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Overview

Multilayer PCBs have three or more conductive layers, providing numerous advantages over
single and double-sided boards. This guide covers multilayer PCB design, manufacturing, and
best practices.

Why Multilayer PCBs?

Advantages

1. Increased Density

More routing layers

Smaller board size

Higher component density

Complex circuits in less space

2. Better Signal Integrity

Dedicated ground and power planes

Controlled impedance routing

Reduced EMI

Better signal quality

3. Power Distribution

Low-impedance power delivery

Reduced voltage drop



Better decoupling

Stable power distribution

4. EMI Reduction

Shielding layers

Return path control

Reduced radiation

Better noise immunity

Layer Stack-up Design

Common Stack-ups

4-Layer Stack-up

Standard Stack-up:

Layer 1: Signal (Components)

Layer 2: Ground Plane

Layer 3: Power Plane

Layer 4: Signal (Components)

Applications:

General digital circuits

Microcontroller boards

Industrial controls

Consumer electronics

6-Layer Stack-up

Balanced Stack-up:



Layer 1: Signal (Components)

Layer 2: Signal

Layer 3: Ground Plane

Layer 4: Power Plane

Layer 5: Signal

Layer 6: Signal (Components)

Applications:

High-speed designs

Memory interfaces

Complex digital systems

Mixed-signal designs

8-Layer Stack-up

High-Density Stack-up:

Layer 1: Signal (Components)

Layer 2: Signal

Layer 3: Ground Plane

Layer 4: Signal

Layer 5: Signal

Layer 6: Power Plane

Layer 7: Signal

Layer 8: Signal (Components)

Applications:

Very high-density designs

High-speed backplanes

Complex systems

Advanced processors

Stack-up Design Principles

1. Symmetry



Symmetrical layer arrangement

Balanced copper distribution

Prevents warpage

Improves yield

2. Ground and Power Planes

Continuous planes preferred

Adjacent signal layers

Provide return paths

Reduce EMI

3. High-Speed Signals

Route on layers adjacent to planes

Stripline for best SI

Minimize layer transitions

Control impedance

4. Reference Planes

Each signal layer needs reference

Continuous reference preferred

Avoid splits in reference

Use stitching vias

Material Selection

Laminate Materials

FR-4 Grades

Standard FR-4:



Tg: 130-140°C

Applications: General purpose

Cost: Lowest

Availability: Excellent

High-Tg FR-4:

Tg: 170-180°C

Applications: Automotive, high-temp

Cost: Moderate

Reliability: Better

Very High-Tg:

Tg: 180°C+

Applications: Military, aerospace

Cost: Higher

Performance: Best

Core and Prepreg

Core Thickness

0.1mm: Thin cores for HDI

0.2mm: Standard thin core

0.4mm: Standard core

0.8mm+: Thicker cores

Prepreg Styles

106: Very thin (0.05mm)

1080: Thin (0.07mm)

2116: Common (0.13mm)

7628: Thick (0.18mm)



Manufacturing Process

Fabrication Steps

1. Inner Layer Processing

Clean copper-clad laminate

Apply dry film resist

Expose and develop

Etch unwanted copper

Strip resist

AOI inspection

2. Oxide Treatment

Chemical treatment

Improves adhesion

Black or brown oxide

Alternative treatments available

3. Lay-up

Stack layers in order

Add prepreg between cores

Align using registration pins

Insert copper foil for outer layers

4. Lamination

Heat and pressure

Typical: 180°C, 300-400 psi

Time: 60-120 minutes

Cure prepreg, bond layers



5. Drilling

Mechanical drilling

Laser drilling for microvias

Registration critical

Remove drill debris

6. Desmear and Etchback

Remove resin smear

Etchback exposes inner layer

Improves plating

Multiple process steps

7. Copper Plating

Electroless copper: Thin seed layer

Electrolytic copper: Build to thickness

Typical: 25μm minimum

Plate in holes and on surface

8. Outer Layer Imaging

Apply dry film resist

Expose and develop

Pattern outer layers

Electroplate tin as etch resist

9. Outer Layer Etching

Etch unwanted copper

Remove tin etch resist

Final copper pattern

AOI inspection



10. Solder Mask

Apply liquid photoimageable mask

Expose and develop

Cure solder mask

Create openings for pads

11. Surface Finish

HASL: Hot air solder leveling

ENIG: Electroless nickel immersion gold

OSP: Organic solderability preservative

Immersion silver/tin

12. Fabrication Testing

Electrical test

Impedance test (if applicable)

Visual inspection

Final QC

Design for Manufacturing

Design Guidelines

Trace and Space



Layer Count Minimum Trace Minimum Space Notes

4 0.15mm (6 mil) 0.15mm (6 mil) Standard

6 0.125mm (5 mil) 0.125mm (5 mil) Advanced

8+ 0.10mm (4 mil) 0.10mm (4 mil) HDI

Minimum Annular Ring

Internal: 0.08mm (3 mil)

External: 0.10mm (4 mil)

Critical: For reliability

Drill Sizes

Minimum: 0.20mm (8 mil) mechanical

Aspect Ratio: ≤10:1

Tolerance: ±0.10mm typical

Panelization

Considerations

Panel Size: 18×24 inch typical

Rail Width: 10-15mm

Spacing: 2-5mm between boards

Tooling Holes: For manufacturing alignment

Benefits

Efficiency: Multiple boards per panel

Cost: Lower per-unit cost

Consistency: Uniform processing

Assembly: Can assemble as array



Quality and Reliability

Quality Standards

IPC-6012 Requirements

Class 1: General electronics

Class 2: Dedicated service

Class 3: High reliability

Testing Methods

Continuity Test: All connections complete

Isolation Test: No shorts

Impedance Test: Controlled impedance verification

Microsection: Internal inspection

Common Defects

Defect Cause Prevention

Delamination Poor adhesion, moisture Proper storage, bake-out

Plating voids Inadequate cleaning Process control

Misregistration Poor alignment Equipment maintenance

Warpage Unbalanced stack-up Symmetrical design

Cost Considerations

Cost Factors



Layer Count Impact

4-Layer: Baseline cost

6-Layer: +30-50% over 4-layer

8-Layer: +50-80% over 4-layer

10+ Layers: +80-150% over 4-layer

Material Selection

Standard FR-4: Lowest cost

High-Tg: +20-30%

Low-loss: +50-100%

Special materials: +100-200%

Additional Features

Impedance Control: +10-20%

Tighter Tolerances: +15-30%

Special Finishes: +5-15%

Fast Turn: +50-200%

Applications

Consumer Electronics

Smartphones

Tablets

Laptops

Wearables

Industrial

Control systems



Automation

Instrumentation

Power electronics

Automotive

Engine control

Infotainment

ADAS

Lighting

Aerospace/Defense

Avionics

Communications

Radar

Guidance systems

Medical

Imaging equipment

Patient monitors

Diagnostic devices

Implantables

Future Trends

Technology Advancements

Higher Layer Counts: 20+ layers for complex designs

HDI Integration: Microvias in multilayer boards

Embedded Components: Passives in layers



Advanced Materials: Low-loss, high-Tg

Manufacturing Innovations

Improved Processes: Higher yields, lower cost

Automation: Reduced labor, consistency

Testing: Advanced test methods

Simulation: Virtual prototyping

References: IPC-2221, IPC-6012, IPC-4101


