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Abstract: Design reliable and safe LED (light emitting diode) lighting equipment for potentially explosive atmospheres should require
knowledge about the possible failure modes of LED sources. Nowadays, LED technology potential is not adequately considered by
IECEx (International Electrotechnical Commission system for certification to standards relating to equipment for use in explosive
atmospheres) yet. Standards only consider LEDs adequate for Zone 1 when luminary is realized by the Ex-d protection strategy, or if a
big limitation in terms of power is guarantee, for Ex-i mode. In particular, Ex-d LED luminaries are obtained by using heavy, thick and
expensive flameproof enclosures, entrusting safety only to the mechanical strength of the case. Luminous efficiency’s also reduced
since the glass used is very thick (10% reduction of approximately every 10 mm of thickness of the glass). The paper shows a study
about different possible causes of LED failure and their implication with explosive atmospheres, investigating whether LED
technology can be used safely with other safety strategy like Ex-e, which can guarantee better performance and less cost.
Key word: Luminaries, power LED, failure modes, Ex, ATEX (ATmosphères ed EXplosibles), IECEx, luminous efficiency, thermal
dissipation.

1. Introduction
In the world of industry, LED (light emitting diode)
technology stands today, thanks to its characteristics,
better than regular light sources. The key of LED’s
success is to be found in two basilar benefits that can
offset their still high cost [1]:
 low power consumption, that allows both
electrical energy saving and installation of lower
protection and small section cables;
 high number of operating hours, that permits save
on the hourly cost of the LED lamp and on
maintenance costs.
Particular industrial sectors like petrochemicals or
mining, need special electrical equipment due to
potential explosive atmospheres present here. An
explosion is allowed by contemporary presence of
Corresponding author: Roberto Sebastiano Faranda, Ph.D.,
associate professor, research fields: power electronics, power
system harmonics, power quality, power system analysis, smart
grids, Ex environment and distributed generation. E-mail:
roberto.faranda@polimi.it.

three elements: fuel, combustive agent (oxygen) and an
ignition source. These are represented by the explosion
triangle of Fig. 1.
The explosion cannot occur if even just one of these
three elements is not present. Therefore, different
modes of protection can be implemented, depending on
the type of load to be protected. They’re based on three
different principles, which act differently on the three
elements of the triangle: containment, prevention and
segregation.
In the containment method, the parts that can cause
ignition are included in a box made to withstand the
pressure of the explosion, preventing the spread of
flame.
In the prevention method, necessary measures are
taken to avoid excessive temperatures and creation of
sparks, thus eliminating the ignition source.
In the segregation method, active components are
separated from explosive mixture using resins, sand,
oil, preventing any contact with oxygen and fuel.
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Fig. 1 The explosion triangle.

The modes of protection born from these three
different principles.
LED behavior in fault condition is not yet fully
known, so this technology is already installed in these
system but with huge limitation. Today IECEx
(International Electrotechnical Commission system for
certification to standards relating to equipment for use
in explosive atmospheres) consider two main protection
strategies for LED lighting fixtures for Zone 1 defined
Ex-d 1 (containment principle, is adopted the same
protection strategy designed for traditional light sources
(Fig. 2)) and Ex-i2 (with a big limitation in terms of
voltage and installed power, prevention principle (Fig. 3)),
at the moment, except the standard on LED for normal
use, there are no other reference about it. For example,
taking into consideration the IEC60079-7 (Ex-e3 mode
of protection, prevention principle) LEDs are not
considered, even if this protection strategy can be very
useful for LEDs (Fig. 4).

Therefore, the majority of LED lighting systems for
explosive atmospheres are realized using Ex-d strategy
but luminaries Ex-e can guarantee considerable
advantages in comparison to the same Ex-d ones [2], as:
 economic advantages: the box have not to contain
the explosion, so the thickness of Ex-e device is lower
than Ex-d device (about 1:10), and in the same way, the
cost of material;
 luminous efficiency: Ex-e use less thick glasses
than Ex-d and it permit higher optical performance at
the same installed power;
 installation: Ex-e devices installed at different
heights guarantee an easier and safer installation than
heavy equipment Ex-d.

