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Please let us know.
Using any web browser, go to txplo.re/KiCadbook, and fill in the form.

We'll get it fixed right away.
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About the author

Dr. Peter Dalmaris is an educator, an electrical engineer, electronics
hobbyist, and 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.

As a Chief Tech Explorer since 2013 at Tech Explorations, the company
he founded in Sydney, Australia, Peter’s mission is to explore technology and
help educate the world.

Tech Explorations offers educational courses and Bootcamps for
electronics hobbyists, STEM students, and STEM teachers.

A lifelong learner, Peter’s core skill lies in explaining difficult concepts
through video and text. With over 15 years of tertiary teaching experience,
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,
has been a dominant driver that has guided his personal development and his
work through 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 the 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 (PCB) 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 to 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.

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
running on Linux Ubuntu. 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
were 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


scrivlnk://8ED4D689-25CC-4755-B185-93268D02B98F

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 two available resources are:

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

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

3. Chapters that didn't fit in the book. I was not able to fit everything I
wanted in this book. Deadlines and other constraints result in decisions about
what can go in and what can’t. I plan to post those chapters that didn’t make
it in the book, online.

From time to time, I will be posting additional KiCad resources and
updates in that page, so please check regularly. By subscribing to the Tech
Explorations email list, your’ll be sure to receive my regular book updates and
news. The subscription form is in the book page.


http://txplo.re/klpr
http://txplo.re/klpr

Part 1: A quick introduction to PCB
design



Part 2: A hands-on tour of KiCad with a
very simple project



Part 3: Design principles and basic
concepts



Part 4: Projects



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!



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 built and list of parts

10



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 uF capacitor, with a working voltage of at least 25V.
One 47 uF capacitor, also with a working voltage of at least 25V.

N G W

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
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:

11
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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 trough 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.

1 https:/ /en.wikipedia.org/wiki/Rectifier, visited December 11, 2018.

12
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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.

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.

13



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

2 The book page is at http:/ / txplo.re /klpp. Valid as of December 11, 2018.

14
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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.

3 Alibrary 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.

15



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.

16



18. Project 2: Design a small Raspberry Pi HAT

18.1. What you will built 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 DHT?22 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 18.3).

1 2 3 4 5 6
Outline and Place g Design Rules
Sy constraints components D Coppentii=hg; Check ]

1. Define size and shape 1. Critical traces 1. Run DRC
2. Define mounting holes 2. Power 2. Fix error
3. Define cutouts 0 3. Everything else q 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 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 18.2, you will iterate between steps 2
and 3.

17



Figure 18.3: 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 DHT22 sensor.
For the SMD components, I have chosen the 0805 package because that

SRR

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

18



computer and make any modifications you feel like.

19



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 sheets,
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/)

20



10

11

12

13
14
15

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

Resistor

12C 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

Conn_02x03_
Odd_Even

Conn_01x04_
Male

R
R

241.C1025

ATMEGA328
P-AU

DS13375+

Crystal

Crystal

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 built-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.

21
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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.

1 2
Arrange, . Electrical
Setup Symbols annotate, Rules Check Comments
- associate - = -

1. Add symbols to sheet Al Signas 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

CYPr 1. Arrange symbols in functional 1. Customise net names

: blocks :

: 2. Annotate symbols

. 3. Associate with footprints :

2. Page settings

Figure 19.2: The schematic design process.

1 2 3 5 6
Outline and Place . Design Rules
S constraints components Holite Copperiills Check

1. Define size and shape 1. Critical traces 1. Run DRC
2. Define mounting holes : 2. Power H 2. Fix error
3. Define cutouts A 3. Everything else = 3. Repeat DRC

1. Set grid . Place components on board 1. Create GND fill 1. Create Gerbers files

2. Set design rules . Arrange user interface components 2. Create V+ fill if 2. Verify Gerbers files
. Arrange in functional blocks necessary 3. Upload Gerbers to manufacturer
. 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.

22



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'".
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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 built-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 Snepada 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 Issues 2 Pull requests 1 Projects 0 Wiki Insights

An atomic parts library for Ki-Cad.

Branch: master v New pull request Create new file  Upload files  Find file |[WelZTR UL LT

Ben Hest up: dated data, correcte d one part Latest commit b6b4579 21 days ago
B digikey-footprints.pretty updated dat ne part 21 days ago

digikey-symbols updated dat: ne part 21 days ago

Merge bran
) .gitignore updated gitignore 3 months ago

9
g
g
23 days ago
g
LICENSE.md added license 9 months ago
g

README.md removed beta tag 2 months ago

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 "lib' 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.

<|> 4 @ Home Documents Kicad Libraries »
©  Recent Name
@ Home ‘ 3Dshapes o)
B Deskiop &
g Buttons Switches_THT pretty-mas

Documen .
- =
¥ Download:

(u]

R Music g freetronics kicad_librarymaster 3
@B  Pictures ) ) 3
o g Kicad_buildin_libraries -
@ Trash -

[l prettykicad-libs-master

<[>

Recent
Home
Desktop
Documents
Downloads
Music
Pictures

Videos

4 @ Home = Documents

Kicad LT digikey-kicad-library-master

Name

Home  Documents  Kicad Libraries digikey-kicad-library-maste®® digikey-symbols

g digikey-footprints.pretty

Recent Name

g digikeysymbols @ Home [l ¢k Addressable-specialty.dcm
[ | Desktop
g s dk_Addressable-Specialty.lib
D Documents
LICENSE.md BN oownloads Il <k Alarms Buzzers- -and-sirens. dem
o
READMEmd By Music dk_Alarms-Buzzers-and-sirens.lib
@ Pictures
~ . [l ¢k Automotive-Relays.dem
@  Trash dk_Automotive-Relays.lib
Kicad Project:
B KicedProjects Il ¢« satundem
+ | other Locations
dk_Balunlib

[l ¢k 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...

ol Librai

General Options
Icons Options

Set Language
Hotkeys Options

Save Project File...
Load Project File...

