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About this book

I wrote this book to help makers learn how to make their own printed circuit boards. No
prior experience is assumed or needed. I only expect that you have an interest in

electronics and you are at a stage in your learning journey where you wish to go beyond
the breadboard.

The software that I use to demonstrate the various PCB design concepts and techniques
is Kicad. Why Kicad? In short, because it is awesome! It is a PCB design software that is
used by thousands of professional and hobbyist makers around the world. It does
everything that a hobbyist would ever want to do with PCBs. It is open source, supported
by an active dedicated community of programmers, and is sponsored by some of the
world’s most respected science and engineering institutions. It is also free!

Its technical features, its price, and the benefits of open source are the reasons that I
believe that Kicad is the perfect PCB design software choice for any hobbyist maker.

Why write this book? I am glad you asked!

Kicad is also easy to learn, despite a reputation for the opposite. However, even though
Kicad’s own documentation is rich, it can be hard to follow and learn from, especially for
beginners. By writing this book, I wanted to give people a resource that makes learning
Kicad as easy as it is to actually use it. Based on three projects, you will progress through
concepts and techniques of increasing complexity, but without the stress.

The progress is gradual and gentle, and designed to minimise the frustration often
associated with learning complicated software. If you also enrol to the Kicad Like a Pro
video course (more information about this is available further down), you will also have
access to a discussion forum. You can use this forum to communicate with me and with
other students of the course, and ask questions. Learning in a community is so much
better!

Wishing you learning success!

Peter






Video course companion

This book is also available as a video course. The video course contains everything you
see in this book, in 72 lectures and over 8 hours of high-definition video.

Watch me design the PCB of the 3 projects from the start to completion, including the
PCB ordering process. Don’t miss any details, replay, fast forward and reverse.
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Learn Kicad Like a Pro with my detailed video course.

By enrolling to the video course, you also gain access to the discussion forum so that
you can interact with me and other students. Discuss Kicad topics, ask questions, offer
ideas. Access to the video course and its discussion forum is permanent.

As a reader of this book, you can enrol to the video course on txplore.com for the
special price of just $20 by using coupon code ebook. This represents a 20% discount over
the regular price. Or, simply click on this link to preview and purchase.


http://txplore.com
http://txplore.tv/courses/kicad-pro?product_id=77624&coupon_code=EBOOK20

Discussion forum and email list

If you have enrolled to the video course, you also receive access to the course discussion
forum. The discussion forum is a great resource to have when you are getting started. You
can use the discussion forum to ask question, or exchange ideas with other students.

Here’s a couple of examples of conversations from the Kicad Pro discussion forum:

Student asked a question in Lecture 29

Problem with redrawing board around capacitor

I have re-drawn the board several times and I get the following error with different
endpoint values depending on the accuracy of my drawing in the 3D view:

IO_ERROR: Unable to find the next boundary segment with an endpoint of (160.02
mm, 127 mm).

Edit Edge.Cuts perimeter graphics, making them contiguous polygons each.

from /build/kicad-TRMMEO0/kicad-4.0.1/kicad/pcbnew/specctra.cpp : ThrowlOError()
: line 144

Unable to calculate the board outlines.

Therefore use the board boundary box.

Can I ignore the error and proceed?

Thanks in advance

Answer by Peter Dalmaris

Hi Jeff, yes, you can ignore this, and confirm that your design is valid with
gerblook.org.

I know that you have tried to redraw the boundary a few times, so I’ll just say that I
also have this issue often when I try to make a change to an existing boundary. In most
cases, I have to completely remove the old boundary, zoom in to make the lines thick, then
redraw. It is annoying, but apart from the warning message in the 3-d view, it doesn’t



cause problems in making the board.

Student asked a question

What to do when i don’t have all devices library like a microcontrollers, capacitors and
S0 On.

Hi peter,

what could i do when i don’t have some libraries like a specific capacitor,
microcontroller 8051 and so on. How can i download or to load new libraries devices to
used.

regards.

RT

7 replies - Like - Following (3 followers) -

Answer by Peter Dalmaris

Hi RT, there are two basic options:

1. Make your own library parts, schematic or footprints

2. Google for parts that other people have made and import them to your library. This
is easy to do, but I will be adding a lecture on how to do this ASAP. I will try to do that
this week.

Student reply
Thank you peter.

Peter Dalmaris



Hi, just an update, I’'m uploading the lectures on third party libraries now to help you
with option #2.

Student reply

Thank you so much !!! peter.....

is a great section.

regards.

RT

Student reply

Hi, I saw your post. Try this: http://www.snapeda.com/parts/

Peter Dalmaris

Hi, wow! Got to spend some time browsing snapeda!

Student reply

Excellent!!!! thank you.
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PART ONE
About this course



Chapter 1: What is Kicad?

KiCad is a tool that makes it possible to design high-quality printed circuit boards. It is not
the only one, in fact there are many many other tools out there. Some are free, some are
very expensive, and each tool has its advantages over others.

Software tools that help people make printed circuit boards are often referred to as
“Electronic Automation Design” tools, or “EDA” for short.

If you want to make a printed circuit board, you don’t even have to use an EDA tool.
You can get by using just use a special conductive ink pen and draw a circuit on a sheet of

paper.

Or, you can use an Etch Resist Pen, something like a Sharpie pen or anything
permanent and water resistant will work, and hand-draw a circuit on a copper board.



These manual methods are good for simple circuits, but for most practical applications
they are far from ideal. So good design software and professional fabrication labs are the
essential friend of the serious maker.

There are many EDA tools. Popular tools include free and open source ones like
Fritzing, gEDA, KiCad, and FreePCB, and proprietary ones like Altium Designer, Design
Spark PCB, and Eagle.

All of these tools can be used to create at least 2-layer PCBs. The proprietary ones
typically include free versions that offer a limited set of features compared to their fully
licensed versions. In some cases, EDA tools offer circuit simulation on top of design.

Let’s focus on Kicad now.

KiCad is an open-source EDA tool that has been in development since 1992. By some
accounts, it is the most popular EDA tool in the world. Many well known and a lot more
unknown projects have been build with KiCad, which is a testament to the tool’s
professional-level capabilities.

KiCad is supported by a few important international organisations which contribute
towards its future in development resources. CERN, the European Organization for
Nuclear Research, is a core contributor to the project. The Raspberry Pi Foundation and
Arduino LLC have also made contributions.

Why learn it?

The ability to create a custom PCB is a core skill of an electronics enthusiast. Without
the ability to create a custom PCB, your breadboard-based projects are doomed to
oblivion. Learning how to use KiCad will make you a better maker because you will be
able to create custom PCBs for your best designs, and as a result you will ensure that they
realise their full potential.

Learning KiCad over alternatives in particular makes good sense. KiCad is a well
tested tool that has performed with excellence in many demanding projects. It’s
development is ongoing, with the support of many individuals and large organisations.
KiCad is here to stay, so your the effort you expend in learning it will not be wasted.

And did I mention that KiCad is free? It is perhaps the only fully-featured and



unrestricted EDA tool that is free. This must be worth something!

Ok, let’s spend a few minutes in the next lecture to explain how this course is
structured, and then we’ll get started with KiCad!



Chapter 2: The structure of this course

This course is designed to teach you how to use KiCad assuming no prior knowledge in
PCB design. My objective is to help you reach a high level of competency. Even though
you will not be able to design 16-layer super-dense and sophisticated PCBs without
several years of experience and study of advanced topics in electronics and physics in
addition to this course, you will be able to create any PCB that an Arduino or general
electronics enthusiast can dream of.

To achieve this, I have organized this course around three projects. With each project, I
introduce several new KiCad features and extend your skill set.

Project one is the simplest one, from a circuit point of view. Assuming that you have
no prior experience with PCB design, this is also the hardest project because I use it to
demonstrate the bulk of Kicad’s features. The circuit it self is simple so that it does not get
in your way of learning KiCad. It is a breakout for the nRF24 wireless module, familiar to
many Arduino enthusiasts, but often painful to work with because it is available as a
breadboard-unfriendly breakout. We will fix this problem by designing a breadboard-
friendly single-layer board.

In the second project, we will look at a slightly more complicated circuit. The circuit is
a seven-segment display driven by a shift register integrated circuit. This circuit will give
us the opportunity to explore additional KiCad capabilities. We will create a two-layer
PCB on which through-hole components will be mounted, and interconnect the layers with
vias.

In the third project, we will reuse all of the skills and features from the first two project
to create a more complicated PCB. The circuit you will build will contain 16 LEDs driven
by two shift register ICs. All of the components on this PCB will be surface-mounted,



something that gives designers an advantage that helps in reducing the total space required
for the board, improving the layout of the component.

If you are thinking of launching a Kickstarter campaign, then surface mounted
components will also reduce the mass-manufacturing costs of your amazing gadget!

Towards the end of the book of the course, I have added chapters to show you how to
import third-party libraries to your Kicad installation, and how to use hierarchical sheets
to deal with large and complicated schematics.






PART TWO
Kicad basics



Chapter 3: What is this part

In this introductory section of the book, first I will help you setup KiCad on your
computer and show you where to find help for when you need it.

Then, I will discuss the basic components and terminology of PCBs.

I will spend a few minutes talking about Kicad’s PCB design process, which is worth
watching even if you have experience in designing PCBs on other CAD systems because
KiCad has a reputation of being different.

Finally, I will talk about fabrication and give you some examples of how and where
you can have your PCBs manufactured.



Chapter 4: Installation on Windows

In this chapter, we’ll install KiCad on Windows.

To do this, you will need to use your web browser and navigate to http://kicad-
pcb.org/download/.
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The main Kicad download page, at http://kicad-pcb.org/download

KiCad comes precompiled for a variety of operating systems, so all the major
operating systems are supported. But if you prefer, you can even download the source
code and compile it yourself. In this chapter, I’ll be showing you how to install KiCad on
Windows.


http://kicad-pcb.org/download

Navigate to the Windows branch by clicking on the Windows logo in the download
page, at http://kicad-pcb.org/download/windows.
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Download the Windows installation file from, at http://kicad-
pcb.org/download/windows

You have the option to download the most recent build which is preferable for any new
designs that you make. Let’s download the most recent build. The latest one is at the
bottom of this list. I am using a 64bit version of Windows 10, so I'm going to go for the
very last option to download. Choose yours based on your version of Windows.

Tech™
Exploratio



http://kicad-pcb.org/download/windows
http://kicad-pcb.org/download/windows

Download the latest Windows installation file from, at http://downloads.kicad-
pcb.org/windows

This download is 192 megabytes in size. I’'m going to let this download complete,
come back in a few minutes, and continue...

A few minutes later the download is complete. Find your installation file in your
downloads folder. In this screenshot, you can see mine on the Desktop.

The Kicad Windows installation file on my desktop

Let’s start the installation process. Double click on the file, and accept the prompt.
Click “Yes” to proceed.


http://downloads.kicad-pcb.org/windows
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Also accept the setup Welcome dialog box. Click on Next to continue.

Welcome lo KiCad r6154 4636d8d
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Accept the Setup Welcome dialog box.

In the component chooser, I recommend including all of the available components.
Click on Next to continue.
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Select components to install;
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I recommend that you include all available components to your Kicad setup.

Next, the Setup Wizard will ask you for the installation location. You can simply
accept the suggested location and click on Next.

ik ad r5154.4636d8d Setug
EC I Choose Install Location

Setup will install K3Cad r6154. 46 36d8d in the followang folder. To instal
chck Browse and select another folder. Cliick Instal to start the installation

Destination Folder

Space required: 909, 0MB

Space avaiable: 31.9GB

Specify the installation location. The default location is fine in most cases.

The installation process will begin, and the status information will be shown in the
Installing window. Let it finish, and then click on Next to continue.
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The installation process is shows in the Installing window

Even though I am not covering Wings3D in this book, I think you should still install
this feature. With Wings3D you can create 3D object models for your designs. It is a nice
way to visualize your design will look like eventually before you have manufactured it
and installed all the components on it. Check the box and click Finish.

Compleling KiCad r6154 4636d8d
Selup

Wings3D allows you to visualise your designs in 3D.

All right, so KiCad installation is complete.
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The Kicad shortcut on my desktop

In the next chapter I’ll explain how to install Kicad on Mac OS X. If this is not
something that interests you, feel free to skip it and go straight to the chapter titled “Kicad
main components”, where I’ll give you an overview of the most important components
that come with KiCad.



Chapter 5: Installation on Mac OS X

In this chapter, we’ll install KiCad on the Mac. There is KiCad support for many other
operating systems as well, including downloading the source code and compiling from the
source code if you know how to do that. Here, we’ll keep it simple and install the already
compiled version.

Let’s go into the Mac OS X branch, and there are two types of downloads that you can
do; the recent builds and you can build from source.
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Download the Kicad installation files for Mac OS X from http://kicad-
pcb.org/download/osx

As far as the recent build is concerned, there’s a slight difference to how this works for


http://kicad-pcb

Windows. There are two big files you can download. The first one is KiCad.dmg and the
second one is KiCad-extras.dmg. The first file contains KiCad itself, documentation, the
schematic symbols, and some templates, but it doesn’t contain any footprints. So you’ll be
getting the footprints from the Kicad GitHub repository. To do that, you obviously need a
live Internet connection. If you find yourself working offline, like traveling on a train or a
bus, like I find myself sometimes doing, then you will also need to download KiCad-
extras.dmg and this contains the footprints that you can use offline.

kicad-p6l32.20150830-051556 .dmg 29-hug-2015 21:22 202271547
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kicad-extras,. 20150823-051633 . dmg 22-Aug-2015 21:16 221090771
kicad-pxtras.20]150824-03535]1 .dmag 23-Aug-2015 19151 221076992
kElcad-extras, 20150826-035404 . dmag 25=-Aog=-2015 19:51 221077759
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kicad-oxtras,20150901-03541]1 .dmg Jl-Aug-2015 19:51 221308540
kicad-oxtrans,20150902-035400 .dmg 01-Sop-2015 19:51 221213423
kicod-oxtran,20150903-035420 . dmg 02-Sep-2015 19:52 221282002
kicad-oxtron,20150804-051039 dmg 03-Sep-2015 21:15 221284738
kicad-x6109,20150821-035147..dmg 20-Aug-2015 19:58 202313032
kicad-r6l12.20150832-0352319 .dmg 21-Aug-2015 19:58 202296965
kicad-p6112.201500823-051519 .dmg 22-MAug-2015 21:25 2022971328
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Download the files for Max OS X from http://downloads.kicad-pcb.org/osx/

Let’s download both files. Go to http://downloads.kicad-pcb.org/osx/ and scroll to the
bottom. This is where you will find the latest version of the installers. At the time I wrote
this book, the latest version was KiCad r6154, so I downloaded the file titled “kicad-
r6154.20150904-051736.dmg”. You should download the latest version available at the
time you read this.

Next, download the extras installer. At the time of writing this, the latest extras
installer was the file titled “kicad-extras.20150904-051839.dmg”.

When the download is finished, you will have two files.
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The installation files for Kicad on Mac OS X

You should have the main KiCad installation file, and the extras file. I will not install
the extras now, prefer to access the GitHub repository for all the library files and just be
able that way to get the latest. If at some point, I’ll be doing a lot of design work offline,
then I will go ahead and install this file as well.
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The installation archive contains two folders that must be copied to two locations

To install Kicad, we follow a process familiar to Mac users. Double click on the “dmg”
archive. In the archive, there are two things that you need to copy. First, the KiCad folder
goes into the applications folder, and then the other KiCad folder into Applications
Support. Drag and drop as the arrows show, one at a time. Copying into the Application



Support directory will require authentication. That’s all you have to do, Kicad is now
installed on your Mac!

Let’s start KiCad. You can use Spotlight Search to find Kicad, or just look for the
Kicad icon in the Applications folder. Double click on the icon to launch the application. It
looks exactly same as its Windows and Linux counterpart.
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Kicad on the Mac looks identical to Kicad on Windows or Linux

For the remainder of this book, I will be using the Windows version of KiCad, since
I’m more used to it. But you’ll be able to follow along regardless of whether using a Mac,
Windows, or Linux version of KiCad. All the features are the same across platforms. Just
remember that you will get the best experience with a two-button mouse instead of the
Apple Magic Mouse, and to use the Command key when I make a reference to the Control

key on Windows.



Chapter 6: Kicad main components

Now that you have KiCad installed, lets go inside and have a look at its main
components.

Double click on the KiCad icon to start the program.
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Kicad and its components

This is the main window in KiCad. It gives you access to the various applications that
come with it. On the left side, the left pane, you will find the project pane. The project pan
contains the files and directories that make up your project. If you have just installed
KiCad, then this area will be empty.

Now, let’s concentrate on the eight large buttons on the right side of the project pane.
These are the buttons that give you access to the applications that come with KiCad.

The first one is the schematic editor, EEschema. This allows you to create schematics
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A view of the schematic editor, Eeschema

A schematic is a graphical representation of a circuit, it’s a symbolic representation of
a circuit. In KiCad we always start the process of designing a PCB with the schematic.
Through the schematic we let KiCad know what the components are that make up our
project and what are the various connections and component value, description, and so
on.

The next most important application that is part of KiCad is PcbNew. PcbNew is the
PCB layout editor. PcbNew allows us take the information that we created inside
EEschema and convert it into an actual Pcb that contains footprints of components and
tracks that connect the various panes of those components together and many other bits
and pieces that make up the Pcb and it looks like this. The EEschema and the PcbNew
components are the two most important components in KiCad.
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A view of Pcbnew, the Kicab layout editor

There’s a few others that are supporting, for example this one here, it’s the schematic
Library Editor. You can use the Library Editor to manage component libraries. You can
create your own components, or import libraries created by other people. Components are
the parts representing real life components that you insert in a schematic design.

The PCB Footprint Editor is another helpful application that allows you to create
footprints that you can’t find in the footprint library. Or, perhaps you have a component
with a footprint that exists in the Footprint Editor and you’d like to make a small change
to it, so again you’ll be using the PCB Footprint Editor application to do that.

There is this application called GerbView. GerbView is an application that gives you a
view of a set of files that are exported from Pcbnew. These are the files that you will give
to the PCB manufacturer to make the actual PCB. Before you do that, you’d like to inspect
these exported files visually. To do that you’ll GerbView. I’ll show you how that works
later plus we’ll also going to be using a third party Gerber file viewer that I find very
useful because it also checks for errors in your Gerber files.
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A view of GerbView, the build-in Gerber file viewer

Next, there is a little application called Bitmap 2 Component. This allows you to
convert an image into a footprint so that you can put it on your PCB. Let’s say for
example, that you have a nice image like a logo for your company perhaps, or even a
graphic that you like to put on your PCBs. To do this, you need to convert the graphic into
a footprint using Bitmap 2 Component.
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Bitmap2Component allows you to convert a graphic into a decorative footprint

Next, we’ve got a bunch of calculators in a small application called PCB Calculator.
We will use the PCB Calculator to calculate the width of a track for power tracks and it
can also be used to do a bunch of other calculations. It’s a very handy tool.
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The PCB calculator contains various calculators, including one for calculating
optimal track widths

Finally, we’ve got the Pi Editor, which is the worksheet layout editor. This allows you
to make changes to the way that the schematic worksheet looks like. I’m not going to be
using this tool at all because I like the schematic worksheet the way it is anyway but it is
here if you need to use it.
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With the PI Editor, you can change the information section of the Schematic sheet

These are the main components. There’s a few other things that are good to know. For
example, from the Preferences menu you can access the Kicad Paths editor, from where
you can configure paths.
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In the Kicad Path Configuration window you can specify the path to the online
repository for footprints and schematics, among other things.

You can see that we’ve got access to GitHub.com/KiCad. This is the online location
where footprints and schematic components are stored and where your Kicad installation
will retrieve them from. You can, of course, choose to have these libraries installed on
your local machine, however you will then need to update them manually as they will
eventually be out of date.

In the next chapter we will talk a little bit about documentation and where you can go
for help if you need it.


http://github.com/KiCad

Chapter 7: Finding documentation

By some measures Kicad is the most popular PCB computer-aided design (CAD) open
source software in the world. As a result it is no accident that it’s got some of the best
documentation out there.

If you look for the documentation in the help menu in the main Kicad window, will
receive a message that the help file was not found.
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The documentation is not installed by default

The documentation wasn’t installed. And same thing happens when getting help. These
resources don’t come by default with Kicad and I actually rather go to the web to find help
instead of relying to the built-in help system that comes with the application.

To get help go to main Kicad website or http://kicad-pcb.org/help/documentation.
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The on-line documentation is at http://kicad-pcb.org/help/documentation

In this locations, there are several resources that you can access. There is a getting
started guide, which comes as a PDF document that you can download. There is also
documentation that can help you with the individual applications that come with Kicad,
and is available in several languages. There’s documentation for EEschema and PCB new
etc.

Some of the documentation in these resources may be a little bit old since the Kicad
developers release new versions and updates frequently. Therefore, keep in mind that
some of the documentation maybe lagging behind the software, especially for newly
released features. Having said that, the main features in Kicad don’t change much between
releases, so the documentation for these features is mostly valid.

We also have external tools — so going into that — and you can see various editors and
libraries and footprint, builders and 3D model generators and so on.
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External tools documentation at http://kicad-pcb.org/help/external-tools/

These are things that you will become interested in due course, as you become used to
the work flow in Kicad and familiarise yourself with the features of Kicad. Once you start
looking for more advanced capabilities remember to visit this page.

You can also look for tutorials. Kicad users have documented their experiences in the
form of tutorials that you can learn from.
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Tutorials, available at http://kicad-pcb.org/help/tutorials

So, apart from this book, these are great resources for you to keep in mind.

If you are looking for almost real-time help, it’s good to know that there is an Internet
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Relay Chat (IRC) channel, frequented by very experienced Kicad users.
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An IRC channel is available at http://kicad-pcb.org/community/irc/

This IRC channel is very useful in case you have a question and need a quick answer.
There’s always somebody to talk to in this channel, who can help you out.

There is a fairly large Kicad users group on Yahoo, counting almost 5,000 members.
To join it you must make an application, and you will be allowed access.
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The Kicad Yahoo group is available at http://groups.yahoo.com/neo/groups/kicad-
users/

This group contains a lot of very interesting conversations that can help you with a lot
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of problems.

Another very nice resource is the documentation for the various file formats that Kicad
uses. As you had a glimpse of earlier back in the main window of Kicad, you see that
there are a lot of files that are exported and created by Kicad and you will need to figure
out what each one of those files is eventually.
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Documentation for Kicad’s file formats is available at http://kicad-
pcb.org/help/file-formats/

Here you will learn, for example that a “.pro” file is the project file that contains
overall project information. There are schematic “.sch” files, “.lib” library files, “.mod”
for footprints and so on.

In the next chapter we will have a look at the printed circuit board, and discuss what a
PCB is, it’s features and components.


http://kicad-pcb

Chapter 8: What is a Printed Circuit Board?

Let’s have a look at the components of a PCB and what a PCB looks like and the
terminology that we use. So let’s all have a look at a PCB I made earlier. Here it is:

Silkscreen
for markings
and

Pags for decorations
Seirface mounted

gcomponents

Pads for
through-hole
components

. Jrack (or fze /r f
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The top side of a PCB

I made this one at oshpark.com. The top side of the PCB is the side where where we
place the components. You can place components on the bottom side too, however this is
unusual.

In general, we’ve got two kinds of components: through hole or surface mounted
components. Through hole components, are attached on the PCB via inserting the leads or
the pins through small holes. In the example pictured, we’ve got lots of holes into which
the through-hole component pins are inserted. The holes extends from the topside to the
bottom side of the PCB with, and are plated with a conductive material, like tin, or in this


http://oshpark.com

case, gold. We use solder to attach and secure a component through its lead onto the pad
that is surrounding the hole.

L

———

A through-hole component attached to a PCB

If you wish to attach a surface mounted component, then instead of holes, we just
attach the component onto the surface of the PCB on pads. We use just enough solder to
make the connection solid between the flat connector of the component and the flat pad on
the PCB.

A surface-mounted component attached to a PCB

Next, we’ve got the silkscreen. So we use silkscreen to add writings and graphics or
draw boxes and things like that onto the PCB just to mark the different areas where either
different things go or to provide some information for the user.



The white letters and lines is the silkscreen print on this PCB

You can see here that I’ve used boxes to delineate the location of various components.
I’ve used letters and numbers to indicate the names of the various pins and I’ve got
version numbers up there. It’s a good habit to have a name for the PCB and things of that
sort. Silkscreen goes on the top or the bottom of the PCB.

Sometimes, you may want to attach your PCB onto a surface just to secure it. To do
that, you simply add more holes. The same ones that you used for through hole component
is just that, in this case, you don’t attach them electrically to any of the other pins. You can
use a screw and a nut and bolt to the other side so that the PCB is secured inside, for
example, a box.

Next are the tracks. In this example, they look purple because of the mask used by
Oshpark.

The purple lines connecting the holes are tracks.



I’11 discuss the mask soon. The tracks are made of copper and they just connect pins
together, or different parts of the board. You can control how thick or thin a trace is. In
terms of terminology, some people called traces tracks or connections or traces, so it’s a
few different names around meaning the same thing. I will try to standardize and just use
the word track from now on.

Notice the small holes that have no pad around them? These are called “vias”. A via
looks like a hole, but are not meant to be used to mount a component on it. It’s meant to
switch a track from using one surface onto the other surface. If you’re using PCBs that
have more than two layers, like three, four, five, etc, then you can use vias to connect a
track from any one of the layers to any of the other layers. Via are very, very useful for
routing your tracks around the PCB.

The purple substance that you see on the PCB is called the solder mask. It’s meant to
do a couple of things. Firstly, it prevents the copper on the PCB from being oxidized over
time. Oxidisation of the copper tracks affects their conductivity in a negative way. So, the
solder mask prevents oxidization.

Another thing that the solder mask does is to make it easier to solder. On the pads, for
example, you can see you can see that the pads contain the solder mask can be very close
to each other. Sometimes, the distance between pads can be less than a millimetre.
Without the solder mask, it is easy to create bridges between those pads. The solder mask
prevents bridges because solder cannot bond with it.

Solder bridge:

A solder bridge like this one is a defect that solder mask helps in preventing



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

And here is the back side of the same PCB:

The bottom copper layer of the example PCB.

You can see that the holes from the through hole components extend to the back of the
PCB, and there’s also a pad there and that’s where the solder goes, that’s where the solder
attaches.

You can’t see any evidence here of the pads for the surface mounted components that
exist on the other side. Those pads don’t extend to the bottom side of the PCB.

If you turn the PCB to the side, you can see how thick it is:
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This PCB has a thickness of 1.6mm, and is made of fiberglass .

Typically, PCBs, at least the ones that you get from fabrication houses, are made of
fiber glass. In the case of OSH Park and that’s actually the case for most lower cost
fabrication houses, the width of the PCB is around 1.6 millimeters. I can do a zoom-in and
you can see the fiberglass in there.

In this microscope picture, you can see the holes for the through hole components:

Hole for through-hole
CL\ITIPO!'IE'FII'S

A microscope view of the top-layer

You can see a couple of vias and tracks, and of course you can also see solder mask
and you can see how in between the pads, there is solder mask.

In this close up, you can also see the detail of the silkscreens. The wide ink is what you
use in the silkscreen to do all your markings and your writings and it’s around—
depending on the manufacturer — it’s around 150 points per inch. It’s not as good as a good



laser printer, which goes to about 300 points per inch but it’s good enough. And for more
expensive manufacturers, you can actually go to very high definition and have very
elaborate and highly detailed markings and drawings done on your PCB.

This picture here is interesting because it shows you a way to connect grounds and
VCC pads to large areas of copper which is called the copper fill:

Thermal

Thermal relief connects a pad to a copper region

The arrow here shows you how this particular pad is connected to a large area of
copper around it via special connections called thermal relief. Through thermal reliefs,
you can both have an electrical connectivity between the pad and its surrounding copper
that can carry current to other parts of the board.

Here’s another nice view of the front of the PCB:



Notice how the plating of the holes covers the inside of the hole, and connects that
front end with the back end.

This one, gives you a way to also appreciate the thickness of the tracks. Notice, for
example, the short track that connects the two reset holes (RST). The light that is reflected
of the side of the track gives you an idea of the thickness of that copper which is covered
by the purple solder mask.

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

Instead of gold plating, you can also use tin plating and that’s a cheaper way of
creating pads and several manufacturers also support, actually, most manufacturers seem
to support tin plating.

Finally, this is the last close up image:



Notice the light reflecting of the side of a short track. This gives you an idea of the
track width.

This image is at 200 times magnification. so you can see here that you’ve got a track
connecting two pads, light reflecting off one side. Gives you an idea of how thin the track
is.

So with this, I hope you have a better idea of what a PCB is like close up and its
various components and the terminology used.

In the next chapter, we’ll have a look at the PCB design process using Kicad.



Chapter 9: The Kicad design process

In this chapter you will learn about Kicad’s PCB design workflow.

The Kicad
Workflow

Schematic
| X library
ne Eesciiema editor
_‘\

PCB
footprint
editor

Footprint
library
editor

The process of designing a PCB using Kicad begins with Eeschema.

The process begins with Eescema. In Eeschema we create the electrical schematic that
describes the circuit that eventually will be printed onto the PCB board. We draw the
schematic by picking components from the library and if a component that we need
doesn’t exist in the library, we can create it using the schematic library editor.

At some point in our design of this schematic we can run the electrical rules check and
that is a utility that ensures that we don’t have any obvious mistakes or any electrical
mistakes in our design. The electrical rules check will give us a defect report and we’ll use



that report correct any problems in Eeschema.

Once we have everything set out correctly and there are no more defects in our
schematic, we are almost ready to move ahead and go into the Pcbnew application in order
to start doing the layout for our PCB.

There are two things we need to do before we go to Pcbew. The first one is to associate
the components in Eeschema with footprints. To do that we use another component of

Kicad called Cvpcb.
Rules
check
Schematic
llbr_alry
Eeschema oL

The Kicad
Workflow

With Cvpcb, we associate schematic components with footprints.

This allows us to match schematic components with footprint modules. One thing to
remember in terms of terminology is that in Kicad a schematic has components and a PCB
has footprints. If there is a footprint that doesn’t exist in the footprint library, then again
we can create it. There is a small utility called the “PCB footprint editor” that allow us to
create our own custom footprints just like you can create your custom schematic
components using the schematic library editor with Eeschema.

Once you have the matching between components and modules completed then we
export a file called Netlist through Eeschema. The netlist file will contain in it all the
information about components and their connections to other components, as well as their
associations with footprints and other meta-information (like component names and
values). Then we’ll import the netlist into Pcbnew and all the components that we created
in Eeschema will appear in a new blank canvas that makes up our PCB.



The Kicad
Workflow

Eeschema

Once the schematic is complete, we work on the layout of the board using Pcbnew

We use Pcbnew to place the footprints on the blank canvas, and then do the wiring. We
can move the components around so that they are nice and tidy and we’ll start doing all
the connections between the various pins using. This process is very time consuming,
especially for large projects. The placing and routing is mostly a manual process.
Although Kicad does have an auto router, most people prefer not to use it, in favour of the
manual process which give the designer absolute control.

Once you have your PCB laid out and connection’s completed you can go ahead and
do a design rules check that’s going to make sure that, for example, a track’s not too close
to a pad and things like that. Look for any pads that are not connected and things of that
sort. We can always fix footprints using the footprint editor.

Assuming that you are finished with the current iteration, you will want to have it
fabricated. To do that you must export the PCB data as a collection of files, called “Gerber
files”. I will describe Gerber files in more detail in the next chapter. Gerber files contain
several related files, with one Gerber file per layer on your PCB and contains instructions
that the fabrication house will need in order to make your PCB.

One thing to notice about the Kicad design process is that it has a lot of closed loops;
there is a lot of iteration happening. As we’ll see in the first example project, It is often the
case where you go into your PCB design and then you realize that there is a component
you should have included in your schematic design in Eeschema but then you forgot about
it or you just didn’t think it would be necessary until later in the process. In this case you
can go back to Eeschema, adjust the schematic with whatever was missing or make your
additions or changes and then go and create a netlist and go back to Pcbnew to continue
your layout work there. There is a lot of iteration that is happening here. This is ok! It’s



not that hard to be iterative in Kicad; the workflow allows you for that.

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



Chapter 10: Fabrication

Let’s imagine that you have finished with laying out your board in Kicad and you’re ready
to make it. What are your options? Well, you can do it yourself at home. There’s a nice
guide here from Fritzing, at http://fritzing.org/learning/tutorials/pcb-production-
tutorials/diy-pcb-etching/.


http://fritzing.org/learning/tutorials/pcb-production-tutorials/diy-pcb-etching/
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Etching is a "subtractive” method used for the production of printed circuit boards: acid is
used to remove unwanted copper from a prefabricated laminate, This is done by applying a
temporary mask that protects parts of the laminate from the acid and leaves the desired
copper layer untouched.

You can etch a PCB by yourself, in a lab or even at home, through a simple and inexpensive
production process. It makes sense when you wish to produce a single or a very small
number of boards and want to avoid manufacturing costs. The etching process is therefore
effective for a small workshop. There are however some issues to consider:

1. There is a risk of injuries due to the chemicals involved.

2. The guality of the results depends on several factors which you won't be able to master
completely the first time. This can be somewhat compensated by using good machinery.

Etching, a process by which you can make your PCBs at home.

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

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

You can get a professionally made PCB for not a lot of money and without danger to
yourself as well. I’ve used OSH Park and some of these others a lot of times. I’'m always
happy with the result and it does take a little bit of planning because once you order your
PCB:s it could take a three or four weeks, at least back here in Australia to get your PCB
shipped back to you. If you’re in a hurry there are options to expedite the process, it gets a



bit more expensive though. In this book, I’ll be using OSH Park just because I’ve used
them before, they’re very convenient and I like the outcome. Their design rules which are
fairly standard in the industry, so everything I show you in the book will work with the

vast majority of public PCB manufacturers.

. EspreasPCH Sennces for & 1) v ucamee 10 company - L

Hrrezrg ) 0SH Park - v (80554 P -
c ‘oshpark,com’y ! E?J 1 ww & 3
Qur site knows the default naming scehemes from many PCB design packages, however if you have problems, this is a naming
schama that is known o work.

It the website doesnt understand the defaull naming scheme of your PCB design package, please amail the zipped gerbers and
the name of your design package to support@oshpark.com,

Bottom Layar
Top Soldarmask

Bottom Soldermask

Top Silkscreen

ono Bottom Silkscroen

cro Board Outling

only if you're uploading a four layer board
only if you're uploading a four layer board
.2 Drills

"boardname” can be whataver you like, Only the extension is important,

Design Rules
You can download our Eagle DAL file if you're using Eagle CAD, which will verify that your design meets our design rules,
othanwise hare are our specificiations:

= B mil minimum trace width

= B mil minimum spacing

« at least 15 mil clearances from traces to the edge of the board
= 13 mil minimum drill size

= 7 mil minimum annular ring

Processing Errors

If you've tried to upload your design 1o the site and have been given back an error message that you don't understand then email

OSH Park’s design rules are standard in the industry.

