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e KiCad Website
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e https://learn.sparkfun.com/tutorials/pcb-basics/all
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files-in-kicad
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* https://en.wikipedia.org/wiki/Gerber format
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Topics

* Anatomy of a PCB

* Work Flow — How to use the Tools

e KiCad Main — Finding Your Way Around

e KiCad -- Schematic Layout Editor

e KiCad -- PCB Layout Editor

e KiCad — Generating Gerbers, Upload to JLCPCB
* References
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Anatomy of a PCB

* Many Steps to Manufacturing a PCB
* “Gerber” Files Used in the Manufacturing Process
e 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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Anatomy of a PCB

by 3
* Schematic Symbols a7 RY —t— {7
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* Circuit Board Footprints

* |Cs e Resistors
e DIP-14 * .3 Inch Axial
e SOIC-14

e 0603 ==.06x.03Inch
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KiCad — Work Flow

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

_ * Footprint Library
* Mounting Method « Optional Footprint Editor

* Create a Project Draw Edge Cuts

) ) Route the Board
e Schematic Lgyout Editor Add Silkscreen
* Set Page Size

_ Design Rule Check
e Place Symbols from Library 3D Viewer
* Optional Symbol Editor
Annotate Schematics Plot Gerbers

* Electrical Rule Check * Gerber Viewer
* Associate Footprint With * Layer Reviews
component » Upload to JLC PCB

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

* Physical Board Size Constraints
e Mounting Method
* Cread '

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

Associate Footprint With
Component

Generate Netlist

 PCB Layout Editor
* Import Netlist

* Mounting Holes
* Footprint Library
e Optional Footprint Editor

Draw Edge Cuts
Route the Board
Add Silkscreen
Design Rule Check
3D Viewer

Plot Gerbers

* Gerber Viewer
* Layer Reviews

e Upload to JLC PCB
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Example Project — Hand Sketch
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KiCad

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

Select your operating system or distribution

3 4 o

* Choose Your Platform
@ A * Windows

o e macOS

@ o= (@) * Linux in Many Flavors
o * FreeBSD

= @ <[> * Source Code
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KiCad — Main Screen

File

View Tools Browse Preferences Help

Example.kicad_pch
- [=
EH Example.sch

ChUsershDave\Google Drivel SCOM\OptionBoards\Example\Example\Example.pro

-~‘-__>
\ Project Folder Location

Project Files

2/12/2022

Dave Maciorowski, WA1JHK -- JHK Labs

10



KiCad — Main Screen

-
KiCad (5.1.5)-3 C\Users\Dave\Google DriveRSCDhﬁDptionEuardlexample\ExampIE\Em

owse  Preferences Help

u=

> NS

ject name:

ChMgers\Dave\Google Drivel SCOM\OptionBoards\Example\Example\Example.pro

Archive and Unarchive Project

Create and Open Project Files
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KiCad — Main Screen

-
KiCad (5.1.5}-3 C\Users\Dave\Google Drive\SCOM\O ptionBoards\Example\Example\Exa

File View Tools Browse Preferences Help

D a® S ¢

D Example.pro

....... Example.kicad_pch
nE=
........ EH Example.sch

(

L]

Project narme:
ChUsershDave' GoNgle Drivel5C Gmxﬂptlwﬁampﬂhampe‘aExampe.pro
* PCB Tools

* PCB Layout Editor
e Footprint Editor

e Schematic Tools

* Schematic Layout Editor
e Symbol Editor
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KiCad — Main Screen

-
KiCad (5.1.5}-3 C\Users\Dave\Google Drive\SCOM\O ptionBoards\Example\Example\Exa

File View Tools Browse Preferences Help

D a® S s

] scampirs - <n —
5, = > NS @ Al

|‘ [ Project name:

[y

ChUsershDave\Google Drivel SCOM\OptionBoards'\Example\Example\Example.pro

* Gerber Viewer

* Bitmap to Component Converter
e PCB Calculator

* Page Layout Editor

2/12/2022 Dave Maciorowski, WA1JHK -- JHK Labs



KiCad — Work Flow

e Hand-Sketched Schematic

Generally, circuit flows left to right

* Physical Board Size Constraints
 Mounting Method

< * Create a Project )

e Schematic Layout Editor

Set Page Size

Place Symbols from Library
* Optional Symbol Editor

Annotate Schematics

Electrical Rule Check

Associate Footprint With
Component

Generate Netlist

 PCB Layout Editor
* Import Netlist

* Mounting Holes
* Footprint Library
e Optional Footprint Editor

* Draw Edge Cuts
Route the Board
Add Silkscreen
Design Rule Check
3D Viewer

Plot Gerbers

* Gerber Viewer
* Layer Reviews

e Upload to JLC PCB
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KiCad — Main Screen

S
KiCad (5.1.5}-3 C\Users\Dave\Google Drive\SCO

YView Tools Browse

Example.pro
. = Example.kicad_pch

: -
Example.sch

|

Preferences Help

O a® 8 s

st oll

Project name:
ChUsershDave\Google DrivelSCON

Click to Create Project

M\OptionBoards\Examnle\Fxamnle\Fya
—
Create Mew Project

25|

Type

(t Project

Savein: || Example - '@' [? £ G-
= Mame . Date modified
S &' Example.pro 12/4/2019 8:02 AM
Recent Places
|
Desktop
i]'__"
Likrraries
A
Computer
ii;' ‘| m
Metwark
File name: | -
Save as type: [ KiCad project files { ~ pro) - ]

Create a new directory for the project
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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 _>
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Schematic Layout Editor

<= Eeschema — DemoExample.sch [/] — CAUsers\Dave\Goagle

File Edit View Place Inspect Tools Preferences Help . - - i Left - Mode Selection
o \ ™ =D e = i3 = [£] \= . . . o
HE = LS8 &5 O @Qa Q E P> m m E@ y - @ 'i'hI BAC Top —_ Vlerng and NaVIgatlon TOOIS

‘ * Right — Drawing Tools

24
[ ]

in
-—

an
.

[

2

DB D >+ x BUNN W+ ¥ H[F]

Pl DameE:mnplesh

@ B i

1

-

Z0.80 K-1194 ¥0.25 e -11.94 dy0.25 dist11.94 grid 0.2540 mm
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Schematic Layout Editor

 Save All

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

* Plot — Schematic to a PDF

CLIIL wiew FldLe INspreeL I FIEIENEnce: el
V2 | = IR CUciNQNCHCRENCHN=R SR g o Wi}/

‘i'lhl BACK
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Schematic Layout Editor
:'Hglgﬁ @;ﬂ O@\Q@\QE ﬁ"ﬂ%m iﬁg}: ‘i'lhlnncx

e 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

CLI W IeEwW Flrdee lrlbp'.'_'LL [ Y FIEIETENcCeE |_|E|P
\Hﬁgﬁ (:-‘\ﬂ O@\Q@\QE ﬁ)'s::] iﬁﬂi ‘iﬁlnncx

o
0 @QaQ&

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

LEY el

JHﬁtﬁJﬁ QEO@.Q@‘QE :E}'E%m @ﬁ—m @.lilhlnncx

=

=

* Multiple Schematic Sheets
* Navigate Schematic Hierarchy
e Leave Sheet
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Schematic Layout Editor
=Y {scaqadEr PRD 74T

e Symbols and Footprints
* Create, Delete and Edit Symbols

* Browse Symbol Libraries — Spend Some Time Here
e Create and Edit Symbols

MET!

‘i'lhl BACK
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Schematic Layout Editor

l%;;,l

=0 gl ELr bR ZeEnERIN.E

—

* Process Schematic
* Annotate Schematic Symbols — Adds Reference Designators
e Perform Electrical Rules Check — Find Errors that Would Prevent Netlist
* Assign PCB Footprints to Schematic Symbols — Resolve Errors from Check
e Generate Netlist — Will be used by PCB Layout Editor
e Edit Symbol Fields — Resolve Errors from Check
* Generate Bill of Materials — Parts List
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Schematlc Layout Editor

:IHEL:Jﬁ QHO@@'@‘QE j?‘ﬁ%m @3& :ﬂ@.illﬁlnncx

‘.'

