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BASIC BUILDING BLOCKS OF ELECTRONICS



ELECTRONICS DESIGN WORKFLOW

DON’T DO THIS

* (Understand basic electronics)
 Start with an idea

» Sketch design (on paper)

* (Test on breadboard)

* Draw schematic in EDA software
* Layout PCB design

* Fabricate PCB

» Stuff & test design
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ELECTRONICS DESIGN SOFTWARE

LI FLCASEAEE |[cima hMETRansEE

e KiCad

* Autodesk Eagle (Standalone)

 Autodesk Fusion

» EasyEDA

* Altium Designer

e LibrePCB

* Fritzing



https://www.kicad.org/
https://www.kicad.org/
https://eagle-updates.circuits.io/downloads/latest.html
https://eagle-updates.circuits.io/downloads/latest.html
https://www.autodesk.com/sg/products/fusion-360/overview
https://www.autodesk.com/sg/products/fusion-360/overview
https://easyeda.com/
https://easyeda.com/
https://www.altium.com/altium-designer?srsltid=AfmBOopMG_8tBdNzixrtHsZcB1QtpoC01rfhkWoisIA6HidFQgBFO5GS
https://www.altium.com/altium-designer?srsltid=AfmBOopMG_8tBdNzixrtHsZcB1QtpoC01rfhkWoisIA6HidFQgBFO5GS
https://librepcb.org/
https://librepcb.org/
https://fritzing.org/
https://fritzing.org/
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EDA CONSIDERATIONS

FPRERICTABLE

D L4 L3 ! [

* Power
* Voltages
e Currents

* Component Footprints

* Libraries
* Fab library(kicad, eagle)
* SnapEDA

* Design rules:

* ERC (schematic)
* DRC (pcb layout)

* Component placement

* Routing layers https://predictabledesigns.com/pcb-design-top-5-mistakes-on-

printed-circuit-boards-layout/



https://gitlab.fabcloud.org/pub/libraries/electronics
https://gitlab.fabcloud.org/pub/libraries/electronics
https://www.snapeda.com/
https://www.snapeda.com/
https://predictabledesigns.com/pcb-design-top-5-mistakes-on-printed-circuit-boards-layout/
https://predictabledesigns.com/pcb-design-top-5-mistakes-on-printed-circuit-boards-layout/
https://predictabledesigns.com/pcb-design-top-5-mistakes-on-printed-circuit-boards-layout/
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https://predictabledesigns.com/pcb-design-top-5-mistakes-on-printed-circuit-boards-layout/
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https://predictabledesigns.com/pcb-design-top-5-mistakes-on-printed-circuit-boards-layout/
https://predictabledesigns.com/pcb-design-top-5-mistakes-on-printed-circuit-boards-layout/
https://predictabledesigns.com/pcb-design-top-5-mistakes-on-printed-circuit-boards-layout/
https://predictabledesigns.com/pcb-design-top-5-mistakes-on-printed-circuit-boards-layout/
https://predictabledesigns.com/pcb-design-top-5-mistakes-on-printed-circuit-boards-layout/
https://predictabledesigns.com/pcb-design-top-5-mistakes-on-printed-circuit-boards-layout/
https://predictabledesigns.com/pcb-design-top-5-mistakes-on-printed-circuit-boards-layout/
https://predictabledesigns.com/pcb-design-top-5-mistakes-on-printed-circuit-boards-layout/
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EDA DESIGN TUTORIAL (REFERENCES)

Eagle Tutorial

Schematic Capture

Board Layout

PCB-gcode, pcb-gcode (modified w/slice for

outline milling)