Fig. 2 Example of Ex-d LED luminaries.

Fig. 3 Example of Ex-i LED luminaries.

1

In Ex-d, parts which can ignite a potentially explosive
atmosphere are surrounded by an enclosure which withstands
the pressure of an explosive mixture exploding inside the
enclosure itself, and prevents the transmission of the explosion
to the external atmosphere surrounding the enclosure.
2
In Ex-I, additional measures are applied to the electrical
equipment to increase the level of safety, thus low voltage and
low current and then maintaining the energy level in electrical
circuits in the flammable atmosphere below a level that could
cause ignition.
3
In Ex-e, additional measures are applied to the electrical
equipment to increase the level of safety, thus preventing
excessive temperature development and the occurrence of
sparks or electric arcs within the enclosure or on exposed parts
of electrical apparatus, where such ignition sources should not
occur in normal service.
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Fig. 4 Example of hypothetical Ex-e LED luminaries.
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Apparently, LED technology offers great
mechanical strength and stability. Goal of this paper is
to analyze the possibility of using LEDs in Ex-e
luminaries in every restricted area, included Zone 1. To
do so, it will be study the behavior of LEDs in case of
failure, not for confirm reliability and durability of
LED sources, but rather to ascertain the possible causes
of failures, that could be the ignition source of an
explosive atmosphere.

2. Led Technology
LED is a special type of diode that emits
electromagnetic radiation in UV, infrared or visible
spectrum range when is transited by continuous electric
current, based on the principle of electroluminescence.
Like a regular diode, this is a one-way device equipped
with electric terminals called anode (positive) and
cathode (negative). The core of the device, called chip,
is a p-n solder joint, or a crystal consisting of two
peripheral areas made up from the same
semiconducting material doped differently.
The solder joint is made of materials such as GaAs
(gallium arsenide), GaP (gallium phosphide), InP
(Indium phosphide), GaN (gallium nitride) or alloys
such as AlGaAs, AlGaP, GaAsP, GaAsInP, AlInGaP
or AlInGaN. Based on the material used, it is possible
to obtain various colors for the light emitted (Fig. 5),
different current-photons conversion performance and
also different production costs [1, 3].
There are various types of LEDs with different
structures and features, below are described the four
types that are currently present on the market.

single device. Their main feature consists in the
contacts (anode and cathode) made up of metal wires
that upon installation are inserted into the printed
circuit slots and welded. These LEDs have the chip
welded and electrically connected to a metallic
reflective net that continues the metallic filament that
makes up the cathode. The chip is connected to the
anode by means of a narrow gold wire. The structure is
enclosed in an epoxidic plastic resin. The LEDs can
have various colors, depending on the chips used (with
different anodes) within the same case. Therefore,
there are LEDs with capsule lamps that feature three or
four terminals (Fig. 6) [3].
2.2 LED SMD or SMT
The LEDs SMD (surface mounted device) or SMT
(surface mounted technology) have been developed
directly from the THT LEDs. In this technology, the
electrical connection terminals are placed to the side of
the case and are made up of small metallic plates. The

Fig. 5 Electromagnetic emission spectrum of LEDs.

2.1 LED THT
The LEDs with THT (through hole technology) were
the first manufactured on a commercial level at the end
of the 60 s. These are the classic LEDs with capsule
lamp, with diameters ranging from 3 mm to 5 mm that
were usually used as pilot lights or infrared signals
(remote controls, data transmitters) and, sometimes, for
lighting, but with a relatively reduced power for a

Fig. 6 LED THT.
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SMD LED is welded directly to the surface of a printed
circuit without drilling the latter. Welds are much
smaller and are made directly by means of special
machines on the same side on which the LED is placed.
In Fig. 7, is shown an enlarged picture of this type of
LED.
The device has small sizes, reduced at millimetric
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Fig. 7 LED SMD.

