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There is a new light source that is "all the buzz" in lighting circles - the light emitting diode - better known as an LED. Actually, it is not at all that new. The phenomenon of electroluminescence in a piece of silicon was first observed in 1907; however, it was not until the 1960’s that the first visible light LED was produced. From that point the evolution of LEDs continues at an accelerated pace and this has made it a viable light source for lighting products such as indicator lights (OOIX2), signage (UYWY), exit signs (FTBR), Christmas tree strings (DGZZ), and other lighting products that provide low levels of illumination.  More recently, as LED technology has evolved, the type of lighting products has expanded to cover specialty and general lighting applications that provide higher levels of illumination such as luminaires (IEZR) and self-ballasted lamps (OOLR).

UL Initially saw submittals of direct view and low-level illumination lighting products utilizing LEDs as the light source in the 1990’s. These typically consisted of individual LEDs or a matrix of a few LEDs powered by an independent Class 2 power source. As the evolution of the LED progressed the types of lighting products employing LEDs broadened.  Luminaire submittals with multiple LEDs mounted on a printed wiring board (PWB), powered by power supplies that exceed Class 2 limits and including computer interfaces and control circuitry were seen with greater frequency. 

To UL the LED is just another light source. Lighting product using LED technology must provide the same level of safety as the same product with a “conventional” light source. This means that, for example, a luminaire using LEDs as a light source must fully comply with all the applicable requirements of ANSI / UL 1598, the Standard for Luminaires. This entails carrying out an engineering investigation of the complete luminaire for compliance with UL1598 to ensure that the risks of fire, electric shock and personal injury that are attributed directly to the light source are adequately mitigated, including a risk analysis of the light source itself. 

An LED differs significantly from a traditional incandescent or electric discharge light source. In some ways it is inherently safer than traditional light sources, in some ways it has additional risks. 

A traditional incandescent or electric discharge light source is constructed of glass and metal, all noncombustible materials. Most require power from electric sources that operate at voltages and currents that exceed the risk of shock limits. They convert electric energy to light either by heating a tungsten filament or establishing an electric discharge arc. They radiate light that spans the infrared, visible and the ultra violet portion of the electromagnetic spectrum. These lamps are typically the major heat-producing component in a lighting product. They may also be a source of UV radiation in sufficient quantity to be harmful to humans and may operate at elevated pressures presenting a risk of fire and personal injury if it ruptures.  The requirements in the lighting product standard are designed to mitigate the safety risks associated with these traditional light sources.

On the other hand, an LED is a diode, a solid-state semiconductor device that, like any other diode, permits an electric current to flow through it in one direction. It is distinguished from diodes used in power applications in that it emits incoherent narrow-spectrum electromagnetic radiation (light) and it is housed in a transparent plastic housing to facilitate transmitting the light. The voltage required for the LED to conduct is in the range of a couple of volts, well below UL’s risk of shock limits, and the current passing through the junction is in the milliamp range.

An LED converts more of the energy flowing through its p-n junction to visible light and less to heat than a traditional incandescent light source. This results in the LED having a higher efficacy  (lumens of visible light out per watt in), providing a major advantage in the drive to develop more energy efficient luminaires. This also translates to lower operating temperatures for individual LEDS, but heat management is definitely a design concern, especially when grouping large numbers of LEDs together in a matrix and when using higher power (brighter) LEDs to increase the lumen output.

An LED light source consists of three basic components, the LED module that produces the light, the power supply that provides the proper voltage and current to operate the LED module and the control circuitry that operates the LED module in specific modes. An LED lighting product will always have an LED module and a power supply, but may or may not have control circuitry.

The LED module consists of one or more LEDs mounted on a PWB. There may also be active and passive electronic components on the same PWB to limit the current and voltage to the LED. The safety issues that need to be addressed include the potential risk fire or shock and the operating temperature of the module and the effects it has on the operating temperatures of the luminaire it is used in. The potential risk for fire and shock depends on the levels of voltage and current available on the printed wiring board, and that depends on the output of the power source it is connected to.

The location of the module within the lighting product relative to other uninsulated live and dead conductive parts must also be considered. These risks are adequately mitigated by proper spacing between conductors on the PWB and require that the PWB be Component Recognized (ZMPV2) with an appropriate temperature and flammability rating.

