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Executive Summary:

Why IP65/1P67 LED modules and how do they impact luminaire manufacturers?

IP65/IP67 LED modules are designed to withstand moisture, condensation, pressure variations, and
corrosive substances. This makes them essential for outdoor luminaires such as bollards, bulkheads,
and facade lighting, where failures often occur due to water ingress or material degradation. With
integrated breathing membranes and verified sealing, LED chips, bond wires, and leadframes are
protected from harmful environments.

In standards such as IEC 60598 (luminaires) and IEC 62031 (LED modules), IP classification is a key
factor for safety and service life. For manufacturers, modules with built-in IP65/IP67 protection
simplify final testing, reduce the need for separate sealing solutions, and lower the risk of field failures.
Proper integration of a sealed junction box and thermal design ensures that the entire luminaire meets
requirements — not just the LED module.

For luminaire manufacturers, IP65/IP67 modules provide three clear benefits:

e Technical reliability — protection against moisture, corrosion, and temperature cycling for
longer lifetime.

e Simplified integration — a drop-in form factor that reduces development time and costs.

o  Market and customer value — robust luminaires strengthen the brand, reduce service needs,
and build end-user trust. .

OptoDrive Clara IP65 was developed with these goals in mind. With a consistent form factor, verified
enclosure (IP65/1P67, IKO8), defined Tc points, and long-term dependable performance, the module is
a key component for manufacturers aiming to combine safety, simplicity, and sustainability in outdoor
luminaires.
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Whitepaper: Integration of IP65/IP67 LED Modules in
Luminaires

1. Introduction

Modern outdoor lighting must combine durability, efficiency, and design freedom. For luminaire
manufacturers, integrating IP65/IP67-protected LED modules — such as Optoga’s Clara IP65 — provides
a proven way to meet these demands with minimal complexity.

This whitepaper explains why sealed LED modules are important and how they should be integrated
correctly. It highlights moisture and corrosion protection, thermal design, and practical
implementation linking these engineering choices to the emotional and business values that end users
actually experience.

Target group: design and development engineers working with bollards, bulkheads, facade luminaires,
and similar outdoor products. The goal is reproducible integration that reduces field failures, extends
service life, and simplifies long-term product maintenance.

2. Why IP65/IP67 Protection Is Important

LED components are sensitive to moisture, condensation, and corrosive gases. Without proper
protection, degradation of leadframes, bond wires, adhesives, and PCB copper accelerates leading to
intermittent failures or open circuits.

e Moisture protection
IP65/IP67 sealing prevents water and airborne moisture from entering. This safeguards
electrical integrity and optical performance in rain, snow, and high humidity.

e Breathing membrane
Heating and cooling cycles create pressure differences inside sealed volumes. A breathing
moisture barrier equalizes pressure while blocking water molecules. This reduces stress on
seals and eliminates condensation risk inside the module.

e Corrosive gases and salts
Vehicle exhaust contains nitrogen oxides and sulfur oxides, which in humid conditions can
form corrosive acids. In some cases, ammonia from SCR systems may also be present. Rubber-
based materials can emit sulfur gases (H,S). All these compounds can attack silicone-
encapsulated LEDs, bond wires, leadframes, and PCB copper.
In coastal environments, airborne salts accelerate corrosion even further and may damage
both LED components and luminaire housings. An IP-rated seal reduces exposure and
prevents premature degradation.

Bottom line: IP protection is not only about keeping water out, it protects the electronic core of the
luminaire from moisture, gases, and salts that would otherwise cause corrosion and failure.
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3. Thermal Design Considerations

Sealed modules must still “breathe thermally.” If operating temperature is exceeded, lifetime
decreases rapidly and lumen output drops.

Defined Tc measurement points

Use the module’s Tc marking (case temperature) to verify thermal conditions against the
datasheet. Always relate Tc to the ambient temperature inside the finished luminaire, not just
on a lab bench.

