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Accelerated aging tests are the main method used in the evaluation of LED reliability, and can be performed in

either online or offline modes. The goal of this study is to provide the difference between the two test modes. In

the experiments, the sample is attached to different heat sinks to acquire the optical parameters under different

junction temperatures of LEDs. By measuring the junction temperature in the aging process (1), and the junc-

tion temperature in the testing process (7,), we achieve consistency with an online test of 7, and 7}, and a
difference with an offline test of 7';; and T j,. Experimental results show that the degradation rate of the luminous
flux rises as 7'j, increases, which yields a difference of projected life L;yq, of 8% to 13%. For color shifts over

5000 h of aging, the online test shows a larger variation of the distance from the Planckian locus, about 40% to

50% more than the normal test at an ambient temperature of 25°C.
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1. INTRODUCTION

Due to the long lifetime of LED products, elevated stresses
such as temperature, humidity, and current are usually used
in accelerated reliability tests to obtain the accelerated lifetime
of an LED, which is essential for projecting the products
life under rated conditions. To calculate the temperature-
dependent reactions, the Arrhenius [1] model is always used to
describe the degradation behavior of light output affected by
temperature stress. It is worth noting that the degradation
behavior should be measured in the corresponding temperature
stress, which means that the junction temperature of the LED
in the testing process should be consistent with that in the aging
process. To achieve this, Narendran and Gu [2—4] proposed an
online test method by designing a life-test chamber that could
keep the ambient temperature constant and also act as a light-
integrating box for continuously measuring the light output.

It is not easy to realize the online test, since an LED is always
at an elevated temperature during the accelerated aging process;
the test equipment usually cannot endure harsh experimental
conditions and also should be calibrated at regular intervals
throughout the life test to remove the detector drift error.
Most of the present tests are offline tests in which the samples
must be taken from the experimental environment for optical
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parameter measurements at normal conditions and put back
afterward. In the offline test, however, the junction temperature
of the LED in the aging process is not consistent with that in
the testing process. IES LM-80-08 [5] recommends acquiring
the data under 25 & 1°C at least once every 1000 h over the
minimum lumen maintenance test period (6000 h). Cai and
Zhang [6] indicated that the sample needed 2 h for thoroughly
cooling down and at least 15 min for preheating to accurately
obtain the optical parameters. So, considering the number of
data points and the time consumed for each test, 100-300 h are
often taken as the test interval in most studies [1,6,7].

In the accelerated reliability test of an LED under temper-
ature stress, to the best of our knowledge there has been no
report about the effectiveness of an offline test, although the
degradation of the LED should be measured with the online
test method. In this paper, we provide a method to accomplish
online and offline tests of the same LED sample. To obtain the
optical parameters at different junction temperatures, the sam-
ple is attached to different heat sinks and the testing process is
done at an ambient temperature of 25 & 1°C. The online and
offline tests are then, respectively, achieved when the junction
temperature in the testing process is consistent with and differ-
ent from that in the aging process. The degradation of the
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luminous flux and the shift of chromaticity coordinates are
adopted as evaluation criteria.

2. EXPERIMENTS

In this research, the diode forward voltage method [8,9] is used
to measure the junction temperature of 7';; in the aging process
and 7, in the testing process. The test samples are white LED
modules. Three different kinds of heat sink (ceramic, alumi-
num, and air) are successively attached to the sample in the
testing process to get different 77,. Figure 1 is the case that
the sample is attached to different heat sinks in the measure-
ment of the junction temperature. To achieve a steady junction
temperature, the variation of 7', is recorded in the initial sev-
eral minutes to confirm the time for the LED warming up with
different heat sinks. As shown in Fig. 2, at the ambient temper-
ature (7°,) of 25°C and with a rated current of 135 mA (DC),
the junction temperature of the sample reaches its steady state
of 119.5°C-121.5°C after 135 s with the air heat sink. It is,
respectively, 425 s and 600 s with the ceramic heat sink and the
aluminum heat sink. Obviously, when a better heat sink is used
a longer preheating time is needed to achieve the thermal equi-
librium state.

In this research, the average junction temperature after pre-
heating is taken as the reference. This is, respectively, 72.5°C
(ceramic), 59.6°C (aluminum), and 119.8°C (air). Obviously,
the highest 77, is 119.8°C with the air heat sink, so we choose
120°C as the junction temperature of 7 in the aging process.

