
UL 94: Flammability Standard for PCB
Materials

Overview

UL 94 is the standard for flammability of plastic materials used in devices and appliances. For
PCBs, this standard tests and classifies the flammability characteristics of laminate materials,
ensuring safety in electronic applications.

Flammability Classifications

Horizontal Burning (HB)

Classification Criteria

Burn Rate: ≤40 mm/min for specimens 3-13 mm thick

Burn Rate: ≤75 mm/min for specimens <3 mm thick

Stopping: Burning stops before 100 mm mark

Applications

Low-risk applications

Internal components

Where fire risk is minimal

Vertical Burning (V-0, V-1, V-2)

V-0 Rating (Best Performance)

Afterflame Time: ≤10 seconds for each specimen

Total Afterflame: ≤50 seconds for all 10 specimens



Dripping: No flaming particles allowed

Ignition of Cotton: Cotton indicator not ignited

V-1 Rating

Afterflame Time: ≤30 seconds for each specimen

Total Afterflame: ≤250 seconds for all 10 specimens

Dripping: No flaming particles allowed

Ignition of Cotton: Cotton indicator not ignited

V-2 Rating

Afterflame Time: ≤30 seconds for each specimen

Total Afterflame: ≤250 seconds for all 10 specimens

Dripping: Flaming particles allowed

Ignition of Cotton: Cotton indicator ignited

Applications

V-0: High-reliability, critical applications

V-1: Standard commercial applications

V-2: Less demanding applications

5V and 5VA Ratings

5VA Rating (Highest Performance)

Vertical Burning: Meets V-0 criteria

Horizontal Burning: No burning that reaches 125 mm mark

Applications: High-voltage, critical safety applications

5VB Rating

Vertical Burning: Meets V-0 criteria

Horizontal Burning: More lenient than 5VA



Applications: High-reliability but less critical than 5VA

Material Comparisons

Common PCB Material UL 94 Ratings

Material Type Typical UL 94 Rating Applications

Standard FR-4 V-0 Most commercial PCBs

High-Tg FR-4 V-0 Automotive, high-temp

Polyimide V-0 Military, aerospace

CEM-1 V-1 Single-sided, low-cost

CEM-3 V-1 Consumer electronics

Aluminum PCB V-0 Power applications

Impact of Additives

Flame Retardants

Halogenated: Effective but environmental concerns

Non-Halogen: Phosphorus-based, nitrogen-based

Nanocomposites: Enhanced performance with lower loading

Inorganic Fillers: Aluminum trihydrate, magnesium hydroxide

Testing Procedures

Horizontal Burning Test (HB)



Test Specimen

Dimensions: 125mm × 13mm × thickness

Conditioning: 7 days at 23°C, 50% RH

Markings: 25mm and 100mm from one end

Test Procedure

1. Support specimen horizontally

2. Apply flame to free end for 30 seconds

3. Measure burn rate between 25mm and 100mm marks

4. Record if flame stops before 100mm mark

Acceptance Criteria

Burn rate within specified limits

Flame stops before 100mm mark for 3 out of 5 specimens

Vertical Burning Test (V-0, V-1, V-2)

Test Specimen

Dimensions: 130mm × 13mm × thickness

Conditioning: 48 hours at 23°C, 50% RH

Markings: 10mm and 125mm from one end

Test Procedure

1. Clamp specimen vertically

2. Apply Bunsen burner flame to bottom for 10 seconds

3. Record afterflame time

4. Reapply flame for 10 seconds

5. Record afterflame time and afterglow time

6. Note any dripping and cotton ignition



7. Repeat for 10 specimens

Cotton Indicator

Placed 300mm below specimen

White surgical cotton

Checks for ignition from dripping particles

5VA/5VB Test

Test Specimen

Dimensions: 130mm × 13mm × thickness

Procedure: Similar to vertical test

Additional: Horizontal burning test with larger flame (125mm, 5 kW)

