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References

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

e KiCad Tutorials — Watch for your KiCad Version
* Lots of tutorials on https://www.youtube.com/

e JLCPCB Reference

* https://jlcpcb.com/help/article/how-to-generate-gerber-and-drill-files-in-kicad-8
* Misc

* https://en.wikipedia.org/wiki/Gerber format

* Digital Caliper
* https://www.amazon.com/dp/B017KUC6XQ,
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Topics

* Anatomy of a PCB

* Work Flow — How to use the Tools

e KiCad Main — Finding Your Way Around

 KiCad -- Schematic Layout Editor

e KiCad -- PCB Layout Editor

» KiCad — Generating Gerbers, Ordering Your First Board at 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
2 2N3904 R_US L
]

—

* Circuit Board Footprints

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

e 0603 ==.06x.03Inch

o
o
0 o
o
©
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KiCad — Work Flow

e Hand-Sketched Schematic
e 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
e Optional Symbol Editor

 Annotate Schematics

e Electrical Rule Check

e Associate Footprint With
Component

* PCB Layout Editor
* Update PCB from Schematic

Mounting Holes, Mechanical
e Symbol and Footprint Library
* Optional Footprint Editor

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

Plot Gerbers

* Gerber Viewer
* Layer Reviews

* Upload to JLC PCB
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KiCad — Work Flow

and-Sketched Schematic
e Generally, circuit flows left to right

* Physical Board Size Constraints
* Mounting Method
* Creaté ;

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

* Associate Footprint With
Component

 PCB Layout Editor
 Update PCB from Schematic

 Mounting Holes, Mechanical
* Symbol and Footprint Library
e Optional Footprint Editor

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

* Plot Gerbers

e 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 & '

* Choose Your Platform
@ A * Windows

e macOS

ﬂ ol (@) * Linux in Many Flavors
o * FreeBSD

P> [ <[> * Source Code
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KiCad — Main Screen

(@ Example — KiCad 8.0

File Edit WView Tools Preferences Help

Examnple.kicad_pch

Example.sch

()|« @ |

Schematic Editor
= Edit the project schematic

+4>._ | symbol Editor

- Edit schematic symbols (Ctrl+L) et schematic symbol librares

PCB Editor
Edit the project PCE design

Project Files

Project Folder Location

LR e e A L T L

10/17/2025

Project: C:\Users\user\My Drive\5CO...ds\Example\Example\Example kicad_pro

L¢al path: monitering folder changes
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KiCad — Main Screen

(@ Example — KiCad 8.0

File Edit View Tools Preferences Help
+ Wroject Files

Schematic Editor
- Edit the project schematic

Symbol Editor
Edit global and/or project schematic symbol libraries

PCB Editor
Edit the project PCB design

\wﬁ"t Editor

Create and Open Project Files

Archive and Unarchive Project

10/17/2025 Dave Maciorowski, WA1JHK -- JHK Labs, LLC
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KiCad — Main Screen

r
m Example — KiCad 8.0

File Edit View Tools Preferences Help * SChematiC TOOlS
- Project Files . .
= bampleXicad pro Schematic Editor e Schematic Layout Editor
dit the ppas ematic
- E Exarmnplekicad_pch

e Symbol Editor
Example.sch Symbol Editor
Edit global and/or project schematic symbol libraries
B s * PCB Tools

PCB Editor .
dw'/ * PCB Layout Editor

ootprint Editor * Footprint Editor

Edit global and/or project PCE footprint libraries

g0« « o
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KiCad — Main Screen

Gerber Viewer
Freview Gerber files

Image Converter
Convert bitmap images to schematic symbaols or PCE footprints

Iculator

Show tools for calculating resistance, current capactly, etc.

Drawing Sheet Editor
Edit drawing sheet borders and title blocks for use in schematics and PCE designs

Plugin and Content Manager
Maonage downloadable packages from KiCad and 3rd party repositories

<IBE]

Gerber Viewer

Image Converter

Calculator Tools

Drawing Sheet Editor

Plugin and Content Manager

10/17/2025 Dave Maciorowski, WA1JHK -- JHK Labs, LLC
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KiCad — Work Flow

e Hand-Sketched Schematic
e 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
e Electrical Rule Check

* Associate Footprint With
Component

 PCB Layout Editor

 Update PCB from Schematic

 Mounting Holes, Mechanical
* Symbol and Footprint Library
e Optional Footprint Editor

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

Plot Gerbers

e Gerber Viewer

* Layer Reviews

e Upload to JLC PCB
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KiCad — Main Screen

(@) Example — KiCad 8.0
File Edit WView Tools Preferences Help

------ Example.kicad_pch
- Example.sch

20« a)

Click to Create Project

Schemat
Edit the pro

Symbol E
Edit global

PCB Edit
Edit the prg

Footprin

r
m Create Mew Project

10/17/2025

p - I ~ « Example » Example o Search Example

Organize = Mew folder = -
Mame Date modified Type Size

@ Examplekicad_pro 10/17/2025 3:32 PM KiCad Project 6.0 3 KE‘~|

File name: | Example.kicad_pro
Save as type: KiCad project files (" kicad_pro)
B Create a new folder for
~ Hide Folders the project Cancel
Dave Maciorowski, WA1JHK -- JHK Labs, LLC 15




KiCad — Work Flow

 Hand-Sketched Schematic  PCB Layout Editor
* Generally, circuit flows left to right * Update PCB from Schematic
: : :  Mounting Holes, Mechanical
* Physical Board Size Constraints + Symbol and Footprint Library
o Mounting Method e Optional Footprint Editor

Draw Edge Cuts
Route the Board
Add Silkscreen

* Create a Project

< Schematic Layout Editor_> |
Design Rule Check

* Set Page Size | 3D Viewer
* Place Symbols from Library . Plot Gerbers
e Optional Symbol Editor

e Annotate Schematics

* Electrical Rule Check
* Associate Footprint With * Upload to JLC PCB
Component

* Gerber Viewer
* Layer Reviews
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Schematic Layout Editor

fT) Bxample — Schematic Editor - u] X

File Edit View Place Inspect Tools Preferences Help L Left —_ MOde Selection
B & D660 0O | P%ICRAQAR &1 = RE Xe®HEDSEE . ..
i * Top — Viewing and Navigation Tools

* Right — Drawing Tools

-

Is

EN

X m|BE R ErR [+ 8!

gRA\NOODEm—SE§HzTp+x U\N\NiIV| 5"

File 'C:\Users\user\My Drive\SCOM\Optio... Z1.00 X 11.8250 Y 3.8250 dx 11.8250 dy 3.8250 dist 124282 grid 0.0250 inches
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Schematic Layout Editor
lmsDea B Clohcaaaaa et BB Ee®sE S B E

\

rie CLITL VI FldLE TS L

B & Deo

e Save All

e Schematic Setup

* Page Settings — Set Sheet Size and Title Block
* Print — Schematic to a Printer

* Plot — Schematic to a PDF

10/17/2025 Dave Maciorowski, WA1JHK -- JHK Labs, LLC 18



Schematic Layout Editor

E I e I T e Y BRE SO sE D B S
Nl B Ag|
e Editing

* Paste — CTRL+V

Undo — CTRL+Z

Redo — CTRL+Y

Find Symbols and Text — CTRL+F

Find and Replace Symbols and Text — CTRL+ALT+F
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Schematic Layout Editor

File  Edit  Viev

E||-b|DEI

Inspect lools  Preterences  Help

= dlin] |,® ﬂ"”"@&@@@li—t-}l

\S@Q@@M

e Schematic View
e Refresh — F5
e Zoom In—F1 or Scroll Wheel

Zoom Out — F2 or Scroll Wheel
/oom to Fit -- HOME

Zoom to Objects — CTRL+HOME
Zoom to Selection — CTRL+F5

R Be®HEDE S

10/17/2025
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Schematic Layout Editor

File  Edit  View Inspect  lools  Hrererences  Help

BB DBAI 0o ¢ Phcaaaaa«t =l

/
-1 =

* Multiple Hierarchical Schematic Sheets
* Navigate Backward
* Navigate Up
* Navigate Forward

R Be®HEDE S

10/17/2025 Dave Maciorowski, WA1JHK -- JHK Labs, LLC
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Schematic Layout Editor

