
 

Profitably Powering Solid State Lighting 

Due to the rising environmental concerns, the world is now replacing billions of conventional 
incandescent light fixtures.  While a significant percentage of the applications are moving to 
compact fluorescent, the concerns over the mercury content of the CFL lamps as well as the 
potential for even greater energy savings are causing more and more users to move to solid state 
lighting (i.e. LED lamps).  The newest LED lights consume approximately 80% less energy than 
incandescent lamps and contain no toxic materials.  The market research firm iSuppli expects 
the LED related global sales to continue a pattern of strong growth, estimating the market to be 
approximately $14.6 billion in 2013 despite the slow global economic recovery. 

LED Lamps typically cost more than other technologies at present.  Almost every business case 
to justify the additional cost hinges on two key attributes of the product; improved energy savings 
and lower maintenance costs.  There are two key components of the energy savings.  The first 
is the result of an improved efficacy as measured in lumens per Watt (lm/W).  For the power 
electronics this translates into higher power conversion efficiency. The second is more intelligent 
control resulting from the ability to dim the product when higher light levels are not required.   
This requires that the power electronics has means to easily dim based on input from occupancy 
sensors, daylight harvesting sensors and/or other control systems.  Lower maintenance costs 
result from longer product life.  In addition to the cost of replacement lamps there is the cost of 
the labor to remove and install the lamps.  This costs can vary significantly depending on 
whether the product is within easy reach (i.e. desk lamp) or requires heavy equipment (i.e. a 
bucket truck for servicing streetlights).  For the power electronics lower maintenance costs are 
derived from improved reliability and longer life.  While it is well within the capability of properly 
designed power electronics to last as long as the light engine (i.e. 50,000 hours or more), many 
poorly designed products have tarnished the reputation of LED lighting failing long before the 
expected payback period of the lamp.  Without proper attention to the power electronics the 
profitability of a solid state lighting application can be seriously affected. 

Life and Reliability 

It is important to understand that product lifetime and product reliability are two very different, 
although not unrelated, concepts.  Unfortunately, because they are both often expressed in 
hours they are frequently confused.  Lifetime refers to the length of time a user can expect single 
product to work properly before a known wearout mechanism renders the product unfit for use.  
Reliability deals with the random failure rate of a population of products. It may be expressed as a 
failure rate such as FITs (failures in 109 hours) or as the inverse, MTBF (Mean Time Between 
Failures).  A lifetime of 50,000 hours implies that one would expect any give product to last up to 
50,000 hours before failing.  An MTBF of 50,000 hours implies that for a population of 1000 units, 
one could expect to see a random failure every 50 hours (i.e. every 50,000 hours of unit 
operation).  Both concepts are important to understand and manage for a successful 
implementation of LED lighting. 
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be expected to last for 300,000 hours.  The MTBF only holds for the operational life of the 
product.  That is to say before any known wearout mechanisms could be expected to occur. 
 
Perhaps a better way to understand reliability is to look at it in terms of failure rate.  Equation 3 
shows that failure rate is simply the inverse of the MTBF.  However, because these number can 
be quite small, it is common to multiply this number by 109 and talk in terms of failures in 109 hours 
or FITs.   

MTBF
eFailureRat 1
=                                                            

Equation 3:  Failure Rate 

 
When determining the life of a product, it is only necessary to identify the shortest lived 
component and calculate its life.  However, when determining the reliability of a product it is 
required to understand the failure rate of every component that can cause the product to fail and 
look at the combined failure rate. 

Plenty of time has been spent on research of estimating reliability of electronic equipment. The 
most common of these methods is MIL-HDBK-217[2], which is considered to be the standard 
reliability prediction method and is the method used by Inventronics.  Another fairly common 
method is the Telecordia Reliability Prediction Model[3].   Typically the military result is more 
conservative and produces a lower number than the second commercial method of Telecordia. 
Either of these will be referred to as calculated reliability numbers as opposed to demonstrated 
reliability which is actually measuring the failure rate of a population of products.  While 
comparing two products using the same methodology proves to be a very valid comparison, 
comparing the reliability of products using different methods is virtually meaningless. 

