
Electronics functions continue to 
increase dramatically in the modern 
day automobile. Greater use of 
light-emitting diodes (LEDs) is 

a major portion of that remarkable auto-
electronics growth. As replacements for 
older incandescent bulbs, LEDs are practi-
cally everywhere in newer auto models with 
such applications as stoplights, turn signal 
lights, internal lamps, fog lamps, dashboard 
and entertainment center lamps, and so on. 
The most recent automotive LED advance-
ment comes from German automaker, Audi, 
which has introduced, for the first time, 
LED headlights as standard equipment in 
the 2010 Audi R8 V-10 model and optional 
on the V-8 R8 car model, as reported by Car 
and Driver Magazine. 
 The auto industry is quickly moving to 
LEDs for the number of benefits they offer 
compared to conventional lights. LEDs turn 
on faster, last longer, draw lower power, 
are more vivid in color, and can be viewed 

from greater distances compared to tradi-
tional light bulbs. LED energy is highly effi-
cient with greater than 80 lumens per watt. 
As for longevity, LEDs have extremely long 
life, specifically 50,000 hours at 70 percent 
lumen maintenance. Put another way, they 
can be left on for three to four hours a day, 
and they’ll last 25 years or more. Plus, LEDs 
are rugged, meaning no vibration effects, 
no filaments to break, and no moving parts. 
Above all, the auto industry highly favors 
LEDs simply because they reach full bright-
ness within nanoseconds, a critical aspect, 
especially for break lights. 
 While the future looks bright for LEDs 
in automobiles, the challenges of efficient 
LED PCB design, fabrication, and assembly 
fall on the contract manufacturer (CM) 
who must be on top of his game to produce 
quality LED boards. In particular, thermal 
issues are at the forefront, and CMs must 
take into account a number of critical steps 
to assure an LED board is produced with the 

correct level of thermal management. 
 In the main, however, in recent times, 
leading LED manufacturers have made tech-
nical advancements to significantly reduce 
the heat conventional LEDs generate. Even 
with advances like this, LEDs still generate 
significant heat, and the burden of man-
aging it in a PCB design falls on the CM. 
Effectively handling this thermal energy is 
of utmost importance considering that LED 
efficiency is lost as temperatures increase.

A Job for Design,  
Fab, and Assembly 
LED board thermal dissipation requires 
special considerations at design, fab, and 
assembly. In particular, the design stage is 
highly critical because if certain aspects are 
overlooked due to inexperience or by mis-
take, the thermal energy will encounter bar-
riers to successful dissipation. Consequently, 
luminous output degrades, efficiency is sig-
nificantly reduced, and the LED has a high 
probability of incurring adverse effects due 
to damage to the chip. 
 Therefore, the PCB layout engineer 
must be sufficiently experienced to under-
stand the various techniques necessary to 
manage LED thermal energy. Those tech-
niques include choosing and designating the 
proper heat sinks and attachment process, 
and using thermally conductive grease when 
applicable. Others are thermal vias, ground 
pour, thieving, and metal core boards when 
applicable, creating additional solid planes 
for heat transfer. 
 The heat sink is the workhorse for effec-
tive thermal management (Figure 1). How-
ever, conductive plastic holds considerable 
promise as a viable heat-dissipating source. 
It may be some time before the auto industry 
adopts it because, currently, it is prohibitive 
in terms of low-cost applications.
 The more efficient heat sinks provide 
greater capacity to spread the heat out. The 
higher the thermal conductivity means higher 
rate of heat transfer. Therefore, if a heat sink 
with lower thermal conductivity is selected, it 
won’t dissipate as much heat compared to one 
with a higher thermal conductivity.
 Heat sinks are made of extremely high 
thermally conductive materials like alu-
minum and copper. When a PCB designer/
engineer opts for a heat sink with fins, it 
helps to increase heat dissipation into the 
ambient atmosphere. Also, an important 
aspect to factor in a design is to over specify 
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a heat sink by at least 15 to 20 percent. This 
buffer prevents problems that may occur 
due to exposure to extremely hot conditions, 
mil/aero applications, rugged environments, 
or because of thermal mismanagement at the 
design stage. 
 Special emphasis is placed on the interface 
between heat sink and associated compo-
nent, or to the PCB itself, because it is crit-
ical for effective thermal transfer. Normally, 
thermally conductive aluminum filled epoxy 
is used for bonding the heat sink fins to the 
component or to the board. It’s important 

that the right kind of alloy or substrate is 
used for attaching those heat sinks for effec-
tive heat transfer. 
 That requires considerable calculations 
and the right amount of aluminum or 
copper content within the epoxy and alloy 
substrate. The substrate material connects 
the heat sink to its associated component. 
For instance, as shown in Figure 2, a ther-
mally conductive grease is used with ICs for 
its heat dissipation. 
 Thermal or conductive vias are designed 
in to move the heat from the PCB’s com-

ponent side to its solder side and then effi-
ciently distribute it. In this instance, more 
than 50 thermal vias should be used each 
with 0.3 to 0.5mm diameters on the copper 
pad area connecting the upper and lower 
copper pad.   
 An astute PCB layout engineer also care-
fully considers thieving and metal-core (MC) 
boards as other ways to design in thermal 
management. Thieving is a process used to 
distribute copper on a board to improve the 
etching process. But it also increases thermal 
dissipation because now there is more copper 
area. So, now the expanded copper area can 
dissipate the heat from the main section or 
heat sources into the air using those extra, 
yet non-functional copper pads. 
 As for the MC PCB, a base metal material 
is used here as a heat distributor and is an 
integral part of the circuit board, as shown 
in Figure 3. A single layer MC PCB provides 
a highly thermally conductive base material 
for spreading heat.