File  Edit  View Inspect  lools  Hrererences  Help

BB DBAI 0o ¢ Phcaaaaa«t =l

R Be®HEDE S

/

S 2 A

* Selected Symbol
e Rotate Counterclockwise -- R
* Rotate Clockwise
e Mirror Vertically —Y
* Mirror Horizontally -- X

10/17/2025 Dave Maciorowski, WA1JHK -- JHK Labs, LLC
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Schematic Layout Editor

File  Edit  Viev Inspect  lools  Hrererences  Help

lBisDeAnS Cpucaaaad @t PREEROsED N S

R
% IR[le

e Symbols and Footprints
* Symbol Editor -- Create, Delete and Edit Symbols
e Symbol Library Browser — Spend Some Time Here
* Footprint Editor -- Create and Edit Symbols

10/17/2025 Dave Maciorowski, WA1JHK -- JHK Labs, LLC 23



Schematic Layout Editor

File  Edit  View Inspect  lools  Hrererences  Help

E'I|w|DEITET|Lﬁ| |@%E|S@Q@l@l@l|<—1‘-}| R EeO®SEDE S

el

@b E D

* Process Schematic
* Annotate Schematic — Add Symbol Reference Designators
* Electrical Rules Checker — Find Errors that Would Prevent Netlist
e Simulator — Run SPICE or IBIS Simulations
* Assign PCB Footprints to Schematic Symbols
* Edit Symbol Fields — Resolve Errors from Check
* Generate Bill of Materials — Parts List

10/17/2025 Dave Maciorowski, WA1JHK -- JHK Labs, LLC 24



Schematic Layout Editor
lnisneAIno Clphcaaaan«tr PRE EROSED B @

=
e Start the PCB Layout Editor
e Python Scripting Console

(|
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Schematic Layout Editor

@ *Example [Example] — Schematic Editor

File Edit View Place Inspect Tools Preferences H@
Nl | oorn | T O emmm | e | e | /= A
* Menu
* File -- File Management
* Edit — Editing Tools
* View — Change the Schematic View
Place — Add Schematic Elements, e.g. Symbols, Text, Wires
Tools — Select a Tool
Preferences -- Configuration
Help — Documentation, List Hotkeys

10/17/2025 Dave Maciorowski, WA1JHK -- JHK Labs, LLC
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KiCad — Work Flow

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

* Physical Board Size Constraints
 Mounting Method

* Create a Project

* Schematic Layout Editor

e Set Page Size O

10/17/2025 Dave Maciorowski, WA1JHK -- JHK Labs, LLC
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Schematic Layout Editor

File  Edit  View Inspect  lools  Frerer

2

maﬁ-ﬂuﬁl

ces  Help

|,® BICTRAQAAQ R |1 = RE R eOHED R E

\

e CulL  vig
.
,
H | & =

Fldie ImM=pren

Page Size — Set the schematic sheet size
And Title Block

10/

17/2025

Dave Maciorowski, WA1JHK -- JHK Labs, LLC 28



Schematic Layout Editor

Set Paper Size —

Page Settings

Paper

Drawing Sheet

Ad 210297 mm

Crientation:

Landscape

Custom paper size:
Height: 11

Title Block

Murmnber of sheets: 1

Sheet number: 1

Set Date

Wodth: 17

B Export to other sheets

Preview

itle:

Company:

Comment1:

Set Title Block Info

Click OK —

Comment2:

Comment3:

Commentd:

Comment:

Commentt:

Comment7:

<< | [10/17/2025 = "] Export to other sheets

[ Export to other sheets
[ Export to other sheets
[ Export to other sheets
[ Export to other sheets
(") Export to other sheets
(") Export to other sheets
(") Export to other sheets
[ Export to other sheets
[ Export to other sheets
[ Export to other sheets
[ Export to other sheets

(") Export to other sheets

ﬂ @ Cancel

10/17/2025
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Schematic Layout Editor

HK Labs, LLC )
File: Fyrampole bicad cr-b

I Date: 2025-10-17 ) CRev: D)
o |I:|,

LI~ T

JHE Lubs. LI L
| Bk 7
Flic Ewrpledkicac, ach
Trtio: CEY Braakect Board
F

iy T Tides SAEIE_TT T
o Ele RBE I ! /
L] I =
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Schematic Layout Editor

e Left Toolbar — Select Mode

LI BRI
—_ 'TEE ]
I: m -
LA ]

L | L] L] L |

il

b o
m n
b

3

¢ Turn the Grid On and Off — Blue is On

. Switch Units to Mils — Blue is selected

~ « Choose Cursor Shape — Blue is Full Screen

X7

+* Toggle Visibility of Invisible Pins On Symbols — Blue is On

10/17/2025
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Schematic Layout Editor

e Left Toolbar — Select Mode

e Line Mode, Horizontal or Vertical — Blue is Selected

* Annotate Symbols Automatically — Blue is On

A (@ B8 K |

. * Show Properties Manager — Blue is On

10/17/2025 Dave Maciorowski, WA1JHK -- JHK Labs, LLC
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Schematic Layout Editor

* Right Toolbar
| & || * Select Item — Click then Select Item
1| * Highlight Net — Click then Select Net
> Place Symbol — Click then Select and Place Symbol
|| * Place Power Port — Click then Select and Place Symbol

yd s Place Wire — Click then Place Single Connection

/ — Click then Place Bus of Connections

I Place Wire to Bus Entry — Click then Attach Wire to Bus

3 |* Place No Connection Flag — Tell Checker it’s ok not to Connect

10/17/2025 Dave Maciorowski, WA1JHK -- JHK Labs, LLC 33



Schematic Layout Editor

* Right Toolbar

IS RSN s

10/17/2025 Dave Maciorowski, WA1JHK -- JHK Labs, LLC
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Schematic Layout Editor

* Right Toolbar

* Place Descriptive Text on the Schematic Sheet

* Place Text Box on the Schematic Sheet

* Draw Graphic Rectangle on the Schematic Sheet
* Draw Graphic Circle on the Schematic Sheet

* Draw Graphic Arc on the Schematic Sheet

* Draw Graphic Line on the Schematic Sheet

e Place a Picture on the Schematic Sheet

* Delete an Item

- |

gBNNO

10/17/2025 Dave Maciorowski, WA1JHK -- JHK Labs, LLC
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KiCad — Work Flow

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

* Physical Board Size Constraints
 Mounting Method
* Create a Project

* Schematic Layout Editor
* Set Page Sjze_

Clace Symbols from Libr@
* Optional Symbol Editor

10/17/2025 Dave Maciorowski, WA1JHK -- JHK Labs, LLC
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Example Project — Hand Sketch

10/17/2025 Dave Maciorowski, WA1JHK -- JHK Labs, LLC
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Example Project — Parts

10/17/2025 Dave Maciorowski, WA1JHK -- JHK Labs, LLC
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Schematic Layout Editor

>
Choose Symbol (14937 tems loaded)

N

Click Place Symbol
then Click Sheet

Symbol Library _~
selection dialog

2 O I O O = O O = B = O = B B = B - B

-

Filter

-- Recently Used --
Ao

d:occ IEEE

Tl

T

Tdwor_IEEE
Amplifier_Audio
Armplifier_Buffer
Amplifier_Current
Armnplifier_Difference
Arnplifier_Instrurnentation
Amplifier_Operational
Amplifier_Video

T

[ Select with Browser

dooe series symbols

4o series [EEE symbols

T4x G symbols

Tt symbols

Td:oc series IEEE symbols
Amplifier for audio applications

Buffer amplifiers

Amplifiers for current sensors (shunt)

Arnplifiers for analeg differential signals

Instrumentation amplitifers
General operational amplifiers

Video amplifiers

Mo symbol selected

|

Cancel

10/17/2025
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Schematic Layout Editor

[ Choose Symbel (14937 items loaded) u1
Filter
Analog_DAC Digital to analeg converters -
Analog_Switch Analog switches N
Scroll to Connector ot deice E
Battery_Management Battery management ICs
Catego ry — Compaia: I —
) 10r‘|nector Connector symbuols (Bxamples: Terminal Block, D-5UE, DD
Connector_Generme e T T e et Mo symbel selected
Connector_Generic_MountingPin  Generic connectors with mechanical mounting gin
Connector_Generic_Shielded Generic shielded connector symbaols
Converter ACDHC AC to DC converter modules
Converter_DCDC DiC to DT converter modules
CPLD_Altera Altera CPLD symbols
CPLD_Xilinx Kilinx CPLD symbols il
1| 1 3
Select with Browser [ OK i [ Cancel
e ——————————————————————————————