The challenge is to produce the most reliable product possible given certain size and cost 
constraints.  There a several key considerations when designing for reliability.  First is the 
topology selection for the power stage design. A semiconductor’s reliability is usually dependant 
on the operating junction temperature. Soft switching topologies like ZCS flyback and LLC half 
bridge can be utilized to minimize the switching loss of power switches, thus improving the 
thermal condition of both the semiconductors and the whole driver. Second, the selection of high 
quality component yielding adequate component stress margin should be considered. For 
instance, 20% operating voltage margin for electrolytic caps and 10% voltage margin for 
semiconductors are always a must for a reliable design. Third, protection circuits can help 
products survive from various kinds of abnormal conditions including over current, over/under 
voltage, over heated and short circuit. Also, surge suppression circuits should be used to prevent 
the driver from being damaged by lightning. The fourth point brings us back to the issue of 
efficiency and thermal design as stated previously.  Heat has a direct and significant impact on 
the reliability of semiconductors like MOSFETs, ICs and opto-couplers. Figure 3 shows how 
efficiency affects the MTBF of 150W products.  
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longer the driver has been in the field the lower that probably becomes.  Warranty is therefore a 
very poor substitute for understanding life and reliability when calculating ROI.  It is also 
important to note that the replacement cost of the driver is usually only a very small fraction of the 
cost of maintenance in the event of a failure.  The profitability of an SSL installation is dominated 
by the actual life and reliability of the product irrespective of the warranty.  The issue here is not 
that warranty is unimportant.  It is simply that warranty is a very poor proxy for actual life and 
reliability. 
 
 

Efficiency 

As we have seen, efficiency has a triple impact on the profitability of solid state lighting.  First of 
all, higher efficiency power supplies use less energy and thus the energy savings component of 
the ROI equation is greater.  More of the energy from the ac source is transmitted directly to the 
light engine and less is dissipated in the driver.  The overall efficacy of the lamp is improved 
directly with an improved efficiency in the driver.  The second and third effects are directly related 
to the fact that less power is being dissipated in the driver.  For each watt dissipated in the driver 
the temperature of the driver increases.  The increased temperature translates directly into both 
shorter life and lower reliability.  Both of these impacts increase the maintenance cost 
component of the ROI equation. 
 

Control 

The initial impetus in the market for converting to solid state lighting is based simply on the energy 
savings and reduced maintenance costs of directly replacing either incandescent, fluorescent or 
other technologies with LED lamps on a direct basis.  However, because of the ease with which 
solid state lighting may be controlled, the addition of intelligent lighting controls is having a 
profound impact on the return on investment.  LED lamps may be dimmed either by directly 
reducing the amount of current sources through the LEDs or by rapidly turning the LEDs on and 
off at a frequency greater than that which can be detected by the human eye and modulating the 
pulse width to create a dimming effect.  While each method has its advantage the critical issue 
here is that the energy savings are significant from dimming the lights when full brightness is not 
required.  This ability to dim is primarily a function of the power electronics and is an important 
aspect of the driver.  The ability to easily interface to common sensors and systems is important. 
While there are a variety of ways to signal the driver to dim the LEDs perhaps the most versatile is 
a simple 0-10V analog signal.  This input can be easily produced by a 0-10V dimmer, a resistive 
network, a DALI or DMX converter or any number of other schemes.  The 0-10V interface is also 
easily adapted to accommodate a variety of sensors.  Two of the most common implementations 
include occupancy sensors (dimming the light output when no one is within a given proximity to 
the lighted area) and daylight harvesting sensors (dimming the light output in proportion to the 
amount of sunlight allowed into the lighted area.  Other schemes include adjusting the light 
output based on time of day, day of week or inputs from a security system.   
 
Whatever the scheme, intelligently controlling the light output can lead to significant energy 
savings.  The added benefit is that the lower thermal and electrical stress on the driver and light 
engines while the product is dimmed also adds to the life and reliability of the installation.  The 
impact to ROI is therefore multiplied by the thoughtful implementation of intelligent controls. 
 



Summary 

Understanding the drivers for both life and reliability are critical to designing a product that will 
perform as expected in the field.  This is especially true of projects such as LED lighting where 
payback is measured in years, long warranties are required conditions for doing business and 
where a reduction of maintenance costs forms a significant portion of the return on investment.  
While there a many factors which must be considered we see here the importance of efficiency 
and its use as a key metric in evaluating LED drivers.  While LED drivers can be designed to 
meet the requirements of today’s lighting projects, it takes a great deal of care and analysis to 
ensure that these objectives are met. 
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