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Abstract—This paper studies the interaction of
catastrophic failure of the driver and LED luminous
flux decay for an integrated LED lamp with an
electrolytic capacitor-free LED driver. Electronic
thermal simulations are utilized to obtain the lamp’s
dynamic history of temperature and current for two
distinct operation modes: constant current mode (CCM),
and constant light output (CLO) mode, respectively.
Driver’s mean time to failure (MTTF), and the LED’s
lifetime in term of luminous flux are calculated. Under
CLO mode, the LED’s current increases exponentially
to maintain the constant light output. As a result, the
junction temperatures of LEDs, MOSFETs and power
diodes in driver rise significantly, leading to a much
shorter MTTF, and faster luminous flux depreciation.
However, under the CCM mode, the junction
temperatures of LEDs, MOSFETs and diodes change
modestly, therefore, the driver’s MTTF and LED’s
luminous flux decay are not affected much by the
variation of temperatures during LED’s degradation
process.

Index Terms— LED Lamp, Electrolytic Capacitor-Free
Driver, Electronic Simulation, Thermal Simulation,
Catastrophic Failure, Fault Tree, Reliability, Lifetime.

I. INTRODUCTION

An LED lighting system (lamp or luminaire) is mainly
comprised of an LED light source module, a driver, control
gears, secondary optical parts, and heat dissipation
components [1]. In the past decades, numerous studies have
been focusing on the performance and reliability of LED
itself [2-11]. A typical LED light source now has a lifetime
as long as 25,000 - 100,000 hours in terms of luminous flux
maintenance [1, 12]. However, the driver’s life is usually
much shorter than the light source’s, in particular, if
electrolytic capacitors are utilized [13-15]. A physics-of-
failure (PoF) based reliability prediction methodology has
been developed to estimate the failure rate distribution of
electrolytic capacitors in LED drivers [13]. In recent years,
many electrolytic capacitor-free topologies have been
developed with more reliable components [16-18],
including thin film capacitors [19] and LC filters [18]. In
addition, several new control technologies can also improve
the lifetime of electrolytic capacitors, for instance, the
resonance-assisted filter [20] and the variable on-time
control method [21]. The lifetime of the LED driver may be
extended to match the LED light source lifetime [22].

Generally, the lifetime of an LED is given in terms of
the expected operating hours until light output has
depreciated to 70% of the initial level. The catastrophic
failure of an LED driver depends on its critical components
and their operation conditions, such as the MOSFETs and
power diodes [23-25]. The total rate of catastrophic failures
determines the mean time to failure (MTTF) for the driver.
There are two distinct concepts of lifetimes involved in an

LED system: mean time to failure (e.g. driver), and LED’s
lifetime in terms of luminous flux depreciation. When these
two lifetimes are far different, it is obvious that they do not
interact with each other. For example, if driver’s MTTF is
much less than LED’s lifetime, the eventual LED lamp’s
lifetime is determined by driver’s MTTF since the
catastrophic failure of the driver will result in the complete
light out. However, few study has been conducted to
investigate the reliability of LED lamp when the driver’s
MTTF is comparable to the LED’s lifetime.

This paper studies the interaction of driver’s
catastrophic failure and LED’s luminous flux decay for an
integrated LED lamp with an electrolytic capacitor-free
LED driver. A fly-back converter with an LC filter is used
in the present study. The overall catastrophic failure rate of
the critical components in the driver are considered as
functions of temperature and current. Electronic thermal
simulations are utilized for a commercial LED bulb to
obtain the lamp’s dynamic history of temperature and
current. Two distinct operation modes are considered:
constant current mode (CCM), and the constant light output
(CLO) mode, respectively. The LED’s lifetime in terms of
luminous flux is calculated using LED’s degradation model.
A fault tree is applied to calculate the driver’s MTTF.

This paper is organized as follows. Section I describes
the general methodology. In Section III to V, the circuit
models, LED’s degradation model, the thermal models and
the failure rate models are introduced respectively. Section
VI defines different modes and discusses the results.
Section VII concludes this work finally.