Ceramic

Aluminum

Fig. 1. Sample attached to different heat sinks.
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Fig. 3. Aging configuration, five samples with the ceramic heat sink
placed in a temperature chamber under 80°C.
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Fig. 4. Testing process using an integrating sphere system at an
ambient temperature of 25°C with the 47 method.

Figure 3 shows the aging experimental configuration. Five
samples with the ceramic heat sink are placed in a temperature
chamber under 80°C, and the measured junction temperatures
of T are in a range from 118.2°C to 120.3°C. During the
aging process, the samples are removed into an integrating
sphere for the measurement of optical parameters at 7', of
25°C every 250 h, as shown in Fig. 4. It is clear that 77 in
the aging process can be approximately the same as with
T in the testing process with the air heat sink, which is about
120°C. Therefore, the measurement of the LED output corre-
sponding to the online test process can be obtained in this case.
Obviously, the test process with the ceramic or aluminum heat
sink is the result of the offline test in which 77 in the aging
process is different from 77, in testing process.

Table 1 lists the operating conditions of the aging process,
online test process, and offline test process. Due to the
annealing influence, the LED initially experiences a rapid
change before settling into a steady decline over time. So, before
beginning the experiment, the samples are lit by a rated current
at 25°C for 1000 h, for an initial seasoning.

Table 1. Aging Process, Online Test and Offline Test
Process

1404 Black-Air Green-Ceramic Red-Aluminum
1 135s 119.5°C-121.5C
120 .
100+ i
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o 80+ 425s  721C-73.27C
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60+ : :
1 | 50.21C01-603C
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Fig. 2. Variation of 7, of LED during warming up with different

heat sinks.

T, (°C) Heat Sink T; (°C)
Aging 80 Ceramic 118.2-120.3
Online 25 Air 119.5-121.5
Offline 1 25 Ceramic 72.1-73.2
Offline 2 25 Aluminum 59.2-60.3
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3. RESULTS AND ANALYSIS

A. Degradation of Luminous Flux
The luminous flux of the LED decreases over time, and can be
represented by an exponential decay model [3]
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Fig. 5. (a) Luminous flux degradation as a function of time under a
sz of 120°C, (b) results under a sz of 72°C, and (c) results under
a Tj of 60°C.

O =D, x e, (1)

where a is the degradation rate, # is the aging time in hours, and
®,, is the initial luminous flux (Im). Figure 5(a) shows the nor-
malized luminous flux as a function of time, with the curves
ficted by the exponential decay model under a junction temper-
ature 77 0f 120°C in the testing process. Figs. 5(b) and 5(c) are
the fitting curves under junction temperatures of 72°C and
60°C, respectively. It is shown that the degradation rate a
and the RMSE (root mean squared error) of the fittings are
different for different junction temperatures of 7' in the test-
ing process, as listed in Table 2. The value of the RMSE at a
T of 120°C is between 0.03 and 0.04, which is lower than
thatata 7, of either 72°C or 60°C. This implies that the result
tested at a 7' of 120°C has a higher fitting degree of the ex-
ponential model than that of 72°C or 60°C.

As seen in Fig. 6, the degradation rate a shows a decreasing
trend as 7' is decreasing. The values of @ in sample 4 are
3.33E-5 under a 7j; of 120°C, 3.02E-5 under 72°C, and
2.95E-5 under 60°C. The projected life of Z;yq,, which is the
time when @ degrades to 70% of its initial value, can be ob-
tained by Eq. (1) with the value of @. The calculated Ly, is
listed in Table 2, and the curves of normalized L9, (to its ini-
tial value) as a function of 77, are illustrated in Fig. 7. It can be
seen that most of the curves approximately obey a linear rule,
except for that of sample 2. The difference of L4, between
junction temperatures of 120°C and 60°C is 7.9% for sample
1, 10.0% for sample 2, 9.2% for sample 3, 12.9% for sample 4,
and 4.5% for sample 5.

In summary, due to the differences in junction temperature
in the testing process, the degradation rate a is different, which
makes the projected life L,y different. In this research, the
differences of Ly, are from 8% to 13% for the five samples.

B. Color Shift

The chromaticity of white light can be expressed by CCT
(correlated color temperature) and Duv (distance from the
Planckian locus) [10]. The variation of chromaticity coordi-
nates along the direction of the Planckian locus can be evalu-
ated by the CCT, and the Duv shows the variation along the
direction perpendicular to the Planckian locus.

