There are many contributed 3D shapes and shape libraries available on

the Internet. In this recipe, we’ll use grabcad.com to find the missing shapes
for this PCB.

Let’s start with the barrel connector. Go to grabcad.com, and use the search
bar to search for this shape. It may take a few attempts, because the naming of
many components are not standardised or using. The barrel connector can be
referred to as “DC power plug” or “DC power supply connector” or “EJ5035
connector”, etc. After a few attempts, I found the exact shape I was looking

for. You can also find it at https://grabcad.com/library/ej503b-connector-1.

Once you found the shape you need, look for the downloadable file
with the “.stp” extension. An .stp file, pronounced “STEP”, is a commonly use
data exchange format for representing 3D objects. The 3D viewer in KiCad can
work with this file format.

Files (2)

EJ503B connector /
EJSO3B-datasheV pdf July 31st, 2018
Q EJ503B-ND.stp stp July 31st, 2018
Figure 57.2: The .stp file contains the data for our 3D shape

Download the EJ503B-ND.stp file. I save it in a 3D shapes folder in my
project directory, so it is easy to find later.

Next, start Pcbnew if not already started. Hover your mouse over the

barrel connector footprint, and bring up the footprint properties window by
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pressing the “E” key (or right click to get the context menu, and select

Properties).
In the Properties window, click on the 3D Settings tab.
] Footprint Properties x
General Local Clearance and Settings 3DSettings‘
3D Model(s) Preview
${KISYS3DMOD}/Connector_BarrelJack.3dshapes/BarrelJack_CUI_PJ-102AH_Horizontal.wrl

S

+| (O] & Configure Paths...
Scale Preview

X: | 1.0000 - + @
Y: | 1.0000 = qp "ﬂ
z: [ 1.0000 -+
Rotation i
X:[0.00deg | — + m
Y: | 0.00deg = ar 49
7 [000deg |[- +
Offset ﬂ
X: [ 0.0000mn | — + @
Y: | 0.0000mn | = + a
Z: | 0.0000mn | — + b
Library reference: ~ Connector_BarrelJack:BarrelJack_CUI_PJ-102AH_Horizontal Cancel oK

Figure 57.3: We'll assign a 3D shape for this component in the 3D Settings tab.

Before we assign a new 3D shape, delete the existing one by selecting
the only row in the 3D Models pane, and clicking on the rubbish bin button.
Even though there is an assignment, this specific wrl file does not exist on my
computer.

Let’s add the new 3D shape. Click on the folder button right under the
3D Models pane, and navigate your file system to the location where you
saved the STP file earlier. Click on the STP file, and the viewer will show the
3D shape in the right pane.

Footprint Properties ®

General Local Clearance and Settings ' 3D Settings ‘

Select 3D Model X

v & From the video course
Il LED and Resistor board
Il LED and Resistor board (Original)
I LED and Resistor board 2
Il Libraries
I Project 1-Breadboard Power Sup
I Project 1-Breadboard Power Sup
v | BreadboardPowerSupply_v3
v i 3Dshapes

W) EJ503B-ND.stp *

» & Gerber

(vvv~vw~

BreadboardPowerSupply_v3-
BreadboardPowerSupply_v3.
BreadboardPowerSupply_v3.
|| BreadboardPowerSupply_v3.

AllFiles (*.*) e

Paths: ¥ | | Configure Paths
Cancel OK
L I EEEE—
Library reference:  Connector_BarrelJack:BarrelJack_CUI_PJ-102AH_Horizontal
= - = Cancel
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Figure 57.4: We'll select this 3D shape; its preview confirms this is the model I need.
Click OK to accept this selection, and you’ll go back to the Footprint
Properties window. As you can see, the 3D shape is not visible in the preview,
but it is not in its correct place.

Footprint Properties X

General Local Clearance and Settings = 3D Settings

3D Model(s) | Preview
${KIPRJMOD}/3D shapes/EJ503B-ND.stp

+||0O |F Configure Paths...

Scale Preview

X: W - +

Y: W - +

z (10000 |- +
Rotation

X: m = ar

Y: W; = ar

Z: W; = ar

Offset

X: | 0.0000 mm | = ar
Y: [0.0000mn || = +
Z:0.0000mn || = +

NEYRILFEIE

"
&

Library reference: ~ Connector_BarrelJack:BarrelJack_CUI_PJ-102AH_Horizontal G| oK

Figure 57.5: The new 3D shape is part of the model, but it is out of place.
Now, we must manually position the 3D shape over the PCB in the way
we want it to appear in the final board rendering. Use the Scale, Rotation and
Offset controls to do that. With a bit of effort, the final 3D model for this

footprint will look like this:

Footprint Properties X

General Local Clearance and Settings = 3D Settings

3D Model(s) Preview
${KIPRJMOD}/3D shapes/EJ503B-ND.stp

+|(0O] |§ Configure Paths...

Scale Preview

x (1000 |[= +

v (10000 |- +]

z (1000 |- +]
Rotation

X:m = ar

Y: m = ar

Z: m = ar
Offset

X: | -4.5000mr || = +

Y: m = ar

2 [00000mn | = +]

LJ
Ll
9
Ll
L
L
@

=
1

Library reference:  Connector_BarrelJack:BarrelJack_CUI_PJ-102AH_Horizontal T oK
Figure 57.6: The new 3D shape is part of the model, but it is out of place.
Be sure to inspect the model from various angles to make sure

everything is aligned. Also look at it from the bottom to ensure that the pins

487



and the holes are aligned. When the alignment is complete, click on “Ok” to
commit the changes.

Let’s have a look at the 3D rendering of the full PCB. Bring up the 3D
viewer. It should look like this:

Figure 57.7: The barrel connector 3D shape appears in the PCB 3D viewer.
Much better, ins’t it?

There one more footprint without a 3D shape, the slide switch. You can
find a shape for this footprint also in grabcad.com. Go to this page: https:/ /
grabcad.com /library /small-slide-switch-1, or search for “small slide switch”.

Follow the exact same process to associate the slide switch footprint with this

shape. To make the shape fit well, I also had to adjust the X-scale value.

Footprint Properties =

General Local Clearance and Settings = 3D Settings

3D Model(s) Preview
S{KIPRJMOD}/3D shapes/switch small.stp

+6 ® -
Scale Preview
Rotation
X: m = o J
& W = o J
VZa W = J
Offset
X: |-1.8000mr | — + J
Y: [ 1.5000mn | — +
Z: | 0.0000mn | — +

iConFigure Paths.:

oelaed e

[ cancel oK

Library reference:  digikey-footprints:Switch_Slide_11.6x4mm_EG1218
Figure 57.8: The slide switch 3D shape appears in the PCB 3D viewer.
Click OK to commit these changes, and bring up the 3D viewer for the
PCB.

488


http://grabcad.com
https://grabcad.com/library/small-slide-switch-1
https://grabcad.com/library/small-slide-switch-1

Figure 57.9: The completed PCB, rendered in the 3D viewer, with all component models.
This is much better. All of the footprints now have their 3D shapes
appearing in the 3D rendering of the PCB. For most footprints, you should
have no trouble finding an existing 3D shape that can fit your footprint
perfectly after a small amount of tweaking its position and scale.
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58. How to import symbols, footprints and 3D
shapes from Snapeda.com

Snapeda (snapeda.com) is a popular repository of electronics designs. If

a symbol, footprint or 3D shape exists, chances are that you will find it at
Snapeda. Apart from the comprehensive designs library, Snapeda also
supports many EDA tools other than KiCad.

In this recipe, you will learn how to use Snapeda to import a symbol,
footprint and 3D shape for a component of one of the project boards.
Specifically, you'll use Snapeda to quickly add a 2-pin screw terminal to the
breadboard power supply that you designed in project 1 of this book. With
this screw terminal, your power supply will be even more useful, allowing
you to power circuits that are not on a breadboards.

Let’s begin.

You can see the starting point iin Figure 58.1:

screw terminal to the board.