DN cacx

e Start the PCB Layout Editor
* Back-Import Footprint Assignment
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Schematic Layout Editor

ile | Edit | View Place Inspect Tools Preferences Help
[ ———

m [ YN i —a [ s ] =TS —

F Eeschema — DE9BreakoutPCA.sch [/] — C:\Users\Dave\Google Drive'

* Menu
* File Management
Editing
Alternate Way to Access Tools
Preferences
Help — List Hotkeys
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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 >
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Schematlc Layout Editor

Hggﬁ

LEY el

Qs oceaadlE

I "R I

B il 1 B T - TT

“en

bmm @ﬁ ﬁ@. li'hlnncx

Page Size — Set the schematic sheet size
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Schematic Layout Editor

Page Settings

Set Pa per Slze Paper Title Block Parameters
\ Sizg: Murnber of sheets: 1 Sheet number: 1
Classa1in )
S 1/29/2022 )l Export to other sheets

Orientation:
[[] Export to other sheets

Landscape =

Custom paper size:

SEt Date o Height: | 279.400 rm

DES Breakout Board [] Export to other sheets

Width: | 431.800 rrrm Company
) JHK Labs [] Export to other sheets
Layout Preview
Commentl

Set Title Block Info™

[] Export to other sheets

Comment2

[] Export to other sheets

Comment3
[] Export to other sheets

Click OK —

[7] Export to other sheets

Browse...

— l¢i ’ Cancel

Page layoUt description file
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Schematic Layout Editor
-
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Schematic Layout Editor

e Left Toolbar — Select Mode
i * 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

+#= ¢ Choose Cursor Shape — Blue is Full Screen
* Toggle Visibility of Invisible Pins On Symbols — Blue is On

3
b+ Toggle Free Angle vs. 90 Degrees

2/12/2022 Dave Maciorows ki, WA1JHK -- JHK Labs
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Schematic Layout Editor

* Right Toolbar

* Select Item — Click then Select Item

e Highlight Net — Click then Select Net

* Place Symbol — Click then Select and Place Symbol

* Place Power Port — Click then Select and Place Symbol

ace 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

2 U \NI\|+ g v
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Schematic Layout Editor

* Right Toolbar

F g B @ > e X

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

* Place Net Label

* Place Global Label

* Place Hierarchical Label

* Create Hierarchical Sheet

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

2/12/2022
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Schematic Layout Editor

* Right Toolbar

* Draw Graphic Lines on the Schematic Sheet
T * Place Descriptive Text on the Schematic Sheet
8i| - Place a Picture on the Schematic Sheet

=  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

e Schematic Layout Editor

* Set Pgge Size
* Place Symbols from Library
* Optional Symbol Editor

2/12/2022 Dave Maciorowski, WA1JHK -- JHK Labs
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Example Project — Hand Sketch

2/12/2022
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Example Project — Parts
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Schematic Layout Editor

3

Click Place Symbol
then Click Sheet

Symbol Library _—
selection dialog

>
Choose Symbol (14937 items loaded)

Filter

(=]

-- Recently Used --

(]

L¥ees

d:occ IEEE

TdxGc

T

Tdwoo_IEEE
Amplifier_Audio
Amplifier_Buffer

BEEEHEBEH BB

Amplifier_Current

(=]

Amplifier_Difference

=]

Arnplifier_Instrurnentation

(=]

Amplifier_Operational

(]

Amplifier_Video

£s

T |

[ Select with Browser

Ao series symbols

4o series [EEE symbols

TdxGx symbols

Tt symbols

Td:oc series IEEE symbols

Amplifier for audio applications
Buffer amplifiers

Amplifiers for current sensors (shunt)
Amplifiers for analeg differential signals
Instrumentation amplitifers

General operational amplifiers

Video amplifiers

Mo symbol selected

|

Cancel

2/12/2022
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Schematic Layout Editor

.
Choose Symbel (14937 items loaded)

Filter

[e=]

Analog_DAC
Analog_Switch
Audio

(]

Scroll to Connector

H H

Battery_Management

(=]

Comparator P

Digital to analeg converters -

Analog switches

|

Audio devices

Battery management ICs

Category —

—) 1: Connectar

Connector symbols (Examples: Terminal Block, D-5UB, DIN, | >

=]

Connector_Genene

Connector_Generic_MountingPin

B H

Connector_Generic_Shielded
Converter ACDC
Converter_DCDC
CPLD_Altera

CPLD_Xilinx

H B BB

£s

I

Select with Browser

e

Generic connectors with mechanical mounting pin
Generic shielded connector symbols

AC to DC converter modules

DC to DT converter modules

Altera CPLD symbols

Ailinx CPLD symbols

Mo symbol selected

Cancel
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Schematic Layout Editor

.
Choose Symbol (14937 items loaded)

Filter

CULPD-30

Scroll to DB9_Male e

3 pin connector, PD-30 -
9-pin fernale D-5UB connector
9-pin fernale D-5UB connector, Mounting

> < DB3 Male

9-pin male D-5UB connector —

CO nne Cto [ — DB3_Male_MountingHoles

DB15_Female

DB15_Fernale_HighDensity
DB15_Fernale_HighDensity_MountingHoles
DE15_Fernale_MountingHeoles

DEB15_Male

DE15_Male_HighDensity
DE15_Male_HighDensity_MountingHoles
DE15_Male_MountingHoles

4 | n |

Select with Browser

9-pin male D-5UB connector, Mounting I-l—l

15-pin fernale D-5UB connector (low-den
15-pin fernale D-SUB connector, High der
15-pin fernale D-SUB connector, High der
15-pin female D-SUB connector (low-den
15-pin male D-5UB connector (low-densit
15-pin male D-5UB connector, High densi
15-pin male D-5UB connector, High densi

15-pin male D-5UB connector (low-densit

L

Mo symbol selected

Cancel
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Schematic Layout Editor

F R
Choase Symbol (14937 items loaded) =

Filter

CULPD-30 3 pin connector, PD-30 o

: DBY_Fernale 9-pin female D-SUB connector
Cl ICk Sym bOI Na me — DB9_Fernale Mountin

9-pin female D-5UB connector, Mounting

5

gssivee—

9

Passivee——

DED 9-p L 0 0 I'-"Eis.siwurﬁ-@i
DES_Male_MountingHoles -pin male D- connector, Mounting |-|:I passivegi
DE15_Female 15-pin female D-SUB connector (low-den Pacsiypo|

Revi eW Sy m b O | — DELS_Female_HighDensity 15-pin fernale D-5UE connectar, High der Passives 7

Fermale_HighDensity_MountingHoles 15-pin fernale D-5UB connector, High der Pass|ve
DB15_Female_Mounfi 15-pin female D-5UB connector (low-den

F"Enssi\.rEE:L
DE15_Male L5 Prrmedaall CUIE connector (low-densit PElSSiUE'BL
N DE15_Male_HighDensity 15-pin male D-5UE connector, HIM*
C | I C k O K to Se I e Ct \ DEL5_Male_HighDensity_MountingHoles 15-pin male D-5UB connector, High densi
- DELS_Male_MountingHeoles 15-pin male D-5UE connector (low-densit il

I

DB3_Male
9-pin male D-SUB connector
K.ey words: connector male D-SUB

Reference J7?

Footprint

Select with Browser ( 0K Cancel

| »

m
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Schematic Layout Editor

Press R to Rotate the Symbol to the Position You Need
on the Sheet. Click to Place.

=
m

=N
Z"\J
ax

=/

e & o o
o —
%.
o
/0—
._
._
._
._
._
Ilo
® & ¢ o
IKIEIEIK

\
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Schematic Layout Editor

Click Sheet

Scrollto — R
Screw_Terminal _01x05

Click OK

Click to Place on Sheet

F

<

Choose Symbol (14938 tems loaded)

Filter

Samtec_ASP-134602-01
SCART-F
Screw_Terminal_01:01
Screw_Terminal_01x02
Screw_Terminal_01x03

Screw_Terminal

Screw_Terminal_{
Screw_Terminal_01x07
Screw_Terminal_01:08
Screw_Terminal_01:09
Screw_Terminal_01x10
Screw_Terminal_01x11

4 I

Terminal_01x05

Generic inal, single row, 01x05, script generated (kicad-library-utils/schlib/autogen/connector/)

Key words: screw ter

Connector array, 10:40, 1.27mm pitch, m: =
Prise Peritel

Generic screw terminal, single row, 01:01,
Generic screw terminal, single row, 01:02,
Generic screw terminal, single row, 01:03,

inal, single row, 01:04,

Generic screw terminal, single row, 01:05, I

eneric screw terminal, single row, 01:086,
Generic screw terminal, single row, 01:07,
Generic screw terminal, single row, 01:08,
Generic screw terminal, single row, 01:089,
Generic screw terminal, single row, 01:10,

Generic screw terminal, single row, 01:11,

3

Reference J7?

