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A Guide to Boron Nitride Thermal Pads

Electronic systems are getting denser, hotter and less forgiving. Thermal management therefore has gone from an
engineering afterthought to a mission critical design aspect. Boron nitride thermal pads provide a pragmatic bridge:
they combine solid state thermal pathways with electrical insulation and manufacturing friendliness. This article maps
out their properties, explores the best applications, and provides engineers a practical user guide.

Heat — A Problem That Engineers Cannot Ignore

Modern circuit boards integrate more and more power in ever smaller spaces. This leads to dramatic temperature
gradients and localized hotspots that put additional stress on silicone thermal pads and passive components. As a result,
this degrades thermal pad performance and accelerates failure modes.

Thermal interface materials (TIMs) must reduce interfacial thermal resistance while withstanding in-situ stresses such as
vibration and humidity. Traditional TIMs cannot meet these requirements. For example, thermal paste performs well
with micron-level surface matching and precise clamping pressure, but it is prone to contamination and is not suited for
automated assemblies. Traditional silicone thermal pads and elastomers sometimes lack the thermal conductivity
required for high TDP modules.

Boron nitride thermal pads can withstand these two extremes; they offer high thermal conductivity while maintaining
robustness and repeatability. The boron nitride filler forms a conductive within a flexible substrate that transfers heat
through phonon and percolation contacts. The resulting interface reduces temperature differences (AT) across
different gap widths without sacrificing dielectric isolation.

What Is a Boron Nitride Thermal Pad?

Basic structure of a boron nitride thermal pad

Boron nitride thermal pads typically consist of a polymeric matrix loaded with hexagonal boron nitride platelets (h-BN).
The platelets create continuous or semi-continuous thermal pathways and the polymer provides elasticity. Additives
such as adhesion layers or EMI foils can be laminated to the base material to improve handling.

How hexagonal boron nitride boosts thermal performance

- Hexagonal boron nitride exhibits high in-plane thermal conductivity and good chemical inertness.

- When platelets align under compression, anisotropic thermal transport can be exploited to channel the heat towards
the heat sink.

- This alignment reduces interfacial contact resistance and enables superior performance relative to unfilled elastomers
at comparable bond-line thicknesses.
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Key differences between boron nitride thermal pads and standard thermal pads

- Boron nitride thermal pads typically show higher effective k values at board level testing.

- BN pads have superior dielectric properties compared to metal filled pads. Galvanic neutrality reduces corrosion risk.
- Silicone or acrylic pads are more cost effective and conformable but lose thermal headroom in larger gaps.

Core Properties of a Boron Nitride Thermal Pad

Properties Unit WG-160BN | Test method
Colour - White -
Thermal Conductivity W/mk 16.0 ASTM D5471
Thermal resistance (@40psi —0.3mm) °C*in? /W 0.286 ASTM D5470
Thickness mm 1-2mm ASTM D374
Breakdown voltage KV@AC 4.6 ASTM D149
Dielectric constant F/m @1Mhz 4.2 ASTM D150
Flammability rating - V-0 uL94
ROHS - Pass IEC 62321
Halogen - Pass EN 14582
REACH - Pass EN 14372

Thermal conductivity: what does it mean?

Thermal conductivity (k) is a single-point metric. It does not capture contact resistance, board level testing or
anisotropy. Practical performance requires reading k together with thermal impedance (R) at the target compressed
thickness.

Electrical insulation and dielectric strength advantages

- Most boron nitride thermal pads are electrically insulating.

- High dielectric strength makes them suitable for when conductors or exposed traces exist.

Compare dielectric breakdown values under the same test geometrics to ensure compliance with systems safety
requirements.

Mechanical behaviour: compressibility, softness and conformability

Two mechanical parameters matter most: initial shore hardness and compression set.

- A low shore value improves wetting of rough surfaces but may increase chance of cold flow.

- Low compression set (small permanent deformation after cycling) is critical for fixed assemblies where contact
integrity must persist over years.

Long-term reliability: compression set and thermal aging
- Compression set quantifies how much a pad fails to rebound after sustained compressive stress.
- Thermal aging can harden or soften the matrix depending on polymer chemistry and filler interaction.

Where Boron Nitride Thermal Pads Deliver the Most Value

High power processors and GPUs

Problem: Server blades, compute accelerators and high-end GPUs generate concentrated heat flux.

Solution: Boron nitride thermal pads provide a compromise between high performance of thermal paste and the
practicality of thermal pads, especially where electrical insulation is needed or gap heights fluctuate.
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Automotive electronics and power modules
Problem: For in traction inverters, DC-DC converters and onboard chargers, robustness is necessary.

Solution: BN thermal pads with low compression set and high dielectric strength maintain thermal pathways under
vibration and thermal cycling, reducing field failures.

Telecom and 5G infrastructure hardware

Problem: Remote radio units and baseband modules operate in harsh environments and require predictable thermal
behaviour.

Solution: Boron nitride thermal pads maintain thermal continuity across larger tolerance stacks where traditional
thermal pastes would either squeeze out or fail to bridge.

Industrial control systems and rugged environments

Problem: Harsh ambient conditions such as moisture and contaminants demand materials that do not cold flow.

Solution: High quality thermal pads with proper polymer chemistry meet this demand and keep assemblies within
thermal envelopes. In addition to these they do not outgas which is another key requirement of these systems.

Boron Nitride Thermal Pad vs Other Thermal Interface Materials

Boron nitride thermal pad vs silicone thermal pad
- Silicone thermal pads are versatile and cost-effective.

- BN thermal pads provide higher conduction where BLT is not essential and dielectric neutrality is required.

Boron nitride thermal pad vs thermal paste

- Thermal paste typically outperforms thermal pads at ultrathin board line thicknesses (BLT) under high clamp forces.
- The main disadvantage of paste is that it suffers from variability, constant reworking and risk of contamination.
- For production lines that require repeatability, BN thermal pads deliver a superior lifecycle and ROI.

When a gap filler or phase change material may be better

- Phase change materials can outperform thermal pads in certain high-fill or conformal regimes.
- PCMs introduce complexity: curing, viscosity control or latent heat dynamics.

- Choose PCMs when the design benefits from viscous flow or phase transactions.

Quick analysis

- High thermal design power (TDP) + electrical isolation required = BN thermal pad
- Tight BLT and highest thermal conductivity need = thermal paste (if process allows)
- Low cost + high conformability required = silicone thermal pad

Frequently Asked Questions About Boron Nitride Thermal Pads

Are boron nitride thermal pads electrically insulating?
Yes. Confirm dielectric strength and test conditions on the datasheet.

Can a boron nitride thermal pad replace thermal paste on CPUs?

Yes. For many production environments when repeatability trumps absolute peak conductivity. However, in
tightly clamped, ultra-thin BLT scenarios, thermal paste can be superior.

How long do boron nitride thermal pads last in the field?

Longevity depends on polymer chemistry, operating temperature and mechanical loading. Good materials
with low compression set show stable behaviour for years under designed conditions.