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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Libraries by Scope

GlobalLLibraries | project Specific Libraries

Symbol Libraries

File: /home/peter/.config/kicad/sym-lib-table

Active
1 EEEE
T & 4xxx_IEEE
T ~ 74xGXx
W4 Al & 74xx
5 |@ |74xx_IEEE
T & Amplifier_Audio
T & Amplifier_Buffer
8 | Amplifier_Current
T Amplifier_Difference
T & Amplifier_Instrumentation
11 | & Amplifier_Operational
12 1 & Amplifier_Video
13 | & Analog
| 1a | & Analog_ADC
? Analog_DAC
16 | & Analog_Switch
17 .i Audio
18 .ﬁ Battery_Management
.

Nickname

Append Library | | RemoveLibrary| | MoveUp |

|/home/peter/Documents/Kicad Libraries/Kicd
/home/peter/Documents/Kicad Libraries/Kice
/home/peter/Documents/Kicad Libraries/Kica
/home/peter/Documents/Kicad Libraries/Kice
/home/peter/Documents/Kicad Libraries/Kice
/home/peter/Documents/Kicad Libraries/Kica
/home/peter/Documents/Kicad Libraries/Kice
/home/peter/Documents/Kicad Libraries/Kica
/home/peter/Documents/Kicad Libraries/Kice
/home/peter/Documents/Kicad Libraries/Kicé
/home/peter/Documents/Kicad Libraries/Kice
/home/peter/Documents/Kicad Libraries/Kice
/home/peter/Documents/Kicad Libraries/Kice
/home/peter/Documents/Kicad Libraries/Kica
/home/peter/Documents/Kicad Libraries/Kicé
/home/peter/Documents/Kicad Libraries/Kica
/home/peter/Documents/Kicad Libraries/Kice
/home/peter/Documents/Kicad Libraries/Kice

TS P T S 7,
B

T T T e

| Move Down |

Browse Libraries.
N

Path Substitutions:

Environment Variable

Path Segment

1 |KICAD_SYMBOL_DIR
2 |KIPRJMOD

Jusr/share/kicad/library
/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 "lib' 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, cljck 'Open’.

Select Library .w

‘f‘ & Kicad Libraries | Kicad_buildin_libraries |klr.ad-symbols-master\

Places Name - Size Modified
Q search N 74xGxx.lib 38.7kB

@ Recently Used W 740 lib 159.8kB  18:13

& Custom libraries | ] 74xx_|EEE.lib 133.7kB  07/30/2018
& peter B 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
E— B Amplifier_Difference.lib 3.4kB 07/30/2018
= ; I Amplifier_Instrumentatio... 8.1kB  07/30/2018
[ Music B Amplifier Operationallib  43.1kB  07/30/2018
@ Fictires W Amplifier_video.lib 20kB  07/30/2018
i@Videos B Analog.lib 7.5kB  07/30/2018
[l Downloads

58.6 kB
51.0kB

I Analog_ADC.lib 07/30/2018

07/30/2018 |8

I Analog_DAC.lib

| Kicad symbol library files (*.lib) 2
| Open_|
Figure 20.5: Select all "lib' files.

Cancel

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
198 & 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
202 & 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
206 & 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
215 | @& dk Humidirv-Maisture-Sensors

Browse Libraries... | |Append Library

Path Substitutions:

Environment Variable
1 |KICAD_SYMBOL_DIR
2 |KIPRJMOD

/Jusr/share/kicad/library

Remove Library

Path Segment

/home/neter/Documents/Kicad | ibraries/diai™
»

Move Up Move Down

/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

v dk_Digital-Isolators
ADM3251EARWZ
ISO1540DR

¥ dk_Diodes-Bridge-Rectifiers
CD2320-B11000_Obsolete

KBP04G
MB6S
MB6S-TP

DF04M
IC RECT BRIDGE 400V 1.5A 4DIP
Key words: DFO4M-ND

Reference D?
Value DF04M -

v

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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fie. 2.2
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

Q Q Configure Paths... p!

N
W 0

L

m (31.5mils) — Aqd 3p Shapes Libraries Wizard...

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

Active Nickname

T (&8 Battery
T & Button_Switch_Keyboard
| 4 |@  |Button_Switch SMD
T ~ Button_Switch_THT
| 6 | & Buzzer_Beeper
7 | ~ Calibration_Scale
T3 & Capacitor_SMD
T [ Capacitor_Tantalum_SMD
10 & Capacitor_THT
1 |@ CMakeModules

12 & Connector
? ~ Connector_Audio

14 |& Connector_BarrelJack
? & Connector_Card

16 |& Connector Coaxial

| Browse Libraries... | | Append Library | |

Library Pal~

/home/peter/Documents/Kicad Libraries/freetronics_kicad_library-mas

/home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-{
/home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-{
/home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-{

/home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-{
/home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-{
/home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-f
/home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-{
/home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-f
/home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-{
/home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-{
/home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-{
/home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-{
/home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-{
/home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-f
/home/peter/Documents/Kicad Libraries/Kicad buildin libraries/kicad;l'

Remove Library Move Up | |Move Down| |Options Editor

Path Substitutions:

Environment Variable

Path Segment

/home/peter/Documents/Kicad projects/KLP2/Scrapbook project/sandbox_projecrti

1 |KIPRJIMOD
2 |[KISYS3DMOD Jusr/share/kicad/modules/packages3d/
3 |KISYSMOD Jusr/share/kicad/modules/

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

v [ Kicad Libraries
> [ 3Dshapes

v [ digikey-kicad-library-master
»> [ digikey-symbols
> [ src

[ pretty-kicad-libs-master
[ Test lib
v [ Kicad projects
> [ Custom libraries
> [ Custom libraries.pretty
> [@KLP2
» [ Peter's documents
»> [ Downloads
> [ Music
> [& Pictures
>
>

>
> [i Kicad_buildin_libraries
>
>

[ Public
[ Templates

| Allsupported library formats

N

[ freetronics_kicad_library-master

> [i Buttons_Switches_THT.pretty-master
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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.