This is the top section of the breadboard power supply from project 1 in the
book. I have repositioned the two capacitors towards the right in order to
make room on the left for the screw terminal. I have also changed the edge cut
of the board to ensure that there is enough space on the PCB for the terminal.

Next, we need to find a symbol and footprint for the new component.
Ideally, we’ll be able to also find a matching 3D shape. Let’s go to
snapeda.com and do a search. Here is my complete search URL: https:/ /

490


http://snapeda.com
http://snapeda.com
https://www.snapeda.com/search/?q=board+terminal+block+2+pin&search-type=parts

www.snapeda.com /search / 2q=board +terminal+block+2+pin&search-
type=parts

This search returns several hits, many of which look like exactly what I
need. But one of them also has a 3D shape, as indicated by the box icon for
item 1935161. So, I'll chose this specific device.

& C o © & https://www.snapeda.com/search/?q ) . w v In @ ® 3%
e ' e — = T TERITSE - - 7
(5.00mm) Through
Hole

2 Position Wire to
" Board Terminal
E == Block Horizontal s
W= |\ﬁ' 691216410002 -eoeeee o $0.75 vihsomdose B> E
(7.62mm) Through
Hole

2 Position Wire to
Board Terminal
. X
£ =2 Bl 601127710000 e () $0.30 Block Horizontal b i
m‘ 691137710002 with Board 0.197" . } i
(5.00mm) Through

Hole
2 Position Wire to ﬁ |
Board Terminal
PHENIX 8l ... $0.37 Block Horizontal g S
[ﬂcomm g 1935161 © with Board 0.197" > 3w
(5.00mm) Through
Hole
2 Position Wire to
Board Terminal
= —=s | 591111710002 e $0.63 Block Horizontal 3
= wiem sond n AR REARLL © with Board 0.197" & } E
d (5.00mm) Through
Hole
2 Position Wire to .
BaAES Board Terminal —
WE=: | T ° sogy  Bockotional gy - g
Figure 58.2: Several of these devices look perfect for my project, but the one in the box also

has a 3D shape.
Click on the Phoenix Contact product row (in the red box) to access the
device page. This page provides a preview of the symbol and footprint in one
tab (2D Model), and the 3D shape in the second tab (“3D Model”).

2D Model 3D Model ') Created by SnapeDA €) 2D Model 3D Model

Symbol © Footprint @ 3D Model

S —

+ 2

1935161

- PHOENIX_1935161 - P — o
& Download Symbol and Footprint e & Download Footprint
D

Jownloaded 1146 time: Downloaded 1261 time:

Figure 58.3: The device page provides previews for the symbol, footprint, and 3D shape, plus
the download links.

To download the symbol and footprint, click on “Download Symbol
and Footprint” button. This will download the two files in a ZIP archive. To
download the 3D model, click on the “3D Model” tab, and then on the
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“Download 3D Model” button. This will download the file in the STEP format
(same as the file the you get from grabcad.com, as you can see in the relevant
recipe.

Download these files, extract them from the ZIP archive, and save them in
a convenient location. I have created three new directories in my project folder

for “Symbols”, “Footprints” and “3D Shapes”, and save the files there.
peter@ubuntu-kicad5: ~/Documents/Kicad projects/KLP2.1 (book update with Kicad 5.1.5)/Working/Libra... — 0 &

File Edit View Search Terminal Help

total 20

drwxr-xr-x 5 peter peter 4096 Dec 24 12:37

drwxr-xr-x 5 peter peter 4096 Dec 24 12:25 ..
drwxr-xr-x 2 peter peter 4096 Dec 24 12:37 '3D Shapes'
drwxr-xr-x 2 peter peter 4096 Dec 24 12:37 Footprints
drwxr-xr-x 2 peter peter 4096 Dec 24 12:37 Symbols

'./3D Shapes':

total 720

drwxr-xr-x 2 peter peter 4096 Dec 24 12:37 .

drwxr-xr-x 5 peter peter 4096 Dec 24 12:37 prm———————
-rw-r--r-- 1 peter peter 725547 Dec 24 12:34]1935161--3DModel-STEP-56544.STEP

./Footprints:
total 12
drwxr-xr-x 2 peter peter 9531 o
drwxr-xr-x 5 peter peter BE37)
------- peter :34) PHOENIX_1935161.kicad_mod

./Symbols:

total 12

drwxr-xr-x 2 peter peter 4096

drwxr-xr-x 5 peter peter 4096 137

------- 1 peter peter 623 Dec 23 20:34)1935161.1ib

Fiéure 58.4: I saved the three device files in these directories: Sybol, Footprints, 3D Shapes.
This orgnization makes it easy to keep my imported device files tidy,
especially in larger projects.
Next, let’s make use of the new library files.
Start with Eescheema.
In Eeschema, click on Preferences, Manage Symbol Libraries to bring up

the library manager.
ice Inspect Tools | Preferences | Help
€. ¢ Configure Paths...

\
Manage Symbol Libraries .i

Preferences...

Set Language »
* Modern Toolset (Accelerated)

Modern Toolset (Fallback)

Save Project File... -

Load Project File...

!

N4 | aSrd ! F+| ~A
Figure 58.5: Bring up the library manager
In the Symbol Library Manager, click on the folder icon.
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Symbol Libraries X ‘

Libraries by Scope

| Global Libraries | Project Specific Libraries |

File: /home/peter/.config/kicad/sym-lib-table

Active Nickname 1
/home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kid
4xxx_|EEE /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kic
74xGxx /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kic
74xx /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kic
74xx_|EEE /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kic
Amplifier_Audio /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kic
Amplifier_Buffer /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kic
nt /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kic
_Difference /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kic
ifier_Instrumentation /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kic
plifier_Operational /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kic
- : IhnmmnlnabaciNacimanke Wirad | ikearine Vicad hoildin liheariac Lis
+ (1] (®

Path Substitutions:

Name Value

${KICAD_SYMBOL_DIR} /usr/share/kicad/library

${KIPRJMOD} /home/peter/Documents/Kicad projects/KLP2.1 (book update with Kicad 5.1.5)/Working/BreadboardPowerSupply_v2.1 C

) Cancel 1 oK 7

Figure 58.6: Click on the folder icon to reveal the file system browser.
This will bring up the file system browser. Go to the location of the lib
file that you downloaded from Snapeda, select the file, and click Open.

Cancel

©®  Recent

Select Library ‘ Q m

Libraries = Symbols | »

OB

Documents
Downloads
Music

Pictures

PP a ¢

Videos

Home Name

Desktop | W 1935161.lib

Size Modified ¥
623 bytes Yesterday

KiCad symbol library files ( *.lib) ¥

Figure 58.7: Find the lib file and click Open to import it.

The new symbol is added in the bottom of the Global Libraries list. To
make it easier to find later, I recommend you change its nickname to
something more sensible. White space is not allowed in nicknames. I have
nicknamed mine to “Screw_terminal_2_pin”, as in Figure ......
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Symbol Libraries x

Libraries by Scope

j Global Libraries | Project Specific Libraries

File: /home/peter/.config/kicad/sym-lib-table

Active Nickname

dk_Transistors-JFETs /home/peter/Documents/Kicad Libraries/digikey-kicad-library-mast«
dk_Trimmer-Potentiometers /home/peter/Documents/Kicad Libraries/digikey-kicad-library-mast:
dk_TVvS-Diodes /home/peter/Documents/Kicad Libraries/digikey-kicad-library-mast
dk_TVS-Mixed-Technology /home/peter/Documents/Kicad Libraries/digikey-kicad-library-mast:
dk_USB-DVI-HDMI-Connectors /home/peter/Documents/Kicad Libraries/digikey-kicad-library-mast:
Project3 /home/peter/Documents/Kicad Libraries/CourseLibraries/Project3.|
freetronics_schematic /home/peter/Documents/Kicad Libraries/freetronics_kicad_library-1
ESP32-DEVKITC-32D /home/peter/Documents/Kicad projects/ESP32 For Busy People/Libi
sw_dpst-freetronics_schematic /home/peter/Documents/Kicad projects/ESP32 For Busy People/Libi
multipart_sym /home/peter/Documents/Kicad Libraries/Multipart testing/multipar
SMA_CONNECTOR /home/peter/Documents/Kicad projects/KLP2.1 (book update with k
[ [Screw terminal 2 pin home/peter/Documents/Kicad projects/KLP2.1 (book update with il |

S .

