Designing a first PCB
Doing it right!
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Introduction



Introduction




What will we talk about

And what we won’t talk about

This talk is: This talk is not:
> a series of steps you can » an electrical engineering
follow course,
» some tips to make your life — We have 40 minutes
easier » a KiCad tutorial.
» designed to help you build a — There are numerous
good (first) PCB resources online

Asking questions - even during the presentation - is encouraged!



Before the design



Choosing your components

You have a very nice idea, and want to build it! Where to start?
—Look for the Lege components that suits your needs

My search engines (no endorsement):

& Farnel | jmouser DigilKey

AN AVNET COMPANY



Choosing your components

Not as easy to get components from:
ANALOG
DEVICES "l

wi3 TEXAS INSTRUMENTS @ MICROCHIP



Developing the idea

ANALOG ‘— ,_ |
DEVICES ’ l i3 TEXAS INSTRUMENTS @ MICRoOCHIP

Manufacturers website contains:
» Datasheets

. » Application notes
» White papers



The design phase



CAD?

CAD offers:

» Much smaller features,
higher density

» Easier use of vias
» Soldermask
» More than two layers

— Enables high speed designs

Picture by kjackman - www.flickr.com/photos/53764878QN08/

7059452663 - CC BY-SA 2.0


www.flickr.com/photos/53764878@N08/7059452663
www.flickr.com/photos/53764878@N08/7059452663

Choose your weapon

The main ones:

Altum [€Cad F ercLe eosyeos

» Commercial » Commercial

» Open-source » Commercial
> > i
Supply . » Feature- » Integrated in Freg version
chain-oriented ; available
complete Fusion
> i >
Free version > Easy to learn > Autodesk Made by

available JLCPCB



KiCad

€lCad

» Wide support from
manufacturers, suppliers,

» Cross-platform community (forums), ...

» Compatible with git » Numerous plug-ins (more on

that later)

» Open source



Main window
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The design phase:

Schematic



Schematic editor
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What you need to use

Labels. Labels everywhere.

o IPs02
TP_BBTX U504A
MCP6002 GE
2 3
BB_TXA 1
BBTX.W 3 —
BB_TXB
GND
PICK ONE
e—Potentiometer VDD multiturn potentiometer

€501 US01w| MCP4551-103 BT
100!\1'_ 10 8 5 BB_Tx )

A or
w|6BBTX W . ".X“wa
GND 2 RV501
12C_SCL scL

35083 g|ZBEIXE |se_x_8

Z

GND

» Use labels as much as
possible, it de-clutters the
sheets.

» Use the proper labels
adequately (global, local,
hierarchical)

» Power symbols are special
labels



What you need to use

Net classes
U401
USBLC6-25C6 +5V
~ O
I ?USB_Diff
) ~J USB_DN]
217 g s
N ! N
— =l I =g USB_DP
OUSB_Diff
M) Sy

Net classes gives some parameters
to the net it is connected to.

Using net class labels make it
clear and apparent.



What you need to use

Components fields

E C209:— €211
4.7uF 4. 7uF

X5R or better
ESR: less than 1 Ohm
50V or+higher

You can add fields
(parameters) to your
components:

» MPN for specific
components

» Precision

» Dielectric for
capacitors

» Supplier order code



Schematic tips

Understand your components

Know the component you will place,
sometimes down to the exact reference.

Light Bulb or Idea Flat lcon Vector.svg from Wiki-

media Commons by Videoplasty.com, CC-BY-SA 4.0



Schematic tips

Text and drawing

Do not be shy with text, comments and
drawings to make your intentions more
explicit.

Light Bulb or Idea Flat lcon Vector.svg from Wiki-

media Commons by Videoplasty.com, CC-BY-SA 4.0



To sum up

It looks like we simply:
» Place components
» Draw wires



To sum up

But it is actually more than that...
» Place components with values, footprint, comments, fields
» Drawwires Create nets, with net classes

» We are telling the next guy what we mean That guy is often you...



The design phase:

Layout



Layout editor

AED6R PCRARARIS %5 A LA LN el 1LY
y | e
R
E T
=
H
H
H
& B.Sikscreen
N Mask
ol =3
g Sy
Al
o
m =
T viers
E mOQuss
o
ol
M1 Viewpors snineraby:

+ Dimensions v Ot fems.
+ Points

2181 X 166:5000 ¥ 79.0000 16,5000 0y 79.0000 .. gid 0.5000 mm



What you need to use

Stack-up
How many layers do you need?
» 2 layers
» Layer 1: GND + signals +
components
» Layer 2: GND + signals (+
components)
» 4 layers
» Layer 1: Signals +
components
» Layer 2: GND only
» Layer 3: Power
» Layer 4: Signals (+
components)




What you need to use

Design Rules Checker

P LY NXE X G

item clearance:

The design rules checker ensures
that you avoid layout errors.

It needs to be configured
beforehand.

— Check your manufacturer
requirements



Layout tips

Take your time

Light Bulb or Idea Flat lcon Vector.svg from Wiki-

media Commons by Videoplasty.com, CC-BY-SA 4.0

Layout is a long process, take your time:

>
>
>
>

>

avoid floating copper,
avoid parasitic antennas,
shorten current return paths,

use at least two vias per decoupling
capacitor,

use silkscreen for components
references and other useful labels.