Footprint

Select with Browser

0K

Cancel

| »

m
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Schematic Layout Editor

Click Sheet

Scroll to —

Screw_Terminal _01x04

Click OK

Click to Place on Sheet

Key words: screw termina

[ Choose Symbol (14240 items loaded) 1 -l-l

Filter
SCART-F Prise Peritel -
Screw_Terminal_01x01 Generic screw terminal, single row, 01:01,
Screw_Terminal_01x02 Generic screw terminal, single row, 01:02, J
Screw_Terminal 010 ew terminal, single row, 0103, 1
Screw_Terminal_01x04 Generic screw terminal, single row, 01x04 EE— PESEI'EGT @
Screw_Terminal_01x05 Generic screw terminal, single row, 01:05, Passlves—=— @
Screw_Terminal_01x06 Generic screw terminal, single row, 01:06, i |"‘ESS[|||'EC')i @
Screw_Terminal_01x07 Generic screw terminal, single row, 01:07, L Passivee——1©
Screw_Terminal_01x08 Generic screw terminal, single row, 01:08, SCTEW_TETm-lnEI._ﬂj.XO'El'
Screw_Terminal_01:09 Generic screw terminal, single row, 01:09,
Screw_Terminal_01x10 Generic screw terminal, single row, 01:10,
Screw_Terminal_01x11 Generic screw terminal, single row, 01:11,
Screw_Terminal_01x12 Generic screw terminal, single row, 01x12, i

o om b

Reference J7?

Footprint

Select with Browser

| »

m

Cancel

i

| [
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Schematic Layout Editor

Schematic So Far...

DBY_Male ~——®
< 1 PER
1 H
o 5 L © Screw_Terminal_01x05
"__________49 efg;* Q| . . . . . . . .
"__ :2 5 o Gs
P 7 .
ol 3. No wires yet...
o—5
| 1
o2 21g|)
\.__6 ~31®| Screw_Terminal_01x04
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Schematic Layout Editor
Click Place Wire

= DB9_Male —s

C/:> /. 1 21

/ ._i@ C 4. N

N ol 2 —2]®

M o V4 7 - :
Click Start “Bubble — =
. o>

Click Corner ._%@ o

Click End “Bubble” AN s

. *— 2|

On Each Wire... \.__@ T P
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Schematic Layout Editor

Zoom In for Detail
on “Bubbles”

Click in the Middle
of the “Bubble”
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Schematic Layout Editor

Schematic Done! B9 Male 115
| 1 3 e
| @ - 6 4 1o
. (" 2 5—.@
| o—12
17 el3
| @—18
| o=
| @ 9 o
I 3 |s
4 sl

7

7
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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

e Schematic Layout Editor
* Set Page Size
* Place Symbols from Library

e _Onti ditor
@nnotate Schematics

2/12/2022 Dave Maciorowski, WA1JHK -- JHK Labs
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Schematic Layout Editor

Teols I
Need to Annotate — .._3 A I
FE& . N
| ®- — N
. 9 e S E
Q_ﬁ - 1 -
®| 7
...... 2 JED
...... 4 el
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Schematic Layout Editor

Click Annotate Icon

Click Annotate on the
dialog —

Annotate Schematic

Scope
@ Use the entire schematic

() Use the current page only

Options:
@ Keep existing annotations
p

! Reset existing annotations

() Reset, but keep order of multi-unit parts

Annotation Messages:

Order:

@ Sort components by X position

() Sort components by ¥ position

Mumbering:

@ Use first free number after: 0

(1 First free after sheet number ¥ 100
(1 First free after sheet number X 1000

B tayy o AR | Errors Warnings Actions Infos Save...
N
Clearﬁ.nnutatiun] » ( Annotate ] Close
N’
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Schematic Layout Editor

Annotate Schematic ﬁw
Annotation Results Scope Order

i@ Use the entire schematic @ Sort components by X position m
() Use the current page only ) Sort components by ¥ position 2
Options: Mumbering:

(@ Keep existing annotations @ Use first free number after. 0

() Reset existing annotations () First free after sheet nurmber X 100

() Reset, but keep order of multi-unit parts (71 First free after sheet number X 1000

Annotated DBS_Male as J1
Annotated Screw_Terminal_01x05 as J2

Annotated Screw_Terminal_01x04 as J3
Annotation complete.

Click Close —

Show: |[V]A leeELrore Warnings Actions Infos

Clear Annotation Annotd | Close
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Schematic Layout Editor

Y
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Annotated
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;

D
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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

e Schematic Layout Editor
* Set Page Size

* Place Symbols from Library
* Optional Symbol Editor

 Annotate Schematics

<_Electrical Rule Check>
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Schematic Layout Editor

Click Electrical Rule Check

lcon /

Click Run —

-
Electrical Rules Checker

ERC Options

ERC Report:

Total: 0
Warnings: 0
Errors: 0

[7] Create ERC file report

Error List:

—

Delete Markers

R | Close |

2/12/2022 Dave Maciorowski, WA1JHK -- JHK Labs
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Schematic Layout Editor |» =

-
Electrical Rules Checker

ERC Report:

Totg |2

Finished, No Errors —

Check for Errors —

Click Close

o
< i Error List:
~

| Delete Markers

2/12/2022
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i B’
Electrical Rules Checker e

Schematic Layout Editor | = ==

ERC Report:

Example of Running the == :
Electrical Rule Check Before st 68 e e

Error List:

Annotation

CIICk Close \
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Schematic Layout Editor

Example of Running the
Electrical Rule Check with a
Missing Connection

Check for Errors —

Click Close

Electrical Rules Checker

ERC Options
ERC Report: Messages:
Finished
Total: 2

2

/ Errors: 0

~C

[] Create ERC file report
=

Pin not connected (use a “no connection” flag to suppress this error)

Pin not connected (use a “no connection” flag to suppress this error)

~\

@136 65 mm. 80.77 mm): Pin 5 (Passive) of component J2 is unconnected.

@101.60 mm. 96.52 mm): Pin 5 (Passive) of component J1 is unconnected.

Delete Markers
[

2/12/2022
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Schematic Layout Editor

Green Marker
Arrows Point to Rule
Check Issues =
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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

e Schematic Layout Editor
* Set Page Size

* Place Symbols from Library
* Optional Symbol Editor

 Annotate Schematics
e Electri

Associate Footprint Wit
Component
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Schematic Layout Editor

ﬁ_; Assign Footprints @m

File Preferences Help

Click Assign Footprints Th| @ 0 | $o ]| FootpintFies (28 S8 [S88) | ast

Footprint Libraries Symbol : Footprint Assignments Fitered Footprints

I C O n Battery = | Jl - DB9 Male : Connector_ Dsub:D3UB 1 Battery:BatteryHolder Bulgin »
Button_Switch_ Keyboar J2 - Jcrew _Terminal 01x05 : TerminalBElock F 2 Battery:BatteryHolder Comfort
Button Switch 3MD 3 J3 - Screw Terminal 01x04 : TerminalBlock F 3 Battery:BatteryHolder Eagle ]
Button_Switch THT 4 Battery:BatteryHolder Keyator
Buzzer Beeper 5 Battery:BatteryHolder Heystor
Calibration_3cale 6 Battery:BatteryHolder Keystor 3
Capacitor 3MD 7 Battery:BatteryHolder Keyator
Capacitor_Tantalum 3M & Battery:BatteryHolder Keystor
Capacitor THI 9 Battery:BatteryHolder Keyator

b
[}

Connector
Connector AMASS

Connector Audio

Battery:BatteryHolder Eeystor i

=
[

Battery:BatteryHolder Kewator

=
B

Battery:BatteryHolder Kewystor

b
(2]

Connector_BarrelJack Battery:BatteryHolder Keysator

i
.