scale and is built by installing a chip into a low,
square plastic case. The printed circuit used is much
narrow than usual and in some cases is designed, so
that it acts as a heat sink, being put into contact with the
device.
The small sizes enable the SMD LED to be used in
various applications such as TV monitors or indicator
lights. The miniaturization enables inserting several
chips inside the same case. Compared to THT LED,
this type of LED enables heat dispersion for greater
duration.
2.3 Power LED
The high luminous efficacy LEDs, also called Power
LED (Fig. 8), can emit significantly greater luminous
flux compared to previous models. This feature makes
them suitable for industrial, public and private lighting.
Inside the plastic or ceramic, case is installed one or
more chips with sizes usually greater than normal sizes.
The system is enclosed in a transparent dome made in
silicon material and often surmounted by additional
optical unit that focuses the light and protects the LED.
The device contacts protrude sideways and, actually,
the Power LED uses the latest SMD technology. The
particular feature consists of the need to use a heat sink
suitably dimensioned according to the power of the
device, to keep the temperature of the LED below the
limits set for the optimal operation of the device [3].
The Power LED is designed so that the metal base
comes into contact with the chip, but, however,
electrically isolated to lower the thermal resistance of
the device and facilitate heat conveyance to the heat
sink. In the case of moderate powers, this metal base is
sufficient to act as a heat sink.

Fig. 8 Power LED installed on PCB (printed circuit board)
star.

Many manufacturers included the use of printed
circuit boards tailored for each Power LED device to
optimize cooling, operation and installation. Thermal
management is so important that some studies provide
the use of alternative methods like cooling fluid or use
of hemispherical lens, that can guarantee better heat
dissipation [4-6].
2.4 Power LED Flip Chip
The connection technology for wireless micro
electronic devices appeared at the end of the 60 s, but it
was implemented in Power LED applications only in
the last years. By using this system, also called “flip
chip”, the core of the semiconducting material that
makes up the p-n solder joint does not require gold
filament (or filaments) for the electrical connection.
The chip is connected “reversely”, therefore, the contacts
of the epitaxial layers of the connection are both at the
base of the chip and are welded directly to the anode and
cathode located at the base of the case (Fig. 9) [7-9].
This technology boasts some benefits in terms of
strength and performance. The structure provides
LEDs resistance to vibrations and shocks five times
greater compared to conventional devices. This
translates into greater duration of the LED. Thermal
dissipation is more efficient, approximately by 25%.
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Fig. 9 LED flip chip scheme.

In Fig. 10, is shown a real picture of a LED flip chip,
where you can see that, the gold wire is absent and
the reversed position of cathode and anode. The
structure of this LED is of ceramic type, which enables
a better management of the heat developed by the chip
itself.
The light in Power LED flip chip is emitted directly
on the top layer of the chip [4].
Actually, reduced operating temperatures enable
greater luminous efficacy. The absence of filaments
enables a better light output because there are no
shadows generated by the filaments [10].

3. Cause of Led Failure
LED and Power LED devices are very robust and
reliable, especially when compared with normal light
sources. Nevertheless, they are not free from faults or
defects more or less serious, albeit increasingly rare
and improbable compared to other types of lighting
devices. The possible faults concern the outer case and
internal components. The fault can be caused by
extremely high current values or an excessive thermal
stress or a stress of mechanical type. The main effects

are a decrease in the luminous efficacy of the device
and, in rare cases, complete rupture of the LED [11-13].
Below are examined all the possible causes of failure
divided into the following two different families:
(1) failures on LED case:
 epoxy or silicon resin degradation;
 mechanical stress caused by deformation of the
involucres;
 phosphor degradation.
(2) semiconductor and LED’s metallic parts failures:
 nucleation and dislocation;
 electromigration;
 glass passivation;
 current crowding;
 ESD (electrostatic discharge);
 EOS (electrical overstress);
 reverse polarization;
 moisture and popcorn effect.
3.1 Failures on LED Case
3.1.1 Epoxy or Silicon Resin Degradation
The LED chip is protected by a transparent coating
in epoxy or silicone plastic material. In the case of
epoxy resin, this can turn yellow if subjected to
excessive thermal stress and/or UV rays. The
degradation of the material, known as “yellowing”,
leads mainly to a decrease in luminous efficacy of the
device because certain wavelengths are absorbed by
the resin (especially the short waves).
Use of silicon resin reduces these risks. But silicon
resin also can be subjected to yellowing degradation by
the absorption of chemically incompatible VOC
(volatile organic compounds) combined to heat and
high photonic energy (Fig. 11).

