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Abstract
This paper Expounds one of the first studies on the destruction of alternative lamps based on white GaN light emitting diodes.
The results indicate that the life span of LED lamps instead of the destruction of LED chips depends essentially on the durability
of the drive and the optical components, which has a constant output over time. By comparing the lamps produced by four
different manufacturers at room temperature and high temperature, we found that (1) long-term placement can change the
chromaticity (color) of the lamps Which is attributed to the degradation of phosphorus or central LED reflector; (2) during a
period of wear, the LED drive may degrade or decrease dramatically; or (iii) properly managing the output power; Thermal and
heat dispersion reduce the degradation factor; (4) spectral transfer capability measurements and visual inspection indicate the
destruction of diffuse optical components due to the short wavelength of the LED emission spectrum.
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have between 765 and 810 lumens and have a correlated
color temperature of 2700-3000 Kelvin. The actual
pressure of the temperature is variable due to the
different strategies of heat dissipation and the stimulus
used by the manufacturers, and the average temperature
of the HT lamps is 15 degrees Celsius higher than the
RT lamp. Table 1 shows the comparison between the
average temperatures in different areas of the lamp for
each manufacturer and the test temperature (room
temperature or high temperature). These temperatures
were measured using the infrared thermal camera of
FLIR i50 systems. During the pressure of the lamps,
they are biased in normal operation, ie they are wound
in the socket and connected to the socket.
At each step of pressure, we use a one-and-a-halfmillimeter Lab sphere LMS-650 laser spectrometer to
integrate the sphere using the Ocean Optics USB2000
spectrometer. We performed radiometric calibration on
the entire set to obtain a precise distribution of optical
power over different wavelengths and the intensity of
the correct power spectrum in the systems of the
international system (SI). Also, after each pressure
period, we measured the power consumption of the
entire system, that is, the power absorbed by the LED
drive from the electrical distribution network, to use
LEDs using the Rohde & Schwarz HAMEG HM81152 was measured.

1. INTRODUCTION
White LEDs, based on GaN chips and yellow
phosphorus conversions, which have been proven to be
reliable and durable for tens of thousands of hours [1, 2].
To benefit from this, several countries and associations
are promoting the development of alternate LED lamp,
which can be placed on Edison's standard screwdriver
socket, the latest example of which was the "L Prize"
competition, launched by the US Ministry of Energy in
2008, awarded with a $ 10 million prize [3].
Alternative lamps are now available in stores. Due to
the higher initial cost, ensuring the chromaticity and
their intensity remain constant over the lifetime of their
use for low power consumption and longer lifetime of
them in Comparison with sun lamps and fluorescents is
important [4].
However, several articles have investigated the
degradation of high-pressure chip LEDs [5, 6], high
current [7, 9], and reverse bias [13-13], so far, there are
no articles that explains total long-term degradation of
all kinds of Lamps.
This paper presents one of the first studies on
commercially available lamp destruction mechanisms;
the results enable us to identify the most important parts
of the whole system, and link the failure states to
specific failure mechanisms. We found that (1) the
working temperature accelerates the degradation
processes which are related to (2) dimming of the plastic
emitting lamp, (3) the change in the chromatic
characteristics of the internal phosphor or the reflector,
and (4) the destruction of the LED stimulus.

Table 1. Working temperatures in different areas of the
lamp for each manufacturer during the temperature at room
temperature (RT) and high temperature (HT)

Pressure
conditions

2. LABORATORY DETAILS

RT

Commercially available alternative lamps were
taken from four manufacturers (A to D respectively),
tested at room temperature (RT) and had acceleration
tests at a higher temperature (HT). The tested light lamps
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A
B
C
D
B
C
D

