
INEMI PCB Roadmap 2025: Technology
Forecast and Trends

Overview

The International Electronics Manufacturing Initiative (INEMI) publishes comprehensive
technology roadmaps that provide strategic guidance for the electronics manufacturing industry.
The 2025 PCB Roadmap outlines key trends, challenges, and technology requirements for
printed circuit boards.

Executive Summary

Key Drivers for 2025

1. Miniaturization

Smartphones: Thinner, lighter designs

Wearables: Ultra-compact form factors

IoT: Billions of connected devices

Medical: Portable, implantable devices

2. Performance Enhancement

5G Communications: Higher frequencies, broader bandwidth

High-Speed Digital: 112Gbps and beyond

Automotive: ADAS, autonomous driving

AI/ML: Specialized computing hardware

3. Cost Pressures

Consumer Electronics: Competitive pricing



High Volume: Economies of scale

Emerging Markets: Price-sensitive applications

Technology Trends

HDI (High-Density Interconnect)

Current State (2024-2025)

Type I/II HDI: Mainstream for smartphones

Type III HDI: Advanced applications

Microvia Size: 0.075mm (3 mil) in production

Layer Count: 12+ layers in production

2025 Roadmap Goals

Microvia Size: 0.05mm (2 mil) production capability

Any-Layer HDI: Broader adoption

Aspect Ratio: Improved plating for high-aspect microvias

Cost: Reduced through volume and process improvements

Materials

Dielectric Materials

Low-Loss Materials

Dk: 3.0-3.5 range for high-speed

Df: <0.010 for high-frequency applications

Applications: 5G, high-speed digital

Cost: Decreasing through volume

High-Tg Materials



Tg: 180°C+ for lead-free and automotive

Reliability: Extended thermal cycling performance

Applications: Automotive, military, aerospace

Halogen-Free

Regulatory: Environmental requirements

Performance: Matching traditional materials

Cost: Approaching parity

Copper Foils

Profile: Low-profile copper for high-frequency

Roughness: Reduced for signal integrity

Bondability: Enhanced for multilayer

Advanced Substrates

IC Substrates

Type: Flip chip, wire bond

Density: Increasing with I/O count

Materials: Advanced laminate, ABF, build-up films

Applications: Mobile, computing, networking

Embedded Components

Passives: Resistors, capacitors in layers

Actives: IC embedding emerging

Benefits: Size reduction, performance

Challenges: Cost, testability



Performance Requirements

Signal Integrity

High-Speed Digital

Data Rates: 112Gbps in development

Loss Budgets: Tighter requirements

Materials: Ultra-low loss needed

Design: Advanced simulation essential

RF/Microwave

Frequency: mmWave (24-40 GHz) adoption

Materials: Rogers, advanced laminates

Tolerance: Tight manufacturing tolerances

Testing: Advanced test equipment

Power Integrity

Power Distribution Network (PDN)

Impedance: Target < 1Ω at higher frequencies

Decoupling: Closer to ICs

Materials: Enhanced materials for power

Design: 3D field simulation

Thermal Management

Power Density: Increasing

Materials: Metal core, thermal materials

Design: Thermal vias, planes

Applications: Power electronics, LED, automotive



Manufacturing Capabilities

Imaging and Etching

Resolution

Current: 0.05mm (2 mil) lines/spaces

Roadmap: 0.0375mm (1.5 mil) in development

Method: Laser direct imaging (LDI)