Fig. 10 Power LED flip chip (TVS: transient voltage suppressor).
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(a)
(b)
Fig. 11 (a) Silicon resin (new) degrade and turns yellow
after (b) VOC exposition (after 100 h), decreasing luminous
efficacy.
Fig. 13 Damaged casing due to excessive force applied on
it.

Fig. 12 LED can be cleaned out gassing VOC (2: after 24 h;
3: after 48 h; 4: after 72 h).

VOCs may be present in the atmosphere or in some
components used for the luminaries, like O-rings.
However, yellowing effect is reversible by outgassing
the VOC, exposing LED in clean atmosphere (Fig. 12).
VOC issues are reduced using secondary lens
assemblies, proper materials (producers provide lists of
compatible materials) and venting of the enclosure [14].
3.1.2 Mechanical Stress Caused by Deformation of
the Involucres
The epoxy resin is a thermo-structured material
which, when subjected to excessive heat that exceeds
glass transition temperature, it quickly begins to
expand, tending to convert into liquid state (typical
pattern of an amorphous material). Incorrect
application of additional optics or heating-cooling
cycles can also damage the case (Fig. 13).
In the case of deformation and increase in volume, a
mechanical stress, more or less intense, is applied to the
internal parts of the device (lead wires, chips). In
particular, the gold filament can deform until it breaks,
causing an open circuit situation (Fig. 14).
This situation can become dangerous in the rare case
where the outer casing breaks and cracks exposing the
gold filament to the external environment [15]. In the
case, where the wire is broken and the voltage and
current are suitable, a spark may be generated between
the two ends of the wire.

Fig. 14 X-ray inspection point out the wire’s break.

Fig. 15 Examples of accelerated aging tests on phosphor
layers with application of high temperatures.

3.1.3 Phosphor Degradation
Temperature is a factor that affects not only the epoxy
casing, but also the phosphors used in the Power LED
to generate white light. Phosphors tend to degrade
naturally and slowly over time, but, however, excessive
temperature values may speed up the process,
depending on the type and quality of phosphors used to
manufacture the LED. Fig. 15 shows an example of
accelerated aging test, where is clear the phosphor
degradation.
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3.2 Semiconductor and LED’s Metallic Parts Failures
3.2.1 Nucleation and Dislocation
If we consider the problems related to
semiconductor, the first characteristic phenomena
related to a semiconducting material are nucleation and
dislocation. Nucleation is one of the mechanisms
through which a substance is crystallized. By this
phenomenon, the number of crystals within a
crystalline solid increases due to the aggregation of
several particles. Dislocation is rather a defect in the
crystal structure, since the regular structure of a crystal
is not observed, but gradients are created within the
crystal lattice itself. These two phenomena are
highlighted by the heat and the increase in current
density and require a pre-existing flaw in the molecular
structure. Dislocation and nucleation lead to
deteriorations that result in modifications more or less
important in the operation and efficacy of the solder
joint. Dislocations can create nano-holes which allow
direct current passage in p-n junction without photon
emission, decreasing efficiency (Fig. 16).
3.2.2 Electromigration
Electromigration consists in a transport of metal
atoms, which are moved from their natural position,
driven by the gradual motion of ions. Electromigration
is caused by particularly high values of current density
or excessive voltages and leads to the creation of
defects in the joint. When these phenomena increase,
the luminous efficacy of the device decreases, thus
reducing the reliability of the LED as well. Working on
wires, it could create open circuit (removing material)
or short circuit (pile up material) (Fig. 17). Into LED
capsule, wires are submerged in silicon resin and a
short here is impossible. Attention should be placed
outside over the electrodes. Good supply, insulation
and distance between electrical part prevent damages.
3.2.3 Glass Passivation
Some LED chips are processed through chemical
processes with the aim to protect the edges of the solder
joint, assuming a shape called “mesa” (from the Spanish
“plateau”) (Fig. 18). These structures are subjected to

Fig. 16 Dislocation scheme and the resulting nano-hole at
electronic microscopic inspection.

