PCB Design Guide 2025: The Ultimate Guide

Welcome to PCB Design

This comprehensive guide covers everything you need to know about printed circuit board

design in 2025, from basics to advanced techniques.

What is a PCB?

Simple Definition

A PCB (Printed Circuit Board) is the foundation of electronic circuits, providing mechanical
support and electrical connections for electronic components.

PCB Purpose

e Mechanical Support: Holds components in place

e Electrical Connections: Connects components with copper traces
¢ Signal Routing: Directs signals between components

e Power Distribution: Provides power to components

e Heat Dissipation: Helps remove heat from components

PCB Basics

PCB Structure
Substrate (Base Material)

The foundation of the PCB, typically made of:

e FR-4: Most common (fiberglass epoxy)



e CEM-1/3: Lower-cost alternatives

e Special Materials: For high-frequency or high-temperature
Copper Layers

Conductive copper traces carry signals:

e 10z 35um thick (most common)
e 2 oz: 70um thick (for power)

e Other weights: Available as needed
Solder Mask

Insulating layer covering copper:

e Green: Most common color
e Other colors: Red, blue, black, white, yellow

e Purpose: Prevents shorts, protects copper
Silkscreen (Legend)

Text and symbols on PCB:

e Component Designators: R1, C1, U1, etc.

Polarity Marks: +, -, pin 1 indicators

Test Points: TP1, TP2, etc.

Logos: Company or project logos

PCB Types
Single-Sided

e Copper: One layer only
e Cost: Lowest

e Applications: Simple circuits, toys, appliances

Double-Sided



e Copper: Two layers (top and bottom)
e Connections: Through-hole vias

e Applications: Most common type
Multilayer

e Copper: 4+ layers
e Complexity: Higher

e Applications: Complex circuits, high-density designs

Design Process

Step 1: Schematic Design

What is a Schematic?

A diagram showing electronic components and their connections.
Schematic Symbols

Each component type has a standard symbol:

Resistors: Zigzag or rectangle

Capacitors: Two parallel plates

Inductors: Coiled wire symbol

ICs: Rectangles with pins
Schematic Design Tips

1. Organize: Group related components
2. Label: Use clear, consistent net names
3. Document: Add notes and values

4. Review: Check for errors before proceeding



Step 2: Component Selection
Package Types

e Through-Hole: Leads go through holes
e SMD/SMT: Surface mount devices

e BGA: Ball grid array

e QFN/QFP: Quad flat packages

Considerations

Availability: Can you buy it?

Cost: Within budget?

Footprint: Will it fit?

Specifications: Meets requirements?

Step 3: PCB Layout
Board Size

e Components Fit: All components must fit
e Enclosure: Must fit in case
e Cost: Larger = more expensive

e Practicality: Easy to assemble?
Component Placement

1. Connectors: Place at edges
2. Critical Components: Place carefully
3. Grouping: Group related components

4. Orientation: Consistent orientation preferred
Routing

1. Power: Route power first (thicker traces)



2. Critical Signals: Route sensitive signals carefully
3. General: Connect remaining components

4. Ground: Good ground connections

Step 4: Design Rules Check (DRC)

Clearance: Components/traces not too close

Connections: All required connections made

Dimensions: Trace widths sufficient for current

Manufacturing: Follows design rules

Step 5: Gerber Generation

e Files: Manufacturing format
e Layers: Each layer separate file

e Review: Check before sending to manufacturer

Essential Design Concepts

Current Capacity
Trace Width vs Current

Approximate for 1 oz copper, 10°C rise:



Trace Width Current Capacity

0.15mm (6 mil) 0.5A
0.30mm (12 mil) 0.8A
0.60mm (24 mil) 1.5A
1.0mm (40 mil) 2.5A

Note: Use IPC-2152 for accurate calculations

Voltage Considerations
Clearance Requirements

e Standard: 0.15mm (6 mil) for low voltage
e High Voltage: Add 0.025mm per 10V above 50V
e Creepage: Distance along surface

e Clearance: Distance through air
Signal Integrity

When Important

e High-Speed: > 50MHz signals
e Fast Edges: Fast rise/fall times
e Long Traces: > 1/10 wavelength

e Parallel Traces: Can cause crosstalk
Basic Guidelines

e Shorter Traces: Better for signals
e Direct Routing: Avoid unnecessary length

e 90° Turns: Avoid, use 45°



e Ground Planes: Use for better performance

Common Beginner Mistakes

Mistake 1: Inadequate Trace Width

Problem: Trace too narrow for current
Solution: Calculate required width for current

Mistake 2: Poor Component Placement

Problem: Components hard to route

Solution: Plan placement before routing

Mistake 3: Forgetting Mounting Holes

Problem: No way to mount PCB

Solution: Add mounting holes early

Mistake 4: Inadequate Clearances

Problem: Components too close

Solution: Follow design rule clearances

Mistake 5: No Test Points

Problem: Hard to test/debug
Solution: Add test points for critical signals

Design Tools

Professional Tools

e Altium Designer: Comprehensive, expensive



e Cadence Allegro: Advanced, enterprise
e Mentor Graphics: Professional, complex

e Zuken: Enterprise-level

Mid-Range Tools

KiCad: Free, powerful

EAGLE: Popular, moderate cost

DipTrace: User-friendly

EasyEDA: Online, free

What to Look For

Schematic capture

PCB layout

e Component libraries

Design rule checking

Gerber output

Finding a Manufacturer

Considerations

Capabilities: Can they make your board?

Quality: Consistent quality?

Price: Competitive pricing?

Lead Time: How long to get boards?

Support: Helpful and responsive?

Questions to Ask

1. What are your capabilities (trace/space, layers, etc.)?



2. What files do you need (Gerbers, BOM, etc.)?
3. What is your pricing for my specifications?
4. What is your typical lead time?

5. Do you offer design for manufacturing (DFM) review?

Getting Started Checklist

Design Phase

o Complete schematic

o Select all components

o Check component availability
o Design board outline

o Place components

o Route all connections

J Run DRC

o Review design

Pre-Manufacturing

o Generate Gerber files
J Create fabrication drawing

° Generate BOM

o Create assembly drawing

° Check files with viewer
Ordering

° Choose manufacturer

° Submit files

o Confirm specifications



° Pay (if required)

° Wait for boards!

Next Steps

Learn More

e Practice: Design simple circuits first
e Study: Learn from reference designs
e Ask Questions: Join forums, communities

e Stay Updated: Technology evolves

Build Your Skills

1. Start Simple: Blinking LED circuit
2. Progress: More complex designs
3. Learn: Power handling, high-speed

4. Master: Advanced techniques

Resources

Standards and Specifications

e |PC-2221: PCB design standard
e |PC-2222: Rigid PCB design
e |PC-6012: PCB qualification

Online Resources

e |PC: Association Connecting Electronics Industries

e Manufacturer Guides: Application notes



e Forums: EEVblog, Reddit r/PrintedCircuitBoard

e YouTube: Design tutorials

Books

e "Circuit Board Design"
e "PCB Design for Beginners"

e "High-Speed Digital Design”

Conclusion

PCB design is a valuable skill that combines creativity with engineering. Start with simple

projects, learn from experience, and gradually tackle more complex designs.

Remember;

Everyone starts as a beginner

Learn from mistakes

Practice makes perfect

Have fun designing!

Happy Designing!

This guide provides an introduction to PCB design. For advanced topics, refer to IPC standards and
manufacturer application notes.