Lamp

Heat

38.1
35.2
39.2
36
38.1
42
38.4

82.6
75.3
64.4
88.1
89.1
80.7
99.8

sink
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3. DESTRUCTION KINETICS
Figures 1 and 2 illustrate the destruction power of
output kinetics for all test specimens at room
temperature and high temperatures, respectively. Each
line expresses the average process of all lamp from a
manufacturer that is under pressure at an external
temperature. Reliability under high operating conditions
is high, 6% drop after 4500 hours at worst, and almost
no damage to the C manufacturer. Compared to the
initial reports on the destruction of alternative lamp that
were experienced during previous technological reps
These shapes signify a general improvement on systems
[14], and they can support more research to achieve
other improvements and expand the target market for
these lighting engines.
The flux of the output light intensity is affected by
faster degradation during HT pressure for all
manufacturers. This indicates the important role of
temperature as a degenerative accelerator, which is
reported for LED chips [9], phosphor [7] and reflector
[15]. Temperature distribution in lamps is measured
through IR thermography, the results of which are
presented in Fig. 3 with optical photography. It can be
seen that, even if the emitting lamp changes slightly
from the room temperature, the heat dispersion
characteristics are achieved at very high temperatures
(75 ° C or more). We expect the connection temperature
for LEDs to be greater than this value, which may cause
reliability issues for the whole system, since LEDs are
graded for maximum values up to 150 ° C [16]. By
comparing this destructive kinetics with the average
pressures reported in Table 1, we can point to a strong
correlation between the amount of light power lost and
the temperature of the whole lamp during the pressure.
The heat sink developed by the C (and to a lesser extent
by the B producer) has a large number of cavities that
can enhance the air flow through the lamp body and
more effectively improve the temperature exchange
between the hot sections and the external environment.
This is demonstrated at lower operating temperatures (as
shown in Table 1) and higher reliability (Figures 1 and
2), so this may be a good design solution to improve
system lifetimes.

Figure 2. Reducing the output power of the tested lamp at
high temperature.

4. DARKENING IN EMITTING LAMPS
We revealed continuous darkening of light emitting
bulbs during the pressure time for the lamps in Producer
D. In Fig. 4, an unchanged lamp has been compared for
2500 hours. Both lamps are from a unique lamp set,
which is smaller in this form of the older lamp because
it has cut the main body for exposure to basic LEDs for
video inspection. The change in color is specific, which
is non-uniform on the annular surface. Because the
effect is heavier on the center and weaker on the sides,
the damage is likely to be due to a short wavelength,
which transmits a light emitting light higher than normal
to the LED surface due to the typical Lambert release
profile. We can probably leave the temperature as the
only factor, since its highest value can be found at the
edges of the dome (Fig. 3), with the least affected parts
being darkened, as shown in Fig. 5.

Figure 3. IR Thermogram in the RT bulb during the
formation of the pressure.

Figure 1. Reducing the output power of the tested lamps
at room temperature.
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to the black (and then blue) equivalent of the black body.
Increased CCT may be a problem because the received
light is "colder", which may not be acceptable in
household applications and result in an early
replacement of the lamp that still works.

Figure 4. Photographs of the emitted old lamp (2500
hours) for the manufacturer D. darkening after the pressure is
clearly visible.

Figure 6: Different amounts of light transmission is
shown between the dark section (red area in Fig. 5) and
the bright section (green area in Figure 5) in a lamp with
the same aging under the illumination of the Ocean
Optics LS-1-CAL radiometer calibration. Using external
light source prevents any effect associated with LEDs or
their stimuli. Dimming effectively reduces the
transferability of the ring and is therefore responsible for
(at least partly) reducing the flux of light.
In order to estimate the effect of dimming on the
chromaticity of the lamp, the curves in Fig. 6 and the
spectrum of the lamp provided by the manufacturer, we
normalized them to their highest values. Then, we divide
the curves into two parts of the dome with the curve of
the lamp, and we obtain the percentage of change in the
transferability to the maximum value. By subtracting
two transitions, we can estimate the spectral distortion
caused by the darkening process shown in Fig. 7. As can
be seen, ring destruction not only reduces the absolute
transmission but also distortion of the transmitted
spectrum, which leads to a change in the chromaticity
characteristics of the lamp.