(a)
(b)
Fig. 17 Electromigration can cause (a) open circuit or (b)
short circuit.

Fig. 18 Magnification of mesa sidewall.

high leakage currents, and it is required, therefore, to
proceed with the passivation of the material. If the
passivation process is not performed correctly, the
LED is likely to present small leakage currents and,
therefore, reduced luminous efficacy, similarly to what
happens in the case of microtubes generated by
dislocations.
3.2.4 Current Crowding
The phenomenon known as “current crowding”
consists of a densification of current in localized points
of the LED. Different resistance values of chip’s layers
cause the current to be no uniform and amass near the
edge of the contacts. In fact, the defects are present
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especially next to the metal contacts, like in Fig. 19,
due to incorrect welding, or inside the p-n joint due to
pre-existing inconsistencies of the material itself. The
different distribution of the current results in peak
currents expressed in mA and creates hot spots which
decrease the luminous efficacy of the LED [16].
3.2.5 ESD
When handled, the LEDs are subjected to
electrostatic discharges, like all normal microelectronic
devices. In general, a reverse biased ESD pulse can
damage catastrophically the LED, instead a direct
biased pulse will pass, generally, without damage [17].
This peak generates very high localized heating in the
layers of the solder joint that damage it and lead to
deviations of the normal optical-electric parameters of
the device. In the worst cases, the chip may perforate,
creating an open circuit or even short circuits (Fig. 20);
if the heat generated melts the chip until it creates a
metallic contact [18].
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3.2.6 EOS
Excess voltages or currents may also result from
incorrect supply voltage of the LED device or failure of
the power supply. Particularly intense over-current
lasting from 100 ns to 1 ms during LED operation is
likely to heat up the device excessively, compromising
its structure. Once the gold, very thin, conducting
filament has reached a certain temperature, it burns and
at last it melts, opening the electrical circuit (Fig. 21).
Near components like phosphor or silicon resin can be
damaged [19].
Electric stress can degrades the performance of the
LEDs even more than an external thermal stress,
because the temperature rises suddenly [17, 20].
3.2.7 Reverse Polarization
Any LED, like any regular diode, consists of a p-n
solder joint and cannot be subjected to excessive
reverse voltage. Depending on the type and design
features of every LED, the manufacturer provides the
limits that, if not complied with, lead to joint
breakdown. In Fig. 22, is shown an indicative
voltage-current graph of a normal diode, corresponding
to that of LED.

Fig. 19 Magnification of hot spots caused by current
crowding.
Fig. 21 EOS effects on LED chip and wire bonds.

Fig. 20 Chip’s perforation caused by ESD.

Fig. 22 Diode’s voltage-current graph. Diodes and LEDs
can tolerate reverse voltage and current until breakdown
limit.
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Fig. 23 Craccks due to popccorn effect.

3.2.8 Moiisture and Poppcorn Effect
During manufacturing
m
g, if heat is applied
a
sudddenly
and unexpecctedly to the printed circuit, the moissture
accumulatedd inside the circuit
c
may evaporate
e
aroound
100 °C. Trannsition to gasseous state im
mplies an incrrease
in volume annd if the gas does
d
not find a vent, the cirrcuit
is inflated unntil failure (thhis is why it iss called “popccorn
effect”) (Figg. 23).
3.3 Conclusiion of the Failures Analyssis
So far, wee have analyzzed all the posssible failuress for
the LEDs cuurrently availlable on the market.
m
We shall
s
further clarify the situation of failure and the posssible
consequencees on differeent types of LEDs, descrribed
above. In Taable 1 are giiven, in the columns,
c
the four
different typpes of LEDs, and in the rows
r
the posssible
faults (with reference to the
t previous sections).
s
In Table 1, for each type
t
of LED
D, is reportedd the
relative failuure defining the
t possible consequence
c
w
with
the followinng letters:
d → degraadation;
oc → opeen circuit;
sc → shorrt circuit;
x → nonee.
Accordingg to the consttructive charaacteristics of each
e
LED’s fam
mily, after the degraddation of their
t
performancee, could happeen an open circuit conditioon or
a short circcuit conditionn. For flip chip LED, is not
possible to have
h
open circcuit conditionn, because theere is
no gold filam
ment.
Only opeen circuit condition
c
is representedd by