II. GENERAL METHODOLOGY

Fig.1 displays the general methodology which
integrates the electronic thermal simulation with the fault
tree method to obtain both the LED’s luminous flux decay
and driver’s probability of catastrophic failures and MTTF.
For a given LED system, such as an LED lamp with an
integrated driver, electronic simulations are applied to
obtain the power distribution of each component in driver
and also input power to LEDs. Based on the system’s
structure and material properties, thermal simulations,
which combine both system-level thermal modeling and
compact models, are conducted. An iteration process is
necessary at each operation time point to determine the state
of temperature under operating conditions. Details of the
electronic thermal simulation can be found in our previous
[13, 26]. Through the electronic thermal simulation, the
junction temperature of the LED light source, the current of
the driver, and the lumen output can be obtained. LED’s
luminous flux decay can be calculated based on the
calculated results of current and junction temperature using
LED’s degradation model. The driver’s probability of
failure and MTTF can also be calculated according to the
the failure rate models of critical components. In the
following, the details of electronic simulation, the LED’s
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degradation model, the thermal simulation, as well as the
MOSFET and diode’s failure rate model in driver, are
described.

LED Lamp
Fr e e, ———————
' | %I
| Electronic E> Power !
1 Simulations Distribution :
! Failure Rate Distributi
) I ailure Rate Distribution
: G Iteration Process G 1 Models of Components
1
" Thermal 1
I Temperatures \
I
1

Simulations
Tttt LT ﬂ

Lumen, Temperatures &
Current

e 2

Probability of Failure &
MITF

Fault Tree

Lifetime

Fig.1 General Methodology of The Proposed Approach

III. ELECTRONIC MODELS

A. Driver Circuit

Fig.2 displays a flyback driver with an LC filter. The
LC filter can store energy as capacitors, thus, it is
considered as one of the most cost-effective electrolytic
capacitor elimination approaches [18, 27]. In this circuit,
the models of all components are well validated and verified
by manufacturers [28]. The rated input power of the entire
driver is 6.3W, and the rated input power is about 5.2W.
Ideal feedback units and a current control unit are added,
making this driver have two operation modes: the constant
current mode (CCM) and the constant light output mode
(CLO). In the constant current mode, the current from the
driver to the LED light source remains unchanged. The
current can be adjusted to achieve invariant light output in
CLO mode.

o [ om
u

RT
SWE(D 167 300) Vin o Py .
o8 or Vin_sanse. = . _ o5 |ow0
] . . !

KiLiLzLa

3

R

Fig.2 A Fly-Back Driver Circuit with LC Filter

B. LED Light Source

A temperature-dependent model for LED light source
is considered in the circuit model in Fig.2. The luminous
flux is a function of the ever-changing junction temperature
Tj(t) and current I;gp(t). Thus the luminous flux @, (t)
can be described by the following function:

Be ILED (t)z ’!ﬂ[T,(X)}dx
D, (1) ={" A +B1 () +C,1 g (1)?

0 (T = Thax)

(T, <Tu) (D

Ve

where 7, is the basic efficacy, A, and C, are the linear
and the 3rd-order non-radiative recombination rates, B, is
the radiative recombination rate, V; is the forward voltage,
and B is the depreciation rate that follows the Arrhenius
equation [15]:

E.p

ﬁ(TJ) = Aﬁ ‘e T (2)

The performance of an LED light source can be
described by the following function [29]:

® +1]+R; - I(t)
. (3)

where, N is the ideality factor, x is the Boltzmann
constant; I is the saturation current, R is the equivalent
series resistance of the LED. The Ry, I, and N can be
described by the following functions [29-31]:

Ve[, T;(0]=N-x-T;(t)-In[

N[T (t)]zTii(t)
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The details of the LED models mentioned above can
be found in the literature [26, 32].

