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Anatomy of a PCB

* Many Steps to Manufacturing a PCB

* “Gerber” Files Used in the Manufacturing Process

* KiCad Creates Gerber Files

» “Layers” Refers to the Number of Copper Layers, Always Even, Up to 30

Front Silkscreen
— |..\

Front Soldermask

Front Copper

Circuit Board Dielectric, Usually FR4
Back Copper

Back Soldermask

\ \ Back Silkscreen
Via Drilled and Plated Component Thru-Hole Drilled and Plated
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This is what a circuit board looks like from the side. KiCad needs to generate the Gerber
files used in the manufacturing process. In addition to what the copper, silkscreen, and
soldermask look like, there’s a drill map of all the holes that need to be drilled and what
size they are. There are also instructions about whether the holes need to be plated
between the top and bottom or left disconnected.

This diagram shows two layers of copper, a front and back layer. But circuit boards can be
built of thinner layers alternating copper and the board core material, up to 30 layers.




Anatomy of a PCB
* Schematic Symbols N a7 % 7 j_ 7
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* Circuit Board Footprints

e ICs * Resistors
* DIP-14 * .3 Inch Axial
* SOIC-14

* 0603 ==.06 x .03 Inch
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We are going to create a Schematic that shows the wiring of our board. We need Symbols.
KiCad has a very large library of symbols that you can choose from. And, you can create
your own. Some common ones are shown here.

Each Symbol on the Schematic has an Associated Footprint. There are Footprint Libraries
as well. For example, the Dual Inline Package was the standard for ICs for many years, then
Surface Mount Packages came along. The same for resistors.




KiCad — Work Flow

* Hand-Sketched Schematic * PCB Layout Editor
* Generally, circuit flows left to right * Import Netlist
* Physical Board Size Constraints * Mounting Holes
. * Footprint Library
* Mounting Method « Optional Footprint Editor
* Create a Project . Era‘:/ Et(:‘geBCUtSd
. . * Route the Boar
* Schematic Lgyout Editor « Add Silkscreen
: Set Page Size ) * Design Rule Check
T aonal oo Edior - 3D Viewer
* Annotate Schematics " Plot G?rbers
* Electrical Rule Check * Gerber VleV_Ver
* Associate Footprint With * Layer Reviews
Component « Upload to JLC PCB

¢ Generate Netlist
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This is the Work Flow that | generally use to produce a design. Think of it as a checklist. If
you skip a step, the tools will make you go back.




* Hand-Sketched Schematic
* Generally, circuit flows left to right

* Physical Board Size Constraints
* Mounting Method
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Example Project — Hand Sketch
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The example project is a DE9 breakout board. The left sketch is a physical layout. The right
sketch is a rough schematic. We’ll come back to this later.




KiCad

* Pronunciation — KEY-CAD
* Official Site -- https://www.kicad.org/
* Installing-- https://www.kicad.org/download/

Select your operating system or distribution

0

©

v 0

P

3

Q

-
* Choose Your Platform

A * Windows

- * macOS

G * Linux in Many Flavors
* FreeBSD

<[> * Source Code
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The name of this tool suite is called KEY CAD.
You can load this tool suite on most platforms.
Today’s examples are from Windows.




KiCad — Main Screen

File View Tools Browse Preferences Help

OEew® C =

Example.pro

I Example.kicad_pcb
< Example.sch

l ((c\Users\D Drive\SCOM\Opti

\ Project Folder Location

Project Files
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On the left is a list of the project files. In the right is the project name with the full file
path.




KiCad — Main Screen
1[5 Kiced (5.15)-3 C\Usera\D gle Drive\SCOM\OptionBoards\Example\ExamplelEs g

sl =

\gers\D: Drive\SCOM\Optis 3

—

m L

Archive and Unarchive Project

Create and Open Project Files
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The left circle of tools are used to create and open project files. We’re going to create a
project file in a minute. The right circile of tools are used to archive and unarchive project
files using Zip.
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KiCad — Main Screen

|_‘Q KiCad (5.1.5)-3 C:\U

AD gle Drive\SCOM\OptionBoards\Example\E

File View Tools Browse Preferences Help

DEe a® C =&

D Example.pro

= Example.kicad_pcb
Example.sch

x (“: e\Example.pr
\° PCB Tools
* PCB Layout Editor
* Footprint Editor

* Schematic Tools
* Schematic Layout Editor
* Symbol Editor
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We’ll use the Schematic Tools shortly to create the schematic for our project. Later we’ll

use the PCB Tools to lay out a circuit board.
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KiCad — Main Screen
1[5 Kiced (5.15)-3 C\Usera\D gle Drive\SCOM\OptionBoards\Example\ExamplelEs g

File View Tools Browse Preferences Help

DEe a® S &

D Example.pro = ] I '\-o
I‘E&ample.kicad_pcb __-EE. b Hﬁ ‘ E:n
%Eﬂmple‘sch Project name: i .

| CG:\Users\D: Drive\SCOM\Optis E

* Gerber Viewer

* Bitmap to Component Converter
* PCB Calculator

* Page Layout Editor
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The Gerber Viewer looks at the manufacturing files that we’ll send to the circuit board
manufacturer. The other tools help with your design.




KiCad — Work Flow

* Hand-Sketched Schematic
* Generally, circuit flows left to right

* Physical Board Size Constraints
* Mounting Method

< Create a Project >
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KiCad — Main Screen

'@ﬁwms)-se\u \D: gle Drive\SCOM\Opti
{ R - N
View Tools Browse Preferences Help [}atmauNemeject @
= = | &a —
ﬁ‘ U‘E &ﬁ c {3,'? Savein: |, Example - 0@
VI Example.pro =] " I Name = Date madified Type
I ¢ ole bicad_peb :!__:’ i> 7 Rec;/;ms &' Eamplepro 12/4/2019802AM  Qt Project
Example.sch =
| Project name: -
l C:\Users\Dave\Google Drive\SCON
Desktop
=
Libraries
lick ' -
Click to Create Project e
w
“« n »
Network
File name: | - Save
Save as type [KCad project fles (pro) - | Cancel ‘

[¥] Create 2 new directory for the project
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Click the Create Project Tool. In the dialog, provide a project name. Note the checkbox at
the bottom. A new directory can be created to contains the project files.



KiCad — Work Flow

* Hand-Sketched Schematic
* Generally, circuit flows left to right

* Physical Board Size Constraints
* Mounting Method
* Create a Project

<+ Schematic Layout Editor >
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Schematic Layout Editor

e I —  Left — Mode Selection
! e s | 2 Z = o Fm A < . . . .
Bl — RRicaaad ERDIRARERR ‘ﬁ_"‘; * Top - Viewing and Navigation Tools
i - ' ) |+ Right—Drawing Tools
B >
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Left Toolbar is used for Mode Selection.
Top Toolbar contains Viewing and Navigation tools.
Right Toolbar contains Drawing Tools



Schematic Layout Editor

ciences  nep

=Y deloqaad@E=PRANZAEEEE M.

i)
(I
)

* Save All

* Page Size — Set the schematic sheet size
* Print — Schematic to a Printer

* Plot — Schematic to a PDF
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Looking at the Top Toolbar
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Schematic Layout Editor

ciences  nep

=8/ QeloeadE=s RN ZeaEER W

I
& s

* Editing
* Paste -- CTRL-V
* Undo - CTRL-Z
* Redo — CTRL-Y
* Find Symbols and Text — CTRL-F
* Find and Replace Symbols and Text
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Schematic Layout Editor

rences  nep

=8/ QeloeadE=s RN ZeaEER W

-
cRea’

* Schematic View
* Redraw View — F3
e Zoom In —F1, also Scroll Wheel
e Zoom Out —F2, also Scroll Wheel
* Zoom to Fit Screen — HOME
» Zoom to Selection — Mode Button
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Schematic Layout Editor

=25 geloead@ =AM ZEAEEEE W2

=

* Multiple Schematic Sheets

* Navigate Schematic Hierarchy
* Leave Sheet
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These are to move around in multiple schematic sheets. We aren’t going to use these
today.
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Schematic Layout Editor

= = geloeead@ B PRAM ZeE=mEE W.S

=
P> R G

* Symbols and Footprints
* Create, Delete and Edit Symbols
* Browse Symbol Libraries — Spend Some Time Here
* Create and Edit Symbols
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These tools let you work with Symbols and Footprints.
| recommend that you take some time to browse the Symbol Libraries. The libraries are
very extensive.
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Schematic Layout Editor

= = geloeead@ B PRAM ZeE=mEE W.S
78 % EEE
J " 3OM

* Process Schematic
* Annotate Schematic Symbols — Adds Reference Designators
* Perform Electrical Rules Check — Find Errors that Would Prevent Netlist
* Assign PCB Footprints to Schematic Symbols — Resolve Errors from Check
* Generate Netlist — Will be used by PCB Layout Editor
Edit Symbol Fields — Resolve Errors from Check
* Generate Bill of Materials — Parts List
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There are tools to process the schematic that you enter. We'll be using several of these
today.
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Schematlc Layout Editor

ciences  nep

:]E\-Jﬂ delocoeeo@E-PRANZEeEEEEMW.2
HI BACK

* Start the PCB Layout Editor
* Back-Import Footprint Assignment
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Once we have the schematic entered and processed, we’ll be ready to start the PCB Layout

Editor using this icon.
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Schematic Layout Editor

?:é'é Eeschema — DE9BreakoutPCA.sch [/] — C:\Users\Dave\Google Drive'
= —
ile | Edit View Place Inspect Tools Préerenc@