Connector_Card Battery:BatteryvHolder Kewvator

b
(i3]

Connector Coaxial Battery:BatteryHolder Eeystor

=
&h

Connector DIN Battery:BatteryHolder Kewator

=
=]

Connector Dsub
Connector_ FFC-FEC

Connector Harwin

Battery:BatteryHolder Kewystor

b
o

Battery:BatteryHolder Keysator

=
=]

Battery:BatteryHolder Eeyator

]
pe ]

Cnnnector HDMT Ratterv:Rattervinlder Kevatnr
4 L F 4 L F 4 1L} 2

Filtered by library [Battery): 41

[ Apply, Save Schematic & Continue ] [ 0K ] l Cancel
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Schematic Layout Editor

Click J1—

-
?_; Aszsign Footprints

File Preferences Help

Select Library

Category

Double-Click

Footprint

C-FEC
Connector_Harwin
Connector_HDMI

Conn

Connector_Hirose
Connector_IDC
Connector JAE
Connector JST
Connector Molex
Connector Multj

™ Cnnnector Phoenix GMSTR
a4 L 2

4|

1 |

4

b
[}

11

12

15
la
17
18
13
Eli]

T mmeem e e

W ub:DSUB-9_Male Horizontal P2.77x2.84mm EdgeP:
- Connector Dsub:D5UB-9_Male Horizontal P2.77xi.E84mm EdgeB:

4 o *:pﬁ *xﬁ Footprint Filters: %

Footprini Symbol : Footprint Assignments Fitered Footprints

Capacitor_THT 1 Jl - 1 Connector_Dsub:D3UB-9_Female EdgeMount F2.77mm >

Connector 2 crew lerminal 01x05 2 Connector_Dsub:D5UB-9_Female Horizontal P2.77x2.54mm Edgl

Connector AMASS I 3 J3 - Screw _Terminal 01x04 : 3 Connector Dsub:DSUB-3 Female Horizontal F2.77x2.84mm Edg e

Connector Audio e 4 Connector Dsub:DSUB-3 Female Horizontal F2.77x2.84mm Edgi

Connector Barreldack 5 Connector Dsub:D5UB-9_Female Horizontal P2.77x2.84mm Edqg

Connector Card & Connector Dsub:D5UB-9_Female Horizontal P2.77x2.84mm Edg I

Connector Coaxial 7 Connector Dsub:D5UB-9_Female Horizontal P2.77x2.84mm Edg

& Connector Dsub:D5UB-9_Female Horizontal P2.77x2.84mm Edg

‘: Connector_Dsub ]

Connector_Dsub:D5UB-9_Female Vertical P2.77xi.E4mm

o L o i —— - = g2, 84mm Mount:
Connector_Dsub:D5UB-9 Male EdgeMount P2.77mm

O = o =g = - e = .

id.54mm EdgeF:

Connector_Dsub:D5UB-9_Male Horizontal F2.77xZ.84mm EdgeF:
Connector Dsub:D5UB-9 Male Horizontal F2.77xZ.E84mm EdgeF:
Connector_Dsub:D5UB-9 Male Horizontal F2.77xZ.84mm EdgeF:  |§
Connector_Dsub:D5SUB-9 Male Horizontal P2.77xZ.84mm EdgeP:
Connector_Daub:DSUB-9 Male Vertical F2.77x2.84mm

Connentnr Nank:NSTTR-9 Male Vertical P2.T77x2.R4mm Mountin

<

1 | F

Filtered by library [Connector_Dsub): 120
Description: 9-pin D-Sub connector, solder-cups edge-mounted, male, x-pin-pitch 2.77mm, distance of mounting holes 25mm, see https://disti-assets.s3.amazonaws. com/tonar/fil
Library location: C\Program Files\KiCad'share\kicadimodules/Connector_Dsub.pretty

[ Apply, Save Schematic & Continue I [ aK ] l Cancel
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Schematic Layout Editor
C|iCkJ2\

Select Library

Category

Double-Cli

*—

Footprint

r_
T Assign Footprints

File Preferences Help

0| @ o | 5] ix]

Footprint Filters:

L rint Libraries

Jensor_. =
Sensor_Voltage

Socket

Symbol

TerminalBlock

i| TerminalBlock 4Ucon
TerminalBlock &ltech

| TerminalBlock Dinkle
TerminalBlock MetzConne
Termi ilmore

TerminalBlock Fhoenix

Te R8s e g 1B
TerminalBlock TE-Connec
TerminalBlock WAGD
TestPoint

Tranaformer 3SMD

Transformer THT

-

4 1L} 2

1

Symbol : Footprint Assignments
Jl - DES Male : Conn
—

Fittered Footprints.
erminalBlock_ Fhoenix MPT-0,5-11-2.54 1x11 FZ2.54mm Horizontal

inalBlock Phoenix MPT-0,5-12-2.54 1x12 P2.54mm Horizontal

<E J2 - Screw Terminal 01x05
3 J3 - Screw _lerminal 01x04

<

1 |

erminalBlock_Fhoenix FT-1,5-2-3.5-H_1x02_ F3.50mm Horizontal
erminalBlock Phoenix PT-1,5-2-5.0-H_1x02_ PF5.00mm Horizontal
erminalBlock_Fhoenix FT-1,5-3-3.5-H_1x03_F3.50mm Horizontal
erminalBlock_Fhoenix PT-1,5-3-5.0-H_1x03_F5.00mm Horizontal
erminalBlock FPhoenix PT-1,5-4-3.5-H 1x04 P3.50mm Horizontal

Choan T o o C

erminalBlg Horizontal

-1,5-6-3.5-H_1x06_F3.50mm Horizontal

rminalBlock_ Fhoenix FT-1,5-7-3.5-H_1x07_F3.50mm Horizontal
erminalBlock Phoenix PT-1,5-7-5.0-H_1x07_F5.00mm Horizontal
erminalBlock_Fhoenix FT-1,5-8-3.5-H_1x08_F3.50mm Horizontal
erminalBlock_Fhoenix PT-1,5-8-5.0-H_1x03_F5.00mm Horizontal
erminalBlock Fhoenix PT-1,5-9-3.5-H_1x09 F3.50mm Horizomtal
erminalBlock_Fhoenix FT-1,5-9-5.0-H_1x09 F5.00mm Horizontal
erminalBlock Phoenix PT-1,5-10-3.5-H_ 1x10_P3.50mm Horizontal

erminalRlnck 'PhnvF-n'ilx PFT-1.5-10-5_0-H 1x10 P5_0MNmm HnTi znntal
- L 4

~

Filtered by library (TerminalBlock_Phoenix): 114
Description: Terminal Block Phoenix PT-1,5-5-3.5-H, 5 pins, pitch 3.5mm, size 17.5x7.6mm* 2, drill diamater 1.2mm, pad diameter 2.4mm, see, script-generated using https://github.
Library location: C\Program Files\KiCad\share\kicad\modules/TerminalBlock_Phoenix.pretty

Cancel

Lok |

Apply, Save Schematic & Continue ]
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Schematic Layout Editor

Click 33—

r—
[ Assign Footprints

-~

File Preferences Help

i | @ | ] ixf

Footpeint Fllters: %

Footprint Libraries

Select Library
Category

Double-Click

Sen30r- ure
Jensor Voltage
Socket

"l Symbol
TerminalBlock

|| TerminalBlock_4Ucon

Te

TerminalBlock Altech
|| TerminalBlock_Dinkle

TerminalBlock MetzConne:

TerminalBlock Phoenix

1
2

J3 - Screw _Terminal 01x04

Symbol : Footprint Assignments
Jl - DB2 Male : Conn

Fitered Footprints

rminalBlock Fhoenix MPFT-0,5-10-2.54_1x10_PZ2.54mm Horizontal =
rminalBlock Fhoenix MPT-0,5-11-2.54 1x11 P2.54mm Horizontal
inalBElock Phoenix MPT-0,5-12-2.54_l1x12 P2.54mm Horizontal
erminalBlock_Phoenix PT-1,5-2-3.5-H_1x02_ P3.50mm Horizontal
erminalBlock_Phoenix PT-1,5-2-5.0-H_1x02_ P5.00mm Horizontal
erminalBlock_Phoenix PT-1,5-3-3.5-H_1x03_P3.50mm Horizontal
erminalBlock Dl D e e il D 0