Layout tips
Pay attention to footprints
Some components are very (very) small.

R_0201_0603Metric
R_0402_1005Metric

SR

R_0603_1608Metric

=l
R_0805_2012Metric
—(EF e

Light Bulb or Idea Flat lcon Vector.svg from Wiki- R_12O _32 1 M etrl C
media Commons by Videoplasty.com, CC-BY-SA 4.0 4 5 6
4




Layout tips

Pay attention to footprints

Double, or triple check your
footprints!!

J102 J103
Top_Bottom Counter_Clockwise

1
2
5
4
5
6
7
8

PinHeader_2x08_P2.54mm_Vertical

Light Bulb or Idea Flat lcon Vector.svg from Wiki-

media Commons by Videoplasty.com, CC-BY-SA 4.0



Layout tips
Think about assembly and manufacturing

Already think about manufacturing and
assembly.
Some design choices make the design
less robust when mass-manufacturing.
» Respect minimal clearance around
components
» No tracks below passive
components
Light Bulb or Idea Flat Icon Vector.svg from Wiki- » The larger the board, the higher

media Commons by Videoplasty.com, CC-BY-SA 4.0 the prlce



Layout tips

You are a member of a community

Experts sometimes hide in plain sight!

Light Bulb or Idea Flat lcon Vector.svg from Wiki-

media Commons by Videoplasty.com, CC-BY-SA 4.0



The design phase:

Manufacturing and assembly



Select a manufacturer

It can influence the design of the board (some have stricter DRC
constraints).

The two main manufacturers (cheap, from china). Provide PCB
fabrication and assembly.

wezgcees. PCBWay




Select a manufacturer

There are many European manufacturers, usually for high-tech
PCB (flex, semi-flex, high-density, with microvias, ...)

& oo AR gnene W/

CIRCUITS

Provides fabrication and

assembly. Only provides fabrication.



Export the manufacturing files

Repository (109) | Installed (1) Pending ()

KiCad oficial repository

Q Fiter

"AISLER push for KiCad

53
< m

@ ESR )

PCBWay Plug-n for KiCad

one click.
Sierra Quote Plugin

Get an instant quote and order
without leaving KiCad.

PCBWay Fabrication Toolkit
Ex;

bom file, pnp file) with one ciick.
HQPCB

Quotation wihin KiCad

NextbCa
Start prototype and assembly by

click

Aonati exact
from pebnew and get real-ime
quotation within KiCad

gerber2png Plugin for Kicad
Export Gerber, IPC etist, BOM,
and pick-and-place fles, then

! | manage.
Plugins (60)  Fabrication piugins (9) | Libraes (16) Data sources (0) Color themes (18)
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ping nstal
proi
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Sendang fles o PCBWay wih st
Instal | | *IPCNetlstil to enable Smart Tests for production so that you get
tiniest esign for
production
-BOM-fle
sl 1 project
o s 1, PPl to get your project ready for assembly
sl || Oncethe ouple of
can place your ordcrw\zhm\csslh:nanc e s onyor
projectis
Automatic axtract key paramaters only stored as a new revision on our server:
and get reabime
istall | | ppoue ArsLeR:
less hard
snag s st &= S ooron
amazinglyaffordable prices, super sift delvery and ourstanding
JPPort. We are Kicad aswe donate a
s | | Project
Metada
» Package identiier: comgithubaislerha, PushForkicad
o License: MIT
nstai

=%

Refresh

Instal rom File... | Open Package Directory.

o Author: AISLER BV,
 github: hitps://github.comvaisierhq

» twitter: hitps:/tvittercom/ailerhc

ing Char Close.

Each manufacturer has
requirements on the exact file
format to use.

Some even have plug-ins available
to ensure a correct file export.



What tools do you need?

Assembly

Pinecil USB C soldering iron.jpg from Wikimedia Commons by 4300street-

car, CC-BY 4.0

Binocular Microscope at Gemini North Hilo Base Facility (6V7A0537-
CC).jpg from Wikimedia Commons by International Gemini Observa-

tory/NOIRLab/NSF/AURA/T. Slovinsky, CC-BY 4.0



What tools do you need?

up

Debug and bring-




Sourcing your components

If you need to source parts:

& Farnell mouser  Digiley
.
, LeSg

Those do not have to be the same ones you used at the beginning
to search for existing components ;)



Rounding-up



Rounding-up

PCB design is an iterative process!
= Ae



Rounding-up

Some useful resources to help you iterate:

KiCad Documentation https://docs.kicad.org/
KiCad Forums https://forum.kicad.info/
KiCad Subreddit https://www.reddit.com/r/KiCad/
Another good forum https://electronics.stackexchange.com/

Videos Large number of video tutorials are available
online!

Offline Ask around you!


https://docs.kicad.org/
https://forum.kicad.info/
https://www.reddit.com/r/KiCad/
https://electronics.stackexchange.com/

Thank you

Don't hesitate to ask questions about PCBs, KiCad, electronics, or
whatever you feel like asking.

Contact me: morgandiepart@ikmail.com
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