Figure 5. The photographic light of the emitted lamp is not
obsolete and Old (2500 hours) for D. The different levels of
darkening are shown with solid color (low darkness) and with
red opaque (high darkness).

5. CHROMATIC VARIATIONS FOR GROUP A LAMPS
Figure 6. Light transmitted in two regions of the lamp with
different levels of darkening. Light source: Radiometric
calibration lamp

The most commonly used degradation mechanism,
are the relative change in relative participation in the
output spectra; for example, a demonstration is shown in
Fig. 8, indicating that the pressure Changes in chromatic
features due to the faster degradation of emission in the
yellow region of the spectra have been made. This
degradation may be due to three different mechanisms:
the change in the spectral response of the emitting lamp
(high), the decrease in the conversion of phosphorus or
the internal oxidation / darkening of the reflector. The
emitting lamp may be omitted because the
corresponding darkening is detected in "A" lamp, unlike
the "D" group. Also, we found that its effect is stronger
at shorter wavelengths (see Figure 7), while in Fig. 8
larger changes occur at higher values. It should be noted
that the emission of 455 nm related to the blue chip does
not significantly change, indicating that the GaN-based
LED remains stable and affects the system's capabilities
even at very high temperatures. During the operation, it
does not affect. Figure 9 shows the corresponding color
temperature change (CCT), which is the quantity that
shows the equivalent temperature of the black body,
which is very similar to the output spectra. Because the
yellow part is decreasing, the CCT gradually increases

6. THE STIMULUS FUNCTION
The last lamp subsystem that affects the function of
the lamp is the LED stimulator, ie all additional circuits
needed to convert the electrical power drawn at high
voltage from the source
The mains voltage is lower and compatible with the
maximum working voltage limit and the flow of white
LEDs. In D-lamp manufacturers, the output power
meets the precision of the power consumption change
shown in Fig. 10.
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Figure 7. Changing the normalized transmitted spectrum
compared to the two regions of the lamp with different levels
of darkening. Light source: Radiometer calibration lamp

Figure 9. Change of color temperature during wear. The
lamp that are pressurized at high temperatures are subject to
more severe degradation.

Figure 8. Spectral variation at pressure time. Reducing the
yellow peak is responsible for changes in chromaticity
characteristics, while the output of the LED chip (peak at 455
nm) remains stable.

Figure 10. The relationship between reducing the output
power of light and reducing the power consumption of one of
the lamp tested.

This effect suggests that a decrease in the emission
of LED chips or changes in the chromaticity of the lamp
it does not relate to phosphorus or emitting matter, but
depends on the less power of existing electricity that
needs to be transformed into light. The same effect is
also found in devices from other manufacturers, but in
those cases, one of the reasons for the flux of light has
fallen instead of the original destruction mechanism. In
one case, the lamp collapsed early. The visual stimulus
analysis showed that the stimulus was corrupted (see
Figure 11). The red opaque around the electrolyte
capacitor is drawn with a visible gap in the outer
insulating layer. This is the usual form of damage caused
by electrolyte evaporation, possibly due to electric
power lines or excessive electrical pressures. The
explosion was so strong that it could cause the material
to burn, which became dark (like the red line) in white
instead of other areas. The blue arrow indicates the
expected color of the filler material when we remove the
burned area. All of these issues prove that if the very
different levels of voltage, reduced space and high
operating temperature are taken into account, the proper
design of the LED drive will be a very important feature
for the lamp to be trusted.