Horizontal

e

Te

Footprint —

Apply —

TerminalBlock WAGD
TeatPoint
Transformer 35MD
Transformer THT
Valve

Varistor

4 (LI

| Terpinesmee ™ T Connec

3 4

(LI

4

u inalBlock Phoenix PT-1,5-4-3.5-H_1x04_ PF3.50mm Horizonta
MWHL—l S2-a.0-H X .00mm_Horizontal
erminalBlock_Phoenix PT-1,5-5-5.0-H_1x05 P5.00mm Horizontal (=
erminalBlock_Phoenix PT-1,5-6-3.5-H_1x06_P3.50mm Horizontal
erminalBlock_Phoenix PT-1,5-6-5.0-H_1x0& P5.00mm Horizontal
erminalBlock_Phoenix PT-1,5-7-3.5-H_1x07 P3.50mm Horizontal
erminalBlock Fhoenix FT-1,5-7-5.0-H_ 1x07_P5.00mm Horizontal
erminalBlock_Phoenix PT-1,5-8-3.5-H_1x08_P3.50mm Horizontal
erminalBlock Fhoenix FT-1,5-8-5.0-H 1x08 F5.00mm Horizontal
erminalBlock_Phoenix PT-1,5-3-3.5-H_1x03% P3.50mm Horizontal

erminalBlock Fhoenix FT-1,5-9-5.0-H 1x09 F5.00mm Horizontal
erminalRlnnk Phoenix PT-1.5-1N0-3.5-H 1%x10 P3.50mm Horiznntal

nix FT-1,5-5-3.5-H_1x05_F3.50mm Horizontal

1 | r

™ shliylibrary (TerminalBlock_Phoenix): 114

then OK

\ < Apply, Save Schematic & Continue *‘ oK D Cancel ]
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Schematic Layout Editor

Footprints

ferences Help

E_h a *¢g *’Q Footprin‘tFiIters: -

Symbol : Footprint

OBS Male : Connector Dsub:D3UB-2 Male EdgeMount P2.77mm

J2 - Screw _Terminal 01x05 : TerminalBlock Phoenix:TerminalBlock Phoenix PT-1,5-5-3.5-H_1x05 P3.50mm Horizontal

J3 - SJcrew _Terminal 01x04 : TerminalBlock Phoenix:TerminalBlock Phoenix PT-1,5-4-3.5-H_ 1x04 P3.50mm Horizontal

B
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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

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

penrent
((Lﬁce;erate Netlist >
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Schematic Layout Editor

Click Generate Netlist Icon

’
Metlist

Pcbnew ?cadpcaz | Cadstar | Spice |

Review Dialog

(’ Options:
q [¥] Default format

| AddPlugin... |

Remowve Plugin...

Use Defaults /
Click Generate Netlist
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Schematic Layout Editor

Use Default

Click Save

1= Save Netlist File L ——
e e

=)

@‘CJ |,. <« Google Drive » SCOM » OptionBoards » DemoExample

- | 3 | | Search DemoExample

re)

Crganize = Mew folder

. Favorites S

B Desktop o | DemoExample.net
4 Downloads
Dropbox
'L:._-_l Recent Places
&) Google Drive
. Public B
[4 Recently Changed
. nextCloud

m

—a Google DriveFs

=~ @

Date moedified Type Size

2/9/202211:04 AM  MET File

1 |

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

2/12/2022
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KiCad — Work Flow

* Hand-Sketched Schematic * PCB Layout Editor >

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

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

Associate Footprint With
Component

Generate Netlist
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Schematic Layout Editor

Click the
PCB Layout Editor —

= (0
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PCB Layout Editor

File Edit View Place Route Inspect Tools Preferences Help

CAREESRa Qo eeaq &l

| B g @ | EFCursUp)

h |

EWNITLol2E

4 mm

Pads Vias Track Segments Modes Mets Unrouted
0 0 0 0 0

Z1.04 ¥ 56.600000 ¥ 179.700000 dx 56.600000 dy 179.700000 dist 188.403

| Track: 0.250 mm (984 mils) * || Via: 0.80 / 0.40 mm (315 /15.7 mils) * = | % | Gri: 01000 mm (3.94 mils) =] |Zoom Auto

grid X 0.100000 ¥ 0.100000

m

4

mm

R

DEF H AP OUIBE e s 3

_ .
I‘.Lh'i Pcbnew — C:\Users\Dave\Google Drive\SCOM\OptionBoards\DemoExample\DemoExample.kicad_pcb _ ol e |
Tk

Layers Manager

Layers | Items

F | F.Cu
W7 8.Cu
/| F.Adhes
/| B.Adhes
W[/ F Paste
[/ B.Paste
W[V F.Silks
/| B.SilkS
[/| F.Mask
7] B.Mask
O] Dwgs.User
W] Cmits.User
V] Ecol User
O[] Eco2.User
O] Edge.Cuts
(/| Margin
O] F.Crtvd
]| B.Crtyd
| F.Fab
| B.Fab

Left — Mode Selection

Top — Viewing and Misc Tools
Top — Aucxiliary Toolbar

Right — Drawing Tools

More Right -- Layers Manager



PCB Layout Editor

=

e Top Toolbar

L o@aa@un;

'“/" E:_- ;ﬂ; Il F.Cu(PgUp)

* |dentical to the Schematic Layout Editor Toolbar except for a
few Icons we aren’t using for today’s example.

"B T
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PCB Layout Editor

e Left Toolbar — Select Mode
i * 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

+#= ¢ Choose Cursor Shape — Blue is Full Screen
* Toggle Visibility of Invisible Pins On Symbols — Blue is On

3
b+ Toggle Free Angle vs. 90 Degrees

2/12/2022 Dave Maciorows ki, WA1JHK -- JHK Labs
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PCB Layout Editor

a0
(w =]

e Left Toolbar — Select Mode

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

SN =L o 858
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PCB Layout Editor
Right Toolbar

e Select Item

* Highlight Net

* Display Local Rats Nest
* Add Footprints

* Route Tracks

e Add Vias

* Add Filled Zones

 Add Keepout Areas

Sl e s £35 |+
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PCB Layout Editor

Right Toolbar

* Add Graphic Lines

* Add Graphic Circles

* Add Graphic Arcs

* Add Graphic Polygons
e Add Text

* Add Dimension

e Add Layer Alighnment Target

@ Tz 9@ QU

e Delete Item
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PCB Layout Editor

Right Toolbar
e Place Axis Origin (Only for some plot formats)
e Set Grid Origin
%% » Measure Distance
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PCB Layout Editor

+ V| F.Cu
V| E.Cu
Bl /| F.Adhes
Bl /| B.Adhes
/| F.Paste
V| B.Paste
V| F.5ilks
Bl /| B.Silks
7| F.Mask
V| B.Mask
V] Dwgs.User
M /| Crnts.User
Bl /| Ecol.User
V| Eco2.User
[0 ¥] Edge.Cuts
V| Margin
V] F.Crtvd
I V| B.Crtvd
V| F.Fab
M/ EFab

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

2/12/2022
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PCB Layout Editor
Tk 0250 i O34 ST 080 /040 e G175

ils) * T|@§nd:ﬂlﬂﬂﬂ mm (3.94 mils) 2 ﬂ |Ecm-rr1 Auto Z|

Auxiliary Toolbar Mode Selections
* Track Width

* Via Size

* Auto Track Width Select

* Grid Step Size

 Zoom Step Size
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KiCad — Work Flow

* Hand-Sketched Schematic e PCB Layout Editor

* Generally, circuit flows left to right < * Import Netlist

>

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

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

Associate Footprint With
Component

Generate Netlist

2/12/2022 Dave Maciorowski, WA1JHK -- JHK Labs
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PCB Layout Editor