IV. THERMAL SIMULATION

A commercial LED bulb is selected as the carrier of
the present study. As shown in Fig.3, it consists of a bulb
cover, LED light source, heat sinks, a driver and other
relevant parts. The light source of this lamp includes 24
LED packages mounted on a metal board. The original
driver in this lamp is replaced by the electrolytic capacitor
free driver shown in Fig.2 for the purpose of the study in
this paper.

Bulb Cover

Light Source

Fig.3 The Model of the selected LED Lamp.

The heat sources come from the LEDs and the driver’s
components. System level thermal simulations are
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conducted to calculate the LEDs’ junction temperature
T,gp and air temperature around the driver Tp. The driver
(the green part in Fig.3) is considered as homogenous
material with heat from the driver distributed evenly on
surface. The lamp operates in room temperature (298K)
with a natural convection condition. Table I lists material
properties used in system level thermal simulations.

Table I Thermal Material Properties

Part Thermal Conductivity
Bulb Cover 0.2W/(m K)
LED Board 12W/(m K)
Heatsink 110W/(m K)
Driver 0.15W/(m K)
LED Package 5W/(m K)
The thermal compact model of each critical

component in the driver is applied to find their junction
temperature:

T =To+Ryi Ry (7

where T;; is the the junction temperature of the component,
R.p; is the thermal resistance from junction to surface of
the component which is usually provided by components’
datasheets, Py ; is the thermal power of the component.

To validate the system level thermal simulation,
temperature distribution of the lamp is tested. The lamp is
place in the room temperature (298K) and natural
convection condition. The temperature at each point is
measured by a thermocouple system. Fig.4 displays the
simulation results, and Table II compares the test and
simulation results. Errors between the simulation and test
results are less than 1K.

YSWORKFILES\sha

Fig.Temerature Distribution from Finite Element Anlysis

Table IT Simulation and Test Results

", Simulation Test
Position Results Result Error
Light Source  379.7K  106.7°C 379.4K 0.290K
Heatsink 1 367.4K  94.4°C 367.1K 0.264K
Heatsink 2 366.3K  93.3C 366.0K 0.268K
Heatsink 3 364.9K  91.9C 365.5K 0.596K
Driver 398.5K 125.5C 398.6K 0.103K

V. FAULT TREE AND FAILURE RATE MODELS

The catastrophic failures of the MOSFET M1 and the
Diode D4 in the circuit shown in Fig.2 are considered.
Assuming that the failures of M1 and D4 are independent

to each other, the probability density of the catastrophic
failure of the driver can be described by the following
function:

fDriver (t) = fM (t) + fD (t) - fM (t) fD (t) (8)

where fpriver(t) is the failure probability density of the
driver at time t, fy, is the failure probability density of
M1, fp is the failure probability density of D4. Eq.(8) is
described by a fault tree shown in Fig.5.

. ()
O 6 5

Fig.5 the fault tree of the LED driver

The failure probability density of a MOSFET can be
described by the inverse power law [34]:

Eam, 1 1
e

£ 0= fulla 0T O1= fyo 1221 e
rated (9)

where I (t) isthe average current of the MOSFET at time
t, Ty (t) is junction temperature of the MOSFET at time
t, fuo 1s the failure probability density of the MOSFET in
rated current [.;.q and typical ambient temperature
T,=298K, p is the current accelerated coefficient and
E, u is the activation energy of the MOSFET.

The failure probability density of a diode can be
described by the Arrhenius equation [34]:

Eap, 1 1

o) = folTo O] = fop-e * =0 ™ (10)

where, fp is the failure probability density of the diode,
Tpi(t) is junction temperature of the diode at time t, fp,
is the rated failure probability density of the diode in typical
ambient temperature T, =298K, E,, is the activation
energy of the diode.