Figure 8 illustrates the chromaticity coordinates of sample 1
after 0, 1000, 2000, 3000, 4000, and 5000 h of aging, which is
measured under junction temperatures 7', of 120°C and 72°C,
respectively. ANSI [10] sets a range of chromaticity coordinates
for white LEDs with CCT of 3350 K, as ABCD shows in
Fig. 8. In this range, CCT is 3350 217 K and Duv is
0.000 = 0.006. Energy Star [11] provides that the Duv

Table 2. Degradation Rate a, RMSE of Fitting and Projected Life L;qq,

T,, = 120°C T,, = 72°C T, = 60°C

[14 RMSE L70% (h) a RMSE L70% [14 RMSE L70%
Sample 1 2.58E-5 3.25E-2 13820 2.43E-5 6.32E-2 14680 2.39E-5 7.23E-2 14920
Sample 2 2.88E-5 2.25E-2 12380 2.78E-5 7.12E-2 12830 2.62E-5 7.31E-2 13610
Sample 3 2.97E-5 3.86E-2 12010 2.74E-5 8.59E-2 13020 2.72E-5 8.53E-2 13110
Sample 4 3.33E-5 3.65E-2 10710 3.02E-5 6.52E-2 11810 2.95E-5 8.56E-2 12090
Sample 5 4.19E-5 3.96E-2 8510 4.03E-5 5.95E-2 8850 4.01E-5 4.21E-2 8890
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Fig. 7. Projected life Z7qq, as a function of 7.

tolerance should be within 0.007 over a 6000 h nonaccelerated
aging period for LED products.

It can be seen from Fig. 8 that the color shift is mainly along
the direction perpendicular to the Planckian locus over time,
which implies that the variation of Duv has a greater effect than
CCT for this sample. Table 3 lists the variation of the Duv of
five samples over 5000 h under junction temperatures 7', of
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Fig. 8. Color shift of sample 1 over 5000 h on a CIE («/,2")
diagram.
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Table 3. Variation of Duv Over 5000 h

Duv (0-5000 h)

120°C 72°C 120°C-72°C
Sample 1 0.0065 0.0043 0.0022
Sample 2 0.0072 0.0048 0.0024
Sample 3 0.0068 0.0045 0.0023
Sample 4 0.0071 0.0051 0.0020
Sample 5 0.0075 0.0052 0.0023

120°C and 72°C. It is shown that the Duv measured under a
T, ot 120°C is approximately 0.0022 larger than that of 72°C.

Normally, the sample is mounted with aluminum or other
heat sink in a real lighting system. In this case, the junction
temperature of the sample is approximately 60°C-80°C in
its normal working condition. Therefore, the color shift mea-
sured ata 7' of 72°C is in agreement with the existing criteria
for lifetime evaluation for LED products. Although the test
done at a 7, of 120°C gives a bigger variation of Duv, about
40%—50%, the result can still provide a reference for lifetime
prediction.

In this acceleration test, the color shifts measured ata 77 of
120°C and 72°C are both within the range of ABCD. However,
this acceleration test does not show a bigger variation of Duv
than 0.007 in Energy Star’s nonacceleration test. It may be due
to the ignorance of the 1000 h needed for an initial seasoning in
which the Duv may change rapidly, or “0.007”, which was set
by ANSI in 2008, may be a bigger value for current LED
products.

4. CONCLUSIONS

To compare the online and offline test methods in an acceler-
ated reliability test of an LED under temperature stress, the
sample is attached to different heat sinks to obtain different
junction temperatures in the testing process. The online test
is achieved when the junction temperature in the testing proc-
ess is consistent with that in the aging process. Otherwise, the
testing process is regarded as an offline test.

Experimental results show that the result of the online test
has a higher exponendial fitting degree of luminous flux degra-
dation. The degradation rate decreases as 7', decreases, which
makes the projected life L9, of the LED module in online tests
different from that in offline tests. The differences are from 8%
to 13% for five samples. For color shift, the shifting direction of
chromaticity coordinates over time is mainly along the direc-
tion perpendicular to the Planckian locus. During 5000 h
aging, the values of Duv of the five samples in the online test
show a variation range from 0.0065 to 0.0075, which is ap-
proximately 40%—50% larger than that in the offline test.

This study is limited to a type of single phosphor
(Y'3Al501,:Ce) converted white LEDs. The correlations of the
experimental results in the two testing modes given in Figs. 5
and 8 are valid only for this type of LEDs. It is noted that es-
pecially for the color shift, the correlation may be significantly
different for different types of LEDs. Therefore, to achieve a
more accurate characterization of LEDs more experiments
for other types of LEDs should be done. This is our future work.
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