The typical standard two-layer order will cost $10 for a two square inch board and you
get three copies of that. This works out to around $5 per square inch. The pricing is
consistent in the industry. You pay based on how big your PCB is. So there’s a good
incentive to try and make you PCBs as small as possible. Be aware of this when you do
your layout, try to keep the components as closely packed as you can. There is a give and
take between the proximity of the components to each other and the amount of space there
is left for the routing. The less space there is available, the harder it will be to do the
wiring.

| 1 [ @) 05H Par - v (@) 05H Park - Ekpgharce Bernces for -

c WWW.EXpresSpeh. com

Contact Support

551538
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Free PCB Layout and Schematic Low-Cost Circuit Boards! Community Library

Software

How ExpressPCB Works




Expresspcb.com, another public PCB manufacturer

There’s also ExpressPCB, I’ve never used ExpressPCB myself so I can’t comment
about them. But it seems like also a layer to download for free their own ExpressPCB
software and use that to build your PCBs.
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Fusion FPC Service Fusion Electronic Badge Fusion 3D Printing Service
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Seed’s advantage is their impressive range of PCB customisation they offer to
retail customers

Another example is Seed. I’ve used Seed in the past, really nice, just as good as OSH
Park in my opinion and they do give you a much wider option of how you’d like your
PCB to be made. For example, if we go to Fusion PCB that’s one of the types of products
that you can get from them. You start at $9,90 but then you can choose things such as how
many layers it’d like to have, the dimensions of your PCB. This is a nice one, the
thickness, if you pressed for space in your application, if you building a wearable gadget
perhaps, then you can reduce the thickness of the PCB. You can choose the quantity, the
PCB colour. Nice touch, you can make your PCB red, for example. These are just some of
the customisations offered by Seed.

@ 16-LED_gerber Y
a | %

Name Lol Date Modified Size Kind

M 16-LED-B_Cu.gbl

M 16-LED-B_Mask.gbs
H 16-LED-B_SilkS.gbo
M 16-LED-Edge_Cuts.gm1
M 16-LED-F_Cu.gtl

M 16-LED-F_Mask.gts
M 16-LED-F_SilkS.gto

I 16-LED.drl


http://expresspcb.com

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

Now, let’s turn our attention to the files that you need to upload for these services and
the files are Gerber files. Each layer on your PCB will have its own Gerber file which is
simply a text file.

Let’s have a look inside:

G@4 #@! TF.FileFunction,Soldermask,Bot*

%FSLAX46Y4645%

G@4 Gerber Fmt 4.6, Leading zero omitted, Abs format (unit mm)s*

GB4 Created by KiCad (PCBNEW (2015-87-86 BZR 5891, Git 351914d)-product) date
03/09/2015 18:22:08%
SMOMMoSs

GO1*

G@4 APERTURE LIST=

%ADD10C, 0.100000:+%
%ADD11R,1.727200X2.032000+%
%ADD120,1.727200X2.032008+%
GB4 APERTURE END LIST*

D1@*

D11*
X122555000Y-42545000D03%
D12
X120015000Y-42545000D03%
X117475000Y-42545000D03%
X114935000Y-42545000D03%
X112395000Y-42545000D03*
MB2:%

£

Gerber files contain text.

You can see that this is just a text based file contains instructions. Although you could
edit such files with your text editor, they are meant for the manufacturer’s equipment. An
advantage of this text format is that you can use a version control system like Git and keep
your projects stored in repositories like Github.com.

The Gerber files system and standard has been designed by this company here
Ucamco. They make equipment and write software for PCB manufacturers — things like a
PreCAM software, PCB CAM, there’s a laser photo plotters and direct imaging systems.
This is the company that makes the hardware that companies like OSH Park and
Seeedstudio will use to make your PCBs. If you’re curious about how to read these Gerber
files then you can lookup the specification of the Gerber format specification in Ucamco’s
web site. Beware, it’s a huge file.

That’s enough about fabrication and Gerbers for now. In the next chapter we will get
started with the first project for this course and we will build one sided-NRF24 breakout.


http://github.com




PART THREE
Project 1: create an nRF24 breakout board



Chapter 11: What is this part

In this first project for this course, we’ll build a simple breakout PCB for the nRF24
board.

If you have worked with the common nRF24 board, you know that its two rows of pins
are not compatible with a breadboard.
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The pins of the common nRF24 breakout are not compatible with a breadboard.



As a result, you have to use ribbon cable and stick jumper wires in its connector, and
then stick these wires in the breadboard. I have wasted so much time dealing with a mess
of wires, debugging with my multimeter that I decided it is time to deal with this problem
once and for all.
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We will create a PCB that will make it easy to use the nRF24 breakout with a
breadboard.

The breakout we will create in this project will allow us to escape the two rows by four
pins that the nRF24 comes with into a single row of 8 pins. We will design the connector
on the PCB so that it is compatible with a breadboard. This first PCB will be single-sided.
In the next two projects, we will work on 2-sided PCBs.

In this project, you will learn about:

* How to create a new Kicad project and set up it’s parameters

* How to create a simple schematic using Eeschema

* How to find schematic components in the library

* How to create a custom schematic component

* How to annotate parts in a schematic

* How to make sure that your design is ok by doing an electrical rules check
* How to associate schematic components with footprints

* How to create custom footprints



* Footprint features, like pins, pads, silkscreen borders, and labels.
* How to design a PCB using the Pcbnew tool.
* Creating and importing a netlist

* Several of the Pcbnew features, like edge cuts, 3D views, making wirings, copper
fils, tracks, thermal reliefs, adding labels and versioning.

* How to modifying the schematic and update the PCB design based on the updated
schematic.

* How to create the Gerber files

* How to upload your Gerbers to a fabricator and order your PCB.

There’s so much to do, so let’s get into it!



Chapter 12: Creating a new project

It is time to get started with the first project. Start KiCad, then click on the File menu item
and select New Project.

8 KCad

File Browse Preferences Tools Help

i) OpenProject Ctr+O
Open Recent

[:r New Project

Archive
To proceed, you can use the File ment

& Unarchive

’J Close

Start Kicad and create a new project

It is a good practice to store project files inside a project directory. Create a new
directory named nRF24-breakout.

Create a new directory to hold the project files



Then, go inside this new directory and create the project file, call it nRF24-breakout.
Click on the Save button to finish the process.

Your new project should now look like this:

&= nRF24-breakout.pro

- " - 08 .
& nRF2:-breskout kicad_peb L ‘f !_.é_l ' }1_?{}‘ ‘Fn.

# nRF24-breskout sch

Desitop'.nPF24-break

Your new project.

You may remember from the workflow that the first thing that we do when we create a
new project in KiCad is to create the schematic with Eeschema. To start Eeschema, the
Electronic Schematic Editor, we click on the first button from the left:

Eeschema

Start Eeschema

Once the Eeschema window appears, maximise it to gain as much screen real estate as
possible. Components will be going into this canvas, which is the white area inside the red
border, in the middle of the screen . Much of the work that you’ll be doing will be done
via shortcuts and through the mouse.



B

The blank canvas in Eeschema

You can zoom in and out using the scroll wheel of the mouse. This is a basic function
that you will be using constantly. If you’ve got a mouse without a scroll wheel, I strongly
suggest you get one with a scroll wheel. I use a Logitech Bluetooth mouse, and it is very
convenient.

Another very useful feature is panning. Panning allows you to move around the canvas
by clicking it’s left button while holding the command key on my keyboard (I am using a
Macintosh keyboard with a Windows virtual machine, so the exact key combination may
be different for you). Depending on the keyboard that you have, you may need to use a
control or the shift key and that, again, it depends on whether you are on Windows, Mac
or Linux.

If you type Shift and the question mark then you’ll get the hotkeys list which contains
all the most important and commonly used shortcuts.



Hotkeys List S

Hotkeys List

Help (this windaw) ?

Joom In F1
Zoom Out F2
Zoom Redraw F3
Zoom Center F4

Fit on Screen Home t
Res#t Local Coordinates Space
Edit Rem E

Delete Rem Del
Rotate hem R

Drag tem G

Undo CerlsT
Redo CrrlsY
Mouse Lek Chck Return
Mouse Lelt Double Clck End
Save Schematic Ctrl+5
Load Schematic Cerl+L
Find hem Curl+F
Find Hext ltem F5

Find Hext DRC Marker Shift+F5
Find and Replace Ctri«Al+F
Repeat Last ltem Ins

Move Block -» Drag Block  Tab
Save Block Crl+C
Move Schematic Rem ]

Copy Component or Label C

Add Component A

Add Power P

Mo X X

Mumor Y Y

Onent Mormal Component N

Edit Component Value v

Edit Component Reference U

Edit Component Foolprnt  F w

The hotkeys list.

For example, by pressing the A key and you can add a new component. By pressing
the P key you can add a particular kind of component: a power component. You can use
the V key to edit a component value so it can set for example a resistor to its particular
value and so on.

There are a lot of hotkeys. We will not going to be using all of these in this project, but
you can speed up your work by a lot if you can memorise only 4-5 of them. If you forget a
particular shortcut, remember to type Shift and the question mark to bring up the hotkeys
list.

If you look carefully at the canvas you will notice small dots spread out throughout.
These dots mark the grid. The grid allows you to align the schematic components in tidy
rows and columns. You’ll be using the grid to make sure that everything aligns well.

On the left side, you’ve got a few buttons so you can switch your distance units to
inches or millimeters.



_reakout /] (C:\Users\Peter Dalmans)
2660 -‘ﬁ.__. N .. -n__x__-__--_ Tools
*+++ | Turn grid on/off

TEME

<« | Select inches

<« | Select milimeters—

I |

Enable crosshairs

f

Show hidden pins

|

Connections angle

Useful buttons in the left tool bar

I’1l be using millimeters in this book. You can change the cursor shape to cross hairs by
clicking on the crosshairs button. I think that’s a little bit distracting so I prefer to have
that off and just have a small cross in the middle. The “Show hidden pins” button allows
you to show hidden pins, usually found in integrated circuit components. We’re not going
to use this feature in this project but our next project will have integrated circuits with
hidden pins, so we’ll be using this to turn them on and off. The last button allows you to
draw wires and busses in any direction.

The components, the wires, the busses, the labels and so on are available via the right
tool toolbar.
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The right tool bar.
I’1ll be showing you what these are as we go through.

Finally, we have the main navigation and tools bar above the canvas.

4 | PS4 breskout /] (5 Uners\Peter Dalmars| DeshtognfF 24-breskout) = =] q
LB

Tl FdE Ve Blace  Bedeemcas Task Male

- U’ QAR G 0 &5 W om0 12

The top navigation and tools bar

Through this bar you are able to do things such as zoom in and out, rotate a
component, and redraw the canvas. If you have somehow moved too far away from the
part of the schematic that you’d like to be working on, you can click on the “Fit
schematic” button (look for the button with a magnifying glass over two square brackets,
towards the middle of the bar) to take you straight back to the centre of the view and the

canvas, so then from here you can go back to your component.

The next thing that I try to remember to always do is to set the page settings. So what
this does is to populate the text in the label down the bottom right corner of the schematic.
So you can see that right now it’s empty and I’d like to put in the attributes of my
schematic in here. And usually I forget to do this if I leave it for later so it’s the first thing

that I do whenever I start a new project.

To do that, click on File and then Page Settings:



¥ [ nRF24-breakout /] (C:\Users\Peter Dalmaris\Desktop\nRF24-breakout
File Edit View Place Preferences Tools Help

Append Schematic Sheet l; IRNCY

,_. Plgegmngs

!, Print

71 Pt

] Close

Getting to the Page Settings window.

Then, fill in the attributes as you see fit. To fill the issue date click on the button with
the three arrows; this will copy the date from the calendar into the issue date field.

Page Settings X
Paper Title Block Parameters
Size: » Number of sheets: 1 Sheet number: 1
-
A4 210:297mm < || issue Date
015-09-08 8/09/2015 &l O E
Ovimdation: 0 << = | ] Export to other sheets 'S
Landscape Revision
= 1.0 ] Export to other sheets
Custom Size
Height Width Lo o,
nRF24 breakout board [] Export to other sheets
= Company
SRFOLE IV Tech Explorations [JExport to other sheets
Cemment]
Peter Dalmaris [] Export to other sheets
= Comment2
— [ Export to other sheets —
Comment3

[ export to other sheets =

Commentd -—

[[] Export to other sheets

M

Page layout description file
Browse

Cancel
The Page Settings window
For revision, since this is going to be our first revision, I’m just going to say 1.0, I give

it a name, so this is an NRF24 Breakout Board, the name of your company. Fill in the rest
as per the example in the image above.

£ oz
B i’
| ~
Peter Dalmaris X
Tech Explorations 4
Sheet: / 5 A
File: nRF24—-breakout.sch o 0 =
Title: nRF24 breakout board .

[ | Size: Al | Date: 2015-09-08 Rev: 1.0 -

KiCad ED.A. kicad (2015-09-03 BZR 6154, Git 4636d8d)-product id: 1/1

5 | 5 | 6 =
']

The updated page settings

And you can see that all the details that I’ve just entered are now part of my
schematic, the bottom right corner in the label.






Chapter 13: Starting the schematic for the nRF24

In this chapter we will begin the process of creating our first schematic in Kicad.

Start by centering the schematic in the window so you can see the whole canvas. The
board that we are building will only contain two components. The first one is a straight 8-
pin connector and the second one is an RF24 component that we will plug into the board.
The RF24 component does not exist yet in the component library, so we will have to
create it.

But the straight connector does exist, so we will start with this. Zoom in the canvas a
little and then hit the A key on the keyboard. This brings up the component chooser.

oK Cance

The component chooser

You can manually drill down these libraries and look at the components and figure out
which one is the one that you’re looking for. As you’re clicking on a component, you’re
going to get a view of its schematic and some description of the component. Sometimes
you will get a detailed description, some other times you will get almost nothing.



AD3290

l Description
Digital Potentiometer 236 steps
a (SPI control) +- 15V

b ‘ L0, Keywords
x R POT

0K Cancel

The component chooser often (but not always) contains details and a schematic
preview.

Probably, a faster way to do find a component is by using the filter. You can type a
keyword, like “connector”, in the filter text box, and components that contain this

keyword will show up. In this example, the keyword “connector” returns nothing, but
“conn” returns several components.

Use a keyword to quickly find a component. In this case, the 01x08 connector is
what we need.

There are several components that are returned. We are looking for a connector that is
straight, so it’s got a single row of eight pins. The 01x08 connector is what I’m looking

for. Click on the connector row in the list and then click “OK”. Drop it somewhere on my
canvas. Your canvas now looks like this:
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You have just dropped your first component on the canvas!

This connector, just like most components that have pins, has pins that are numbered
one to eight. The component also has a unique designator, that starts with a P followed by
a question mark “P?”. This indicates that the final unique designator for the component
has not been decided yet. Fixing the designators is something we will do later on,
automatically. There is also the name of the component, “CONN_01x08".

You can edit the properties of a component by putting your mouse over it and hitting
the E key. “E” stands for edit. You can change its name, and several other values.

Component Fields

Timestamp

SSEEEG2 Add Field PesXpooo = | mm

Reset to Library Defaults

Place the mouse pointer over a component and hit the “E” key to show the
component properties window.

The parameters for components are set. It’s fine by me. I rarely have to make any



changes to these components if they come out of the library. So I just hit on OK.

You can move your part around by placing your mouse over the component and hitting
the M key. The component is now tied to the mouse pointer and you can move it around
the canvas. Click the mouse right button to release the component and drop it back on the
canvas. While the component is tied to the mouse pointer, you can also rotate it. Use the
“R” key for this. Continue typing “R” until you’re happy with the orientation of your
component.

Lets look for the RF24 part round here. Hit the A key to go back to the component
chooser and let’s see if something like that exists. Type “RF24” in the filter. Unfortunately,
nothing of that description exists in the library. It seems like we have to make a custom
built RF24 component for the schematic. We’ll do this in the next chapter.



Chapter 14: How to create a schematic component

In the previous chapter we searched for an nRF24 part in the schematic library but didn’t
find anything relevant. In this chapter, I will show you how to create this part from
scratch.

To do that we’ll use the library editor, this button here brings up the library editor.

L@
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To start the library editor, click on the button that looks like a book with a pencil

over it.

Click on it and here is the library editor window.

BBy it e aac@

The empty library editor window.

In the library editor window, we will make symbol to represent the RF24 component.



Remember that this schematic only so it does not need to look like the real thing. The
objective is just to have a symbol that represents the component and especially its
electrical connections. As far as Eeschema is concerned, the symbol is the component.

Components like the nRF24 are typically represented as a box. So we’ll create a new
part through the part library editor and will start by clicking on the new component button
to create a new component.

The new component button.

We’ll give this new component a name. We’ll call it NRF24. We leave the designator
like that as a “U” and this package is only going to have a single unit.

Component Properties X
General Settings
Component name: . nRF24

Default reference designator: |

Number of units per package: | 4 | =

[ Create component with alternate body style ;’DeMolgan)
[[] Create component as power symbeol

[[] Units are not interchangeable

General Pin Settings

Pin text position offset: 40

EA Show pin number text
A Show pin name text

£ Pin name inside

The new component properties window.

Imagine that other cases of—for example, integrated circuits that contain logical
components like gates, for example, and/or gates and you could have multiple of those
gates inside a single integrated circuit.

4 units per package




This component contains 4 units per package.

If you have an integrated circuit with two “AND” gates in them, then you may want to
indicate that to the user, so you would say “2” in the “units per package” box.

Click “OK?” to close the properties box. In the Part library editor window you can see
the name of the new component, as we entered it in the component properties window.
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The name of the new component appears in the centre of the part editor window.

We can make use of the same shortcuts as in the main schematic editor window.
Because we have two text labels, one on top of the other, we should seperate them by
moving them. We can move a component by selecting it with the M key. Put your mouse
cursor over the text and type “M”.

............. AR

Clarify Selection

ABE  Field Value nRF24

ABS | Field Lv]erence u

Kicad does not know which label I would like to move, so it asks for clarification.

Because there are two labels under the mouse cursor, Kicad is asking me to select
which field or which label is it that I want to move. Choose the first one and move that up
the top and I'll take the second label and just move it down here. Center the component
where the two lines are intersecting, just to make it a bit more symmetrical.
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The two labels are separated.

Next, we will create a frame for the RF24 custom component.

Choose the rectangle button to draw a rectangle.

Choose the rectangle button and then draw the rectangle by adding a line starting from
the top left corner of where I’d like the rectangle to be. Right-click there and then drag a
line to the bottom right corner where I’d like the rectangle to end.
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This rectangle represents the nRF24 component, but without the pins added.

Next, we must add the pins. As you know, the actual RF24 part has its pins arranged in
two rows of four pins each. To make this schematic more readable, we will add connectors
on one of the four sides of the box we just created, in a single row. There is no need for a
one-to-one match with the real actual component — the real life component. Later, we’ll
connect these pins to the part footprint which we’ll also have to create from scratch and
that will be modelled after the real, physical RF-24.
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You can click on the “Add pins” button to add a new pin.

To add pins, you can either click on the “Add pins” button or hit the P key. The pin
properties window will come where you can type in the pin name.
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Breakout

The pin properties window.

You should look at the original part pin descriptions so that you can properly name the
pins in your custom component. And on the original nRF24 part, “MISO” is pin number
four. The orientation is going to be to the right. The pin type should be input and the
graphic style should be a line. When you are finished with these edits, click on OK to exit
the editor.
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The new custom part, not complete yet

In the editor window, you can see the new MISO pin #4 added to the schematic of the
custom part. Notice the little dot on the edge of the line? this is where wires will connect
eventually to/from other components. This of the dot as the terminal for the pin. The line
should be placed so that the dot is away from the border of the box. Also, the number of
the pin, in this example “4”, corresponds to the number of the MISO pin on the real part.
Consistent numbering makes it easier to figure out which pin is which eventually when
you got to connect everything together.

If you want to make a change to this pin, you can just edit like any other component.
Place your mouse over it and then hit the E key. This will bring up the pin properties so
you can make any changes here.

I have actually just spotted an error: in the real part, MISO is actually pin number
three. I am also going to move this pin a bit lower so that there is enough room above it
for the other pins.

Here is the current state of the custom component:
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The new custom part, current state.

Let’s create the rest of the pins. Repeat the process described above 7 times, so that in
the end, you have a schematic like this:
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The new custom part, completed

Remember that you can use the M key to move things around and arrange everything
so that the component looks symmetrical

Now we need to save this part, but before we can save it, we must choose or create a
working library. In Kicad, you cannot have a schematic component on its own. A
component must be a member of a library, even if the library contains only a single
schematic component.

Let’s create a new library. To save the component to to a new library, click on this icon
here, looks like a book.

Click on this button to save the component to a new library.

Next, select the location on your computer for the library. I recommend that you place
this library in the same working directory as my project, so NRF-24 breakout, and the
naming of the library—Ilet’s call it “nRF24_schematic_library”.
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Store the new library within the project folder.
Click on the Save button to finish the process.

The new library and it’s content will not be available until it is loaded by Eeschema.
Creating a new library will not automatically load it in Eeschema. You have to explicitly
go into Eeschema and add this new library to the list of libraries that it has access to. This
is something that people get confused about and the way that the libraries work in Kicad is
not very intuitive, to say the least.

And at this point you’ve got a new library and in it you have a new component. You’ve
got the NRF24 schematic component. We can get out of the library editor and now we’ll
have to add that library that we’ve just created to the project so that we can access the

parts in it.

In Eeschema, go to preferences and click on component libraries.
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To add a new library to Eeschema, go to Preferences and the Component
Libraries

Here, we will add the library that we just created. Click on the Add button, and browse
to the location where you saved the new library.
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Click on Add to add the new library.
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Browse to the location of the new library, and click Open.

Scroll towards the bottom of the libraries list in the libraries editor, and you should see



the newly added library.
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The new library appears in the bottom of the libraries list.

Let’s drop the new component to the canvas. Press the A key, and search for the library
that we just created and here it is. You can drill in it and you can find the part that we just
built. Or you can just look for it using the filter. Select the component and click OK to add
it to our schematic.
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The new component is in the component chooser, from where you can add it to the
schematic.

In the next chapter, we will do annotation of the parts in the schematic.



Chapter 15: Wiring

In this chapter we will connect the pins from the nRF24 component to the connector.
There are two ways to do this. The first one is by using individual wires and just wiring
each pin with its counterpart. The second method is to use labels. We can label each pin
pair with a unique name, and Kicad will automatically connect those pins with the same
name.

In this chapter, we will use the first method. In the next project, we will use the second
method.

To create a wire you can use press the “W” key (“W” for “Wire”), or you can click on
the wire button.

b
Click on the Wire button to go into the wiring mode

I prefer to use the ‘W’ key instead of clicking on the wiring button. So, I hit the ‘W’
key, you can see that a wire now is being drawn.



After typing “W?, click on a pin circle to start a wire, move the cursor to the pair
pin’s circle terminal and click again to finish the wire.

Click again to end the wire. Here is the process again:

First you put your cursor over the pin, the circle of the pin that you’d like to start a
connection from, then you hit the “W’ key, then a wire has already been drawn and is just
following the cursor of your mouse. You just drag that along without having any buttons
down, or any mouse buttons down, until you reach the pin where you’d like the wire to
end. And you click again to finish the wiring.

Do the same thing with the second pair of pins. Repeat the process again for each pair
of pins. At the end of the process, your schematic should look like this:
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After making all the wirings, your schematic should look like this.

Another thing to notice as this point is that once you hit the ‘W’ key once, you’ve
already selected the wiring tool. From that point onwards, you don’t really need to
continue hitting the ‘W’ key. It’s enough to just click and start the wiring, then click to
finish the wiring. So, one click to start, one click to finish. If you make a mistake, it’s not a
big deal. You can just delete or undo the error and try again. To delete anything on the

canvas, right click on the object to reveal the context menu, and then choose the Delete
option.
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Right click on an object to reveal the context menu. You can then choose to delete
that object.

If you make an error but don’t realise it, you can get Kicad to find it. Let’s pretend that
you have made an error in your wiring, and have left a pair of pins un-wired. Kicad has a
function called the “electrical rules check”, or ERC.
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To do an ERC, click on the bumblebee icon in the top bar.



Click on the ERC button. The ERC dialog box will come up. Click on ‘run’ and do the
test.

ERC Options

ERC Report: Messages

tem not annotated: P7
Totak

=  Wamings 0 Annotation required!
Errors

[_] Create ERC file report

Delete Markers Run Close

The ERC has revealed that I forgot to do the annotations.

The ERC, in this example, is telling us that we forgot to do the annotations. It’s ok, we
will do this in the next chapter.

Let’s save the project and the schematic at this point. Hit the ‘save schematic’ project.

In the next chapter, we will annotate the schematic.



Chapter 16: Annotating the schematic

In this chapter I will show you how to use Kicad’s automatic annotation tool.

We’ve got two components that are both are not annotated yet.

T TrITrTrn:

The two components are not annotated. Notice the “?” in their designators.

Notice the question marks in the component designators, “U?” and “P?”. To do the
annotation, we will use the annotator.
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The annotator will automatically annotate components that are not already
annotated.



Click on the annotator button. There are various parameters that control the way by
which the components are to be annotated, however the default settings work fine.

Annotate Schematic X
Scope
®) Use the eﬁi._x' schematic
Use the current page only F
®) Keep exasting annotation =
Reset existing annotation
") Reset, but do not swap any annotated multi-unit parts
Annotation Order
@) Sort components by X position A =
5 o e Y sition s
sort components by Y position - &
Annotation Choice =
@) Use first free number in schematic
Start to sheet number® 100 and use first free number 4
Startto sheet number"1000 and use first free number

. Dialog

LJ Keep this dialog open

| Always ask for confirmation

Close Clear Annotation Annotate

The default annotator settings work well.

Click on the Annotate button to do the annotation. Here is the result:

e

The annotator automatically replaced the question marks with numbers so that
each component has a unique designator.

Okay, and now you can see that the question marks have been substituted with actual



numbers. The NRF 24 component is U1 and the connector is designated P1.

In the next chapter, we will do an electrical rules check. This will complete the process
of creating the schematic for our new board. Once we confirm that there are no faults in
the schematic, we will proceed with the board layout and routing.



Chapter 17: Electrical Rules Check

The only thing remaining to be done before we can complete the process of designing the
schematic for our new board, is to do an electrical rules check.

To do the ERC click on the bumblebee button, in the top menu bar.

Click on the ERC icon to start the test.

Then, click on the Run button to execute the check. There is no output, which means
there are no faults.
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Errors: 0

[] Create ERC file report
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No news is good news!

What if we actually had an error? Let’s try this out. Let’s delete one of the wires, so
that the schematic is like this:
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Pin 7 on the nRF24 is NOT connected to pin 8 of the connector.
Do the ERC again. Here is the result:
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+ @ (165.10 mm,109.22 mmj: Pin 8 (Passive) of component P1 is unconnected

The ERC has found two unconnected pins, and it indicates them with the green



drrows.

The checker is telling us that we forgot to do do the connections for two pins, which
were left unconnected. It uses arrows to help us find the problem and fix it. Let’s fix it.
Use the W key to go into wiring mode, and connect the VCC pins. If you try the rules
check again you will be able to confirm that the problem is now fixed. No output is a good
thing.

Close the checker and save the project.

Let’s recap what we have so far. We’ve started a new project in Kicad. We have
created a schematic. Our schematic contains a connector which is a one rope by eight pins
and we have created a custom part because it didn’t exist in the schematic library. This
part represents the NRF24 component. We have completed the wirings between the two
parts and ran the electrical rules check. The check confirmed that the schematic has no
faults.

We can now move ahead and start work on the PCB itself. We’ve saved our project and
in the next lecture, we’ll start work on the PCB.



Chapter 18: Associate components to footprints

Unlike other PCB design tools, in Kicad, schematic components are not automatically
linked to a footprint. This of a footprint as the outline of a component that is mounted on a
circuit board. It contains the outline of the pins, the device, and often text markings with
the name of the device or its values. In Kicad, we must associate schematic components to
footprints using a tool called Cvpcb.
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The straight 8-pin connector has a footprint to which we can associate the
schematic component

The straight pin connector that we’ve got on the schematic already has an associated
footprint in the library and we’ll simply select it for that part.

o
P

CONN_OIXOB

i A (SR N o (P | S o (e )
(meJ SN (0 (5, ) O oy [PV | NS o

There is no footprint to associate with the nRF24 component, so we will need to
create one.



However, the nRF24 part is a custom component and it doesn’t have an existing
footprint in the library. We will have to create a new one for that.

&) 35 & g f:‘ E:I:G' BACK

Click this button to start Cvpcb

To start Cvpcb, click on the Cvpcb button. It takes a few seconds sometimes for all the
panes to be populated with data and records because, in the background, Cvpcb is
accessing the Kicad repository on GitHub.com for schematic components and footprints.

Footprint My schematic Footprint
libraries components B components

The Cvpcb tool allows you to find footprints via browsing or through filters.

On the left pane are the footprint libraries. On the right side, are the contents of each
library that is selected at a given time. And in the middle pane are the components from
the current schematic. You can see here that in the middle pane we have two components:
the connector component (P1), and the custom part, nRF24.

For the connector component, look through the contents of the “connect” library. Once
you click on the Connect library in the left pane, you will see in the right pane all of the
components from all of the libraries. This is not very useful. I wish to narrow that down to
just the parts that are a member of the connect library.

To do this we will use the three filter buttons, found in the right side of the top menu
bar. Click on the filter marked “L”. In the right pane we now have only the footprints that
are members of the Connect library. We can also narrow down the hit list further. Select
the straight connector component in the middle pane, and then click on the “#” filter. This



will return only those components that match my selected component by pin count.

All of the members of the connect library that are displayed are those with eight pins
because we have enabled the pint count (“#”) filter. Finally, we can also use filter with the
text document in its button icon (third from the right), and narrow down the hit list by
keyword. Once you click on that, notice that the right pane is now empty. This means that
there is no component in the connect library that has the name con_01x08. Therefore, we
were incorrect in looking in the Connect library for this particular footprint.

B Cwpcb (201 3 BIR 6154, Git 4636d8d)-product Project: ‘C:\Users\Peter Dalmares\Desktop\nRF24-breskout\nRF24- breakout pro - O
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The straight connector footprint is in the Pin_Headers library. Notice the enabled
filters, at the right side of the toolbar.

Let’s look at something else. Where could the needed footprint be? We can check
inside Sockets. Or in Pin Headers? Yes! Once I select Pin_Headers library, and with the
schematic component selected in the middle pane, CvPcb will give us only those items in
the Pin_Headers library that match the number of pins and the name of the component that
we are looking for

The one that I would like to go with is the header straight 1x08. So, double- click on
this record in the right pane to select it.
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Once you double-click on the required footprint on the right pane, and with a

component selected in the middle pane, the footprint and the component will become
associated

You can also preview a footprint, and double check that this is what you need. To

preview a footprint, click on the preview button.
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Click on the Preview button to see a preview of the selected footprint.
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A preview of the 8 pin straight connector

As for the nRF24, there is no component available in any of the libraries. We will have
to create one. Save the current associations and let’s work on a custom footprint for the
nRF24 component in the next chapter.



Chapter 19: Create a custom footprint

In this chapter we will create a custom footprint for the nRF24 schematic component. If
you haven’t done so already, close Cvpcb. Next, start the footprint editor.

ot at Editor [

From Eeschema, start the Footprint editor by clicking on the button with the IC
and the pencil icon.

So click on the footprint editor button, and the blank canvas of the editor will come
up.
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The blank canvas of the new footprint editor.



You can also launch the footprint editor from the main Kicad window. To do this, go to
the main Kicad window and click on the fourth button from the right. Notice that it
contains the same icon as the one in Eeschema, with the IC and a pencil over it.

- o X
Fle Browse Preferences Tooks
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| 4=] nRF24-breakout.pro

& nRF2-breskout kicad_pek

You can also start the Footprint editor from the main Kicad window.

Either way, you can reach the exact same footprint editor tool

We need to know as accurately as possible the dimensions of the pins of the NRF24.
The circumference of each pin, the distance to the neighboring pins, clearances from the
edges of the board, etcetera.

You can do this by looking at online documentation for the particular part or if you
have the part, by using your own ruler. I have measured a 2.54 millimeter pitch, which is
the distance between the pins. I measured the distance on my NRF24 with my ruler, and it
looks exactly correct. The NRF24 has two rows of pins. Again, using my ruler, the
distance between the rows looks to be exactly 2.54 millimeters.
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If you can’t find the exact measurements of the pins and the part that you are
modelling in the editor, use your ruler to find out.

il

The circumference of each pin is also measured at 0.64 millimeters. I have created a
hand-drawn version of the schematic with the measurements as I worked them out. We
will create something like this now in the footprint editor.

‘I, Footprint Editor (no active hbrary

File Edit View Place Preferences Dimensions Help
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‘ )
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Grid: 0.5080 mm (20.00 mils)  ~ L foditnsand 3
The new footprint button

In the footprint editor, we would like to create a new footprint so click on the new
footprint button and give a new footprint name, like NRF24.

New Footprint X
Enter footprint name:

[ nRF24

OK Cancel




Name the new footprint

Click ok, and see how the canvas now contains the name of the footprint and a
reference designator.

Creating the new footprint. We need to add boundaries and pins.

Move the two text labels so that there is enough space between them for the boundary.
Use the M key for this, just like you moved components in Eeschema.

Let’s continue with the holes for the pins. We need eight holes. We need to select holes
that are wide enough so that the pins of the actual component will fit through them and
that the exact distance from the adjoining pins as we measured earlier. So, let’s start with a
pitch. We know that the pitch (distance) between the pins is 2.54 millimeters, so to make it
easy to space the pins at this exact distance, we’ll set the grid to be this size.

You can change the size of the grid by selecting a value from the grip drop-down
menu.



The setting for the grid can be changed via the grid drop-down menu, in the left side of
the tool bar. Click on the drop-down menu to open it, and select the grid to be exactly 2.54

millimeters. Now, we can start adding pins right on top of the grid dots and they will be
spaced at exactly 2.54 millimeters apart.
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The pad button allows you to add pads on the canvas.
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Click on the pad button from the top of the right vertical tool bar. This allows you to
drop pads on the canvas. We need two rows of four pins each. So, select the pad tool and

then click on the canvas to drop eight pads in two rows of four each. In the end of the
process, you should have something like this:

Our footprint now has eight pads.

Each one of these pads has properties that you can access by putting a mouse over the
pad and hitting the E key (for edit).
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To access the properties for a pad, put the mouse cursor over it and type “E”

You can also see the pad number, marked in the center of the pad. Kicad will
automatically set a unique number for each pad, as you create it. This number is important
because we’ll be using it later to connect the pins on the footprint with the pins as they
appear in the schematic.

In the drill group of properties in the pad properties window, you can see the shape and
size, x comma y boxes, and circular shape is good for most pads, for pins at the 0.64
millimeter region. For finer pads, you can go for oval drills. The oval shape in a smaller
pad allows for enough solder to make a good connection between the pad and the pin,
while allowing for smaller pitch (i.e. smaller space between the pads).