Footprint Libraries x
Libraries by Scope

Global Libraries | project Specific Libraries
File: /home/peter/.config/kicad/fp-lib-table

Active Nickname Library Pal”
02 (& TETTITIGOIOTK JTIOTITE7 PETET/ DUTUNTETICS/ KICEU LIDT T TES/ KICaU_UUNUTIT_UDTaTTES/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-|
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-f
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-{
1M & TestPoint /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-{
12 | & Transformer_SMD /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-{
13 & Transformer_THT /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-f
114 |& Valve /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-{
aac LGz aciskoc hamelostec/Dacuments/Kicad Libeadies (icad buildio libcadies /i
116 [ y-fo K e

sy s

Browse Libraries...

Path Substitutions:

Environment Variable
1 |KIPRIMOD
2 |KISYS3DMOD
3 |KISYSMOD

Append Library

/home/peter/Documents/Kicad projects/KLP2/Scrapbook project/sandbox_project
/Jusr/share/kicad/modules/packages3d/
Jusr/share/kicad/modules/

Remove Library Move Up Move Down

Options Editor

Path Segment

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-footp h

File View Help
M«
Sensor_Pressure
Sensor_Voltage

Jpeter/D:

» Bleqoall

Cellular_Modem_NL-SW-LTE-GELS3-C
Cellular_Modem_NL-SW-LTE-TSVG

icad Libraries/digikey-kicad-library

ikey-footprints.pretty — 0 8

Socket DFN-10_2x2mm
Sources DFN-10_3x3mm
Symbol DFN-12-1EP_3x3mm

TerminalBlock DIP4_ W7.62mm
TerminalBlock_4Ucon DIP-6_W7.62mm
TerminalBlock_Dinkle DIP-8_W7.62mm
TerminalBlock_MetzConnect DIP-10_W10.16mm
TerminalBlock_Philmore DIP-14_W3mm
TerminalBlock_Phoenix DIP-16_W7.62mm
TerminalBlock_RND DIP-18_W7.62mm
TerminalBlock_TE-Connectivity DIP-20_W7.62mm
TerminalBlock WAGO DIP-28_W7.62mm
TestPoint DIP-40_W15.24mm
Transformer_SMD DisplayPort_2040210-1
Transformer_THT DisplayPort_Mini_2129320-3

Valve DO-35
Varistor DO-35_NK
digikey-footprints DO-41
freetronics_footprints (T ea— D
REF** etlistPath  BoardSide  Pads  Status  Rotation Footprint
DIP-4_W7.62mm 8 Front - 0.0 L
79.32  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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As you are now using local footprints, remember to regularly download
the latest version of the repository from GitHub, and repeat the process

Libraries by Scope

Global Libraries

Footprint Libraries

Project Specific Libraries

File: /home/peter/.config/kicad/fp-lib-table

Active
1
2 | &
3 | &
4 &
5 | &
6 &
7 &
8 &
9 &
10 &
1 |&
12 |&
13 |&
14 |&
15 |

Browse Libraries...

Nickname

Battery
Button_Switch_Keyboard
Button_Switch_SMD
Button_Switch_THT
Buzzer_Beeper
Calibration_Scale
Capacitor_SMD
Capacitor_Tantalum_SMD
Capacitor_THT
CMakeModules
Connector
Connector_Audio
Connector_BarrelJack
Connector Card

Path Substitutions:

Environment Variable

Append Library

Library Path

/home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-footprints-n
/home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-footprints-n
/home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-footprints-n
/home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-footprints-n
/home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-footprints-n
/home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-footprints-n
/home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-footprints-n
/home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-footprints-n
/home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-footprints-n
/home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-footprints-n
/home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-footprints-n
/home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-footprints-n
/home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-footprints-n
/home/peter/Documents/Kicad Libraries/Kicad buildin libraries/kicad—footprints—'n'

Remove Library Move Up Move Down | | Options Editor

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 b
Figure 22.1: These footprints are stored locally.
Library Browser — Capacitor_THT — /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-footprints-m... — 0O %

File View Help

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

REF**

CP_Axial_L30.0mm_D10.0mm_P35.00mm_Horizontal

Z1.98 X-2.540000 Y -17.780000

RO @ R0 Qlid-

CP_Axial_L10.0mm_D4.5mm_P15.1
CP_Axial_L10.0mm_D6.0mm_P15.1
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~

list Path Board Side

Net 3 Pads Status
28, 2018 Front &
dx -2.540000 dy-17.780000 dist 17.961 mm

Figure 22.2: Testing local footprints.

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 .1ib 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

J Global Libraries | project Specific Libraries

File: /home/peter/.config/kicad/sym-lib-table

Symbol Libraries

Active Nickname Library Path

T _ |/home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-sym

2 |& 4xxx_IEEE /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-symt
T & 74xGxx /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-symt
z3| & 74xx /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-symt
T =& 74xx_IEEE /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-symt
6 | = Amplifier_Audio /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-symt
T & 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
10 | & Amplifier_Instrumentation /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-symt
? & Amplifier_Operational /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-symt
T & Amplifier_Video /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-symt
T & Analog /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-symt
|14 | & Analog_ADC /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-symt
T & Analog_DAC /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-symt
Il Analog Switch

/home/peter/Documents/Kicad Libraries/Kicad buildin libraries/kicad-symt~
0

| Browse Libraries...| | Append Library| |RemoveLibrary | MoveUp | |MoveDown |

Path Substitutions:

Environment Variable

Path Segment ‘

1 |KICAD_SYMBOL_DIR
2 |KIPRJMOD

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) £3
Q[r \
Symbol Desd™ CF
R_Network03 3Res
R_Network03_US 3Res
R_Network04 4Res |Qﬁ IOﬁ
R_Network04_US 4Res
R_Network05 5Res
R_Network05_US 5Res
R_Network06 6Res J)

R_Network06_US

R
Resistor

Key words: r res resistor

6Res.
D

Reference R?
Value R

| Canmcel || 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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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

e a® &

v !j sandbox_project.pro = I o= =]
%li sandbox_project.kicad_pcb = ? . GBR
sandbox_project.sch Project name:

|Hﬁ‘i autosave-sandbox_project.kic /home/peter/Documents/Kicad projects/KLP2/Scrapbook project/sandbox_project/
il - - sandbox_project.pro
pcb_calculator opened [pid=3380]

Figure 26.1:The calculator is available through the KiCad launcher window.