The conditions I (t), Ty(t) and Tp;(t) at each
operation time point can be obtained by the electronic
thermal simulations, and thus, the failure probability
densities fy, fp and fpriyer at each time point can be
calculated by Eq.(8) to (10). Then, the mean time to failure
(MTTF) of the driver can be calculated by the following
equation:

MTTF =t,,,, / LM“* £ (0)-dt (11
where ty4x is the total operation duration. In order to
simply the calculation, this work selects 1000 hours as the
time increment. Between two time points, the integrating
region is assumed to be a trapezoid.

VI. CASE STUDIES AND RESULTS
A. Selection of LED and Driver
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The LED light source is preselected with the activation
energy and pre-factor of E;p=0.3eV and Apz =0.2829,
according to previous test results [32]. The other parameters
that appear in Eq.(1) to (6) are listed in Table III. Those data
were extracted experimentally from previous studies [26,
32].

Table III Physical Parameters of The LED Light Source

Parameter Values Parameter Values
Ry 5.914x10"! A 6.699x10
A 1.274x10! Iy 4.786x10°
Mo 1.456x107 A, 1.240
B, -2.882x10? A, 9.990x10!
B, 1.406x103 C, 2.138x103
C 4.087x1073 T Max 423 K

According to the electronic thermal simulation at the
initial state during operation, the LED’s junction
temperature is about 340K. Based on the parameters
defined above, the LED’s lifetime in terms of luminous flux
decay is about 25000 hours at the constant temperature
340K and with a current of 400mA, by Eq.(1) and (2).

For the driver, the empirical values [35] of model
parameters for the MOSFET M1 and Diode D4 shown
Eq.(9) and (10) are selected as p of 2.0, E,, and E,p
as 0.7eV respectively. According to the simulation results,
the initial junction temperature values of T (0) for M1
and Tp;(0) for D4, are about 357K and 344K respectively.
Assume that the driver’s MTTF at the initial state equals to
25,000 hours, fio=4.12 %107, fpo=2.74 % 1077, Since
temperatures in the lamp and the current during operation
will change over time, the actual LED’s lifetime in terms of
luminous flux decay and the MTTF for driver will be
different from the pre-selected values. The details of the
results will be discussed below.

B. Constant Light Output (CLO) Mode

Fig.6 displays the LED current curve at the CLO mode.

The LED’s current increases exponentially, e.g. from the
initial 400mA to 910mA in 16000 hours. Such an increase
in current mainly compensates the luminous efficacy

degradation of the LED to maintain the constant light output.
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Fig.6 LED Current in The CLO Mode

16000

Fig.7 displays the LED junction temperature as a
function of time. Due to the elevated current, the LED’s

temperature increases greatly. At 16000 hours, the junction
temperature of the LED light source increases by about 84K
and exceeds 423K.
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Fig.7 LED Junction Temperature in The CLO Mode
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Fig.8 shows the history of the junction temperatures of
M1 and D4 at the CLO mode. In 16,000 hours, the junction
temperatures of M1 increases from 357K to 452K, and the
junction temperatures of D4 rises from 344K to 432K. Fig.9
shows the cumulative failure rate of M1 in different
conditions of the CLO mode. In the constant temperature
and current of the M1, the cumulative failure rate is about
47% at 16000 hours. If M1’s junction temperature increase
only is considered, the failure rate accumulates to 100%
around 12000 hours. If MI1’s current increase only is
considered, the cumulative failure rate is about 98% at
16000 hours. If both of junction temperature and current of
M1 in CLO mode are considered, the failure rate of M1
accumulates to 100% in about 10000 hours. The increased
junction temperature has larger effects on the failure rate.