In our example, a circular drill hole is fine so we’re going to set the “Size X” setting to
0.762, slightly larger then the pin’s 0.64 millimetre circumference. This ensures that the
pin will fit in the hole.

e Edit View Place PadProperties x
I’ﬁ ‘ﬂ m General Local Clearance and Settings

Gridk 2.5400 mm (100.00 Pad niamber | 1 Drill
it e x: 0782 |
% Padtype  Through-hole v B i

; Shepes i aos SeeY: ¥ mm
ALl
Position X: 7.62 mm Layers

mm S
= — T Y perlayen v
T Size X 1.524 1 mm
[ J] [J8.Adhes
T Ornientation: 0 ~ deg CJF Paste

d o 0.1 deg [JB.Paste
m Shape offset X mm E4F.sins
Vs = Dlesas

The Size X setting controls the outer size of the pad.



In the left column on the pad properties window, look at the size x textbox. This
controls the total size of the pad. So for example, if you enter a value larger than the
current value, you’ll see that the pad size increases. If you have a pad that has larger pins
like maybe a barrel power connector, then you want to have more area for the solder to
attach onto, in order to support that larger part, and this is where you can make this
change.

Lets close the properties window. I prefer to have consistent numbers on the pads
between the KiCad footprint and my hand-drawn schematic. To do this, you can either
move the pads around in order to put them in the correct order or edit the properties to
update the numbers.

In this case, it is easier to shuffle the pins around. Use the M key to move the pads
around, so that at the end of the process they are arranged like this:

The pins, rearranged.

If there are any artefacts in your canvas, like stray lines, you can refresh the page to
make them go away. To refresh the page, hit the F3 key on your keyboard.

The pins are now arranged as we want them to be. The next thing to do is to draw the
silkscreen border so that we have the layout for the component and the footprint as it will
appear on the PCB. To do that, first reduce the grid size to 1.27 so that we have finer
control about where the markings for the silkscreen will go.
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Use the polygon tool to draw the silkscreen shape that will indicate the border of
the custom footprint.

Next, select the polygon tool from the right vertical tool bar. With the polygon
selected, draw a box around the pins and try to match the layout of the real life
component. The box can be approximately the size of the real part, but there is no need to
be accurate about this. Double click to close the polygon.

If you want to have some more interesting shapes then you can choose a circle. You
can have circular footprints, will be useful for something like a button battery for example
or it can have arcs like that and it can then have multiple arcs and so on. The arc, circle
and polygon tools allows you to create nice, interesting shapes for your footprints.
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Use the text label tool to label the pins.

Next, we need to label the pads. To do this, we’ll use the text label tool. So I’'ll add
labels to each pad so that I can read the role just by looking at PCB. You may need to
adjust the silkscreen border line if you need more space for the labels. Just delete the line
than need adjusting and redraw it with the polygon tool.

With the text tool selected, click on the right side of the pin numbered “0”. This will be
the Ground pin. When you click, the footprint text properties window will come up.
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Type “GND” in the Text text field, and click “OK”.

Type “GND” in the Text text field. You can also adjust the size of the text by entering
values in the Width, Height and Thickness text fields. Let’s make the text smaller than the
default, so make the width a 0.5 millimeters and the height 0.5 millimeters as well. The
thickness will be updated automatically by KiCad. Click OK. You should get a warning
box telling you that the text thickness is too large and it will be clamped and that’s a good
thing, so click “OK” again.

e The text thickness is too large for the text size. It will be clamped

e Lmnenrann n 1nsmay

Kicad will adjust the thickness of the text based on the dimensions you chose.

This is what your footprint should look like now:

The current state of the footprint. The first text label is there.



You can see the GND text label next to pin 0. You may need to move it further to the
right. Do do this, change the grid size to a smaller value, and use the M key to move the
label. You can also rotate if you wish, by using the R key. Add the rest of the labels in the
same way. A quicker way to add the rest of the labels once you have the first one
configured the way you want it, is to duplicate the first one seven times. Type “D” with
your mouse cursor over the GND label, and this will create a copy. Repeat the process to
create as many copies as you like, with the same height, width, thickness and orientation
as the original. Then, place them on the canvas and edit their name. At the end of the
process, the footprint should look like this:

The current state of the custom footprint. All the labels are in place.

You’ll may have noticed that there’s a few more things here that you can also control.
For example, you can configure a text block to be invisible if you don’t think that it’s
necessary to show it, especially if you’ve got a part with a lot of markings and you don’t
want to have all the clutter showing. We’ll use its feature later again. You can also choose
between different styles, like normal and italic, and choose the orientation.

We are finished with designing this custom footprint. KiCad will use the pin numbers
in the schematic and footprint to figure out how the two are supposed to be connected. To
make sure that the pins match, you should compare the pin numbers across the two
versions of the same thing, so the schematic version and the footprint version against the
real part.
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This image show how the pin numbers in the schematic match the pin numbers in
the footprint.
In this image, I use an arrow to show how pin 0, labeled GND in the schematic,

corresponds to pin 0, labeled also GND in the footprint. Similarly, you should double
check that all pairs have the same numbers and labels. I didn’t use arrows for all the pairs

in order not to clutter the image here.

You should also triple check that the markings on the footprint match exactly with the
pin out on the real part. So, having a double and triple check of all of these details, I think
that the part that we’ve designed here is correct.
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Click to reveal the footprint properties.

Another thing to do before we save the part and use it is to update the footprint
properties. So, to do that, we’ll click on the footprint properties button, and this is going to
give us a way to add some properties for the footprint.



& Footprint Properties x

Properties 3D settings

Fields Attnbutes Move and Place
Doc @) Normal ®) Free
the generic nRF24 module ~) Normals Insert O Locked
Keywords ) Vietual
Auto Place
Refer . .
kb Rotation 90 degree Rotation 180 degree
REF™ Edit
o wol
Value .
nRF24 Edrt

Local Clearance Values
5 Set clearances to 0 10 use global values
Footprint Name in Lib¥ary

nRF24 Pad clearance 0 mm

Sclder mask clearance 0 mm
Solder paste clearance -0 mm
Solder paste ratio clearance: | -0.000000

The footprint properties window.

We should fill in the Doc field with something like “A footprint for the generic NRF24
module”. This text will appear in the library as you are searching around for parts.

Leave everything else with their default values, and click OK. We are not quite
finished yet. We still need to save the new footprint, also referred to as a “module”, in a
new library. We will do this in the next chapter.



Chapter 20: Saving the new footprint

In the previous chapter, we created our first custom footprint. We haven’t saved it yet,
which is what we will do now.

You could go ahead and save the new part in an existing library but since this is our
first custom part, it is better if we create a new library for it, and then save the footprint
and save it in it. In general, this is a good practice. When you create a new part, it’s
usually tied to particular project. So you want to have a library for footprints specific to
that project.

¥ Footprint Editor (no active library

File Edit View Place Preferences Dimensions
a3 888, 888 gan

¥ f b
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Grid: 0.6350 r:m (25.00 mils) Zoom 7.33
The New Library And Save Current Footprint button.

To create a new library, click on the New Library And Save Current Footprint button.

X

The footprint library is a folder with a name ending with .pretty
Footprints are .kicad_mod files inside this folder.

Browse
Library Path (.pretty will be appended to folder)
|
|

The Select Footprint Library Folder window. Browse to your project folder and
save the new library there.

Click on the Browse button to browse to the location of our project.



Desktop nRF24-breakout

F Quick access

[l Desktop

& Downloads
Documents

= Pictures
Graphics.pretty
Graphics.pretty
processed

Seven Segment Display
& OneDnve
] This PC

¥ MNetwork

Folder: | nRF24-breakout

Select FU!__',I!r Cancel

Give the new library a suitable name.

Give this library a name, something like “NRF24 footprints”.

Select Footprint Library Folder X

The footprint library is a folder with a name ending with .pretty
Footprints are .kicad_mod files inside this folder.

Jsers\Peter Dalmans\Desktop\nRF24-breakout Browse

Library Path (.pretty will be appended to folder)

| Jsers\Peter Dalmaris\Desktop\nRF24-breakout\nRF24_footprintd

oK Cancel
i~

The Footprints Library Folder is updated with the library path and name.

Click OK. Kicad will save this new footprints library. Go to your project folder to
verify. In the project folder, notice a new folder named “NRF24_footprints.pretty”. Go
inside this directory, and notice a file with the Kicad_mod extension to it. This file
contains the new footprint.

Now we’ve created a new library, but to save the footprint in it, we must make it
active. Even though we just created it, Kicad doesn’t do this automatically so we’ve got to
do it manually. Here is how to do this:



File Edit View Place Preferences Dimensions Help
[y :'/_ Footpnrr: Libraries Wizard

Grid: 0.6350 mm (25.00 r L Footprint Libraries Manager

Configure Paths

Settings

&5 Language

=% Hotkeys

To make a library active, start by starting the Footprint Libraries Wizard.

We start by importing the library to Kicad. In the preferences menu, start the Footprint
Library Wizard.

O
" .
T\'/'- Select files or folders to add:
Lled
~ Peter Dalmans A
nbi
Desktop
nRF24-breakout
nRF24_footprints.pretty
All supported library formats
< Back Next Cancel
=

Browse to the location of the new library, in the project folder.

Look for the new library inside the project folder.

" -1
7"/: | Review and confirm the changes to the libraries
&7 W

209

7 Library Status Format

»

< Back Next > Cancel

The wizard confirms that what we selected is a valid footprint library.



Add Footprint Libraries Wizard ] X

[ 1\1/71 Where do you wish the new libraries to be added
£
‘J/ S To global library configuration (visible by all projects)

®) To the current project only

You can choose to make this library global or active for the current project only.

We will only use this library in the current project only so select the appropriate option
in the last step of the wizard, and click on Finish.

The last step before we can finally save the footprint is to make the library active. I
know this doesn’t make much sense. Why do you need to make the library active, and
then save the new footprint in it? I don’t know but that’s how it is with Kicad.
Unfortunately, some things don’t make intuitive sense.

‘4. Footprint Editor (no active library

File Edit View Place Preferences Dimensic

— | N 8 a8 488 &
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Gnd: 0.6350 mm (25.00 mils) . Zoom 7.33

The Select Active Library button

To make the library active, click on the select active library button.

Select Libran %
Filter:
ftems
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Symbeols The way you like them

Terminal_Blocks AGO236-RM5mm
Transformers_SMPS_ThroughHole  The way you like them
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Transistors_T0-220 The way you like them
Transistors_TO-247 The way you like them
Valves The way you like them
Wire_Connections_Bndges The way you like them
Wire_Pads The way you like them
v
< >

0K Cancel




Scroll down the list of libraries that Kicad knows about, until you find our new
library. Select it and click OK.

Scroll down to the bottom to find the one we added. The name is NRF24_footprints.
Click OK. This is now the active library.

# Footprint Editor (active bran:: nRF24_footprints
= File Edit View Place Preferences Dimensions Help
—_— v Y 1 1 pis 430 480 oan
\ 1 ) Y = ' ..
L 5 L ook e ‘o= oW

The name of the active library is shown at the top of the Footprint Editor window.

You can see that the name of the active library appears at the top of the Footprint
Editor window.

File Edit View Place Preferences Dimensions Help
C— ralf| o @88 088 Jan
) ED; & % | laee bE L
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The Save Footprint button

Finally now, click on the Save Footprint In Active Library button, and give a name for
the footprint, or just accept the default. Click OK, and finally, we now have a new
footprint stored safely inside a new library that is accessible only by this project.

In the next chapter, we will associate the new footprint with its schematic component.



Chapter 21: Associate the new footprint and component

In this chapter we will associate the new footprint with its schematic component.

Go back to Eeschema and start Cvpcb.

U?A o o 20
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From the Eeschema application, start Cvpcb.

From the Cvpbc window, you can see that the straight connector already has a footprint
associated with it. The nRF24 component doesn’t have on.

The straight connector component has an association, but the nRF24 does not.

To make an association for the nRF24 component, scroll down the list in the left pane.
At the bottom of the list, you will see the library we created in the previous chapter.
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The new library is at the bottom of the list in the left pane.

Click on it to select it. With the custom component selected in the middle pane, click
on the “#” filter. Notice that in the right pane, the custom footprint for the nRF24
component appears. Double click on the footprint to select it.

File Preferences Help

The preview button allows you to get a preview of a selected footprint

We know of course what the custom nRF24 footprint looks like, but let’s have another
look to confirm. Click on the preview button from the top bar.

Lz

The preview of the nRF24 footprint.

Let’s save the associations and close Cvpcb and again save the schematics file.



Before we move on, I would like to show you one more useful feature. Start the
footprint editor, then from the View menu item select the 3D Viewer.

. Footprint Editor (active library: nRF24_footprints
File Edit View Place Preferences Dimensions Help
] 'a @\ Zoom In Al+F1 | {E f{; :f{:

Grid: 0.63 @\ Zoom Out Alt+F2

[q)\ Fit on Screen Home
rp Redraw =]
[ /p

30 Vicf\;er Alt+3

Switch canvas to default

< Switch canvas to OpenGL

Switch canvas to Cairo

Launch the 3D viewer from the View menu.

The 3D Viewer will give us a 3D representation of the footprint. We can see how the
component will look like once it goes onto a PCB.
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The 3D viewer give a “real life” representation of the footprint.

You can choose if you’d like to have this identifier inside the white silk screen books
or not, it doesn’t really make any difference and you can have a look on the other side, the
bottom side as well. Use your mouse buttons and scroll wheel to rotate, zoom and pan the
viewer.

We are almost finished with Eeschema. In the next chapter, we will create the Netlist
file. The Netlist file is a file that contains information about the circuit, it’s components,
associated footprints, labels and pin numbers and many other things. Our PCBnew, which
is the PCB editor, would read this file and load the appropriate footprints from the library
and that will do the layout and wiring.



Chapter 22: Create a netlist

We have progressed with our project to the point that the bulk of the work in Eeschema is
complete, and the only thing left to do is to export the netlist file. In this chapter I will
show you how to export the netlist file from Eeschema, and then import it into Pcbnew.

Start Kicad and then launch Eeschema if it’s not already started. This is the current
version of the project.

=-RENE -8 W o TR S

The current state of the project. We will export the netlist for this schematic.

To export the Netlist file we will click on the Generate Netlist button.

Th

This is the Generate Netlist button.

The options in the export window are straight forward.



Netlist X

Pcbnew OfpadPCBZ CadStar Spice
L,f Generate
Options:

Cancel
Default format

Add Plugin

[[] Use default netname

Default Netlist Filename:
nRF24-breakout.net

The netlist export options.

We don’t have to worry about OrcadPCB, CadStar or Spice. We are not working with
these applications. We are staying completely within Kicad. Simply select the Default
format option in the Pcbnew tab, and click on Generate to generate the Netlist file. Next,
choose the location of the exported file to be somewhere inside the project directory.

o Save Netlist File X
Desk... » nRF24-breakout
Organise v MNew folder - o

- Quick access
I Desktop nRF24_footprints.pretty
& Downloads
| Documents
= Pictures
Graphics.pretty
images
processed

Seven Segment Display
¢@ OneDrive
1 This PC

¥ Network

File name:

Save as type: | KiCad netlist files (*.net)

= Hide Folders Sa\.f;_”r al Cancel

Save the netlist file in the project directory.

If you go into you project directory, you will see the new netlist file. It is a simple text
file and you can inspect it with a text editor. Open it with Notepad++ (or any text editor),
and notice that this file contains all the information that Pcbnew, the PCB layout program,
will need in order to know which components are supposed to be included and what are

the connections between those components, information about nets and so on, is all in
here.



o C:\Users\Peter Dalmaris\Desktop\nRF24-breakout\nRF24- breakout.net - Notepads - o
File Edit Search View Encoding Llanguage Settings Macro Run  Plugins Window ?

x=] i d = xE 12RO v -

nRF24breskout net  E3

Normal text file

lines : 91 Ln:1 Col:1 Sel:0|0 Des\Windows UTF-2 INS

The content of the netlist file is standard text.

Close Eeschema and move on to the next step. To start the PCB layout editor, Click on
Pcbnew.

2N A T

Project name:
C:\Users\Peter Dalmaris\Desktop\nRF24-breakout\nRF24-breakout.pro

Start Pcbnew.

When Pcbnew starts, you will see a blank canvas. It is very similar to the canvas that
we use in EEschema.
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The blank Pcbnew canvas.

At the bottom right corner of the canvas you can see the the information for the
project. Let’s setup the contents of the label in the bottom right corner of the canvas.

The project information is in the bottom right corner of the canvas.

To set up the contents of the project information box, click on File and then we go to
page settings.
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Edit the contents of the information box by selecting “Page settings” in the File
menu.

Fill the fields with the information you would like to show in the information box. as
many or as little as you like.
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Orientation: Revision
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Title
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Comment]1

Part of Kicad make PCBs like a Pro

Comment2

Comment3

Commentd
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| | Browse
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Enter the information you would like to include in the information box.

Click OK when you are finished typing in the information. Notice that the information
now appears in the legend of the canvas.

The updated information in the Pcbnew legend.

Next, let’s read the Netlist file and import all the footprints that make up the project.

r Dalmaris\Desktop\nRF24-breakout\nRF24-breakout.kicad_p:
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The netlist button

To read the Netlist file you click on the button marked “NET”.



Metlist

Footprint Selection
(®) Reference

(O Timestamp

Exchange Footprint
(®) Keep
() Change

Unconnected Tracks
(®) Keep

() Delete

Extra Footprints

(®) Keep

() Delete

Read Current Netlist

Close

Test Footprints

Rebuild Board Connectivity
Single Pad Nets

(®) Keep Save Messages to File

() Delete

[1Dry run. Only report changes in message panel

[]Silent mode
Metlist File:
:\Users\Peter Dalmaris\Desktop\nRF24-breakout\nRF24-breakout.ne| &Browse
= LN
essages:
Filter [ Al Save report to file...

The netlist import dialog.

The default settings in the netlist import dialog are good as they are. Browse for the
location of the netlist file (although most likely the path to the file will already be in file
field).

Kicad, through the Netlist, file can track new components and old components. We
will see later, for example, that a change that I will introduce to my original schematic will
be reflected in Pcbnew via updating the netlist file.

Kicad is able to detect new components in a netlist file and only import the new
components from Eeschema into Pcbnew. This allows you to make changes to your
schematic and then import those changes into your PCB layout without losing any work.
I’'m going to demonstrate this in practice in one of the upcoming chapters.

We not going to change any of the parameters for the import here, so go ahead and
click on the Read Current Netlist button.



Netlist X

Footprint Selection Unconnected Tracks
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_) Timestamp ) Delete

5 Close
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B Change ") Delete

Rebuild Board Connectivity
Single Pad Nets

® Keep Save Messages to File
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Netlist File:
Ch\Users\Peter Dalmans\Desktop\nRF24-breakout\nRF24-breakout.ne Browse

Messages:
Pin_Headers Pin_Header_5Straight_1x0& A
Changing component "P1:/SSEE6923" pin "1~ net name from ™ to
Net-(P1-Pad1 q
Changing component “P1./5SEEE923" pin "2" net name from ™ to AS
Net-{P1-Pad2
Changing component "P1./S5EEE923" pin "3 net name from ™ to v
Filter: [ Al Save report to file...

A report of the netlist import is provided in the Messages text box, once the
import is complete.

At the bottom part of the Netlist window you can see the import report. There are no
error messages. Close the window. As the Netlist file was read by the application, it placed
all of the components right in the middle of my canvas.
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The footprints, after the import from the netlist file.

Imagine the situation where you had 10 or 20 or 100 components, all of those would
appear right one on top of the other. It would be a big hassle to manually move them out.
Kicad provides a nice feature to allow you to automatically separate those components
before you manually set them and place them where you like them on the PCB.

-breakout.kicad_pcb

B B.Cu (PgDn) o x«?ﬁ“_ﬁ j:i @ @

tprint: manual and autor

1(25.00 mils) v | Zoom3.14
The Mode footprint button.

To enable that feature you click on Mode Footprint button. Once you enable Mode
Footprint, you can right click anywhere on the bundle and you can see that there is an
option called “global spread and place”. Then, select “spread out all footprints”.
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@\ Zoom in F1 Automatically Place Next Footprints
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Through the right click menu, you can access the “Spread out all footprints”
function.

You will get a warning that locked footprints will not be moved. This is ok, as we don’t
have any such footprints. Click “Yes,” .
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The footprints are now spread on the canvas.

Now it’s cleaner. If you had 10 or 20 or a lot more components then those components
would be nicely spread out the canvas, so you can then start doing your wiring or
placement.

In the next chapter we will work on the footprint placement.



Chapter 23: Footprints placement

Our project is now at the stage where the two footprints that compose our PCB are spread
out in the Pcbnew canvas. In this chapter we will do the footprint placement so that we
can start giving shape to the final PCB.
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The current state of the PCB design.

I would like to place the connector on the right side of the breakout and the nRF24
component on the left side. To so this, position the cursor over the nRF24 footprint and hit
the ‘M’ key. This will allow you to move this footprint. Move it so that it is on the left side
of the straight connector.
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The nRF24 footprint is on the left side of the connector. Notice the rattiest lines.
They indicate the pads that should be wired together.

The thin white lines that connect the pads together are called “ratsnests” . They are
routing guides. As we wire each pair of pads together, the corresponding ratsnest will
disappear.

One thing to consider when you are placing your components onto your PCB is space.
How much space is your final PCB going to take up? Remember that PCB manufacturers,
will charge you not based on have many holes and tracks your PCB has but based on its
dimensions. Therefore, the smaller your PCB is, the cheaper it will be to make.

However, the smaller the PCB is, the harder can be to route it. With less space in
between footprints, the routing of tracks will be more difficult. This is not a problem for
the simple PCB of this example, however if you had more footprints, then placing them to
close to each other would make routing and then soldering harder. You must think about
this and find a dimension that works both from a cost point of view and from these other
technical considerations like the soldering and the routing point of view.

In the next chapter we will look into the PCB edges, known as edge cuts, that define
the border of the PCB. After that, we will be able to go ahead to complete the wiring.



Chapter 24: Edge cuts

Before we start working on the wiring, we must define the boundary of the PCB. This
boundary is created by drawing a box in a special layer of the PCB, the edge cuts layer.
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The Edge Cuts layer is one of several PCB layers available in Kicad. It is the one
where the boundary of the PCB is defined.

To do that, start by selecting the Edge.Cuts layer from the Layer chooser on the right
side of the Pcbnew window. There are many other layers available, some of which we will



use later.
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We will use the Polygon tool to draw the boundary of the PCB.

Once you have selected the Edge.Cuts layer, click on the add graphic line or polygon
button. You can choose other types of graphics or graphic elements but for the task at hand
we will the polygon to create the boundary box around our PCB. To make the drawing
easier and more precise, just like in EEschema, you can choose to change the size of the
grid.

Users\Peter Dalmaris\Desktop\nRF24-breakout\nRF24-breakout.kicad_pcb
ons Tools DesignRules Help

@\ G)\ -~ L N~ Pl 1w [ngal A, ® E

fomms. | Grid: 0.6350 mm (25.00 mils)

The grid setting in Pcbnew. Decrease it to make drawing more accurate.

At the moment, the grid is set to 0.635 millimeters. For this drawing, I suggest a
setting of 0.127.

To start drawing, with the polygon tool selected, click just outside at the top right
corner of the straight connector. This will start drawing a line. Move the cursor
horizontally towards the left, until it is over the top left corner of the nRF24 footprint, and
click again to mark the left top edge of the box.

The line should look like this now:



The first line of the boundary box.

Continue in a similar way to close the box. Move the mouse down towards the bottom
left corner of the nRF24 footprint, and click to define the third edge of the box. Then
move towards the left, horizontally, until you reach just outside the right bottom corner of
the straight connector, and click to define the third edge. Finally, move the mouse cursor
over the first edge and double-click to close the polygon.

The boundary should look like this now:

The completed boundary box.

This box defines how big your PCB is going to be. One thing to notice is that you can
measure lengths in KiCad very easily.

Unconnected
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Distances between points on the PCB or the top-right corner of the canvas are



shown in the status bar.

You can see, in the status bar of the Pcbnew window, the distance measurements.
These are dimensions for X and Y axis. If you want to know for example, how long this
side of my PCB is, move the cursor to one end, press the space bar to zero the
measurement and then move across to the other side. The distance will be shown in the

status bar.

How does our PCB look like now? Let’s have a look. We will use the 3D Viewer for
this.
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To access the 3D Viewer, go to the View menu and click on 3D Viewer.

This is what the PCB is going to look like this, without the routing done yet:

B 30 Viewer

File Preferences
2] B AR % BE avt ¥ D

A 3D view of the PCB. The wiring is not done at the moment.

Close the 3D Viewer, and let’s work on the text labels. If there is a text label that you
prefer not to show in the final printed PCB, you can mark is as “invisible”. For example,
the “CONN_01x08” label can be made invisible. To mark it as such, put your mouse over
it and hit the E key to edit it.



Footprint Text Properties X

Footprint P1 (CONN_01X08) orientation 0.0

Value: CONN_01X08

Width (mm): 1

Height (mm): 1

Thickness (mm): 0.15

Offset X (mm): 0

Offset Y (mm): -3.1

Layer: [] F.Fab

Style Orientation Display

(® Normal (® Horizontal () Visible
L2 Impe O Vertical @ nvisible

oK Cancel

L
To make a label invisible, go to its properties and click on the “Invisible” radio
button.

Click on the “Invisible” radio button, hit OK, and this label will now not show in the
final printed PCB.

With the P1 label, I think it is useful to keep it. Try to move it inside the boundary, so
that the end result is this:

I have moved the P1 label inside the boundary

Change the grid into something smaller, and edit the properties of the label to make its



dimensions smaller if needed, so that it can fit in the space available. Do the same for
same thing for Ul.

In the next chapter, we will do the wiring.



Chapter 25: Wiring

In this chapter we will do the wiring between the pins of the two footprints. This work is
sometimes called “routing”, because it involves finding a good path for the connecting
wires as they traverse the surface of the PCB. As you work on the routing, you have to be
careful to avoid crossing two tracks (another word for “wire”), or stumbling into holes.

Let’s start the routing process with the nRF24 footprint. Our objective is to connect the
nRF24 pins to the straight connector pins.

We connect the nRF24 pads with the corresponding pads of the straight
connector. The ratsnests will helps us distinguish the pad pairs.

To do the wiring, you first choose the layer on which you would like your wires to be
on. For this first project, we will place all of the wires on the front copper layer, named
“F.Cu”. In the other two projects we will both the front and the back copper layer.
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Select F.Cu to place the tracks in the front copper layer.

Select the front copper layer. Then hit the ‘X’ key to enable the wiring mode and
simply click to start a wire, then click to change its orientation and its trace and then

double-click once you reach the end.

The first track.

Remember, you can change the grid for the tracks as well. So, if you want to have
more control over how your track is moving throughout your PCB, you can change the

grid to something smaller.
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You can always adjust the grid to make it easier to draw a trace.

For example, if I go for something small as this, then I’1l be able to have a bit finer

control.
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The second trace, created at a finer grid for more precise control.

Notice that if you try to cross a trace over an existing trace, Kicad will not allow you to
close the it. Kicad is able to detect violation of electrical rules and enforce these rules.

Continue with the wiring process, so that eventually your PCB will look something
like this:
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The completed wiring.

You can drag a single segment of a wire in order to adjust its position by typing ‘G’.
This is good for fine adjustments. If you make an error, you can also delete a segment
(part of a wire) or a complete wire and try to route it again.

Before we do anything else, let’s make sure that we haven’t forgotten anything or that

we haven’t broken any design rules. Let’s do a DRC check.
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Electrical Rules Checking will save you from a lot of headaches. Do them often.

So, I click on the ‘perform DRC check’ button and start DRC.



DRC Control

Options: Messages:
Compile ratsnest...

Finished
Create Report File

O

Error Messages:

Problems / Markers  Unconnected

Clearance Pad clearances...
Track clearances...
Min track width (mm): | 0.2 Fill zones...
Test zones..,
Min via size (mm): | 0.4 Unconnected pads...
Keepout areas ..
Min uVia size (mm): | 0.2 Test tets...

Start DRC
List Uncennected

Delete All Markers

!:L-}OK Cancel

This ERC returns an empty report, which means that there are no faults.

There is no message down here, which means that everything is fine. If we had
forgotten to do a connection, the ERC would tell us that we have unconnected pads.

In the next chapter, I will show you how to add text labels in the top silkscreen layer of
your PCB. These labels provide useful descriptions for the pins, and information about

your PCB.




Chapter 26: Add text labels

In the last chapter, we completed the routing of the tracks. We are very close to
completing this iteration of the board. What is left to do is to add text labels. With text
labels, we can mark the purpose of pins, the names of the components on the board, as
well as give our board a name and a version number. Text labels are placed on the
silkscreen layer. In a later chapter, I will show you how to also add decorative graphics to

this layer.
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The Text tool allows you to add text labels on your board.

Next, ensure that you have selected the front silkscreen layer (“F.SilkS”) from the list
of Layers on the right side of the Pcbnew window. There should be a small blue triangle

marking the selected layer
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Ensure that a small blue triangle indicates the F.SilkS is the selected layer.

Let’s start adding the text. Start with VCC. Click somewhere on the left side of the
bottom pad of the straight connector. The properties window will come up. Adjust the text
properties so that the width and height are set to 0.8 millimeters. The thickness will be
adjusted by Kicad.

Text Properties X
Text:
cC
]
£
&
Width: (mm): Position X: (mm): Layer: Display:
3
0.8 153.797 M FSilks Normal ~ [
| |
Height: (mm): Position ¥: (mm): Style: Justification: B
0.8 122.809 MNormal Center ~
Thickness: (mm): Orientation (0.1 deg):
Cancel

The text label properties window.

Click OK. You will see a warning message saying that the thickness is too large for the
text size so Kicad will adjust it.



Error 3

8 The text thickness is too large for the text size. It will be t3n1p&d

You can allow Kicad to adjust the text thickness based on the dimensions you
chose in the properties window.

Click OK to accept Kicad’s offer to adjust the thickness. You will now be able to fine-
tune the position of the text next to the label. Click to fix the position. If you change your
mind and you want to move the text label again, hit the “M” key.

We should create the labels on this board so that they are also uniform in the way they
look. Now that we have created the first label, we can duplicate it several time, and then
simply change the text, but not their other properties. To do that, I’'m going to put your
mouse over the text and hit control D and this will create duplicates. Do that for all of the
connectors. You can also do this by using the C key, as this creates a copy.
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The board now contains duplicates of the original Vcc label. We’ll adjust the text
for the duplicates.

Now that the duplicate labels are in place, lets start editing their text. Start with the top



one, put your mouse cursor over it and type “E” to edit.

Text Properties X
Text:
GND| [
Enter the text placed on selected layer.
Width: (mm): Position X: (mm): Layer: Display:
(02 154686 | [ Fsins ~| Normal
Height: (mm): Position Y: (mm): Style: Justification:
|TB i “156‘_3-15 | Normal ~ Center ~
Thickness: (mm): Orientation (0.1 deg):
[02 0

Change the original Vcc to GND.
Change the original Vcc to GND, and hit OK.

Do the same for the rest of the duplicate labels, so that eventually you have something
like this:
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The straight connector labels, with their text edited.

Bring up the 3D view of the board to get an idea of how it looks like at the moment.
Let’s have a look at the 3D view off the breakout. Click on the View top menu item, and
select 3D Viewer.
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3D view, top side.

3D view, back side.

Notice that in the front side view, you can see the copper tracks connecting the pads.
The back side has no copper tracks, since we are making a single-sided board.

One more piece of text I’d like to put on the board is the version number. Since
designing a board is an iterative process, it is a good practice to always version them
before you send them for manufacturing. This way, you will be able to tell them apart,
especially if the difference between subsequent versions are small. Create a new label and
place it on the board, so that you have something like this:



This is your board, V1.0!
This is your nRF24 breakout board, version 1!

After finishing with the process of creating version 1 of the board, I just realized that
we should include a capacitor to improve the reliability of the NRF-24. I also want to have
a look into the issue of power tracks and learn about copper fills. Let’s explore these topics
in the next section.






PART FOUR
Project 1: Enhancing the design



Chapter 27: What is this part

In this section, we will enhance the design of the nRF24 breakout by going through a
second iteration.

We will add a bypass capacitor to the design, increase the width of the power tracks,
and add a ground copper plane.

To add the capacitor, we will need to update the schematic diagram in Eeschema, and
then update the layout in Pcbnew to include the new component. For the other two
improvements, we will work only with Pcbnew.



Chapter 28: Add a capacitor to the schematic using Eeschema

The first version of the breakout is a good start, but considering how the nRF24 module is
normally used, I realized that it can be improved. An obvious improvement is the
inclusion of a capacitor on the breakout PCB, so that we don’t have to plug one on the
breadboard. The capacitor is used to help smooth out any ripple effects from the power
supply that feeds the module. It also stores energy which is used for for when the power
supply can’t provide enough. That’s used for when you connect the module to a small
Arduino or battery powered applications.

Two more things I would like to do in order to improve our design, is to add a copper
fill for ground. The copper fill is simply an area on the board that is covered by copper,
and connected to the ground pads. Ground copper fills (also known as “ground planes”)
have certain benefits, including reducing the amount of chemicals used in etching the
copper from the board during manufacturing. Having a ground plane can make routing
easy since a return path for the current can always be found nearby.

I would also like to adjust the width of the Vcc track, so that it’s a little bit larger than
the rest, again so, that it provides a bigger path with a lower impedance for current to flow
through.

Both improvements are not strictly needed for this small project. They actually are not
going to make any difference to the way that the circuit will behave, but they are a good
common practice for any PCB design, regardless, and it takes very little effort to do,

anyway.

Let’s go ahead and add the capacitor first.

First, we will update our schematic with the new component in Eeschema, then create
a new netlist. After that, we will start Pcbnew and import the new netlist. This will, in

effect, insert the new component to the layout editor, place it on the canvas, and do the
wiring.

Start Eeschema and hit the ‘A’ key to add a new component.

Let’s search for a capacitor. I would like to use an electrolytic capacitor. The
component chooser gives us a few options. Some of them are non-polarised capacitors,



some others are polarised. Our electrolytic capacitor is polarised, so I will choose an
option with the appropriate symbol.

Choose Component (2476 items loaded) X

| CP1

oK Cancel

We will add a polarised capacitor; be careful to select the appropriate component.

Double-click on this option to insert this component to the canvas.
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The new component is on the canvas now. Notice the “+” sign indicating the
polarity of the capacitor, and the designator that contains a question mark.

You can see that the designator is got a question mark still, so it hasn’t been given a
number yet.
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The capacitor is connected to the rest of the circuit.

Let’s do the connections. Use the ‘W’ key to create a wire. Connect the negative pin of
the capacitor to pin 0 of the nRF24 component. Connect the positive pin of the capacitor
to pin 7 of the nRF24 component. To confirm that two wires are properly connected, look
for a solid green dot at the junction of the two wires. If there is no dot, then the two wires
are simply crossing, but not connected.

Don’t forget to save your new schematic.

Let’s continue with the the annotation.

m = ] \ »
_|j| Annotate schematic com

The annotation tool button.