Herjy (E

Path Substitutions:

Name Value
${KICAD_SYMBOL_DIR} /usr/share/kicad/library

${KIPRJMOD} /home/peter/Documents/Kicad projects/KLP2.1 (book update with Kicad 5.1.5)/Working/BreadboardPowerSupply_v2.1C

 Cancel | OK

Figure 58.8: Provide a reasonable nickname for your new symbol.
Click OK to dismiss the Library Manager. The new symbol is now ready
to use.
Let’s place the new screw terminal symbol below the existing headers in
the schematic. Place your mouse pointer blow the N7 block, and type “A” (for
“add symbol”). The Symbol selector will appear.

Choose Symbol (13278 items loaded) x

Q (screw_termina L2 )

¥ Screw_terminal_2_pin

ivee——— 1

ivee—=— 2

1935161
1935161
Reference |?
Select with Browser Cancel OK

Figure 58.9: Type the first few letters of its nickname to find the new symbol.

The Symbol Chooser contains a listings of hundreds, or thousands of
symbols. Instead of browsing, it is much more efficient to use the search box.
Type in the first few letters of the symbol nickname to narrow down the
listing, until you find the new symbol. Double-click on it to select it and drop
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it in the sheet. Connect the two pins of the symbol to the V- and Vout2 nets. I
use labels to make the final schematic easier to read.

|

J?
V—_2 |, 1935161

Figure 58.10: The new symbol is connected to the circuit via net labels.

Before you continue with Pcbnew, have a look at the new symbol
properties window, and notice that the Footprint field is already populated.
The symbol cam from Snapeda with the right footprint association, however
we have not yet imported this footprint in Pcbnew. If you try to update the
layout in Pcbnew with the updated schematic from Eeschema, you will get an
error message because Pcbnew is not aware of the new footprint.

Symbol Properties X
Fields
Name Value Show H Align V Align Italic Bold Text Size
Reference |J? Left Center 1.270 mm
Value 1935161 Left Center 1.270 mm
T
Footprint 4 m Left Bottom 1.270 mm
Datasheet Phoenix Contact Left Bottom 1.270 mm
+|| 1|V i Update Fields from Library...
Symbol ; Orientation Aspect
Library Reference: | Screw_terminal_2_pin:1935161 ) 00 O Default
e - o +90 Mirror around X axis
o +180 Mirror around Y axis
Alternate symbol (DeMorgan) 90
Unique ID: | 5E01D106 Edit Spice Model... Cancel OK

Figure 58.11: The symbol is already associated with its matching footprint, but Pcbnew is not
aware of this footprint yet.

So, lets import the footprint.

Go to Pcbnew, and click on Preferences, Manage Footprint Libraries.
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Pcbnew — /home/peter/Documents/Kicad

ct Tools | Preferences | Help

G @ ( Configure Paths...
Manage Footprint Li

Preferences...
* Modern Toolset (Accelerated)

Modern Toolset (Fallback)
Set Language

Figure 58.12: In Pcbnew, bring up the footprint library manager.
Under the Global Libraries tab, click on the folder button to bring up
the file system browser.

Footprint Libraries X
Libraries by Scope
Global Libraries = Project Specific Libraries
File: /home/peter/.config/kicad/fp-lib-table
Active Nickname Library Path
Ty m { ! ica aries/Kicad_buildin_libra | d Pri -ma 3al
Button_Switch_Keyboard /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-footprints-master/Butt
V] Button_Switch_SMD /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-footprints-master/Butt
V] Button_Switch_THT /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-footprints-master/Butt
V] Buzzer_Beeper /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-footprints-master/Buzz
Calibration_Scale /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-footprints-master/Calit
Capacitor_SMD /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-footprints-master/Capi
Capacitor_Tantalum_SMD /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-footprints-master/Capi
Cap r_THT /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-footprints-master/Capi
keModules /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-footprints-master/CMa
V] onnector /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-footprints-master/Coni
Hg ) @
Path Substitutions:
M Value

${KIPRJMOD} /home/peter/Documents/Kicad projects/KLP2.1 (book update with Kicad 5.1.5)/Working/BreadboardPowerSupply_v2.1 Copy 2
${KISYS3DMOD} |/usr/share/kicad/modules/packages3d/
${KISYSMOD} /Jusr/share/kicad/modules/

Cancel OK

Figure 58.13: Click on the folder button to bring up the file system browser.
Select the folder in which you have saved the new footprint, and click
OK. Unlike with the symbol, the footprint manager works at the folder level.
Once you select the folder that contains your footprints, any new footprints
you add to it will be usable in Pcbnew without having to add them to the
Footprint library manager.
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Select Library X

v [l Working
» [ BreadboardPowerSupply_v2.1 Copy
» [ BreadboardPowerSupply_v2.1 Copy:
v [ Libraries
» [i& 3D Shapes
[ Footprints
SBEE,
» [ Video course
» [i& Oscilliscopes for busy people
» [i& Peter's documents
» [i& Student projects
[ Downloads
[ Music
[ Pictures
[ Public
[ Templates
[ Videos
» [ Desktop

v 8/

[N N N

v v v v v Vv

| All supported librarv formats v |

\  Cancel oK |

Figure 58.14: Select the Symbols folder and click OK to import all footprints contained within
it.

Now you’ll go back to the Footprint Library Manager, and you'll find
the new footprint folder at the bottom of the list. I suggest you change the

nickname to something reasonable, then click on OK.
Footprint Libraries X

Libraries by Scope
J Global Libraries ] Project Specific Libraries }
File: /home/peter/.config/kicad/fp-lib-table

Active Nickname
varistor

Library Path
/Nome/peter/DOCUMents/KIcad LiDraries/Kicad_buildin_liDraries/Kicad-rootprints-master/varl

digikey-footprints /home/peter/Documents/Kicad Libraries/digikey-kicad-library-master/digikey-footprints.prett
Custom libraries /home/peter/Documents/Kicad projects/Custom libraries.pretty

freetronics_footprints

ome/peter/Downloads/freetronics_kicad_library-master/freetronics_footprints.pretty
Libraries /home/peter/Documents/Kicad projects/Video course/Libraries

BC Miniproject SMD v5 (KiCad 5)
ESP32-DEVKITC-32D

/home/peter/Documents/Kicad projects/KiCad 5/BootcampShields/BC Miniproject SMD v5 (KiC

/home/peter/Documents/Kicad projects/ESP32 For Busy People/Libraries/ESP32 Dev Kit/ESP3:

Custom_project_footprin /home/peter/Documents/Kicad projects/ESP32 For Busy People/Libraries/Custom_project_foc

SMA_CONNECTOR /home/peter/Documents/Kicad projects/KLP2.1 (book update with Kicad 5.1.5)/Common files/!

Footprints /home/peter/Documents/Kicad projects/KLP2.1 (book update with Kicad 5.1.5)/Working/Libral

/home/peter/Documents/Kicad projects/KLP2.1 (book update with Kicad 5.1.5)/Working/Libra I

[SnapedaSymbols

I&&&&@aaaai

HE®E @
Path Substitutions:

Name Value
${KIPRJMOD}  |/home/peter/Documents/Kicad projects/KLP2.1 (book update with Kicad 5.1.5)/Working/BreadboardPowerSupply_v2.1 Copy 2
${KISYS3DMOD} |/usr/share/kicad/modules/packages3d/

${KISYSMOD}  |/usr/share/kicad/modules/

| cancel || ok
Figure 58.15: The new footprint is added to Pcbnew so we can now use it.
Ok, we are close to completing the addition of the screw terminal.
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Ensure that you have saved your changes in Eeschema. In Pcbnew, click on
the “Update PCB From Schematic” button.