Click Load Netlist

Netlist file: |

Match Method Options

Update footprints

["] De|ctabrm®hs chorting multiple nets
|| Delete extra footprints

["] Delete single-pad nets

@ Keep existing symbol to footprint associations

() Re-associate footprints by reference

Changes To B

Select File

Shows All Errors Warnings Actions Infos

Test Footprints ’ Update PCB l ’ Close l ’ Rebuild Ratsnest ]
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PCB Layout Editor

Select File —

Click Open

IS Select Netlist -
{ “\.../'I | . % Google Drive » SCOM » OptionBoards » DemoExample - | +3 | | Search DemoExample
L S — —— T ———————
Organize * Mew folder
¥ Favorites a MName ) Date modified Type Size
Bl Desktop | el DemoExamplenet ) 2/9/202211:03 AM  NET File 5KB|
4 Downloads S
E Dropbox

m

2| Recent Places

&L Google Drive

. Public

|4 Recently Changed
. nextCloud

—a Google DriveFs

'@' Mextclou

. Libraries
@ Documents
gﬂ Manuals
= Music i

File name: DemoExample.net KiCad netlist files [ *.net) v]

Cancel

2/12/2022
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PCB Layout Editor

Load Status

Update PCB

Then Close —

(ST A TSl U sers Davel Google Drve\ SCOMY O ptionBoards\Demobxamplet Demobamp

Match Method Opticns

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

Changes To Be Applied
PR BEGUNEY TPELRSL T e WU S W E LU LA I S T L LI DU U LS T T I S RIS LA TIE A T L .
Info: Using time stamps to match components and footprints.
Info: Checking netlist symbol footprint “J1:/620324584.Connector_Dsub:DEUB-S_Male_EdgeMount_P2.77mmr.
Info: Checking netlizt symbol footprint
“J2./5203540F TerminalBlock_Phoeni<. TerminalBlock_Phoeni<_PT-1,5-5-3.5-H_1x05_P3.50mm_Horizental.
Info: Checking netlist symbol footprint
“J3./82035E5C TerminalBlock_Phoents: TerminalBlock_Phoent<_PT-1,5-4-3.5-H_1x04_P3.50mm_Horizontal .

gy new symbol J1 footprint Connector_DeubDSUB-9_Male_EdgeMount_P2.77mm.

Show: All Errors Warnin Actions Infos

Adding neWwgymbol J2 footprint TerminalBlock_PhoenocTerminalBlock_Phoenix_PT-1,5-5-3.5-H_1x05_P3.50mm_Horizontal.
Adding new symD® footprint TerminalBlock_Phoenix:TerminalBlock_Phoeni<_PT-1,5-4-3.5-H_1x04_P3.50mm_Horizontal.

m

1

Save..,

Test Footprints

’ Rebuild Ratsnest ]
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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




Example Project — Hand Sketch
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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.




Anatomy of a PCB

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

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

Front Silkscreen

Back Copper
oldermask
Back Silkscreen

\ Via Drilled and Plated

Component Thru-Hole Drilled and Plated
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PCB Layout Editor

+ V| F.Cu
V| E.Cu
HAdhes
Bl /| B.Adhes
/| F.Paste
V| B.Paste
V| F.5ilks

Bl /| B.Silks
7| F.Mask
V| B.Mask
V] Dwgs.User
M /| Crnts.User
Bl /| Ecol.User
V| Eco2.User
[0 ¥] Edge.Cuts
V| Margin
V] F.Crtvd

I V| B.Crtvd
V| F.Fab
M/ EFab

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

I/ F.Cu

B/ B.Cu
+ | F.Adhes
Ml /| B Adhes
B/ F.Paste
[ |  Dact=

CC M Fsiks — 2

IR
M /| F.Mask

B /| B.Mask

/¥ Dwags.User
M /| Cmits.User
Bl /| Ecol.User
]| Eco2.User

[ Edge.Cuts

< 1 F.CrtYd }
¥ | B.CrtYd

BV | F.Fab
B/ B.Fab




KiCad — Work Flow

* Hand-Sketched Schematic e PCB Layout Editor

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

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

Associate Footprint With
Component

Generate Netlist

* Import N

ounting Holes
* Footprint Library

* Optional Footprint Edj
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KiCad — Work Flow

* Hand-Sketched Schematic e PCB Layout Editor
* Generally, circuit flows left to right * Import Netlist
e Physical Board Size Constraints * Mounting Holes
] * Footprint Library
* Mountmg Method * Optional Footprint Editor
e Create 3 Project < °* Draw Edge Cuts D

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

Associate Footprint With
Component

Generate Netlist
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PCB Layout Editor

B/ FCu
mYB.Cu Select the
/| F.Adhes
m/ s Edge.Cuts Layer
B/ F.Paste
/| B.Paste
B /| F.SilkS
B /| B.SilkS
B/ F.Mask
| B.Mask
1¥| Dwgs.U
/| Cmts.
B/ Ec
- . =
#[V/| Edge.Cuts
otaTn
0¥ | F.CrtYd
V| B.CrtYd
B F.Fab
B/ BEFab




PCB Layout Editor

Click Add Graphics Lines

|"-—_-"'|||L'l
@

Note “PCB Edge”

Draw a Complete Box
Around Components




PCB

Measure X. Usethe  [SEEEEEEEEE
Caliper Tool. o N g

_I_.__"r ﬁﬁﬁﬁﬁﬁﬁﬁ""ﬁﬁ:ﬁ'ﬁﬁﬁﬁﬁﬁf"ﬁ"'-f B

o . T T > I —
l.‘
- e R | T R B e

Click the Start and End | S IS R
OftheMeasurement. 1



PCB Layout Editor

Measure Y. Use the
Caliper Tool.

1

rio

Click the Start and End
of the Measurement.




KiCad — Work Flow

* Hand-Sketched Schematic e PCB Layout Editor
* Generally, circuit flows left to right * Import Netlist
e Physical Board Size Constraints * Mounting Holes
] * Footprint Library
* Mounting Method « Optional Footprint Editor
* Create a Project » Draw Edge Cuts

< °* RoutetheBoard >

e 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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PCB Layout Editor
Click Route Track = S PR

Click Front Copper
Click Syart a7d End

of Tracge.

< I/ F.Cu)D
v | B.Cu
B/ F.Adhes

E::] /| B.Adhes

/| F.Paste
V| B.Paste
V| F.5ilks
®) /| B.5ilks

/| F.Mask

BV B.Mask
FAF] Masene | lear




PCB Layout Edltor
Now the Back

g

B/ B.Adhes
/| F.Paste

E::] B /| B.Paste

/| F.SilkS

/| B.5ilks

B /| F.Mask

B /| B.Mask
O

V| Dwgs.User
M/ Cmits.User
B /| Ecol.User
1 ¥| Eco2.User
/| Edge.Cuts
I /| Margin
|| F.CrtYd
| B.CrtYd
/| F.Fab
/| EB.Fab

]




KiCad — Work Flow

* Hand-Sketched Schematic e PCB Layout Editor
* Generally, circuit flows left to right * Import Netlist
e Physical Board Size Constraints * Mounting Holes
] * Footprint Library
* Mounting Method « Optional Footprint Editor
* Create a Project * Draw Edge Cuts

Route the Board
Add Silkscreen

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

Associate Footprint With
Component

Generate Netlist
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Anatomy of a PCB

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

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

Front SiIkscre@

— 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

2/12/2022 Dave Maciorowski, WA1JHK -- JHK Labs
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PCB Layout Editor
Add Graphlcs Line

es.
[ | E!Au:lhes.
B /| F.Paste
- L) | ] =

|h:5
M/ FMas.h:
B /| B.Mask
ﬁ 1| Dwgs.User
/| Crnts.User
B/ Ecol.User
™~ 1| Eco2.User
0| Edge.Cuts
G e
B~/ | F.Fab
B/ E.Fab

°
@
3
‘o
‘M
=)




PCB Layout Editor
Add Graphics Line

Bl FCu

B B.Cu
M"i /| F.Adhes

M/ B.Adhes

@, /| F.Paste
| |

B allkS
M /| F.Mask
B /| B.Mask
ﬁ 1| Dwgs.User
/| Crnts.User
B/ Ecol.User
™~ 1| Eco2.User
0| Edge.Cuts
B /| Margin
1| F.CrYd
| B.CrtYd

