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Did you find an error?

Please let us know.
Using any web browser, go to txplo.re/kicadr, and fill in the form.
We’'ll get it fixed right away.

About the author

Dr. Peter Dalmaris is an educator, an electrical engineer, an electronics hobbyist, and a
Maker. Creator of online video courses on DIY electronics and author of several technical
books. Peter has recently released his book ‘Maker Education Revolution’, a book about
how Making is changing the way we learn and teach in the 21st century.
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Sydney, Australia, Peter’s mission is to explore technology and help educate the world.
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STEM students, and STEM teachers.

A lifelong learner, Peter’s core skill lies in explaining difficult concepts through video and
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comprehensive style of teaching that students from all around the world appreciate.

His passion for technology and the world of DIY open-source hardware has been a dominant
driver that has guided his personal development and his work through Tech Explorations.
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How to read the 4th edition of KiCad Like a Pro

This updated edition of KiCad Like a Pro consists of two complementary but separate
books both encompassing KiCad 8. The volume Fundamentals and Projects (590 pages)
you are holding now and the volume Advanced Projects and Recipes (492 pages).

KiCad Like a Pro - : KiCad Like a Pro -
/ K|Cad.

Fundamentals and @ttt i i Advanced Projects
Projects: and Recipes

The book you are
holding now!

7 Kicad®

Fundamentals and Projects

If you have never used KiCad and have little or no experience in PCB design, please read
the introductory Fundamentals and Projects first. It is suitable for readers with little or
no experience in PCB design. Then proceed to the Advanced Projects and Recipes.

At the end of both books, you will find recipes, helpful on their own. In the Recipes part,
I have dedicated chapters to show you how to complete specific tasks, such as creating a
bill of materials or editing text properties. These are basic skills that you will use in most of
your projects. Throughout the book, you will find prompts for these recipes to help reduce
the need to repeat instructions.

Numerous figures in this book contain screenshots of KiCad. I created these screenshots
using KiCad 8.0, which runs on Mac OS. If you are using KiCad under Windows or Linux, do
not worry: KiCad works the same across these platforms and even looks almost the same.

Although I cared to produce clear images, this was sometimes impossible. This is particularly
true in screenshots of an entire application window meant to be displayed on 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 for experimenting and learning by doing,
so the best advice I can give is to use this book as a textbook 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 maximize the value it delivers to you,
the reader. Please read about the book web page, what it offers, and how to access it on
page 14.

Finally, you may be interested in the video course version of this book. This course spans
over 25 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 impossible in text.

e 12



What will you need

Please check 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.

PS1. For an official summary of what’s changed and new in KiCad 8, please read the
release announcement on the KiCad blog:
https://www.kicad.org/blog/2024/02/Version-8.0.0-Released/

PS2. For a list of all project commits that relate to KiCad 8, please follow this link (it will
open the project repository on Gitlab and list all issues with the “8.0” label):
https://txplo.re/kicad8_issues

PS3. If you are curious about what will be in KiCad 9, follow this link:
https://txplo.re/kicad_8.99_issues

What will you need

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

e A computer running Windows, Mac OS or Linux.

e Access to the Internet.

e A mouse with at least two buttons and a scroll wheel. I use a Logitech MX
Master 2S mouse (see https://amzn.to/2ClySq0).

- With KiCad 8, itis also possible to use the SpaceMouse device by 3Dconnexion
with Windows and Mac OS. I have never used this device. However, some
people claim that these mice are more ergonomic and intuitive than regular
mice.

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

e 13
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The book web page

As a reader of this book, I invite you to access its online resources.

You can access these resources by visiting the book’s web page at https://txplo.re/klp4.
The three available resources are:

1. Photos and schematics. Get high-res copies of the book’s photos, schematics,
and layouts.

2. Projects. Use the links on this page to download the full KiCad projects from
the book.

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

e 14



KiCad 8

KiCad 8

KiCad 8 was introduced by the KiCad team in early 2024. It represents the next step of
evolution for KiCad, with several incremental improvements and additions over KiCad 7.

Jon Evans, one of the lead developers for KiCad, presented the changes in KiCad 8 in a
detailed blog post on the KiCad website. You can read this post at this address:

https://www.kicad.org/blog/2024/02/Version-8.0.0-Released/

I have updated this book for KiCad 8. In preparation for the update, I first checked all the
projects in this book and ensured that they worked in KiCad 8. I am pleased to say that all
the projects work properly without modifications.

After ensuring that all projects work properly in KiCad 8, I reviewed the KiCad 8 changes
list and documented these changes so that they are presented naturally in the course of
this book and its projects.