Pcbnew — /home/peter/DocyAents/Kicad pri

Inspect Tools Preferences Help
Woeaad R ke moeu
Via: 0.80/0.40 mm (31.5/15.7 mils) * = —‘It Grid: 0.0635r
N
Figure 58.16: Import the changes of the schematic into the layout.
Kicad will detect that there is one symbol without annotation, so it will
offer to annotate it for you. Click on Annotate.

Annotate Schematic X
Scope: Order:
Use the entire schematic O Sort components by X position m
Use the current page only Sort components by Y position 2
Options: Numbering:
O Keep existing annotations O Use first free number after: | o

Reset existing annotations
Reset, but keep order of multi-unit parts

First free after sheet number X 100
First free after sheet number X 1000

Annotation Messages:

Show: All Errors Warnings Actions Infos

Clear Annotation Close Annotate

Figure 58.17: Kicad will annotate a symbol without a unique reference. This dialog will only
come up if there is at least one symbol without annotation.

The annotation dialogue will be replaced by the PCB Update dialog.
You can keep the defaults as they are, and click on the Update PCB button to
complete the update.

Update PCB from Schematic X

Match Method Options
: © Keep existing symbol to Footprint associations Update footprints
Re-associate footprints by reference Delete extra footprints

Delete single-pad nets

Changes To Be Applied

Add )4 (footprint "PHOENIX_1935161").

Total warnings: 0, errors: 0.
Netlist update successful!

Show: All Errors [l]l @ warnings [l @ Actions Infos Ve

Close Update PCB
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Figure 58.18: Click on the Update PCB button to complete the update process.
You will see a list of changes to the PCB layout in the Update window.
We only have one change, the screw terminal footprint and symbol from
Phoenix, so it all looks good. Click on Close to dismiss this dialog box.

Kicad will take you back to Pcbnew, where you can see the new footprint
on the sheet, but out of place. Place the footprint at the correct location, and
complete the wiring. The PCB should now look like the example in Figure
58.19.

Figure 58.19: The new scrwterminals placed on the PCB.

There is one more thing to do: assign a 3D shape to the footprint.
Remember, while you have already downloaded the 3D shape for this device
from Snapeda, you have not yet associated it with this footprint. The process
to do this is identical to the process I document in the Grabcad recipe.

Let’s go through it very quickly.

Bring up the properties for the footprint, and click on the 3D Settings tab.
Browse to the location you saved the STEP file, and then place it nicely over

the footprint. You can see my settings in Figure 58.20
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Footprint Properties X

General Local Clearance and Settings = 3D Settings

3D Model(s) | Preview
/home/peter/Documents/Kicad projects/KLP2.1 (book update with Kicad 5.1.5)/Working/Libraries/3D Shape

(+)
Scale Preview
X: ‘1.0000 = o
e ‘1.0000 |~ +
z:{1.0000 | = + ]

Rotation
X: m = ar
Y: ‘0.00deg L= +
Z: | 0.00deg | = + J
Offset
X: m = ar
Y: | 2.5000mm || — >
Iz ‘5.5000 mn i

Library reference:  Footprints:PHOENIX_1935161

(o)

¥ Configure Paths...

CIGEYFILFIEIE)

Cancel OK

Figure 58.20: The position settings for the 3D shape of the new footprint.
Click OK to dismiss this window, and then bring up the 3D render of
the PCB.

It should look like this:

=
-

l

T
1 =
[ ]

A

(72
[ =

Tech
{IEXDIOratio

Figure 58.21: The final 3D render of the PCB, with the new device from Snapeda.
Isn’t this neat?
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59. How to change text and graphic properties in
bulk (Pcbnew)

KiCad provides user interface tools to help you make multiple changes
in a single step. For example, you can change all silkscreen layer text items to
have a uniform height and width. You can also be specific in terms of scope,
and change text attributes of all footprint values or reference text items at
once.

Apart from text properties, you can also change graphics, track and via
properties in bulk. With the help of special filters, you can be very specific. For
example, you can change the width of all power tracks on the top copper layer
to a new value.

The global change tool you will learn about in this recipe works in
Pcbnew.

In this recipe, you will learn how to change all footprint values text item
properties so that they are uniform. To do this, I will use the breadboard
power supply project, which is Project 1 in this book.

To begin with, we have a PCB that looks like the one in Figure 59.1.

their attributes in bulk.
I only show a segment of the full PCB to make it easier to distinguish

the text items that I will be changing the attributes of. Those are indicated by
the red arrows.

I would like to reduce the size (height and width) of those items, just
slightly, to make it easier to fit in the available space on this PCB. What these
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items have in common, is that they are independent PCB text items. I created
them using the text tool in Pcbnew, and are not attached to a footprint. Of
course, it is possible to make bulk changes to any other text item on the board,
as long as you know what type of item it is (such as “footprint values” or
“footprint reference” etc.) so that you can target them with the appropriate
filter.

Let’s continue with the independent PCB text items.

Currently the size of each character in these items is Imm x Imm (width x
height) with a thickness of 0.25mm. You can verify this by getting the item

properties (hover you mouse over the item, and type “E”).

Text Properties X
Text:
Layer: WFsilks M
Width: mm Italic
Height: mm Justification: | Center v
Thickness: mm Orientation: | 0.0 v
PositionX: | 113.157 mm Mirrored
PositionY: | 83.693 mm

Cancel OK

Figure 59.2: Currently, the text item character size is Imm x Imm.
Let’s change these dimensions to 0.8mm x 0.8mm, and the thickness to
0.2mm.
Click on Edit, Edit Text & Graphic Properties...

File | Edit | View Place Route Inspect Tools Pi

@ Undo Y
Tral Cut n
@ Copy
i3 Paste
1% Delete
(4

Find...
Edit Track & Via Properties...

hns =2 T A e e Dranat i e
Ed ext & Graphic Propertie

P

I Change Footprints...
Swap Layers...
FillAll Zones

Unfill All Zones

E\‘ Global Deletions...
Y

Cleanup Tracks and Vias...

Figure 59.3: Bring up the Edit Text properties window
This will bring up the edit window, as in the screenshot in .
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Edit Text and Graphic Properties X

Scope
Footprint references PCB text items

Footprint values PCB graphicitems
Other footprint fields
Footprint graphicitems
Filters
Filter items by layer: BMrcu v

Filter items by parent footprint reference:

Filter items by parent footprint idegtifier:
Action j
O Set to specified values:

Layer: B silks M Visible

Line thickness: | ... mm 1 /

Text width: 0.8 mm Italic (
Text height: 0.8 mm I Keep upright

Text thickness: | 0.2 mm

Set to layer default values:

Line Thickness | Text Width Text Height Text Thickness Italic Upright
Silk Layers 0.15 mm 1 mm 1 mm 0.15 mm
Copper Layers 0.2 mm 1.5 mm 1.5 mm 0.3 mm
Edge Cuts 0.15 mm
Courtyards 0.05 mm
Other Layers 0.15 mm 1 mm 1 mm 0.15 mm
Cancel | OK k‘

Figure 59.4: This edit window gives you a lot of flexibility to change text item properties.

This edit window gives you a lot of flexibility as to what is it that you
want to change, and what change to introduce. Under “scope” and “Filters”
you can select the kind of text or graphic item that you want to change. To
keep this example simple, I have chosen to change independent PCB text
items, and that is why I have clicked on this specific checkbox. Note that these
are checkboxes, not radio buttons, so you can choose multiple kinds of items
and have changes applied on all of them.

Under “Filters”, you can choose text of graphics items based on the layer
that they exist, or a parent footprint reference or identifier. So, for example,
you can choose all text items that belong to the LED footprints, etc.