Thermal coupling
Mount the module against a heat-dissipating surface (aluminum body or dedicated heat sink).
Use thin thermal interface pads (0.1-0.3 mm) to fill micro-gaps and reduce contact resistance.

o Why not thermal paste?
Thermal paste is very difficult to apply consistently.
Too thick - higher thermal resistance.
Too thin - gaps remain. Pads provide a stable, repeatable solution over time.

Lifetime assurance
Keep Tc within spec even at the highest expected ambient temperatures. Properly managed,
modules achieve >50,000 hours of lifetime, even in demanding outdoor environments.

Bottom line: thermal discipline — good contact plus safe Tc margins —is the difference between “it
works” and “it lasts for decades.”

4. Simplicity in Integration
Clara IP65 has maintained the same form factor for over a decade, enabling upgrades without
redesign and protecting tooling investments.

Drop-in upgrades
Next-generation LEDs can be integrated without re-engineering the luminaire housing.
Mechanical and electrical interfaces remain stable.

Reduced development costs
The same housing can be reused across different power levels and generations. Only the light
engine is replaced reducing cycle time and risk.

Wide application range
One platform can be applied across bollards, bulkheads, and facade luminaires —enabling
standardization and purchasing efficiency.

Bottom line: integration is simplified, allowing you to focus on optics, user experience, and design
rather than sealing technology.

WHITEPAPER
© 2025 OPTOGA AB | WWW.OPTOGA.COM | KOPINGSVAGEN 4 | 73231 ARBOGA | SWEDEN



OPTOGA

5. Application Benefits

Where IP-protected modules make the biggest difference:

e Bollards & park lighting
Withstand rain, frost, and daily temperature cycling without condensation-related failures.

e Bulkhead & fagade lighting
Compact and easy to integrate. No need for separate gaskets or complex sealing designs.

e Architectural & decorative lighting
Warm CCT options (e.g., 2200K, 2700K) create inviting atmospheres in public and residential
spaces.

Bottom line: IP-protected modules unlock design opportunities while eliminating sealing complexity in
the luminaire.

Typical Customer Applications

Product Type @ Luminous Flux = Application Market Customer Type
Bollard 500-1500 Im Parks, pathways, offices Project, Public ~ OEM
Bulkhead 500—-1500 Im Entrances, corridors Project, Public OEM

6. Testing and Verification

To simplify work for luminaire manufacturers, Clara IP65/IP67 modules are tested and verified by
accredited laboratories (Intertek). This ensures compliance with critical safety and protection
standards and reduces the need for duplicate testing in the final luminaire — saving both time and
cost.

All tests are well documented, and reference numbers are available on our website for use in
manufacturer documentation (DoC).

Test Description Testhouse
IEC60529  IP65, IP66, and IP67 (Ingress protection) Intertek
IEC62262  IKO8 (Mechanical impact protection) Intertek
IEC62031  LED modules for general lighting, Safety specification Intertek
IEC62471  Photobiological safety of lamps and lamp systems Intertek

Bottom line: Choosing a module with verified testing simplifies CE marking and compliance with the
Low Voltage Directive (LVD). Manufacturers can focus on the complete luminaire design, knowing the
LED module already meets international standards.
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7. Emotional and Business Value

Lighting is never just technical, it is also about trust, safety, and identity.

e Trust & reliability
Luminaires that perform in all weather, build confidence in both product and brand.

e Sustainability through longevity
Fewer replacements mean lower maintenance costs, less service, and reduced environmental
footprint, aligned with sustainability goals.

e  Future-proof investments
A consistent form factor enables upgrades modules evolve, but its package remains.

Bottom line: reliability in design becomes trust in use — strengthening customer relationships and
brand value.

8. Conclusion

Integrating IP65/IP67 modules such as Clara IP65 is more than a technical choice, it is a strategy:
e Technically robust — sealed against water, corrosion, and pressure cycling
e Thermally reliable — Tc control ensures long lifetime
e Simple to integrate — consistent form factor, drop-in upgrades
e lLong-term value — lower lifecycle cost, higher sustainability, stronger trust

By combining robust engineering with design freedom, luminaire manufacturers can deliver lighting
that is safe, efficient, and emotionally rewarding, for decades to come.
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