BV F.Fab
/| EFab




PCB Layout Editor

Click Add Text Icon

Click Shéet = EE

8 1 B |EB.Cu
/| F.Adhes
/| B.Adhes

B /2 Mask
[ 7| Dwgs.User
[¥] Crnts.User
/| Ecol.User

Il FSilks

1
1

Thickness:

7] Halic

Justification:

Orientation: 0.0 -

| Mirrored

-&- V] Eco2.User Position X:
[V Edge.Cuts '
Add Text /] Margin Position V:
1| F.CrtYd
I V| B.CrtYd
Click OK Fah
. /| EFab
Click Sheet

2/12/2022
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PCB Layout Editor
Add Text

Bl FCu
B B.Cu
B/ F.Adhes
M/ B.Adhes

/| F.Paste
T il
B allkS
M /| F.Mask
B/ | B.Mask
1| Dwgs.User
/| Crnts.User
B/ Ecol.User
1| Eco2.User
0| Edge.Cuts
B /| Margin
1| F.CrYd
| B.CrtYd
B /| F.Fab
/| E.Fab

L
e

Hz@u

=
@
:E'I
{=)
‘oM
o




PCB Layout Editor
Copper Layers Back

.

Il / B.Adhes
B / F.Paste
[ B.Paste
I /| FSilkS
/| B.SilkS

M /| F.Mask
M /| B.Mask
1| Dwags.User
B /| Cmits.User
B /| Ecol.User
1| Eco2.User
0| Edge.Cuts
B /| Margin
O | F.CrtYd
B /| B.CrtYd
B /| F.Fab
/| B.Fab

=
©
ﬁE_I
[=)
o
=)




KiCad — Work Flow

* Hand-Sketched Schematic e PCB Layout Editor

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

] * Footprint Library
* Mounting Method « Optional Footprint Editor
* Create a Project y graW EigeBCUtSd
. . . tet

e Schematic Layout Editor . Azlé gilksire?eir

* Set Page Size _ <+ Design Rule Check >

e Place Symbols from Library . 3D Viewer

e Optional Symbol Editor
Annotate Schematics
Electrical Rule Check

Associate Footprint With
Component

Generate Netlist
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PCB Layout Editor =

Clearance: by Metclass Messages
Click Design Rule Check i tmck e | B "
g Minimum via size: 0.4 mm
Minimum uVia size: 0.z mm
[] Refill all zones before performing DRC
| Report all errors for tracks (slower) —
[] Test tracks against filled copper areas (very slow) 1 ;

|:| Create report file:

Problems / Markers (0] | Unconnected Items {CI]|

Click Run

\

Delete Marker ’ Delete All Marker;] » Run DRC Close ] [ List Unconnected
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PCB Layout Editor

Co
Clearance: by Metclass
Minimurm track width: E mm
Minimum via size: 04 mm

Minimup ke 5 mm

Review Messages _
Look for “Finished”

Check Errors —

Click Close —

[] Refill all zones before performing DRC
[ Report all errors for tracks (slower)
["] Test tracks against filled copper areas (very slow)

[T] Create report file:

t
Problems / Markers (0] | Unconnededm
—

Messages

Track clearances...

Zone to zone clearances...

Unconnected pads..
Keepout areas ...
Test texts...
Courtyard areas...

Itemns on disabled layers...

Finished

L]

m

1

——

Delete Marker Delete All Markers ] ’ List Unconnected
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KiCad — Work Flow

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

Draw Edge Cuts

Route the Board

Add Silkscreen

Design Rule Check

3D Viewer D

* Create a Project

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

Associate Footprint With
Component

Generate Netlist

\. ...
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PCB Layout Editor

Press ALT-3

@ 3D Viewer W T MMM W WM. v - ™ S |

File Edit View Preferences Help

B 2@ accakh s 3G esed

3D Viewer Displays in
a new window.

You can resize and
spin to any view.

)
= )
o
T

X 'mo

IQJN

"\l—\

\—imN

= ~i

32\
(@)}
w N
(am)

Use the Toolbar or
click and drag.

Rendering time 5962 s
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PCB Layout Editor _

File Edit View Preferences Help

Bo@aacakidd % «s 28 @

Press ALT-3

3D Viewer Displays in
a new window.

You can resize and
spin to any view.

Use the Toolbar or
click and drag.

Rendering time 1.660 s dx 0.00 dy 0.00
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PCB Layout Editor

\

.‘-, , "‘ ’ 3
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KiCad — Work Flow

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

_ * Footprint Library
* Mounting Method « Optional Footprint Editor

* Create a Project Draw Edge Cuts

) ) Route the Board
e Schematic Lgyout Editor Add Silkscreen
* Set Page Size

_ Design Rule Check
e Place Symbols from Library 3D Viewer
* Optional Symbol Editor S
Annotate Schematics <—_Plot Gerbers —
Electrical Rule Check

Associate Footprint With
Component

Generate Netlist
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PCB Layout Editor

e 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

e OSHPARK -- https://docs.oshpark.com/submitting-orders/preorder-checklist/
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PCB Layout Editor

N Pcbnew — D:\Program Files\KiCad\share\ki

Click File—

then Plot...

> File] Edit View Place Route Inspect Tool
L4 Save Ctrl+5
'! Save Copy As... Ctrl+5hift+5
@ Rescue

B s s

e
!

Revert to Last Backup

Import 2
Export 3

Fabrication Outputs 2

Board Setup...

Page Settings...

Print... Ctrl+P

Plot... ]

€ = |A|ILi

Archive Footprints 2

Exit

2/12/2022
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PCB Layout Editor

Plot format: Uutput directory:

General Opticns

I N Cl u d e d Laye I'S A re F.Cu [F] Plot border and title block Drill marks: None

B.Cu )

[ F.Adhes Plot footprint values Scaling: 11
Checked 1| = vame
F.Paste

B.Paste

F.5ilks clude PCB edge layer from other layers Mirrored plot

B.5ilkS
F.Mask Exclude pads from silkscreen Megative plot

E.Mask

Plot mode: Filled

Default line width: 0.1

[] Do not tent vias

Verify Checkboxes

[T Use auxiliary axis as origin Check zone fills before plotting

Ecol.User Gerber Options
Edge.Cuts
[] Margin
[C] F.Crtyd [ Generate Gerber job file [7] Use extended ¥2 format

D efa u It D i re Cto ry O K E EI.;:ar:"d [V|Subtract seldermask from silkscreen; [ Include netlist attributes
g

Output Messages

UUse Protel filename extensions Coordinate format: [4.6, unit mm

Click Plot —

[¥] Errors [¥] Warnings [¥] Actions [¥]Infos

Plot ]) Close I [ Generate Drill Files... I
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PCB Layout Editor

Plot format: Cutput directory:

Included Layers General Options
L]
Output IVI essages Ve rlfy V| F.Cu - [] Plot border and title block Drill marks: Mone
B.Cu .
. [ F.Adhes Plot footprint values Scaling: 11
F I I e S G e n e rate d E B.Adhes Plot footprint references Plot mode: Filled
F.Paste
B.Paste [| Force plotting of invisible values / refs Default line width: 0.1 mm
F.5ilke> Exclude PCE edge layer from other layers Mirrored plot
| B.5ilks
F.Mask 1 Exclude pads from silkscreen Megative plot
E'Mast 1 [] Do not tent vias
ws.User
[] Cmits.User [ Use auxiliary axis as origin [¥] Check zone fills before plotting
[] Ecol.User
[7] Eco2.User Gerber Opti
ptions
Edge.Cuts .
E Magrgin Use Protel filenarme extensions Coordinate farmat: |4.6, unit mm v
[ F.Crtyd [] Generate Gerber job file [T Use extended X2 format
[C] B.Crtvd B
I F.Fab Subtract soldeprask from silkscreen [ Include netlist attributes

Output Messages

§IL NI T A3 T Y TP e L 1T e e 181 T LT LR L T I T T L T IS e A
Plot file “C:\Users\DavevGoogle Drive\SCOMOptionBoards\DemoExample\DemoExample-B_Mask.gbs”™ created.
Plot file “C:\Users\DaveVGoogle Drive\SCOMOptionBoards\DemoExample\DemoExample-Edge_Cuts.gm1” created

Click Generate Drill Files

Show: [ All Errors Warnin jons Infos
Run DRC...