Once you have selected the kind of text or graphic item you want to
change, go to the “Action” group to provide the details of the changes. In this
example, again, lets keep it simple. I simply want to make the text smaller, so
specify text width and height to 0.8mm. I also checked the “Visible” and
“Keep upright” boxes, and unchecked “Italic”. I can also set my chosen text
items to preset values, listed in the “Set to layer default values” box. For any
values that you want to keep unchanged, leave the “...” in the respective field.

Click OK to accept the changes.

The result is Figure ...
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Figure 59.5: The text items marked with the red arrow have the new attributes applied.
Compare the “before” and “after” images of the PCB, and you will

notice that the text items marked with the red arrow are slightly smaller then
the originals. It only took a single interaction with a dialogue box to make this
change, which affected multiple text items.

You can use the exact same technic to bulk-change the attributes of
graphics (like lines and circles), but also those of vias and traces.

For example, try this little experiment. In this board, the power traces in
the top copper layer is 0.3mm. Can you change the thickness of all top layer
power traces to 0.35mm? (Hint: use the “Edit Text & Graphics Properties”

window).
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Part 6: Content by external authors
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60. What is the meaning of the layers in Pcbnew and

in the footprint editor? (by Rene Pdschl)
This chapter is sourced from the KiCad forum, and was written by Rene Poschl.

Accessed December 30, 2019, and included here with permission from the author.

A PCB is a 3-dimensional object with different materials stacked on top
of each other.

If a designer says they want to design a 2 layer board, then they usually
mean that this board will have two copper layers. A 4 layer board has 4
copper layers and so on. In addition to these copper layers there are other
technical and documentation layers available.

A good introductory read is this post by @dchisholm : Any way to make

the screen more understandable?3?

In KiCad the following layers are available:

e Layers that have a front and back version start with F. (for front) and B.
(for back).
e The F.Cu and B.Cu layers are the copper layers.
- If there are additional copper layers they use the names
In[number].Cu by default.
- The names for copper layers can be changed by the designer.
e ESilk and B.Silk define artwork on the silkscreen layers.
- Typically this is the white artwork printed on the board.
- If there is space then it typically has a body outline, polarity
marker and reference designator.

Last accessed: December 20, 2019
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- Be aware of minimum clearances to exposed copper and
minimum line width requirements. (Resulting in minimum text
size requirements.)

F.Mask and B.Mask define the area free of soldermask.

- Itis the negative of the resulting film that covers the board.
F.Paste and B.Paste define the area that will be covered with solder
paste (In datasheets often called stencil).

- Used for reflow soldering of surface mounted devices.
Edge.cuts: This layer is used to communicate with the manufacturer
what the final board shape should look like.

- The edge-cut cannot contain self intersections.

- Polygons on the edge-cut must be continuous and closed.

- Itis allowed to have internal cutouts.

F.Adhes and B.Adhes are layers to define adhesive (=glue) areas.

- Only needed if components are on the bottom side during reflow
soldering. (And even with components on the bottom it is not
always needed. Check with your manufacturer if you need to
define it for your board.)

CP_Elec_4x5.8

4357MS8B
D_SMA_Handsoldering

Figure 60.1: Example courtyard clearances for different packages.24
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— —
— —
—] —
— —
— —
= —
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*) Not equal to 0.25 because the courtyard corner
is rounded to the near estOOlmmgrdpo nt

24 The original of this image exists at https:/ /txplo.re /32bd4.
Last accessed: December 30, 2019.
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Figure 60.2: Example courtyard clearance for a QFP-64 package.25

FE.CrtYd and B.CrtYd are used to define a courtyard area.
- The courtyard defines where no other component should be
placed.

- The size of this area depends on your manufacturing
capabilities.

- It also depends on your needs. (If you want the possibility
to rework the pcb, you might need a larger area compared
to when you do not plan to do this.)

- The rules used in the official library are defined in the KLC
RULE F5.3 and are closely aligned to industry standards.

- This layer is checked for violations since version 5 of KiCad.

- KiCad requires every drawing on this layer to represent a
closed polygon (drawn with the normal line drawing tool.)

- Internal cutouts are allowed.

E.Fab and B.Fab are documentation layers.
These are intended to be used for communicating with board
assembly houses and for user documentation.
It typically has the outline of the part body (nominal or maximum
dimensions, depends on your particular needs.)
It is common to have a polarity marker on this layer.
Reference and value fields are often found on this layer. (This
might be the only place where these are found for high density
boards as there is not enough space for silkscreen text. Fab text
does not come with the same minimum size requirements as silk.)
Dwgs.User and Cmts.User are used for user drawings and comments.
In the official lib this layer is used to communicate with the user
of footprints. (Example to tell them where to place keep-out areas
as they are not directly supported by KiCad in footprints)
Ecol and Eco2 are layers with no specific defined purpose. (The user
can use them for whatever they want. They are not used in footprints
supplied by the official lib.)
Margin layer: Is there to define a margin relative to the edge cut.
There is no DRC check to verify that no copper feature violates
the margin definition.

Last accessed: December 30, 2019.
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Limitations of the footprint editor

SMD pads in the footprint editor can only be placed on a top or bottom
layer.

THT pads typically use *.Cu to communicate that these interact with all
copper layers.

The use of layers that have no defined bottom or top layers is
undefined. (Dwgs, Cmts, Ecol/2 layers).

For more information, see this wishlist bug: https://
bugs.launchpad.net/kicad / +bug/1746279. Please note that this bug is fixed in
KiCad 5.1.

The use of the edge cut layer in footprints can result in problems. As

there is no snapping for the drawing tool other then to the grid this might
result in polygons that are not closed.

This layer is unsupported by the footprint editor (KiCad 5 and earlier).
There is no way to define drawings on that layer from within it. KiCad 4 even
moved drawings on that layer to another layer when opening it in the
footprint editor. This non feature has luckily been removed from version 5.

For more details about edge cut support, see this wishlist bug: https:/ /
bugs.launchpad.net/kicad / +bug/1251393. Please note that this bug is
marked to be fixed in KiCad 6.0.0-rcl.
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61. Power pins in multi unit symbols (Marc Nijdam)
This chapter is contributed by Marc Nijdam (marc@auditeon.com). It is
provided here with only grammatical and syntactical improvements.

In Eeschema multi-unit symbols are symbols which consist of multiple
identical units which have common power supply pins. Despite the fact that
the KiCad symbol library,? included along with the KiCad installation, still
contains multiple solutions for drawing power pins, according to the KiCad
Library Convention? (KLC), the recommended way is to draw a separate

power unit.?®

KiCad symbol library status quo

As of May 2019, the following implementations for power pins in the
KiCad symbol library can be found:

%6 As stated on the following page ( http:/ /kicad-pcb.org/libraries/download/ ), the official
KiCad libraries are available at https:/ / kicad.github.io (Pages visited at 26" of May 2019)

27 The KiCad Library Convention (Revision 3.0.18, from 2019-02-15) can be found here:
http:/ /kicad-pcb.org/libraries /klc/ ( (Page visited at 26" of May 2019)

28 This is explained here: http:/ /kicad-pcb.org/libraries/klc/S3.8/ (Page visited at 26" of
May 2019)
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UNIT B TO UNIT D
NOT SHOWN
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Input 2 il 4 Output

74LVELGL4

SINGLE UNIT WITH
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shaped

2. Additional unit for
power, as an overlay
for one of the other

3. Duplicate power
pins on each unit. (4
units in total)

4. Hidden power pins,
connecting via net
names

units

Figure 61.1: KiCad - Implementations for power pins

Maybe a fifth method is also present, where one of the units has power
pins and the others haven’t. This is problematic for swapping gates. Also no
example could be found. Maybe it is not in use in the official library.

The first implementation uses one additional unit consisting of power
pins connected to a block. This is the way which can be found in the KLC. The
power pins as shown in implementation 2 could be placed on top of one of the
other units. Implementation 3 has power pins on all of the units. The rationale
with implementation 4 (hiding power pins completely) was to prevent clutter
with logical gates. Hidden power pins are then implicitly connected to net
names “VCC” and “GND”.