Fig.10 displays cumulative failure rate of the driver for
the CLO mode in comparison with a constant temperature
and a constant current, same as the initial ones. In the ever-
changing temperature and current operation condition, the
driver’s failure rate accumulates to 100% in about §700
hours. In the constant temperature and current condition, the
failure rate accumulates about 64% in 16000 hours. As
discussed above, the driver’s failure rates are greatly
increased due to the significant increase of driver’s
temperature and current. Thus, the driver in the CLO mode
has a much shorter MTTF than in constant condition.
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Fig.8 Junction Temperature of M1 and D4 in The CLO Mode
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C. Constant Current Mode (CCM)

Fig.11 displays the LED junction temperature in CCM
mode. After 25000 hours, the junction temperature of the
LED light source only increases by about 6K. As the LED
degrades, more thermal power is generated, leading
temperature increase for the entire lamp modestly. However,
such rise is much less than that in CLO mode.
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Fig.11 LED Junction Temperature in The CCM Mode
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Fig.12 displays the normalized Iluminous flux
maintenance under CCM mode. The LED’s lifetime is
redcued to about 20000 hours, 20% shorter than in the
constant temperature and current.

Fig.13 shows the history of the junction temperatures
of M1 and D4 in the CCM mode. The junction temperature
of M1 increases from 357K to 364K, and D4’s junction

temperature rises from 344K to 349K in 25000 hours.
Compared with the CLO mode, the junction temperature of
M1 and D4 increase slightly.
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Fig.12 Normalized Luminous Flux in The CCM Mode
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Fig.13 Junction Temperatures of M1 and D4 in The CCM Mode

Fig.14 displays cumulative failure rate of the driver in
different conditions of CCM mode. The LED driver’s
failure rate accumulates to 100% in about 22500 hours,
compared to 25,000hours at the constant temperature and
current. This implies that the driver’s failure rate in CCM
mode does not change dramatically, as seen in CLO mode.
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Fig.14 Cumulative Failure Rates of The Driver in The CCM
Mode

Table IV summarizes LED’s lifetimes in terms of
lumen output and the driver’s MTTFs for CLO and CCM
modes. It is seen that even the preselected driver and LED
both have a lifetime of 25,000 hours at the initial respective
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junction temperatures and operating current conditions, the
actual lamp’s lifetime can be significantly shorter in CLO
mode. This is because that the current continually increases
in LEDs for the CLO mode, which will increase the LED’s
junction temperature greatly. Since the driver is integrated
together with LED, the driver’s M1 and D4 junction
temperatures also increase significantly, leading to a much
early failure. In the CLO mode for the lamp studied here,
since the LED’s lifetime in terms of luminous decay is
16,000 hours, the catastrophic failure will occur first. It
means that the whole lamp will have a lifetime of 8,700
hours.

In the CCM mode, the luminous flux decay lifetime is
slightly shorter than the driver's MTTF, thus, the lamp will
fail first due to the unacceptable luminous flux output.
However, since both MTTF and luminous flux decay time
are very close, it is also possible that the lamp will fail first
by catastrophic failure. In either case, the lamp’s actual
lifetime is still less than the designed target of 25,000 hours.

Table IV Lifetime and MTTF

Lifetime MTTF
Case (Hrs) T; (K) (Hrs) Tp (K)
Initial R 8
Status 25’000 340 25°000 336
CLO 16°000 Varying 8’700 Varying
CCM 20°000 Varying 22’500 Varying

VII. CONCLUSIONS

This paper studies the interaction of catastrophic
failures of a driver and the LED light source on the actual
lifetime of the lamp. There are two distinct concepts of
lifetimes involved in an LED lamp: driver’s MTTF in terms
of catastrophic failure, and LED’s lifetime in terms of
luminous flux output. The actual LED’s lifetime is taken
from the smaller one of these two values. LED’s lifetime in
terms of luminous flux decay depends on the history of
LED’s junction temperature and current. Driver’s MTTF
depends on the history of junction temperatures of key
components, such as MOSFET and diodes in the driver.
Electronic simulations were conducted first to obtain the
power distributions among components and the current
passing through LEDs. Then system-level thermal
simulation and compact model were applied to obtain the
temperature distributions. Since the LED’s degradation is a
continuous process, such electronic and thermal simulations
need to be carried out throughout whole time domain.