Click on the ‘Annotate Tool’.



Annotate Schematic X

Scope
(®) Usé'the entire schematic

(O Use the current page only

z s 2 I
(®) Keep existing annotation

Y () (

) Reset existing annotation

() Reset, but do not swap any annotated multi-unit parts

Annotation Order

(®) Sort components by X position !U.r""
—~ - - I
(_) Sort components by Y position = |

Annotation Choice
(®) Use first free number in schematic
i'j} Start to sheet number*100 and use first free number

(O Startto sheet number*1000 and use first free number

Dialog
[T Keep this dialog open

Always ask for confirmation

Close Clear Annotation

L

The Annotate Schematic window. The defaults are usually good to use.

The default options in the Annotate Schematic window are good as they are, so click
‘Annotate’.

| Annotate only the unannotated components on the entire schematic?

This operation will change the current annotation and cannot be
undone,

We only want to annotate unannotated components anyway.

You will see an information box explaining that only unannotated components will be
annotated. This is exactly what we want, so click on OK to complete the process.
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The capacitor now has a unique designator.

So, there’s the designator for the capacitor, it’s now C1. I would also like to assign the
capacitor with a value, so that will show up on the schematic.

X 1 1 1 1M
Edit Value Field X
Text Size (mm):
10uf| ] 1.270
Options Style Horizontal Justify Vertical Justify
[[] vertical (® Normal (®) Align left (O Align bottom
O Italic (O Align center (®) Align center
[invisible (O Bold () Align right O Align top
() Bold Italic

ﬁi Cancel

You can edit the value of a component by accessing it’s Edit Value Field window.

Hit the “V’ key, as your cursor is over the capacitor. The Edit Value window will come
up. Type the value “10 pF” in the Text box, and click OK.
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The capacitor value is showing in the schematic.

You could also have done the same thing by hitting the ‘E’ key.
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Reset to Library Defaults

Typing “E” will bring up the properties window for the component. You can edit
the component value, as well as various other properties.

This would take you to the component’s properties window.

Next, let’s do the associations of this schematic component with a footprint. Start the
Cvpcb tool to do this.

0 Cvpcb (2015-09-03 BZR 6154, Git 4636d2d)-product Project: 'C:\Users\Peter Dalmarnis\Desktop\nRF24-breakout\nRF24 brcac-{-::"_;*_.:'_‘:c" - (m] *x
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Components: 3, unassigned: 1 Filter list: SMD*_Pol, ¢_elec”, C elec. TantalC", Elko®, CP* Filtered by librany: 12

In Cvpcb, you can see that the capacitor does not have an association yet.

You can see here that the new component does not have an association. Let’s look for
a footprint for the capacitor. We need to find something that will have the appropriate size
on the board.
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Find a footprint that has the right dimensions for the component.

Our capacitor is a through-hole component. You can use a ruler to measure the distance
between the pins and the diameter at its base. You can see this in the photograph, that this
capacitor is a radial capacitor with a diameter of 10 mm. You can look for a footprint in
the Capacitors_Throughole library. The contents of this library have footprints with the
sizes included in the filename. This is very convenient! Look for one with “D10” in its
name (for “Diameter”), and there is a good chance that this is the footprint you need.

"k Cvpcb (2015-09-03 BZR 6154
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Click on the preview button to see the selected footprint.
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Inspect the footprint to ensure it is the right one for the component.

You can also look at the footprint preview in order to ensure that it is the right one for
your component. You can have a look at the way that it looks like.

Double-click on the footprint titled
“Capacitors_Throughhole:C_Radial_D10_L16_P5” to select it, and the association is
complete.

Save the footprint associations and go back to Eeschema. Let’s generate the new
netlist.

Click to generate a new netlist.

The Netlist dialogue, click on Generate. It is ok to overwrite the previous netlist.

Netlist X
Pcbnew OrcadPCB2 CadStar Spice —_—
Geperate
[ o
Options:
Cancel
Default format
Add Plugin

[[]Use default netname

Default Netlist Filename:
nRF24-breakout.net



Click “Generate”. It is ok to overwrite the old netlist file since now it is out of
date.

We now have a new netlist, so we can exit Eeschema and get into Pcbnew to do the
layout and the wiring. We will do this in the next chapter.



Chapter 29: Add a capacitor to the layout in Pcbnew

In this chapter, we will update the layout and wiring so that we can include the new
capacitor in our design. Before we forget, let’s change the version designator of the PCB
to the new version designator which. Let’s make it version 1.1. Remember, you can edit
the text label by placing the mouse cursor over it and hating the “E” key, which will bring
up the properties window for the label.
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The board revision number is updated to 1.1

Next, let’s import the new netlist. Click on the netlist button, and browse to the
location of the netlist file.
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The netlist button.

Netlist X
Footprint Selection Unconnected Tracks
\'_g_" Reference ‘%" Keep Heact Clirrerd Ne’&ist |
() Timestamp (U Delete 2\
| Read the ¢
: ; Close
Exchange Footprint Extra Footprints
(® Keep @® Keep Test Footprints
() Change (O Delete

Rebuild Board Connectivity
Single Pad Nets

® Keep Save Messages to File

O Delete

[ Dry run. Only report changes in message panel
[[] silent mode

Netlist File: v
M\Users\Peter Dalmaris\Desktop\nRF24-breakout\nRF24-breakout.net Browse

Messages:

Filter. [ Al Waming Errors nfos Save report to file...

The default settings are usually fine as they are. The Setlist file location should
also be correct.

Click on Read Current Setlist to import the file. You will get a warning message:

Confirmation

The changes made by reading the netlist cannot be undone. Are you
sure you want to read the netlist? L
\]

Yes No

Yes, I am sure!

This message seems a little strong worded, but it is nothing to worry about. Reading
the netlist file is exactly what we want to do, so click on Yes.

You can see in the messages text box confirmation that the new component has been
added:
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The Messages text box of the Netlist window contains confirmation that one new
component was added to the canvas.

The capacitor footprint is automatically placed below the existing board.

We can now position the new footprint. As a rule of thumb, we want to tracks from the
capacitor pads to the VCC and ground pass to be as short as possible. Based on that, we
should position the capacitor just below the bottom of the nRF24 component.



This position of the capacitor will allow us to draw short tracks to GND and Vcc.
Notice the ratsnests indicating the pads that have to be connected.

We should not try to place it any closer because we risk casing of the capacitor to be
too close to the edge of the NRF module. This might make it to hard to actually mount the
components on the board.

You can see that the capacitor, especially its pads, are outside the edges of the existing
board border. We will have to change the bottom border so that there is more room for the
capacitor. Let’s update the edge cut next before we do the wiring. Select the edge cuts
layer and delete the bottom part of the edge cut. To delete, click on the rubbish bin button.
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The bottom edge of the border has been deleted.

You can be a bit creating with the border edges. Click on the polygon tool so that you
can draw a new border, and create something like this:
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The new border, going around the capacitor.

I think it looks nice at least. You can improve on that of course, if you have a bit of
patience you can make this look nice and rounded. In that case, I think this is good
enough, so let’s check it out.

You can use the 3D viewer to inspect the board at its current state:
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A 3D view of the board.

What does it look like now? It looks like this. A bit weird, but you can do interesting
shapes in this way.

You can also move the labels to locations that look more appropriate to you. Feel free
to experiment with this.

Let’s now work on the wiring. Switch back to the front copper layer and hit the X key.
Connect the VCC to the positive pin of the capacitor.



Connect the positive pad of the capacitor to the Vcc pad of the nRF24.

With the ground pin we need to be a bit more creative. You can see we can really route
a wire directly from the negative pin of the capacitor to the GND pin of the nRF24
because there are two other wires in the way. But, we can do the routing by going around
the side of the board and connect to the existing Ground wire, like this:
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Attempt to connect the negative pin of the capacitor with an existing ground wire.

Notice that the ratnest line for the negative pin of the capacitor has not disappeared.
This is even though we have done a connection between that pin and the existing GND
wire. Why is that? Let’s do an ERC.
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Options: Messages:

Compile ratsnest...

Pad clearances...

Track clearances. Start DRC

Clearance

Min track width (mm): | 0.2

Min via size (mm): | 0.4 List Unconnected

reas ...
Min uVia size (mm): | 0.2 Test texts... Delete All Markers

Create Report File Delete Current Marker

O

Error Messages:

Problems / Markers Unconnected

0K Cancel

The ERC is telling us that the capacitor negative pad and GND are not actually
connected, even though they look connected.

Even though the new wire seems to be properly connected to the negative pad of the
capacitor and to the GND wire, it may actually not be properly connected. So, in situations
like this, it helps to double check connections, and often to redo them in order to fix such
annoying problems.

In my first attempt to connect the two wires, the connection was not successful. I
had to try again to make it right.

The process of wiring can be fiddly. Remember that you can always use the ERC
check to make sure you haven’t forgotten anything even if it looks like it’s connected,
sometimes it’s not really connected.

So, let’s have another look at the PCB and what it looks like now in 3D.
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The current 3D view of our board. You can see the capacitor and the new tracks.

You can see the wires for the capacitor connected to the rest of the board.

In the next lecture will look into improving some of the electrical characteristics of this
PCB, and in particular, we’ll look at the issue of the track width and copper plates.



Chapter 30: Controlling the track width

In this chapter we will improve the electrical characteristics of the PCB by increasing the
width of the Ground and Vcc tracks. As far the features of this PCB are concerned, I think
what we have now is enough. We could stop here and send it to the manufacturer but in
general there are two more things that you can do in any design. First, you can take into
account the current requirements of particular pads, especially those that convey power
like in this case, VCC and ground. Also you can take into account the heat dissipation
requirements.

For this board the main component is the NRF2401L+ module. In its documentation
we can learn that at peak receive in transmitter operation, it will draw up to 14 milliamps
of current. We should confirm that the tracks that convey power can accommodate this
amount of current going through them. From my own experience, I know that this module
can get a little hot when it is operating at peak. It doesn’t get as hot as a CPU or RAM
does but I would still like to take that into account and build my breakout board in a way
that it manages the observed heat profile.

What I will show you next is not scientifically robust, but for our practical purposes it
will be good enough. Let’s start with the track width. You can control the width of each
track manually or automatically. The automatic method works with nets, which is
something I haven’t discussed yet, but I will in the next project. The manual method
involves creating custom track’s widths and then applying one of those to a new or
existing track.
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To create custom track widths, select Design Rules.

£0.1270 mm (5.00 mils) v

Let’s go ahead and add a few custom track widths that should cover 99% of your



requirements. To do that, let’s go to design rules and check on the first option design
rules.

Design Rules Editor qllziﬂill ratiorts
Met Classes Editor  Global T:—’.lgn Fules
: Wia Diptions: wd Flsmimum Allgwed Values

Blind/buried Vias: Win track wadth (mm): | 0.2

(® Do not allow blind/buned vias
Mlim wia dismeter (mm); | 04
) Allow blind/burned vias

Blans wia dedll cha {mm) 0.3
Micro Vias

Bin waa dameter (mm): | 0.2
(% Do mot allow micro vias

2 M X il i () \ )
O Allow micso viat e wrvia dmldl dia (mm): | o

‘E.pn:rlu: via diameters and track wadths, which
can be used to replace default Metclass values
on demand, for arbetrary vias of track segments.

Custom Via Sizes Custom Track Widths

Ol value & blank or 0 = > default Netclass value

Diameter Dl Width
Via 1l Track 1
Via 2 Track 2
Via 3 Track 3
Via 4 Track 4
Via 5 Track 5
Via 6 Track 6
Via 7 Track 7
Via 8 Track 8
Via 9 Track 9
Via 10 Track 10
Via 11 Track 11
Via 12 Track 12
!
Meszages:
Current general settings: -
hhinimum value for tracks wadth: 0.2 mm
Kbinmum value for vias diametar. 0.4 mm Cancel

hlinmmum value for microwias diameter 0.2 mm

-

Once in the Design Rules Editor, click on the Global Design Rules tab.

Switch to the global design rules tab. Notice, in the middle area of the window, two
empty grids. On the left side you can see the Custom Via Sizes grid, and on the right side
is the Custom Track Width. We will populate these grids with our own values. Let’s work
on the widths first. I looked up the manufacturing specifications for OSH Park and I found
the typical widths that they support. I will use these numbers here. These numbers tend to
be used across the industry, so chances are they will be right for many other fabricators.

Please look at the screenshot below and copy the custom widths to your Custom Track
Widths grid:



Custom Track Widths:

Width
Track 1 0.1524
Track2 0254
Track 3 0.381
Track4 | 0.508
Track5  [0.21228 |
Track 6
Track 7
Track 8
Track 9
Track 10
Track 11
Track 12

The custom track width sizes that work with OSHPark (and many other
fabricators).

Custom tracks 3, 4 and 5 are very large and unlikely I will ever use them, but we can
include them for the sake of completeness.

Custom Via Sizes:

Drill value: a blank or 0 => default Netclass value

Diameter Drill

Via 1 0.4826 0.3302
Via 2 0.5 0.4
Via 3 1.905 0.254
Viad

Via 5

Via 6

Via7

Via 8

Via 9

Via 10

Via 11

Via 12

The custom via sizes that work with OSHPark (and many other fabricators).

Even though we are not going to be using any vias in this project, we will in the next



project. We might as well put them in here to have them ready to use later. Copy the
values from the screenshot above to your Custom Via Sizes grid.

Minimum Allowed Values:

? =1 =
Min track width (mm): | 0.1524

Min via diameter (mm): | 0.4

Min via drill dia (mm): | 0.3

Min uvia diameter (mm): | 0.2

Min uvia drill dia (mm): | p.1

The minimum allowed values must be at least equal to the smallest values in the
two grids.

At the top right side of the window you will see the minimum allowed values group.
None of the values in the two grids of this window can be smaller than the corresponding
values in this group. I have entered the correct values to satisfy the minimum value rules
in the Minimum Allowed Values group, so feel free to copy these values across to your
Design Rules Editor.

When you are finished, click on OK to commit the changes.
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The custom track widths now appear in the width drop down menu.

You can now see that the values that we have just entered are available from the Track
Width drop down menu. Let’s change the width of one of the existing tracks. Let’s change
the width of the Vcc track to something bigger. First, choose the new dimension, for
example, 0.508 millimeters.
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First, choose the desired track width.
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Set Flags

Get and Move Footprint T
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Zoom out F2
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Redraw view F3

Second, right click on the track you want to change, and select “Change Track
Width”
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Notice that the track is now thicker.

Then, go to the track that you want to adjust the width for, right click on it and select
change track width. You can see that it has become thicker. You can do the same thing for
all the Vcc lines.

For the ground tracks, I would like to also make it thicker. Taking the available space
into account, I will choose to make the Ground tracks 0.381mm wide. Again, choose this
value from the Track Width drop down menu, then right click on the Ground tracks and



select Change Track Width.

This GND track is adjusted to 0.381mm width.

That should be okay. I will do a check in a second. Same thing for this. It will change
the whole track not just the segment. If you want to just change the segment then you can
just choose, change segment width.

In this chapter we decided on the track width for the Vcc and GND tracks by simply
guessing what values might be ok. There is not much science in this. In the next chapter, I
will show you how to use Kicad’s built-in track width calculator to calculate, instead of
guessing, the appropriate track width.



Chapter 31: Calculate the appropriate track width

In the last chapter, you learned how to customise the width of a track. We didn’t concern
ourselves with figuring out the appropriate width for a track though, but only have to
control the width.

In this chapter, I will show you how to use Kicad’s built-in track width calculator to
calculate (instead of guessing) the minimum track width. Notice that I used the word
“minimum”. I did this because in general, bigger track widths are better, and the Kicad’s
calculator will give you the minimum width for which your board can operate properly
based on the information you entered. This is why very ofter, at least for hobbyist PCBs,
you can safely skip the calculator and just choose large width values with a lot of “margin
of safety” in them.

This will become more clear after you complete this chapter.
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Start the Track Width Calculator from the main Kicad window.

To start the calculator, go back to the main KiCad window and click on the PCB
calculator button.



= PCB Calculator = O X

Regulators Track Width Electrical Spacing Transline RF Attenuators Color Code Board Classes

Parameters sl External layer traces
Current | 1.0 A Trace width | 0,300387 mm -
Temperature rise | 10.0 deg C Trace thickness | 0,035 | imm ~
Cross-section area  0,0105133 mm x mm
Conductor length | 20 mm
Resistance 0.0327197 Ohm
2 g ; T2e-8 -
Resistivity | 1.72e-8 Ohm-meter Voltage drop 0 Volt

Power loss 0.0327197 Watt

a | Internal layer traces
If you specify the maximum current, then the trace widths will be

calculated to suit Tracewidth | 0781437 mm v

If you specify one of the trace widths, the maximum current it can handle

will be calculated. The wadth for the other trace to also handle this cument Trace thickness | 0.033 mm

will then be calculated ) .

The controlling value is shown in bold Cross-sectionarea 0.0273303 NI F
” Resistance 0.0125776 Ohm

The calculations are valid for cuments up to 35A (extemal) or 17 5A

{internal), temperature nses up to 100 deg C, and widths of up to 400mil Voltage drop  0.0125776 Volt

{10mm) sz

3 Power | 0.0125776 Watt

The formula, from IPC 2221, is i i -

= K * T4 * (WH)0 72 vl

The Track Width Calculator is in the second tab of the PCB calculator app.

Click on the second tab, ‘Track Width’. We know that from the documentation of our
main component, the RF24, that at peak it will draw 40 milliamps of power. Type this
figure in the Current field of the Parameters group, in Amps. So, you should type “0.014”
(A).

For the temperature rise, we should set it 20 degrees Centigrade because I don’t see
that this component will be operating in temperature variations more than 20 degrees
above room temperature and below room temperature. Therefore, a 20 degrees spread
seems like reasonable value here.

The conductor length is not going to be more than 20 millimeters. You can measure
that with the measurement tools that I showed you earlier but I don’t think that the
conductor length is going to be more than 20 millimeters. We don’t need to be too
accurate about this in our circuit because it is a low frequency, low power circuit. If you
were working on a high-frequency circuit, parameter like this start to become very
important. Let’s leave that as 20 millimeters as the conductor length.

Regulators Track Width Electrical Spacing Transline RF Attenuators Color Code Board Classes

Parameters External layer traces
Current | 0.014] A Trace width | 0000546917 mm
Temperature rise | 20.0 1 deg C Tacethickness: 10,035 VoA
Cross-section area 1.91421e-005 mm x mm
Conductor length | 20 mm
Resistance 17.9709 Ohm
stivity Tle-8 e AR
Resistivity | 1.72e-8 Ohm-meter Voltage drop 0251592 Volt
Power loss 0.00352229 Watt

After entering the desired values in the Parameters group, the calculated Trace
width appears in the External layer traces group, on the right side, in the Trace
Width box.

You can see that as I am filling these values in the parameters top left corner of the
calculator, the calculator is automatically calculating the trace width and thickness for
these characteristics. You can see in the External Layer Traces, the minimum Trace Width



is calculated to be 0.00054mm. This is the minimum trace width that would allow for this
much current to flow through at this temperature rise for a conductor that is that long.

In the previous chapter, we set the ground traces to 0.381mm. This value is much,
much larger than the calculated minimum. We are well and truly covered in terms of trace
width. This is just confirmation that the thickness that I have chosen is sufficient.

Internal layer traces

Trace width | 0,00142277

0.00
Trace thickness 3.3735 ‘ mm v
Cross-section area 4.9797e-005 mm x mm
Resistance 6.90804 Ohm
Voltage drop 0.0967126 Volt
Power loss 0.00135398 Watt

The Track Width calculator contains the Internal Layer Traces group. In it you

will find the appropriate trace width for a trace that placed inside the PCB, as
opposed to its surface.

Notice that the track width calculator contains a group titled “Internal layer traces”.
This group contains calculations for tracks that are placed inside the PCB, as opposed to
its surface. In our example, the traces are all on the top layer. In the next two projects, they
traces will be in either the top or the bottom trace. If you happened to be building a PCB
with more than 2 layers, the you will need to use the numbers in this group to work out
trace widths for the internal layers.

Based on the calculator findings it turns out that our current width for the Vcc track are
orders of magnitude more than the minimum. But it’s better to be safe than sorry. This
means it is better to have a wider track then a narrower track. These tracks are well within
the minimum so I’ll leave them as they are. Before we end this chapter, do an ERC to
make sure that we haven’t violated any rules.

In the next chapter, we will add copper fills to the board.



Chapter 32: Adding copper fills

An area on the PCB that is covered with a thin copper layer is called copper fill. Copper
fills are used to create a ground plane. A ground plane is an area on the PCB that is
grounded by being connected to one or more ground pads. Pads that are should be
connected to ground can be connected to the ground plane via small traces. These traces
are often called “thermal reliefs”.

An example of a thermal relief. Notice the small traces connecting the bright
coloured pad in the middle of this image, to the purple-masked copper fill.

The thermal relief allows for sufficient electrical connection between the pad and the
copper fill, while at the same time restricting the amount of thermal energy that is
dissipated from the pad to the copper fill. This is important for achieving good soldering.
If the pad was connected directly to the copper fill, then too much thermal energy would



dissipate making it hard to keep a high enough temperature in the solder. This would result
to a failed soldered joint between the pad and the component pin.

You can also create a copper fill that is not grounded. Instead, you can attached to a
VCC pad. In 2-sided PCB, the typical configuration is to create a ground copper plane in
the bottom layer, and a Vcc copper plane in the top layer. In the circuit for the current
project we will create a ground plane and cover as much of the top copper area as we can.
In the next two projects we’ll be creating a Vcc plane on the top layer and a ground plane
in the bottom area.
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Start by clicking on the Add Field Zones button.

Let’s get started. To create a copper fill start by clicking on the Add Field Zones
button. This will change your cursor into a cross. You can then start creating the new zone.
Make sure that the top copper layer is selected (F.Cu), and click on the top right corner of
the PCB.

(P1- Paad)

- (P1=Pat)

-(P1- Pad3)

Working on F.Cu, click on the top right corner of the PCB to start creating the
new zone.



Copper Zone Properties X

Layer: MNet: Met Filtering
=rce [llore N
-B Cu ) Net—\'CI-PadU o e -
' Net-(C1-Pad2) Show all (alphabetical) ~
Net-{P1-Pad1)
Net-(P1-Pad2) Hidden net filter:
Net-(P1-Pad3) Net-*
Met-(P1-Padd)
Met-(P1-Pad3) Visible net filter:
Met-(P1-Pad6) |
Met-(P1-Pad7)
Met-(P1-Padg) =
» ' Apply Filters
Settings
Clearance (mm): Pad connection: Priority level: Outline slope:
0.4 Thermal relief v| |0 > | Arbitrary v
_Minimum wid_th f:m_rjl_‘.]: : Thermal Reliefs Fill mode: Outline style:
0 ”
0.2 Antipad clearance (mm): Polygon v | Hatched .
Corner smoothing: _G"" Segments / 360 deg:
None Spoke width (mm): 16 v
0.4
Export Settings to Other Zones oK Cancel

The first zone click will bring up the Copper Zone Properties window.

The first click will bring up the Copper Zone Properties window. The two important
settings to make here are the layer for the fill, and the net you would like the zone to be
connected to. In this project, we are working on the top layer only, so for the layer, choose
“F.Cu”. Next, in the Net box, there are several nets listed. Which one is the ground net?

Ak (p\—,"m,}:
Cancel

Nel={C1-Fad2)

Net- (C1-1
e

Nei-{Cl-Pad2)

Each trace has the name of the net to which it belongs written on it.

In the next project, I will show you how to give nets a custom, easy to recognise name.
In this project, the nets were automatically named by Kicad. To figure out which of the



listed nets is the ground net, have a look at the traces. Zoom in if necessary. In the
screenshot above, you can see that the trace connected to the Vcc pad has the text “Net -
(C1 - Pad1)” on it. This is the name of the net to which this trace belongs to. Also look at
the trace that is connected to the GND pads. The name of that net is “Net - (C1-Pad2)”.
This way, you can determine the name of the net to which a wire belongs to.

Copper Zone Properties X
Layer: Met: Net Filtering
E.F.Cu g 1 Display:
EEB.Cu Net-(C1-Pad1) -
' Net-(C1-Pad2) Show all (alphabetical)
Net-(P'I-Pad'I,'L’W: : L
Net-(P1-Pad2) Hidden net filter
Net-(P1-Pad3) Net-*
MNet-(P1-Pad4)
Met-(P1-Pad3) Visible net filter:
Met-(P1-Padb) .
Met-(P1-Pad7)
Net-(P1-Pad8)
. e Apply Filters
Settings
lCIearance {mm): Pad connection: lF'riority level: - Qutline slope:
| 0.4 Thermal relief v| |0 = Arbitrary v
Minimum width (mm): Thermal Reliefs Fill mode: Outline style:
| o Antipad clearance (mm): Polygon ¥ |Hatched ¥
Corner smoothing: 0.4 Segments / 360 deg:
None Spoke width (mm): 16 v
0.4
Export Settings to Other Zones oK Cancel

The Net-(C1-Pad?2) is the ground net.

Now that you know that, you can go back to the Copper Zone Properties window and
click on the “Net-(C1-Pad2)” net to select it. Then, click OK to close the Properties
window. You can now continue drawing the new zone. The first edge of the zone is
already selected, so move the cursor to the top left corner of the PCB to select the second
edge, and click to commit. Continue around the edges of the PCB, like this:



Draw the zone edge along the edge of the PCB. Click to create an edge.

Net—(PL-Pad2)

Net—{PL-Pad5)

Net- (P1-Pad3}

(C1=Pad2)

To complete the zone, double-click. Notice that the zone is marked by short red
hairlines.

Draw the edge of the zone as close as you can to the edge of the PCB. Go around the
edge of the PCB, clicking to create an edge. To close the zone, double click on the point
where you started from, at the top right of the PCB. If all this is done correctly, the zone



will be created. You will see the red outline, and the small red hairlines pointing inwards.
They are read because we are working on the top copper layer, which is designated by the
red colour. If we were working on the bottom layer, the traces and the outline of the zones
would be coloured green.

The next thing to do is to fill this area with copper.
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Right-click inside the zone, and select Fill or Refill All Zone.

Right click anywhere inside the zone and then choose “fill or refill all zones™.
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The zone is now filled.

The red area indicates that copper is filled where is possible. You can also notice the
thermal reliefs in the ground pad.



Save the project.
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This button allows you to toggle copper fills on and off.

If you would like to have a look at your board without a copper fills showing you can
just make them invisible, so you can click on the “Make zone fills invisible” button. You
can make the zone fill visible again by, clicking on the “Make zone fills visible” button.

Let’s do another ERC to make sure everything is ok.

In the next section, I will show you how to export the Gerber files upload the PCB to
the manufacturer.






PART FIVE
Project 1: Fabrication



Chapter 33: What is this part

At this point we have completed the design of the nEF24 breakout and we are ready to
send it of to a fabrication lab.

In this section, I will show you the process of doing this with OSHPark. The process is
almost identical for most other online fabs.

As an aside, in this section I will also show you how to add a decorative graphic to
your PCB.



Chapter 34: Creating the Gerber files and uploading to fabricator

b Net-(C1-Bamy |

Net=[C1-Paal)

This board is almost ready to manufacture.

This board is ready to make. Before I upload it to the manufacturer, why not put your
name on it, or the name of the board? Switch to the front silk screen and use the text tool
to type in the name of the board, perhaps let’s call it Peter’s nRF24 Breakout. Or you can
put your name on it.



Choose the Front Silkscreen (“F.SilkS”) layer to add some text.

Edit the text and set the height and and I’d like to make its height and width to your
desired values — maybe 1mm should be enough. You can also use the line tool to draw a

box around the text. The end result is this:

The name of the board with a box around it.

You can also put things on the bottom silk screen layer.

(5 \}

W [] 2 acne:
W [ ¢ paste
0 /] 8 Paste
B [ Fsus

y B []esis

B[] 5 Mask
] B Mazk
O Dwgs. User
W || Crts User
B [V Eco1 User

Select the B.SilkS layer to add text to the back layer.

You can print something like “Tech Explorations”, and the date your designed your

PCB.



The text in the back silkscreen layer is represented in mirrored purple text.

You can have a look to see what it would look like once it’s finished and manufactured
using the 3D preview:

B

Peter’'s nRF24
eter’'s nRF24 breakout GND@
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3D view of the front layer.
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3D view of the back layer.

You can also put graphics on your board. I will show you how to do that in next
chapter. You might want to read that chapter first before actually uploading this PCB to
the manufacturer, if you’d like to include graphics with your finished, made board.
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Click on the Plotter icon to generate the Gerber files.

And we are now ready to export the Gerber files. To do that, click on the plotter button
and make sure that you’ve got the required layers selected. The required layers are:

F.Cu: Front copper
B.CU: Back copper
B.SilkS: Back silkscreen



F.SilkS: Front silkscreen
B.Mask: Bottom solder mask
F.Mask: Front solder mask
Edge.Cuts: Board outline

Plot X

Plot format: Output directory:

Gerber v | ' Browse...
Layers Options
F.Cu [ Pict sheet reference on all layers Dirill marks:
B.Cu Plot pads on silkscreen MNone
% [Pict p
[] B.Adhes Plot footprint values Scaling:
[] F.Adhes kA Plot footprint references rs
] B.Paste [_]Ferce plotting of invisible values/references
] F.Paste ] Do not tent vias Plot mode:
B.5ilks [ Exclude PCB edge layer from other layers Filled
B F.5iks Mimrared plot
MINTOTES Py Default line width (mm):
E.Muk Ricsiva i S
Mask » = :
Use auxiliary aas as ongin
[] Dwgs.User = Hoary 9
[ Crts. User Current solder mask settings:
L] Ecol.User Solder mask clearance: 0.2 mm
:
:;::g:; Solder mask min width: 0 mm
L] Margin Gerber Options
L] B.CrtYd . .
- o
L] F.Crtvd L4l Use Protel filename extensions i
3 - a T T, {148 funt mml
(] B.Fab i i
[ F.Fab Use conventional Protel Gerber extensions - .GBL, .GTL, etc
Messages:
Filter; EMI Wamings Errors i Actions Save report to file...
Generate Drill File Close

This screenshot contains the appropriate settings for manufacturing the project
board.

In the Gerber Options group, choose the Protel filename option.

For the output directory, choose a new directory inside your current project directory.
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Generate Drill File Close

Create a new directory for the Gerber files. Place it inside the current project
directory.

Folder: | nRF24Gerber

Next, click on the plot button and to generate the Gerber files for the layers.



Plot X

Plot format: Output directony:

Gerber w | nRF24Gerber) Browse...
Layers Options
EAF.Cu [] Plot sheet reference on all layers Drill miarks:
FB.Cu [[] Plct pads on silkscreen Mene
| [] B.Adhes [ Plot footprint values Scaling:
[] F.Adhes [ Plot footprint references =
| [] B.Paste [ Force plotting of invisible values/references -
| ] F.Paste ] Do not tent vias Plot mode:
% B.SilkS [ Exclude PCE edge layer from other layers Filled
F.SilkS Moo olok
- I ed plot t 2 "
(] B.Mask Lol Default line width (mm}: -
legative p 01
@ F.Mask [[JUse auxiliary axis a5 origin
[[] Dwgs.User
[ Emts.User Current solder mask settings:
[ Ecol.User Sclder mask clearances 0.2 mm
)
g E:;‘;E:: Solder mask min width: 0 mm
[] Margin Gerber Options
[l B.cryd -
ormat
[l F.crivd [] Use Protel filename extensions
[JB.Fab (include extended attributes (4.5 (unit mm)
[IFFab [ Subtract soldermask from silkscreen () 4.6 (unit mm)
Messages:
FRAL I L T ST LR TSI A - 0 SR LU IR S S L IR S0 SR L. e =
created
Piot file "CUsers\Peter Dalmans\DeskiopinAF 24-breakoufinRF 2 4Gerber\nRF 2 4-breakout-B_Cu gbf
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Plot file "C\Users\Peter
Daimars\Deskiop\nAF24-breakoufinRF 24 G-E[:tr‘mﬂle.hreainu!-H_S&S gho’ creaied o
Filter: E.ﬂ.“ Warmings Emror nfos Action Save rmﬂtﬂflkm

Plot Generate Drill File Clase

Notice that the output directory is a sub-directory inside the current project
directory. After clicking on the Plot button, information of the files that were created
will appear in the Messages text box.

Next, we must also generate the drill file. The drill file tells the manufacturer where to
drill for the pad holes on the PCD. Click on the “Generate Drill File” button.



Drill Files Generation
| Output directory:
. | nRF24Gerber/ Browse
' Drill Units: Drill Map File Format: Info:
O Millimeters (O HPGL Default Vias Drill: Drill File

@ Inches O PostScript Use Netclasses values :

@ Gerber Map File
| Micro Vias Drill:
Zeros Format ODXF I [ .

i i Report File
| () Decimal format OVG
| (® Suppress leading zeros () PDF Holes Courte Close

() Suppress trailing zeros
g AL Drill File Options: Plated Pads: 18

=P ] Mirror y axis Mot Plated Pads: 0

' Precision [ Minimal header Through Vias: 0

24 [[]Merge PTH and NPTH holes into one file Micro Vias: 0

: = Buried Vias: 0
Drill Origin:

| (@) Absolute
| O Auxiliary axis

Messages:
. |Create file C:\Users\Peter Dalmaris\Desktop\nRF24-breakout\nRF24Gerber\nRF24-breako ut.drlI
| = S

The Drill Files Generation window.

This will bring up another dialog box. All the settings should be correct by default,
including the output directory. Click on the Drill File button, and this will generate the
drill file with a “.dr]” extension. You can close the Drill Files Generation dialog, and then
close the Gerber Plot window.

Have a look inside your Gerbers directory.

5 | nRF24Gerber - O X

Home Share View 9

* P » ThisPC » Desktop » nRF24-breakout » nRF24Gerber v § hi i p
Name F Date modified Type 28
nRF24-breakout.drl 22/08/2015 12:39 DRL File KE
| nRF24-breakout-B_Cu.gbl b 22/08/201512:30...  GBL File 1 KB
| nRF24-breakout-B_Mask.gbs 22/08/201512:39 .  GBSFile | KB
| nRF24-breakout-B_SilkS.gbo 22/08/201512:38 .. GBO File KB
| nRF24-breakout-Edge Cuts.gm1 22/09/2015 1 M1 File KE
| nRF24-breakout-F_Cu.gtl 22/09/2015 12:39 GTL File 20KB
nRF24-breakout-F_Mask.gts 1512:39 15 File KE
| nRF24-breakout-F_SilkS.gto 22/09/20151239...  GTOFile KE



The Gerber files.

Let’s inspect what we have. Inside the Gerbers directory you can see all the files that
we just generated. We can now upload those files to the manufacturer. Before that though,
we should make sure there are no errors. There is a very handy free service that we can
use for this purpose, Gerbl.ook.org. To upload our Gerber files to GerbLook, we first must
create a Zip archive.

nrf2d4_shematic_library.lib

P =] = B P A
Open
Open in new window

Pin to Quick access

Share with
Restore previous versions
Include in library

Pin to Start

Send to > 0 Bluetooth device

Cut ¢ Compressed (zipped) folder

C Bl Desktophreate shortcut)
opy

Paste

= Documents

723 Fax recipient

Create shortcut
Mail recipient

Delete
= ia Local Disk (C:)

Create a ZIP archive from the Gerber directory.