Figure 11. Damage caused by electrolyte evaporation

Comparison of the types of lamps:
1. Incandescent lamp (Incandescent Light Bulb):
The incandescent light bulb is warm and uniform and
has a lot to do with natural light and is therefore the best
artificial light. These lamp are not economical in terms
of electricity return efficiency and less than 5% of
energy is changed to light. Some countries, like
Australia, have replaced these lamp with higherefficiency lamp.
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2- Compact Fluorescent Lamp: These lamps are
more expensive than the type of filament but have a
longer life span. These lamps tend to be less energyconsuming than incandescent, but they also have many
disadvantages. The main drawback of these lamps is
their health hazards. Ultraviolet and mercury in these
lamp is very harmful to human health.
3. Mercury-vapor Lamp: Good light-efficiency and
proper life-span are the main feature of this lamp. Due
to the proper color of the light, these lamps are suitable
for outdoor lighting such as parks, pavements and
lighting for factories. On the other hand, given the risks
of mercury vapor for the environment, the production of
these types of lamps in the EU member states is banned.
On the other hand, the energy dissipation of these lamps
is very high. This means that using these lamps is
coming to an end for lighting up.
4. Sodium-vapor Lamp
In sodium vapor lamps, the gas in which the drain is
made, is a sodium vapor. As a result, the light of these
lamps lies within the range of yellow light. These lamps
have a long life and high light gain, but due to the poor
color of light and the percentage of reflection of the bad
colors, these lamps are used in environments such as
docks and ports and urban roads. But because the color
indicator of these lamps are very low, using these lamps
is not suitable for places where people travel longdistance, such as sidewalks, shopping malls, parks, etc.
5. Metal-halide lamp: Metal halide lamp is the same
as mercury vapor, but it also contains some halogen salts
that enhance its color quality and, on the other hand,
light gain, and is now rapidly replacing with other types
of lamps. These types of lamps are produced in the range
of 20 to 2000 watts and are used in indoor lighting and
lighting of factories, as well as urban and sports
stadiums, large enclosures, and so on. Metal halide
lamps have two bubbles, the outer bubble prevents
ultraviolet radiation, and if broken, the use of a bulb is
very dangerous and can cause serious damage to the
human eye and skin.
6. LED Lamps:
LED is a type of diode that emits some energy in the
form of light through the flow of current. These lamps
use very little energy to produce lighting, while also
producing all type of colors. Power consumption is
about 10% of ordinary lamp, up to 50000 hours of life,
and extreme exposure, including the benefits of using an
LED bulb. For this reason, the dimensions of their use
are increasing day by day, and many believe that in
future, LED lamps will remove the future from the hands
of other competitors. Nowadays, many large
manufacturers of lighting fixtures, especially house
lighting companies have focused their activities on
LEDs.
In the other hand, due to the fact that LEDs can be
powered by AC and low-current DC power, can also use
solar power or batteries to supply their power. Also,
nowadays in lighting up the passageways, streets and
roads, decorating and beautification of passages and
bridges and different places LEDs are used as the light
sources due to the high cost of maintenance in
comparison to traditional lighting sources, and because

of long life and energy saving up to 90%, technical and
economic justification LEDs are used much more.
LEDs and Hygiene: The LED bulb does not have
normal light, although it does not have normal UV light
lamp, but it does not have ultraviolet rays and IR
fluorescent lamps and low power consumption.
7. CONCLUSIONS
Based on the comparison that were made between
different lamps and the life-span tests used in
commercially-designed replaced LED lamps, the
important role of temperature as an accelerating factor
in degradation as well as correct management and
accurate thermal insulation to avoid damage is stressed.
The main mechanisms that can reduce performance
are:
(1) Dimming the emitting lamp, which reduces the
transmission of the entire dome, causing distortion of the
released spectrum, resulting in chromatic aberration.
(2) Changing the chromatic features of a phosphor
or reflector which reduces the efficiency of the lamp and
causes a significant change in the correlated color
temperature (CCT);
(3) The change in the LED's stimulus function,
which if not designed well will lead to electric line
waves or excessive electrical pressures and eventually
premature failures. All of these effects are in accordance
with the overall reliability of the system, which normally
is expected to have thousands of hours of work.
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