PCB Designing with KiCad
- From Schematic to Fabrication-Ready
fRlYe  PCB
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Introduction to KiCad: Your Gateway to Electronics

KiCad is a powerful, that
empowers hobbyists, students, and professionals alike.
It's widely used across education, rapid prototyping, and professional

electronics development.
KiCad supports the entire PCB development cycle, from conceptual

schematic capture to final fabrication files.

[ KiCad bridges the gap between electronic design and digital

fabrication, making complex hardware accessible.

KiCad EDA

A Cross Platform and Open Source
Electronics Design Automation Suite
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The KiCad Workflow: A Step-by-Step Journey

Mastering KiCad means understanding its logical progression. Each step builds on the last, ensuring a robust and functional final product.

1. Schematic Creation

Define electrical connections.

2. Footprint Assignment

Link logical symbols to physical layouts.

3. PCB Layout
= Arrange components and route traces.
\/
\/ .
4. Design Rule Check
& Validate against manufacturing constraints.
\/
\/ . . .
5. Fabrication Files
@ Generate outputs for manufacturing.
\/

Important: Errors introduced early in this process can cascade, leading to costly issues during fabrication.
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@ icebreaker-bitsy [icebreaker-bitsy/] — Schematic Editor

File Edit View Place Inspect Tools Preferences Help
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Schematic Design Fundamentals:

SPI_MOSI-100

SPIMISO-101 The Electrical Blueprint

SPI_SCK
SPI_CS

B |

The schematic is your circuit's electrical "story.'

g It represents the electrical connections between components using
VCC
R“ LE0F VCC standard symbols and nets.

VCCPLL 29 | yccp

VPP _2V5 24 | o6 Best practices include clear labeling, logical grouping, and consistent
power/ground connections to ensure readability and functionality.
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File 'C:\Users\jon\Downloads\kicad_bugs\icebreaker\hardware\bitsy-v1.1b\icebreaker-bitsy.kicad_sch' saved.
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Components & Footprints: Bridging Logic and Reality

Symbols vs. Footprints

A symbol defines a component's electrical function in the
schematic. A footprint defines its physical dimensions and pad

layout on the PCB.

Key Footprint Details

e  Physical size and dimensions
» Shape and size of copper pads

e Diameter and plating of through-holes

Critical Match

Footprints must precisely match the real-world components
you intend to use and your chosen fabrication method (e.g.,

hand-soldering, milling, or industrial manufacturing).

O

Always verify footprint dimensions against

component datasheets before starting your PCB layout to

avoid costly rework.
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PCB Layout Basics: Arranging Your Circuit

A well-planned layout is crucial for both functionality and manufacturability.
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Logical Component Placement Define Board Outline Single-Sided for Milling

Group related components together to Precisely define the physical dimensions and  For hobbyist PCB milling, single-sided
minimize trace lengths and signal shape of your PCB, including any cutouts or designs are often preferred as they simplify
interference. Consider thermal management  mounting holes. This ensures it fits into its the milling process and reduce complexity.
for power components. enclosure.

Concept: Intuitive placement simplifies routing and improves signal integrity.
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Routing Traces & Ground: Connecting the Dots

Q Trace Routing

Route traces efficiently, prioritizing signal
integrity. Avoid sharp 90-degree corners and
unnecessary crossings that can create signal

issues.

Q Ground Strategies

Implement robust ground planes or thick
ground traces. A solid ground connection is
vital for noise reduction and stable circuit

operation.

O Milling Considerations

For milled PCBs, ensure wider traces and

greater spacing to accommodate the physical

limitations of the milling bit.

Fabrication Note: PCB milling demands careful attention to trace width and spacing for proper isolation.
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Design Rules & DFM: Ensuring Manufacturability

Design for Manufacturability (DFM) is paramount for successful fabrication.

Y U —

Design Rule Check (DRC) Milling-Friendly Rules

DRC is your virtual inspector. It catches When designing for milling, adapt your rules:
critical errors like clearance violations use wider traces, larger pad sizes, and
between traces/pads, and identifies minimize the use of vias to ensure the
unconnected nets (rat's nest). machine can physically create the board.

— o

The DFM Mindset

Always design with the capabilities of your fabrication method in mind. Thinking like the machine

ensures your design can actually be built.
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Preparing PCB for Milling: Specialized Considerations

Milling a PCB has specific requirements that differ from industrial fabrication.

@ Prefer Single-Sided Boards

Single-sided designs are significantly easier to mill accurately. If two layers are essential, consider using

jumpers instead of complex vias.

@ Increase Clearance

To achieve proper isolation routing, increase the clearance between copper features. This ensures the milling

bit can pass cleanly without shorting.

@ Add Reference Labels

Include clear reference labels for components and a well-defined board outline for precise cutting and

assembly.

Key Point: PCB milling is a less forgiving process than professional industrial
fabrication, requiring meticulous design for success.
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Gerber Generation & Final Outputs

The culmination of your design work is the generation of fabrication files.

KiCad exports industry-standard Gerber files for copper layers,

soldermask, silkscreen, and board outline.

It also generates drill files (Excellon format) for all component holes

and vias.

These files are the language spoken by CAM software, PCB mills, and

professional manufacturers.

) Critical Rule: Always inspect your generated Gerber files

using a Gerber viewer before sending them for fabrication.

This catches many errors!

Key Takeaways

Complete Workflow Schematic First Fabrication Ready
KiCad supports the entire PCB design A clean schematic is the foundation of a Design rules and proper file prep ensure
journey. good PCB. manufacturing success.

Final Thought: A PCB is a physical object — design it like one.
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