
Thermal Management Challenges: The Ultimate Measure of LED Product Lifetime  
________________________________________________________________________ 

 
• Heat is an unavoidable concern with LED lamps 

 

• Managing heat is crucial and often major factor in determining product lifetime 
 

• Heat generated by LED's occurs within LED's themselves and it's vital for them to remain at or 
below optimal operating temperature  

 

• Electronic components also emit heat and are most susceptible to heat damage 
 

• Utilizing either active or passive cooling methods, this heat needs to be dispersed into the 
surrounding air 

 

• Control methods such as thermal foldback reduce drive current to LED's if temperature reaches 
"maximum threshold" 

 
 

Full Discussion 
 

Whether we’re talking about the LED’s and the light engine, or the power supply and driver electronics, 
heat is the unavoidable by-product that must be carefully managed and is often the ultimate determining 
factor in product lifetime.  Though LED’s are many times more efficient than a traditional bulb, they still 
turn as much energy into heat as they turn into light.  How well this heat is managed is the driving factor 
in determining LED lifetime in the LM-79 and TM-21 reports, and must be taken into account at every 
step of the product design process. 
 
Heat that is generated by LED’s is not radiated into the air as it is with a conventional light bulb.  In an 
LED, the heat is generated in the heart of the solid state device and must be removed from the LED’s 
through a mechanical path that ultimately dissipates the heat into the air.  This is done through heat sinks 
and creative cooling methods that fall into one of two categories; Active or Passive Cooling.  Passive 
Cooling relies on large heat sink surface areas and natural air movement to remove the heat from the 
LED’s, while Active Cooling uses an active element to facilitate the cooling such as a fan, liquid, 
thermoelectric element, or other.  The LED’s must be kept at an operating temperature at or below the 
temperatures stated in the TM-21 report for the projected lifetime numbers in the report to be valid. 
 
Equally critical is controlling the heat that the electronics are exposed to in the fixture.  The electronic 
components in the product are even more susceptible to damage and shortened lifetimes due to elevated 
temperatures.  The power supply/LED driver electronics generate some amount of heat themselves (90% 
efficiency means 10% of the power used is being turned into heat by the power supply), and this heat in 
addition to the heat that is being generated by the LED’s elsewhere in the fixture needs to be kept away 
from the electronics.   
 
Since the temperature of the electronics is potentially the deciding factor in product lifetime, it is often 
this temperature that is monitored to be kept in a safe working zone.  “Thermal Foldback” is a term used 
to describe a control method where the product will decrease the drive current to the LED’s if the 
temperature reaches a maximum threshold.  Decreasing the drive current to the LED’s also decreases the 
heat that is being generated by them, and a level can be found where the LED’s are no longer generating a 
level of heat that will cause adverse effects on electronics lifetime.  In a good product design, this is only 
going to happen in situations where the temperature level is abnormally high; such as when outdoor 
lighting stays on during the heat of the day in a location such as Phoenix, Arizona.  When temperatures 
return to normal, light levels increase to normal levels as well.  All but the smallest DEG products 
incorporate this failsafe feature. 
 
A common question regarding DEG’s lamps is how they deal with the heat inside an enclosed fixture 
where there is no airflow.  HID Lighting fixtures are intentionally made of material such as thin 
aluminum sheet or a very porous cast “pot metal” that will not trap or retain heat, as the temperatures of 



 
450 to 765 degrees Celsius that the HID bulb generates needed to be allowed to dissipate without the 
fixture glowing red hot.   
 
The answer to how DEG’s products deal with inside fixture heat is that they use the fixture itself as an 
active part of the thermal path to dissipate heat to the ambient environment.  By using active cooling on 
all of our lamps, the heated air is circulated continually around the internal chamber of the fixture.  In this 
way the heat is spread throughout the lamp compartment evenly, and the entire surface area of that 
compartment becomes a heat sink that will transfer heat to the cooler outside surface and subsequently 
into the surrounding air.  Any movement of the ambient air surrounding the fixture will enhance this heat 
transfer. 
 
All DEG lamps are tested to an ambient temperature of 40 degrees C for normal operation, which is the 
highest recorded nighttime temperature on earth.  At this temperature there is typically a temperature 
increase of 10 degrees C inside the fixture with the lamp at full power which is within the operating range 
of the products.  In the event of an extreme temperature situation, such as during the day in desert 
locations where ambient temperatures increase beyond 40 degrees C and the lamps are still operating due 
to a sensor failure or human error, the lamps will gradually decrease their power level to a point that they 
are not generating excessive heat that would compromise components.  This feature is referred to as 
“thermal foldback”, and is discussed above. 
 
For more discussion of Active vs. Passive Cooling, see our whitepaper LED Fans - To Err or Not to Air. 
 
 

Questions to Ask: 
 

1. What sort of cooling system is in place to effectively manage heat? Active or passive cooling? 
 

2. From a thermal management perspective, does the product incorporate a thermal (foldback) function to 
protect LED chips and electronics from excessive heat impact?   

3. What other steps have been taken to insure sustainable operation of the LED product in an enclosed 
fixture?  What has been done to protect the LED semiconductors from excessive heat and environmental 
degradation?  
 

Why DEG? 
 

1. DEG utilizes SUNON fans with Vapo-Bearing MagLev Technology to facilitate superior active 
cooling in all of our lamps.  DEG picked this superior fan technology because of its long-life rating of 
70,000 hours at 50°C operating temps (even at higher temperatures up to 65°C the de-rated life still 
exceeds 50,000 hours). 
 

2. As stated in the full discussion, all but the smallest DEG products incorporate a thermal foldback 
function to protect LED chips from abnormally high operating temperatures.  DEG also incorporates a 
protective fuse device to insure the product will be electronically disabled in the event of a catastrophic 
electronic failure.  
 
In closing this final Knowledge Segment we want to note that we carefully stayed away 
from attacking those products some in the industry claim to be competitive to DEG’s 
product offerings.  We continue to view nearly all new LED products entering the market 
but find most fall far short of the mark when comparing the critical details we have 
outlined in these important Knowledge Segments.  There are no “LED police” or 
governing body (although we feel there should be) that separate the best LED products 
from low-end products with overstated claims and underwhelming performance.  This 
being said, organizations such as Design Lights Consortium (DLC), Lighting Design Lab 
(LDL) and the Bonneville Power Administration (BPA) all have Qualified Product Lists 
(QPL) that require qualification requirements to be listed.  These organizations are 



 
providing a great start in separating the “wheat from the chaff” to marginalize those LED 
products with underwhelming performance and overstated claims. 
 
DEG will continue to strive for excellence even if that is at a slightly higher end-product 
cost.  We started this discussion with product price and if that was the primary 
consideration then likely DEG’s unique, innovative and very high-quality offerings 
probably should not be your choice.  Remember, however, you get what you pay for. 
 
True excellence comes at a very small additional price and when you compare all of the 
important details—because this is where the true comparisons should be made—DEG 
will shine brighter and better on the bottom and top line.  We believe that most products 
Made in the U.S.A. are better (not just assembled in the USA from a box of fully imported 
parts and components) and we are proud of our American made products and hope to 
share these with every reader of these important “Differentiating” Knowledge Segments. 
 

DEG = ROI 
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