Use your browser to go to gerblook.org. Then upload your Gerber ZIP file to the
service.

< c gerblook.org

GerbLook 1 3 s

Gerber Files Brguse
Soldermask Color
Silkscreen Color

Copper Color

Go to gerblook.org and upload your Gerber ZIP archive.

Gerblook will inspect your Gerber files and let you know if there are any errors, like a

missing layer or other problems. If everything is ok, you will see a rendering of each layer,
like this:
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If everything goes well, Gerblook will show you a render of each layer.

Now, I am confident to go to OSHPark and start my ordering process. Go to
oshpark.com.

&~

OSH Park ®

An electric ecosystem

1]

Welcome to OSH Park!

OSH Park is a community printed circuil board (PCB) order

We bring you high quality, lead free boards (ENIG finish), manufactured in the USA, and shipped for free to anywhere in the world
2 layer boards are $5 per square inch (with 3 copies of you[yboard included in that price) and ship in under 12 calendar days from
gllr:!:slr‘%oards are $10 per square inch (also including 3 copies of your board), go to the fab once a week, and have a 2 week tumn
time from the fab

We can also support larger runs. See the pricing page for a full list of offerings

Get Started Now

This service grew out of the DorkbotPDX PCB Order and later grew {o include BaichPCB
Take a look at some of our customer’s projects on Flickr or check out the specifications

The OSH Park home page. Click on Get Started Now.


http://oshpark.com

x | @ O5H Park ~ PCE Order

oshpark.com

€ c

You can upload your design as an Eagle board file, or a ZIP file containing Gerber CAM files. See our design submission
quidelines for more information

## Proceﬁsing file...

Great, while we're waiting for that to upload and process why don't you give us some additional information about your project?
This is useful if you decide to share your project, or to help you remember things about your orders

Project Name nRF24 breakout

Description A small PCB to make life easier

Email |peter@txplore.com

Select the ZIP archive that you created earlier and start the upload. While the file
is uploading and processing, you can fill in the project information.

If everything goes well, once the processing finished, OSH Park will show you the
layers that make up your board.

@ 05+ Park - PCE Ordes
« c

This is a rend
like aftar fabr

O
(o] 00
Och Bpbrations 2015

This is the actual (slightly different)

board, received from an earlier test
order.

On the left you can see the OSH Park preview representation of the board. On the
right, the actual board.

Okay, so it’s finished uploading and processing. We can see the front and back of my
new PCB.

If you are happy with what you see, you can proceed with the order.



X/ @ OSH Park - Cart
L (e ttps://oshpark.com

Shared Projects Design Rules Pricing & Specs Suppod Cad Login Register

OSH Park

Name Quantity Item Cost Total
nRF24 breakout 3 $6.80 $6.80 Remove
Medium Run
Super Swift Service (+ $89.00) $0.00 $0.00
Sub Total $6.80

TOTAL $6.80
Keep Shopping

Medium Run

i b Bor lnbanr sonfisman 4 bnions nedarn mnd sadimnn Hhn nidnn fn 84 nne nones ek o the aenanen of o lonoae

At the timing of writing, OSH Park’s pricing is among the most competitive in the
industry.

At the time of writing this book, the cost for this board was US$6.80, a competitive
price.

In the next chapter, I’'ll show you how to add a custom graphic in order to decorate
your PCB using the silk screen.



Chapter 35: Adding a decorative graphic

RECONSIDER IF YOU WANT TO INCLUDE THIS HERE, OR JUST LEAVE IT
FOR PROJECT 2, WHERE IT IS DEMONSTRATED AT A REASONABLE
LOCATION

In this chapter, I’ll show you how to decorate your PCB with graphics on either the top
or the bottom silkscreen layer. Decorating a PCB is usually the last thing you want to do
before you export the Gerber files and send them to manufacturing. The decorative
graphic could be a logo or some other symbol that you would like to show on your PCB.
You can place the graphic on the top or the bottom silkscreen layer. For this project, I will
take my logo graphic, convert it into a footprint (that has no pads) and then place it onto
the PCB.

The way that KiCad works with graphics is by using a utility that converts a graphical
file into a footprint. The utility produces a footprint without any pins or any holes or vias
or any other elements other than the contents of the silkscreen, which you can place on the
PCB.

The process starts with the image. The tool that Kicad provides to manipulate images
is minimal in terms of functionality.

Here’s my logo, an image in PNG format:

Tech®

EXxplorations

txplore.com




We will start with this PNG image.

It is around 2000 pixels in width, which is too large to fit on this PCB without resizing.

Step number one is to resize the image as big as your PCB is going to be. I’'m going to
go back into PCB new and do a quick measurement. I’m going to put my cursor up in the
top corner, top left corner, hit the space bar to zero the dimensions and then move across
to the right corner. You can see that in the X horizontal axis I’ve got 29.08 millimeters, so
29.08 millimeters. If I go down I have 22 millimeters. You should write these values
down. That is 22.7 millimeters in the Y axis and 29.21 in the X axis. I can close that now.

The tool I’ll be using to do the conversion of the png image into a footprint is Bitmap?2
component. Let’s open up bitmap2 component and go to the black and white picture tab
and load the bitmap. You should go into desktop, project folder, this is a latest image.
Looks a bit big, it was 72dpi, so I can change that to let’s say 300. I’'m changing the dpi,
you can see that the size updates. This is a good way to control how big your image
eventually will look on the PCB. I know that the dimensions of my PCB in width is 29.21
millimeters, so looks like this. It is still a bit too wide, so I will increase that maybe to 400,
500, I will increase them to— I’m going to go down to below 29 millimeters, so make that
a 1000. No, a bit too much, maybe 800. Yes, 850, okay.

You need to keep track of your other side as well, 850. I think these settings at 850 dots
per inch will produce an image, a footprint that is 22.4 millimeters in width and 14.9
millimeters in height. That should comfortably fit inside my PCB. Next I want to leave
this as normal. Normal will produce a graphic with a wide silkscreen ink on the PCB
instead of having a wide silkscreen ink everywhere outside the graphic itself. What I want
is white on green or purple for Oshpack instead of purple on white. I hope that makes
sense but you can see what happens if you choose negative.

Now, much that you have received the PCB from Oshpack, the black ink here will
actually be purple since the PCB color from Oshpack is purple and then everything else
around it is going to be white. I would rather go with the white marking for my logo. I will
just leave it like that and everything else around it is going to be a default purple for the
PCB, so the mask. You can play around with the threshold value but I find that about 80%
is fine, so this basically tells you which part is white and which part is black. I’ve got
black and white, anything above that reverses the colors. I will leave it at about 80%.

The format is PCB new since this is my target tool. All right, so I will export this and I
will save the new graphic as a footprint in a new library inside my project folder. I go back
to my project folder and then in here I'd like to create a new folder. I will call it something
like graphics.pretty. Remember that the pretty extension is important because it denotes a
library for footprints. Make sure you’ve got .pretty in here. Drill inside your new library
folder and give your new footprint a name. Let’s call it T-explore logo and save.

We’re done with the tool. We got a new library for this footprint. We can now go into
the PCBnew app. The first thing to do is to import the new library, just like we’ve done in
the past with the custom component footprint. We go into preferences, then I use the
footprint libraries manager and I will use the, append with wizard option to drill and find
my new footprint library. That’s in here somewhere. There you go, graphics.pretty is what



I’m looking for.

Next, it’s looked inside. It’s found that it contains footprints that are good. I’'m going to
add this to the current project only. I didn’t add it to the global projects, globally
accessible because the way that I have customized the dimensions for this graphic really
makes sense only for this current PCB. I’'m going to click okay to finish.

Now, I need to add this new footprint. I can click on this button here and I will just put
the new footprint here. Now I will see if hopefully it’s in my library folder because
sometimes actually you have to restart PCBnew in order for it to load the library contents
you’ve just added. Let’s see if it’s somewhere here. You should probably search for logo.
There is T-explore logo, good. Okay and here it is.

Here is a logo that I’ve just added. I’'m just going to put the logo here and what I want
to do is to edit its location. I want to put this in the bottom side. Get the properties for the
logo and choose site from top to bottom and use an M key to move it in place. Around
here would be okay. I can also remove the text that I added earlier since I no longer need
it. Just remove that, gone. All right. Refresh.

I’1l actually move my logo a little bit higher, so around here and that looks okay. Let’s
check it out in the 3D view. There it is. There’s the nice new graphic. Actually I should
probably flip it, so edit these properties again and I want to rotate it by 180 degrees. I hope
that would do the trick. Check out 3D viewer, just want to ease the orientation to be
appropriate. This is the top, that the bottom. The orientation now is good, top and bottom.
Nice. Don’t forget to save your project. Let’s refresh the drawings and there you have it.
You can now decorate your PCBs with nice graphics. You can now take this PCB if you
like and upload it to Oshpack and manufacture it and your graphic will be honored.

[00:11:10] [END OF AUDIO]






PART SIX
Project 2: a 7-segment display board



Chapter 36: What is this part

In the second project, we will design a PCB for a seven segment display circuit. The
circuit is a slightly modified one from the Arduino Step by Step course, from the lecture
on the seven segment display.

If you haven’t watched that lecture, don’t worry, it won’t affect your ability to follow
this project here.

We will start with a wiring diagram and convert it into a Kicad schematic. We will use
components that already are available in the schematic library.

We will then convert the schematic into a 2-layer PCB.
During this process, you will learn how to use several new Kicad features:

* Configuring components with their values,

* Working with integrated circuits and their hidden pins

* All about nets and net labels,

* The Power Flag,

* Using busses to simplify connections between components,
* The Unconnected flag,

* Controlling the track width with Nets,

* Vias,

* and, Adding a decorative graphic



These, alongside what you learned in the first project, represent eighty to ninety
percent of the skills and features you will need for most of your PCB work.



Chapter 37: Create the schematic with Eeschema

In this chapter, we will start the process of converting an Arduino circuit to a PCB.

fritzing

We will convert this Arduino circuit into a PCB



The wiring diagram that you can see above shows a breadboard with a seven-seament
display, a shift register integrated circuit, a current limiting resistor, a breadboard power
supply, and the Arduino.

We will design the PCB to contain the components on the breadboard, except for the
power supply. Instead of a single current limiting resistor, our PCB will contain 8, one for
each segment. The connection between the PCB and the Arduino will be made with a
simple straight pin connector, like the one we used in project 1.

Start Kicad and create a new project.

|1 KiCad (2015-03-03 BZR 6154, Git 4536d8d)-product C:\Users\Peter Dalmaris\ Desktop) SevenSegmentBoard\ SevenSegmentDisplayBoard.pro - o %

{; | SevenSegmentDisplayBoard pro

A.. 3 1 9 ", s, 4 1388 B
ol . Y- i B Y
isplayBoard kicad_pch -+ ’ ) m ’ E?t‘[l] | 7T apsil : e
wld 1a - iEeelil f
layBoard.sch
Project name:

nSegmentDisplay®

& SevenSegm
7 Seve

C:\Users)\Peter Dalmaris\ Desktop\SevenSegmentBoard\SevenS: DisplayBoard.pro

Create a new project in Kicad, call it something like
“SevenSegmentDisplayBoard”.

Let’s begin with Eeschema. It is a good habit to enter the schematic information. This
is the text that appears in the legend of the schematic, in the bottom right corner of the
canvas. To do that, go to File and choose Page Settings. In the end, the schematic legend
should look like this:

Peter Dalmaris
Tech Explorations

Sheet: /
File: SevenSegqmentDisplayBoard.sch el o
Title: Seven Segment Display board
Size: Al | Date: 2015-09-23 Rev: 1.0
KiCad E.D.A. kicad (2015-09-03 BZR 6154, Git 4636d8d)-product Id: 1/1
) 1 5 I 6

The schematic sheet legen, populated

Let’s continue with adding the components now. From the wiring schematic you can
see that we need to add one seven segment display, a 595 shift register and eight current
limiting resistors plus the connector.

Let’s start with the connector, since it is the simplest component. I’m looking for a
straight connector, one row and five pins. As per the wiring schematic, we need one pin
for data, one for clock and one for latch. We also need one pin for ground and one pin for
Vcc power. Therefore we will need a one row by five pins connector.



Choose Component (2473 items loaded) X

Filter: |

CNT-RJ45S [ Symbole general de connexion ] ~
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For the connector, we will use the 1x5 straight type.

Hit the “A” to bring up the connector chooser window. You can browse to the CONN
library and pick the connector you need, or type “CONN_01x05” in the filter. Once you
find it, double-click to select it, and place is on the canvas.

You may rotate it and move it on the canvas, like this:

aris\Desktop\SevenSegmentBoard) R!EE%?O s
X raucn
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The first component of the board, the 1x5 straight connector.



Then, we need a seven segment display, so hit A and browse for it in the “display”
library.

Choose Component (2474 items loaded) X
Filter: |
' display A
TSEGM [ Afficheur Leds 7 segments |
TSEGMENTS
AG12E64E [ Graphics Display 128x64px, 1/64 Duty, K!
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CCs56-12 [ Kingbright 4 x 7-segment common cathode ¢
DAO4-11 [ 2 % 7 Segments common A. ]
DC04-11 [ 2 x 7 Segments common K. ]
DISPLAY [ Afficheur LCD nlignes ]
DISPLAY 3 LIGNE [ DISPLAY EA7123-12C ] W
< >
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=)
Description
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-J—q '_:'i'{lfh:ﬂ K d
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You will find the seven segment display component in the “display” library.
Notice that there are a couple of choices available.

Double-click to select the 7SEGM component, and place it on the canvas, like this:
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Added the seven segment display component.

Next one up is the 595 shift register. Hit the A key, and type “595” in the filter.

™ Explorations
Choose Component (2475 items loaded)

Filter: | 595 |
| & 74xx
D§4HC595 [ 8 bita serial in // ouct Shift Register 3 St
T4L5585 [ & bits serial in // out Shift Register 3 S5t
< > [
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y |
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oK Cancel

You can use the filter to quickly find a component. In this case, type “595” to look
for available 595 shift register components.



The filter will return two available options. Look at the schematic preview of each
option and confirm that it is pin-compatible with the actual part on the breadboard. Look
at the pins one by one, the pin number and the pin role from the preview schematic, and
compare it with the information available in the actual part data sheet. In this case, the part
that we want to use is the 74HC595 version. Double-click to select it and place it on the

canvas.

Added the 595 shift register to the schematic.

Finally, lets add the current limiting resistors. Type A to reveal the component chooser
and look for a resistor. You can simply pick the generic resistor option, and place it on the

canvas.



Choose Component (2476 items loaded) x

Filter: ‘ r
B Resistor | A
R_PACK4 [ 4 resistors Pack ]
R_PACHS [ 8 resiatora Pack ]
R_Small [ Reaistor ]
RELAY 2RT
REE [ 8 resiators ]
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The first resistor is on the board. You may need to move the connector over the
shift register to make some room.

Edit the value of the resistor by hitting the “V” key.



Edit Value Field X

Text Size (mm):
| 2200hm | [1.270
Options Style Horizontal Justify Vertical Justify
Vertical (® Normal O Align left (O Align bottom
O Italic (® Align center (®) Align center
[invisible  ~ g 14 O Align right O Align top
(O Bold Italic

Enter “2200hm” in the Text box.

The value is visible with the component.

2200hm
R

You can move the text to the side of the component so that it is more readable.

I need an additional seven resistors. Instead of adding them one at a time like we did
for the first one, we can save time by copying the first already setup resistor component.



To do this, place your mouse cursor over the resistor, and type “C”. This will create one
copy.

2200hm

Use the “C” key to create copies of a component.

Repeat the process until you have a total of 8 resistors on the canvas. Move them as
needed to space them out and align them nicely.

In the end, you should have something like this:

All the components are now on the canvas.

These are all the components that our schematic will have eventually. In the next
chapter we will work on the wiring.



Chapter 38: Create nets and labels

In this chapter we will connect the components placed on the canvas. In the first project,
you learned how to use individual wires to connect the pins of the components, manually,
using the W key. As your schematic becomes larger and more complicated, this method of
wiring will increasingly produce schematics that are difficult to read. Too many wires will
be going to too many places, criss-crossing each other, and increasing the chances of
errors.

In this chapter I will show you how to use labels with which you can mark pins and
logical connect them, without having to draw an actual wire. Let’s work on an example to
demonstrate.

Let’s do the wiring for the Data pins.

~

N\
X

]
A
(&)
A

To add a wire label, click on the A key.

To add a label, click on the A button, as I show in the image above. Then, click on the
wire that you want to label, in this case it is the pin 5 of the straight connector. This will
produce the Label Properties window. Type in the name of the label, “DATA” and click
OK.
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Text: | DATA
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(O Down (O Bold Italic

Once you are in label mode, click on a wire and give a name to your new label.

ers\Peter Dalmaris\Desktop\SevenSegmentBoard)

Tools Help

The new label is attached to the wire. You may need to rotate the label to align it.

On the shift register, the pin where the data from the Arduino will arrive is number 11.
Add a new label, also with the name “DATA” to pin 11 of the shift register. And again,
rotate it if needed.
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Attach a new label, also named “DATA?”, to pin 11. Now, pin 5 of the connector
and pin 11 of the shift register are logically connected, without a need for an explicit
wire.

Now KiCad knows that pin 11 on the IC and pin 5 on the connector belong to the same
net, so they will physically be connected in Pcbnew. You can also confirm that there is an
actual electrical connection by doing an ERC check. The ERC check will show that indeed
pin 11 on the IC and pin 5 on the connector are connected.

Let’s add another two labels. Label pin 4 on the connector “CLOCK?”. Take care to use
the “R” key to rotate the label, and to attach it to the end of the pin 4 line indicated by the

small circle.
B
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1

TA

Label Properties X

Tet: | cLOCK

Size: | 1.524 Himm) x W{mm)

Orientation Style

®) Right (® Normal
JUp O Italic

) Left (O Bold

_) Down O Bold Italic

1—4‘ SER QA 115 :

Pin 4 of the connector is labeled “CLOCK?”. Take care to attach the label on the
small circle that marks the end of the pin 4 wire.

On the IC, we want pin 12 to be connected to pin 4 of the connector, so we will also
label it “CLOCK?”, just like we did with the connector.
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The IC pin 12 is also labeled “CLOCK?”. This way, IC pin 12 and connector pin 4
are electrically connected (they share the same label).

We now have two pins with the same label, and as a result, these two pins are electrical
connected even though there is no visible wire in the schematic.
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One more label added, “LATCH?”, to pin 3 of the connector and pin 14 of the IC

Repeat the process for label “LATCH?” as per the image above. We still have drawn no
wires in the schematic, but we already have three completed and valid connections.

Let’s work on the power connections now. On the connector, I would like to attach Vcc
to pin number 1 and GND to pin number 2. There are dedicated components for GND and
for VCC. Type “A” to bring up the component chooser.
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Use the filter to find the GND component. Double click to add it to the canvas
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Use the filter to find the Vcc component. Double click to add it to the canvas.
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Rotate the GND and Vcc components and wire them to pins 2 and 1 of the
connector respectively.

Use the filter to quickly find the GND and Vcc components in the component chooser.
Double click on each component to select it and drop it on the canvas. Move them to a
position adjacent to the straight connector, and use wires to connect GND to pin 2 of the

connector, and Vcc to pin 1.
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Repeat the process and connect Vcc to IC pin 10 and GND to IC pin 13. I could
have used the existing GND and Vcc components, but this way creates a cleaner
schematic.

Repeat the process for the IC. Add a GND and a Vcc component, and wire them to pin
13 and pin10 respectively.
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Finally, add Vcc and GND connections to the seven segment display component.

To finish the wiring of the Vcc net, go to the seven segment display. Add another Vcc
component, and wire them to pin K, like in the image above.

The connections for the Vcc and GND nets are now complete. We have also used
labels to connect three of the connector pins to three of the IC pins without using visible
wires. This helps us to create a clean and easy to read schematic.

In the next chapter, I will discuss the concept of hidden pins and the power flag.



Chapter 39: Hidden pins and the power flag

In this chapter I will explain the concept of hidden pins. To do this, let’s concentrate on the
595 integrated circuit. This IC is interesting because it contains hidden pins.
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Take a close look at the 595 component. The power pins are not visible. They do
exist in the schematic, but they are invisible.

You can see here that unlike the real 595 part, there are two pins that are missing, those
are the power pins. The real 595 part has one pin for Vcc and one pin for GND. In the
Kicad schematic component for the 595 IC, you can make those pins visible by going to
the schematic editor options and clicking on show hidden pins.
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To make hidden pins visible, go to Preferences, Schematic Editor Options...

(/] Show hidden pins

...Check the “Show hidden pins” option, and click OK.

When you do that, you’ll see pin 8, and pin 16, which are VCC and ground
respectively.
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The hidden pins are revealed.

Hidden pins are... hidden because KiCad expects that somewhere in your schematic
are nets that are marked as power nets. In the background, Kicad will automatically
connect pin 8 and pin 16 to those nets. In our schematic, we already have Vcc and GND
nets, but they’re not marked as power nets yet.

Before we mark the power nets, restore hidden pins to their default state so that that
they are invisible.

In order to mark a net or a connection or wire as a power net, you will need to use the
power flag. The power flag is just another component, except that it is not really an

electrical component. It’s a KiCad component, or a component that KiCad uses with its
rules check to confirm that hidden pins that require power are indeed connected to a power

net.

Hit the “A” key to bring up the component chooser, and use the filter to search for the
power flag. Type “PWD”.
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Use the filter to find the PWR_FLAG component in the components chooser.

Double click to drop the component to the canvas. Place it next to the GND net (wire)
and use a wire to connect the flag to the GND net. Ensure that a solid green circle marks
the joint (no circle means no connection). Repeat the process for the Vcc net, so that this is
also marked with a PWR_FLAG. You should end up with something like this:
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The GND and Vcc nets are marked with the PWR_FLAG.



If you do an ERC now, you will get error reporting that various pins are not connected
to anything, but you will not get any errors concerning the GND or Vcc hidden pins of the
IC. Those are now connected to the GND and Vcc nets in the background because Kicad
is informed of their existence.

With this taken care of, let’s move to the next objective: connecting the data pins of the
IC to the resistors and the LEDs. We could use normal wires to do this, but you can
imagine that the schematic would be very busy. Instead, we will setup a data bus. In the
next chapter, I will show you how to make multiple connections using a data bus.



Chapter 40: The data bus

When you work with digital circuits, as we are in this project, it is often the case that two
parts of the circuit transmit and receive a digital word, like a byte. The wires that transmit
each bit of the word is a bus, and it can be thought of a a single bundle of wires. The
keyword here is “single”. Instead of drawing the bus as seven seperate wires, we can draw
it as a single wire. To show to the reader, and to Kicad, that this is a bus, not a simple wire,
we can draw it thicker than a normal wire.

In this chapter, I will show you how to use a bus to connect the seven segment display
to the shift register’s data pins.

Let’s start by wiring the seven segment display to the resistors, the “normal” way: by
creating individual wires.
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Nothing fancy here. The inputs of the seven segment display are connected to the
resistors via wires.

Now, we will use a single bus to connect the shift register IC data pins to the other side
of the current limiting resistors. To do this, start by clicking on the bus component button
on the vertical tool bar.
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The bus component.

The bus component button looks like a straight blue line, as opposed to the normal
wire that is a thin green line. Click on the bus button to enable it, and then draw the bus
starting from above the right-most resistor to the bottom right corner of the IC, like in this

image:
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The blue thick like is a bus. Nothing goes in or comes out of it at the moment. We

will add entries and exits next.

Next, let’s add the entries and exits to the bus. We’ll use the Bus Entries component for
this task.
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Use the Bus Entry component to add entries and exists to the bus.

Click on the Bus Entry component to select it, then carefully start adding entry wires
on the bus. This will take a few moments to get right when you attempt it for the first time.
You need to work out the right spacing between the point where you click to add an entry
and the bus. The bus entry wires are angled, and this makes it tricky to judge the correct
distance at first.At the end of the process, you should have something like this:
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The bus entries, added to the bus adjacent to the IC, and the exits over the
resistors.

Once you have bus entries and exist added to the bus, you need to use normal wires to



finish the connections between the bus entries and exists and the pins. Click on the wire
button, and finish the connections. In the end, you should have something like this:
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The bus entries/exists connected to the pins.

You may be wondering now, how does KiCad know that, for example, the QA or pin-
15 of the IC is supposed to be connected to pin 5 on the seven segment display? The
answer is that Kicad doesn’t know unless you label both pins with the same name. To do
this, we will add labels to all pins that are meant to be connected via the bus, like we did

in the previous chapter.

Go ahead and start adding labels. Start with the IC and pin 15, and label that as “sg0”,
then pin 1 is “sg1” and so on. On the side of the resistors, label the right-most resistor as
“sg0” (same name as pin 15 of the IC), then next resistor to the left will be “sg1”, and so
on. In the end, your schematic will look something like this:
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We have added labels to all pins that are connected to the bus.



At this point, our schematic contains all data pins of the IC connected to the seven
segment display, via a bus. The power wiring is also done, and so it the wiring between
the connector and the IC. Notice that pin 9 on the IC is still not connected? In fact, we
don’t want to connect it to anything. But, if we leave it like this, Kicad’s ERC will
complain about it. I will show you how to deal with this issue in the next chapter.



Chapter 41: The unconnected component

In the previous chapter, we completed all the wiring, but left IC pin 9 unconnected. In
actual fact, we don’t want to connect this pin to anything, as it is only useful if we want to
cascade multiple shift registers, one after the other.

But, if we do an ERC now, we will get this report:

Electrical Rules Chacker %
ERC Options

ERC Report: Messages:
Totak 1

Wamings: [ 1

Errors: [

[[] Create ERC file report

Error list:
ErrType(2): Pin not connected (and no connect symbel found on this pin) E
15 =g0 + @ (71.12 mm,149.85 mm)!Bin & (Output) of component U1 is unconnected.

Delete Markers Run Close

ERC complains that pin 9 is not connected. But we want to leave it unconnected!

There is only one error. Pin 9 is left unconnected. Since we actually want to leave this
pin unconnected, we must tell KiCad about our intention so that it doesn’t bring it up as
an error when we do an ERC.

There is a special component for this, it’s the “not connected flag”.
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The “unconnected” component
Click on the Unconnected component button to select it from the vertical tool bar, and

then click on the small circle that marks the end of the IC pin 9 wire to place it there. Now
KiCad knows that I shouldn’t have to worry about this pin not being connected.
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Pin 9 is marked with the Unconnected flag. Kicad now knows that it is correct to
leave it unconnected.

Let’s do the ERC again:
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Options
ERC Report: Messages:
«  Total: 0
Wamings: 0
Errors: 0

[[] Create ERC file report

Error list:

Delete Markers Run Close

The ERC now shows no errors!

No errors showing in the ERC! This means that our schematic is complete!

Let’s save our project now, and move onto the next task, which is to do is to do the

associations between the schematic parts and the footprints before exporting the net list
file. We’ll do that in the next chapter.



Chapter 42: Component - footprint associations

I’m happy with the schematic the way it is now, so I think we are ready to move on to the
next step. The next step is to associate the schematic components with the footprints. After
that, we will go into Pcbnew and do the layout. To do the associations, we will use Cvpcb.
Click on the Cvpcb button to start this app.
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Components: 11, unassigned: 11 Filter list: Pin_Header_Straight_1X03, Pin_Header_Angled_1X... Filtered by library: 12

Start Cvpcb. The components that must be associated with footprints are in the
middle pane.

It will take a few seconds for the panes to be populated with data from Github. The
middle pane contains the components found in the schematic. We will associate these
components with appropriate footprints.

Let’s start with the resistors first. In this project we are working with through hole
components, so we will use resistor footprints from the “Resistors_ThrougHole” library.
There are a lot of options to choose from in this library. Since we are working with
footprints, we just need to find one that has the correct dimensions.
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I want to use resistors with a 10mm pitch.

Take out your ruler and measure the pitch (distance) between the two ends of the
resistors you would like to use on your PCB. In my case, the pitch is 10mm. With this
information, I will look for a footprint that has a distance between the pads of 10mm.
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—22
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This option is a resistor with a distance of 10mm between the pads.

Make sure the the L filter is selected, and scroll through the resistor options until you
find on marked with “RM10mm” in its name. This resistor has a footprint of 10mm, which
is the one I am looking for. You can confirm by creating a 3D view of the footprint (click
on the button with the magnifying glass icon). Double click to select it and associate it
with component R1. Continue double-clicking until all of the resistors are associated with
the same footprint. In the end, your Cvpcb window will look like this:
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The resistors (middle pane) are associated with the 10mm through hole resistor
footprint.

In that library, So there is a library with resistors somewhere here, yes, I’ll manually
going to look through it. All of the components in this project are through hole
components. In the next project, in the last for this course, all of the components will be
SMD, so for now I’m looking inside the resistor’s through hole library.

Next, let’s work on the connector. We are looking for a connector with five pins in a
single row. So let’s look for this connector. A quick way to look for this footprint is by
using the name filter. With the CONN_01x05 component selected in the middle pane,
click on the name filter (the third button from the right). This will return 4 compatible
footprints in the right pane:

[
n Cvpch (2015-09-03 BZR 8154, Git 4636d28d)-product Project: 'C:\Uz#fs\Peler Dalmans\Desktop\SevenSegmentBoard\SevenSegmentDisplayBoard e ] b4
File Preferences Help
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Description: Through hole pin header Key words: pin header Filtered by key words: 4

The name filter can speed up searching for a footprint.

The options returned all involve 5 pins in 1 row configurations, either angled or
straight. Use the pre-viewer to see what each one will look like on the board to help you



decide which one to use.

Pin_Header_Straight_1x05

The preview of the 5x1 straight connector. This is the one we’ll use.

So these footprints are here and there’s 1x05 pins that is angled and one that is straight.
Double click on the first option to do the association. Your Cvpcb should now look like
this:
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Components: 11, unassigned: 2 Filter list: R_", Resistor_* Filtered by key words: 63

The connector is now associated with the 1x5 straight connector footprint.

Next lets work on the seven-segment display. The keywords filter does not return
anything useful, maybe it does, but maybe we need to augment it with a number of pins
filter.



Companents: 11, unassigned: 2 Filter list Filtered by key words-pin count: 44

With the keyword and pins filter selected, the right pane contains a small list of
footprints that I can potentially associate with. We must find the best one manually.

To find the best footprint for our seven segment display we must ensure that the type of
pins (through hole) and the dimensions are correct. The name and the preview of each
footprints will help us in this. Avoid components that contains the letters “SMD” since
they represent surface-mounted components (we’ll work with them in the next project).
Look for footprints that contain “7-segment” as a part of their name.
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Footprint “7SegmentLED_LTS6760_LTS6780” has the right measurements and
pin type.

Looking through the list, find one titled “7SegmentLED_LTS6760_LTS6780”. This
footprint has through-hole pins, and the dimensions between the pins are an exact match
of the seven segment display I would like to use on my board (see image above). You can
use the previewer to make manual measurements in order to confirm that match. The
status bar in the bottom of the previewer window shows the measurement results.
Remember to press the space bar to zero the counters. The distance between the
neighbouring pins is 2.54mm and the distance between the two rows of pins is 15.24mm.



These are the dimensions of the real part as measured with my ruler. Double click on it
this footprint to associate it with the seven segment display component. Your Cvpcb
should now look like this:
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Completed with associating the seven segment display component with a
footprint.

Finally, let’s work on the shift register. It’s a 74HC595 and I looked up the
documentation and its data sheet, it’s up here in the NXP website. And the part that I want

to use is this one here and you can see that the name of the package that my shift register
uses is DIP16 or SO16.

74HC595

T4HCTS95
o1 [1] = 18] Ve
a2z [Z] [15] Qo
aa [3] [14) s
o4 [a] % 13 OF
as [5] [12] sTep
e [€] [11] sHep
a7 [7] [10] "R

GND [B] (9] ars
007380241
Fig 5. Pin configuration DIP16, SO16

As per the data sheet, the 595 shift register I wish to use comes in a DIP16
package.

So, we should search for a DIP16 footprint. The way that we configured the filters



earlier return several options, one of which is the DIP-16_300 footprint, inside the
“Sockets_DIP” library. In Kicad 4, this footprint is inside the “Housings_DIP” library.

Preview this footprints and ensure that its dimensions match the dimensions of the
actual part.
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It is important to cross-check that a candidate footprint matches the dimensions
and pin type of the real part.

Just like with the seven segment display, measure the distances between the pins and
rows of the real part and compare them against the preview of the candidate footprint. In
this example, I have a perfect match (DIP16 packages are very common and standardised
in the industry). Double click to setup the last association. Your Cvpcb will now look like
this:
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Edits sent to Eeschema Filter list Filtered by key words+pin count: 37

All associations are complete!

Now that the associations are complete, click on the Save button to commit them, and
return to Eeschema. Before we forget, let’s save the schematic in Eeschema. The last thing
to do before we move on to PCBnew is to export the netlist. Create the netlist and save it



in the project directory. In the next chapter we will start working on the layout in PCBnew.



Chapter 43: Create a 2 layer PCB in Pcbnew

In this chapter we will use Pcbnew to work on the layout and wiring of the second project
PCB.

Start Pcbnew. Type the project details for the canvas legend by selecting Page Setting
in the File menu. Type in your own details. Here’s an example:

Page Settings X
Paper Title Block Parameters

Size: Issue Date

A4 210:297mm - 2015-09-23 15

Orientation: Revision

Landscape . 1.0

Custom Size: Title

Height: Width: Seven Segment Display board
Company

Tech Explorations
Layout Preview =
Comment1

Peter Dalmaris
Comment2
Comment3

Commentd

Page layout description file

Browse

Ei\ . Cancel
\3

Setting up the Pcbnew project information.

[®

$ =370

The project information appears in the Pcbnew legend.



Next, let’s import the netlist file. Click on the “read netlist” button, navigate to the
netlist file you created in Eeschema, and import it by clicking on the Read Current Netlist
button.

All the footprints from the netlist appear one on top of the other in Pcbnew.

Pcbnew will read the netlist file, import the footprints for the project, and place them
one on top of the other. You could seperate them by moving each one individually, but
with so many components bundled together this is boring work. Instead, we will get
KiCad to separate the components.

nSegmentDisplayBoard.kicad_pcb [ech”
Explorations

1.Cu (PgDn) [g.:f&:i:!: @
Mode footprint: manual a

500 mils) v Zoom2.20 ‘e wal and automatic

To seperate the footprints, start by going into the automatic footprint mode.

First, enter automatic footprint mode, a mode that fives you access to several useful
features in the Pcbnew canvas. Look for the Mode Footprint button in the image above.
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Right-click anywhere in the canvas to bring up the contextual menu, and select
“Spread out All Footprints” from the “Global Spread and Place” menu.