oisture and popcorn efffect” failuree, but it iss
“mo
imp
putable to PC
CB and not to LED and only duringg
man
nufacturing.
The
T
short circuit
c
condiition can happen
h
withh
partticularly intennse electrostaatic discharge, dependingg
also
o on the sizee and strengthh of the speccific LED. A
short circuit maay also occur if metallic filaments
f
aree
creaated from SM
MD LEDs mettallic paste, and
a come intoo
con
ntact with otheer metal partss. Not to be confused withh
“miicroscopic” short
s
circuitss that consisst in leakagee
currrents that onlyy reduce the eefficacy of th
he LED in thee
casee of dislocatioon and insuffficient glass passivation.
p
The
T most sevvere fault connditions to be
b taken intoo
account, espeecially in potentially explosivee
env
vironments, arre those that create an open circuit. Inn
factt, the degradation conditions lead excclusively to a
redu
uction in LED efficacyy, but not to
t hazardouss
exp
plosion triggeering conditioons and the short
s
circuitss
can
n be preventeed by using simple fusess that can bee
alreeady integrateed into the Poower LED.
Considering
C
a similar probbability of faiilure, the flipp
chip
p LED presennts a lesser nuumber of open
n/short circuitt
con
nditions, and,, therefore, ppossible trigg
ger of minorr
sparrks or/and hiigh temperatuure. These co
onditions cann
only
y occur for faailures B.5, B
B.6 and B.7.
Unlike
U
the othher three typpes of LEDs, the flip chipp
LED
D is mainly degraded in terms of optiical efficacy,,
thiss is mainly duue to the totaal absence off the internall
gold
d filament which
w
ensurees intrinsic safety
s
of thee
dev
vice.
Tab
ble 1
A.1
1
A.2
2
A.3
3
B.1
1
B.2
2
B.3
3
B.4
4
B.5
5
B.6
6
B.7
7
B.8
8