Creating a new symbol

The KiCad Symbol Editor is used to create new schematic symbol. Now
before we continue and start delving into creating a new symbol, we need to
be really sure that this is really necessary. Often the symbol alias feature,®
may offer a much more sound alternative for our goal. Specifically if the new
symbol has an exact similar pinout of another already existing symbol. Then,
instead of creating a new symbol, we just create an alias: In the alias tab of the
library symbol properties we add the differences of the new part (These are:

Name, datasheet, description and keywords). Many symbols in the existing

% See here http:/ / docs.kicad-pcb.org /5.1.4/en/eeschema / eeschema.html (at “Symbol
Library Overview”) and here: https:/ / forum.kicad.info/t/ what-does-alias-do-in-edit-component-
properties-in-the-part-library-editor/8279/2 (last visited on 15-09-2019)
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libraries are defined this way. For example, the 74LS00 has multiple aliases
like the 7400, 74HC00, 74HCTO0O0 and 74LS37. Another example is the TLC272
op amp, defined as an alias of the LM2904. Aliases greatly simplify libraries
with a lot of duplicate symbols with only small differences.

One good reason though to create a new symbol from scratch, is that
that there is no write access to KiCad libraries®® which are included along with
the KiCad installation, not even for creating an alias. If so, creating our own
symbol in a library where we can write our symbols and aliases into is a good
workaround.

When creating a new symbol, it needs to be placed inside a symbol
library, a placeholder for one or more symbols. When no symbol library is
selected, it will ask for a library in which the new symbol should be placed.
Alternatively a new library can be created via Menu File — New Library... .
Also good to know, deleting a library can be done via Menu Preferences —
Manage symbol libraries... . Please note that for deleting a library, the symbol
editor may need to be restarted in order to become effective.

Getting a library first

When creating a new library, the symbol editor will ask if the library is
available to the project only or globally to all projects.

If the library only contains your personal collection of parts and is
available for your project only, you could save the library in a subdirectory of
your project and use for example the following arbitrary name:

Custom_Various. lib

Observe that the library is created accordingly:

> Symbol Editor

b ceqad

+e0.  Libraries

Z‘IZ: Q

Jn iy Cru

mm |» CPU_NXP_6800

4+ |» CPU_NXP_68000
—|» CPU_PowerPC

a3 6_

» Device
» Diode
Figure 61.2: Create New Library in KiCad Symbol Editor

The library is empty and symbols can be added to it.

30 Per default these (kicad-footprints, kicad-libraries, kicad-packages3d, kicad-symbols and
kicad-templates) are installed as user root in: /usr/share/kicad/library /
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It is also possible to add a symbol to an existing library as long as the
library did not come along with the KiCad installation itself.

For correct naming of symbols and libraries, KiCad has conventions
which may help to keep names consistent®.

Adding a new symbol to a library

Symbols can be added to a library by creating them from scratch,
copying over or by importing. Depending on where you right click, you can
edit/copy/export/duplicate symbol, create a new library, add a library or
create /import/ paste a new symbol:

Symbol Editor

symbol Editor

it View Place Inspect Preferences Help

> Diode_Laser

» Display_Character
> Display_Graphic
> dk_Interface--0-Expander]

> s

» Display_Character
» Display_Graphic
> dk_Interface-+0-£xjieNs

Import Symbol.
Paste symbol

23347 X-1.27 Y000 by 0.00 dist 1.27 23347 X127 ¥0.00 dx-1.27 dy0.00 dist 1.27

Right clicking on a symbol Right clicking on a library

Figure 61.3: Context options: Symbol vs. Library

Often copying over a symbol from another library is the fastest solution.
For adding, right click on the library of your choice and select “New
Symbol...” . For copying a symbol from another library, right click on the
symbol and select “Copy”. Then right click on your library of choice and
choose “Paste Symbol”.

After copying, it may be necessary to change the number of units. Use
the Library Symbol Properties to change:

o Symbol Editor — Custom_Various:AD8022AR
> & ceea@ Ha ™8

331

Eig

= » CPU_NXP_68000
2% » CPU_PowerPC

+= |~ Var Input=

Edit symbol properties

b .
» Device

— Input
» Diode npu
» Ninde Rridae

Name Unit Body Type Description Keywords  Datasheet
ADBO22AR A Norma

Figure 61.4: Library Symbol Properties

Properties can be alternatively found via Menu -> Edit -> Properties...
The Library Symbol Properties window looks like the following:

3l gee http:/ /www.kicad-pcb.org/libraries/klc/#G1.1 (last visited on 20-09-2019)
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Library Symbol Properties

General Aliases Footprint Filters

Fields

Name Value Show HAlign VAlign Italic Bold Text Size

Reference U o 1,270mm
Center = Center

Value ADB022AR ) 1,270mm
Center = Center

Footprint Package_SO:SOIC-8_3.9x4.9mm_P1.27mm 1,270 mm
Center Center

Datasheet . 2 1,270

stasheet | https://www.analog.com/media '@ Center | Center mm

+|| (¥ |W

Symbol name: | ADg8022AR!
Description: Dual High Speed Low Noise Op Amp, SOIC-8

Keywords: Dual High Speed Low Noise Op Amp
Symbol Annotations
Has alternate symbol (DeMorgan) @ Show pin number
Define as power symbol @ Show pin name
m @ Place pin names inside
All units are not interchangeable Position offset: | 1,016 mm
Edit Spice Model... Cancel OK

Figure 61.5: Number of units

Add one unit for the dedicated power supply: If there are 2 identical
units, the number of units will then be 3.

For editing, the following two options may be very confusing at first
and should be verified at all times:

Synchronized pin edit mode

Symbol Editor — Custom_Various:AD8022

caQadn

b lb=E

52 a Synchronized pin edit mode %3
n Synchronized pin edit mode propagates to other units all pin changes except OQ
T dooc S r modification
Lo~ y default For multiunit parts with interchangeable units T
5> 7axGxx |m}
o7 » 74xx ®
» 74xx_IEEE | | N

Figure 61.6: : Synchronized pin edit mode

If selected, both additions and deletions are propagated to the other
units. Make sure that this button is not selected if specific editing is done on
only one of the units.

Line options common to all units in component

x PolyLine Drawing Properties

Line width: 0 mm

Fill Style
Do not fill
Fill with body outline color
o Fill with body background color

@ Common to all units in component

Cancel OK
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Figure 61.7: Common to all units in component

When drawing a line on a specific unit, make sure this setting is
disabled. Otherwise it may propagate to other units as well and even worse,
remove the drawing from the other units.

The last unit is usually dedicated for power only. For drawing this
symbol, we draw a rectangle, using the “Add graphic rectangle to symbol
body” drawing tool.

| » CPU_NXP_68000
. |» cPu_PowerPC

o
BB3 | » Device
» Diode

Figure 61.8: Function “Add graphic rectangle to symbol

After drawing the rectangle, fill it with the background color by right

clicking somewhere on the line and selecting the “Edit Rectangle Options...”
context menu.

Examples

For more practical understanding of creating multi unit symbols, two
examples are given. The first example is dedicated to the Analog Devices
ADB8022AR* (dual op amp) and the second example to the Texas Instruments
DS34863% (Line receiver, similar to the MC3486N). In the first example we
create the part from scratch. In the second example we copy from an existing
library and change the newly created symbol: From a multi unit symbol with
four seemingly identical comperators into two pairs of similar units which
share a common control input.

Analog Devices AD8022AR

The functional block diagram of the AD8022AR can be found in the
datasheet® of this component:

32 https:/ /www.analog.com / media/en/ technical-documentation / data-sheets / AD8022.pdf
(last visited on 09-09-2019)

3 https:/ / www.ti.com/lit/ds/symlink /ds3486.pdf (last visited on 09-09-2019)

3% Per default these (kicad-footprints, kicad-libraries, kicad-packages3d, kicad-symbols and
kicad-templates) are installed as user root in: /usr/share/kicad/library /
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Figure 61.9: Functional Block Diagram

The component contains two similar units and a positive and negative
power supply. For KiCad this means we need to create a multi unit symbol
consisting of in total three units.