10/17/2025 Dave Maciorowski, WA1JHK -- JHK Labs, LLC 40



Schematic Layout Editor

Scroll to DE9_Plug

)

Connector —

E

LI}

E

U B B T 1 L
Choose Symbol (21656 items loaded)
Q Filter Q|2
Iterm Description
DC37_Plug_MeuntingHeles 37-pin male plug pin D-5UB connectaor,
DC37_Receptacle 37-pin female receptacle socket D-5UB ¢

» . .
DC37 Receptacle 37-pin fermale receptacle socket D-5UB ¢
DES Plug 9-pin male plug pin D-5UB connector >

DES_Plug_MeountingHoles 9-pin male plug pin D-5UB connector, b
DE9 Receptacle 9-pin female receptacle socket D-SUB cc I
DES_Receptacle_MountingHoles 9-pin female receptacle socket D-5UB co
DE15_Plug_HighDensity 15-pin male plug socket D-5UB connect
DE15_Plug_HighDensity_MountingHeles 15-pin male plug socket D-5UB connect
DE13_Receptacle_HighDensity 13-pin fernale receptacle socket D-5UB ¢
DE15_Receptacle_HighDensity_MountingHoles 15-pin female receptacle socket D-5UB ¢
DIM-3 3-pin DIN connector

DIMN-4 4-pin DIN connector

DIN-5 3-pin DIN connector

DIMN-5 180dearee 3-pin DIM cennector (5-pin DIMN-5 stereo

DE9_Plug

9-pin male plug pin D-SUB connector
Keywords: connector male plug D-SUB DBS

J
F‘assivei—.\
Passivei—.
F‘aEEiuei—.
PESEI'\.'Ei_.
Passivei—.
Passivei—.
paEEfHEL—.
Passive 6 —
Passive 2 —./

DE9_Plug

[_] Place repeated copies B Place all units

H

K

Cancel

10/17/2025
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Schematic Layout Editor

S R

Choose Symbeol (21656 items loaded)

Q~ Filter

Click Symbol Name -

DC37_Plug_MeuntingHoles
37_Receptacle

ceptacle MountingHaoles

o)z
Description
37-pin male plug pin D-5UB connector,

37-pin female receptacle socket D-5UB ¢
37-pin female receptacle socket D-5UB ¢

DES Plug

9-pin male plug pin D-5UB connector

ug

DES, Receprsh

CUTILITTY oSS

Review Symbol —;

T -2 UE connector, b |

9-pin female receptacle socket D-5UB cc

DES Receptacle_MountingHoles
DE13_Plug_HighDensity
DE15_Plug_HighDensity_MountingHoles
DE15_Receptacle_HighDensity

Click OK to Select

eceptacle_HighDensity_MountingHoles
DIM-3
DIM-4
DIM-5
DIM-5 180dearee

n DE9_Plug
9-pin male plug pin D-SUB connector
4 HKeywords: connector male plug D-SUB DB

9-pin female receptacle socket D-5UB cc

15-pin [-5UB connect
15W
15-pin female receptacle socket D-5UB ¢

15-pin female receptacle socket D-5UB ¢

3-pin DIN connecter

4-pin DIN connector

5-pin DIN connecter
in DIM connector (3-pin DIN-5 sterec

Fassive
Fassive
Facssive
Fassive
Fassive
Fassive

Pacsive

[_]Place repeated copies B Place all units Cancel
s
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Schematic Layout Editor

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

B L -
a2
1]

1N ' o
e L e e o o o\
et S[ LIS [ToE AleTalel
@%*: DBS_Male \l l l l / :. r  EECEERER
7 o U o

10/17/2025 Dave Maciorowski, WA1JHK -- JHK Labs, LLC
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Schematic Layout Editor

Choose Symbol (21656 items loaded)

Click Sheet Q sae L1

Item Description
~ Connector Connector symbols (Examples: Terminal
Screw_Terminal_01x01 Generic screw terminal, single row, 01x0°

Screw_Terminal_01:x02 Generic screw terminal, single row, 01x0.

SC ro | I to Screw_Terminal_01x03 Generic screw terminal, single row, 07x0: PﬂSSiVE‘
Screw_Terminal 01 G J inal. single row, 07x0:
[ ]
Screw_Terminal 01x

—, Passlve

Screw_Terminal_01:x05 Generic screw terminal, single row, 01x0!

| N [
QDD O D|-

Screw_Terminal_01 eneric screw terminal, single row, 01x01 Passlve
Screw_Terminal_01x07 Generic screw terminal, single row, 01x0 .
, , T Passive
Screw_Terminal_01x08 Generic screw terminal, single row, 07x0: 5
Screw_Terminal_01x0% Generic screw terminal, single row, 07x0! Passive
L]
Screw_Terminal_01x10 Generic screw terminal, single row, 01x11 H
C||Ck OK - - . Screw_Terminal_01x05
Screw_Terminal_01x11 Generic screw terminal, single row, 01x1°
Screw_Terminal_01x12 Generic screw terminal, single row, 01x1.

Terminal_01x13

Click to Place on Sheet | ... romeiones

Generic screw terminal, single row, 01x05, script generated (kicad-libra
Keywords: screw terminal

Generic screw terminal, single row, 01x1:

autogen/connectorf)

[C] Place repeated copies B Place all units Cancel
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Schematic Layout Editor

Click Sheet

Scroll to -
Screw_Terminal_01x04

Click OK

Click to Place on Sheet

Choose Symbel (21656 items loaded)

Q. screw

Item

~ Connector

Screw_Terminal_01x04
Generic screw terminal, single row, 01x04, script generated (kicads

Screw_Terminal_01x01
Screw_Terminal_01x02
Screw Terminal 01:03

Description

o

Connector symbels (Examples: Terminal

Generic screw terminal,

Generic screw terminal,

- . .

Screw_Terminal_01x04

Generic screw terminal,

single row, 01x0
single row, 07x0.
csingle row, 01x0:

single row, 01x0:

Screw_lerminal_ s
Screw_Terminal_01x06
Screw_Terminal_01x07
Screw_Terminal_01x08
Screw_Terminal_01x09
Screw_Terminal_01x10
Screw_Terminal_01x11
Screw_Terminal_01x12

Screw_Terminal_01x13

= inal,
Generic screw terminal,
Generic screw terminal,
Generic screw terminal,
Generic screw terminal,
Generc screw terminal,
Generic screw terminal,
Generic screw terminal,

Generic screw terminal,

Keywords: screw terminal

single row, 01x0!
single row, 07x01
single row, 01x0"
single row, 01xd:
single row, 01x0
single row, 01x11
single row, 01x1°
single row, 01x1.

single row, 01x1:

schlib/autogen/connector/)

n
I

> Passive ———

Passglve ——

Passive —

Passive

L [N =

o
QDD D|—

Screw_Terminal_01x04

[J Place repeated copies

B Place all units

Cancel
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Schematic Layout Editor

Schematic So Far...