In the present study, a fly-back converter with an LC
filter is used. Two distinct operation modes are considered:
the constant current mode (CCM), and the constant light
output (CLO) mode, respectively. Under the CLO mode,
LED’s current increases exponentially. As a result, the
junction temperatures of LEDs, MOSFET and diode rise by

about 84K, 95K and 88K respectively in about 16,000 hours.

The constant light output mode eliminates lumen
depreciation at the expense of the LED lamp’s reliability.
Since the MTTF of the driver in the CLO mode is much
shorter than the LED’s luminous flux decay lifetime, the

catastrophic failure of the driver will occur first.

For the CCM mode, since the current is forced to
remain unchanged, the junction temperatures of the LED,
the MOSFET and the diode rise modestly about 6K, 7K and
5K respectively, leading the lifetime drops to about 20000
hours, and the MTTF drops to about 22500 hours. Since the
LED’s lifetime and driver’s MTTF in this mode are
comparable, either catastrophic failure or the excessive
lumen depreciation may occur first.

ACKNOWLEDGEMENT

The authors would like to acknowledge the support of
the National High-Tech Research and Development
Program of China (863 Program, 2015AA03A101),
International Science and Technology Cooperation
Program of China (2015DFG52110) and EMRP JRP
ENG62 MESalL which was carried out with funding by the
European Union.

REFERENCES

[1] W. D. van Driel and X. J. Fan, Solid state lighting
reliability: components to systems vol. 1: Springer
Science & Business Media, 2012.

[2] J. P. Kim and S. W. Jeon, "Investigation of Light
Extraction by Refractive Index of an Encapsulant, a
Package Structure, and Phosphor," IEEE Transactions
on Components, Packaging and Manufacturing
Technology, vol. PP, pp. 1-5, 2016.

[3] X. Yu, B. Xie, Q. Chen, Y. Ma, R. Wu, and X. Luo,
"Thermal Remote Phosphor Coating for Phosphor-
Converted White-Light-Emitting Diodes," I[EEE
Transactions on Components, Packaging and
Manufacturing Technology, vol. 5, pp. 1253-1257,
2015.

[4] X. Liu, Z. Lv, and S. Liu, "Low Thermal-Resistance
Silicon-Based Substrate for Light-Emitting Diode
Packaging," [EEE Transactions on Components,
Packaging and Manufacturing Technology, vol. 5, pp.
1387-1392, 2015.

[5] Y. Liu, Z. Lin, X. Zhao, C. C. Tuan, K. S. Moon, S.
Yoo, M. G. Jang, and C. p. Wong, "High Refractive
Index and Transparent Nanocomposites as
Encapsulant for High Brightness LED Packaging,"
IEEE Transactions on Components, Packaging and
Manufacturing Technology, vol. 4, pp. 1125-1130,
2014.

[6] Z. Chen, Q. Zhang, F. Jiao, R. Chen, K. Wang, M.
Chen, and S. Liu, "Study on the Reliability of
Application-Specific LED Package by Thermal Shock
Testing, Failure Analysis, and Fluid&#x2013;Solid
Coupling Thermo-Mechanical Simulation," [EEE
Transactions on Components, Packaging and
Manufacturing Technology, vol. 2, pp. 1135-1142,
2012.

[7] C.Qian, X.J. Fan, J. Fan, C. A. Yuan, and G. Q. Zhang,
"An Accelerated Test Method of Luminous Flux
Depreciation for LED Luminaires and Lamps,"
Reliability Engineering & System Safety, vol. 147, pp.
84-92, 2015.



GRS IN

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

J. Huang, S. W. Koh, D. Yang, X. Li, X. J. Fan, and G.
Q. Zhang, "Degradation Mechanisms of Mid-power
White-light LEDs under High Temperature-Humidity
Conditions," [EEE Transactions on Device &
Materials Reliability, vol. 15, pp. 1-1,2015.

J. Huang, D. S. Golubovi¢, S. W. Koh, D. Yang, X. Li,
X. J. Fan, and G. Q. Zhang, "Rapid degradation of
mid-power white-light LEDs in saturated moisture
conditions," [EEE Transactions on Device and
Materials Reliability, vol. 15, pp. 478-485, 2015.