Once you enter Automatic Footprint mode, right-click anywhere in the canvas and
select “Spread out All Footprints” from the “Global Spread and Place “menu. You will
receive a warning that any footprint not locked will be moved. This is ok, as none of the
footprints we just imported are locked. Locking a component makes it immovable by
Kicad. Notice the Lock Footprint menu item in the contextual (right-click) menu.

Kicad has spread out the footprints. We can now start positioning them.

Click OK to dismiss the warning, and Kicad will spread out the footprint so that none
are overlaying any others. We can now start positioning them.

We will be building a two-layer PCB. This means that although the actual parts will be
mounted on the front side of the board, the traces will be routed on both the front and the
back side. As much as possible, we will try to keep all the GND related wirings in the
back copper layer. We will also try to keep the Vcc and data traces to the front copper



layer.

Let’s start by by separating the components and putting them approximately to the
location that that we would like them eventually to be on the board. We will use the M key
(for “M”ove) a lot. Consider changing the grid to something bigger in order to make
placement on a grid faster. I set my grid to 1.27 millimeters.

At the end of the placement process, my canvas looked like this:
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This is, approximately, the final position of the footprints on the PCB. Also notice
the grid setting.

With this placement of the footprints, the 3D viewer rendering looks like this:
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A 3D rendering of the board with the current placement of the footprints.

You can see that the silkscreen markings for the resistors (“R1”, “R2”, etc),
appear to be misaligned. Let’s put a reminder to adjust the markings so that they are
correctly inside the rectangle that denotes each resistor. This is a aesthetic adjustment, so I

rather work on it towards the end of this chapter.

The next thing we want to do is to add the edge cuts perimeter for the PCB. This
will define the limits of the PCB and therefore is useful to do before we start work on the
the wiring. Select the edge cuts layer (Edge.Cuts), and then click on the polygon button. I
think that the current grid setting (1.27mm) is appropriate for drawing the edge cut.
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Ensure you are working in the Edge.Cuts layer. The select the polygon tool.

From the top right corner of the PCB, start drawing the edge cut.
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...And complete drawing where you started.

Because the price of a PCB depends greatly on its size, try to create a boundary that
make it as small as possible. The positions of the footprints, of course, influence the way
that the boundary wraps around them.

tart drawing the perimeter.
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A 3D view rendering of the PCB, after the boundary is defined.

o
o]
o
o]
o
o
0
o

D0O0OQOO0O0O

This looks fine so far. Before we continue with the wiring, I would like to correct the
positions of the silkscreen labels, “R1”, “R2” etc. Let’s move them to appropriate
positions inside the resistor boxes. Let’s also adjust the positions of the rest of the
silkscreen labels so that they are better aligned with the footprints they represent.

Use the “M” key to move the labels around. By the end of this process, your PCB
should look a bit like this:

74HC595.|

The R1..R8, S1, Ul and P1 labels were moved (in blue).



The 3D rendering of the board shows the new label locations.

With the label positions adjusted, we can continue to the next step: the Wiring. In the
next chapter I will show you how to do the wiring so that the track width is automatically
set to the correct value based on the net name. Remember that in project 1, I showed you
how to control the track width manually.



Chapter 44: Control track widths with nets

In this chapter I will show you how to wire the tracks on both top and bottom layer of the
PCB, and have the width of each track set automatically by Kicad. To make this possible,
we will define the desired width of Vcc and GND tracks, as well as the default track width
(that is, the width for tracks that are neither Vcc or GND). Then, Kicad will set the width
for a track based on this information and the name of the net that the track belongs too. If
this sounds a bit complicated, rest assured it isn’t; it will all make sense by the end of this
chapter.

In the first project we controlled the width of each wire manually. We did this by
creating a custom track width and then we used the track width drop-down menu to
manually choose the width of a particular track. What I would like to do now is to get
Kicad to automatically set the correct track width.

Here is how this can be done:

Start by bringing up the Design Rules editor from the Design Rules menu.
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Go to the Design Rules editor.

You have seen the Design Rules editor in the past, when you created several custom
track widths in the Global Design Rules Tab.
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We will work in the Net Classes Editor tab.

In this chapter, we will work in the Net Classes Editor tab, instead of the Global
Design Rules tab.

There’s a few things to notice here. First, at the top of the editor there is the Net
Classes matrix. There is a single net class, “Default”, with the various settings for
clearance, Track Width etc.

In the middle of the editor are the Memberships. On the left side, you can see that all
the nets belong to the Default class. There is no other class to which any of these nets
could have belonged to anyway. You can see the same information on the right side. At the
top of each list is a drop down menu. This allows you to filter out nets of a particular class,
and only display those in the list. With two lists, one next to the other, you can select nets
of a desired class in each list, and then use the four buttons between the lists to move nets
from one class to another.

A net is a wire, and it gets its name from the names of the pads that it connects.



A net gets its name from the names of the pads it connects

In the example image above, you can see that the wire that connects any “GND” pads
is named also “GND”. The wire that connects the two “sg4” pads is also named “sg4”. If
you wish to change the name of a net, you must change the names of the pads that it
connects.

To create a new Net Class so that tracks that belong to this class have an individual set
of values for their various characteristics, start by clicking on the Add button in the Net
Class Editor tab.
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To add a new net class, click on Add, give the new class a name, and click OK.



Give the new class its name, Power. Then click OK. Now, edit the values for the Power
class. I set those values as per the screenshot below:
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The values for the new Power net class.

Great, we have a new net class, for Power. We would now like to assign nets to this
class, so that the power class characteristics are inherited by these member nets.
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Make the GND net a member of the Power net class.

To do this, first use the drop down filter menu of the right net list to select the Power
class. Then, select the GND net from the left list of nets. With the GND net selected, click
on the “>>>” button to move the GND to the right side list. That’s it, the GND net is now
a member of the Power class.

Repeat the same process for the Vcc net, and what you will end up with is this:
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The Vcc net is also a member of the Power net.

At this point, we have the GND and Vcc nets as members of the Power net class. Let’s
see the effect that his has on routing tracks.Let’s connect a couple of wires, starting with
the GND pads. Because I prefer to place GND tracks in the back copper layer, select the
B.Cu layer first.
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We will place the GND track in the back copper layer.

Then click on the green wire button to select it, and connect any two GND pads.
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Click on the green wire button to go into the wiring mode.
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Wire the connector and 595 IC GND pins. Notice the thickness of the track?

I connected the GND pins between the connector and the left 595 IC. Notice that the
new track is thicker than the default thickness. This is an indication that Kicad applied the
correct track thickness value best on the membership of the GND net.

Let’s do the wiring for a non-power related set of pins. Let’s connect pin 5 of the
connector to pin 11 of the 595 IC. Since this is a normal data signal, not GND, we will
switch to the front copper layer.
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Select the F.Cu layer in order to do wirings in the front copper layer.
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Then do the connection between these pads. This is what you should see:



The red track connects two non-power pads with a net that does not belong to the
power net class. It is thinner than the green track because Kicad applied the default
track setttings to it.

Notice the difference between the thickness of the green and the red tracks. The red
track (indicating it is placed on the front of the PCB) is thinner than the green one. This is
because the Data net (the net that connects pin 5 of the connector to pin 11 of the IC)
belongs to the default net class. This class has a thinner value set for he thickness. Again,
we didn’t have to do anything specific to apply the thickness value. Kicad used the net
class settings to workout the correct thickness for each net.

Let’s continue with the rest of the wirings. I prefer to do my wiring from left to right
when possible. Spend a bit of time experimenting with the routing, try to figure out the
shortest path from one path to another, and try to make the tracks as neat as possible. Try
to lay the tracks in parallel paths, with adequate space between them. Do an Design Rules
Check occasionally to make sure the the design is valid at all times. Usually wiring the
back copper layer is easier since it involves mostly the GND pads. Then move to the front
layer.

In some cases, you may not be able to find a route between two pads because of
obstacles, like existing tracks or pads. You can try to re-arange existing tracks by deleting
them and re-drawing. You may also be able to create a route by inserting vias. A via is a
small hole that implements an electrical connection between layers. This way, a track that
starts in the front layer can continue in the back layer, and then come back to the front to
finish a connection. To insert a via, just type “V”. This will create a via representation on



the canvas that looks like this:
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A via is a connection between layers that allows tracks to move from one layer to
another. In this example, a via is used to make allow for a front layer track to
continue to the back layer.

My track routes eventually look like in the image below. Yours may be different.

74HC595

A possible wiring. Your actual routes may be different.

The DRC is also clear:
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A clear DRC report!

You can also have a look at the 3D render of your board, and admire the tracks you just
created. Look at the back layer to notice how the thicker GND net is clearly visible.

The track are clearly visible in the 3D rendering of the board.

Let’s save the project. In the next chapter, we will add copper fills for Vcc and GND.



Chapter 45: Add GND and Vcc copper fills

In this chapter, we will add the copper fills for the ground and Vcc planes. Since we
placed the ground tracks in the back copper layer, and the Vcc and data signals on the
front copper layer, we will create copper fills in the back and front layers.

Let’s start with the bottom layer. Select the bottom layer “B.Cu” from the Layer
chooser.
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Select the appropriate layer, then enable the copper fills function button.

You may get a warning like this:
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The zone display is OFF. This will make copper layers invisible, so we should turn
zone display on.

When a PCB is fully populated, routed and filled with copper, it may be difficult to
distinguish individual features. You can make the canvas easier to examine by switching
off various display features. One of them is the copper fills. This warning is complaining
that because the zone display is off, you will be unable to see the new copper fill that you
are about to add to the canvas. To enable the zone display, click on the “Show field areas
in zones” button from the left vertical tool bar.

i !

CONN_D

1x049

"

To make copper fills visible, click on the “Show filled areas in zones” button. The
two buttons below it control the visibility of other canvas features. Toggle them on
and off to see what they do!

With the zone display on, B.Cu layer selected, and copper fills function enabled, start
drawing the copper fill region. Click at the top right corner to start drawing. The Copper
Zone Properties window will show up. The B.Cu layer is already selected in the Layer list.
In the Net list, look for the GND net and click on it to choose it.
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To add a copper fill in the bottom layer for the GND net, select the layer and net
from the Copper Zone Properties window. Also notice the Grid setting (0.508) in the
drop-down menu above the properties window.

Click OK to dismiss the properties window, and start creating the box. A single click
will complete an edge, and a double click will finish the box.
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Click to create an edge of the box...



Double-click at the first corner of the box to complete the fill.

The bottom layer copper fill (marked in green) is ready. Let’s move to the front layer
and create the copper fill there. Choose the front copper layer (F.Cu):
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Move to the front copper layer.

The fill zones tool is already selected, so we can go ahead to start the box for the
copper fill in the front copper layer. Again, start by clicking on the top right corner of the
PCB (this is not a requirement, only my preference). The properties window will come up:
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F.Cu will be already selected. Choose the VCC net, and click OK.

Since we are already working on the front layer, the F.Cu layer will be already selected
in the Copper Zone Properties. In the Net list box, scroll to find the VCC net, and selected.
Click on Ok to dismiss the properties box. Begin drawing the box close to the edge of the
PCB:
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Drawing the front layer copper fill...
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The front layer copper fill box is complete. Notice the thin red line outlining it.

We now have the outline for the top and bottom layer fill zones, but they zones are still
empty. To actually fill them with copper (at this point, virtual copper!), right-click
anywhere inside the fill zones and click on “Fill or Refill All Zones”) from the contextual
menu:
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To fill all zones, right click anywhere inside the zone and select “Fill or Refill All
Zones”.
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Our PCB, with its fill zones filled with virtual copper.

Our board is now filled with copper in its fill zones: red for the front, and green for the
back. The 3D rendering shows the copper filled area with a lighted shade of green when
compared with areas that have no copper:

A 3D rendering of the front layer. Notice that the areas filled with copper have the

same shade of green as a normal track. Darker green indicates an area that has no
copper.
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The back layer, almost completely covered with copper.

I like to preview a 3D rendering of the front and back layers before doing any more

work, in order to visually inspect the board. It is also a good practice to do regular DRCs.
In my case, there were no errors, which is how I like it!

Before we move on, have a look at one of the Vcc pins, like pin 10, GND pin 8, and
unconnected pin 9:

1(15.75 mils) * ~  Via: 0.70 mm (27.6 mils)/ 0.50 mm (19.7 mils) * % Grid: 0.2540 mm (10.00 mils) ~| Zoom 1000 «

Vce thermal relief GND thermal relief
Unconnected

£ J
Small but important details: pins 8, 9 and 10.

Notice how pin 9, which in Eeschema we marked as “unconnected” is actually not
connected to anything in Pcbnew. Thermal reliefs were also added to pins 8 and 10, GND

and Vcc respectively, since we chose to connect these nets to the back and front layer
copper fills.

The bulk of the layout and wiring work is complete. In the next lecture we will add
text labels in the silkscreen layer.



Chapter 46: Add text labels

In this chapter we will add a few text labels in the silkscreen layer. Text labels provide a
convenient way to provide useful information to the end user of the PCB, like the name or
model and version number. Select the Text tool from the right vertical tool bar:
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Select the front silk screen layer, “F.Silk”, where we would like the text to go:
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We will place the text labels in the front silk screen layer. You can also place text

labels in the back silk screen layer.

Start with the version number. There is a bit of empty space in the bottom left corner of
the board, so click there. The Text Properties window will come up. Type “v1.0” in the

text box:
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The Text Properties window

The default settings for the text label are appropriate for this text. Notice that the Layer
setting is “F.SilkS”, which is carried over from our earlier layer selection. Click OK, and
then move the mouse so that the level (which is now tethered to the mouse pointer) is
positioned close to the bottom left corner of the board. Click to place the label in position,
like this:

The “V1.0” text label in place.

In the screenshot above, you can see that the text (in light-tray) looks “unclean” and
there is a ghost image in red. This is an artefact the Kicad generates as the label is moved
around. You can force a redraw by pressing F3. This will clean up any such artefacts.

Create another label with information about the board. Something like this will be



good:
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A new label. The width and height settings are smaller in order to produce
smaller text.

I would like this text to be smaller, so set the width and height values to Imm. When
you click OK you will see a warning. This is telling you the Kicad needs to adjust the
thickness of the text to accomodate for the smaller text size. This is fine, so click OK
again to dismiss the warning. Use your mouse to fine-tune the position of the label in the
bottom right corner of the board, and click to lock it in place. The label will look like this:
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Another label with drawing artefacts. Type F3 to redraw and clean it.

While looking at the bottom right corner of the board, notice an existing label,
“7SEGM?” that is part of the display footprint:

The label “7SEGM?” is not useful. Let’s make it invisible.



This label is not very useful, so I would prefer to make it invisible. Place your mouse
pointer over the label and type “E” (for edit). A small menu may appear if more than one
items are sharing the same space, asking you to indicate which item you would like to
select.

| rare
O/ ecnw
/A
W |[Azran

& T 1V

Selection Clarification
Pcb Text "7-Segment di..." on F.SilkS
Track 0.250 mm, net [Net-(R6-Pad2)] (17) on layer B.Cu, length: 3.683 mm

Value 7SEGM of 31

T

If multiple items are sharing the same space, a menu will appear to help you select
one of them.

Footprint Text Properties X

Footprint $1 (7 SEGM) orientation 0.0

Value: | 7SEGM
Width (mm): | 1
Height (mm): | 1

Thickness (mm): | 0.15

Offset X (mm): [ -0.4

OffsetY (mm): | 12

Layer: | [ F.Fab v
Style Orientation Display
(®) Normal (® Horizontal (O Visible

O Halic vertres o wisible

You can make a label invisible by selecting the “Invisible radio button”.




The text label has disappeared.

Our board, after a re-draw, now looks like this:
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The board after a redraw (F3).

There are several yellow-coloured labels. These labels are located in the F.Fab layer,
which we will not be sending to the fabricator anyway. Therefore, these labels will not be
present in the final printed circuit boards, even though they are visible in this view.

The 3D preview of our board is this:



The 3D rendering of out board, with the new text labels in the silkscreen.

I think our board looks good! Save the project.

In the next chapter we’ll create a decorative graphic to put in the back of the PCB with
a logo.



Chapter 47: Add a decorative graphic

In this chapter I will show you how to add a decorative graphic on the back layer of our
PCB.

To better understand what we will achieve in this chapter, let’s start from the end. I
would like to add a graphic in the back silkscreen of the board, so that it will look like

this:

In the end of this chapter, the back layer of our PCB will look like this.

Of course, you can use whichever graphic you like!

First, we need to find out the dimensions of our board: width and height. Kicad
contains a measuring tool in Pcbnew. Starting with the width, place your mouse cursor
over the top left corner of the PCB and hit the space bar. This will zero the measuring tool
at the right side of the status bar (at the bottom of the Pcbnew window).
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Pressing the space bar will zero the measuring tool.

Then, move the mouse cursor to the top right corner of the board to measure the
horizontal distance.
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The distance, in the X and Y axis, between the start point (the position of the
cursor when the space bar was pressed) and end points where the cursor is now
showing in the status bar.

In the right side of the status bar you can see the horizontal (X-axis) distance between
the original point of the cursor (when the space bar was pressed) and the current position.
This tells us that the width of the board is 49.53 mm.



Move the cursor to the bottom left corner of the board to measure the height:
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The height of the board is 31.75 mm

We now know that the height of the board is 31.75 mm. Because we are taking these
measurements in order to calculate the maximum dimensions of our decorative graphic,
we don’t need to be too accurate. We can round these dimensions down to round numbers.
Let’s make the width 49 mm and the height 31 mm.

The process of creating the decorative graphic involves using a simple Kicad utility
that convert a PNG image file into a Kicad footprint. Of course, we need a graphic file. I

will use this:
[ech’

Explorations
txplore.com

I will convert this graphic into a Kicad footprint. Feel free to use your own
graphic.

It is better to start with a graphic that has high resolution. Part of the process that will
follow involve scaling down the image in order to reduce its size and make it fit inside our
PCB.



From the main Kicad window, click on the button with the “a” icon to start the

Bitmap2component utility.

File Browse Preferences Tooks Help

E . b ~
= |

| 4] SevensegmentDisplayBoard.pro — -
& SevenSegmentDisplayBoard kicad_peb ,_.‘f EZH

Gy SevenStgmentDisplayBoard.net
'# SevenSegmentDisplayBoard.sch Project name

1] sevensegmentDisplayBoard-cache lib

Click to start Bitmap2Component.

C:\Users! Peter Dalmaris\ Desktop\ SevenSegmentBoard\Sey r'\S{?menTI splayBoard,pro

3 BZR 6154, Git 4636d2d)-product C:\Users\Peter Dalmaris\Desktop!SevenSegmentBoard SevenSegmentDisplayBoard.pro

When the utility starts, notice that there are three tabs that allow you to convert
different types of images into components. Because silkscreen are typically able to print in
a single colour only, because my original image is black and white, I will select the “Black

and White Picture” tab:

i Bitmap to Component Converter

Original Picture | Greyscale Picture Black&White Picture

Bitmap Info:
Size: 0000 0000 picels
Size: 0000 0000 mm

Lo. nEVBrtrnap |

Format

" Eeschema (Jib file)

f* Pcbnew {.kicad_mod file)

" Postscript (,ps file)

" Loge for title block (kicad_whks file)

Options
* Normal

" Negative

Threshold Value:
o = - — 100
81

Board Layer for Outline:
% Front silk screen

" Front solder mask

" User layer Ecol

" User Layer Eco2

In most cases, we will be dealing with black and white PCB decorative images.

To load the image file, click on the “Load Bitmap” window. Browse to select the
image, and once it loads, the utility will show you a full-sized preview:



£3 Bitmap to Component Converter = ) ®
Original Picture | Greyscale Picture Black&White Picture I Bitmap Info:
il Size: 3000 2000 pieels
Size: 10583 7056 mm
BPP: 32 bits

Resolution: F.‘ B 2 DA

Load Btrmap l

[ {xpor! |

Format
" Eeschema (ib file)
(* Pcbnew (.kicad_mod file)
" Postscript (.ps file)
5 " Logo for title block (kicad_wis file)

Options
% Normal

" Negative

Threshold Value:
0O ——— —
a1

Board Layer for Outline:
* Front silk screen
" Front solder mask
" User layer Ecol

vl -~

" User Layer Eco2
< >

C\Users\Peter Dalmaris\Desktop\SevenSegmentBoard\teplore-logo.png

The tool will provide a full-size preview of the image.

At the top right corner of the tool you can see the statistics, and a couple of fields
where you can specify the resolution of the final footprint. You can also see the
dimensions of the footprint. The process is simple: change the DPI resolution until the size
of the image is smaller than the size of the board.

When we start with this image, the footprint contains 3000 pixels horizontally and
2000 pixels vertically, and this translates to a footprint of 1058.3 mm by 705.5 mm. This
is a very large image and will not fit on our board, which measures only 49 mm by 31
mm. Let’s edit the resolution down, and see how this changes the dimensions.

Bitmap Info: -

~ Size: 3000 2000 pixels
Size: 69.3 705.6 mm
BPP: 32 bits
Resolution: | 1100 |72 DPI
Load Bitmap I

We can change the dimensions of the footprint by changing the resolution.

If we change the horizontal resolution to, say, 1100 DPI, the horizontal size will be
reduced to 69.3 mm (from 1058.3 mm). Still, too large, so we need to increase the
resolution further.



Bitmap Info: I

i Size: 3000 2000 pixels
Size: 42.3 705.6 mm
BPP: 32 bits

Resolution: [ 1800  [72]  DPI

At 1800 DPI, the horizontal dimension is 42.3 mm.

If we increase the horizontal resolution to 1800 DPI, the horizontal dimension is
reduced to 42.3 mm, which is fine for our board (considering that the image has a border
around it). Let’s make the vertical resolution also 1800 DPI in order to preserve the aspect

ratio.

Bitmap Info: l
= Size: 3000 2000 pixels
Size: 42.3 28.2 mm
BPP: 32 bits

Resolution:}woo 1800  DPI

1
At 1800 DPI for both horizontal and vertical axes, our image is resampled so that
it will fit inside the PCB.

At 1800 DPI resolution, our image is scaled down to 42.3 mm by 28.2 mm, which will
fit inside our PCB. To create the footprint, click on the Export button. We must store the
footprint file in our project directory, inside a new “.pretty” named directory.
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File name:

Save as type: | KiCad footprint s-expre file (".kicad_mod)

= Hide Folders Cancel
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We will store the new footprint in a directory titled “Graphics.pretty”, inside the
project directory.

Name the footprint file “logo_bw”:

- {?_ech -
Explorations
4| Create a footprint file for PcbNew x

< ) « SevenSegmentBoard » Graphics.preety v & € . o

Organise ¥ New folder
&=/ Pictures o
Graphics.pretty
nRF24-breakout
processed

Seven Segment Display
& OneDrive
[ This PC
¥ Network v <

File name: | Icgn_bwl

Save as type: | KiCad footprint s-expre file (*.kicad_mod)

4 Hide Folders Cancel
0

81

We will name the new footprint file “logo_bw”. Kicad will give it the
“.kicad_mod” extension.

Click on the Save button, and close the utility. Our new footprint is now saved inside
the project directory.

Return to Pcbnew and bring up the library manager in order to import the new
footprint.



' Pcbnew (2015-09-03 BZR 6154, Git 4636d8d)-product C:\Users\Peter Dalmaris\Desktop\SevenSegt
le Edit View Place Route Preferences _ Dimensions  Tools Design Rules Help

ﬁ m EK] D;/J Footprint Libraries Wizard @ [ﬁ;

rack: 0250 mm (9.84 mils) * [;,] Fltprint Libraries Manager

- 4

% Gri

Configure Paths

-

Ef;] 3D Shapes Libraries Downloader

g Hide Layers Manager

Pfﬂ Show Microwave Toolbar

SR TN

]
“  General

Start the Footprint Libraries Manager in Pcbnew.

We will use the library Wizard to import the new footprint library. In the libraries
manager window, click on the Append with Wizard button to start the Wizard:

PCB Library Tables ] x
Library Tables by Scope

Table: C:\Users\Peter Dalmaris\AppData\Roaming\kicad\fp-lib-table

Nickname Library Path Ph "
76  Transformers_ SMPS_ThroughHole | S{KIGITHUBY Transformers_SMPS_ThroughHole.pretty Git
T7 | Transistors_OldSowjetAera ${KIGITHUBY/ Transistors_OldSowjetAera.pretty Git
78 Transistors_SMD S{KIGITHUBY/ Transistors_SMD.pretty Git
79  Transistors_T0-220 ${KIGITHUBY Transistors_TO-220.pretty Git
80 Transistors_T0O-247 ${KIGITHUB)/ Transistors_TO-247.pretty Git
81  Valves ${KIGITHUB}/Valves.pretty Git
82 Wire_Connections_Bridges §{KIGITHUB)/Wire_Connections_Bridges.pretty Git
83 Wire_Pads ${KIGITHUB}/Wire_Pads.pretty Git
84 nRF24_footprints Z:\Documents\Kicad\Kicad Pro - nRF24 breakout\nRF24_footprints.pretty Ki(
v
< >

‘Global Libraries. = Project Specific Libraries

i Append with wznrd Append Library Remove Library Move Up Move Down Options Editor

Path Substitutions

Environment Variable Path Segment 2
1 KIGITHUB hitps://github.com/KiCad
2 | KIPRIMOD C:\Users\Peter Dalmarnis\Desktop\SevenSegmentBoard
3 |KISYS3DMOD CAmsyséd\home\nosterga\MINGW-packages\mingw-wid-kicad-git\pkg\mingw-wid-x86_ o
< >
oK Cancel
.
Start the Wizard.
Library Tables by Scope
Table: C:\U: Peter Dal AppData\Ri g\kicad\fp-lib-table
Nickname Library Path Ph "
76 pdd Footprint Libraries Wizard a X it
n it
L4 Welcome to the Add Footprint Libraries Wizard! fit
7 | it
80 Please select the source for the libraries to add: it
81 (®) Files on my computer it
82 ‘ iit
Bé (O Github repository  hitp://github.com/KiCad E
- | slocal it
~
< 3
Glo
A - n
o- Visit our official Kicad repository on Github and get more libranes
Path )
- A
- < Back Eext > Cancel
2 TKIPRIMOD C:\Users\Peter Dalmaris\Desktop\SevenSegmentBoard
3 |KISYS3DMOD C\msysbd\home\nosterga\MINGW-packages\mingw-wt4-kicad-git\pkg\mingw-wi4-x86_
< >

oK Cancel




The file we are importing is on the local machine.

Library Tables by Scope
Table: C\Users\Peter Dalmaris\AppData\Roaming\kicad\fp-lib-table
Nickname Library Path e
76 Add Footprint Libraries Wizard o x E
mn it
L} Select files or folders to add: iit
79 5| it
80 = Peter Dalmaris ~ it
81 : Jssc it
82 ' nbi it
83 3 3D Objects it
84 + Contacts ic
Desktop
- 0| nRF24-breakout E
SevenSegmentBoard
G ;
i Documents
A i Downloads v 13
All supported library formats v
Path
~
< Back > Cancel
1 ns
2 |KIPRIMOD C:\Users\Peter Dalmaris\Desktop\SevenSegmentBoard
3 |KISYS3DMOD C:\msys64\home\nosterga\ MINGW- packages\mingw-wb4- kicad-git\pkg\mingw-wbd-x86_
< >
aK Cancel

Browse to the local directory where we created the Graphics.pretty folder with
the footprint file.

Library Tables by Scope

Table: C:\Users\Peter Dalmaris\AppData\Roaming\kicad\fp-lib-table
Nickname Library Path P
76 544 Footprint Libraries Wizard m x B
L iit
L} Review and confirm the changes to the libraries: it
79 3 it
80 Library Status Format iit
8'! Graphics oK KiCad it
82 [&r iit
83 it
84 i€
v
< 3
Gla
Al o
Path
~
< Back Next > Cancel
1
2 |KIPRIMOD C:\Users\Peter Dalmaris\Desktop\SevenSegmentBoard
3 |KISYS3DMCD CAmsysB4\ home\nosterga\MINGW-packages\mingw-wéd-kicad-git\pkg\mingw-wb4-x86_
< >
oK Cancel

The Wizard recognises this as a native Kicad footprint.



Library Tables by Scope

Table: C:\Users\Peter Dalmaris\AppData\Roaming\kicad\fp-lib-table

Nickname Library Path Py "
76 Add Footprint Libraries Wizard ] X it
71 it
L] 1 Where do you wish the new libraries to be added: iit
79 |L=by iit
80 _j _) To global library configuration (visible by all projects) it
81 ®) To the current project only it
82 iit
83 it
84 iC
~
< »
Glo
A n
Path
~
< Back FWT Cancel
1 S
2 KIPRIMOD C\Users\Peter Dalmans\Desktop\SevenSegmentBoard
3 |KISYS3IDMOD C:\msys64\home\nosterga\MINGW-packages\mingw-wi4-kicad-git\pkg\mingw-wb4-x86_
< >
0K Cancel

We will make this library available to the current project only. If you want it
available to all your projects select the first radio button. Click Finish to ... finish ...

Wizard.

PCE Library Tables a X
Library Tables by Scope

Table: C:\Users\Peter Dalmaris\Desktop\SevenSegmentBoard\fp-lib-table

Nickname Library Path Plugin Type  Options Description

1 B KiCad I

Global Libraries | Project Specific Libraries

Append with Wizard Append Library Remove Library Move Up Move Down Options Editor

Path Substitutions

Environment Variable Path Segment
1 |KIGITHUB https://github.com/KiCad
2  |KIPRIMOD C:\Users\Peter Dalmaris\Desktop\SevenSegmentBoard
3 |KISYS3IDMOD C:\msys6d\home\nosterga\MINGW- packages mmgm-wﬁ-l-kr:ed-Tt_'.pkg-mmg»‘---x'."-:-ta‘l‘_ v
< o >
oK Cancel

When the Wizard finished, you will be shown the Project Specific Libraries tab in
the Library Manager. Our newly imported library is included!

Now we can add the footprint we just created to the back silkscreen of our board. Click
on the Add Footprint button:
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The Add Footprint button.

Click anywhere on the canvas to add the footprint, and the footprint chooser will
appear:

Load Footprint

Name: oK

History list: Search by Keyword

Cancel

List All

Select b%rowser

The component chooser. Click on List All.

We can use the filter to look for the new footprint. Click on List All:

Footprints [1905 items] x
Filter:
1 logo ‘
Items:
Footprint Library
e | === — i
Symbol_ESD-Logo-Text_CopperTop Symbols
Symbol_ESD-Logo_CopperTop Symbols
Symbel_GNU-Logo_CopperTop Symbols
Symbol_GNU-Logo_SilkscreenTop Symbols
Symbol_OSHW-Logo_CopperTop Symbols
Symbol_O0SHW-Logo_CopperTop_BIG Symbols
Symbol_OSHW-Logo_CopperTop_Negative Symbols
Symbol_OSHW-Logo_SilkScreen Symbols
Symbol_OSHW-Logo_SilkScreen_BIG Symbols
fg( Cancel

In the filter box, type a part of the footprint name, like “logo”.



Select the footprint and click OK. This will drop the graphics footprint on the canvas:

The decorative footprint. Since we want to place it in the bottom layer, we need to
reverse it.

At the moment, the footprint is placed on the top layer by default. We would like to
place it on the bottom layer instead. To do this, place you mouse over the graphic, and
type “E” to reveal the footprint properties window:

& Footprint Properties x

Properties 3D settings

Reference Clunge Fnu!prin{'{s]
g Edit
Value Footprint Editor
[LOGO || Edit | Attributes Move and Place
Side (® Normal () Free
O Top side (O Mormal+ Insert (® Lock pads
(@) Bottom side 4—@#'“' () Lock module
Rotation Auto Place
Q00 Rotation 50 degree Rotation 180 degree
Q+900 o ¥ 0ol 10
O 0 0
() Other rotation Local Settings
_ Pad connection to zones:  Use zone setting b
Rotation (in 0.1 degrees):
1800 Set clearances to 0 to use global values
Paosition Pad clearance: [CI_ J] mim
X | 137.16 | mm
v (85725 - Solder mask clearance: | 0 ] mm
Sheet path: Solder paste clearance: [_—U ] mm
i Solder paste ratio clearance: | -0.000000 %

|



In Footprint Properties, choose “Bottom side” in the “Side” group, and “180.0” in
the “Rotation” group.

In the Footprint Properties window, we will choose to place the footprint in the Bottom
side. We also have to mirror the footprint in order to orient it properly, so choose “180.0”
in the Rotation group. The board now looks like this:
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The decorative graphic is now in the back layer, properly oriented.

The PCB view is not very clear, so let’s check out the 3D rendering:

f
/

Here is the decorative graphic, nicely showing in this 3D rendering.

I really like this, I hope you agree! With the decorative graphic footprint in place, we
have completed the implementation of the PCB. The only thing left to do is to export the
Gerber files, test it with Gerblook, and upload it to the manufacturer. We will do this in the
next chapter.



Chapter 48: Exporting Gerber files

We have our PCB ready to export as Gerber files, and upload to the manufacturer! We’ll
work on this in this chapter. Let’s start with the Gerbers.

3-09-03 BZR 6154, Git 4636d8d)-product C:\Users\Peter Dalmans\Desktop'\SevenSegmentBoard\SevenSegmentDisplayBoard.kicad_pch q‘}
v Place Route Preferences Dimensions Tools Design Rules Help
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Plot (HPGL, PostSeript, or GERBER format)

1 (984 mils) * | Via: 0.60 mm (23.13 rid: 0.6350 mm (2500 mils) v | ZoomAuto v

Click on the Plotter icon to start the Gerber export process.

In the Plot window, we’ll select the layers that we would like to export as Gerber files,
Gerber file type, an output directory, and then we will create the files themselves.
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Scaling:
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[] Margin Gerber Options
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(] F.Crtvd ] Use Protel filename extensions .
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Piot fie ‘CUsers\Peter ) g S A
Dalmaris\Desktop\SevenSegmentBoard\T Seg\SevenSegmentDisplayBoard-Edge_Cuts.gmi
created 4 5
b
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| Filter: AN Narning Error : Actions Save report to file...

Plot | Gerpegate Drill File | Close
| [Co e )

The Plot window controls the creation of the Gerber files. The numbers indicate
the order of interaction with the window.

In the Plot window, start by selecting the layers to export. Just like in the first project,
we are going to export the F.Cu, B.Cu, B.Paste, F.Paste, B.Silk, F.Silk and the Edge.Cuts
layers. As you will see later, one of the required layers is missing, but lets continue with
this omission to see what will happen later in the process.

In the Gerber Options group, check the “Use Protel filename extensions”, and the
select the output directory. Create a new directory so that we can create a ZIP archive from
it later.

Next, click on the Plot button to have the Gerber files for these layers created. You will
see the Messages box populated with the status of the Gerber generation process. The last
thing to do here is to create the Drill file, which tells the manufacturer where to drill for
pad holes and vias. Click on the Generate Drill File button.
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All the defaults in the Drill Files Generation window a good.

In the Drill Files Generation window simply inspect the settings as the defaults are
correct. Click on the Drill File to generate the file, and confirm the operation by looking in

the Messages box.

The Gerber files are now saved in the Gerber directory, so click on Close to close the

Drill Files Generation window, and Close again to dismiss the Plot window.