J3

DES_Plug %
<@
AA@ . . . . - P
|6 L P Screw_Terminal_01x05
el o g
. ié . . ] . . .
o3 No wires yet...
.- 1
- S
: I g? 1 - .
\ o=@ Screw_Terminal_D1xC4
I
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Schematic Layout Editor
Click Place Wire

_L,)"
L 3 | | | | | oy
Q) DES_Plug > \Y
Com [\
| 1 | | | 3lel?? | |
/ 4 6 _ @ig Screw_Terminal_01x05
~ @ g‘? _ei®
Click Start “Bubble” | ® 15~
Click Corner = 2
. = 1
Click End “Bubble” o— | °- =518
On Each Wire... \ 212 Screw_Terminal_01x04
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Schematic Layout Editor

Zoom In for Detail
on “Bubbles”

Clickinthe Middle __——— ™¢§ | |

of the “Bubble”
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Schematic Layout Editor

Schematic Done! - DE9-Plug-

\

S RN [V |

ol mWi~dINDoY -

@@ @@ 2|

P

- (V) [ (=N

@@ @ @)

2.
Sctew;Tgrnﬁnal

J1 -
Screw_Terminal

otio4

_01x04
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KiCad — Work Flow

e Hand-Sketched Schematic
e 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

* Optj mbol Editor
*_Annotate Schematics >
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Schematic Layout Editor

2D
: cr_ew__Tgrnjinal__Ul?cD_S

| mxu.up
[ @ og @

S
. 6 __
=
Could Annotate =
\

(Y

;- w_Terminal_01x0D4

:@@,@\@::
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Schematic Layout Editor

Annotate Schematic

Click Annotate Icon ccope

O Entire schematic
() Current sheet only
() Selection

B Recurse into subsheets

- Opti
B(E)e ¢
0 Keep existing annotations

() Reset existing annotations

Annctation Messages:

Click Annotate on the
dialog —

show: ] All

Clear &nnotation

Order
© Sort symbols by X position  1/]

() Sort symbaols by ¥ position =

Mumbering
O Use first free number after; 0

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

GE.-—_i&m[:IWarnings O 8 -Acions B Infos Save..

—
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Schematic Layout Editor

Annotate Schematic bt
Annotation Results Scope Order
O Entire schematic © Sort symbols by X position 1/}
() Current sheet only N
() Selection () Sort symbols by ¥ position =,
B Recurse into subsheets
Options Murmbering
O Use first free number after: 0

() Keep existing annotations
© Reset existing annotations

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

nnotation Messages:

Updated DES_Plug from J3 to J1.
Updated Screw_Terminal_01x04 from J1 to J3.
Annotation complete.

Click Close —

Show: (] All

Zlear Annotation

I_Jtrrun—Ll_]Warnings m @ Actions @ Infos Save.

Annad Close ]

10/17/2025

Dave Maciorowski, WA1JHK -- JHK Labs, LLC

53



Schematic Layout Editor

2 )
: _Ew__Ternjinal__Ul?c{}_E

il
\ o

ollbo b

20 PR @

Annotated

Fal) Nl (oo QI [GVH ENE T, bl (o Y0 T

/.m
1Y
_@@/@{@H |

%Terminal_ﬂlxﬂﬁ

B
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KiCad — Work Flow

e Hand-Sketched Schematic
e 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
e Optional Symbol Editor

* Annotate Schematics

<& Electrical Rule Check>
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Schematic Layout Editor

Electrical Rules Checker X

Click Electrical
Rule Check Icon

Vielations (0)  Ignored Tests (1)

Click on items to highlight them on the board. |

Click Run —

Show: [ All Mmings { B Exclusions Save..

Delete Marker Delete All Markers —). ‘ Run ERC ! Close L

10/17/2025 Dave Maciorowski, WA1JHK -- JHK Labs, LLC 56




Schematic Layout Editor

Exa m p | e Of RU n n i ng Electrical Rules Checker | x

the Electrical RUle iolations (2] Ignored Testsm

. V Error: Fin not connected \
CheCk Wlth a \ Symbol J1 Pin 5 [3, Passive, Ling]
Missing Connection

* Error: Pin not connected
Symbal J2 Pin 5 [Pin_5, Passive, Ling]

Click on items to highlight them on the board. |

Check for Errors

. Show: (] All @ Warnings ) B Exclusions Save..
Click Close - :
Delete barker Delete All Markers Run EEE
57

10/17/2025 Dave Maciorowski, WA1JHK -- JHK Labs, LLC




Schematic Layout Editor

Red Marker Arrows Point to
Rule Check Issues
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KiCad — Work Flow

e Hand-Sketched Schematic
e 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
e Optional Symbol Editor

* Annotate Schematics

* Electrj eck
* Associate Footprint Wit
Component
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Schematic Layout Editor

Click Assign Footprints
lcon

gﬁ Assign Footprints
File Edit Preferences Help

B3] - -

Footprint Filters:

0 6

|

Footprint Libraries Symbaol : Footprint Assignments

Audio Module 1 Jl — DES Plug :
Battery 2 J2 - Screw _Termimal 01x05 :
Button_ Switch Keyboard 3 J3 - Screw_Terminal 01x04 :

Button_ Switch_5SMD
Button_ Switch THT
Buzzer Beeper
Calibration_Scale
Capacitor SMD
Capacitor_ Tantalum SMD
Capacitor_ THT
Connector
Connector_AMRSS
Connector_Amphenol
Connector_fudio
Connector_BarrelJack
Connector Card

Connector_Coaxial

1

[ I T L L ]

[Tl

10
11
12
13
14
15
lg
17

1

Filtered Footprints

Connector_Dsub:DSUB-9 ]
Connector_Dsub:DSUB-5_]
Connector_Dsub:DSTUB-9_]
Connector_Dsub:DSUB-9_]
Connector_Dsub:DSUB-9_]
Connector_Dsub:DSUB-9_]
Connector_Dsub:DSUB-9_]
Connector_Dsub:D3UB-9 ]
Connector_Dsub:D3UB-9 ]
Connector_Dsub:DSUB-5_]
Connector_Dsub:DSTUB-9_]
Connector_Dsub:DSUB-9_1
Connector_Dsub:DSUB-9_1
Connector_Dsub:DSUB-9 1
Connector_Dsub:DSUB-9 1
Connector_Dsub:DSUB-9 1
Connector_Dsub:DSUB-9 1

e m i mme Thmalle L TWOTTR AR

Filtered by Keywords (D5UB*Male™),

Library location: unknown

Library: 144 matching footprints

Apply, Save Schematic & Continue
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Schematic Layout Editor

1 e Assign Footprints = O x
. File Edit Preferences Help
Click J1— B[ =D C % | owmme[E IS EE

W Symbul' Fmtprint Assignments Filtered Footprints
Capacitor THT ~ [DES Plug : 1 Connector Dsub:D5SUB-9 Female EdgeMount P2.77mm

Connector J2 — Jcrew Terminal 01x05 : 2 Connector Dsub:D5UB-% Female Horizontal P2.77x2. |
Connector AMASS 3 J3 - Screw_Terminal 01x04 : 3 Connector_Dsub:D5SUB-9 Female Horizontal F2.77xd.
Connector Amphenol | 4 Connector_ Dsub:DSUB-9 Female Horizontal F2.77xd.
Connector_Audio 5 Connector Dsub:D5SUB-9 Female Horizontal F2.77x2.

Connector_Barreldack Connector_Dsub:D5UB-9_Female Horizontal P2.77x2.
Connector_Dsub:D5UB-2 Female Horizontal P2.77x2.
Connector_Dsub:D5UB-% Female Horizontal P2.77x2.
Connector Dsub:D5UB-9 Female Horizontal P2.77x2.
10 Connector_Dsub:D5TUB-9 Female Vertical P2.77x2.84

LT Tx2.54

Connector_Card

Select Library s
Category

[

(4]

Connector_Harting

Connector_Harwin BMTaL Ca. ) xd.54

14 Connector Dsub:D5TUB-9 Male Horizontal P2.77x2.84
15 Connector Dsub:D5UB-9 Male Horizontal P2.77x2.354
ld Connector Daub:D5UB-9 Male Horizontal F2.77xd.