) = —

* Menu
* File Management
* Editing
* Alternate Way to Access Tools
* Preferences
* Help — List Hotkeys
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There is the usual menu to access feature of the program. Be sure to use Help to access
the manual pages. The manual is included in the install package and is loaded locally for

quick access.
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KiCad — Work Flow

* Hand-Sketched Schematic
* Generally, circuit flows left to right

* Physical Board Size Constraints
* Mounting Method
* Create a Project

¢ Schematic Layout Editor

2/12/2022 Dave Maciorowski, WALJHK -- JHK Labs

26

26



Schematic Layout Editor

ences  nep

Page Size — Set the schematic sheet size
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Schematic Layout Editor

Set Pa per S'Ze \ Paper Title Block Parameters

Mumber of sheets:1  Sheet number: 1

¥
Cessatin = <]
e ————————— -
Caoz2-01-20 s<s | 1290202 = Dibsportto ather sheets

Orientation:
|| Export to other sheets

/- Custom paper size:
Set Date o

—— Title
eight: [ 279.400

DEZ Breakout Board || Export to other sheets
431800 T

JHK Labs

[| Export to other sheets
ayout Preview

Set Title Block Info— |

|| Export to other sheets
Comment2
[| Export to other sheets
Comment3
[ Export to other sheets
Commentd

Click OK— |

[| Export to other sheets

Browse...
— (=]
Co

Page Iy 0T description file
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Explain: A,B,C,D,E are common. Use A for simple. Use B for large complex symbols like a
microcontroller.

When done click OK.



Schematic Layout Editor
I — | | | T

e

B
F\Le DEYBreakoutPCAsch

~Title: DE9 Breakout Boab

I\

Eme Asﬁﬁfe 2022-01-— - -  Rev: 1.0 O

kicad
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Sheet is A size, 8.5x11.
Title block contains your entries
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Schematic Layout Editor

* Left Toolbar — Select Mode
iii:l ¢ Turn the Grid On and Off — Blue is On
in_* Switch Units to Inches — Blue is Selected
mm e« Switch Units to Millimeters -- Blue is Selected
n:?t * Choose Cursor Shape — Blue is Full Screen
* Toggle Visibility of Invisible Pins On Symbols — Blue is On

i
.I:_ * Toggle Free Angle vs. 90 Degrees
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The left toolbar sets modes. | use the defaults. Adjust to your liking as needed.
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Schematic Layout Editor

* Right Toolbar

M UNN\F Y o

* Select Item — Click then Select Item

* Highlight Net — Click then Select Net

* Place Symbol — Click then Select and Place Symbol

* Place Power Port — Click then Select and Place Symbol
* Place Wire — Click then Place Single Connection

* Place Bus — Click then Place Bus of Connections

* Place Wire to Bus Entry — Click then Attach Wire to Bus
* Place Bus to Bus Entry — Click to Attach Bus to Bus
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Schematic Layout Editor

* Right Toolbar

X | * Place No Connection Flag — Tell Checker it’s ok not to Connect
¢ | ° Place Junction — Connect Two Crossed Wires

A | * Place Net Label

&>

* Place Global Label
 Place Hierarchical Label
* Create Hierarchical Sheet

* Place Hierarchical Label Imported from Another Sheet
* Place Hierarchical Pin in Sheet

>|zd 3 3

2/12/2022

Dave Maciorowski, WA1JHK -- JHK Labs 32

Grayed descriptions are for working with multiple sheets in a schematic. We’re not doing
that today.

32



Schematic Layout Editor

* Right Toolbar
* Draw Graphic Lines on the Schematic Sheet
* Place Descriptive Text on the Schematic Sheet
* Place a Picture on the Schematic Sheet

@ B i

* Delete an Item
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KiCad — Work Flow

* Hand-Sketched Schematic
* Generally, circuit flows left to right

* Physical Board Size Constraints
* Mounting Method
* Create a Project

* Schematic Layout Editor
¢ Set Page Size

* Place Symbols from Library
* Optional Symbol Editor
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Example Project — Hand Sketch

T T }
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Here’s the example project, again. The diagram on the right side is the rough schematic.
We need to put that into the Schematic Layout Editor.
We need to pick some parts.
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Example Project — Parts
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On the left are a couple examples of DE9M breakout boards. These use a PCB Mount
connector.

Instead, we are going to use a DE9 male connector like you would solder on the end of a
cable. We are going to use this connector as a straddlemount connector. Take a look at
this middle picture. Our circuit board will fit nicely between the upper and lower row of
connector pins.

On the right are the parts we’re going to use.

36



Schematic Layout Editor

D)

Click Place Symbol
then Click Sheet

Symbol Library -~
selection dialog

>
Choose Symbol (14937 items loaded)

Filter

& -~ Recently Used -

& doot

# dou [EEE

& TAxGux

& Tho

@ 7o JEEE

#  Amplifier_Audio

@ Amplifier_Buffer

@ Amplifier Current

# Amplifier_Difference
% Amplifier_Instrumentation
@ Amplifier_Operaticnal
3 Amplifier_Video

oo series symbols

400 series IEEE symbols

74xGxx symbols

T4ox symbols

T4 series IEEE symbols

Amplifier for audio applications
Buffer amplifiers

Amplifiers for current sensors (shunt)
Amplifiers for 2nalog differential signals
Instrumentation amplitifers

General operational amplifiers

Video amplifiers

No symbol selected

Select with Browser | oK [ cancal
\
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Click Place Symbol from the Right Toolbar. The Choose Symbol dialog is displayed.
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Schematic Layout Editor

Scroll to Connector

Category ——_

Choose Symbol (14937 items loaded)

Filter

# Analog DAC Digital to analog converters -
B Analog_Switch Analog switches

@ Audio Audio devices

f Battery_Management Battery management ICs

i Compaak =
& _Connector Connector symbols (Examples: Terminal Block, D-SUB, DIN, L

Connector. Genent

18 Connector_Generic_MountingPin Generic connectors with mechanical mounting pin

B Connector_Generic_Shielded  Generic shielded connector symbols

[ Converter ACDC AC to DC converter medules

@ Converter DCDC DC to DC converter modules

[ CPLD Altera Altera CPLD symbols

B CPLD_Xilinx Kilinx CPLD symbols =
i i ] '

Select with Browser

No symbol selected

o]
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As you scroll thru the list you’ll see how many categories of symbols there are.

Open the Connector category,
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Schematic Layout Editor

Choose Symbol (14937 items loaded)

Scroll to DB9_Male
Connector —

Filter

3 pin connector, PD-30

9-pin female D-SUE connector

Q-Em female D-SUB connecter, Mounting

9-pin male D-SUB connector >

CULPD-30
DB9_Female
DB9_Female_MountingHles

Male
DB3_Male_MountingHoles
DBIS_Female

DB15_Female_HighDensity
DB15_Female_HighDensity MeuntingHoles
DBI5_Female MountingHoles

DBI5_Male

DB15_Male_HighDensity
DB15_Male_HighDensity_MountingHoles
DB15_Male_MountingHoles

il

Select with Browser

0-pin male D-SUB connector, Mounting +
15-pin female D-SUB connector (low-den
15-pin female D-SUB connector, High der
15-pin female D-SUB connecter, High der
15-pin female D-SUB connecter (low-den
15-pin male D-SUB connector (low-densit
15-pin male D-SUB connector, High densi
15-pin male D-SUB connector, High densi

15-pin male D-SUB connector (low-densit _

{3

No symbeol selected

o) [
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Scroll down to the DB9 connector. (A misnomer. It’s actually a DE9.)

Click to see the symbol.
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Schematic Layout Editor

Choose Symbol (14937 items loaded)

Filter

CULPD-30
DB9_Female
DB9_Female M.

Click Symbol Name —{

<<

DES_Male Mountmare
DB1S_Female
DB1S_Female_HighDensity

&15 Female_HighDensity_ MountingHoles
DB1S_Female_Mount

DB15_Male

DB1S5_Male_HighDensity
DB1S_Male_HighDensity_MountingHoles
DB15_Male_MountingHales

Review Symbol ——1

Click OK to Select —_|

DBY_Male
9-pin male D-SUB connector
Key words: connector male D-SUB

3 pin connector, PD-30
9-pin female D-SUB connector
[male D-SUB connector, Mounting

nnector, Mounting +
15-pin female D-SUB connector (low-den
15-pin female D-SUB connecter, High der
15-pin female D-SUB connector, High der
15-pin female D-SUB connector (low-den

= B connector (low-densit
15-pin male D-SUB connector, T
15-pin male D-SUB connector, High densi
15-pin male D-SUB connector (low-densit i

b

Passiw
Passiveo——

Passiveo—

Passivee—=—

Passivee—i
Passlvee—=—|
Passivee——
Passiveo——

i

Reference J?

Footprint

(et
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Just like the physical connector, pins 1 thru 5 are on the top, 6 thru 9 are on the bottom.

Click OK to place.
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Schematic Layout Editor

Press R to Rotate the Symbol to the Position You Need

on the Sheet. Click to Place.