From the main window we go straight into the symbol editor, create a
new library and give it a useful name. When clicking on save, a dialog will
appear, asking for: “Choose the Library Table to add the library to:”. We can
choose between Project or Global. Choose whatever serve your needs.

Then right click on the newly created library and choose the option

New Symbol...

» ceqQ® >
o

iy

—|» cPU_NXP_68000

“=|» cPU_PowerPC
+
C

P71 Device
&51|» Diode
» Diode_Bridg
» Diode_Laser

s Nieala Fha

Figure 61.10: Create a New Symbol...

Now the Symbol Properties window appears. Enter a symbol name, as
it appears in the datasheet and change the number of units per package. In

our case the number of units per package is 3.

General
Symbol name: ADB022AR
Default reference designator: | U
Number of units per package: B =
Create symbol with alternate body style (DeMorgan)
Create symbol as power symbol
Units are not interchangeable
Pin
Pin text position offset 40

@ Show pin number text
@ Show pin name text
@ Pin name inside

Cancel OK

Figure 61.11: Symbol properties

After clicking on OK, we should see now the following in our symbol
editor:

Symbol Editor — Custom_Various:ADSIZZAR

AD8OR2AR

uveo=s%
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Figure 61.12: Symbol Reference and Value

Reference (U) and value (AD8022AR) are in their default position
shown as overlapping text.

It is expected at this point that the user has some experience to use the
regular drawing elements for housing, pin number, pin name and fill color.
We kept the synchronized pin mode on during the adding of the pins to help
at least the positioning to the same place at the other units. When done it
should look like the drawing in

2 = Q@ bog W
. 8 "AaQ® H8 ]

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

Figure 61.13: Symbol editor

Please note that when adding pins, KiCad automatically assigns a
different name for the same pins at the other units to prevent duplicate names.
Pin 1 on unit B is for example called 1-UB and on unit C, 1-UC. This is
different to what the datasheet shows and needs to be corrected. To prevent
further changes, first switch off the synchronized pin mode. When done, draw
on unit A a triangular shape with background fill like in the illustration above.
Per default this triangle will be also automatically duplicated to the other
units. However this mechanism is not very intuitive as explained further
below. Therefore on unit A, if not done already, edit the line options and make
sure to disable the “Common to all units in component” (Figure 61.14) in the
“Edit line Options...” context menu.
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PolyLine Drawing Properties

Line width: 0,000 mm

109_8

! Fill Style
Do not fill U
Y. Fill with body outline color
» CF M‘" o Fill with body background color 3
: : ‘ Mll[ Common to all units in component }
» CPU NXP
» CPU_NXR
C >0\

Cancel OK

g, .6UQO-3%

2

Input=—=

ADB022AR

Figure 61.14: Disable "Common to all units in component"

Note that this option does not duplicate line and background to other
units, but let appear line and background simultaneously on all units.
Additionally it can be used also as a way to transfer line and background to
another unit while removing it from elsewhere. If not properly used, this may
cause unexpected effects. Likely the best method is to draw another triangle at
unit B and a rectangle at unit C. We should then have all three units ready:

CIES 1

I EES D e I3

U
Input

Output Power-input=—-{ —Vs +Vs ipwmpw

Input

AD8022AR AD8022AR ADB022AR

UnitA - UnitB ‘ 5 Do
Figure 61.15: AD8022AR, completed pins and drawings

To finalize the symbol, add in the library symbol properties (See Figure
61.4) the remaining information and save accordingly:
Item Change
Footprint |Package SO:SOIC-16 3.9x9.9mm_P1.27mm (Selected from footprint library)
Datasheet | https://www.analog.com/media/en/technical-documentation/data-sheets/AD8022.pdf
Description | Dual High Speed,Low Noise Op Amp, SOIC-8

Keywords |Dual High Speed,Low Noise Op Amp
Figure 61.16: Additional symbol properties for AD8022AR

Texas Instruments DS3486
The DS3486 line receiver does not exist in the KiCad libraries, included

along with the KiCad installation. Since it is a replacement for the MC3486N,
which is in one of the libraries, we could in principle add the DS3486 as an
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alias. But because, as we have seen above, the KiCad libraries are not writable,

we need to at least add the DS3486 in one of our own libraries and use the

MC3486N as base.

If we look at the MC3486N we see that it each unit has a set of power

pins.

3 oT'ri—state

Inpus

P

vo8

g
S Mc3useN
e 7
5 STri-state
Inpute- 6
ml A

3

uos u-%
«1 MC3486N 5] MC34B6N
nputs—2. Inputo—15
11 Tri-state 13 Tri—state
nputs—10 Inputs—L4
mlN o
g 43

Unit A

Unit B

Unit C

Unit D

Figure 61.17: MC3486N, completed pins and drawings

This is not according to the KLC. Problematic are also redundant pins
for TRI-STATE control input pins 4 and 12. To overcome this, we will copy the
MC3486N into our own library and improve it from there. Start with
searching for the MC3486N in the symbol editor. Then right click on it and
select Copy, navigate to your own library (if not present, create it before) and
select Paste symbol:

itor — Int

symbol
> caaadha™ wnica |+

"
H

u

MC3406N
~.

B3
H

3. ... done
Figure 61.18: Copy symbol between libraries

1. Copy symbol 2. Paste symbol

Then make it active by double clicking on the newly created symbol. We
need to change among others the value from MC3486N into DS3486. Click on
Edit Symbol Properties (Figure 61.4) and modify the following:

Item Change
Value DS3486
Footprint Package SO:SOIC-16_3.9x9.9mm_P1.27mm (Selected from footprint library)
Datasheet https://www.ti.com/lit/ds/symlink/ds3486.pdf
Description DS3486 Quad RS-422, RS-423 Line Receiver, SOIC-16
Keywords DS3486 Quad RS-422, RS-423 Line Receiver
Number of Units |3

Figure 61.19: Changes for MC3486N to DS3486

When done, click on OK.
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Further changes are needed, but to prevent unexpected changes
between units, make sure to disable the “synchronized pin edit mode” (Figure
61.14) and the “common to all units in component” in the “Polyline drawing
properties” (Figure 61.15). Now using the provided tools, change each unit
that it resembles the following drawings:

Symbol Editor — Custom_Mixed_Symbols:DS3486 Symbol Editor — Custom_Mixed_Symbols:DS3486
b= nit dl = bl e al's 105 > % unitc &
u DS3486 u DS3486 a U
uT DS3486
|
%rl—sﬁate Lﬂrl—sﬁate
|nputﬁ—1C>— |npu«»—9c>7
| | ~€—center
et || € center 12— |€——center
L 5 riostate L 13 i state 4
lnpuB—7C>—/ Input—218 | £
3
IS
Unit A: Input A and C Unit B: Input B and D Unit C: Power supply

Figure 61.20: DS3486 drawing of each unit

Unit A and B are centered at the junction of the vertical and horizontal
line of pin 4 respectively pin 12. Alternatively unit C can be drawn
horizontally as can be seen in table 3. Make sure the center is located in the
middle between the two pins. When done, press Ctr-S to save your work.

Library component validating

If planning to share library components with the community; it is
recommended to validate these with a set of Python scripts® which are
developed by the KiCad library team. Without going into details, please find
more information at the corresponding link in the footnote.

3 Gee: https:/ / github.com/kicad / kicad-library-utils (last visited on 16-09-2019)
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61. KLC RULE F5.3

This chapter is sourced from the KiCad library documentation.

You can find the original at:
https:[[www.kicad-pcb.org/libraries/klc/F5.3/

Accessed December 30, 2019.

Courtyard layer requirements

The component courtyard is defined as the smallest rectangular area
that provides a minimum electrical and mechanical clearance around the
combined component body and land pattern boundaries. It is allowed to
create a contoured courtyard area using a polygon instead of a simple
rectangle. (IPC-7351C)

The courtyard should include any extra required clearance for mating
connectors (for example).