17 Connector_Dsub:DSUB-9 Male Horizontal P2.77x2.

TR e e et mee Theetle a TROTTH A M7 e FToeed mmmam =1 TV AIFLA A \

Connector_Hirose

Connector_IDC

o
e

Connector_JRE

]
=

Connector

Double-Click
Footprint

Filtered by Keywords (D5UB*Male®), Library (Connector_Dsub): 144 matching footprints

Library location: C:\Program Files\KiCad\2.0\share\kicad\footprints\/Connector_Dsub.pretty

Apply, 5ave Schemnatic & Continue Cancel
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Schematic Layout Editor

g;E Assign Footprints

Click J2 ARG e

jbraries

Sensor_Voltage 1

Symbel : Footprint Assignments

-3 — = ] 5 5 P} o B e —

= a X I
% ’%‘6 | Footprint Filters: r; |
Filtered Footprints
Jl - DES Flug : Connel malBlock Fhoenix MPT-0,5-8-2.54 1x08 P2.54mm Horizontal

. Socket & J2 - Screw_Terminal 01x0375 alBlock_Fhoenix MFT-0,5-5%-2.54 1x09% F2.54mm Horizontal
Se | ECt I_| b ra ry Symbol mmalﬂluck_Fhuenix_Hﬂ—ﬂ, 5-10-2.54_1x10_P2.54mm Horizontal

TerminalBlock
TerminalBlock 4Ucon
TerminalBlock Altech
TerminalBlock CUI

TerminalBlock Dinkle

Category

TerminalBlock MetzConn

Double-Click

nalBlock Phoenix MPT-0,5-11-2.54 1x11 F2.54mm Horizontal
nalBlock Phoenix MPT-0,5-12-2.54 1x12 F2.54mm Horizontal
nalBlock Fhoenix PT-1,5-2-3.5-H_1x02 F3.50mm_Horizontal
nalBlock Phoenix PT-1,5-2-5.0-H_1x02 F5.00mm Horizontal
nalBlock Phoenix PT-1,5-3-3.5-H_1x03_F3.50mm_Horizontal
nalBlock Phoenix PT-1,5-3-5.0-H 1x03 F5.00mm Horizontal
nalBlock Fhoenix PT-1,5-4-3.5-H_1x04 F3.50mm Horizontal
nalBlock Phoenix PT-1,5-4-5.0-H 1x04 P5.00mm Horizontal
g@=THlock Phoenix PT-1,5-5-3.5-H 1x05 DP3.50mm Horizontal

Footprint

erminalBlock TE-Conne
TerminalBlock WAGD

TerminalBlock Wuerth

TestPoint

Transformer SMD

[ R L

nalBlock Fhoenlx F ' . — —Ea. | |
nalBlock_Fhoenix PT-1,5-6-3.5-H_1x06 F3.50mm_Horizontal
nalBlock Phoenix PT-1,5-6-5.0-H_1x0& P5.00mm Horizontal
nalBlock Phoenix PT-1,5-7-3.5-H_1x07_PF3.50mm Horizontal
nalBlock Phoenix PT-1,5-7-5.0-H_ 1x07 PF5.00mm Horizontal

e M1 o1 T o TR 1 A m T Tms TS Eme FTo X a7

Filtered by Keywords (TerminalBlock™®), Library (TerminalBlock_Phoenix): 114 matching footprints

Library lecation: unknown

Cancel

Apply, Save Schematic & Continue
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Schematic Layout Editor

Click J3

Select Library
Category

Double-Click

gﬁ Assign Footprints
File Edit Preferences Help

B K e=D

otprint Libraries Symbel: Footprint Assignments

"% "’?6| Footprint Filters:

Sensor_ 1 Jl -

Socket 2 J2 - Screw Terminal 01x05
Symbol J3 - Screw _Terminal 01x04
TerminalBlock

TerminalBlock_4Ucon
TerminalBlock Altech
TerminalBlock CUI
TerminalBlock Dinkle
TerminalBlock MetzConn

L _FPhilmore

— = ] 5 5 P} B om e m—

b

Filtered Footprints

DES Flug : Conne nalBlock Phoenix MPFT-0,5-8-2.54_ 1x05 P2.54mm Horizontal

: Tt malBlock Phoenix MPT-0,5-9-2.54 1x0% P2.54mm Horizontal
Ti ock_FPhoenix MFT-0,5-10-2.54 1x10 P2.54mm Horizontal
nalBlock Phoenix MPT-0,5-11-2.54 1x11 P2.54mm Horizontal
nalBlock Phoenix MPT-0,5-12-2.54 1x12 P2.54mm Horizontal
nalBlock Phoenix PT-1,5-2-3.5-H 1x02 P3.50mm Horizontal

nalBlock Phoenix PT-1,5-2-5.0-H_ 1x02 P5.00mm Horizontal

nalBlock Phoenix PT-1,5-3-3.5-H 1x03 P3.50mm Horizontal

mnalBlock Fhoenix
alBlock Phoenix FT-1,5-4-3.5-H 1x04 P3.50mm Horizonta
s B10ck Phoenix PL-1,5-4-3.0-H_LxU04 F5.00mm Horizontal

P5.00mm Horizontal

Footprint

Apply —

TerminalBlock TE-Conne
TerminalBlock WAGD
TerminalBlock Wuerth
TestPoint

Transformer SMD

L il

nalBlock Phoenix PT-1,5-5-3.5-H 1x05 P3.50mm Horizontal
nalBlock Phoenix PT-1,5-5-5.0-H_1x05_ P5.00mm_ Horizontal
nalBlock Phoenix PT-1,5-6-3.5-H 1x0& P3.50mm Horizontal
nalBlock Phoenix PT-1,5-6-5.0-H_1x0& P5.00mm Horizontal
nalBlock Phoenix PFT-1,5-7-3.5-H_1x07_F3.50mm Horizontal
nalBlock Phoenix FT-1,5-7-5.0-H_1x07_P5.00mm Horizontal

e e 1T e mle T mmm Zee TV 1 A A T Tl im T F A T el e e 1

errminalBlock™™®), Library (TerminalBlock_Pheenix): 114 matching footprints
Description: Terminal Bloc ¥ s1-3.5-H, 4 pins, pitch 3.5mm, size 14x7.6mm"2, drill diamater 1.2mm, pad diameter 2.4mm, see, script-generated using https
Library location: C:\Program Files\KiCad'8.0\share\kic i rminalBlock_Phoenicpretty

Apply, 5ave Schematic & Continue o’ Cancel

then OK
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Schematic Layout Editor

prints

‘erences  Help

Q| == O % 6 | Footprint Fiters: ] M MG

e ————
»  Symbol : A
T 1 Jl - DES Plug : Connector Dsub:DSUB-5 Male EdgeMount P2.77mm
2 J2 - Screw Terminal 01x05 @ TerminalBlock Phoenix:TerminalBlock Phoenix PT-1,5-5-3.5-H 1x05 P3.50mm Horizomtal
- J3 - Screw Terminal 0lx04 : TerminalBlock Phoenix:TerminalBlock Phoenix FT-1,5-4-3.5-H 1x04 P3.50mm Horiz
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KiCad — Work Flow
* Hand-Sketched Schematic * PCB Layout Editor >

e 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
e Optional Symbol Editor

Annotate Schematics
Electrical Rule Check

Associate Footprint With
Component
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Schematic Layout Editor

Click the
PCB Layout Editor —

= (I
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PCB Layout Editor

B8 Example — PCE Editor

File Edit View Place Route Inspect Tools Preferences Help

A& D BICRAQRAQRA |2 2 A

Track: use netclass width - Via: use netclasssizes || [l F.Cu (PgUp) ~ m 0.0250 mm (0.0010 in)

1, This file was created by an older version of KiCad. It will be converted to the new format when saved.

Pads Vias Track Segments Mets Unrouted
0 0 0 0

Z0.61 X 287.8000 Y 83.4750

dx 287.8000 dy 83.4750 dist 299.6613 grid 0.0250

e

- a X
— |
W8 R IR S
Zoom 0.60 w
@ Appearance
Layers  Objects Mets
»E O Fcu
|_Jo):Xaf

B O Fadhesive
B © B.Adhesive
| @ F.Paste
e EB.Paste
B © Fsilksareen
B © B.Silkscreen
W © FMask
M © B.Mask
& user.Drawings
B & User.Comments
| o User.Ecol
Q User.Eco2
9 Edge.Cuts
|| e Margin
9 F.Courtyard
9 E.Courtyard
& Frab
B O BFab
-~ -

¥ Layer Display Options

EREGE S

Presets [Ctrl+Tab):
All Layers ~

m-4-@YOON\N&h

Viewports (Shift=Tab):

w

/\.

s 4 Selection Filter

\3 @ Aiitems [ Locked items
Footprints Text

110t @ Tracks & vias

"I";‘ @ Fads @ Graphics
Zones RuleAreas

f @ oimensions @ Otner items

mm

Left — Mode Selection

Top — Viewing and Misc Tools
Top — Auxiliary Toolbar

Right — Drawing Tools

More Right -- Layers Manager



PCB Layout Editor
RELAMSCIACRAARRA|S x5 A IS EY L LT T

e Top Toolbar

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

e Left Toolbar — Select Mode
 Turn the Grid On and Off — Blue is On

L L

s X Bp
- .

o B E | E R

E

5] 12

e Switch Units to Millimeters -- Blue is Selected
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PCB Layout Editor

e Left Toolbar — Select Mode

e Ratsnest — Blue is On

5 | (3| IS | #

10/17/2025 Dave Maciorowski, WA1JHK -- JHK Labs, LLC

70



PCB Layout Editor

e Left Toolbar — Select Mode

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

. '11 |

example.