‘
(| Generate Drill Files...
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PCB Layout Editor

Default Same Director
as Gerbers

Click Generate Drill File

2/12/2022

enerate Drill Fil

Output folder: | |

Drill File Format
@ Excellon

[] Mirrer ¥ axis
[] Minimal header
[TTPTH and NPTH in single file

Owal Holes Drill Mode
(") Use route command (recommended)

@ Use alternate drill mode
() Gerber X2 (experimental)

Map File Format
) HPGL

() PostScript

@ Gerber

) DXF

) SVG

~) PDF

Messages

Generate Report File I

LITTI Uflglfl
@ Absolute

() Auxiliary axis

Drill Units
@ Millimeters

(") Inches

Zeros Format

@ Decimal format
() Suppress leading zeros

() Suppress trailing zeros

() Keep zeros

Precision:

Dave Maciorowski, WA1JHK -- JHK Labs

TIoIE Counts

Plated pads:

Mon-plated pads:

Through vias:
Micro vias:

Buried vias:

[ T e TR - TR T ¥ = )

Generate Drill File

Close

] [ Generate Map File
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PCB Layout Editor

enerate Drill Fil
utput folder:
L]
D efa u It Sa me D ire Cto Drill File Format e TS
@ Excellon @ Absolute Plated pads: ]
o I"\-"I!rr.c-r"lIr axis ©) Auxiliary axis Mon-plated pads: 0
a S e r e rS [] Minimal header - Throush vias 0
[C]PTH and NPTH in single file _ ) _ ]
Oval Holes Drill Mode Drill Units Micro vias: 0
@ Ml Buried vias: 0
1 Use route command (recommended) @ Millimeters
@ Use alternate drill mode s
() Gerber 2 (experimental) Les i
@ Decimal format
Map File Format () Suppress leading zeros
21 HPGL () Suppress trailing zeros
() PostScript () Keep zeros
@ Gerber
See Messages
(71 5VG
&) PDF
Create file C\Users\Dave\Google Drive\SCOM\ OptionBoards\DemoExamplet DemoExample-PTH.drl -

Create file C\Users\Davel Google Drive\SCOM\OptionBoards\DemoExamplet DemoBxample-MPTH.drl

Click Generate Map File

Generate Report File ] Generate Map File
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PCB Layout Editor

Output folder:

Drill File Format Drill Crigin Hole Counts

@ Excellon @ Absolute Plated pads:

[ Mirror Y axis
[] Minimal header

) Auiliary axis Mon-plated pads:

[T e T e T I Y= |

["| PTH and MPTH in single file Through vias:
Oval Hales Drill Made Drill Units Micro vias:
@ Millimeters Buried vias:

(70 Use route command (recommended)

@ Use alternate drill mode =

() Gerber X2 (experimental) D
@ Decirmnal format

Map File Format (") Suppress leading zeros

21 HPGL () Suppress trailing zeros
(") PostScript () Keep zeros
@ Gerber
i) DXF Precision:
See Messages
i) PDF
e

Create file Ch\Users\Dave\Google Drive\ 5COM\ OpticnBoards\DemoBxample\DemoExample-NPTH.drl
Create file C\Users\Dave\Google Drive\ 5COM\ OptionBoards\DemoExample\DemoExample-PTH-drl_map.ghbr
gate file ChUsers\Dave\Google Drive\ SCOM\ OptionBoards\DemoExample\DemoBxample-NPTH-dr g

‘ Create file C\Users\Dave\Google Drive\SCOM\ OptionBoards\DemoExamplelDemokxample-PTH.drl

Click Close —ererrepoTT— —r o Rl . vy
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PCB Layout Editor

Included Layers

Plot format:

Output directory:

General Options

F.Cu s [T Plot border and title block Drill marlks: None
B.Cu .
7] F.Adhes [¥] Plot footprint values Scaling: 11
E B.Adhes Plot footprint references Plot rmode: Filled
F.Paste
B.Paste [T Force plotting of invisible values / refs Default line width: 0.1 mm
F.SilkS Exclude PCB edge layer from other layers Mirrored plot
| B.SilkS
F.Mask | Exclude pads from silkscreen Megative plot
E'Mast [ [7] Do not tent vias
ws. User

[] Crats.User [T Use auxiliary axis as origin [#] Check zone fills before plotting
[7] Ecol.User
[C] Eco2.User Gerber Options
Edge.Cuts .
EMagrgin [V Use Protel filename extensions Coordinate format: | 4.6, unit mm )
[ F.Crtvd [] Generate Gerber job file [T Use extended X2 format
[C] B.Crevd m
] FFab i Subtract soldermask from silkscreen [[JInclude netlist attributes
Output Messages

.

Plot file “C\gers\DaveGoogle Drive\SCOM\O ptionBoards\DemeExample\DemoExample-B_Mask gbs” created.
Plot file *C:\Users\DavevGoogle Drived\SCOMOptionBoards\DemoExample\DemoExample-Edge_Cuts. gm1® created.

]

-

Show: [C] Al [¥] Errors [¥] Warnings [¥] Actions [V]Infos
C | I C k C I O S e T s Close I G erate Drill Files... |
2/12/2022 Dave Maciorowski, WA1JHK -- JHK Labs 120



KiCad — Main

_ .
KiCad (5.1.5)-3 C:A\Users\Dave\Google Drive\SCOM\OptionBoards\DemoExample\DemoExample.pro _ | oS

File View Tools Browse Preferences Help

Output Files OEE &= C

S ma =N

|ilh'i DemoExample.kicad_pch

R
GBR

\OptionBoards\DemoExample\Demobxample.pro
gerbview.ex s\DavelGoogle Drive\SCOM\OptionBoards\DemoExarmple\" opened [pid=9320]
rliee closed [pid=9320] |

Project name:

DemoExample.net C:\Usgrs\Dav?\Google D

lj‘ DemoExample.pro

=| DemoExample.s

ample-B_Cu.gbl

Gerber Viewer
Looks at Output
Files

': DemoExample-B_Mask.gbs
DemoExample-B_Paste.gbp
& DemoExample-B_Silks.gbo

DemoExample-cache.lib

DemoExample-F_Cu.gtl

'“"': DemoExample-F_Mask.gts

': DemoExample-F_Paste.gtp
DemoExample-F_SilkS.gto
DemoExample-NPTH-drl_mag
DemoExample-NPTH.drl

': DemoExample-PTH-drl_map.¢

DemoExample-PTH.drl
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-
Ci\Users\Dave\Google Drive\SCOM\Optic

Zip Gerbers and Dril
o == v owp wp K

Add  Extract Test Copy Move Delet

[_t L Ch\Users\Dave\Google Drive’\SCON

Select the Files and Zip them Up

L New folder

MR DemoExample-B_Cu.gbl
[l DemoExample-B_Mask.gbs
|| M DemoExample-B_Paste.gbp
[l Demobxample-B_SilkS.gbo

DemoExample_Gerbers_220212.zip | B pemosamaeccanein

[l DemoExample-Edge_Cuts.gml

[l Demobxample-F_Cu.gtl
[l DemoExample-F_Mask.gts
[l DemoExample-F_Paste.gtp
[l DemoExample-F_SilkS.gto
Il DemoExample-MPTH-drl_map.gbr
| | DemoExample-NPTH.drl
| il Demokxample-PTH-drl_map.gbr
||l DemoExample-PTH.drl
M DemoExample.kicad_pch

|| | DemoExamplekicad_pch-bak

/| || DemoExample.net
4 DemoExample.pro
" DemoExample.sch
|| DemeoExample.sch-bak
[ DermoExamplezip
__ fp-info-cache

4

13/ 23 object(s) selected 52

s
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Order Your Boards!!!

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

Layers Dimensions Quantity

|L N S
Add gerber file

Review Quote.
Order!
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References

e KiCad Website
e https://www.kicad.org/

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

e 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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