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 tracesy

Current: [1.0 A Trace width{l |0.300387 mm
Temperature rise: |10.0 degC Trace thickness: [0.035 mm
Conductor length: ‘zb mm = Cross-sectionarea: 0.0105135 mm X mm

Resistivity: [1.72e-8 e Resistance: 0.0490796  Ohm

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.

The controlling value is shown in bold. Trace width: |0.781437 i

The calculations are valid for currents up to 35A (external) or 17.5A (internal), jilaceltbicknessy) 0.035 mm

temperature rises up to 100 deg C, and widths of up to 400mil (10mm). nrt .

The formula, from IPC 2221, is Cross-sectionarea: 0.0273503 mm X mm
1= K*dT%% * (W*H)% 72 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.

At the top right corner of the calculator, there is a field where you can
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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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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.

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 course over the text, and type the 'E' shortcut (for
'Edit'). The Properties window in Figure 28.3 will appear.

40



Footprint Text Properties x

Footprint J1 (Barrel_Jack) orientation 0.0

Display: Style:

Ref 3
bl 2 Visible @® Normal

width: (mm): 1 ® InvisibE O ltalic
Height: (mm): 1 Orientation:

1 0.0
Thickness: (mm): |0.15 @ +90.0
Offset X: (mm): 5.75 -90.0

1) 180.0
Offset Y: (mm): 8.45

Other

Layer: WFsilks = .
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: Neurr . @ Lockpad
@ Front urface moun h ock pads
SiRack Virtual Lock Footprint
) Auto Place:
Rotation: Allow 90 degree rotation: Allow 180 degree rotation:
@® 0.0 0 0
1) +90.0
o 0 10 0 10
180.0 Local Settings:
P i : ; n
Other ad connection to zones Use zone setting =

Rotation (-360 to 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 'E.SilkS' 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).

22
©
'
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:
15 153.67 WFsilks Z | |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.
/ ©

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, and you can see in
Figure 28.8. Also, change the justification to 'Right'. You can reduce the text
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size by reducing the Width and Height to 1.0 mm.

Text Properties x
Text:
This is
sample
text|
width: (mm): Position X: (mm): Layer: Display:
1.5 164.592 WFsilks s | Normal 3
Height: (mm): PositionY: (mm): Style: Justification:
1.5 155.194 Normal 2 | | 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.
7

[

Figure 28.8: 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 28.9.

Figure 28.9: Added a box around the text.

In 3D, the board looks like the example in Figure 28.10.

Figure 28.10: Added a box around the text, in 3D.

Now, let’s say that you'd like to print the same text and box in the
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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 28.11).

Text Properties x
Text:
This is
sample
text|
width: (mm): Position X: (mm): § Layer: Display:
15 164.592 HB.silks 2 | | Mirrored 2
Height: (mm): Position Y: (mm): ~ Style: JusMcatlon:
1.5 155.194 Normal 2 | | Right

Thickness: (mm): Orientation (deg):
0.3 0.0

cancel | [NOKIIN
Figure 28.11: 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 28.12).

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: |lB.silks = I
End pointY: |151.638 mm

Cancel OK [}

Figure 28.12: Moving the line to the bottom silkscreen.

You can see the result and its 3D representation in Figure 28.12.

Figure 28.12: 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.

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 to the height to be proportional to the width. In
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Figure 29.<$n#figure: P5_Bitmap_to_Component_Converter_tool>, 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 of 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 m across is still fine for the
available space so I left the resolution at 2500 DPI.

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

@) chema (Lib file)

| @ Pcbnew (.kicad_mod file)

Postscript (.ps file)

Logo for title block (.kicad_wks file)

BLad{/ White Threshold

t 4 7
0 100

Negative

User layer Eco1

User layer Eco2

/“°me/99‘ef/0“k};°ipg;“;: ‘02“9“°; ofl:)ﬁz 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 project,
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 in 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 'E.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
‘M@= Baad @ -
Package_TO_SOT_THT
Potentiometer_SMD o S 3
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

TerminalBlo

BoardSide  Pads  Status  Rotation  Attributes  Footprint
Front o = 0 N na ProjectLibraries:TechExplorationsLogo_2500DPI
Z8.04 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).

Figure 29.4: The logo appears on the front silkscreen.

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
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side (Figure 29.5).

Footprint Properties x
Properties | 3D Settings
Reference: Update Footprint from Library
G Edit
value: Change Footprint Footprint Editor
LOGO Edit cement Type: Move and Place:
Through hole Free
Board Side: - . ® Lockrad
L)
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:
5 Pad connection to zones: Use zone settin =
Other 9 =
Rotation (-360t0 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 z
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.
|/

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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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 [ 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 PEmode.
& | B.paste 0 not tent vias :
& Fsilks & Exclude PCB edge layer from other layers
@ B.Silks & Exclude pads from silkscreen Line width: (mm):
s 0.1
@ F.Mask ("] 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 A0
B.Fab @® 4.6, unitmm

[] Generate Gerber job file

[ Subtract soldermask from silkscreen

Output messages:
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... iGenerate Drill Filesn.‘ 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/ B
File Format: Drill Map File Format: Default Via Drill: R —
@® Excellon ) HPGL Use Netclass values Generate Drill File
Gerber X2 (experimental) @ PostScript Micro Vias Drill: Generate MapFile
Drill Units: Gerber i N
O Millimet ) DXF Holes Count: Generate Report File
MG Plated pads: 39—
@ Inches D) SVG Non-plated pads: 0 Close
5 Through vias: 2
Zeros Format: o7 Mi(l’cg\lias‘ 0
() Decimal Format Excellon Drill File Options: e ) -
— - > uried vias:
@ Suppress leading zeros MirrorY axis
*) Suppress trailing zeros & Minimal header
*) Keep zeros "] PTH and NPTH holes in single file
Precision:  2:4 il e
@ 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
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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 ||:] <!> |« kicadprojects KLP2  TEBreadboard PowerSupply | Gerber Q
Name Size @ | Recent Name ~ size
@ | Home TE_breadbaord_power_supply-8.Cu.gbl
[ Desktop
[l rescue-backup TE_breadbaord_power_supply-8.Mask.gbs
O | Documents
-
I8 & breadbaord_power_supptR cb Downloads TE_breadbaord_power_supply-8.Paste.gbp
11l ™ powsry v
TE_breadbaord_power_supply-rescue.lib B TE | i_power_supply-B.5ilks.gbo
@ | Pictures
S
TE_breadbaord_power_supply.pro P \iceos TE_breadbaord_power_supply-Edge.Cuts.gm1
sym-lib-table @ | Tash TE_breadbaord_power_supply-F.Cu.gtl
Kicad Projects
TE_breadbaord_power_supply.kicad_pcb-bak = 3 TE_breadbaord_power_supply-F.Mask.gts
+ | Other Locations
TE_breadbaord_power_supply-cache.lib TE_breadbaord_power_supply-F.Paste.gtp
ﬂ? TE_breadbaord_power_supply.sch TE_breadbaord_power_supply-F.Silks.gto
TE_breadbaord_power_supply.net B 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
in your project directory (or wherever your archiving utility stored it).