KiCad refers to the courtyard layers as:

. E.CrtYd - Front courtyard layer
. B.CrtYd - Back courtyard layer

A fully enclosed Component courtyard must be drawn on the F.CrtYd
layer, with the following parameters:

1. Courtyard uses 0.05mm line width

2. All courtyard line elements are placed on a 0.01mm grid

3. If the component requires a courtyard on the back of the PCB, a
corresponding courtyard must be provided on the B.CrtYd layer.

4. Where the courtyard depends on the dimensions of the physical
part body, clearance is calculated from the nominal part dimensions.
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https://www.kicad-pcb.org/libraries/klc/F5.3/
https://forum.kicad.info/t/what-is-the-meaning-of-the-layers-in-pcb-new-and-in-the-footprint-editor/9688

Courtyard clearance should adhere to the following requirements:

5. Unless otherwise specified, clearance is 0.25mm

6. Components smaller than 0603 should have a clearance of
0.15mm

7. Connectors should have a clearance of 0.5mm, in addition to the
clearance required for mating of connector

8. Canned capacitors should have a clearance of 0.5mm

9.  Crystals should have a clearance of 0.5mm

10.  BGA devices should have a clearance of 1.0mm
Example for courtyard clearance when applied to the contoured

courtyard outline of a QFP-64 package. (Shown are courtyard, fab-outline and
copper pads.)

522


http://kicad-pcb.org/img/klc/F5.3a.png

	Part 1: A quick introduction to PCB design 
	What is a PCB?
	The PCB design process
	Fabrication
	Installation
	Examples of KiCad projects

	Part 2: A hands-on tour of KiCad with a very simple project
	Introduction to this section
	Main differences between KiCad 5.0 and 5.1
	Start KiCad
	Schematic design in Eeschema
	The schematic sheet
	Page layout description file

	Mouse buttons and hotkeys
	Eeschema buttons and menus
	Left toolbar
	Right toolbar
	Component selector
	Power port selector
	Wiring and delete tools
	Junction tool
	Text tool
	Graphics line tool

	Top toolbar
	Quick tour of the top toolbar
	Library browser
	The annotator
	Electrical rules check (ERC)
	Cvpcb: Associate components and footprints
	Create the Netlist file

	Status bar
	Menus


	Layout in Pcbnew
	The user interface
	The layout sheet
	Mouse buttons and hotkeys
	Pcbnew toolbars and menus
	Left toolbar
	Top toolbar
	Import the Netlist
	Move footprints
	Design Rules Check (DRC)
	Plot for Gerbers
	Layer chooser

	Right toolbar
	Standard mode
	Net highlighter
	Add footprint
	Wiring
	Fill zones and keepout areas
	Edge cut
	Graphics
	Text

	Layers manager
	Status bar
	Menus
	File
	Edit
	View
	Setup
	Design Rules Editor
	Layers Setup
	Other setup options

	Place
	Route
	Interactive Routing

	Inspect
	Tools
	Preferences
	General
	Display
	Language
	Hotkeys





	Part 3: Design principles and basic concepts
	About this Part
	Schematic symbols
	PCB key terms
	FR4
	Trace
	Pads and holes
	Via
	Annular ring
	Soldermask
	Silkscreen
	Drill bit and drill hit
	Surface mounted devices
	Gold Fingers
	Panel
	Solder paste and paste stencil
	Pick-and-place

	Schematic design workflow
	Step 1. Setup
	Step 2. Symbols
	Step 3. Place and annotate symbols
	Step 4. Wire
	Step 5. Nets
	Step 6. Electrical Rules Check
	Step 7. Comments
	Step 8. Netlist

	PCB layout workflow
	Step 1. Setup
	Step 2. Outline and mechanical constraints
	Step 3. Placement of components
	Step 4. Routing
	Step 5. Copper fills
	Step 6. Silk screen
	Step 7. Design Rules Check
	Step 8. Manufacturing

	Additional design considerations
	Shape and size
	Layers
	Traces
	Length
	Angles
	Weight
	Width
	Proximity



	Part 4: Projects
	About this Part
	Project 1: Design a simple breadboard power supply PCB
	Walk through a simple project
	What you will build and list of parts
	What you will learn
	Project repository

	Schematic design: Eeschema
	Step 1: Setup
	Step 2: Symbols
	Step 3: Arrange, Annotate, Associate
	Step 4: Wiring
	Step 5: Nets
	Step 6: Electrical Rules Check
	Step 7: Comments
	Step 8: Netlist

	Footprint layout in Pcbnew
	Step 1: Setup
	Step 2: Outline and constraints
	Step 3: Place components
	Step 4: Route
	Step 5: Copper fills
	Step 6: Silkscreen
	Step 7: Design Rules Check
	Step 8: Manufacture

	Project extensions

	Project 2: Design a small Raspberry Pi HAT
	What you will build and list of parts
	What you will learn
	Project repository
	Schematic design in Eeschema
	Step 1: Setup
	Step 2: Symbols
	Step 3: Arrange, Annotate, Associate
	Step 4: Wiring
	Step 5: Nets
	Step 6: Electrical Rules Check
	Step 7: Comments
	Step 8: Netlist

	Footprint layout in Pcbnew
	Step 1: Setup
	Step 2: Outline and constraints
	Step 3: Place components
	Step 4: Route
	Step 5: Copper fills
	Step 6: Silkscreen
	Step 7: Design Rules Check
	Step 8: Manufacture


	Project 3: Arduino clone with build-in 512K EEPROM and clock
	Project details
	Project repository
	Schematic design in Eeschema
	Step 1: Setup
	Step 2: Symbols
	Step 3: Arrange, Annotate, Associate
	Step 4 and 5: Wiring and Nets
	Step 6: Electrical Rules Check
	Step 7: Comments
	Step 8: Netlist

	Footprint layout in Pcbnew
	Step 1: Setup
	Step 2 + 3: Outline, constraints and component placement
	Step 4: Route
	Using the autorouter - two layers
	Using the autorouter - four layers
	Two layers, or more?

	Step 5: Copper fills
	Step 6: Silkscreen
	Step 7: Design Rules Check
	Step 8: Manufacture



	Part 5: Recipes
	Adding a schematic symbol library in Eeschema
	Adding a footprint library in Pcbnew
	Using footprint libraries offline
	Using symbol libraries offline
	Create a keep-out zone
	Creating copper fills
	How to calculate the width of a trace
	Custom Global Design Rules and changing the width of a trace
	Create custom net design rules
	How to add silkscreen text and simple graphics
	How to add a custom logo to the silkscreen
	How to manufacture a PCB with Oshpark
	How to make and test Gerber files
	How to manufacture a PCB with PCBWay
	Rounded corners
	Mounting holes and openings
	Creating a new component (symbol)
	Modifying an existing component (symbol)
	Creating a new footprint - manually
	Creating a new footprint - using the footprint wizard
	Modifying an existing footprint
	Using an autorouter
	How to create a bill of materials (BoM)
	How to design a custom page layout
	How to use hierarchical sheets
	How to use differential pairs
	Interactive router
	Creating unique board edge cuts
	Using Git for version control
	Creating a multi-layer PCB
	How to use buses
	How to update your schematic and layout (with Git)
	Starting KiCad apps individually
	Creating a new version of a PCB without altering the original
	Making a PCB without a schematic
	How to set a text editor and why
	How to install 3D shapes
	How to change footprint in Pcbnew and back-import footprint symbol associations to Eeschema
	How to import a 3D shape from Grabcad.com
	How to import symbols, footprints and 3D shapes from Snapeda.com
	How to change text and graphic properties in bulk (Pcbnew)

	Part 6: Content by external authors
	What is the meaning of the layers in Pcbnew and in the footprint editor? (by Rene Pöschl)
	Power pins in multi unit symbols (Marc Nijdam)
	KLC RULE F5.3