5]
9]
4]

J7
DBY9_Male

® iquluTmb @
PR

2
DB9_Male

DBY_Male

9T9T9T9T9
PEFFERFPE

J2
DB9_Male
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Once it is selected, you can rotate the symbol before placing it on the sheet. Press R for

each 90-degree rotation.
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Schematic Layout Editor

Click Sheet

Scroll to
Screw_Terminal_01x05

Click OK

Click to Place on Sheet

[ Choose Symbol (14938 items loaded)

Filter

& Samtec ASP-134602-01
SCART-F
Screw_Terminal 01,01
Screw_Terminal 0102
Screw_Terminal 0103

Screw Terminal 0

Screw_Terminal D108
Screw_Terminal 0107
Screw_Termina] 0108

Screw_Terminal 0109

Screw_Terminal 0110

Terminal_01x05
Genenc inal, single row, 01x05, script g

04 mi
Screw_Terminal 0105

Connector array, 10540, 1.27mm pitch, mz *
Prise Peritel
Generic screw terminal, single row, 0101,

Generic screw terminal, single row, 01602,

menc screw terminal, single row, 01:06,
Generic screw terminal, single row, 0107,
Generic screw terminal, single row, 0108,
Generic screw terminal, single row, 0109,
Generic screw terminal, single row, 0110,
Generic screw terminal, single raw, 011, _

Key words: screw ten

ted (kicad-library-utils/sct

Reference J?
Footprint

Cancel
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Schematic Layout Editor

Click Sheet

Scroll to
Screw_Terminal_01x04

Click OK

Click to Place on Sheet

Choose Symbol (14940 items loaded)

dl.l

Filter

SCART-F

Screw_Terminal_01:01
Serew_Terminal 01:02
Screw_Terminal
Screw_Terminal 01:04
Screw_Terminal 0105
Screw_Terminal 01:06
Screw_Terminal 01,07
Screw_Terminal 01x08
Screw_Terminal 01:09
Screw_Terminal 0140
Screw_Terminal 011
Screw_Terminal 0112

« il

mLggminal_01x04
Generic screw’ wagl_single row, 01x04. script
Key words: screw terminal

Prise Peritel &
Generic screw terminal, single row, 01:01,

Generic screw terminal, single row, 0102,

J

Passl’\mﬁvL (]
Generic screw terminal, single row, 0105, Passty ®
Generic screw terminal, single row, 01:06, Passlve—="—®
Generic screw terminal, single row, 0107, | [ Pagsives—t—®
Generic screw terminal, single row, 0108, Screw_ Terminal 010k
Generic screw terminal, single row, 0109,
Generic screw terminal, single row, 010,
Generic screw terminal, single row, 01:d1,
Generic screw terminal, single row, 012, _

i
d (kicad-fibrary i fconnector)

Reference J7
Footprint

Select with Browser
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Schematic Layout Editor

Schematic So Far...

o
w
0

| Sy
=™
o

le

Sk

flalalalal

No wires yet...

U=
Screw_Terminal_01x05

Q22 0@

e )
=8| J?
e—=—®| Screw_Terminal_01x04

S
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Here’s the schematic so far. Now to add wires.
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Schematic Layout Editor
Click Place Wire

+ J? 1
L DB9_Male - ®
P
o p =8
/ ._i@ C-LS
~ o 2- ~2|®
) “ ” P
Click Start “Bubble e
Click Corner .—%e
Click End “Bubble” "z TS
On Each Wire... ol ’ § =
\ 4 S
:}-—-@
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To place a wire, we click the Place Wire tool on the right toolbar. Click the “bubble” on pin
1 and run it over to pin 1 on the 5-pin terminal strip and click the bubble there. First wire
done. Do the same thing for the other 8 wires.



Schematic Layout Editor

Zoom In for Detail
on “Bubbles”

O O |F

|

Click in the Middle
of the “Bubble”
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Here’s an enlarged view of the connection point to pin 5 of the DES connector. You must
click in the middle of the “bubble” to make the connection.

ProTip: Zoom In to click in the bubble, Zoom Out to route across the schematic page, Zoom
back In to click at the destination.
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Schematic Layout Editor

i 2

Schematic Done! e i
g TS
1 ®
dr e
o2 e

|1

=i

Pl I

ol

@ 9
\0 2 ; ®
®
3 e
4le

1z

J2
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Schematic is all wired. We wired DB9 pin 1 to first terminal strip pin 1, then thru 5. This is
the top row of pins on the DES. We do the same for 6 thru 9 to the second terminal strip.
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KiCad — Work Flow

* Hand-Sketched Schematic
* Generally, circuit flows left to right

* Physical Board Size Constraints
* Mounting Method
* Create a Project

* Schematic Layout Editor

* Set Page Size

* Place Symbols from Library
*_Option 0 ditor

* Annotate Schematics
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Schematic Layout Editor

LH-F'LNI—‘
[XTAX)
U

ol
® 6

2

Need to Annotate <’T:— .

~— L8
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. g ]

o P | |
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2/12/2022 Dave Maciorowski, WALJHK -- JHK Labs 49

See the J question mark on each connector? Those are the reference designators and need
to be numbered. That’s called Annotation.
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Schematic Layout Editor

Click Annotate Icon

/
ne (@ =

Click Annotate on the

dialog —

.
Annotate Schematic

et

Scope:
© Use the entire schematic

Use the current page only

Options:
@ Keep existing annotations
Reset existing annotations
_) Reset, but keep order of multi-unit parts

Annotation Messages:

[V] Errors (V] Warnings

Clear Annotation

Order:

@ Sort components by X position m
Sort components by Y position 2
Numbering:

@ Use first free number after. 0
) First free after sheet number X 100
First free after sheet number X1000

[¥] Actions [V]Infos
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On the top toolbar, click Annotate. That brings up the Annotate Schematic dialog. For

most applications, | use the defaults.
Click the Annotate button.
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Schematic Layout Editor

Annotation Results

Click Close —_

Annotate Schematic

A

Scope:

@ Use the entire schematic

() Use the current page only

Options:
@ Keep existing annotations
Reset existing annotations
) Reset, but keep order of multi-unit parts

Annotated DB9_Male as J1
Annotated Screw_Terminal_01x05 as J2
Annotated Screw_Terminal_01x04 as J3
Annotation complete.

[¥] Warnings

Clear Annotation

@ Sert components by X position m
Sort components by Y position 2
Numbering:

(@ Use first free number after: 0

Order:

() First free after sheet number X 100
() First free after sheet number X 1000

[V] Actions [¥]Infos
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As Annotation processes the components on the schematic, it lists a log of what it did,

shown here. Click Close when done.
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Schematic Layout Editor

LIS
2
/.1 Jg
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Here’s the schematic after annotation.
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Electrical Rules Checker =)

Schematic Layout Editor |« =

Click Electrical Rule Check o

Icon

B o i

7] Create ERC file report

Error List:

"DeimMum' @j Close |
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Click the Electrical Rule Check Icon. On this dialog, click Run.




Schematic Layout Editor

Finished, No Errors —— ||

Check for Errors _ <

Click Close

Electrical Rules Checker

ERC ‘ Options
ERC Report:

Total

Warnings: ]

Errors: 0

Flcr
T Erortist:

= = - N
Delete Markers Run (] Close | ,
S———rt
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Since we connected all the pins on the connectors, there are no errors. Always look

carefully at the Messages and Error List.
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=
Electrical Rules Checker e

Schematic Layout Editor | * ==

ERC Report:

Total: 0
Example of Running the = -
Electrical Rule Check Before = —

Error List:

Annotation
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| Delete Markers

As an example, here’s the report if the schematic is not annotated. Just go back to
annotation, then run the Annotation.




Schematic Layout Editor

Example of Running the
Electrical Rule Check with a
Missing Connection

Check for Errors /

CIICk Close \

/

_ .
Electrical Rules Checker I [ (=]

ERC | Options |

ERC Report: Messages:
Finished
Total: 2

2
Errors: 0

Create ERC file reg
LMo List:

Pin not connected (use a “no connection” flag to suppress this error)
@(136 65 mm_80 77 mm) Pin 5 (Passive) of compenent J2 is unconnected

Pin not connected (use a “no connection” flag to suppress this error)
{@(101.60 mm, 96 52 mm) Pin 5 (Passive) of component J1 is unconnected

h\

| Delete Markers | | RER Close
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As an example, here’s the report if there’s unconnected pins. Check for Errors. For these

types of errors, the tool adds Markers on the schematic to help locate the issue.
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Schematic Layout Editor

Green Marker
Arrows Point to Rule
Check Issues
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Green Marker Arrows point to issues found during the Electrical Rule Check. You need to
resolve each of these issues. If the pin is supposed to be unconnected, there’s a symbol in
the right toolbar for that.
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Schematic Layout Editor

Click Assign Footprints
Icon

2O

", Assign Footprints ==

File Preferences Help

|| @ » $0@ %ﬁ Footprint Fﬂumz::;j m T E'(;T

Footprint Libraries. Symbol - Faotprint Assignments - Fitered Footprints

Battery ~fl a1- DB9_Male : Comnector Dsub:DSUB,| 1 Battery:Batteryfiolder Bulgin «

Button_Swicch Keyboar| ||| J2 - Screw_Terminal 01x05 : TerminalBlock_ Pl 2 Battery:BattveryHolder Comfort

Button_Switch_SMD =‘ 73 - Screw_Terminal 01x04 : TerminalBlock F/| 3 Battery:BatteryHolder Fagle ]

Button_Switch THT 4 older Keyator

Buzzer_Beeper 5 older_Keystor

Calibration_Scale 3 older_Keyator

Capacitor SMD 7 older eyator

Capacitor_Tantalum SM ] Holder Keystor
9 Holder Keystor

Capacitor THT
Connector
Connector_AMASS
Connector_audic
Connector_Barrellack
Connector_Card
Connector_Coaxial
Connector_DIN
Connector_Dsub
Connector FFC-FPC
Connector_Harwin

Connantar HOMT
‘ b « n

Filtered by library (Batteny): 41

older Keystar
older_Keyator
older_Keystor
older_Keyator
older Keystor
older_Keystor
:Batteryiolder Keystor

20 _RarzaryiRatrarvinidar Kevarar T
(11K . b

[ Apply, Save Schematic &t Continue | [ oK | [ Cancel
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Click the Assign Footprints icon. We need to work down the list in the center and assign

footprints for each symbol.