u rescue-backup OpenIn New Tab

Open In New Window (sl rescue-backup

= Open With Other Application
Ihﬁ. _autosave-TE_b #9 Gerber.zip 52.6K|
cut L3
\= Co G
%. TE_breadbaorc Py Iﬁ‘i _autosave-TE_breadbaord_power_supply.kicad_pcb
Moveto... ¥

TE_breadbaorq  COPY to-.. e __

Move to Trash

N
TEﬁbreadbaorc Rename...

Compress... K

sym-lib-table Local Network Share
Openin Terminal

TE_breadbaorc  Revert to Previous Version... 3
Properties

. IFiéurle 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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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 e
~AIRESET o 7
-5 lifiie 2 KRS
Z{TRIG 2 OUT |3
2 CONT ©

-

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.

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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{L’a TExAs
INSTRUMENTS
NAS555, NE5S55, SA555, SE555

www.ti.com SLFS022| -SEPTEMBER 1973 -REVISED SEPTEMBER 2014

6 Pin Configuration and Functions

NAS55...D OR P PACKAGE
SE555...FK PACKAGE
NES55..D, P, PS, OR PW PACKAGE (TOP VIEW)
SA555...D OR P PACKAGE
SE555...D, JG, OR P PACKAGE

(TOP VIEW)

GND[] 1 Y 8[1Vee

TRIG[] 2 7 [l DISCH

ouT[] 3 6] THRES

RESET[] 4 5[] CONT
NC — No internal connection
Pin Functions
PIN
D, P, PS,
e W, JG FK o DESCRIPTION
NO.
Controls comparator thresholds, Outputs 2/3 VCC, allows bypass capacitor
CONT 5 12 l[e] connection
DISCH 7 17 (2] Open collector output to discharge timing capacitor
GND 1 2 - Ground
1,3,4,6,8,
NC 194"1116. 113& - No internal connection
19

ouT 3 7 (e 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 voltage, 4.5 V to 16 V. (SES55 maxi is18V) |

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 =1 | &R n
OEE a® O l

v lj sandbox_project.pro ] I L-o
lilﬁi sandbox_project.kicad_pcb —-J:—: % i . t::]
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: [Petersf\ibrary&lib

Saveinfolder: | « | fill peter | Documents | Kicad projects | Custom libraries

Places Name
Q search
@ Recently Used
i custom libraries
4l peter
| @ 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

g

A prompt will ask you to select the library in which you will store the symbol.

name of the library you just created must be showing there.

Next, click on the 'Create new symbol' button in the top toolbar (

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
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.
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: NES555P_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: 40
& show pin number text
[ show pin name text

& Pinname inside

Cancel

(G )
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?
NE55%P_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.

u?
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 /
@ [Fill background

Cancel | [ OK [

L |
T

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.
OA-

Click on the pin button in the right toolbar (1 ). 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 X
p=
Pin name: Vce Name text size: |1.270 millimeters
Pin number: 8 Number text size: |1.270 millimeters
Orientation: |_1_Down 2 Length: 2.540 milimetecs
Pin Pos X: 0.000 millimeters
Electrical type: | =} Power input
PinPos Y: -6.350 millimeters
Graphic Style: |[—Line
Sharing: wT
Common to all units in symbol
Common to all body styles (DeMorgan) (@)
Schematic Properties: )
& visible =

Cancel OK

Figure 35.10:The Vcc pin propérties.

57



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.

NESaoP PDo Lig

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?

L RESETY
inpute-C TR
mput=2] TRIG

Bidire::ticnnal@i C O NT g
(U

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: [TRIGl ‘ Name text size: |1.270 millimeters
Pin number: 2 Number text size: |1.270 millimeters
Orientation:  |eRight = Length: 2.540 il
Pin Pos X: -10.160 millimeters
Electrical type: | =) input
PinPos Y: 1.270 millimeters

Graphic Style: |l—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.

59



NE555P_PD u?
mput RESETY
nouted THRES™ DISCH Hooutput
Inpute-=— TRI|G =
Bidiractional@i CONT = OUT p=eoutput
=
()
~

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

1 New Symbol.
Save Symbol
Import Symbol...
Export Symbol...

Properties...

Field value:
[nttp://www.ti.com/lit/ds/symlink/nesss.pdf |

Show Datasheet

size: 1.270 mm

X Position: |6. 350 mm

=" YPosition: -7.620 mm
Edit Spice model

Cancel 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
in the filter field (Figure 35.16). The library should appear. Double-click on the
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symbol to drop it on the sheet.

Choose Symbol (13145 items loaded) x

Q |peter

Symbol Desc
¥ Peter_symbols

| —

u

RESET » o |7
THRES £ DISCH
TRIG 2 OUuT o
ONT

v Peters_library
NE555P_PD

bbbl

-] NESS5P_PD

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

SIS Qelcaqa B

m u?

= NE555P_PD

b

| 2IRESET o 7
-5} mEEme Tis
ZITRIG 2 ouT |2
2| CONT ©

2!

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'.
u?
74HC595
|
SER O QAfS
1
+ aR

Move U?