How to create SMD-based PCBs

Fusion 360 Electronics

Getting started with Fusion 360 Electronics

Kicad Tutorial
* Getting started with KiCad 9
* PCB design in KiCad

* Design your first mcu circuit in 10 minutes

EasyEDA Tutorial

* Quick start guide
* Designing PCBs with EasyEDA

* PCB creation for beginners



https://learn.sparkfun.com/tutorials/using-eagle-schematic
https://learn.sparkfun.com/tutorials/using-eagle-schematic
https://learn.sparkfun.com/tutorials/using-eagle-board-layout
https://learn.sparkfun.com/tutorials/using-eagle-board-layout
https://www.youtube.com/watch?v=DVKAV7udp3Y
https://www.youtube.com/watch?v=DVKAV7udp3Y
https://www.youtube.com/watch?v=DVKAV7udp3Y
https://www.youtube.com/watch?v=DVKAV7udp3Y
https://github.com/McNugget6750/pcb-gcode
https://github.com/McNugget6750/pcb-gcode
https://github.com/McNugget6750/pcb-gcode
https://github.com/McNugget6750/pcb-gcode
https://github.com/McNugget6750/pcb-gcode
https://learn.sparkfun.com/tutorials/designing-pcbs-advanced-smd
https://learn.sparkfun.com/tutorials/designing-pcbs-advanced-smd
https://learn.sparkfun.com/tutorials/designing-pcbs-advanced-smd
https://learn.sparkfun.com/tutorials/designing-pcbs-advanced-smd
https://learn.sparkfun.com/tutorials/designing-pcbs-advanced-smd
https://help.autodesk.com/view/fusion360/ENU/?guid=ECD-TUTORIALS
https://help.autodesk.com/view/fusion360/ENU/?guid=ECD-TUTORIALS
https://www.youtube.com/watch?v=eadcyToMdLg
https://www.youtube.com/watch?v=eadcyToMdLg
https://docs.kicad.org/9.0/en/getting_started_in_kicad/getting_started_in_kicad.html
https://docs.kicad.org/9.0/en/getting_started_in_kicad/getting_started_in_kicad.html
https://docs.kicad.org/9.0/en/getting_started_in_kicad/getting_started_in_kicad.html
https://docs.kicad.org/9.0/en/getting_started_in_kicad/getting_started_in_kicad.html
https://www.youtube.com/watch?v=TvA4ut0o4bc
https://www.youtube.com/watch?v=TvA4ut0o4bc
https://www.youtube.com/watch?v=TvA4ut0o4bc
https://www.youtube.com/watch?v=AaEPY4PrPFY
https://www.youtube.com/watch?v=AaEPY4PrPFY
https://www.youtube.com/watch?v=AaEPY4PrPFY
https://www.youtube.com/watch?v=AaEPY4PrPFY
https://docs.easyeda.com/en/Quick-Start.html
https://docs.easyeda.com/en/Quick-Start.html
https://www.youtube.com/watch?v=q8KjRWkR2qg
https://www.youtube.com/watch?v=q8KjRWkR2qg
https://www.youtube.com/watch?v=q8KjRWkR2qg
https://www.youtube.com/watch?v=MsdJgEinb34
https://www.youtube.com/watch?v=MsdJgEinb34

Official (Open)

ELECTRONICS DESIGN #1: EASYEDA

* Go to the EasyEDA website

* https://easyeda.com

Register for an account

Click “Design Online”
Select “Pro Edition”

We will design the PCB layout for the Blinky
5.0 project (555 blinking circuit)

Ref: Contextual Electronics Blinky 5.0

Easy-to-use & Free PCB

Design Software

s

Flashing LED Schematic

’

b

35353-Timer-Circuits.com

(30 min)


https://easyeda.com/
https://easyeda.com/
https://contextualelectronics.com/courses/getting-to-blinky-5-0/
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ELECTRONICS DESIGN #1: EASYEDA

» Start a New Project

VCC
* Expand the Schematic section and double-click on
the schematic file (1.P1
| 2 ik
» Select Place (P) > Device 7l Ut
) . 2 1 GND vDD {2
. Type 555" in the ;earch bar and select the 555 7 3 OISR DISCHARGE g
IC in SOP-8 packaging (ICM7555DRG) —4 RESET CONTROL VOLTAGE >~
LIM555 R2
* Click “Place” to place the component and “ESC” to H W H 470k
come back out
* Press <spacebar> to rotate the component before </ D1 == (1
.« ¥/ RED 1uF
placing it
* Place the rest of the circuit components: o

* Resistors (1206) x 3 GND
» Capacitor (1206) x 1
+ LED (1206) x 1




ELECTRONICS DESIGN #1:
EASYEDA

* Click on Design (D) > Update/Convert Schematic to PCB to switch to PCB
layout editor

* Click “Apply Changes” to add the components to the PCB layout

* Place the components on the pcb

* Headers & connectors at the edge

* Minimize ratsnest length & crossovers \
R2
* Route the components I: j |
* Set design rules uz

* Route the traces using ratsnest as guide — E [

* Add the board outline —

e Save your work




SCHMATIC DESIGN  — ELECTRONICS

oL "« | DESIGN #2
_ FUSION 360
(45 min)

= AUTODESK
* FUSION 360
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ELECTRONICS DESIGN #2: FUSION 360

DESIGN DOCUMENT VALIDATE AUTOMATE LIBRARY

. : - : T ~ _
We will revisit the 555 Blinky circuit, this & 0oz NRX L
time using Fusion 360 Electronics o @ o

. . - _— =
e Start Autodesk Fusion and switch to the on o |[ems oo
Electronics workspace > New Electronics e <] [rnes |
Multiple: | 1
Design — | PR
. Alt: 0.01 nch v || Finest |
* Create a new Schematic F;gg] -
_} _ Default [ oK l| Cancel |

* Click “Grid” icon to set up your workspace | -
settings. = —wm ] LE = .