Tip: Column widths in this dialog are all adjustable. Spread it out as wide as your screen to

be able to read everything.

60



Schematic Layout Editor

Ty Assign Footprints b =rhc

File Preferences Help

C“Ck Jl\- {:c:g} [3)' ap $¢Q %ltl quzr'mﬂiu«sﬁ%%!%l k::%

Fi [Symbol Fitered Footprints.

Capacitor_THT 1 C tor_Daub: DSUB-3_Ffemale _E ._F2.77mm -
Connector H 2 Connector_Dsub:DSUB-9_Female Horizontal P2.77X2.54mm Edg
Connector_RMASS 3 J3 - Screw_Terminal 01x04 : 3 Connector_Dsub:DSUB-3_Female Horizontal PZ.77%2.Z4mm Edgi=
Connector_Xudio = 4 Connector_Dsub:DSUB-9_Female_Horizontal P2.77x2.8dmm_Edg
Connector_BarrelJack | s tor_Daub:DSUB-9_Female_H: tal_P2.77x2.84mm_Edg:
Connector_Card & Connector_Dsub:DSUB-9_Female_Horizontal_P2.77x2.E4mm_Edg:
Connector_Coaxial 7 Connector_Dsub:DSUB-9_Female Horizontal P2.77x2.24mm_Edg:

. [ & Connector_Dsub:DSUB-3_Female Horizental P2.77x2.Bdnm Edgi

Select Library === 5 ot B e e L Cpts 52 e

Conns 0 £4 Mount.

Category v

Connector_Birose

Simm_EdgeP.
.84zm _Edge?.
: 9_Male_Horizoatal _P2.77x2.%4mm_EdgeP.
:DSUB-9 Male Horizontal P2.77x2.24mm Edge?
:DSUE-9_Male Horizontal P2.77x2.34rm EdgeP.
Connectoz_Molex :DSUB-9_Male_Horizontal_FZ.77x2.84mm Edge?. ||
Connector_Mul 18 Connector_Daub:DSUB-2_Male_Horizontal P2.77x2.24mm_EdgeP.
G CBEdge 19 G« L ale_Vertical P2.77x2.84mm

DOU ble‘Cth T Connectar Phnenix GMSTR 7 Crnnector Tanh:NSIA-9 Male Verriral P2.77x2.R4mm Mannnin ™
« i v kl i vl i [
Filtered by library (Connector_Dsub): 120
fasset

FO ot ri nt Description: 9-pin D-Sub connector, solder-tups edge-mounted, male, x-pin-pitch 2.77mm, distance of mounting holes 25mm, see https:
p Library lacation: C:\Program Files\KiCad\share\kicad\madules/Connector_Dsub.pretty

Connectoz_IDC
Connector_JAE
Connector_J5T

Apply, Save Schematic &Continue | [ 0K | [ Cancel
= 4
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Select the first component that requires a footprint.

Select which library the footprint should be stored in.

Double-click the footprint for your design.

Pro Tip: Use the Footprint Browser ahead of time to find what you need for your design.




Schematic Layout Editor

" Assign Footprints

ol

e Preferences  Help

C|iCkJ2\ I 11 -

Conn| erminalBlock_Ehoenix MPT-0,5-11-2.54_1x1l_F2.S4mm Horizontal +

g g

Sensor. -l 1 J1 - D33 Male :

Sensor_Voltage J2 - Screw_Terminal 01x05 minalBlock_Phoenix MPT-0,5-12-2.54_1x12_P2.S4mm Horizontal
Sorew :

Socket I A rminalBlock_Phoenix PT-1,5-2-3.5-H_1x02_P3.50mm Horizontal
Symbol erminalBlock Phoenix PT-1,5-2-5.0-H_1x02 PS.00mm Horizontal
TerminalBlock erminalBlock Fhoenix ET-1,5-3-3.5-H_1x03 P3.50mm Horizontal

|| Tezmine1Block_4Ucon erminalBlock_Phoenix_ET-1,5-3-5.0-H_1x03_PS.00mn_Horizontal
nalBlock _Phoenix PT-1,5-4-3.5-H_1x04_P3.50mm Horizontal

TerminalBlock_Altech
. || TerminalBlock Dinkle
Select Library
Te Zhilmore = e
CategO ry — (] ;-mn-m X_PRoenix erminalBleck Ph eWi-1,5-6-3.5-H_1x06_P3.50mm Horizontal ||
= = Phoenix_PT-1,5-6-5.0-H_1x06_PS.00mm_Horizontal
TerminalBlock_TE-Connec nalBlock Fhoeniz ET-1,5-7-3. - S0mm
TerminalBlock WAGO erminalBlock_Phoenix_PT-1,5-7: .00mm_Horizontal
TescPoint erminalBlock Phoenixz PT-1, .5-H_1x02_P3.50mm Horizontal
erminalBlock_Phoenix PT-1,5-2-5.0-H_1x08_PS.00mm Horizontal
erminalBlock_Fhoenix_PT-1,5-9-3.5-H_1x09_P3.50mm Horizontal
erminalBlock_Phoenix_PT-1,5-3-5.0-H_1x09_PS5.00mm_Horizontal
erminalBlock Phoenix PT-1,5-10-3.5-E_1x10_P3.50mm Horizontal

A ==

zontal

Transformer SMD
Iransformer THI

L
Dou ble_CIICk = erminalRlnck Phoanix PT-1,5-10-5.0-K 1x10 BS.00mn Horizontal
‘ m 13 4 . (IR} " ) L
. Filtered by library (TerminalBlock_Phoenix): 114
FO ot rl nt Description: Terminal Block Phoenix PT-1,5-5-3.5-H, 5 pins, pitch 3.5mm, size 17.557.6mm*2, drill diamater 1.2mm, pad diameter 24mm, see , script-generated using https://github.|
Library location: C\Program Files\KiCi i . Ph tty

I App{y,vae S:mnﬁc &annmﬂ J OK 1 ;engei ‘
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Select the second component that requires a footprint.

Select which library the footprint should be stored in. | happen to know that Phoenix has
the terminal strip footprint we need for these 3.50 mm pitch terminal strips.

Double-click the footprint for your design.

Pro Tip: Use the Footprint Browser ahead of time to find what you need for your design.
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Schematic Layout Editor

Assign Footprints

e

File Preferences Help

C|iCkJ3\ G0 €% BN e (8 G 1Y

- 1 g1 - DB9_Male : Conng

Sen¥orsy re
Sensor_Voltage
Socket

Select Library et

TerminalBlock

)| TerminalBlock_4Ucon
Category

TerminalBlock_WAGO
TestPoint
Transformer_SMD
Transformer THT
Valve

Footprint — |

Varistor

Apply — | -
then OK

i| TerminalBlock Dinkle
TerminalBlock MetzConne:

e
. | TerninaiBlock_Phoenix
Double-Click mﬁ —

erminalBlock_Phoenix MPT-0,5-10-2.54_1x10_P2.54mm Horizontal =

TminalBlock_Phoenix MPT-0,5-11-
nalBlock Phoenix MPT-0,5-12-
erminalBlock_Phoenix_PI-1,5-2-3
erminalBlock_Phoenix FI-1,5-2-5
erminalBlock Phoenix PT-1,5-3-3.
larminalBlock Phosniz DT-i &

2.54_1x11_P2.S4mm_Horizontal
2.54_1x12 P2.54mm_Horizontal

.5-B_1x02_P3.50mm_Horizental
N

i_1x02_PS.00mm_Horizontal
5-H_1x03_P3.50m_Horizontal
PRTTTR:

Horizontal

inalBlock Phoenix PT-1,5-4-3.
lerminalBlock | = 5
max_PI-1,5-5-3.
lerminalBlock_Phoenix_PI-1,5-5-5.
erminalBlock Phoenix PT-1,5-6-3.
erminalBlock Phoenix PT-1,5-6-5.
erminalBlock_FPhoenix_FT-1,5-7-3.
erminalBlock_Phoenix_PBT-1,5-7-5.
erminalBlock_Fhoenix_PT-1,5-2-3.
erminalBlock_Phoenix PT-1,5-8-5.
erminalBlock_Phoenix PT-1,5-9-3.
erminalBlock Phoenix PT-1,5-9-5.

ArminalRINGY PRnenix PT=1,5-10-3,5-F 1x10 P3,50mm Horizonral =
< i v

5-H_1x04_P3.50mm Horizent:

T TXUTrS. bomm_forizontal
5-H_1x05_P3.50mm_Horizontal
0-E_1x05_PS.00mm_Horizontal
5-8_1x06_P3.50mm Horizontal

00mm_Horizental
.50mm_Horizontal

-00mm_Horizontal
S-H_1x02_P3.50mm_Horizontal
0-8_1x08_PS.00mm_Horizontal
5-8_1x09_P3.50mm Horizontal
0-H_1x09_P5.00mm_Horizontal

[ Apply, Save Schematic & Continue | X 0K ) Cancel
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Select the last component that requires a footprint.
Select which library the footprint should be stored in, another terminal strip.
Double-click the footprint for your design.