Yield: Improvements needed for fine features

Aspect Ratio

Traces: Height to width ratios

Plating: Uniformity challenges

Etching: Aspect ratio dependent

Drilling

Mechanical Drilling

Minimum Size: 0.15mm (6 mil) typical

Advanced: 0.10mm (4 mil) in development

Aspect Ratio: ≤10:1 typical, ≤12:1 advanced

Laser Drilling

CO2: Standard for microvias

UV: Fine microvias, clean holes

Hybrid: Combining CO2 and UV

Speed: Improving with technology

Plating



Copper Plating

Thickness: 25μm minimum for reliability

Uniformity: Improvements needed

Fill: Conductive and non-conductive

Materials: Advanced plating chemistries

Quality and Reliability

Reliability Requirements

Automotive

Temperature: -40°C to +150°C

Vibration: Harsh environments

Lifetime: 10-15 years

Standards: AEC-Q100, AEC-Q200

Military/Aerospace

Temperature: -55°C to +125°C

Reliability: Mission-critical

Testing: Extensive qualification

Standards: MIL-PRF-31032

Medical

Reliability: Patient safety

Regulatory: FDA, IEC 60601

Lifetime: Device-dependent

Testing: Specific to application

Testing



Electrical Test

Flying Probe: Flexible, lower cost

ICT: High coverage, fixture cost

Boundary Scan: For BGAs, high-density

Future: Built-in self-test (BIST)

Inspection

AOI: Automated optical inspection

AXI: X-ray for hidden features

SPI: Solder paste inspection

Integration: Combined test systems

Sustainability

Environmental Considerations

Materials

Halogen-Free: Broader adoption

Recyclability: Material recovery

Energy: Lower processing temperatures

Processes

Chemicals: Reduced hazardous materials

Water: Recycling and treatment

Energy: Energy-efficient processes

Circular Economy

Design for Recycling



Material Selection: Recyclable materials

Assembly: Design for disassembly

Marking: Material identification

Standards: Developing regulations

Challenges

Technical Challenges

1. Miniaturization Limits

Physical limits of materials

Manufacturing capability limits

Cost implications

2. Signal Integrity at Higher Frequencies

Material limitations

Manufacturing tolerances

Test capability

3. Thermal Management

Increasing power density

Material thermal limits

System-level cooling

4. Reliability at Small Geometries

Plating quality

Material interfaces

Long-term performance

Business Challenges



1. Cost vs. Performance

Advanced materials cost

Manufacturing complexity

Volume requirements

2. Time to Market

Design complexity

Qualification time

Supply chain readiness

3. Geopolitical Factors

Supply chain diversification

Regional requirements

Trade policies

Future Outlook

Near-Term (2025-2027)

HDI: Broader Type III adoption

Materials: Low-loss mainstream

5G: mmWave adoption

Automotive: Electrification growth

Mid-Term (2027-2030)

Any-Layer HDI: Mainstream for mobile

Embedded Components: Significant adoption

Optical Interconnect: Introduction for high-speed

3D Integration: Multi-die packaging



Long-Term (2030+)

New Materials: Revolutionary materials

Quantum Computing: Specialized PCBs

Bio-Electronics: Integration with biology

Sustainable: Full circular economy

Recommendations

For PCB Manufacturers

1. Invest in HDI Capabilities: Type II/III essential

2. Develop Materials Expertise: Low-loss, halogen-free

3. Quality Systems: Robust reliability programs

4. Design Support: DFM, simulation services

For PCB Designers

1. Stay Current: Technology evolving rapidly

2. Manufacturability: Design for manufacturability

3. Simulation: Essential for high-speed designs

4. Collaboration: Work closely with manufacturers

For Equipment Suppliers

1. Capabilities: Match roadmap requirements

2. Cost: Affordable solutions

3. Reliability: Stable, repeatable processes

4. Support: Training and service



Conclusion

The INEMI 2025 Roadmap indicates continued rapid advancement in PCB technology:

HDI: Critical for miniaturization

Materials: Enabling higher performance

Reliability: Essential for demanding applications

Sustainability: Increasing importance

Success requires collaboration across the supply chain:

Material suppliers

Equipment manufacturers

PCB fabricators

Designers

End customers

By working together, the industry can meet the challenges and opportunities ahead.

Reference: INEMI 2025 Roadmap

This summary provides key insights from the INEMI 2025 PCB Roadmap. Refer to the complete
roadmap for detailed information.

https://thor.inemi.org/webdownload/2025/Roadmap/PCB_Roadmap_061925.pdf