A9k RS
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PCB Layout Editor

Right Toolbar
e Select Item

e Route Tracks

e Add Vias

lzh o 2 Lii |7
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PCB Layout Editor

/
-

1 —@Y O

Right Toolbar
* Add Graphic Lines

e Add Text

10/17/2025
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PCB Layout Editor
Right Toolbar

NE|FDN

e Measure Distance
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PCB Layout Editor

Layers  QObjects MNets

T Layer Manager

M & F.Adhesive . . .
-g;ﬂm » Controls Display of each Layer in the Drawing Area
[ | F.Paste

:gﬁjgjgjm * The Blue Arrow Defines Where Operations Occur

W O BSilkscreen * Also shown on Auxiliary Toolbar
W O F.Mask
M & B.Mask

@ User,Drawings
[ | @ User.Comments
|| @ User.Ecol

@ User.Ecod

@ Edge.Cuts
[ | @ Margin

@ F.Courtyard
[ | @ B.Courtyard
M O Frab
B O 6.Fab

@ User.

N ke
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PCB Layout Editor

< Track: use netclass width Lf_] 1a: use netclass SiIED ilim1:' 0.0250 mm (0.0010 in) p ) vd foom 3.50 v>

Auxiliary Toolbar Mode Selections

* Track Width

* Use Existing Track Width — Blue is On
* Via Size

* Layer to Route Traces On

* Pair of Layers to Route Traces On
e Grid Step Size

e Zoom Step Size
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KiCad — Work Flow

* Hand-Sketched Schematic * PCB Layout Editor
« Generally, circuit flows left to right < * Update PCB from Schematic——>

* Physical Board Size Constraints
 Mounting Method
* Create a Project

* Schematic Layout Editor

* Set Page Size

Place Symbols from Library
e Optional Symbol Editor

Annotate Schematics
Electrical Rule Check

Associate Footprint With
Component
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PCB Layout Editor

Click to Update PCB
from Schematic

/
A 8 (o 4

Footprints and
Ratsnest From
Schematic are
Displayed on PCB




Example Project — Hand Sketch
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PCB Layout Editor

* Select and Move each
Component to Position

* Press R to Rotate

* Try to “Untwist” the Rats to
Make Routing Easier

 Note:
 Red Pads are on the Front
e Green Pads are on the Back




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
ermask

Back Copper
oldermask
Back Silkscreen

\ Via Drilled and Plated

Component Thru-Hole Drilled and Plated
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PCB Layout Editor

Layers Objects Mets

(N | @ F.Cu
[ | @ B.Cu
F.Adhesive

M & B.Adhesive
[ | @ F.Paste
[ | @ B.Paste
[ | @ F.Silkscreen
[ | @ B.Silkscreen
| @ F.Mask
M & B.Mask

@ User.Drawings
[ | @ User.Comments
[ | @ User.Ecol

@ User.Eco2

@ Edge.Cuts
[ | @ rMargin

@ F.Courtyard
[ | @ B.Courtyard
M O Frab
M O BFab

@ User.1
Y |

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

Layers  Objects Mets
r 'E' F.Cu

B {5) F.Adhesive
B & E.Adhesive
[ | IE F.Paste

sie

[ EI F.Silkscreen

W O FMask
M & B.Mask

IEI User.Drawings
| EI User.Comments
| IE} User.EcoT

'E' User.Eco2

IE Edge.Cuts
B {0 Margin

EI F.Courtyard
Lod B _ourtyard

& FFab
W & bFab




KiCad — Work Flow

* Hand-Sketched Schematic * PCB Layout Editor
* 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
e Optional Symbol Editor

 Annotate Schematics
e Electrical Rule Check

e Associate Footprint With
Component

tic
* Mounting Holes, Mechanica

e Symbol and Footprint Library
* Optional Footprint Editor
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KiCad — Work Flow

* Hand-Sketched Schematic * PCB Layout Editor

« Generally, circuit flows left to right * Update PCB from Schematic
* Mounting Holes, Mechanical

* Physical Board Size Constraints + Symbol and Footprint Library
o Mounting Method * Optional Footprint Editor

< * DrawEdge Cuts >

* Create a Project

* Schematic Layout Editor

* Set Page Size

* Place Symbols from Library
e Optional Symbol Editor

 Annotate Schematics
e Electrical Rule Check

e Associate Footprint With
Component
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PCB Layout Editor

r E} F.Cu

O Select the
[ ﬁ F.Adhesive
B & B.Adhesive Edge.Cuts Layer
[ @I F.Paste

IE} B.Paste
[ @ F.Silkscreen
[ ﬁ E.Silkscreen
W O F.Mask
M © B.Mask

E’ User.Drawing
[ @ User.Commghits

IE F.Courtyard
ﬁ B.Courtyard




PCB Layout Editor

* Click Add Graphics Lines

* Note “PCB Edge

* Draw a Complete Box
Around Components




PCB Layout Editor

Measure Board Width. o
Use the Measure Tool. o 2 s k26800 mm

Y. Voo 1im

r: 26.800 mm

Click the Start and End
of the Measurement.




PCB Layout Editor

Measure Length. Use
the Measure Tool.

| e
<

Click the Start and End
of the Measurement.

=

_xe 0000 mm
y: 28.425 mm
rZeSzZ5STmm

0: —90.0°




KiCad — Work Flow

* Hand-Sketched Schematic e PCB Layout Editor
* Generally, circuit flows left to right * Update PCB from Schematic
* Physical Board Size Constraints * Mounting Holes, Mechanical
. e Symbol and Footprint Library
* I\/Iountmg Method * Optional Footprint Editor
* Create a Project » Draw Edge Cuts

< °* RoutetheBoard >

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

Click Route Track

Click Front Copper L i Q)

: |
ick Start and End — i au | S e ﬂ L L
2| /5crew_lermina

Layegs Ohjects Nets

& F.cu
| B.Cu

B & F.Adhesive
| E} B.Adhesive

H E} F.Paste

E} B.Paste
Ju.l'r i IE F.5ilkscreen
= M & B.silkscreen

W & FMask

M & B.Mask




PCB Layout Editor
Now the Back

b S S| TS erew_Termina
I@Eﬁ.F‘astvz ' : : ' ’ ' :

[ | @ F.Silkscreen
| @ B.5ilkscreen
W O FMask
M O B.Mask
G User.Drawings
1"'"" B & User.Comments
F | @ User.Ecol
@ User.Eco2
@ Edge.Cuts
[ @ Margin
G F.Courtyard
@ B.Courtyard

& FFab

B ) B.Fab

SeiewhJerrajnal 01x0




KiCad — Work Flow

* Hand-Sketched Schematic e PCB Layout Editor
* Generally, circuit flows left to right * Update PCB from Schematic
* Physical Board Size Constraints * Mounting Holes, Mechanical
. e Symbol and Footprint Library
* I\/Iountmg 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

10/17/2025 Dave Maciorowski, WA1JHK -- JHK Labs, LLC
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PCB Layout Editor
Add Graphics Line —r—C [ [ [ T I

00000

Layers Objects Mets

[ | 'E' F.Cu
[ | 'E' B.Cu
[ | IEI F.Aadhesive
M & 5.Adhesive

S

BN

T
W O FMask
M O s.Mask

f- ﬁ} User.Drawings | |

[ | E‘ User.Comments . - : 35 : .

[ | 'E' User.Ecol 5 NS
£  -ooon
G Edge.Cuts —

[ | 'E' Margin : - : ' : :

'E' F.Courtyard
IEI B.Courtyard ' . ' ' - : : : : : : - : . . . .