Because the KiCad 8 changes are “evolutionary” (and not “revolutionary” as they were with
KiCad 6), I decided that updating this book is preferable to writing a new one. With KiCad's
new release schedule (essentially, a new major version of KiCad will be published every
year), it is not possible for me to write a new book yearly.

To manage the introduction of evolutionary changes into the existing book, I have adopted
a system that incorporates changes according to their impact on the PCB design workflow.

For small changes, such as the ability to use custom fonts, I will be inserting “asides”. An
aside is a small remark, typically inside a box or as a footnote, that presents the change in
line with the rest of the document.

For larger changes, I will introduce new chapters within the existing projects or in the
Recipes part.

When a change significantly impacts one of the projects, I will introduce a chapter to that
project.

Most changes are documented in new chapters in the Recipes part.

The KiCad 8 user interface is very similar to KiCad 6 and 7. The schematic and layout editors
look unchanged without detailed examination. Most dialogue boxes also seem unchanged,
except for some widgets (such as text boxes and radio buttons) being moved around. I
expect that most people who are familiar with KiCad 6 and 7 will be able to find their way

around the KiCad 8 user interface without any trouble.

I used KiCad 8 for all screenshots in this fourth edition of the book.

e 15



KiCad Like A Pro - Fundamentals and Projects

Foreword by Wayne Stambaugh

In 1992 Jean-Pierre Charras started the KiCad project. From it’s humble beginnings as one
man’s goal to provide an electronics design application for his students to a full fledged
open source project with a significant number of contributors, KiCad has become the choice
for users who prefer an open source solution for electronics design. As the feature parity
gap from proprietary EDAs continues to close, KiCad will continue to become more widely
accepted and influential.

One of the enduring hallmarks of a successful open source software project is the publication
of a “how to” book. With the publication of “KiCad Like a Pro”, the KiCad project joins the
other well known open source projects with that distinction. Whether you are a beginner
or a seasoned professional user, this book has something for everyone. From properly
configuring and using KiCad to design your first printed circuit board to advanced topics
such as using git for version control this book is a valuable resource for any KiCad user.

Thanks to the generosity of author Peter Dalmaris and the publisher Tech Explorations,
fifty percent of the profits from the sales of the special fundraising edition of this book
will be donated to the KiCad project through CERN. On behalf of all of the developers and
contributors of the KiCad project, I thank you for your continued support of the project and
your generous contributions.

Wayne Stambaugh
KiCad Project Leader

e 16



An introduction: Why KiCad?

An introduction: Why KiCad?

Since KiCad first appeared in the PCB CAD world in 1992, it has gone through 7 major
versions and evolved into a serious alternative to commercial products. I have been using
KiCad almost daily since version 4, when I published the first edition of KiCad Like a Pro.

Once thought clunky and barely usable, it is now a solid, reliable CAD application. KiCad
has been consistently closing the feature and performance gap against its commercial
competitors. It has made leaps in adding powerful features and has significantly improved
its stability.

Combined with the benefits of free and open-source software, I believe that KiCad is simply
the best PCB CAD software for most use cases.

One benefit is KiCad’s active and growing community of users and contributors. KiCad
has a dedicated developer team supported by contributing organizations like CERN, the
Raspberry Pi Foundation, Arduino LLC, and Digi-Key Electronics. The community is also
active in contributing funds to cover development costs. Since joining the Linux Foundation,
the KiCad project has received significant development funds in the form of donations
from users and industry. The project used this money to buy development time and fund
developer conference travel and meetups. To a large extent, this alone guarantees that
KiCad'’s development will accelerate and continue in the future.

Supporting the KiCad core team is the KiCad community. The community consists of over
250 thousand people worldwide who have downloaded a copy. These people support the
KiCad project in various ways: they write code, create and share libraries, and help others
learn. They write documentation, record videos, report bugs, and share hacks. During each
yearly development cycle, the KiCad repository shows tens of thousands of commits in the
source code branches from the developer community. A similarly large number of commits
is seem in other parts of the project, such as the libraries and the documentation.

Another signal of the strength of the KiCad community is that KiCad includes completed or
nearly completed translations to 12 languages. No other CAD software that I am aware of
can boast this.

PCB manufacturers have also taken notice. Many of them now publish KiCad-specific
tutorials, explaining how to order your boards. Some have allowed uploading the KiCad
native layout file from your project instead of generating multiple Gerber files.

And finally, KiCad is part of an expanding CAD ecosystem. You will find KiCad-compatible
component libraries on the Internet’s major repositories, such as Snapeda and Octopart,
and native support in PCB project version control software for teams, such as CADLAB.io.