Click Apply to your Schematic.
Click OK.
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Schematic Layout Editor

Footprints

Tl @ o o] o] roowinemues (2 (5 G 3

DBY_Male : Connector_Dsub:DSUB-S Male EdgeMount P2.77mm
J2 - Screw_Terminal 01x05 : TerminalBlock_Phoenix:TerminalBleck Pheenix PT-1,5-5-3.5-H_1x05_P3.50mm Horizontal

J3 - Screw_Terminal 01x04 : TerminalBlock Phoenix:TerminalBlock Phoenix PT-1,5-4-3.5-H_1x04_ P3.50mm Horizontal
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| widened the window to see the results.
Here are all the footprint assignments.
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* Hand-Sketched Schematic
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¢ Generate Netlist
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The last step in the Schematic is to Generate the Netlist
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Schematic Layout Editor

Click Generate Netlist Icon

Review Dialog
Use Defaults

Click Generate Netlist

"
Netlist =
—
Pebnen | KcadPCB2 | Cadstar | Spice . S J
. | Generate Netlist | |}
ions: T
[7] Default format [ Close
[ AddPlugin.
Remove Plugir
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Use the defaults.
Click Generate netlist.
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Use Default

Click Save

Schematic Layout Editor

¥ Save NetlistFile | o

QQ ‘ . % GoogleDrive » SCOM » OptionBoards » DemoExample

~ [+3][ search De

Organize = New folder

& Favorites
B Desktop
@ Downloads
3 propbox
% Recent Places ‘

il

& Google Drive

|, Public

3 Recently Changed
I nextCloud

& Google DriveFS

Name

& | DemoExample.net

Date modified Type Size

2/9/2022 11:04 AM NET File

i

3

File na )

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

+ Hide Folders

=)
7 N
— ) [
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Use the default filename.
Click Save.
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KiCad — Work Flow

* Hand-Sketched Schematic @Layout Ec@

* Generally, circuit flows left to right
* Physical Board Size Constraints
* Mounting Method
* Create a Project

* Schematic Layout Editor
* Set Page Size
* Place Symbols from Library
* Optional Symbol Editor
* Annotate Schematics
* Electrical Rule Check

* Associate Footprint With
Component

¢ Generate Netlist
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That completes the schematic.
We’re now ready to lay out the circuit board.
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Schematic Layout Editor

Click the

PCB Layout Editor
\m Q@
BACK
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On the Top Toolbar, click the PCB Layout Editor icon.

This icon works on the Schematic screen or the Main screen.
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PCB Layout Editor

—

V0 @Qaoqiw

2= |[oaan,

Ao G13 /153 mish*

o ri:

EW X kAo 2B
e d 380U BE

»

00 di 188403 g 0300000 ¥ 0100000 =

Left — Mode Selection

Top — Viewing and Misc Tools
Top — Auxiliary Toolbar

Right — Drawing Tools

More Right -- Layers Manager

This is the PCB Layout Editor main screen.
Yes, there’s more icons in the toolbar.
[Summary above]
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PCB Layout Editor
M LheR  Qoeead DN WS Bawew -BIF @

* Top Toolbar

* Identical to the Schematic Layout Editor Toolbar except for a
few Icons we aren’t using for today’s example.
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Here’s the toolbar. It’s the same as the Schematic Layout Editor with a few new icons we’re
not using today.
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PCB Layout Editor

* Left Toolbar — Select Mode
iii:l ¢ Turn the Grid On and Off — Blue is On
in_* Switch Units to Inches — Blue is Selected
mm e« Switch Units to Millimeters -- Blue is Selected
n:?t * Choose Cursor Shape — Blue is Full Screen
* Toggle Visibility of Invisible Pins On Symbols — Blue is On

i
.I:_ * Toggle Free Angle vs. 90 Degrees
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| use the defaults. Adjust to your liking.
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PCB Layout Editor

’E * Left Toolbar — Select Mode

* Many more mode settings that we aren’t using in today’s
example.

|

)

EW ¥ =
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There’s lots more settings that can be useful in more complex designs. See the tutorials
and help file.




PCB Layout Editor
Right Toolbar

* Select Item

* Highlight Net

* Display Local Rats Nest
* Add Footprints

* Route Tracks

* Add Vias

* Add Filled Zones

* Add Keepout Areas

o—f@

Rl PR
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| use the defaults. Adjust to your liking.
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PCB Layout Editor

Right Toolbar

* Add Graphic Lines

* Add Graphic Circles

* Add Graphic Arcs

* Add Graphic Polygons

* Add Text

* Add Dimension

* Add Layer Alignment Target

W Tz 39 QU

* Delete Item
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| use the defaults. Adjust to your liking.
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PCB Layout Editor

Right Toolbar
* Place Axis Origin (Only for some plot formats)

@

i e Set Grid Origin

%« Measure Distance
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| use the defaults. Adjust to your liking.
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PCB Layout Editor

'V F.C
— Layer Manager

V| F.Adhes . . .

B B Adhes * Control Display of each Layer in the Drawing Area
(V] F.Paste

=j L * The Blue Arrow Defines Where Operations Occur
Il /| B.SilkS

V| F.Mask

V] B.Mask

3[¥] Dwgs.User

/| Cmts.User

V] Ecol.User

V] Eco2.User

[@¥] Edge.Cuts

V] Margin

OV F.Crtvd

BV]B.CrtYd

B[V F.Fab

/) B.Fab

2/12/2022 Dave Maciorowski, WALJHK -- JHK Labs 77

The Layer Manager is an important tool that we will be using today. These control the layer
displayed in the drawing area AND the blue arrow selects the layer being drawn on.

The checkmarks enable that layer of the design to be viewed in the drawing area of the PCB
Layout Editor.

The blue arrow selects the layer that will be affected when a modification to the design is
made.

More about the Layer Manager when we load the Netlist.
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PCB Layout Editor
rack: 0250 mm (9.84 mils) €] Vie: 0.80 / 040 mm (31.5 / 15.Dils) * v]@@oﬂommﬁ@ “((Zoom Auto D~

Auxiliary Toolbar Mode Selections
* Track Width

* Via Size

* Auto Track Width Select

* Grid Step Size

* Zoom Step Size
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With these tools, you can modify the width of the Track (trace) and the size of any Via that
you place.

The Grid that is displayed and the grid that the routes and components are how accurately
you can place footprints and traces.

We're going to use the defaults for our design.
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* Hand-Sketched Schematic * PCB Layout Editor
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* Physical Board Size Constraints
* Mounting Method
* Create a Project

* Schematic Layout Editor
* Set Page Size
* Place Symbols from Library
* Optional Symbol Editor
* Annotate Schematics
* Electrical Rule Check

* Associate Footprint With
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¢ Generate Netlist
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That’s the overview of the tools. Let’s get started on the circuit board.
We start by importing the NetList.
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PCB Layout Editor

Click Load Netlist

Select File /

Netlist file: |

Match Method Options

V] Update footprints
D
| Delete extra footprints
| Delete single-pad nets

@) Keep existing symbel to footprint associations
Re-associate footprints by reference

Show: [¥] All V| Errors [¥] Wamings [¥] Actions V| Infos

s shorting multiple nets

‘ Save...

‘{ Update PCB Close

J [ Rebuild Ratsnest
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Click the Load Netlist icon on the Top Toolbar.
The Dialog is displayed. Click the Folder icon.
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PCB Layout Editor

I Select Netiist
@ o

« Google Drive » SCOM » OptionBoards » DemoFxample - \¢,\' Search Demakxample )

—— —— —

Select File

COrganize v New folder =+ [0 g;

£ Nam ) e modifi Typ =
i Favorites - Rme Date modified pe Size

B Desktop of Demobamplenet )  2/9/2022 1109 AM__ NET File 5K8|
& Downloads

B orepbox

%] Recent Places
& Google Drive
I, Public

CI |Ck (0] pe n \ 5 Recently Changed
nextCloud
s Google DriveFs

@ Nextclon

il

4 Libraries
*| Documents
@) Manuals
 Music

File name: DemoExample.net
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In the Open File dialog, select the Netlist File from the file list — that’s the one with the .net
extension, listed by default. This is the file you generated in the Schematic Editor.
Click Open
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PCB Layout Editor

Load Status

Update PCB

Then CIOSE\ Show: AN [lErors

Netlist file: (&

Match Method Options
[¥] Update footprints
| Delete tracks shorting multiple nets
| Delete extra footprints
" | Delete single-pad nets

@) Keep existing symbol to footprint associations

Re-associate footprints by reference

P Changes To Be Applied
T REAUNY SIS I LAUSE S e UnvessLumy e

Info: Using time stamps to match components and footprints.

Info: Checking netlist symbol footprint “J1./62032484.Connector_Dsub:DSUB-S_Wale_Edgelount_P2.77mm'

Info: Checking netiist symbol footprint

*12:/6203940F TerminaBlock_Phoenix TerminaBlock_Phoenix_PT-1,5-5-3.5-H_1x05_P3.50mm_HorizontaF

Info: Checking netlist symbol footprint

“J3./62039ESC T _Phoentx Te __Phoenix_PT-1,5-4-3.5-H_1x04_P3.50mm_Horizontar

Mwigg new symbol J1 footprint Connector_Dsub-DSUB-9_lale_Edgeldount_P2 77mm

Adding ni ‘mbol J2 footprint TerminalBlock_Phoenix-TerminalBlock_Phoenix_PT-1.!

Adding new symDg footprint TerminalBlock_Phoenix TerminalBlock_Phoenix_PT-1,5-4-

[¥] Warnii ¥| Actions V|Infos

Test Footprints |
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H_1x05_P3.50mm_Horizontal

3.5-H_1x04_P3 50mm_Horizontal

 —— ——
( Update PCE )) ' Rebuild Ratsnest
—

m
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The Netlist is loaded. The status generated during the load is displayed on the screen.