WL 470K 2t 8 1K https://www.instructable
Bl Len.\/  s.com/Flashing-LED-
P ‘ -
" | using-555-Timer/

(45 min)


https://www.instructables.com/Flashing-LED-using-555-Timer/
https://www.instructables.com/Flashing-LED-using-555-Timer/
https://www.instructables.com/Flashing-LED-using-555-Timer/
https://www.instructables.com/Flashing-LED-using-555-Timer/
https://www.instructables.com/Flashing-LED-using-555-Timer/
https://www.instructables.com/Flashing-LED-using-555-Timer/
https://www.instructables.com/Flashing-LED-using-555-Timer/
https://www.instructables.com/Flashing-LED-using-555-Timer/
https://www.instructables.com/Flashing-LED-using-555-Timer/
https://www.instructables.com/Flashing-LED-using-555-Timer/
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ELECTRONICS DESIGN #2: FUSION 360

* Click “Place Components” and add an
A4L-LOC frame to the workspace.

* Click “Place Components” and add the
remaining components to the
workspace

* LM555 timer (SOP-8)

* Resistors x 3 (1206)

e Capacitorx 1 (1206)

« LED x 1 (1206)

* 2 pin header x 1 (Terminal Block)

* Wire the components as per the
reference
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ELECTRONICS DESIGN #2: FUSION 360

e Switch to Board (PCB) view

* Place the components within the board
outline

* Move/rotate the components so that the
terminal block is at the edge, ratsnest
length and crossing is minimized

* Route the traces until all the nets are
routed.

* Run a DRC and edit your board until DRC
reports no errors.
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ELECTRONICS DESIGN ASSIGNMENT

* Use an EDA tool to design an embedded
microcontroller system that has:

* at least a pushbutton

* at least an LED/RGB led

* Unused digital 1/O pins available

* (optional) TX/RX pins as separate connections

» Sketch out your design on paper

* Simulate your design (wokwi, tinkercad)

* Draw the schematic of your design in EDA
* Layout your design as a pcb

* Apply design rules

* Document the process on your website

(120 min)
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DATASHEETS & PINOUTS

* 3 possible designs (choose 1):
o ATtiny412
» Xiao ESP32-C3
« Xiao RP2040

POWER %~ PWM
GROUND M ASYNC INTERRUPT

PORT PIN ! PERIPHERAL ALTERNATE LOCATION

CLOCK .
Attiny 412

LOGIC (CCL)

PROGRAMMING

— —

PAO 5 UPDI 0 INO

(3]
-
x
>
(=
=
=
<

e PA2 my 3~ puRXDU g VISO g

—{0IN2)

(| GPIO2 NI A0 g DO | 5V
[ GPI03 AT D1/ [GND

A2 | D2 | seeed studio [ 3V3 |

Model:XIAO-ESP32-C3

| GPIOS g A J D3 | D10 i MOS! Jij GPIO10
C € F@ CE € D «I
 GPIO7 g SCL J D5 FCC:Z4T-XIAOESP32C3 . D8 BN SCK BN GPIO8 |
| GPIO21 gy TX J D6_ D7 J RX Qi GPI020
a O &G = =& = = =
Digital Analog Pin No. nc UART SPI GND Power

*A3(GPIO5) - Uses ADC2, which may become inoperative due to false sampling signals. For reliable analog reads, use ADCT instead. Refer
to the ESP32-C3 datasheet.

FRONT

Digital Analog Micropython nc Power GND SPI UART

Xiao RP2040



https://ww1.microchip.com/downloads/en/DeviceDoc/40001911A.pdf
https://ww1.microchip.com/downloads/en/DeviceDoc/40001911A.pdf
https://www.espressif.com/sites/default/files/documentation/esp32-c3_datasheet_en.pdf
https://www.espressif.com/sites/default/files/documentation/esp32-c3_datasheet_en.pdf
https://www.espressif.com/sites/default/files/documentation/esp32-c3_datasheet_en.pdf
https://www.espressif.com/sites/default/files/documentation/esp32-c3_datasheet_en.pdf
https://datasheets.raspberrypi.com/rp2040/rp2040-datasheet.pdf
https://datasheets.raspberrypi.com/rp2040/rp2040-datasheet.pdf
https://wiki.seeedstudio.com/XIAO_ESP32C3_Getting_Started/
https://wiki.seeedstudio.com/XIAO_ESP32C3_Getting_Started/
https://wiki.seeedstudio.com/XIAO_ESP32C3_Getting_Started/
https://wiki.seeedstudio.com/XIAO-RP2040/
https://github.com/SpenceKonde/megaTinyCore/blob/master/megaavr/extras/ATtiny_x12.md
https://github.com/SpenceKonde/megaTinyCore/blob/master/megaavr/extras/ATtiny_x12.md
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