KiCad’s development and prospects have never been brighter than now. KiCad’s post-V8
roadmap has exciting new features and capabilities, such as a new Zone Manager feature,
the ability to add comments to ERC and DRC exclusions, and a selection filter for schematic/
symbol editors.

e 17
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Why do I use KiCad? Because it is the perfect PCB software for my use.

I am an electrical engineer with a background in electronics and computer engineering. But,
above all, I am a technology educator and electronics hobbyist. Most of my PCB projects
eventually find themselves in my books and courses. My projects are very similar to those
of other hobbyists in complexity and size. I make things for my Arduino and Raspberry Pi
courses. As a hobbyist, KiCad proved to be the perfect tool for me.

Your use case may be different. You may be a university student completing an engineering
degree. You may be a hobbyist or solo developer working in a startup company. You may be
part of a team on commercial projects involving highly integrated multi-layer PCBs.

To help you decide whether KiCad is right for you, I have compiled a list of 12 KiCad
Benefits. This list contained ten items in the second edition of the book. I added the last
two items to highlight additional benefits brought about with KiCad.

Here they are:

Benefit 1: KiCad is open source. This is very important, especially as I spend 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 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.
This worsens with most CAD software companies switching to a subscription-based revenue
model. Regular fees do add up when you are a hobbyist or student or bootstrapping for
a startup. Not to mention that most of us would not be using even half of the features
of commercial CAD software. It is hard to justify spending hundreds of dollars on PCB
software when there is KiCad. This brings me to Benefit 3

Benefit 3: KiCad is unlimited. There are no ‘'standard’’, ‘‘premium’’ and ‘'platinum”’
versions to choose from. It's a single download, and you get everything. While there
are commercial PCB tools with free licensing for students or hobbyists, there are always
restrictions on things like how many layers and how big your board can be, what you can
do with it once you have it, who can manufacture it, and much more. There is always the
risk that the vendor may change the deal in the future, and you may have to pay a fee to
access your projects. I'll say again: KiCad is unlimited and forever! 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. Professional-grade features include interactive

routing, length matching, multi-sheet schematics, configurable rules checker, and
differential routing. While you may not need to use some immediately, you will eventually
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use them. You can add new features through third-party add-ons. The external autorouter
is one example. The ability to automate workflows and extend capabilities through Python
scripts is another.

Benefit 5: KiCad is continually improved. Since the publication of KiCad 6, I have seen
a very aggressive and successfully implemented roadmap. When I wrote the first version
of this book (August 2018), KiCad 5 was about one month old. Three years later, KiCad 6
was delivered with a new architecture and features that set the stage for KiCad’s future
development. I am updating this book in March 2024, and KiCad 8 was delivered on
schedule a couple of weeks ago, representing an evolution in the history of KiCad, built on
the success of KiCad 6. The roadmap ahead looks exciting indeed.

Benefit 6: KiCad’s clear separation of schematics and layout is a bonus to learning and
using it. Users of other PCB applications often find this confusing, but I believe that it is an
advantage. Schematic design and layout design are indeed two different things. Schematic
symbols can be associated with different footprints that depend on the project requirements.
You can use the schematic editor independently of the layout editor or in sync. I often
create schematic diagrams for my courses that I have no intention of 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.

Benefit 8: KiCad works anywhere. Whether you are a Mac, Windows, or Linux person,
you can use KiCad. I use it on all three platforms. I can take my KiCad project from the
Mac and continue working on Windows 10 or 11 without worrying about any software or
project file glitches. If you use a Mac computer with Apple silicon (such as the M1 and M2
processors), you can now use KiCad 7 natively on your computer instead of relying on the
emulation mode.

Benefit 9: KiCad is very configurable. You can assign your favourite keyboard hotkeys and
mapping, and with the mouse customisations, you can fully adapt it to your preferences.
With the additions of the plugin system and the Python API, extending your instance of
KiCad with the exact features you need (or writing them) will be possible.

Benefit 10: If you want to create analog circuits, you will be happy to know that KiCad
ships with SPICE. You can draw the schematic in Eeschema and simulate it in SPICE without
leaving KiCad. This integration first appeared in KiCad 5, improved over versions 6 and 7,
and looks amazing in KiCad 8 with additional simulation types and tighter integration with
the schematic editor.

Benefit 11: KiCad's release cycle was somewhat chaotic in the past. New major versions
would come out every two or three years, but no one knew beforehand. In the future, KiCad
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will operate in a yearly release cycle. This is good for two reasons: One is commercial users
who can now better predict how and when the software they depend on will change. Two,
as KiCad users, we can expect a reliable development schedule prioritising reliability. KiCad
is now mature enough to evolve predictably.