Review it carefully!!!

You need to resolve any errors you see. This might be a missing footprint. You’ll need to go
back to the schematic editor, fix the footprint, regenerate the netlist, then come back here

and reload the netlist. Make sure all errors are resolved before continuing.

Click Update PCB, then Close.
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PCB Layout Editor

Click to place the Rats
in the Drawing Area

Click, press M and
Move each
Component to
Position

R to Rotate

The Netlist contains a list of the components and interconnections, but it doesn’t know
where you want them placed on the PCB. It’s called a Rats Nest or Rats for short.

On a complex board, the Rats can be very entertaining to untangle. This is why it’s
important to have some idea of how the board is going to be laid out.

Generally, the connectors and terminal strips define the placement.
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Example Project — Hand Sketch

C g\

UF el B

rj ,\’i
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Remember the hand sketch. On the right is the wiring of the DE9 connector and the
terminal strips that we took care of in the Schematic.
On the left is the layout we had in mind. Let’s move the components in the Rats to look

like this.
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PCB Layout Editor

The View is Always from the
Top of the Board

Components placed

The white lines are the Air
Wires. These are the Traces
to be Routed.

The components have been rotated and placed about where we need them. It works like
this. Click the component, press M for Move, drag to the location. Press R to rotate.

In this view, we haven’t drawn the edge of the board yet. Take your time with placement
and get an idea of how the board will look. You can always move them again later.
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Anatomy of a PCB

* Many Steps to Manufacturing a PCB

* “Gerber” Files Used in the Manufacturing Process

* KiCad Creates Gerber Files

» “Layers” Refers to the Number of Copper Layers, Always Even, Up to 30

Front Silkscreen
oldermask

Front Copper
Back Copper

Bac
Back Silkscreen

\ Via Drilled and Plated Component Thru-Hole Drilled and Plated
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Remember how the board is built. We're focused right now on the Front Copper and the

Back Copper.

86



PCB Layout Editor

M/ B.Adhes
V) F.Paste
V] B.Paste
V| F.SilkS
V] B.SilkS
V] F.Mask
V] B.Mask
[¥] Dwgs.User
/| Cmts.User
V] Ecol.User
V] Eco2.User
[@¥] Edge.Cuts
V] Margin
O] F.Crtyd
V] B.CrtYd
[E[V]F.Fab

Il /| B.Fab

Layer Manager
* Control Display of each Layer in the Drawing Area
* The Blue Arrow Defines Where Modifications Occur

2/12/2022
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This is where we use the Layer Manager. Notice the colors. The checkmarks enable that

layer of the design to be viewed in the drawing area of the PCB Layout Editor in that color.

The blue arrow selects the layer that will be affected when a modification to the design is

made.

There’s Front and Back Copper, Paste, SilkScreen, Mask, Edge Cuts and CourtYard. The
other layers aren’t important for simple designs.
We’re going to focus on the Copper layers for now.
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PCB Layout Editor

Adhes
/] B.Adhes
V) F.Paste

V] B.Mask

%] Dwgs.User
/| Cmts.User
V) Ecol.User
V] Eco2.User
V] Edge.Cuts

V] F.Crtvd
JB.Crtvd

V] F.Fab

(V| B.Fab

Here’s our part footprints in the drawing area.

F.Cu is the Front Copper. B.Cu is the Back Copper. F.SilkS is the Front Silkscreen, the white
printing on a circuit board.

F.CrtYd is the Front Courtyard. This is a physical boundary (in White) that the physical
component could occupy. You don’t want two devices in the same space. The Design Rule
Check will check for no overlaps. We won’t have any here because we’re spread out so far.
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KiCad — Work Flow

* Hand-Sketched Schematic * PCB Layout Editor
* Generally, circuit flows left to right * Import Netli

* Physical Board Size Constraints Viounting Holes

. * Footprint Library
* Mounting Method * Optional Footprint Edite
* Create a Project

* Schematic Layout Editor
* Set Page Size
* Place Symbols from Library
* Optional Symbol Editor
* Annotate Schematics
Electrical Rule Check

* Associate Footprint With
Component

¢ Generate Netlist
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That completes the schematic.
We’re now ready to lay out the circuit board.
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KiCad — Work Flow

* Hand-Sketched Schematic * PCB Layout Editor
* Generally, circuit flows left to right * Import Netlist
* Physical Board Size Constraints * Mounting Holes
. * Footprint Library
* Mounting Method «_Optional Footprint Editor
* Create a Project <+ DrawEdge Cuts >

* Schematic Layout Editor
* Set Page Size
* Place Symbols from Library
* Optional Symbol Editor
* Annotate Schematics
Electrical Rule Check

* Associate Footprint With
Component

¢ Generate Netlist
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That completes the schematic.
We’re now ready to lay out the circuit board.
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PCB Layout Editor

W/ F.Cu
VI B.Cu Select the

V| F.Adhes

m. s Edge.Cuts Layer
I /| F.Paste
V] B.Paste
WV F.Silks
/| B.SilkS
V] F.Mask
V] B.Mask
V] Dwgs.Usgft
W/ Cmts.Wser

[ eblser
E¥]F.Crtyd
HV]B.CrtYd
V] F.Fab
I/ B.Fab

Click next to the Edge.Cuts line in the Layer Manager to move the Blue Arrow there. We
are going to use the Add Graphics Line tool to draw the edge of the circuit board on that
layer.

Note that the color of the layer. This is the color of the line we’ll be drawing on that layer.




PCB Layout Editor

Click Add Graphics Lines
S\

©
=

Note “PCB Edge”

Draw a Complete Box
Around Components

| just drew the yellow box as the edge of the circuit board. The DE9 is designed to be

hanging off the edge of the board.

Notice where it says “PCB Edge”. This should be where you draw the board edge for this
footprint. | drew a line along the board edge then around the other components in a
rectangle. Use the grid lines to guide you. Be sure to close the rectangle. Zoom in if

needed to see the grid and corners.
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PCB Layout Editor

£
E
@
@
o
-

Measure X. Use the
Caliper Tool.

b4

sree
shas
[
R

Click the Start and End
of the Measurement.

| like to measure the board size at this point. Click the Caliper Tool. Click the Start, Click the
End. We see 30.40 mm in the X dimension.
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PCB Layout Editor

Measure Y. Use the
Caliper Tool.

b4

vree
sies
s
b P

Click the Start and End
of the Measurement.

Do the same thing in the Y dimension. We see 27 mm in the y dimension.

At JLCPCB with their $2 special, 5 boards will cost $2 — 40 cents each — plus $20 for DHL to
bring them here.

The quote for 25 boards is $6 — 24 cents each — plus $20 to ship them here.
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KiCad — Work Flow

* Hand-Sketched Schematic * PCB Layout Editor
* Generally, circuit flows left to right * Import Netlist
* Physical Board Size Constraints * Mounting Holes
. * Footprint Library
* Mounting Method « Optional Footprint Editor

* Create a Project ‘+Draw Edge Cuts
* Schematic Layout Editor Route the Board
* Set Page Size
* Place Symbols from Library
* Optional Symbol Editor
* Annotate Schematics
Electrical Rule Check

* Associate Footprint With
Component

¢ Generate Netlist
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That completes the schematic.
We’re now ready to lay out the circuit board.

95



PCB Layout Editor

Click Route Track
Click Front Copper
Click Start anjd End

of Trage.
v|B.Cu

V| F.Adhes
7| B.Adhes

/| F.Paste

B V| B.Paste

V| F.SilkS
()

ale

3
i
p3|

Il V| B.SilkS
/| F.Mask

=l V] B.Mask
1A Masnr Hlear

We're ready to route the board.

Click one end of the Air Wire in the Rat that you want to create a Track for. Note how the
Track is automatically routed by the tool. Click the other end to finish.

Click in the middle of the track to force the tool to make a turn and follow it your way.

This is the Front Copper side.

You can play around with the routes. You can erase the track and start over if you screw up
or see a better way to route it. This is what “routing a board” is all about. It’s a puzzle.
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PCB Layout Editor
Now the Back

Il /| B.Adhes
B / F.Paste
/| B.Paste
V| F.SilkS

Il V| BSilkS

W /| F.Mask

V| B.Mask
(@)

| Dwgs.User

V| Cmts.User
= (V| Ecol.User

V] Eco2.User

V] Edge.Cuts

B[V| Margin

¥ F.Crtvd

v|B.CrtYd

V| F.Fab

Il /| B.Fab

Click to the left of the Green box for the Back Copper. Route the tracks the same way, this

time in Green.
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KiCad — Work Flow

* Hand-Sketched Schematic * PCB Layout Editor
* Generally, circuit flows left to right * Import Netlist
* Physical Board Size Constraints * Mounting Holes
. * Footprint Library
* Mounting Method « Optional Footprint Editor
* Create a Project * Draw Edge Cuts
* Schematic Layout Editor - Route the Board
* Add Silkscreen
* Set Page Size C >
* Place Symbols from Library
* Optional Symbol Editor
* Annotate Schematics
* Electrical Rule Check
* Associate Footprint With
Component
* Generate Netlist
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That completes the schematic.
We’re now ready to lay out the circuit board.
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Anatomy of a PCB

* Many Steps to Manufacturing a PCB
* “Gerber” Files Used in the Manufacturing Process
* KiCad Creates Gerber Files