PCB Layout Editor

Click Add Text Icon

Click Shet more
2

- @ E.Cu

Layers

- @ F.Adhesive
| @ B.Adhesive
| @ F.Paste

N C D

M & Fsilkscrepd)

oy User.Drawings
@ User.Comments

".-ljh‘ S2r.CCo
» 4 = g Eser.Em;
AddText ~  mSumn
. # F.Courtyard
Click OK ——=gacouas
. M Frab
Click Sheet —®mQsr

10/17/2025

F ™
Text Properties x
@
[ ] Locked
———
ﬁér: | B F.Silkscreen v >[:I Knockout
Font:  KiCad Font v B/ |Bl==|==HA
Width: 1 mm Position Xz  187.175 mm
Height: 1 Fm PositionY: 89.25 A
Thickness: 0.15 mim COrientation: | 0 e
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PCB Layout Editor
Add Text ~g

[ a F.AdMe
B & B.Adhesiv

[ | G F.Paste

s ¥
[ | G B.Silkscreen
W O F.Mask
M © B.Mask
G User.Drawings

M & user.Comments
[ | ﬂ User.Ecol
g User.Ecod
G",i Edge.Cuts
[ | ﬂ Margin
#" F.Courtyard
G",i B.Courtyard

& FFab
W & BFab




PCB Layout Editor

Copper Layers Back
On

Adhes
I/ B.Adhes
M /| F.Paste
/| B.Paste
I /| F.SilkS
/| B.SilkS
M /| F.Mask
B /| B.Mask
1| Dwgs.User
M /| Cmts.User
Bl Ecol.User
1| Eco2.User
1| Edge.Cuts
(/| Margin
1 |F.CrYd
B | B.CrtYd
| F.Fab
B/ B.Fab




KiCad — Work Flow

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

. e Symbol and Footprint Library
* Mounting Method « Optional Footprint Editor

* Create a Project Draw Edge Cuts

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

Design Rule Check
e Place Symbols from Library . 3D Vgiewer —

e Optional Symbol Editor
Annotate Schematics
Electrical Rule Check

Associate Footprint With
Component

Generate Netlist

...
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PCB Layout Editor

Click Design Rule Check

Click Run

Design Rules Checker

@ Refill all zones before performing DRC @ Test for parity between PCB and schematic
@ Report all errors for each track

Violations (U} Unconnected ltems (0) Schematic Parity (0) Ignored Tests (4)

wsbgue [ Al Bcror: ) ® wamings ) [ ] Exclusions Save..
; N
Delete Marker Delete All Markers > Run DRC Close
- N

10/17/2025
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P C B I—a yO Ut E d |tO r Design Rules Checer -

B Refill all zones before performing DRC @ Test for parity between PCB and schematic
B Report all errors for each track

(Viﬂ"ﬂtiﬂﬂs (0} Unconnected ltems (0) Schematic Parity EDlored Tests (4)

Check Errors _——

Check Error Log —

Click Close —

Show: [ All (] Errom [ Exclusions Save...
Delete Marker Delete All Markers w
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KiCad — Work Flow

* Hand-Sketched Schematic e PCB Layout Editor
* Generally, circuit flows left to right e Update PC from Schematic
* Physical Board Size Constraints * Mounting Holes, Mechanical

. e Symbol and Footprint Library
* Mounting Method « Optional Footprint Editor

* Create a Project Draw Edge Cuts

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

_ Design Rule Check
e Place Symbols from Library 3D Viewer ~
* 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 Displays in
a new window.

You can resize and
spin to any view.

Use the Toolbar or
click and drag.

WAL1JHK
DE9M Breakout

10/21 /2025

10/17/2025
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PCB Layout Editor

Press ALT-3

3D Viewer Displays in

a new window. WALJHK
DE9M Breakout

10/21,/2025

You can resize and

spin to any view. i3 NHHE

I__Q_LE_I—-—I—'-'
Use the Toolbar or

click and drag.
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PCB Layout Editor

+\J r\'\\ \ Vi
GMOH Y \ (—_ :

10/17/2025 Dave Maciorowski, WA1JHK -- JHK Labs, LLC 105



KiCad — Work Flow

* Hand-Sketched Schematic e PCB Layout Editor
* Generally, circuit flows left to right * Update PCB from Schematic
* Physical Board Size Constraints * Mounting Holes, Mechanical
. e Symbol and Footprint Library
* I\/Iountmg Method * Optional Footprint Editor

Draw Edge Cuts
Route the Board
Add Silkscreen

* Create a Project
e Schematic Layout Editor

* Set Page Size _ Design Rule Check
e Place Symbols from Library 3D Viewer

* Optional Symbol Editor -
Annotate Schematics <__*_Plot Gerbers D

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

* JLCPCB -- https://jlcpcb.com/help/article/how-to-generate-gerber-and-drill-
files-in-kicad-8
e OSHPARK -- https://docs.oshpark.com/submitting-orders/preorder-checklist/
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PCB Layout Editor

L ample — PCE Editor
. R —l dit View Place PRoute |nspect Tools Preferences Help
Click File 950 Append Boar. P RQARQ Q]

Save Cirl+S use netclass sizes | | [ FSilkscreen V|

& (L

Save a Copy...

Hover Over Revert

Fabricatio QO pe
Import ]
Export >

Fabrication GutpD E"b Gerbers (ghbr)..

P EER il Gilac £ Ael

Click Gerbers...
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PCB Layout Edito

Included Layers Are
Checked

Verify Checkboxes

f

clude Layers

Plot on All Layers

v Output dir@:

T

Add “Gerbers”
Directory

Click Plot

BF.Cu

[ J:Ra

[C] F.Adhesive
[C] B.Adhesive
B F.Paste

B EB.Paste

B FSilkscreen
B B Silkscreen

[JB.Cu
[T B.Mask

[JF.Cu

neral Options
’A Plot drawing sheet
[C] Plot footprint values
8 Plot reference designators
B Plot footprint text

[_] Force plotting of invisible values / refs

[_] Sketch pads on fabrication layers

B Check zone fills before plotting

Gerber Options

B Use Protel filename extensions

["] Generate Gerber job file

B subtract soldermask from silkscreen

@ F.vask [ F.Mask

[JF.Paste

[ F.Silkscreen

[] F.Adhesive

[] F.Courtyard
[JUser.Eco2 [CJF.Fab
B EdgeCuts [] User.Drawings
E]Margin [ User.Comments
DF.I:Durtyard Tllleer Frnl

B.Courtyard ™14

Show: ] All
—_—

B Errors @ B8 Warnings @ B Actions

B Infos

Run DRC...

10/17/2025
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Drill marks: MNone
Scaling: 1:1
Plot mode:  Filled
[_] Use drill/place file origin
Mirrored plot
Megative plot
B Tent vias

Coordinate format: | 4.6, unit mm ~

["JilJse extended X2 format (recommended);

["]Include netlist attributes

[_] Disable aperture macros (not recommended)

Save...

Generate Drill Files...

109



PCB Layout Editor

-

Plot *

O u t p u t IVI e SS a ge S Plot format: | Gerber ~ Output directory:  Gerbers [ ]
° ° Include Layers Plot on All Layers General Options
Ve rl y F I I es Brcu [JB.Cu ("] Plot drawing sheet Drill marks: Mone
8s.Cu i [ BMask ("I Plot footprint values Scaling: 1:1
ene rate () F.Adhesive ()B.Paste
B.Adhesive B.5ilkscreen ot reference designators ot mode:  Fillec
B Plot ref desig Plot mode:  Filled
=g':§2 Bg?::g:red @ Plot footprint text [ Use drill/place file origin
Silkscreen .Fa orce plotting of invisible values / refs Virrored plot
B Fsilk [CJB.Fab CF lotti f invisible values / ref Mi i pl
B.Silk: F.C
=F N:Ia::reen BF M:sk [ Sketch pads on fabrication layers Megative plot
Masl Haste eck zone fills are plottin ent vias
@ B Mask ] FPast @ Check fills before plotting B Tent vi
O User.Drawings [CJ F.Silkscreen

[JUser.Comments [C] F.Adhesive

Gerber Options
[JUser.Ecel [:]F.Courtyard . . . .
UserEca? () F.Fab B Use Protel filename extensions Coordinate format: | 4.6, unit mm e
dge.Cuts [ User.Drawings [C] Generate Gerber job file (] Use extended X2 format (recommended)
i [T User.Comments . . .
Nourtyard 11 leer Frmi B Subtract soldermask from silkscreen [l Include netlist attributes
() B.CONrtyard b ili [T Disable aperture macros (not recemmended)

utput Messages
HI0TIed 10 LOAWWSErsiuservly Unve s L UIVIVJIpTIoN Boaras\ExXampleicExXamplevserpersiExample-o_Iviase. gos .