Design Considerations

Material Selection for Safety

Application-Based Selection

Consumer Electronics

Requirement: V-0 typically required

Examples: Computers, televisions, appliances

Regulations: IEC 60950, IEC 62368

Automotive

Requirement: V-0 minimum

Examples: Engine control, infotainment

Standards: AEC-Q100, ISO 16750

Medical



Requirement: V-0 or better

Examples: Patient monitoring, imaging

Standards: IEC 60601, ISO 13485

Military/Aerospace

Requirement: V-0 or better

Examples: Avionics, communications

Standards: MIL-PRF-31032, MIL-PRF-55110

Industrial

Requirement: V-1 or V-0

Examples: Controls, power supplies

Standards: IEC 61010, UL 508

Impact on Assembly

Solder Mask

Flammability: Typically V-0 or V-1

Compatibility: Must match laminate rating

Thickness: Affects flame resistance

Conformal Coating

Enhancement: Can improve flame resistance

Materials: Urethane, acrylic, silicone

Applications: High-voltage, harsh environments

Encapsulation

Potting: Complete material coverage

Materials: Epoxy, silicone, urethane

Fire Protection: Significant improvement



Compliance and Certification

UL Recognition

Recognition Process

1. Application: Submit to UL for testing

2. Testing: Material flammability testing

3. Evaluation: Complete safety assessment

4. Recognition: Material listed in UL directory

5. Follow-up: Periodic verification

Recognition Mark

Yellow card with UL file number

Specific to material and thickness

Includes manufacturer and grade

Required for many applications

Regulatory Requirements

United States

OSHA: Workplace safety requirements

CPSC: Consumer product safety

FCC: Electronics with RF emissions

DOT: Transportation applications

European Union

RoHS: Restriction of hazardous substances

REACH: Chemical safety

CE Marking: Product safety compliance



WEEE: Waste electrical and electronic equipment

International

IEC Standards: International electrotechnical standards

CEN Standards: European standardization

ISO Standards: International quality and safety

Alternatives and Future Developments

Halogen-Free Materials

Benefits

Environmental: Reduced toxic smoke

Safety: Lower corrosion potential

Regulatory: Meeting green requirements

Recycling: Easier material recycling

Challenges

Cost: Higher material cost

Performance: May have different properties

Processing: May require process adjustments

Availability: Limited suppliers

Emerging Technologies

Bio-Based Materials

Renewable: Sustainable materials

Flame Retardancy: Natural fire resistance

Development: Ongoing research



Applications: Consumer electronics

Nanocomposites

Enhanced Performance: Lower additive loading

Multi-functional: Multiple properties improved

Processing: Standard manufacturing

Cost: Still relatively high

Self-Extinguishing Materials

Intumescent: Expand when exposed to flame

Char Formation: Protective barrier creation

Research: Active development area

Future: Next-generation materials

Best Practices

Material Handling

Storage: Proper environment to prevent degradation

Moisture Control: Maintain proper moisture levels

Inspection: Regular material quality checks

Traceability: Batch and lot tracking

Design

Flame Paths: Design to prevent flame propagation

Spacing: Adequate spacing between high-voltage conductors

Ventilation: Consider heat dissipation and airflow

Enclosure: Use flame-resistant enclosures when needed

Manufacturing



Process Control: Maintain consistent parameters

Testing: Regular flammability verification

Documentation: Maintain material certifications

Quality: Incoming material inspection

Industry Trends

Green Electronics

Halogen-Free: Increasing adoption

Recyclability: Enhanced material recyclability

Sustainability: Life-cycle considerations

Regulations: Stricter environmental requirements

High-Temperature Applications

Electric Vehicles: Higher temperature requirements

LED Lighting: Heat management challenges

Power Electronics: Increased power density

5G: Higher frequency, different materials

Safety Enhancement

Improved Materials: Better flame resistance

Smart Materials: Responsive materials

Testing: Enhanced test methods

Simulation: Predictive modeling



Conclusion

UL 94 flammability rating is critical for PCB material selection, ensuring safety in electronic
applications. Key points:

V-0 Rating: Standard for most applications

Material Selection: Based on application and regulatory requirements

Testing: Rigorous testing ensures performance

Certification: UL recognition provides confidence

Future: Moving toward halogen-free and bio-based materials

Proper material selection, design, and manufacturing practices ensure PCB safety and reliability.

Reference: UL 94 Standard

This guide provides overview information. Always consult the official UL 94 standard for complete
testing requirements and procedures.

https://www.ul.com/standards/ul94