» “Layers” Refers to the Number of Copper Layers, Always Even, Up to 30

ront Silkscree

Front Soldermask
Front Copper
Circuit Board Dielectric, Usually FR4
Back Copper

Back Soldermask

Back Silkscreen

<
\ Via Drilled and Plated Component Thru-Hole Drilled and Plated
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Remember how the board is built. We're focused right now on the Front Copper and the

Back Copper.
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PCB Layout Editor
Add Graphics Line ‘

/| B.Adhes
/| F.Paste

7 [ €

(V] F.Mask
©
-~

V] B.Mask

[3¥] Dwgs.User
M/ Cmts.User
V] Ecol.User
@[] Eco2.User
V] Edge.Cuts

v|F.Fab
/| B Fab

| like to add some Silkcreen lines and labels to make it easier to use the finished board.
| turned off (unchecked) the Front and Back Copper and the Front CourtYard to more
clearly see the Silkscreen. Then | drew lines and boxes so | can number each pin.
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PCB Layout Editor
Add Graphics Line

W F.Cu
Il |B.Cu
WV| F.Adhes
M /|B.Adhes
/| F.Paste
.5 Racte
B.5ilkS
(V] F.Mask
V]| B.Mask
[3¥] Dwgs.User
M/ Cmts.User
(7] Ecol.User
@[] Eco2.User
V] Edge.Cuts
W[V Margin
O F.Crtvd
7| B.CrtYd
v|F.Fab
/| BFab

oD)me

Here’s a closeup of the lines | added. Be sure to Zoom in while drawing lines to make it
easier on you and get a better result.
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PCB Layout Editor

Click Add Text Icon

Click Sh¢fet T
[ /8.Cu
o V| F.Adhes
Il /| B.Adhes
- W[V F.Paste
T ‘ [ FSilks - >
e Width: 1 mm [ Rtalic
I.':l.l Height 1 mm Justification:
| Cmts.User = . } o I
7 Ecol User Thickness: 015 Orientation: 0.0 -
A V] Eco2. User

Position X: 1293 M
[E¥| Edge.Cuts osifon [ I Mirrored

Add Text W] Margin Position Y: 454
O F.CrYd
i BV|B.Crtvd
Click OK o e
: M/|BFab
Click Sheet : =
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Now | want to add numbers for each of the terminals that represent the pin on the DE9
connector that is wired there.

Click the Add Text Icon. Click the Sheet. Fill in the dialog. Here we just add the text we
want. Click OK, then position the text on the sheet.
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PCB Layout Editor
Add Text

M F.Cu
Hl |B.Cu
(Y] F.Adhes

o
-

/| B.Adhes
/| F.Paste
ZL0.Racte
BSilkS
(V] F.Mask
7] B.Mask
[3¥] Dwgs.User
M/ Cmts.User
V] Ecol.User
@[] Eco2.User
V] Edge.Cuts
/] Margin
O F.Crtvd
7| B.CrtYd
v|F.Fab
/| B Fab

1]
(0]

DB9_|

Hz@u

The terminal numbers are labeled. | added text identifying what this board is.
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PCB Layout Editor
Copper Layers Back

o

Il B.Adhes
V| F.Paste
V] B.Paste
Y] FSilkS
V| B.SilkS
WV F.Mask
B V! B.Mask
C[¥] Dwgs.User
V| Cmts.User
/| Ecol.User
V] Eco2.User
V] Edge.Cuts
V| Margin
O F.Crvd
¥|B.CrtYd
E[V]F.Fab
/| B.Fab

Here’s the finished board with the Copper Layers turned on. We have the Front and Back
Copper layers, the Front Silkscreen, and the Edge Cuts that defines the board size.
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KiCad — Work Flow

* Hand-Sketched Schematic * PCB Layout Editor

* Generally, circuit flows left to right * Import Netlist
* Physical Board Size Constraints * Mounting Holes

. * Footprint Library
* Mounting Method « Optional Footprint Editor
* Create a Project . Era‘:’ EtigeBCUtSd
. . * Route the boar

* Schematic Lgyout Editor « Add Silkscreen

* Set Page Size . * Design Rule Chec

* Place Symbols from Library 3D Viewer

* Optional Symbol Editor
¢ Annotate Schematics
Electrical Rule Check

* Associate Footprint With
Component

¢ Generate Netlist
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That completes the schematic.
We’re now ready to lay out the circuit board.
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PCB Layout Editor

Click Design Rule Check i
inimum via size: 04 mm
/ Minimum uViasize 0.2 mm
] Refill 2l zones before performing DRC
s [T s
| B P F. ["I Report all errors for tracks (slower) »
ET] - | Test tracks against filled copper areas (very slow) « »
)

Create report file:

Messages

Clearance: by Netclass

Minimum track width: 18] mm

Problems / Markers (0) | Unconnected items 0)|

ClickRun =™———__ |

&’ e
Delete Marker | | Delete All Markers (@@= Close
— o
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Click the Design Rule Check. This dialog is presented. Click the Run DRC button.
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PCB Layout Editor

Look for “Finished”

Check Errors/

Click Close \

ReVIeW Messages / "‘1Reﬂ||allzenuh;fofel;enaming DRC

Clearance: by Netclass e

Track clearances...

Zone to zone clearances...
Unconnected pads...
Keepout areas ...

mm  Testteds..

Courtyard areas...

Items on disabled layers..
Finished

Minimum track width: 8]

Minimum via size: 04

[ "I Report all errors for tracks (slower)

[7] Test tracks against filled copper areas (very slow)

[ Create report file: [@

Problems / Markers (0) | Unconnected ltems (0) )

2/12/2022
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Check the Messages showing DRC progress.
Check that the error counts are zero, especially Unconnected Items

Click Close.
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KiCad — Work Flow

* Hand-Sketched Schematic * PCB Layout Editor
* Generally, circuit flows left to right * Import Netlist
* Physical Board Size Constraints * Mounting Holes
. * Footprint Library

* Mounting Method « Optional Footprint Editor
* Create a Project . Era‘:/ Et(:‘geBCUtSd

. . * Route the boar
* Schematic Layout Editor « Add Silkscreen

* Set Page Size ) * Design Rule Check

* Place Symbols from Library m
* Optional Symbol Editor

* Annotate Schematics

Electrical Rule Check

* Associate Footprint With
Component

¢ Generate Netlist
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That completes the schematic.
We’re now ready to lay out the circuit board.
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PCB Layout Editor

Press ALT-3

@ 30 Viewer TR O MWW W W - -

[File Edi View Preferences Help

E L 2@acco s L% es st @

3D Viewer Displays in
a new window.

You can resize and
spin to any view.

-
5
)

-
X oo
R
N

~—

< (o]

32<

(2)]
w ™
a

Use the Toolbar or
click and drag.
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Press ALT-3 and be patient. The top of the board will be rendered. You can see what the
board will look like when manufactured.

The Green is the Soldermask. The White is the Front Silkscreen. The Gray and Gold are the
solder pads.

109



PCB Layout Editor

Press ALT-3

File Edt View Preferences Help

B p@acca % dd %% a4 @

3D Viewer Displays in
a new window.

You can resize and
spin to any view.

Use the Toolbar or
click and drag.

[Rendesing time 1660 5 4000 dy 000
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| spun the view to look at the bottom. We didn’t add Back Silkscreen, but we could have.
The Green is the Soldermask. The Gray and Gold are the solder pads.
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PCB Layout Editor
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Here’s a board | did that has the 3D models for the resistors, LEDs, capacitor, and the DIN
Rail brackets on the bottom. | need to find or create models for the terminal strips.
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KiCad — Work Flow

* Hand-Sketched Schematic * PCB Layout Editor

* Generally, circuit flows left to right * Import Netlist
* Physical Board Size Constraints * Mounting Holes

. * Footprint Library

* Mounting Method « Optional Footprint Editor
* Create a Project y Era\:/ Ett:‘geBCutSd
* Schematic Layout Editor . Azlé gnksirec;ir

* Set Page Size ) * Design Rule Check

* Place Symbols from Library « 3D Viewer

* Optional Symbol Editor (Plot Gerbers )

¢ Annotate Schematics
Electrical Rule Check

* Associate Footprint With
Component

¢ Generate Netlist
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That completes the schematic.
We’re now ready to lay out the circuit board.

112



PCB Layout Editor

¢ Generate Gerbers and Drill Files

* Manufacturers Each Have Their Own Requirements

e JLCPCB -- https://support.jlcpcb.com/article/149-how-to-generate-gerber-
and-drill-files-in-kicad

* OSHPARK -- https://docs.oshpark.com/submitting-orders/preorder-checklist/
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To order boards, we need to generate Gerber and Drill Files.

JLCPCB conveniently has specific instructions on how to do that. I'll provide an overview
here.

OSHPARK will do it for you. You just send the design to them.
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PCB Layout Editor

Click File

then Plot...

‘;ﬁ Pcbnew — D:\Program Files\KiCad\share\ki
_Edit View Place Route Inspect Tool

Save Ctrl+S

& save Copy hs.. CtrleShiftsS |

"\ Rescue

Revert to Last Backup

* Import »
» Export »
E Fabrication Outputs »

NG, Board Setup...

‘]1? Page Settings...

b Print... Ctrl-P

& v ]

R Archive Footprints »

Bxit
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We're going to Plot the Gerbers.