Benefit 12: KiCad is now a serious productivity tool for businesses. If you are an electronics
engineer, you can proudly list it in your resume. If you use it in your business, you can
contact the KiCad Services Corporation to customise the software to your requirements.
I am talking about deep customisation, not just changing the theme and the menu bars.
This means that KiCad can fit precisely with your business. As far as I know, no commercial
CAD application can do that. For the non-business users among us, we can expect many
of these business-led improvements to flow into future software versions in the tradition of
open-source software.

These are the twelve most important reasons I have chosen KiCad as my tool of choice for
designing PCBs. These reasons might not suit you, but I hope you will consider reading this
book before making your own decision.

I have been using KiCad since version 4. I have packed almost everything I have learned
as a KiCad user in this book. 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 four.

If you come from another PCB CAD tool and have experience designing PCBs, I ask that you
have an open mind. KiCad is most certainly very different from your current PCB tool. 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 infamous Borg
in Star Trek, ‘'resistance is futile”, in learning, like in so many other aspects of life, you are
better off if you go with the flow.

Let’s begin!
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Part 1: Introduction

1.1. What is a PCB?

As a child, I remember 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 to open anything electronic with a screw that fitted.

A record player, VCR, and radio were only a few of my “victims.” I am still surprised that
I didn't get electrocuted. At least I had the good sense to unplug the appliances from the
mains. Inside those devices, I found various wondrous things: resistors, transformers,
integrated circuits, coils, and power supplies.

Engineers had attached those things on small boards, like the one in Figure 1.1.1. This
purple board is an example of a printed circuit board, or PCB, for short.

 f@r mounting
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Figure 1.1.1: The top side of a printed circuit board.

Let’s look at the components of a PCB, what a PCB looks like, and the terminology we use.
The example PCB is one I made for one of my courses (Figure 1.1.1).

The PCB'’s top side is where we place the components. Sometimes, we can place components
on the bottom side, too.

Generally, there are two kinds of components: through-hole or surface-mounted. We can
attach through-hole components on the PCB by inserting the leads or the pins through
small holes and using a hot solder to hold them in place. In the example pictured in Figure
1.1.1, you can see several holes to insert the through-hole component pins. The holes
extend from the top side to the bottom side of the PCB and are plated with a conductive
material. This material is usually tin or gold, as in the case of the board in the image. We
use solder to attach and secure a component through its lead onto the pad surrounding the
hole (Figure 1.1.2).
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Figure 1.1.2: A through-hole component 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 1.1.3).

Figure 1.1.3: 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 helpful information about the board and its components. The graphics can include
logos, other decorations, and useful markings.
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Figure 1.1.4: The white letters and lines is the silkscreen print on this PCB.

In Figure 1.1.4, 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. The 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 they
don’t need to be tinned. You can use a screw with a nut and bolt on the other side to secure
the PCB inside a box.

Next are the tracks. In this example (Figure 1.1.5), they look red because of the color of
the masking chemical used by the manufacturer.

Figure 1.1.5: The bright red lines connecting the holes are tracks.

Tracks are made of copper and electrically connect pins or different parts of the board.
You can control the thickness of a track in your design. You can also refer to a “track” as
a “trace.”

Notice the small holes that have no pad around them? These are called ‘vias.” A via looks

like a hole but is not used to mount a component. A via allows a track to continue its
route in a different layer. If you're using PCBs with two or more layers, you can use vias to
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connect a track from any of the layers to any other. Vias are handy 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 complicated 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 1.1.6). The solder mask prevents bridges
because the solder cannot bond with it.

r 1-." ) h . . = T
Figure 1.1.6: A solder bridge like this one is a defect that a solder mask can prevent.

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

In Figure 1.1.7 you can see an example of the standard 1.6mm thick PCB.

Figure 1.1.7: This PCB has a thickness of 1.6mm, and is made of fiberglass.

Typically, PCBs are made of fibreglass. The typical thickness of the PCB is 1.6 millimetres.
In this close-up view of a PCB picture (Figure 1.1.8), you can see the holes for the through-
hole components. The holes for the through-hole components are larger along the edge of
the PCB. Notice that they are tined on the inside, electrically connecting the front and back.
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Figure 1.1.8: A closeup view of the top layer.

In Figure 1.1.8, 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 1.1.9 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.

Figure 1.1.9: Thermal relief connects a pad to a copper region.

In Figure 1.1.9, 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 make it easier to solder because the soldering heat won't dissipate into the
large copper area.

Figure 1.1.10 gives a different perspective that allows us to appreciate the thickness of the
tracks.
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L

Figure 1.1.10: The holes’ plating covers the hole’s inside 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 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 to reduce manufacturing costs.