Here are the Gerber files:
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SevenSegmentDisplayBoard.drl
SevenSegmentDisplayBoard-B_Cu.gbl

| SevenSegmentDisp\ayBuarbBﬁPaste.gbp
SevenSegmentDisplayBoard-B_SilkS.gbo

SevenSegmentDisplayBoard-Edge_Cuts.g... 23/08/2015 3:34 PM

SevenSegmentDisplayBoard-F_Cu.gtl
SevenSegmentDisplayBoard-F_Paste.gtp
| SevenSegmentDisplayBoard-F_SilkS.gto
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» ThisPC » Desktop » SevenSegmentBoard » 7Seg v O

The Gerber files. One for each layers, plus the drill file.

Create a ZIP archive from the Gerber directory:
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The Gerber files ZIP archive.

We will use Gerblook.org to confirm that our Gerber files are valid and that we have
not forgotten any of the layers (which is often the case!). Use your browser and go to
gerblook.org. Then upload the Gerber ZIP archive:

€« X gerblook.org

GerbLook

GerblLook is an online g viewer. Gerber files are used for manufacturing printed circuit boards (PCBs). GerbLook wi

layers of your PCB which you can use to inspect v t your fabricated board will look like

Gerber Files Browse
7Seg.zip
Soldermask Color Blue v
Silkscreen Color White v

Copper Color

How dc et of gerber files, can be either zipped, rarred or multiple separate gerber files. Select your sal

Your gerber

rate the images and then deleted

New! Now handles up to eight copper layers

Current issues.

Go to gerblook.org and upload the ZIP archive that contains the Gerber files.

« (2 gerblook.org

GerbLook FAQ

« Couldn't findltop soldermask layer

Gerber files are used for manufacturing printed circuit boards (PCBs). GerbLook will render and display i
inspect what your fabricated board will look like

Gerber Files Browse
Soldermask Color Blue v
Silkscreen Color White v
Copper Color Silver v

Oh no! It seems that we forgot to include a required layer!

Gerblook detected that a required layer, the solder mask layer, is not included in the
ZIP archive. If we had proceeded and uploaded this ZIP archive to a manufacturer, the


http://gerblook.com
http://gerblook.org
http://gerblook.org

board would be produced anyway, but with this layer missing the board would be useless.
Therefore, it is a good practice to always check your Gerber ZIP archive with a service
like Gerblook or similar to make sure that the archive is valid!

Go back to the Plot window in Pcbnew, and click to select the B.Mask and F.Mask
layers. You should un-select the B.Paste and F.Paste layers that I incorrectly selected in
my first attempt.

Plot X
Plot format: Output directony:
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Layers Options
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] Cmits.User Current solder mask settings:
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L] Margin Gerber Options
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[ F.Crtvd [ Use Protel filename extensions :
L]8Fab [include extended attributes () 4.5 (unit mm]
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Messages:
Piot fie CUsers\Peter = : ' S a
Daimaris\Desktop\SavenSegmentBoard\T Seg\SevenSagmeniDisplayBoard-Edge_Cuts gmi
crealed
W
1
Filter: [ AN Warning Error nfos \ctior Save report to file...

Plot Generate Drill File | Close

| = :

Select the back and front solder mask layers. Unselect the front and back paste
layers.

Click on the Plot button to create the missing Gerber files, and the Close to dismiss the
window. We don’t worry about the Drill file since we generated it earlier.

Delete the existing ZIP archive, and create it again from the Gerber file directory.
Return to your web browser and Gerbview, and upload the new ZIP archive. Gerbview
will render the layer and present them in a single page:
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The new Gerber ZIP archive passed the Gerblook test!
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The back of the PCB on Gerblook.

Gerblook reported that the new Gerber ZIP archive is in order.

We can now proceed with our order. I got mine from OSH Park, but feel free to choose
you own manufacturer. The ZIP archive we have created is a de-facto industry standard
and I had no trouble using it with various manufacturers.









PART SEVEN
Project 3: a full-SMD 16-LED board



Chapter 49: What is this part

In the third project for this course, we will build a 16-led array PCB, using two layers and
surface-mounted components.

Using surface-mounted components does not change materially the process of
designing the PCB. In fact, in the schematic editor you don’t even have to think about it.
Any changes to the design process apply at the layout and wiring stage, in Pcbnew.

In Pcbnew you need to be mindful of the fact that the components are placed on pads
that only exist on one layer, instead of pads that are connected on both sides of the PCB
through a hole.

In this project, apart from using surface mounted components, you will consolidate the
features and techniques you learned about up to know.

You will work with components, nets, labels, busses, power flags, the electrical rules
check, netlist, footprints, track widths, copper fills, graphics, and Gerber files.

This is what the final board will look like:
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The final PCB for the third project, front side.
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The final PCB for the third project, back side.



Chapter 50: The circuit

Before we start with the design work of the PCB in Kicad, let’s have a look at the original
circuit.

The circuit, implemented on a breadboard, comes from one of my Arduino step-by-
step lectures. If you haven’t completed that lecture from Arduino step-by-step, again,
don’t worry about it. You’ll be perfectly able to follow along with what we’re doing here.

iTech” |
Explorations

fritzing

The circuit, on a breadboard. We will design a PCB for it.

As you can see in this circuit, there are 16 LEDs in total on the breadboard. I would
like the PCB to provide pads for common 0805 surface mounted LEDs supported by
similarly sized surface mounted resistors. The circuit will also contain two surface
mounted 595 shift register integrated circuits, and a surface mounted electrolytic capacitor.



The only through-hole component on the PCB for this project will be the 5 pin connector.

0 10 i
Examples of capacitors. The left of the image shows several surface mounted
capacitors.

Let’s begin with the work in Kicad!



Chapter 51: Create the schematic in Eeschema

In the last chapter we looked at the breadboard wiring diagram for the circuit that we will
work to create a PCB for. In this chapter, we’ll start the process by creating a new Kicad
project, and doing the schematic in Eeschema.

Let’s create the new project. Start Kicad, go to the File menu item, then New Project,
and then click on New Project.

Create new blank project

Starting a new project.

Create a new directory for the project, and give it a name like “16-LED-board”. Give
your project a reasonable name, like “16-LED-board”, and the Kicad main window will
look like this:
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The new project is created, ready for Eeschema!

Let’s start Eeschema. Click on the Eeschema button. Once Eeschema launches, edit the
page properties so that the project information is shown in the canvas legend.

[ 16-LED-board /] (C:\Users\Peter Dalmaris\Desktop\16-LED_board)
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Bring up the Page Settings window to edit the project information.
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Populate the project information text fields.

Once all the details are completed, click OK. The canvas legend will look like this:

|
TL
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Sheet: »

Filte: 16-LED-Dboard.sch

Title: 16—-LED board with shift registers

Size: A B v R,E,",:, i0
id: 171

: Al Date

ZR 6154, Git L636d8d)-product

The canvas legend with the project information.

We will start again as usual by dropping in the components into the canvas, making
extensive use of pin labels and buses. We will use lines, boxes and text labels to annotate
the schematic to make it easy to read if you decide to print it out.

Let’s start the process by dropping the components to the canvas. Hit the “A” key to
bring up the components chooser. Look for the larger components first, like the 595 shift
register. Just like in previous project, we will use the HC595 version of the shift register.
We will need two for these ICs. We can simply copy the first one by placing the mouse
pointer over the first component and typing “C” to make a copy. We now have two shift
registers on the canvas. Here’s what your canvas will look like now:
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Select the HC595 IC and click OK to drop it to the canvas.
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Make a copy of the first IC with the “C” key. We now have two ICs on the canvas.

Next let’s add the LEDs. Hit the “A” key to bring up the component chooser, and
select the LED component:



Choose Component (2474 items loaded)
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Select an LED component.

We will need 16 of the LED components, arranged in two rows of 8 LEDs each. Just
like with the IC, the easiest way to add more of the same is to make copies of the first
component using the “C” key. Go ahead, make another 15 copies of the first LED, and
arrange them in two rows. Then, do exactly the same thing and add 16 resistors, also
arranged in two rows.

At the end of this process, your canvas should look like this:
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The canvas now contains 2 595 ICs, 16 LEDs and 16 resistors.



Check the breadboard schematic, what else do we need? Of course, we need a
capacitor, so let’s add one. We’re using an electrolytic capacitor so we want to add a
polarized capacitor to the canvas. In the component chooser, use “C” as the filter keyword,
and choose one of the available polarised capacitors:

Choose Component (2476 items loaded) b4
Filter: | ¢
[ Unpolarized capacitor ] ~
Small [ Unpolarized capacitor ]
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[ Polarised capacitor ]
[ Polarised capacitor ]
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@
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Cancel

Add a polarised capacitor.

Because we will connect the capacitor to the rest of the circuit via labels, instead of
actual wires, we don’t have to place it close to the other components. In fact, because there
will be a lot of wires, buses and labels close to the two ICs, I prefer to place this capacitor
further away from them. Let’s place it at the top left corner of the canvas, where there is
plenty of space:
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The capacitor is at the top left corner of the canvas.



The last thing we need is the connector. Like with the other projects, we will use a
straight 1 x 5 connector. Find it in the component chooser:
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The 1x5 connector in the component chooser
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Like with the capacitor, we don’t need to place the connector in close proximity to the
rest of the components in the circuit because we will be using labels instead of wires to do
the connections. Feel free to spread out your components to produce a balanced and easy
to read schematic. Here is the current version of the schematic, with the connector at the
bottom left corner of the canvas:
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The current version of the schematic.

We now have all the components of the circuit on the canvas. In the next chapter, we
will start working on the wiring.



Chapter 52: Schematic wiring, Part 1

In the previous chapter we added the circuit components to the canvas. In this chapter, we
will start work on the wiring. We’ll make full use of the techniques we learned in the
previous two projects, and especially buses and labels.

Let’s begin with the connector. Consult the breadboard wiring diagram to find out the
role of each pin. We will assign pin #1 to be connected to five volts, pin #2 will be
connected to ground, pin #3 will be latch, pin #4 will be clock, and pin #5 will be data. So,
let’s put in a VCC component. So that will go say here, and I put in a ground component
as well GND. So that will go rotated, that’ll go here. And I can do the wiring, so W. Just
start the wiring, and it will go around here to pin number one. Same thing for ground,
click to start the wire and that would be connected to number two. This is very similar to
how we configured the connector in project two, so I will show you the way the connector
will look like on the schematic now:
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The wiring of the connector.

In the connector schematic, notice the GND, VCC and PWR_FLAG components, all
added via the component chooser. We use labels for pins 3, 4 and 5, though which we will
achieve connection with other parts of the circuit.

To make the connector part of the schematic easier to identify, I would also like to
wrap it in a box, and give it a name. First, select the line tool from the right vertical

toolbox:
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With the line tool you can draw boxes and other shapes.

Draw a box around the connector schematic:
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With a box outline, we can mark out parts of the schematic.

Add a name to this part of the schematic. Use the Text tool:

With the Text tool you can add arbitrary text to the schematic.

Click inside the box you just created, somewhere in the top right of the box. The Text
properties window will come up. Type something like “Connector to the Arduino” in the
text box:
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Type some text in the text box, and click OK.

The text label you just created is now tethered to the mouse pointer. Place it in the box,
so that at the end you have something like this:
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This part of the schematic is now marked and titled.

The box and the title we just added are not part of the circuit! They only serve in
marking out special parts of the circuit. They just make the schematic easier to read.

Do the exact same thing for the capacitor. Add the VCC and GND components, place
the area in a box, and give it a title. It should look like this:
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The capacitor part of the schematic, boxed and titled.

Next, let’s switch our attention to the resistors and LEDs. Because of the way we
positioned these components in the previous chapter, one next to the other in two columns,
we can simply use wires to connect them. Type “W” to select the wire tool, or click on the
Wire tool button from the right tool bar, and draw the wires.
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Use normal wires to connect the LEDs to the resistors.

The circuit requires that the anode of each LED is connected to VCC. The cathodes
will be connected to the shift register data pins. So, lets add the VCC component next, and



connect the resistors to it, for both LED banks. The first LED bank circuit will look like
this:
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Added a VCC component, and completed the connections with the LED anode,
via the resistors.

Notice the solid green dots indicating that the wires actually connect instead of only
intersecting. The two LED banks, completed, look like this:
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Both LED banks connected to the VCC component via the current limiting



resistors.

We’ll continue with the data pins and wires. Because we have 8 data pins for each
LED bank, it is preferable to bundle them together via buses. We will create one bus for
each LED bank, and assign 8 data signals to each bus.

Start the process for the first bank by labelling the data pins on the shift register and
the LEDs, then draw the bus, add the bus entries, and finish with the wiring between the
bus entries and the pins.

Click on the Local Label button:
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Select the Local Label button.

Next, add labels to pins QA to QH of the shift register, and the 8 LEDs that are across
it. The labels that you create should contain the same name for each data pin and LED
pair. The schematic should look like this:
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The data pins and LEDs are now labeled.

Notice how a label is structured according to a convention: “led_x_y”, where “x” is the
number of the LED bank (in this example, we are working on bank 2 of 2), and “y” is the
number of the data pin (1 of 8, 2 of 8 etc). Also notice that the same label is used for pins
that are meant to be electrically connected. So, the shift register pin QA is meant to be
connected to the LED at the top of the bank. The names of the labels will be used to name



the corresponding net. Later in Cvpcb, we will see these nets again, so it is important to
choose names that have meaning otherwise there is a good change you will get confused
later!

Let’s create the bus next. Select the bus too from the right tool bar:

The bus tool button.

Draw a bus as a single line between the shift register IC and the LEDs:
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The blue line represents a bus.

Select the bus entry tool from the right tool bar:

2008m

The bus entry tool.

And create entries on the IC side first:
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Added bus entries. They are very similar-looking to normal wires, except that
they are at a 45 degree angle.

Use a normal wire (“W?” key) to connect each pin of the shift register with a bus entry:
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aF |_5__led 2.6 N
ac [6_led 2.7 N
qH L_7_led 2.8 N
i ?

ko hs

The pins are now connected with a corresponding bus entry.

Repeat the process on the LED side: add bus entries and connect them to the LEDs:
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The LEDs are now connected to the bus.

The shift register is now fully connected to the LEDs. Draw a boundary around this

part of the schematic, and give it a name, like “LED Bank 2”:

LED Bany 2
: \LD
S led 21 fag 2
03 22008m
u? 1 ]
14 iR o 15 1ed 2.1 : \_I.:ﬂ.?.?_&"z &
ob i led2.2 N 03 2200mm
._ll_g',n-:ur_ Ooc _LI.EI.LE_\ e
A0 cpoiR oo _.}_L:n..u__g\_m.z.:
0F = led 25 07 2200n0m
A2 3acu of [—lat28
13 & _led 27 5
d g'" 74028 N e 2.4 Eiu"‘ . t] _
.‘".Ti L 2700nm ‘U_l‘
L B o : "
TRRCEYS R~ e
0% 7700nn
w 3
£D \ ; . - 2
= - LR = g =
b* 730 m [ 2700nm
40 . (1] »
e -&—'-m... - Nl 27 o ¥
- 0> 22008m
2, =
o3 2201 \ e 2.8 Qi‘”:.' 2 B2
LD [ 2200nr
= £
ﬁ 22M01m
4_.;._;"2
L

This part of the schematic highlighted and titled.

Repeat the exact same process for the other shift register IC and its LEDs. To avoid

boring you, I will just show you the end result:
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This is the LED Bank 1 segment of the schematic, complete with a bus, bus
entries, net labels and wires.

Frtdaannstesndssnantte et A, AN AL A A A AR A S e A

| ED Bank 1
u?
1k 15 led 1.1
5ER gé {  led- 1.2\
om AR
5 i MR SE L led 15 N\
12 5 led 1 6
CRCLK QF
13 6 led 1.7 N
35 EE 7 led 1.8

Detail, showing a text label with the name of this segment for the schematic.

We have made substantial progress so far: the shift registers and the LED as connected
via buses, and the connections to the capacitor and the connector are complete.

Next, we need to complete the circuit by connecting the shift register communications
pins to the connector. We will use net labels for this. Let’s proceed to the next chapter and
to get this done.



Chapter 53: Schematic wiring, Part 2

In this chapter we will continue where we left of last time. We will complete the wiring of
the shift registers.

The shift register that is connected to LED Bank 1 will be wired directly to the
connector. We will start by adding net labels. Pin #14 is data, pin #11 is clock, pin #12 is
latch, pin #10 is Vcc, and pin 13 will be left unconnected. Here’s the result:

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

iLED Bank 1
U?
DATA_ 14 15 led 1 1
Au SQ 1 led-1.2 N
—10 5 sRCLR QD led_1
QE 4 led 1.5 N
g R A B
. 8& 7 led_1 8 :\\
an g
J4HCH95 b S le
.
vee N e

Added labels to pins 14, 11, 12, connected pin 10 to VCC, and marked pin 13 as
unconnected.

On to the second shift register now. The second shift register receives its data in pin 14
from pin 9 of the first shift register. We could use a wire to do this connection, but the
schematic will look better with a label, so let’s do that. Add the net label “DATA_S” (“S”



stands for serial) to both pin 9 of the first shift register, and pin 14 of the second shift
register. The end result is this:

155

[

e o
n %
D D
M
-
DR

QA 15 led 1.1
QE 4 led 1.5
aF 5 led 1.6
Q6 6 led 1 7 7L
QH 7 led 1.8
aF L_9__DATA_S e
75 led 1.1 :‘\\'FE‘D 2 —
S
D? 2200hm

Pin 9 of register 1 and pin 14 of register 2 are connected via net labels.

Let’s finish the labelling of shift register 2. Create labels, as you did for shift register 1.
In addition, attach the Unconnected component to register 2 pin 9. Eventually, register 2
will look like this:

U?
CLOCK 414 NSRCLK Qc 2 led 2_3
10 3 led_2_ 4
— == SRCLR Qb
oY a7 led 28
1o 74HC5%
iVC{:

Register 2 labelling complete!

With this, the wiring of the circuit is complete. Save the schematic, and zoom out to
see what we have:
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The complete 16-LED project schematic.

We have got all the LEDs with their current limiting resistors, connected to VCC on
side, and then via a bus to each one of the shift registers. We have the connector down the
left side, and we’ve got the bypass capacitor at the top.

Let’s do the annotation now. Click on the annotate schematic components button. The
default settings are good, so we can accept them as they are. Click on Annotate.
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The schematic is now annotated.

All the components now have a unique designator. The connector is P1, the first shift



register U1, the second U2, and then all the LEDs also have got their own designators.
Save the project again.

Finally, let’s do an electrical rules check:

Electrical Rules Checker X
ERC Options

ERC Report: Messages:

Total:

Warnings: 0

Errors: 0

[] Create ERC file report

Error list:

Delete Markers { 1 ‘
.. 1S

Nothing to worry about!

Excellent, no errors!

In the next chapter we’ll do the component-footprint associations and export the netlist
for Pcbnew,



Chapter 54: Associate components with footprints

In this chapter we’ll create the component-footprint associations and then we will export
the netlist file. Let’s begin with starting Cvpcb. If you are still in Pcbnew, click on the
Cvpcb button:

Tech
Explorations

0 00| 428 K 125 | O 2

D9 2200

Start Cvpcb.

You will see the Cvpcb window, with the middle pane containing the components from
the schematic.
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G B e pipg A
Air_Coils_SML_NEOSID A 1 €1 - 200uF 3 A
Buzzers_Bespers 2 o - LED ;
c = wrou 3 02 - :
¢ ¥ 4 B3 - %:
¢ D 5 o4 - LED :
¢ 3 & D5 LED
hoke_Axi rou - 7 D& LED
8 o7 L
9 e
10 =]
1 D10
12 D11
13 D12
14 D13
15 D14
16 D1s
17 D16
18 Bl
13 Rl
20 R2
2 EE |
2 R4 |
23 BS
24 Ré vll < .
Components: 36, unassigned: 36 Filter list: SMD*_Pol, c_elec*, C*elec, TantalC", Elko®, CP* Filtered by library: 12

Cvpcb lists the schematic components in the middle pane.



We can start with the capacitor. For the capacitor, we’re looking for an SMDs type
package. The one I would like to use is an electrolytic SMD aluminium capacitor,
measuring 6.3 mm by 5.3 mm, like this one:

An electrolytic SMD capacitor.

Select the Capacitors_SMD library from the left pane, and enable the Library filter. In
the right pane there is a long list of candidate footprints. Scroll down until you find one
that measures the correct dimensions:
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& B e Bibg A GRG0

Air Coils SML NEOSID "~ 1 c1 200uF : Capacitors SMD:c elec 6.3x5 A 12 Capacitors SMD:C 1812 HanaSolder ~
Buzzera Beepers 2 m - LED : 13 Capacitora SMD:C_1825
Capacitors_Elks_Threugh! 3 Dz - LED : 14 Capacitors_SMD:C_1825_HandSolder
Capacitors_SMD ] D3 LED : 15 Capacitors_SMD:C_2220
Capacitors_Tantaliwm3MD 5 LED : 16 Capacitors_SMD:C_2220_HandSoldsr
Capacitors_ThroughHole & LED : 17 Capacicors SMD:C 2225
Choke_Axial ThroughBole i LED : 18 Capacicora SMD:C 2225 HandSolder
Choke_Commen-Hode Wurth = LED : 19 Capacicora SMD:c_elec_3x5.3
Choke_Radial ThroughHolt LED : 20 Capacicora SMD:c_elec_dx4.S
Choke_SMD LED : 21 Capacitors_SMD:c_elec_4x5.3
Choke_Toroid ThroughHolt LED : 22 Capacitors_SMD:c_elec_4x5.7
Connect LED : 23 Capacitors_SMD:c_slec_4x5.%
Connectors_Molex LED : 24 Capacitors_SMD:c_slec_5x4.5
Converters DCDC_ACDC Di3 - LED : 25 Capacicors SMD:c_elec 5x5.3
Crystals - LED : 26 Capacicora SMD:c_elec S5x5.7
Crystals Oscillators SMI 5 - LED : 27 Capacicors _SMD:c_elec SxS.8
Dicdes_SMD Dlé - LED : \ze Capacitors_SMD:c_elec_§.3x4.5
Dicdes_ThroughBole 18 Pl - CONN_D1X0S : 29 Capacitors @MD:c_elec_6.3x5.3
Discret 13 Rl - 220Chm : 30 Capacitors gc_elec_6.3x5.7
Dizpley 20 R2 - 220Chm 3 31 Cepecitors WA\Nc elec 6.3x5.8
Displays_7-Segment 21 R3 = 2200hm : 32 Capacitors SMD:c_elec_6.3x7.7
Divers 22 Ri - 22000m : 33 Capacicora SMD:c_elec 8x5.4
EurcBoard_Qutline ofl 22 RS - 22000m : « || 34 Capacivors_sMD:c_elec_Bx6.S %
< > < > < 3

Components: 36, unassigned: 35 Filter list: LED-3MM, LED-5MM, LED-10MM, LED-0603, LED-... Filtered by library: 40

Select the library, filter, and look for the right footprint.

Confirm that you have the right footprint by looking at its preview:



c_elec_6.35%x5.5

Layer ads Status Footprint 3D-Shape
c_elec 6.365.3 F.Cu 2 Capacitors_SMD:c_elec_6.3x5.3 Capacitors_S
Lib: Capacitors_SMD Z13.13 X -0.105000 Y -0.055000 b -0.105000 dy -0.055000 dist 0.1185 Inches

This is the footprint of an SMD electrolytic capacitor.
Double click to select this footprint and associate it wit the capacitor component.

For the LEDs, again I amlooking for an LED surface mounted device of 0805 type.
Select the LEDs library, and inspect the list in the right pane.

B @ B

card Outline A

Components: 36, unassigned: 35 Filter list: LED-3MM, LED-5MM, LED-10MM, LED-0603, LED-... Filtered by library: 13

Candidate footprints for the LEDs.

There are several options for 3mm, 5mm, and 0805 here, among others. I am looking
for the 0805, so double click on that to select it. Continue to double click until all LED
have the 0805 footprint associated.
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EurcBoard_Outline A 1 a- 200uF : Capacitors_SMD:c_elec_6.3x5 A 1 LEDa:L
Fiducials 2 n - LED : LEDs: 2 LEDs;LEI
Filvers BE_Coils WEQSID 3 Dz - LED : LED=:LED-0805 3 LED=:LEL
Fuse_Holders and Fuses 4 D3 - LED : LEDs:LED-0B05 4 LEDs:L
Hall-Effect Transducers 5 e - LED : LEDs:LED-0B05 5 LEDs:
Heatsinks & s - LED : LEDs:LED-0QB0S & LEDa:
Housings QFP 7 D6 - LED : LEDs: 7 LEDs:L

Bousings ROHM g D7 - LED : LEDs: 8

Housings_SIF 9 De - LED ; L 9 LEDs:LED-L1T2_LUMILEDS

Housings SOIC 10 D9 - LED 10 LED=:LED-RGB-5MM Common_Cathode
Housinga SOT 11 Do - LED = 11 LEDs:LED-XP-G_CREE

Housings S0T-23_S0T-143 12 n1 - LED : 12 LEDs:LED _RGE_Getian GT-PEPRGEAI0I
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Bousings TO-78 05

Housings_TO-52

19 Rl - 220Chm :
Inductors_NHEOSID 20 R2 - 220Chm :
LEDs 21 R3 - 2200hm
Labels 22 R4 - 2200hm :
Measuremenc_Points v 23 RS - 220Chm v
< > < >
Components: 36, unassigned: 13 Filter list: Pin_Header_Straight_1X05, Pin_Header_Angled_1X... Filtered by library: 13

The LED components are associated with the 0805 footprint.

Let’s skip the connector and work on the resistors next. Instead of selecting a library
first, I will use the keyword and pin count filters to find the right footprint.
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Choke_hxial ThroughHole A 13 ma2 - LED : }s: LED-0805 - 1 Reaistors SMD:R_0201 ~
Choke_Common-Mode_Wurth 14 D13 - LED : :LED=-0805 2 Resistors_ R_0402
Choke_Radial_ThroughHole 15 DLl4 = LED : LEDs:LED-0205 3 Resistors SMD:R_0603
Choke_SMD 16 DIS - LED : LEDs:LED-0205 4 Resistors_SMD:R_0603_HandSolderi
Choke_Toroid Througholt 17 Di§ - LED : LEDs:LED-0805 5 R_080S
Connect 18 M- CONH_01X05 : & F ato R_0805 HandSoldering
Connectors_Molex 19 Rl - 2200hm : 7 Resistors_SHD:R_120§
Converters_DCDC_ACDC 20 RZ - 2200mm : ] ReaL:n-:ra_sm:R_Lzueha olders
Crystals 21 R3 - 2200hm : ] :R_1210
tals_Oscillators_SMI 22 Ré - 10 Rasistors SMD:R_1210_HandSoldari
es_SMD 23 RS = 2200h= @ 11 Resistors SMD:R_1218
Diodes_ThroughHole 24 R6 - 2200h= : SMD:R_1218_HandSolderi
25 Rt = 2200h= : iR_1812
26 RE - 2200ha : iR_1812 HandSolderi
a7 RS ~ 2200h= : Ts_SMD:R_2010
28 R1O - 2200hm : :R_2010_HandSolderi
EuroBoard_Outlins 23 R11 - 2200hm = RB_2512
Fiducials 30 Ri2 = 2200hm = R_2512_HandSolderi
Filters HF Coils NEOSID 31 Ri3 - 2200h= : Ts_SMD:R_2816
Fuse_Holders_and Fuses 32 R14 - 2200h= : iR_20816_HandSolderi
Ball-Effect_Tranaducers 33 R1S - 2200hm ughlole:Resistor C
Heacsinks 34 R16 - 2200hm : | ughiole:Resistor C
Housinga QFP e 35 o - T4HCS9S o 23 Resistors ThroughHole:Resistor C
< > < > < >
Components: 36, unassigned: 19 Filter list: R_", Resistor_" Filtered by key words+pin count: 45

With the keyword and pin count filter, I can quickly find the correct Resistor
footprint.

Look for the 0805 type resistor, and double click several times to associate this
footprint with all of the resistor components. Here is the end result:
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Converters_DCDC_ACDC 20 R2 - 2200hm : Resistors_SMD:R_0805_HandSo 8 Connectors_Molex:Connector_Micro
Crystals 2 R3 - 2200hm : Resistors_SMD:R_0805_HandSo 9 Connectors_Molex:Connector_Molex
Crystals_Oseillators Sl 22 - 2200hm : Resiscors_SMD:R_0805_HandSe 10 Connectora_Malex:Connector Malex
Dicdes_SMD 23 RS - 2200hm : Resistors_SMD:R_080S_HandSs | 11 Displays_7-Segment:AFF_2x7SEG-DT
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Display 26 RE - 2200hm : Resistors_SMD _OEQS_Hand.Sc; 4 Housings_ SOIC:S0IC-16_7.5x10.3=m
Displays_7-Segment 27 RS - 2200hm : Resistors SMD:R_0805_HandSc 15 Housings_SSOP:QSOP-16_3.9x4.%=m
Divers 28 R0 - 2200hm : Resistors_SMD:R_0805_HandSo | 1€ Housings_SSOF:SSOP-16_3.9x4.%mm_
EuroBoard Outline 23 Rll - 2200hm : Resistors_SMD:R_080S_HandSc | 17 Housings_SSOF:SSOP-16_d4.4x5.2mm_
Fiducials 30 Ri2 - 2200hm : Resistors_SMD:R_0805_HandSo 18 Housings_ SSOP:SSOP-18_5.3x6.2mm_
Filtezs HF Coils NEOSID 3 R13 - 2200hm : Resistors_SMD:R_0805_HandSo 1% Housings SS0P:TES0P-16_4.4x5mm F
Fuse_Holders_and Fuses 32 Rl4 - 2200hm : Reaistors_SMD:R_0005_HendSo 20 Pin_Headers:Pin Header_Angled_lx
Eall-Effect_Transducers, 33 R1S - 2200hm : Reaistors SMD:R 0805 HandSo 21 Pin_Header_Angled 2x
Eeatsinks 34 2200hm : Reaistors ! 205_HandSo 22 in_Header_Straight_
Eousings_QFP || IE3 T4HCSS5 v|| 23 Pin_ in_Header_Straight_
< > < > < >
Components: 36, unassigned: 3 Filter list: Filtered by key words=pin count: 37

The resistor components are now associated with the 0805 footprint.

Let’s continue with the connector. Click on the CONN_01X05 component in the
middle pane, and with the filter settings unchanged, the suggested footprint in the right
pane are just four. I’d like to use the straight header connector, so double click on the
second option to select it.
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Choke_Axial_ThroughHole # -] D LED : LEDs:LED-0205
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Choke_Toroid_ThroughHolt 12 ) B LED : LEDa:LED-0EOS |
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Converters DCDC_ACDC 15 Di§ = 1ED : LED=:LED-0805 [
Crystals 16 ms - LED : LED=:LED-0805 I
Crystals _Oscillators SMi 17 e - LED : LEDs:LED-0B05

Dicdes_sSMD 18 n- CONN_01X05 :

Diodes_ThroughHole 13 Rl - 2200hm : Resistors SMD:R_0E0S_HandSo

Discret 20 RZ - 2200hm : Resjistora SMD: 5_HandSo

Display 21 R3 = 2200hm : Resistors SMD:R_0805_HandSo

Displays_7-Segment a2z R{ - 2200nm : Resistors_SMD:R_0E05_HandSo

Divers 23 RS - 2200nm : Resistors_SMD:R_0205_HandSo

EurcBoard_QOutline 24 RE - 2200nm : Resisvors SMD:R_0205_HandSo

Fiducials 25 R7 - 2200hm : Resistors_SMD:R_0205_HandSo

Filters HF Coils NEOSID 26 RE - 2200hm : Resistors SMD:R_0

Fuse_Holders_and Fuses 27 RS - 2200hm : Resistors SMD:

Hall-Effect_Iransducers, 28 R1D - 2200hm : Resistors_SMD: |

Beatsinks 28 Ril - 2200hm : Resistors SMD:R_0205_HandSo
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Compenents: 36, unassigned: 3 Filter list: Pin_Header_Straight_1X05, Pin_Header_Angled_1X... Filtered by key words+pin count: 4

The options of the connector.
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Choke_Toroid ThroughHoli 4 |P13 - LED : LEDs:LED-DECS A
LED : LEDs:LED-080

LED :
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Components: 3, unassigned: 2 Filter list: R_*, Resistor_* Filtered by key words+pin count: 45

The connector component is associated with the straight header.

Lastly, for the shift register, we need to look in the SMD package to find the
appropriate footprint. Click on the library filter button, and click again on the other two
filters to disable them. This part is more complicated than the resistor and capacitor, so I
prefer more control over the browsing process. The integrated circuit I would like to use
on the board comes in an SO16 package, so we need to find one of them in the right pane.
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Description: Module CMS 50 16 pins large

Key words: CMS 50) Filtered by library: 67

Only the Library filter is used for the search for the SO16 package.

The correct footprint for our component is most likely the SO-16-N option. But
because there are three varieties of this footprint, it is better to make sure we have the right
one. Let’s bring up the footprint preview:



Lib: S.'.'.[I-_;’ad.dq:: 119.12 X -0.015000 ¥ CI(S‘ZCCI& dx -0.015000 dy -0.055000 dist 0.0570 Inches
The SO16-N footprint preview.

Measure the dimensions between the pads, between the rows, and of the package itself.
The actual part that I have in my toolbox is this:

The actual IC I would like to use comes in an SO16 package like this one.

I used my rule to measure the distances and found that the pitch between the pads is
1.27mm and that the distance between the two rows is 6.35mm. Use the measuring tool in
the footprint previewer to make sure the the footprint you are about to select has the same
measurements. This is the correct footprint, so double click to select it for both ICs:
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The shift registers are associated to the correct footprint.

We now have all our components associated with their footprints, so we can save the
associations and return to Eeschema.

Before we close this chapter, let’s export the netlist file, store it in the project folder:

Netlist X

Pcbnew OrcadPCB2 CadStar Spice

Generate

Options:
Ca
[ Default format
Add Plugin
Remove Plugin
[[] Use default netname

Default Netlist Filename:
| 16-LED-board.net

Generate the netlist file.

Let’s continue with Pcbnew now and work on the layout and the wiring.



Chapter 55: Create the PCB in Pcbnew

After creating the netlist file in Eeschema in the previous chapter, we’ll move into Pcbnew
to work on the layout, the wiring, and produce the final pcb. Start Pcbnew and fill in the
page details details. Bring up the Page Settings window by clicking on File and Page
Settings:

4 Pcbnew (2015-02-03 BZR 6154, Git 4636d8d)-product C:\U
File Edit View Place Route Preferences Dimensior
= [
i

1 (23.6 mils)/ (

Save Copy As... Ctrl+Shift+5
Revert to Last
‘\ Rescue
»°. Fabrication Outputs ’
5 Import >
"y Export >

llr Page settings
'==| Print ":.

e Export SVG

Bring up the Page Setting window.