Click File, then Plot.
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PCB Layout Editor

Plotformat: [Gerber Tput directory:

Included Laj

General Options

Included Laye rs Are | FCu 1Plot border and title block Drill marks:
7] B.Cu )
_—— F.Adhes [7]Plot footprint values Scaling:
C h e C ke d [/ B.Adhes Plot mode: Filled
V| FPaste ol
[4] B.Paste tting of invisible values / refs Default line width: 0.1 mm
] FSilks ] Mir -
#ixclude PCB edge layer from other layers rored plot
7] BSitkS i) !
] F-Mask 7] Exclude pads from silkscreen Negative plot
Verify Checkboxes
y Use awxiliary axis as origin V] Check zone fills before plotting
Ecol.User Gerber Options
) Edge.Cuts e 5 . e >
El Margin 7] Use Protel filename extensions Coordinate format: |46, unit mm -
. F.Citvd Generate Gerber job file Use extended X2 format
D f It D t OK B.Crvd SN =
erau Irecto I"y EFab _|  [#Isubtract soldermask from silkscreen Include netlist attributes

Output Messages

i 4] Errors 7] Warnings ] Actions FInfos [ save. |

[ RunRC.. | ) Close | [ GenewteDrilFiles... |
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The layers we need to include to manufacture a board are the Copper, Paste, Silkscreen,
and Mask Front and Back, then the Edge.Cuts for the board size.

Carefully verify the checkboxes on this dialog. BE SURE TO CHECK AGAINST THE JLC WEB
SITE, TOO. The default path Output Directory is fine, though | usually create a Gerbers
directory. Click Plot.
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PCB Layout Editor

Plot format: [Gerber |
Included Layers

Output Messages Verify CET——

#BCu

Files Generated Sy

| F.Paste
7] BPaste

WIFSilks

m

Dwgs.User
_] Cts,User
Ecol.User
[T Eco2.User
7] Edge.Cuts
Margin
TF.Crtve
[IB.Cryd
[]F.Fab

Output directory:

General Options

[]Plot border and title block

] Plot footprint values

] Plot footprint references

Force plotting of invisible values / refs

7] Exclude PCE edge layer from other layers
[¥] Exclude pads from silkscreen
[71Do not tent vias

"] Use awsiliary axis as origin

Gerber Options

V] Use Protel filename extensions
"] Generate Gerber job file

7] Subtr

e\SCOMY

ve\SCOMO|

Cutput Messages

Click Generate Drill Files —

ge_Cuts.gm1” creates

Show: [ All [Vl Erors

Run DR

Plot

Drill marks: None

Scaling: 11

Plot mode: Filled

Default line width: 0.1 mm
Mirrored plot
Negative plot

7] Check zone fills before plotting

Coordinate format: [45, unit mm -]

[] Use extended X2 format

linclude netlist sttributes
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Verify the Output Messages are all green.
Now generate the Drill files.
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QOvtput foider: || J
D — - )
. o
Defa u It Sa me Dlrector Dl File Format T i e o
® Excellon @ iioiis Platedpads: 9
7 Mirror ¥ s R Non-plated pads: 0
as Gerbers L Pr
CIPTH and NPTH in single file o Tt
Oval Holes Drill Mode Dl Units Micto vis: 0
Al nixrie commpnd (ecompneneied] @ Millimeters b=t vits 0
@ Use altemate drill mode s
| Gerber X2 (experimental) Zerms Fommat
& Decimal format
Map File Format Suppress leading zeros
HPGL Suppress trailing zeros
PostSeript [
& Gerber
DXF Precision:
VG
POF
Messages
[ Generate Report File | [ Generate Map File |
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Again, default the output directory. Verify the selections in this dialog. Click Generate Drill
File.
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PCB Layout Editor

)
Default Same Directo ot — o o
as G er b ers [ Mirror ¥ avis o Acarg s Nor:plated pads:

[ Minimal header :
[Z PTH and NPTH in single file Through vias;

oo o ow®

Oval Holes Drill Mode Drill Units Micro vias:
i Buried vias:
Py Lise rosske cotmmand (secommended) © Millimeters
@ Use altemate drill mode DS
Zeros Format

Gerber X2 (experimental)
@ Decimal format

Map File Format ) Suppress leading zeros.
HPGL Suppress trailing zeros
PostScript Keep zeros

©) Gerber
DXF Precision:

See Messages sind
PDF
| ——
< Create file C SCOM\O ple-PTH.drl
Create file C: gle Drive\ SCOM\O; D ple-NPTH.drl
\

Generate Report File | [ Cenerste e > ([ Generate Map File
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Click Generate Map File

The Messages show that the Drill files have been generated. Click Generate Map File.
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PCB Layout Editor

See Messages

Click Close

Output folder:

Drill File Format
® Excellon

Mirrar ¥ axis
[] Minimal header
PTH and NPTH in single file

Oval Holes Drill Mode

@ Use altemate drill mode
Gerber X2 (xperimental)

Map File Format
HPGL
PostScript

© Gerber
DXF

O WG
PDF

Use route command {recommended)

[

Drill Origin Hole Counts
© Absolute Plated pads: 9
Ausliory 2is Non-plated pads: 0
Throughviss: 0
Drill Units Micro vias: 0
© Millimeters Buried vias: 0
) Inches

Zeros Format.
@ Decimal format
Suppress leading zeros
| Suppress trailing zeros
Keep zeros

Precision:

o

Create file C:\U:

Create file C:\L

Drive\SCOM\Cj
Drive\SCOM\O|

PTH.drl

Create file C:\U

NPTH.drl

Drive\SCOM\Op

Drive\SCOM\O)

te file C:\U:

TETCTTE
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Again, the Messages show the map files were generated. Click Close.
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PCB Layout Editor

Plot format: | Gerber Output directory:

General Options

| Plot border and title block
7| Plot footprint values
[¥] Plot footprint references
[7] Force plotting of invisible values / refs
[¥] Exclude PCE edge layer from other layers

/| Exclude pads from silkscreen

71 Do not tent vias

7] Use auriliary axis as origin

() Ecol.User
Eco2.User Gerber Options
[¥] Edge.Cuts . ,
[¥] Use Protel filename extensions
[ Margin
IF.Crtvd [7] Generate Gerber job file

B.CrtYd

[¥] Subtract soldermask from silkscreen

Drill marks:

Sealing: 11

Plot mode: Filled

Default line width: 0.1 mm
Mirrored plot

Negative plot

7| Check zone fills before plotting

Coordinate format: | 4.6, unit mm -/

Use extended X2 format

“Include netlist attributes

[F]F.Fab =

Output Messages
Plot fle “CUsersiD 2 Drve\SCOIND ample-B_Mask gbs” created
Piot file “C:\Users\D; Drive\SCOMO| 3

Show: || AN [¥] Errors [¥] Warnings 7] Actions V! Infos

._Cuts.gm1* created,

Click Close

2/12/2022

Dave Maciorowski, WA1JHK -- JHK Labs

erate Drill Files...
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That brings us back to the Plot dialog. Click Close here too.
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KiCad — Main

Output Files

Gerber Viewer
Looks at Output
Files

ri}_sj KiCad (5.1.5)-3 C: D: oagle Dri

File View Tools Browse Preferences Help

e ea® C @

] emobemplepro

T Newfolder

N
|‘tﬁ DemoExample kicad_pcb

Project name:

5 G

i DemoExample.net C:\Users\Dave\Google B

gerbview.ex 0
juwe e closed [pid=9220]

] Demcbamplepro
5= Demotxamplessh
ample-B_Cu.gbl

28 Demokiample-8 Mask.gbs
g DemoExample-B_Paste.gbp
DemoExample-8_Silks.gbo
DemoExample-cache.ib

DemoExampie-F_Cu.gtl

DemoExampte-F Mask.gts
DemoExample-F_Paste.gtp
DemoExample-F SikS.gto
DermoExample-NPTH-drl_mag|
DemoExample-NPTH.dr

DemoExample-PTH-drl_map.

DemoExample-PTH.dr

" opened [pid=9320]
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Zip Gerbers and Drill

Select the Files and Zip them Up \

DemoExample_Gerbers_220212.zip

( C\Users\Dave\Google Drive\SCOM\Optic

| B DemaExample-cache.lib

N J| DemoExample-F Mask.gts

file Edt View Favorites Tools Help
G o= v o o= X
Add Extract Test Copy Move Delet
¥ | ! C\Users\Dave\Google Drive\SCOM

MName

I New folder

DemoExample-B_Mask.gbs
DemoExample-B_Paste.gbp
DemoExample-B._SilkS.gbo

J| DemoExample-F_Paste.gtp
DemoExample-F SilkS.gto

| Demoxample-PTH.dri

%) DemoExample.kicad_pch
|| | Demoxample.kicad_pcb-bak
| DemoExample.net

| DemoExample.pro

|| [= Demotxamplessch

‘| _| DemoExample.sch-bak
= DemoExamplezip

\ | fp-info-cache

323 object(s) selected 524
L
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Now we need to Zip the Gerber and Drill Files. | happen to use 7zip. Zip up the Gerbers

and Drill files into your .zip file.
Choose a name for your file that makes sense.
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Order Your Boards!!!

Browse to JIcpcb.com
Sign In/Create Account
Upload your .zip file

Layers Dimensions Quantity
' 1 2 4 6 100 100 mm 5
|

Review Quote.
Order!
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References

* KiCad Website
* https://www.kicad.org/
* KiCad Tutorials
* https://www.youtube.com/c/JohnsBasement
* https://www.youtube.com/c/contextualelectronics
* https://learn.sparkfun.com/tutorials/pcb-basics/all

* JLCPCB Reference
* https://support.jlcpcb.com/article/149-how-to-generate-gerber-and-drill-

files-in-kicad

* Misc
* https://en.wikipedia.org/wiki/Gerber format
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Questions?
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THANK YOU
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