Drag

S RC LR Orientation

‘ Properties | Edit Properties...
Duplicate Edit Value...
Delete Edit Reference...

E

EE
93]
Y
M
(=
o

59
pu)
()
500
A

OE Autoplace Fields Edit Footprint...
Open Documentation

50

Center
Zoom In
Zoom Out
Redraw View

Zoom to Fit
Zoom
Grid

Close

Figure 36.1: Edit an existing symbol with the Library Editor.

You have already used the Library Editor to create a new symbol in the
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'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
hEL >RFEP BT & O D-
) i B
n @ of
E Symbol
i 7@
Tf > 4xxX uz < T
AT T
TS > 4xxx_IEEE monel M SER S aA IS [l
fe? > 74xGxx AB oti-state @
E@ WG lnputsg SRCLK QC loTri—ﬂate .\
= ; ;’Zg moutY SRELR QD Feri-state .
74469 Qe i :1
2 5
74CBTLV3257 mudd RCLK B oto-ste NP
74CBTLV3861 input [A]3 Q6 Ploti-state _
74HC00 QH otri-state
»
74HC02 -~ 1a
74HC04 Z  QH' Peoutout
© ¥
74HC14 L
74HC240 74HC395 - @
74HC244 3
74HC245
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.

u? G 74HC595

InputC—LLl' SE R 8 j'—5®Tri—state
B 1.
—oTri—state

.

——oTri—state

ko

—oTri—state
i@ﬁi—%ta&k

5

—oTri—state

I BB,
Oy o >

mputee SRCLK

et SRCLR

—oTri—state

-

—-oTri—state

mputee RCLK

8—bit shift register

DD oD
SE NG En L S

13|—E

InputE=—= 9
——oQ0utput

GND
D
s

Figure 36.3: A slightly modified version of the build-in 74HC595 symbol.
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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 ( ), 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

Name: [7ahcs95_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

|l Custom librar...

il peter

B Desktop

® File System

"I Documents

i 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 [Z=E |
u o 744C595
Symbol Desc derr B aalts
> —History - Recently used items - 3 aptle
L ko 2
v 74hc595_PD SRCLK & QC ?
Fon
74HC595 8-bit serial in/out Shift Register B - = g[ﬁ) 5
=) o= =
74HCT595 8-bit serial in/out Shift Register 5 aF2e
7415595 8-bit serial in/out Shift Register Adrec =06 L6,
v 74xx o OH 7o
74HC595 8-bit serial in/out Shift Register AT o anl2
= o —o
> dk_Logic-Shift-Registers Lj
Q|
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 modifier 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:

74HCT595

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 fig shows the original symbol on the left, and the
modified version on the right (Figure 36.7).
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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. [ 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
o~
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.
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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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.
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.
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

DO a® &

v ij sandbox_project.pro = l L-o
%ﬁ sandbox_project.kicad_pcb —E‘—c’ :b- i . E:::] %
sandbox_project.sch Project name:

|$‘-’= sandbox_project_outline_with, /home/peter/Documents/Kicad projects/KLP2/Scrapbook £
fim - sandbhox 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... ,“'"i']}
) _CErisN
1\S r

Open Footprint...
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 7.62mm 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 'F.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 &
File Edit View Setup Place Inspect Tools Preferences Help
sss asy sas, any sy snm, S | @
Bhhi e &0E L9 B e oeaqde
Grid: 0.1270 mm (5.00mils) 2 || | Zoom Auto
Visibles

&

Layers |jtems

DIP-8_WZ.62mm_PD

M & F.Adhes
Il & B.Adhes
M & FPaste
I & B.Paste
F.Silks
W & Bsilks
M & F.Mmask
B & B.Mask

pHEd ¢ 1B QU 0
]
«

@ @ Fcrtyd

B @ B.Crtvd
> »E & Frab

W ¥ BFab

Footprint  Value TimeStamp  FootprintLayer  \gbe Uiape Length Angle @ (-6.350mm,3.683 mm)
REF** DIP-8_W7.62mm_PD  5BGBESFS F.Cu Drawing egment  0.000mm 0.0 @ (-6.350 mm,3.683 mm)

Z8.35 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
Bhhh = &EE b Heoaaqad@le

Grid: 0.1270mm (5.00mils) 2 ||| Zoom Auto

DIP-8_WZ/62mm_PD

Visibles
Layers |jtems

14

14

W & F.Adhes
B & B.Adhes
M & F.Paste
I & B.Paste
M & Fsilks
M & 8silks
M & F.Mask
B & B.Mask
Oo&

1~

1™

o

(m]~g

1

D& Fcrtyd
B & B.Crtvd
2> Il & F.Fab
M & B.Fab

"L PIol K4

Footprint  Value esta Footprint Layer "B/e Woe Length Angle @ (-6.350mm,3.683 mm)
F.Cu T

REF** DIP-8_W7.62mm_PD awing Segment 6.604 mm 0.0 @ (0.254 mm,3.683 mm)
z835 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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Footprint Value TimeSta Footprint Layer Type Shapg Length Angle
REF** DIP-8_W7.62mm_PD 5B6BESF5 F.Cu 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 ( @
1. Move the pad to the top left of the outline.
2. Align the crosshair centre exactly on the vertical line, around 1

). Follow these steps:

mm from the corner.
3. Press the space bar to zero the dx, dy and dist values of the status
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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 than a wider footprint.

5. Ensure that dx is still at 0.63 mm and click to commit the pad in
pace. 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) 2 Zoom Auto

i - L
% DIP-8_WZ.62mm_PD 5
= )
2 ®
@ )
T T
= T

.