Consequ
uences of LED
D failure.
LED THT
T
d
oc
x
d
oc
d
d
oc-sc
oc-sc
oc-sc
x

LED SMD
d
oc
x
d
oc
d
d
oc-sc
oc-sc
oc-sc
oc

Power LED
d
oc
d
d
oc
d
d
oc-sc
oc-sc
oc-sc
oc

FLIP CHIP
d
x
d
d
d
d
d
sc
d-sc
sc
oc
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4. Conclusions
LED technology still demonstrates its goodness in
terms of quality, stability and reliability [21, 22]. High
security is offered by intrinsic structure including low
current and voltage values needed to supply.
Most of failures refer to atomic structure problems of
materials used and manufacturing. In addition, these
are failures that not affect safety of device but only its
efficiency. Annoying problem could be the yellowing
caused by VOC. Moisture present in industrial
atmospheres could contain for example hydrocarbons
that can discolor the resin. Also in this case, only
luminous efficacy is decreased, not safety, but it is “on
field” problem and not of manufacturing. To reduce the
issue, is sufficient using proper materials and guarantee
good ventilation inside the luminaries. However, cases
are provided with gaskets and external vapor and
dust could not enter inside the enclosure in normal
condition.
Real problems could arise at electrical and thermal
level. The possibility of arcs and sparks is already
unlikely, but into the LED, a spark could appear only if
the wire is exposed after package cracking. However,
other electric arcs can start out of LED, at the contact
and drive level. Good insulation and implementation of
small and cheap electronic devices, protect the LED
from over current and overvoltage coming from supply,
or even by electrostatic discharge, ensuring the absence
of sparks. Focusing on LED, this hazard can also be
prevented using Power LED with “flip chip”
technology in which the internal filament (gold wire) is
absent. This type of Power LED is extremely solid
and strong, and also improve thermal dissipation.
Therefore, it could be useful to build smaller
enclosures with less expensive cooling systems. This
allows the “flip chip” Power LEDs to be efficiently
used, together with other protective devices such as
fuses, for Ex-e equipment, that should not generate
electric arcs or sparks.
The problem of reliability, and then the lifetime, was
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not analyzed because it is not the goal of this paper, but
it is very important to take in consideration [23, 24].
Give an exact value of failure rate for every failure is
difficult because every LED or LED system is different,
how different is the atmosphere in which they are
exposed.
It is necessary to point out the different definition
adopted for lifetime for devices used in ordinary
location and in hazardous location. In the first case,
producers often use, for the sake of simplicity, only
lumen maintenance to define LED (or LED system)
lifetime, which also reaches one hundred thousand
hours [25, 26]. Instead for hazardous location, it would
be better to analyze the problem in a more
comprehensive way, combining lumen maintenance
with probability of principal failures. Some LED
manufacturers do that on their LED or LED arrays,
using data from different stress tests and applying
statistical methods. The probability of failures, if
the manufacturer’s instructions are followed, is very
low and that confirms the quality of LEDs. A life cycle
also superior to 50-60,000 h can generally be
guaranteed.
The problem of reliability is very complex when a
hazardous location is occurred, because from the
reliability depends, the possibility to use or not the
LED in Ex zone. The standards Ex do not talk about
this problems and there are no information in
bibliography (the stress tests made by LED producers
are not designed for heavy conditions of Ex areas and
they are not made on complete luminaries). To
evaluate the reliability of the LED technology in order
to determine the safety integrity through knowledge
of LED failure rates and failure modes could be
possible to adopt the instruments required in assessing
SIL (Safety Integrity Level) for equipment according
to the IEC/EN61508, which has already been adopted
for a number of equipment, components and
sub-systems used in the functional safety field. It is
well known that, some devices can be used as active
control of dangerous sources, with a real and expected
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level of reliability, if they have been qualified
according to the IEC/EN61508. Further proof of what
expressed above is the ATEX (ATmosphères ed
EXplosibles)
European
harmonized
standard
EN50495:2010, which defines the integrity level of the
functional safety of active control systems and
compares it with the level of fault tolerance of the
equipment under control.

[10]

[11]

References
[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

Roberto, F., and Kim, F. 2007. “Vantaggi Economici
Derivanti Dall’uso dei LED per Segnalatori
Antinebbia—Economical Advantages from the Use of
LED Fog Segnalization.” Rivista LUCE 1: 62-9.
Roberto, F., Kim, F., and Lorenzo, F. 2014. “Analysis of
Possible LED Failure Mode.” PCIC (Petroleum &
Chemical Industry Committee) Europe Amsterdam.
Bisegna, F., Gugliermetti, F., Barbalace, M., and Monti,
L. 2010. Stato Dell’arte dei LED (Light Emitting
Diodes). Ricerca di Sistema Elettrico per il Ministero
Dello Sviluppo Economico, Report RdS/2010/238,
Università di Roma La Sapienza—LEDs State of the Art
(Light Emitting Diodes). Electric System Research for
Ministero Dello Sviluppo Economico, report
RdS/2010/238, University of Rome, La Sapienza.
Faranda, R., Guzzetti, S., Lazaroiu, C., and Leva, S.
2011. “LEDs Lighting: Two Case Studies.” UPB
Scientific Bulletin, Series C: Electrical Engineering 73
(1): 199-210.
Faranda, R., Guzzetti, S., Lazaroiu, C., and Leva, S.
2012. “Refrigerating Liquid Prototype for LED’s
Thermal Management.” Elsevier Applied Thermal
Engineering 48 (December): 155-63.
Yi-Cheng, H., Yu-Kuan, L., Ming-Hung, C., Chun-Chin,
T., Jao-Hwa, K., Sheng-Bang, H., Hung-Lieh, H., Yeh-I,
S., and Wood-Hi, C. 2008. “Failure Mechanism
Associated with Lens Shape of High-Power LED
Modules in Aging Test.” IEEE Transaction on Electron
Devices 55 (2): 689-94.
Palomar. 2012. “Palomar Technologies Develops
Wire-Bond-Free Direct Attach for LEDs.” PR Newswire
IReach, February 1, Accessed February 1, 2012.
http://s.tt/1uc8H.
Zhimin, J. Y. 2011. High voltage wire bond free LEDs.
Patent Application Publication, Pub. No. US
2011/0,084,294 A1, filed April 14, 2011, and issued
September 17, 2013.
Batres, M., Chitnis, A., Ibbetson, J., Keller, B., and
Medendorp, N. W. J. 2009. Wire bond free wafer level