Dissipating Heat  
at Fabrication
More touches are applied at fabrication to 
dissipate heat. Using conventional FR-4 sur-
face finish along with thermal vias is gener-
ally accepted for LED PCB heat dissipation. 
However, the automaker and its suppliers 
also have the option of designating such fin-
ishes as Entec, without solder mask, which 
is normally exposed copper without the use 
of a solder mask. This finish provides a suffi-
cient amount of surface area to dissipate heat 
into the ambient. 
 Aside from copper thieving and ground 
pour, another technique is to create small 
islands of exposed copper on the board, 
again without a solder mask, and use them 
as a heat sink. In some automotive LED 
applications, this may not apply if board 
circuitry is highly complex with a consider-
able number of traces. But in other cases, it 
is practical. 
 Carbon composite material designed for a 
PCB’s ground planes is another solution to 
heat dissipation. Its objective is to improve 

Fig 1 Heat sink being installed on the PCB before it is tested

Fig 2 Thermally conductive grease is applied on the PCB before LEDs are installed 
Fig 3 Metal core PCB for LED 
applications



in-plane thermal conductivity with its 3 to 
6 parts per million per degree centigrade 
(ppm/°C) coefficient of thermal expansion 
(CTE). It compares favorably to traditional 
epoxy-glass and polyimide-glass-based mate-
rials with in-plane CTEs ranging from 15 to 
20 ppm/°C.
 This material acts as a built-in heat 
spreader and moves heat away from a hot 
spot to colder areas of the PCB. Since it is 
located close to the PCB’s surfaces, there is 
a short thermal path from the heat source to 
this material. The material then enables heat 
to move from the heat source to the nearest 
carbon composite layer and from there to the 
chassis via mounting holes or wedge locks. 

Taking a Close Look  
at LED Assembly
LED manufacturing, meaning making the 
devices themselves, is not a 100 percent per-
fect process. LEDs may have a wide spec-
trum of different variations and shades of 
brightness. Specifically, each LED is tested 
for luminous intensity, luminous flux, for-
ward voltage, dominant wavelength and 
chromaticity, for example. After assembly, 
LEDs are placed into pre-designation bins, 
called binning, and shipped to OEMs or 
CMs. In some instances, mistakes occur and 
LED bins arrive with mis-matched LEDs. 
That’s why an experienced CM includes the 
capability to catch and correct the mistake 

in time to avoid the costly errors and OEM 
downtime. 
 During LED board handling, inspection, 
and test, the assembler must ensure all general 
manufacturing techniques are applied. But, 
one further step is critical and that is to make 
certain unnecessary stresses are not applied to 
an LED package. For example, during LED 
PCB handling, it’s important for the board 
to be sufficiently cooled down to room tem-
perature before exerting mechanical or vibra-
tion pressures, such as reworking/re-aligning 
LEDs. Otherwise, chances are it’ll break and 
require replacement. 
 Also, at re-work, as a general rule, an LED 
shouldn’t be used multiple times because of 
probable damage during re-solder. When 
clamping it during soldering, the LED 
shouldn’t be subjected to mechanical stress 
and when picking up or depositing an 
LED on a PCB, it should be performed in 
a careful, smooth fashion with no external 
forces applied. 
 At the end of the assembly process, an 
LED check test, Figure 4, should be applied 
to each PCB to ensure all necessary assembly 
steps have been correctly performed.  Elec-
trical tests designed to screen out DFT 
failures should be performed only at final 
inspection, not at the initial stage or in the 
middle of the process. Electrical testing is 
performed once the LED PCB has been sol-
dered and cooled down at the regular tem-
perature. If performed at earlier stages, the 
assembler won’t know how many more heat 
cycles the LED board undergoes. Hence, 
testing will not be meaningful or valid. 
 Lastly, in terms of mapping, the CM 
should be well versed in accurately reading 
complex LED mapping diagrams, Figure 5. 
LED manufacturers have CMs select dif-
ferent bin code LEDs from a pre-defined 
map. CMs must be experts at reading those 
maps. These procedures demand detail-
oriented skills because technicians may be 
taking an LED from one reel, tape, or bin; 
another from a different set; and a third 
from a totally different set. That high level of 
skill set is crucial so that trained technicians 
can properly place those LEDs on reliability 
boards, which then undergo an enormous 
amount of different testing, failure analysis, 
and temperature and vibration cycling. n
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Fig 4 Testing LEDs involves testing each LED one at a time to ensure it lights up

Fig 5 Technician installing LEDs on the PCB according to the LED map provided
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