REF** ) Netlist Pat Board Side Pads Status Rotat A F
DIP-8_W7.62mm_PD Au 3 Front . N

Figure 79: The firstpad s 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 processes until you have all four pads on the left of
the footprint’s outline.
When you place pad 4 in position, you must mouse the mouse across to
the other side of the outline. To ensure that pad 5 is exactly horizontally across



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

&

DIP-8_WZ1.6Z2mm_PD

2Ed & 1B QU0

REF** : Ne P: Board Side Pads Status R A Fi
DIP-8_W7.62mm_PD 201 Front . N 3 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_WZ.62mm_PD

2EH &V JIQUIO 7|

. v
REE:S e Ne Pat Board Side Pads Status R e Fc
DIP-8_W7.62mm_PD Au 2 Front & 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
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.
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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

Front side

Pad number: 1 Hole shape:
£l Sliaula Rotation: 0.0

Net name: Hole size X: |0.762 mm

Pad type: Through-hole = Hole size Y: mm

Shape: Rectangular 2 Layers

Position X: -8.382 mm Copper: |Allcopper layers 2
Position Y: 2.794 mm  Technicallayers

F.Adhes
Size X: 1.524 mm

B.Adhes
SizeY: 1.524 mm

F.Paste
Orientation: 0 | deg BPaste

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 (‘'E.CrtYd') where you will
create the outline of the boundary for the footprint. From the Layer Manager,
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
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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
sss aay @ss P s, J | @
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O

LI~
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(=]~

(=]~

L1

&= »[O @ F.crtyd
B & B.Crtyd
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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 1.
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
('ESilkS') 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
lines to mark the outline of the IC on the board, like in the example of Figure
37.15.
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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
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
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".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

d san o
Ehhi g ioidis - e
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

I® Pictures
i@ videos

KiCad footprint files (*.kicad_mod)

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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108 & TerminalBlock_RND /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-f
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13 | & Transformer_THT /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-f
114 & Valve /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-f
115 |& Varistor /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-f

| thr Rocument Kicad | ibrar :im ghm kicad.librany
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Environment Variable

Append Library
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Path Segment
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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).
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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

$ 06 R @R oo @ &lE e muew :|HE

Track: 0.250 mm (9.84 mils) * 2 || Via: 0.80 mm (31.5 mils)/ 0.40 mm (15.7 mils) * 2 % Grid: 1.2700 mm (50.00 mils) 2 Zoom A 3

Layers Manager
Layers |jtems

»M & F.Cu
H & B.Cu
M & F.Adhes
I & B.Adhes
M ¥ F.Paste
Il & B.Paste
M & Fsilks
M & Bsilks
M & F.Mask
I & B.Mask
[ & Dwgs.User
B & Cmts.User
B & Eco1.User
[ & Eco2.User
[H & Edge.Cuts
M & Margin
O & F.crtyd
& B.Crtyd
& F.Fab
M ¥ B.Fab

o =

R JQUINE e r

1
z8.77 X 58.420000 Y 119.380000 dx 58.420000 dy 119.380000 dist 132.908 mm

Figure 37.22: Your new footprint in the Pcbnew sheet.

Pads Vias Track Segments Nodes Nets Unrouted
0 0

20 1

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.

80



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

EBRhQ g 00E Fo+ Q0 w2

Grid: 0.1270 mm (5.00 mils) 2 Zoom 8.46 > 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

K4 <« | il peter || Documents | Kicad Libraries | digikey-kicad-library-master | digikey-footprints.pretty

Places Name 4 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
=Rl ™ LED _3mm_Radial.xkicad_mod - 1.4kB l 06/24/2018 |
4 peter LED_Smm_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
8 Documents LED_Breakout_Parallax_wWs2812B.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 & VI 6180 kicad mod 2 RkR 06/24/2018 |~

KiCad footprint files (*.kicad_mod) S
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.
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,
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 Clearance and Settings | Custom Shape Primitives
Parent Footprint Orientatio
Pad ber: 1 Hole shape: L
ad number: Pe: | Circular Rotation: 0.0
Net name: Hole size x: [0.§] I | mm
Pad type: Through-hole = Hole size Y: mm
Shape: Rectangular = Layers
Position X: 254 mm Copper: |Allcopper layers 2
Position Y: 0 mm Technical layers:
. F.Adhes
Size X: 2 mm
B.Adhes
SizeY: 2 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 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.
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Footprint Editor — Buzzer_Beeper — /home/peter/Documents/Kicad Libraries/Kicad_buildin_libraries/kicad-footprint... - O

File Edit View Setup Place Inspect Tools Preferences Help

ERhR ¢ 00 204 L0 2o e
Grid: 0.1270 mm (5.00 mils) 2 Zoom 13.75
- Visibles
it N
% Layers |jtems
: © amw
- ~ me
mm Il & F.Adhes
— @ B & B.Adhes
N °\ M & F.Paste
@ " B & B.Paste
i D »Hl & F.silks
b14 T M & B.silks
b; M & F.Mask
i &  m@smask
[ O&
¥ mg
i me
% 0&
&
1)
O & F.Crtyd
& B.Crtyd
B & F.rab
I & B.Fab
REF** Last Change Netlist Path Board Side Pads Status Rotation Attributes Footprint
LED_3mm_Radial Aug 09, 201 Front 2 . 0.( Norma LED_3mm_R

Z13.75 X-S.§34000 Y -4.826000 dx -5.334000 dy-4.826000 dist 7.193 mm

Figure 39.4: The modified footprint.

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_Bmm_Radial_Plel(ad_mod \

Saveinfolder: | « || i 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
[ Custom librar...

4 peter

@ Desktop

® File System

I8 Documents

i Music

[m] Pictures

i@ Vvideos

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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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

G H |
Quantity Per Datasheet  Category  §

X03_P2.54
_1x04_P2.541

1u 10 Resistor R R1 3300hm R_0805_2012Metric_Pad1.15x1.40mm_HandSolder

12 11 12€ Serial EEPROM, 1024Kb, DIP-8/SOIC-8/TSSOP-8/DFN-8 241C1025 U1U3  24LC1025 SOU-8_5.3x5.3mm_P1.27mm

13 12 1C MCU 8BIT 32KB FLASH 32TQFP ATMEGA328 U4 ATMEGA328P-AU TQFP-32_7x7mm

1 13 DS13375+ U2 DS13375+ 50-8_5.3x6.2mm_P1.27mm

15 14 Two pin crystal Crystal Y2 16 MHz Crystal_SMD_5032-2Pin_5.0x3.2mm_HandSoldering

16 15 Two pin crystal Crystal v1 Crystal 32768kHz _ Crystal_SMD_MicroCrystal_CC7V-T1A-2Pin_3.2x1.5mm_HandSoldering

http://ww1.microchip.comj
http://www. Integrated Ci &

v e T[efea]e|e| e[ ]

22 | Component Groups: 15
23 | Component Count: Y
24 Fitted Components: 7
u 1
7
1
19/8/18
Mon 20 Aug 2018 05:35:07 PM PDT
projects/KLI VP extended y-powered_Arduino_with_Extended_EEPROM/Battery-powered_Arduino_with_Extended_EEPROM.sch
Eeschema 5.0.0-fee4fd166~ubuntu18.04.1

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.