Fill in the page and project information, like in this example:



Page Settings X

Paper Title Block Parameters
Size: Issue Date
A4 210:297Tmm v [2015-09-23 | <<< | [28/0972015 L]
Orientation: Revision
Landscape v [ 1.0 l
Custom Size: T:‘“ ——
Height: Width: l 6-LED board with shift registers ‘
279.40 431.80 Company
| Tech Explorations |
Layout Preview
Comment1

| Peter Dalmaris |

Comment2

Comment3

[ |

Commentd

= | ‘

Page layout description file

[ lewse_

The page and project information, entered.

Now, let’s go ahead to read the netlist file.



=Rl AR = QAR @ HI}'/

Footprint Selection Unconnected Tracks
e R . K -
eference = [ Read Cumrent Netlist ]
Timestamp Delete
Close
Exchange Footprint Extra Footprints
(®) Keep ®) Keep Test Footprints
Change Delete

Rebuild Board Connectivity
Single Pad Mets

® Keep Save Messages to File

Delete

j;"'.-r_, run. Only report changes in message panel

[] Silent mode

Netirst File:

C:\Users\Peter Dalmans\Desktop' 16-LED_board\16-LED-board.net Browee
Meszages
Filter: [ AN f Save report to file...

Read the netlist file. The path to the file should be correct by default.

The default path should be correct if you saved the netlist file in the project directory.
Click on the Read Current Setlist file to read it, and then close the window (click on the
Close button). The footprints will be bundles together on the canvas. You will need to
zoom in and pan to be able to distinguish the individual components in the bundle.
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The footprints are placed in the canvas, in a bundle.

Picking and moving individual footprints is too much trouble, so let’s get Kicad to help
us out here. Click on the Mode Footprint button to enable automatic mode.

op\16-LED_board\16-LED-board.kicad_pcb Tech |
Explorations
Help
o . 218 &
9 s & (Weee R [EREE
- -0 EIEN 5 e = 5.00
- Grid: 0.6350 mm (25.00 mils) Zoom 5.0 T

Enable Automatic Footprint mode.

Then click anywhere on the canvas and select Spread out All Footprints, to do what
this items says it will do!



Footprint U1 on F.Cu

Lock Footprint

Automatically Place Footprint

D Get and Move Footprint T Eeo
Eco
%0 Global Spread and Place > Unlock All Footprints b
Lock All Footprints I
__ \—\ Begin Track X . . FC
3 | 1]
* i
¥ e ’ %& Spread out All Footprints bra
a Select Working Layer Spread c[:;:_c!pnnti not Already on Board Brat
.1 Automaticalty Place All Footprints
4
Center F Automatically Place New Footprints
@\ Zoom in F1 Automatically Place Next Footprints
G)\ Zoom out F2 E\E‘q Orient All Footprints
W—

Select Spread out All Footprints.

You will get a warning informing you that any unlocked footprints will be moved. That
is fine, so accept the warning. I will show you how to lock footprints in place in a seperate
chapter.

Confirmation

o Not locked footprints inside the board will be moved. OK?

None of our footprints are locked, so all of them will be spread out.

Kicad will spread out all footprints and produce a layout similar to this:
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The footprints from the bundle have been spread out so none is overlapping.

All the footprints are now spread out somewhere in the canvass, in a grid-like manner.
It is now much easier to find individual footprints and place them to a position that we
think is appropriate.

We can now go ahead working on the layout. I would like to position the two
integrated circuits in the middle of the board, and the LEDs with the resistors along side
the shift registers. I would like to place one bank of the LEDs on the left side of the PCB,
and the other bank on the other side. I will also try to place the footprints in a way that
minimises the total area for the PCB in order to reduce its cost.

With a bit of trial and error, and after several iterations, I ended up with this layout:
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The final example layout, with the edge cut set.

The screenshot above also includes the edge cut border. Don’t forget to select the
Edge.Cuts layer and the polygon tool in order to draw it.

The 3D preview of this PCB looks like this:
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The 3D preview of the current PCB.

Now that the placement of the footprints is complete, we can proceed with the wiring.
We’ll do that in the next chapter.



Chapter 56: Wiring in Pcbnew

Now that our footprints are placed on the PCB, let’s go ahead with the wiring! First, let’s
edit our design rules so that KiCad can automatically select the appropriate width for each
track. Bring up the Design Rules window:

duct C:\Users\Peter Dalmaris\Desktop\16-LED_board\16-LED-board.

Dimensions Tools Design Rules Help
ﬁ @\ Q g~ sign Rules i " [ Edg
3.6 mils)/ 0.40 mm (1 2 Setup  0.6350 mm (25.0(

Bring up the Design Rules window

Click on the Add button to create a new Net Class:



Net Classes Editor  Global Design Rules

MNet Classes: l
| Clearance Track Width Via Dia Via Drill uVia Dia uVia Drill
Default 0.2 10.25 06 04 (03 01
Add Remove Move Up
Membership:
* (Any) A * (Any) v
Net r:_.. - i Ml r|a55 () |
[ X efault
/CLOCK ! New Net Class Name: efault
/DATA [ efault
/DATAS [ |Powed efautt
/LATCH [ efault
fed_1_1 [ Conce) efault
fled_1_2 [ efault
fled_1_3 Default ] fled 13 Default
Jled_1_4 Default << Select fled_1.4 Default |

Create a new Net Class.

Configure the new Power class with the values from this example:

1 egn
Design Rules Editor QE%H

Net Classes Editor  Global Design Rules
Net Classes:

Clearance Track Width Via Dia Via Drill uVia Dia uVia Drill

Power 0.25 0.38 0.4 0.3 0.3 0.1

Add Remove Move Up

Memherchin:

The values for the new Power net class.

Finally, move the VCC and GND nets into the power net class:
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In the screenshot above, notice that the filter of the right membership list is set to
Power. After you set the filter, find the GND net in the right membership list, select it, and
click on the “>>>” button to move it to the right list. Do the same for the VCC net.

Let’s start laying out some tracks now. We can start with the VCC net. I would like the
VCC signals to go on the top copper layer and ground as much as possible on the ground
copper layer. Just like in the previous project, we will have to switch signals from top
layer to bottom layer through vias. Select the F.Cu layer:

Visibles

Layer | Render
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e
=
=
W ] Fraste
W [] Paste
[ I&EESS



Select the F.Cu layer.

Then, click on the green Wire button or type “W” to select the wiring tool, and create a
wire between the Vcc pin of the connecter and the Vcc pin of U2.

i [

Grid: 0.0635 mm (2.50 mils)

Zoom 7.33

Just wired the first VCC net.

Notice that the name of the wire is written on it: “VCC”, the name of the net.

Let’s work on one of the ground wires next. Switch to the B.Cu layer:

Select the B.Cu layer for the ground signals.

Now try to create a wire between the GND pin of the connector (the second pin from
the right) and the GND pin of U1:



You will be unable to complete the green wire!

No matter how hard you try, you will not be able to complete the green GND wire.
This is because footprint U1 is surface mounted, and its pads are only accessible on the
top layer. Therefore, we must use a via to switch the wire from the bottom layer to the top
layer, and then complete it on the GND pad of footprint U1. Use the “V” key to create a
via close to U1’s GND pin, and then double click to complete the wire on the pad:

(157 mils)/ 030 mm (1.8 mils) * ~ —%:: Gric: 00635 mm (250 mil) v ||/Zoom 733

Use a via to switch a wire between layers.

Connect the GND pad of U2 to the same GND wire, again using a via to switch
between layers:



Dmm (11.8 mils) * ~ - Grid: 0.0635 mm (2.50 mils) - Zoom 7.33
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Connect the GND pad of U2 by joining a new wire to the wire of the U1 GND.

We can continue by wiring the rest of the connector pins. Switch to the top layer, and
follow the ratsnests to help you wire the connector pins to the U1 and U2 pads. You can
use vias if needed to keep the tracks from being too long or having too many twists and
turns. My wiring ended up like this:
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Wiring the connector pins to Ul and U2.

Now let’s have a closer look to the wiring between the VCC pin in the connector and
the resistors on the right side of the PCB. At the moment, the layout is this:



The orientation of the resistors can be improved in order to minimise the length
of the VCC wire.

Notice how the VCC pad of the resistor is oriented away from the VCC pad of the
connector. At this orientation, the wire that connects the two would have to be routed
around the back of the resistor. If we simple flip the resistor over so that its VCC pad is
right opposite the VCC pad of the connector, the length of the wire would be minimal,
without any angles. It would also make it easy to connect the VCC pads of all other
resistor in the bank to the same wire. So, that’s what you should do next: place your mouse
pointed over an resistor, hit the “R” key to flip it. Repeat for all resistors. Then, connect
the VCC pad of the connector to the VCC pad of the first resistor, and extend the wire
downwards to connect the VCC pads of all resistors. Then, also connect the LEDs to their
current limiting resistors. The PCB will look like this:
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The Connector and Resistor VCC pads are connected. The LEDs are also
connected to their resistors.

It’s a fairly clean and straight forward route for the VCC wire. The unconnected pad of



the LEDs must be connected to the data pins on U2. To do the wiring we will need to use
vias so that part of the wire is routed in the back copper layer so that it does not cross the
long VCC wire that connects the resistors. Here is how you can route this wire:

o

|  Met-|DLG-Paa2)

...

2 1

2200

| e
i ) | Met-|DLS-Pad2)
o 19
& | | l;".'".r'

Routing the LED to the data pins of U2.

In this example, starting from the first LED pad on the front layer, use a via to switch
to the back layer, continue the wire until it gets close to pin #7 of U2, then use another via
to continue on the front copper layer, and end the wire on pin #7. Repeat the same process
for the rest of the resistors, until you complete the wirings on the right side of the board.
The PCB will look like this:



2200hm

Lixe
7 L

2200hm

¥

CONN_O1 X0l

L

22008m

Line

o

ZZQth
23006m

¥iL
s T

2200hm

g
O
u
o
-
-5
M~

L ]

22300hm
EQ.GOhrn

L

The wiring on the right side of the PCB is complete.

Repeat the process to connect the LEDs and resistors on the left side of the board.
Don’t forget to do a Design Rules Check occasionally. This will tell you if you have left
unconnected pads. When you complete the left side of the board, the PCB will look like
this:



L 'y
YCLO

LD 2200hm
$ED__ 2208hm |

F,
YCC
»

Y

| BED 2200

L 2
YL

5200hm

2200hm

1§ <
WL
wiLC s

2208hm

- 4"
vl

2200hm

The left side of the PCB is complete.

The last footprint to connect is the capacitor. We can connect pin 1 to any existing
VCC net, and pin 2 to any existing GND net. Here is the way I wired mine:

74HC595




The capacitor is wired.

At this point I can see a couple of ratsnest threads, which means that I have
unconnected pins. The canvas is crowded, so I find it hard to see exactly which pads are
left unconnected. A good solution is to do an DRC, and get a list of unconnected pads.

WAL QU D

DRC Control ' X

Options: Messages:
Compile ratsnest...
Clearance Pad clearances...
Track clearances... Start DRC
Min track width (mm): | 0.2 ]‘ Fill zones..
Test zones...
Min via size (mm): Unconnected pads... List Unconnected
Keepout areas ..
Min uVia size (mm): | 0.2 Test texts.. Delete All Markers
Finished
Create Report File Delete Current Marker

O

Error Messages:

Problems / Markers Unconnected

5 mm,105.410 mm): Pad 10 on F.Cu, Non-copper of U2 net VCC

[ _{151.?& m‘nj_j;j!!ﬂ;t: mmj: pad 16 on F.'CH ‘Non-roeger-nf u2 l

FopTesnw W (lnennnasbed waile

0K Cancel

The DRC gives a handy list of unconnected pads.

The DRC tells me that pad #9 of U1 should be connected to pad #14 of U2, pad #10 of
U2 should be connected to pad #16 of U2, pad #16 of U1 should be connected to pad #16
of U2, and pad #2 of R4 should be connected to pad #2 of R3. Let’s do these connections.

Here is the final wiring;:
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The final wiring

Wiring takes some time to do properly, and several iterations. You should not be afraid
of deleting traces and redoing them better!



In the next chapter, will will work on the copper fills.



Chapter 57: Adding copper fills

In this chapter we will add the copper fills for the ground (in the back layer) and Vcc (in
the front layer).

Start with selecting the F.Cu layer and the Filled Zones tool.

P @

314

Select F.Cu and the Filled Zones tool
Configure the front copper fill so that it is connected to VCC:



Copper Zone Properties X

Layer: Net: Net Filtering
-(D2-Pad?

EF.Cu MNet |D: Pad:I ~ Display:

EEECy Net-(D3-Pad2) : :
Net-(D4-Pad2) Show all (alphabetical)
Net-(D5-Pad2) )
Net-(D6-Pad2) Hidden net filter:
Net-(D7-Pad2) MNet-*
Net-(D8-Pad2)
Net-(D9-Pad2) Visible net filter:
Net-(U1-Pad13) *

Net-(U2-Pad13)
Net-(U2-Pad9)

Apply Filters
W

Settings
Clearance (mm): Pad connection: Priority level: Outline slope:

04 Thermal relief v |0 > Arbitrary
Minimum width (mm): Thermal Reliefs Fill mode: Outline style:

S Ant|pac_|_c[aarance (mm): Polygon v | |Hatched
Corner smoothing: 0.4 Segments / 360 deg:

e Spoke width (mm): 5 -

lGA
Export Settings to Other Zones [.\-OK Cancel
™

The front copper fill will be connected to the VCC net.
Draw the fill rectangle close to the edge of the board:
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The copper fill for the front layer, connected to VCC.

Click again at the top right corner of the board (inside the yellow edge cuts line!) to
start setting up the back copper fill. Choose the B.Cu layer, and connect it to the GND net:
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Configure the back copper fill.

Set the boundary for the back copper fill:
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The back and front copper fills defined (detail).

Both copper fills are now defined. Let’s fill them with copper. Right-click anywhere
inside the fill zones and select “Fill or Refill All Zones”:



2200hm

-|DLE-Paa2)

<
X
<
«*

:_?—_' End Tool
I D Get and Move Footprint T
z @ Fill or %A!I Zones B
:@k Remo ed Areas in All Zones  Ctrl+B
o g Select Working Layer |DL5-Pag2)
Center F4
@3\ Zoomin F1
@, Zoom out F2
0 Redraw view F3
[Q\ Zoom auto Home )
@\ Zoom select >

Fill the zones with copper.

The PCB will look like this once the zones are filled:
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The copper zones are now filled.

Let’s also have a look of the board in 3D:



The front of the PCB, in 3D.

The back of the PCB, in 3D.

Notice the different shade of green that marks areas that are filled with copper and
those that are not.

The electrical work on the board is now complete. In the next chapter we will finish
the board by adding text labels and a decorative graphic.



Chapter 58: Adding text labels and decorative graphics

We are approaching the end of this project. One of the last few things to do is adding text
labels with information about the PCB, and if you choose, a nice decorative graphic.

Let’s add some text labels. First, I would like to put one with the version of the project.
Choose the front silk layer and place the label inside a clear area towards the bottom of the
PCB:
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Select the Text tool.



Text Properties X

Text:

V1.0

Width: (mm): Position X: (mm): Layer: Display:

[15 | [138.176 || W Esins v| Nomal
Height: (mm): Position Y: (mm): Style: Justification:
[15 | [123.952 | |Normal ~ Center

Thickness: (mm): Orientation (0.1 deg):

[03 IC |

Click inside a clear part of the PCB and type the content of the label in the text
box.
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Fine tune the position of the label with your mouse, and click to set it.

I would like to make some more space available just above the bottom edge of the
board. At the moment, the “200uF” label is there, so let’s move it up:
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Move this label up to make room.



Let’s add a label with the name of the board. The name of the board is “16-LED board
with shift registers”. Reduce the size of each character to 0.9 mm for both width and
height:

Text Properties X

Text:
16-LED board with shift registers

Width: (mm): Position X: (mm): Layer: Display:

09 | [144.018 i IEE | Normal ~
Height: (mm): Position Y: (mm): Style: Justification:
09 | 12446 | Normal v Center

Thickness: (mm): Orentation (0.1 deg):

03 [0 ]

0K ; Cancel

Add a label with the name of the board.

Added a label with the name of the board.

The version and name labels overlap, so let’s move the version label at the top of the
board where there is enough space:
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The version label, repositioned.

It’s all aesthetics really at this point. I think that what we have now is sufficient as far
as text labels are concerned. It’s really a personal thing so decide what messages or text or
numbers you’d like to put in.

Let’s have a look at the 3D preview:

16~LED board with shift reglsters “FRg A

A 3D preview of the board.

Save the project. Let’s work on the decorative graphic next. We will need the
dimensions of the board to use with the Bitmap to Component Converter, so let’s use the
Pcbnew measuring tool.
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Measuring the horizontal size of the board.
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Measuring the vertical size of the board.

I will use the same logo as in the previous project, but you feel free to choose
something else. We need to find out the dimensions of the PCB. My measurement for the
horizontal size is 55.75 mm, and for the vertical 35.5 mm. I will write down 55 mm x 35
mm, rounded down to the next decimal. We don’t need to be too accurate about this
because all we are trying to do is create a footprint that will be within the boundaries of
the PCB. Therefore rounding the exact size down is fine.

Close Pcbnew and start the Bitmap2Component app. Load your graphic PNG file.



&3 Bitmap to Component Converter ] m| w

Original Picture | Greyscale Picture Black&White Picture | Bitmap Info:
e Size: 3000 2000 pixels

Size: 10583 7056 mm
BPP: 32 bits

Resolution: | 72 2 DPI

Load Bitmap
Export |
Format

™ Eeschema (lib file)

 Pchnew (kicad_mod file)

(" Postseript (.ps file)

" Logo for title block (kicad_wiks file)

Options
* Mormal

™ Megative

Threshold Value:
0 —————— — W
2

Board Layer for Outline:
@ Front silk screen

(" Front solder mask
(" User layer Ecol

(" User Layer Eco2

L4 >

Ch\Users\Peter Dalmans\Desktop\16-LED_board\txplore-logo.png

Bitmap to Component Converted with the graphic loaded.

You can see that the image size as it is around 1000 mm by 700 mm, too big for the
PCB. Use the DPI setting to reduce the size to somewhere smaller, around 55 mm width.

Bitmap Info: l
~ Size: 3000 2000 pixels
Size: 47.6 31.8 mm
BPP: 32 bits

Resolution: | 1600  [1600]  DPI

Load Bitmap

Export

At 1600 DPI, the graphic’s size will be able to fit inside the PCB.

At 1600 DIP, the graphic will be resized to 47.6 mm X 31.8 mm, which will allow it to
fit easily inside the PCB. So we can accept this value and export the footprint.

Create a new folder in the project directory to hold the new footprint. Call it
“Graphic.pretty”. “Pretty” is the required extension here. Go inside the library directory



and call this footprint as “logoforTB” text boration’s logo.

T

& HExplorations -
&3 Create a footprint file for PcbNew / % |
x T h ) earch Graphic.prett y-]

16-LED_board » Graphic.pretty v O
Organise = New folder - e
= Pictures o
16-LED_board

Graphics.pretty

nRF24-breakout

SevenSegmentBoard
@ OneDrive
3 This PC
¥ Network / v < »
File name: | logo_te <l
Save as type: | KiCad footprint s-expre file (*.kicad_meod) ~
= Hide Folders Cancel
0 ———M8M F—
81
Board Layer for Outline:
* Front silk screen
" Front solder mask
" User layer Ecol
¥ || © User Layer Eco2
P s Ser Layer ECo

C:\Users\Peter Dalmaris\Desktop\16-LED_board\txplore-logo.png

Store the new footprint in a new directory called Graphic.pretty, with file name
“logo_te”. The Graphic.pretty directory is stored inside the project directory.

Click on Save to finish with the footprint generation, and restart Pcbnew.

In Pcbnew we will import the new footprint so we can add it to the board.Go to the
footprint library manager and add a new library with the wizard.

03 BZR 6154, Git 4636d8d)-product C:\Users\Peter Dalmaris\Desktop\16-LED_board\1€

lace Route Preferences Dimensions Tools Design Rules Help

‘ w L::J Footprint Libraries Wizard
s [;/] Footpgnt Libraries Manager
. - C"““I}“"‘

4/ 3D Shapes Libraries Downloader
g Hide Layers Manager
P‘:‘n Show Microwave Toolbar

General

o

Display

Start the Footprint Libraries Manager



PCE Library Tables [m] *
| Library Tables by Scope
Table: Ch\Users\Peter Dalmaris\Aapo\Roarning\kicad\fp-lih-table

Nickname _ Library Path B
| 76 Transformers_SMPS_ThroughHole ' S{KIGITHUBY Transformers_SMPS5_ThroughHole. pretty ' Git
| 77 ITra nsistors_OldSowjetAera S{KIGITHUBY Transistors_OldSowjetAera.pretty Git
| 78 _TransinursASMD HKIGITHUBY Transistors_SMD.pretty Git
| 79 | Transistors_T0-220 S{KIGITHUBY Transistors_TO-220.pretty Git
| 80 _Tra nsistors_T0-247 S{KIGITHUBY Transistors_TO-247.pretty Git
| 1| 81 |Valves S{KIGITHUB}/ Valves.pretty Git
| 82 |Wire_Connections Bridges ${KIGITHUB}/ Wire_Connections_Bridges.pretty Git
| 83 | Wire_Pads S{KIGITHUB)/Wire_Pads.pretty Git
84 nRF24_footprints Z:\Documents\Kicad\Kicad Pro - nRF24 breakout\nRF24_footprints.pretty | KiC
| ¥
< >

Global Libraries| | Project Specific Libraries

Append Library Remove Library Move Up Move Down Options Editor

- Environment Variable Path Segment el
1 KIGITHUB https://github.com/KiCad
2 | KIPRIMOD C:\Users\Peter Dalmaris\Desktop'16-LED_board
| 3 |KISYS3DMOD C:\msysbd\home\nosterga\MINGW-packages\mingw-wbd-kicad-git\pkg\mingw-wid-x86_
< >
i 0K Cancel
Start the Wizard.
Library Tables by Scope
Table: C:\Users\Peter Dalmans\AppData\Roaming'\kicad\fp-lib-table
Nickname Library Path lpn
| 76 Add Footprint Libraries Wizard o x it
L iit
18 w Welcome to the Add Footprint Libraries Wizard! iit
7 " it
80 % Please select the source for the libraries to add: iit
| 8 (@) Files on my computer it
82 S
8 (O Github repository  hitp://github.com/KiCad it
84 Save a local copy to: i
v
<h rsys6d\home\nastergai\MIN packages\ming Browse »
Glo F
A "
|0 Visit our official Kicad repository on Github an more librari
Path =
T ~
= < Back N Cancel —
t '_
[ 2 |KIPRIMOD | C\Users\Peter Dalmaris\Desktop\16-LED_board
| 3 KISYS3IDMOD CAmsys64\home\nosterga\MINGW-packages\mingw-wB4-kicad-git\pkg\mingw-wi4-x86_
< >
oK Cancel

Look for files on your computer.



Library Tables by Scope
Table: C:\Users\Peter Dalmaris\AppData'\Roaming\kicad\fp-lib-table
Nickname Library Path P "
L Footprint Libraries Wizard a x it
77 iit
78 ¢ Select files or folders to add: it
L7 Ay iit
80 - Peter Dalmaris A~
81 ¥ Jsse iit
82 + .nbi it
M’ ¥ Contacts ic
: = Desktop
- 5 | 16-LED_board ; 2
¥ Graphic.pretty L
Gla '1' nRF24-breakout |
| + SevenSegmentBoard E
A 0 Documents v g
All supported library formats ~
Path '
| -~
3l < Back Cancel =
2 [KIPRIMOD Ci\Users\Peter Dalmaris\Desktop\ 16-LED_board
3 |KISYS3DMOD C:\msys6d\home\nosterga\ MINGW-packages\mingw-w6d- kicad-git\pkg\mingw-wt4-x86_
< »
oK Cancel
Look for the library on your filesystem.
Library Tables by Scope
Table: C:\Users\Peter Dalmaris\AppData\Roaming'\kicad\fp-lib-table
Nickname Library Path P
76 pdd Footprint Libraries Wizard a x it
7 it
8 I Review and confirm the changes to the libraries: .
79 k iit
80 " Library Status Format it
81 Graphic oK KiCad it
82 iit
83 iit
84 ic
v
<
Glo r
A "
Path
[ 1 P -~
3 < Back Next > Cancel
2 |KIPRIMOD C:\Users\Peter Dalmaris\Desktop\ 16-LED_board
3 |KISYS3IDMOD ChAmsys6d\home\nosterga\MINGW-packages\mingw-wb4-kicad-git\pkg\mingw-wb4-x86_ +
< >
OK Cancel

Kicad will detect the footprint library inside the .pretty directory.




Library Tables by Scope
Table: C:\Users\Peter Dalmaris\AppData\Roaming\kicad\fp-lib-table

Nickname Library Path "
76 pdd Footprint Libraries Wizard 0 P
L it
8 Where do you wish the new libraries to be added: iit
79 . — : it
80 (®) To global library configuration (visible by all projects) it
81 () To the current project only it
n- iit
a3 it
84 i
v
< b
Glo
A ar
Path
~
3 < Back Finish Cancel
2 [KIPRIMOD C\Users\Peter Dalmaris\Desktop\16-LED_board
3 |KISYS3IDMOD CAmsysbd\home\nosterga\MINGW-packages\mingw-wbd-kicad-git\pkg\mingw-wb4-x86_
< >
OK Cancel

Choose the accessibility level for the new footprint. I selected to use it for the
current project only.

Click “Finish” to complete the import process. The new footprint will now be available
to use in the current project.

PCB Library Tables O X |
Library Tables by Scope i
Table: C:\Users\Peter Dalmaris\Desktop\16-LED_board\fp-lib-table

Nickname Library Path Plugin Type  Options  Description

G oohic lsquprmooytkiced |||

Global Libraries | Project Specific Libraries

Append with Wizard Append Library Remove Library Move Up Move Down Options Editor

Path Substitutions |

Environment Variable Path Segment
1 KIGITHUB https://github.com/KiCad
2 | KIPRIMOD C:\Users\Peter Dalmaris\Desktop'\ 16-LED_board
3 | KISYS3DMOD C:Amsys64\home\nosterga\MINGW-packages\mingw-wb4-kicad-git\ pkg\mingw-wb4-x86_
L4 >

i. IQK . Cancel

The new library is now imported, and is available for the current project.




Let’s add the new footprint to the back silk screen. Click on the Add Footprint button
and click somewhere in the canvas:
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Load Footprint

Search by Keyword
Cancel
Ligt All

Select wser

The Footprint chooser will appear. Click on List All.

Footprints [1905 items] X
_Fiiter: ‘
logo ‘
Items:
Footprint Library
e
Symbol_ESD-LogdfText_CopperTop Symbols
Symbol_ESD-Log erTop Symbols
Symbol_GNU-Logd_OdpperTop Symbols
Symbol_GNU-Logo_SilkscreenTop Symbols
Symbol_OSHW-Logo_CopperTop Symbols
Symbol_0SHW-Logo_CopperTop_BIG Symbols
Symbol_OSHW-Logo_CopperTop_Negative Symbols
Symbol_OSHW-Logo_SilkScreen Symbols
Symbol_OSHW-Logo_SilkScreen_BIG Symbols
Messages:

oK Cancel

Type part of the name of the footprint in the filter, and double click on the
footprint to add it to the canvas.
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The footprint is on the canvas, but it is placed in the front silkscreen layer. Put the
mouse over the footprint and type “E” to edit its properties.

! :;. Footprint Properties b

Properties 3D settings

REterence Change Footprint(s)
G'l!! Edit
Value . Footprint Editor
LOGO Edit Attributes Move and Place
Side (®) Normal O Free
(O Top side () Normal+=Insert ®) Lock pads
(®) Bottom side (O Virtual () Lock module
Rotation Auto Place
(0.0 Rotation 90 degree Rotation 120 degree
O+408 o ¥ 0ol 10
2 0 0
(®/180.0
() Other rotation Local Settings

Pad connection to zones: | Use zone setting b
Rotation (in 0.1 degrees):

Set clearances to 0 to use global values

Position Pad clearance: 0 mm
X | 180.7845 mm ;

v | 1071245 - Solder mask clearance: 0 mm
Sheet path: Solder paste clearance: 0 mm

Solder paste ratio clearance: | -0.000000 %

I: ?\ Cancel

Select the Bottom Side radio button, and the 180.0 radio button for the Rotation.
Click OK.




Select and move the footprint in place in the middle of the board. The new footprint is
now in place in the back silk screen layer. It looks like this:
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The decorative graphic is now in place.

Layer Pads Status Angle Hrbute Footprint 3D-Shape Doc:

Let’s have a look in 3D preview:

—
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b

The decorative graphic, in the back of the PCB.

Save the project. In the next project we will complete the project by exporting the
Gerber files and uploading to the manufacturer.



Chapter 59: Export the Gerber files

We can now go ahead and export the Gerber files. Click on the plotter button:

Plot Techy
Dimensior EKDEQI’.

Plot format: _Outpu‘tl directory:

Gerber w | | 16-LED_gerber, Browse... ]
Lavers Options

EAF.Cu [[] Plot sheet reference on all layers Drill mariks:

FB.Cu [ Piot pads on silkscreen Mone

[] 8.Adhes £ Plot footprint values Scaling:

[] F.Adhes ] Plat foatprint references "

[ B.Paste [] Force plotting of invisible values/references

] F.Paste (] Do not tent vias Plot mode:

[ B.silks [+] Exclude PCE edge layer from other layers Filled

= g

F.SillS Mirrored plot . :

[ B.Mask Megative plot L‘r':irurt e with e
£4 F.Mask [ Use awiliary axis as origin —

[ DwgsUser

[J Crnts.User Current solder mask settings:

[ Ecol.User Solder mask clearance: 0.2 mm

L] Eco2User Solder mask min width: 0 mm

[ EdgeCuts

] Margin Gerber Options

[Os.Crtvd (" .

[l F.Crvd ] Use Protel filename extensions e

E E'E’b [include etended sttributes 4.5 (unit mm)

£ab [] Subtract soldermask from silkscreen (@) 4.6 (unit mm)
Messages:
Filter: E All Nings Save report to file...
Plr Generate Drill File Close

Click on the Plotter button to bring up the Plotter window. Choose the required

layers, set the export directory and Gerber options, and click on Plot. Then click on
Generate Drill File.



Flot format: Output directory:
Gerber w | | 16-LED_gerber,

Tech’ |
Explorations

Browse... :]

Layers Options
FFCu []Plat sheet reference on all layers Drill marks:
HB.Cu [] Pict pads on silkscreen None
[] B.adhes Plat footprint values Sealing
[] F.Adhes FA Plat fnntnnng refsrsnces 2
(18 Deill Files Generation Lt
F.
8 Output directory:
HF [ 16-LED_gerber/ Browse
kB
EAF  Drill Units: Drill Map File Format: Info:
D -
g ¢ O Millimeters Y HPGL & & » Drill File
D E 'é_: Inches "_-" PostScript Use Metclacses values
O (@ Gerber Map File
B Zeros Format O DXF Micre Vias Drill:
ON !~ DX Report File
8 (_) Decimal format CYSVG
g F (® Suppress leading zeres C)PDF Hols Count: Close
B () Suppress trailing zeros
OFr ~ Tt Drill File Options: Plated Pads: 5
ik [ Mirror y axis Mot Plated Pads: 0
Precision [ Minimal header Through Vias: 37
Mes 2.4 [] Merge PTH and NPTH holes into one file Micre Vias: 0
1 Vias:
o Drill Origin: L
Da (@) Absolute
) Auxiliary ais
Filte Messages:
Create file C:\Users\Peter Dalmarns\Desktop’ 16-LED_board\16-LED_gerber\16-LED-board.drl

The default settings in the Drill Files Generation window are fine. Click on the
Drill File button.

Close the two Gerber generation windows.

Use your file system browser to find the directory that contains your Gerber files, and
create a ZIP archive:



¥ | 16-LED_board

“ Home Share View

— v P > 16-LED_board > v O
me Date modified Type ize
16-LED 215 3:06 PM  File folder
Graphit Oyl 15 3:01 PM  File folder
16-LED Open in new window 15 12:52 BA : \
16-LED Pin to Quick access b153.05PM  KICAL PCB File
| 16-LED Share with S N5252PM  KICAD PCB-BAKF
16-LED Restore previous versions 15 1:02 PI T
| 16-LED Include in library > a1an PRO File 2 KB
16-LED Pin to Start 15 1:01 PM CH File 1}
16-LED e ”
fp-lib-t Send to > a Bluetooth device
= teplore Cut ¢ CO§M (zipped) folder
Coy B De create shortcut)
= Docurtents

Create shortcut
Delete

s Fax recipient

Mail recipient
SeowDe e Local Disk (C:)
Properties == Shared Folders (\\vmware-host) (Z:)

Create a ZIP archive from the directory that contains the Gerber files.

Use your web browser to go to gerblook.org so that we can test our Gerber archive.
Upload the ZIP file to Gerblook, and if everything goes well, the different layers will be
rendered in the browser:

\EXpioranons

Gerblood "

* c gerblock.org =

GerblLook A sigr %) sig

R8
== V1095008 =

[
-
=
L
-2
=
-
s

Gerblook renders the layers in the Gerber archive, so it is a valid archive!

Once Gerblook confirms that we have a valid Gerber archive, we can go ahead with
the order. In the case of OSH Park, I uploaded the ZIP archive to my account, and ordered
my boards:


http://gerblook.org

"\Explorations - [m] %
x @jjh?.-. « PCB Order-! %
oshpark.com

« c

PCB Order - Upload your design

Detected 2 layer board of 2.21x1.41 inches (56x36mm). $15.50 for three

Your upload has finished processing. Enter the project details below and we'll move on fo checking
all the individual layers to make sure that they're correct

Project Name 16-LED board

Description Part of the Kicad like a Pro course!

Email peter@txplore.com

QTech' !
Explorations

Ordering my boards from OSH Park!

A few weeks later, I received the PCBs in the mail!

This project is now complete, so what’s next? Please read the conclusion for a few
ideas.






PART EIGHT
Conclusion



Chapter 60: What’s next?

Congratulations!

By completing this course, you have gained the skill set you need to design the vast
majority of PCBs that a hobbyist, and in a large extend a professional, maker would ever
dream of.

Going forward, the best advise I can give you is to use these skills as much and as
often as you can. Look around your desk and you lab. Look inside drawers and boxes.
Find breadboarded projects that you placed aside because you didn’t want to take them
apart. Convert these breadboard circuits into PCBs. Start with the simple ones, move on
the the more complicated ones.

Try to minimize the size of your boards, and increase their elegance. Place components
in nice tidy grids, minimise the total number of vias, and minimise the total length of each
track.

Once you master this process, think about Kicad’s more advanced features.

Let’s say that at some point you wish to build a PCB that contains a high-speed RAM,
or a microprocessor running at a few hundreds megahertz. You will need to extend your
skills in order to tackle a problem like this. Look for documentation that can be of
assistance. Or, simply look inside your computer, appreciate the skill of the engineers that
created such elaborate and efficient designs and learn from them.

Like much in engineering, there is no limit to what you can learn and make!
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