Plotted to "C\Users\user\My Drive\SCOM\OptionBoards\Example\Example\Gerbers\Example-Edge Cuts.gm1'.
Done.

Click Generate
Dri” Files ittt o () @ Warnings 1 @ Actions @ Infos Save...

Run DRC... Generate Drill Files...
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PCB Layout Editor

>

Default Same Directory
as Gerbers

Generate Drill Files ot
Output folder:  Gerbers [ ]
e — —
Drill File Format Dirill Crigin Hole Counts
© Excellon O Absolute Plated pads: 9
Mirror ¥ axi - :
%M$aﬂ;a O Drill/place file origin Non-plated pads: 0
(CIPTH and NPTH in single file Throughvias: 0
Oval Holes Drill Mode Drill Units Micro vias: 0
s Buried vias: 0
() Use route command (recommended) O Millimeters
0 Use alternate drill mode O Inches

() Gerber X2

Map File Format
() PostScript

Q) Gerber X2

(O DXF

(ISVG

| OPDF

Click Generate Drill File

Meszages

Zeros Format

Q) Decimal format (recommended)
() Suppress leading zeros

() Suppress trailing zeros

() Keep zeros

Precision: EiE

Generate Report File...

Generate Drill File Close

10/17/2025
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Generate Map File
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Generate Drill Files *

PCB Layout Editor —i ~

Drill File Format Drill Crigin Hole Counts
D Excellon O Absolute Plated pads: 9
I Mirror ¥ ax ] |
Default Same Directory St P el
[ PTH and NPTH in single file rough vias
a S G e r b e rS Owval Heles Drill Mode Dirill Units Micro vias: 0
o Buried vias: 0
() Use route command (recommended) O Millimeters
© Use alternate drill mode (D Inches
i) Gerber X2 Zeros Format

0 Decimal format (recormmended)

oE e () Suppress leading zeros

() PostScript () Suppress trailing zeros
0O Gerber X2 () Keep zeros
() DXF
S IVI (I SViE Precision:
ee Messages oo

drl_map.gbr'.
Created file "Ch\Users\user\My Drive\ SCOM\OpticnBoards\Example\Example\ Gerbers\ Example-MNPTH-
drl_map.ghbr',

one,

Click Generate Map File

Generate Report File... Generate DT e I:ri:rsE_>
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PCB Layout Editor

See Messages

Click Close

Generate Drill Files

Cutput folder:  Gerbers

Dirill File Format
D Excellon

[ Mirror ¥ axis
[ ] Minimal header
[CJPTH and MPTH in single file

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

Q) Uze alternate drill mode
i) Gerber X2

Map File Format

Drill Crigin
D Absolute
() Drill/place file origin

Drrill Units

O Millimeters
) Inches

Zeros Format

0 Decimal format (recormmended)

() Suppress leading zeros

() PostScript () Suppress trailing zeros
0O Gerber X2 () Keep zeros

() DXF

(I SViE Precision: 33

() PDF

Messages

Hole Counts
Plated pads:

Mon-plated pads:
Through vias:
Micro vias:

Buried vias:

rl_map.gbr'.

Created file "Ch\Users\user\My Drive\ SCOM\OpticnBoards\Example\Example\ Gerbers\ Example-MNPTH-

drl_map.ghbr',
Done,

==~ T =N~ ¥ =}

Sremem—E Generate Map File |

10/17/2025
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PCB Layout Editor

-
Plot
Plot format:  Gerber - Output directory:  Gerbers [
Include Layers Plot on All Layers General Options
[ [ Xt [JB.Cu [JPlot drawing sheet Drill marks: MNone
gs;:h ) ngﬂzk [_] Plot footprint values Scaling: 1:1
. esive Paste
[ B.Adhesive [ B.Silkscreen & Plot reference designators Plot mode:  Filled
=E'EE§E Bglﬁdhg\r: @ Plot footprint text [ Use drill/place file origin
Paste .Courtyar
B FSilkscreen [CJB.Fab [_] Force plotting of invisible values / refs Mirrored plot
B.Silk: F.C
=F N:la::reen BF ML;sk [ Sketch pads on fabrication layers Megative plot
B EB.Mask [JF.Paste B Check zone fills before plotting B Tent vias
O User.Drawings [CJF.Silkscreen
[JUser.Comments [JF.Adhesive Gerber Options
[JUser.Ecol [:]F.Courtyard ) . Coordinate f " .
() User.Eco2 JF.Fab B Use Protel filename extensions oordinate format: 4.6, unit mm w
ge.luts ser.Drawings enerate Gerber job file se extende ormat (recormmende
@ Edge.Cut [J User.D 06 Gerber job fil CJu ded X2 f i ded)
[ Margin [] User.Comments
OF Cogurtyard M leer Fend B Subtract soldermask from silkscreen [T Include netlist attributes
(] B.Courtyard e [T Disable aperture macros (not recommended)
Output Messages
FI0TIEd 10 LIWSErSIWUSENVIY UNVewsLUIVIWPTIOND0aras EXamplie\=Xamplewserners \iExampie-o_vask.gos .
Plotted to 'C:\Users\user\My Drive\SCOM\OptionBoards\Example\Example\Gerbers\Example-Edge_Cuts.gmT'.
Done.
Show: [l @erors {0 @Wamings 1 B Actions B Infos Save...
L]
C | I C k C I O S e in] Il ula rate DI’I” FI|ES
b
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KiCad — Main

Output Files

Gerber Viewer
Looks at Output
Files

‘j| DemoExample.pro

| e |
> e
|ilh. DemoExample.kicad_pch

Mew folder

DemoExample.net

Ij‘ DemoExample.pro

=| DemoExample.s
ample-B_Cu.ghbl

£ DemoExample-B_Mask.gbs
DemoExample-B_Paste.gbp
& DemoExample-B_Silks.gbo
DemoExample-cachelib

DemoExample-F_Cu.gtl

'“"': DemoExample-F_Mask.gts
£ DemoExample-F_Paste.gtp
DemoExample-F_SilkS.gto

DemoExample-NPTH.drl

DemoExample-PTH.drl

DemoExample-MPTH-drl_mag

': DemoExample-PTH-drl_map.

B N g

Fil

Project name:

CAUsers\Da

velGoogle

e closed [pid=9320]

, R !
KiCad (5.1.5)-3 C:AUsers\Dave\Google Drive\SCOM\OptionBoards\DemoExample\DemoExample.pro _ | oS

File View Tools Browse Preferences Help

D =m® &

10/17/2025
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Zip Gerbers and Drill

Select the Files and Zip them Up \

Example_Gerbers 251017.zip

&
B8
»
~
~
~
r

(0 Example — KiCad 8.0

File Edit View Tools Preferences Help
- Project Files

o ¥ Example-B_Cu.gbl
----- Al Example-B_Mask.gbs
E e Example-B_Paste.gbp
- o Exarmple-B_Silkscreen.gbo
------ = Exarmple-Edge_Cuts.gm
------ o= Exarmple-F_Cu.gtl
------ o= Exarmple-F_Mask.gts
------ o Example-F_Paste.gtp

------ = Example-F_Silkscreen.gto

b = Example-MPTH-drl_map.gbr
Exarnple-MPTH.drl

...... . E:{ampll "

M) EE R

10/17/2025
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Order Your Boards!!!

Browse to jlcpcb.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
* https://www.kicad.org/

e KiCad Tutorials — Watch for your KiCad Version
* Lots of tutorials on https://www.youtube.com/

e JLCPCB Reference
* https://jlcpcb.com/help/article/how-to-generate-gerber-and-drill-files-in-

kicad-8
* Misc
 https://en.wikipedia.org/wiki/Gerber format
* Digital Caliper
* https://www.amazon.com/dp/B017KUC6XQ
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Questions?
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THANK YOU!!!
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