.o | =

Figure 1.1.11: A detail of this example board at 200 times magnification.

The image in Figure 1.1.11 was taken at 200 times magnification. You can see a track that
connects two pads and the light that reflects off one side of the track.

1.2. The PCB design process
To design a printed circuit board, you must complete several steps, make decisions, and
iterate until you are satisfied with the result.

A printed circuit board is a physical device that takes time and money to manufacture.
It must be fit to perform its intended purpose and must be manufacturable. Therefore,
your design must be high-quality, safe, and possible to manufacture by your chosen
manufacturer.
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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. Apart from being an
engineering discipline, designing a PCB is also a form of art.

The PCB design process

« Designing a PCB involves:
= Several steps
* Decisions
= lteration
* The result should be
* Functional
= High quality

* Manufacturable

- Beautiful
Kicad Like a Pro 4e ech
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Figure 1.2.1: Some considerations of the PCB design process.

In this book, you will learn about the technical elements of designing a PCB in KiCad, but 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.

Knowing a few things about PCB manufacturing is useful as a designer of printed circuit
boards, though you surely do not need to be an expert. You need to know about the
capabilities of a PCB manufacturing facility to ensure that your design does not exceed
those capabilities and that your PCBs are manufacturable.

As a designer, you need to understand the design process and the design tools. To want
to design a 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. You will develop your unique design style
and process as you build your experience and skills.
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The Kicad design workflow

Layout design editor g Footprint editor
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Figure 1.2.2: KiCad is a suite of applications.
KiCad is not a single application. It is a suite of apps that work together to help you create
printed circuit boards. As a result, it is possible to customise the PCB design process to suit
your particular style and habits. But when you are just starting up, it is helpful to provide a
workflow that you can use as a model.
In Figure 1.2.2 you can see my KiCad PCB design workflow model. You can use it as it is
or modify it as you see fit. I distilled this workflow by drawing from my experience and
learning from other people’s best practices. I also tried to simplify this process and make it
suitable for people new to PCB design.
In this book, I will follow this PCB design workflow in all projects.
From a very high-level perspective, the PCB design workflow only has two major steps:
1. Step 1 is the schematic design using the schematic design editor (Eeschema);
2. Step 2 is the layout design using the layout editor (Pcbnew).
Once you have the layout design, you can export and manufacture it.
The schematic design step aims to capture information about the circuit that will be
implemented in the final PCB. Once you have a schematic design, you can use the layout

editor to create a version of the PCB. Remember, a schematic design can have many
different layouts.
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Figure 1.2.3: The KiCad layout file contains information about the physical PCB.

The KiCad layout file 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).

Let’s walk through the workflow now using the diagram in Figure 1.2.2 as an aid.

For the discussion that follows, keep in mind these definitions:

e A symbol is a symbolic representation of a real component in the schematic; it

represents a component’s function, not its physical appearance or location in
the final PCB.

o A footprint is a graphical depiction of a real component in the layout. It relates
directly to a real physical counterpart. It contains information about the real
component’s location and dimensions.

In this book, I will use the terms “symbols” and footprints according to the above definitions.
In KiCad, the process begins with the Layout Editor (or “Eeschema”), the schematic editor.
In the Layout editor, you create the electrical schematic that describes the circuit that will
eventually 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 you need doesn’t

exist in the library, you can search for it on the Internet or create it yourself with the help
of the schematic library editor.
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Running regular electrical rules checks helps to detect defects early. Eeschema has a built-
in checker utility for this purpose.

KiCad’s Layout editor (also “Pcbnew”) has its own validator, the Design Rules Checker.

These two utilities help produce PCBs with a low risk of containing design or electrical
defects.

Before you finish work in Eeschema and continue with the layout, you must associate the
schematic symbols with layout footprints.

In KiCad, many symbols come with preset symbols to footprint associations, but many
don’t, so you'll have to do this yourself. Also, remember that, as I said earlier, KiCad is very
flexible. Assigning many different footprints to the same schematic symbol (one at a time,
of course) is possible.

Once you have completed the Electrical Rules Check and symbol to footprint associations,
you can continue with a layout using the KiCad Layout design editor or Pcbnew.

You use the Layout editor to position the footprints on the sheet and connect the footprint
pins using wires. You'll also add an outline that marks the outer limit of the PCB and other
design elements like mounting holes, logos, and instructional text.

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

footprints overlapping.

Let’s look at some of the PCB terminology before we continue.

The Kicad design workflow

Symbot

Figure 1.2.4: Symbols and footprints.
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