Since the LED is a light source the quality and quantity of the light produced requires evaluation. An LED used in lighting products emits incoherent electromagnetic radiation (light), as opposed to the coherent light of laser LEDs. The light is also monochromatic and the color (frequency) depends upon the material of the diode junction; it can range from infrared, to visible to near ultraviolet. These facts tend to simplify mitigating potential risk of personal injury due to exposure to UV radiation from an LED light source.

An LED module is connected to the output of a power source. The power source can be integral to the LED module or independent. Independent LED power sources are a type of power supply, similar to those used in low voltage lighting or ITE equipment. Applying existing construction and performance criteria from the appropriate power supply standard, UL 1310, UL 1012, or UL 60950 provides the same level of safety required for any lighting product that incorporates a power supply. The power source may also be integral to the LED module. In this case, it is evaluated using the applicable requirements from the same power supply Standards or the end product standard whichever is more appropriate.

Control circuitry is the electronic circuitry that provides, switching, dimming or the interface between the LED module and an external digital information source. It may be incorporated on the LED module PWB, the power source PWB, or independent on its own PWB. The safety issues associated with it are similar to those of the LED module and hence the requirements specified to mitigate them are similar.

As mentioned earlier, UL has Listed lighting products with LED light sources for over a decade. In each case, the end product standard has been applied to the overall product. In addition, the project engineer had to adopt requirements from a number of UL Standards to address the unique features of the LED light source if they were not addressed in the end product standard. This resulted in an inefficient use of engineering resources and possible inconsistencies in the application of requirements. To resolve both of these issues UL is drafting an Outline of Investigation (OOI) for LED light sources used in lighting products.

In October 2005 the six PDE’s responsible for all of UL’s lighting products were surveyed to ascertain what requirements had been applied to LED modules, power sources and control circuitry for products Listed in categories they are responsible for. The results of that survey exhibited remarkable similarity and consistency in the Standards and requirements that have been applied to date. From this information a draft OOI was developed. 

The objective of the OOI is to assemble all of the requirements to be applied to LED light sources into one document. It is also intended that an LED light source that complies with the construction and performance requirements In the LED OOI will be suitable for use in as many end product lighting categories as possible. As the PDE survey showed, many of the requirements in existing UL Standards for power supplies, ballasts, transformers, photo controls, etc., are applicable to LED light source components. This permits either simply referencing requirements in the appropriate UL Standard or importing requirements into the OOI as appropriate.  

Industry members expressed substantial interest in participating in the LED OOI development process at a November 2005 meeting of the NEMA Solid State Lighting Task Force in RTP. The latest draft LED OOI has been sent to this NEMA Task Force for review. Comments are due in May 2006 and the LED OOI is scheduled for publication in July 2006.

The impact of the LED OOI on currently Listed lighting products that utilize an LED light source is expected to be minimal, but it is too early in the process to determine with certainty whether there will be a need for an industry review or not. The results of the PDE survey tend to support the premise that all currently Listed LED product will comply with the LED OOI making an IFR unnecessary. However, if requirements that exceed those applied to currently Listed product are determined to be necessary to maintain minimum risk levels in LED lighting products that are at least equivalent to those currently specified for lighting products an IFR would be required.   

The use of LED light sources in general lighting is expected to explode over the next five years doe to continued improvements in LED technology, increased light output and better heat management. This was evidenced at a recent DOE meeting in Washington D.C. attended by many of today’s major players and interests in LED lighting. At that meeting there were presentations from Energy Star, NIST, ANSI, NEMA, IESNA, IEC, UL and CSA on existing and developing LED standards for compatibility, performance, energy efficiency and safety. The people attending the meeting made a commitment to coordinate efforts on all fronts to expedite the standards development process and avoid duplication of effort and conflicting requirements.

 It is evident that there is a lot of work to be done in the next few years to establish performance and safety requirements for LEDs that will impact the industry for many years to come. The publishing of the LED OOI is only the beginning. It is viewed as the first step in the process to develop an LED Light Source Standard. UL staff has initiated a dialog to discuss assembling an STP that would drive the process for an LED light source Standard. The plan is to have the technical requirements in place before the predicted wave of LED lighting products is upon us so that UL is as prepared as we can continue to provide efficient, consistent and timely certification services to our customers and safe LED lighting products to the consuming public.