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.
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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.

mm ?»‘ ;\:-:@ %‘Emg

Figure 41.2: The BoM button.

Plugin files: x

P4 < | i peter | Documents || Kicad projects | KLP2 | KiBoM-master

Places Name - Size Modified
Q search i bomlib 17:35
@ Recently Used i example 16:24
[ bin [ tests 16:24
4 peter [ _init_.py Obytes 16:24
i Desktop B KiBOM_CLI.py 49kB 1624
@ File System L] LICENSE.md 1.0kB  16:24
i’f Documents |1 README.md 18.6kB 16:24
& Music
I Pictures
I8 videos
|& Downloads
Files (*) 32
Cancel | SOPERNS

Figure 41.3: Navigate to the location of the KiBOM_CLI.py file.

Bill of Material 3
Plugins: Generate
KiBOM_CLI
Close
Help
| Add Plugin
Remove Plugin
Name:
KiBOM_CLI Edit Plugin File

Command line:
python "/home/peter/Documents/Kicad projects/KLP2/KiBoM-may

Plugin Information:
KiBOM - Bill of Materials generation for KiCad

Generate BOM in xml, csy, txt, tsv or html Formats.

- Components are automatically grouped into BoM rows
(grouping is configurable) =

Figure 41.4: The BoM plugin is installed.
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~

> 4 Kicad projects | KLP2 Battery-powere...tended EEPROM Battery-powere...nded_EEPROM )

© | Recent KiBoM-master x Battery-powered_Arduino_wit
@ | Home Name
[ Desktop g ArduinoClone-Gerber

[ Documents

- Battery-powered_Arduino_with_Extended_EEPROM_bom_1.csv.tmp
~  Downloads
dd  Music . Battery-powered_Arduino_with_Extended_EEPROM_bom_1.csv
B 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 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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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.

® 0@ &TEL i_power_supply.sch — / gle Drive...

TE_breadbaord_power_sup... X

U 1 1 5B459429
7 P 4000 3500
F @ "#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
! 4000 3500
1 0 () -1
$EndComp
Wire Wire Line
4000 3500 4000 3600
7 Wire Wire Line
4000 3600 3700 3600
Connection ~ 3700 3600
$Comp
L PWR_FLAG #FLG02
U 1 1 5B4596EF
P 3900 5225

E c " U 20AA E204 Ea AnA1
TE_breadbaord, h 11 LF UTF-8 Plain Te: + + [D2fies

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
project in this book, as it appears in the publicly-accessible repository on
Github.

L] futureshocked / KicadLikeAPro-Project-2-RaspberryPiFullStackHAT @ unwatch~ 1 *Star 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 [F2  8804c38 <>

3 futureshocked committed 3 days ago
Commits on Aug 18, 2018

Merge branch 'master' of github.com:futureshocked/KicadLikeAPro-Proje... - B 6sefbla <
B utureshocked committed on 18 Aug
Creats;README:mic Verified ~ [F = asoz6ac <>
B futureshocked committed on 18 Aug
[itial commlt Verified ~ [F  a93f3ar <>
B futureshocked committed on 18 Aug
Added Gerbers, completed project. B te2aa PR
B futureshocked committed on 18 Aug
Added text silkscreen pabels to the front. B ss6llle o

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 @ uUnwatch~> 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. E2  9229b4b <
3 futureshocked committed on 17 Aug
Extended a wire for clarity #2. E  cl2e998 <>
B futureshocked committed on 17 Aug
Extended a wire for clarity. B 533366f <
) futureshocked committed on 17 Aug
Named last few wires. F2  fa35827 <>
) futureshocked committed on 17 Aug
Replaced wires with net labels - & dd5d506 <>
3 utureshocked committed on 17 Aug
Replaced GND wires with GND symbol. EL  8dcdeb6 <
&)

B utureshocked committed on 17 Aug

Added PWR_FLG and Unconnected. A ameeaes

Figure 47.3: Part of the history of the schematic file on Github.

The numbers in the right side of each column are called 'commits'. Each
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number is an ID that refers to a commit. The full ID of a commit is a long
alphanumeric, like 'f0266d1343a446d068e874f46cf9cc29'. 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 EEEEE RPi FS HAT.sch View v
=

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 0 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.

SN

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 or other Debian operating systems use to terminal:
$ 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
these operations are also possible using the Git desktop app, if you prefer a
graphical user interface.
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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:
$ git log
commit 74cabdc120196a703eb71c2290f016fa3b4b65eb (HEAD —>
master)
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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 '2f77b7b68037436ed169797e9dbb8bd7678bd69%a".

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.

As Git is telling you, you are now in detached HEAD state. This simply
means that you have rewinded your project to an earlier time. The commit on
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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
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,
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and then merge their work into the main branch. This make 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 o

New gist

Wiki Insights Settings
9 9 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 f 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

* 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 | GG G T |

[ futureshocked / KicadLikeAPro-Project-Breadboard-Power-Supply @® Unwatch~ 1 * Star | 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 ™
8 utureshocked Merge branch ‘master' of github.com:futureshocked/KicadLikeAPro-Proje... Latest commit 30dfd14 5 minutes ago
m BACEE_Gerber Added gerber files for the two-layer board. 4 days ago
[E] 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
[E) BACEE.ses Autorouted 4-layer version. 4 days ago
[E) 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 computer 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 PSWESEIES)

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
Security Delete
SSH
Blocked users
Repositories
Organizations ) Delete
SSH
Saved replies
Applications
Ubuntu Kicad 5 virtual machine
P Fingerprint: 07:cf:5
e Delete

Developér:sattings 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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