[12]

[13]

[14]
[15]

[16]

[17]

[18]

[19]
[20]

[21]

[22]

LED. Patent Pub. No. WO/2009/064,330, filed May 22,
2009, and issued May 14, 2009. Accessed May 22,
2009.
http://patentscope.wipo.int/search/en/WO2009064330.
Christoph, H. 2013. “Flip Chip LED is Brighter and
Cooler than Conventional LEDs.” EE Times Europe,
June
13.
Accessed
June
13,
2013.
http://www.electronics-eetimes.com.
Bluehost. 2012. “Cause of LED Failure Analysis of the
Important Factors.” Accessed September 10, 2015.
Bluehost.
http://www.ledlightsmarket.com/faq_info.html?faqs_id
=99.
Lewotsky, K. 2011. “Understanding and Preventing
LED Failure.” Digi-Key. Accessed November 22, 2011.
http://www.digikey.com/us/en/techzone/lighting/resour
ces/articles/Understanding-and-Preventing-LED-Failur
e.html.
LEPU Lighting. 2011. “Analysis of the Impact of
Temperature on the LED.” LEPU Lighting. Accessed
June
15,
2011.
http://cnepworld.com/analysis-of-the-impact-of-temper
ature-on-the-led/.
CREE. 2013. “Cree XLamp LEDs Chemical
Compatibility.” Support Document CLD-AP63.
Lumileds.
2015. “LUXEON Rebel Thermal
Measurement Guidelines.” Application Brief AB33,
Philips Lumileds.
Guo, X., and Schubert, E. F. 2001. “Current Crowding
in GaN/InGaN Light Emitting Diodes on Insulating
Substrates.” Journal of Applied Phisics 90 (8): 4191.
doi:10.1063/1.1403665.
Guoguang, L., Shaohua, Y., and Yun, H. 2009.
“Analysis on Failure Modes and Mechanisms of LED.”
Reliability, Maintainability and Safety, ICRMS.
Mouser Electronics. 2011. “Overcurrent Protection for
High-Power LEDs.” Mouser Electronics. Accessed
August
03,
2011.
http://modulatedlight.org/optical_comms/led_protection
.html.
Cree, Inc. 2009. “Cree XLamp LED Electrical
Overstress.” Application Note CLD-AP29.000.
Arnold, J. 2009. “White Paper—When the Lights Go
Out: LED Failure Modes and Mechanisms.” DfR
Solutions.
Accessed
September
10,
2015.
http://www.DfRSolutions.com.
Zhaohui, C., Qin, Z., Kai, W., Xiaobing, L., and Sheng,
L. 2011. “Reliability Test and Failure Analysis of High
Power LED Packages.” IOP Science Journal of
Semiconductors 32 (1): (014007-1)-(014007-4).
van Driell, W. D., Yuan, C. A., Koh, S., and Zhangl, G.
Q. 2011. “LED System Reliability.” In Proceedings of

LED Failure Modes Implications in Ex-e Applications
the 12th. Int. Conf. on Thermal, Mechanical and
Multiphysics Simulation and Experiments in
Microelectronics and Microsystems (EuroSimE),
1/5-5/5.
[23] Lumileds. 2011. “Understanding Power LED Lifetime
Analysis.” Philips Technology White Paper.

997

[24] Li, X. P., Chen, L., and Chen, M. 2011. “An Approach
of LED Lamp System Lifetime Prediction.” IEEE.
[25] Osram. 2013. “Reliability and Lifetime of LEDs.”
Osram Application Note.
[26] Lumileds. 2012. “Evaluating the Lifetime Behavior of
LED Systems.” Philips White Paper WP 15.