J. Fan, C. Qian, K. C. Yung, X. J. Fan, G. Q. Zhang,
and M. Pecht, "Optimal Design of Life Testing for
High-Brightness White LEDs Using the Six Sigma
DMAIC Approach," [EEE Transactions on Device
and Materials Reliability, vol. 15, pp. 576-587, 2015.
Y. Zhao, J. Liu, A. Wei, and J. Li, "High-Power Light-
Emitting Diodes Package With Phase Change
Material," [EEE Transactions on Components,
Packaging and Manufacturing Technology, vol. 4, pp.
1747-1753, 2014.

U.S. Department of Energy (DOE). (2013). Hammer
Testing Findings for Solid-State Lighting Luminaires.
Available:
http://www]1.eere.energy.gov/buildings/ssl/news_deta
il.html?news_i1d=21168

B. Sun, X. J. Fan, C. Qian, and G. Q. Zhang, "PoF-
Simulation-Assisted  Reliability = Prediction for
Electrolytic Capacitor in LED Drivers," I[EEE

Transactions on Industrial Electronics, vol. 63, pp.
6726-6735, 2016.

B. Sun, X. J. Fan, C. A. Yuan, C. Qian, and G. Q.
Zhang, "A degradation model of aluminum
electrolytic capacitors for LED drivers," in Thermal,
Mechanical and Multi-Physics  Simulation and
Experiments in Microelectronics and Microsystems
(EuroSimE), 2015 16th International Conference on,
2015, pp. 1-4.

S. Koh, C. Yuan, B. Sun, B. Li, X. J. Fan, and G. Q.
Zhang, "Product level accelerated lifetime test for
indoor LED luminaires," in Thermal, Mechanical and
Multi-Physics ~ Simulation and Experiments in
Microelectronics and Microsystems (EuroSimE), 2013
14th International Conference on, 2013, pp. 1-6.

J. C. Lam and P. K. Jain, "A High Power Factor,
Electrolytic Capacitor-Less AC-Input LED Driver
Topology With High Frequency Pulsating Output
Current," IEEE Transactions on Power Electronics,
vol. 30, pp. 943-955, 2015.

L. Gu, X. Ruan, M. Xu, and K. Yao, "Means of
eliminating electrolytic capacitor in AC/DC power
supplies for LED lightings," IEEE Transactions on
Power Electronics, vol. 24, pp. 1399-1408, 2009.

X. Ruan, B. Wang, K. Yao, and S. Wang, "Optimum
injected current harmonics to minimize peak-to-
average ratio of LED current for electrolytic capacitor-
less AC-DC drivers," IEEE Transactions on Power
Electronics, vol. 26, pp. 1820-1825, 2011.

S. Gandhi, M. R. Pulugurtha, H. Sharma, P.
Chakraborti, and R. R. Tummala, "High- $k$ Thin-
Film Capacitors With Conducting Oxide Electrodes

[20]

(21]

[22]

(23]

(24]

[25]

[26]

(27]

(28]

[29]

[30]

[31]

[32]

on Glass Substrates for Power-Supply Applications,”
IEEE Transactions on Components, Packaging and
Manufacturing Technology, vol. 6, pp. 1561-1566,
2016.

X. Qu, S. C. Wong, and C. K. Tse, "Resonance-
assisted buck converter for offline driving of power
LED replacement lamps," IEEE Transactions on
Power Electronics, vol. 26, pp. 532-540, 2011.

X. Wu, J. Yang, J. Zhang, and Z. Qian, "Variable on-
time (VOT)-controlled critical conduction mode buck
PFC converter for high-input AC/DC HB-LED
lighting applications," /EEE Transactions on Power
Electronics, vol. 27, pp. 4530-4539, 2012.

S. Dietrich, S. Strache, R. Wunderlich, and S. Heinen,
"Get the LED Out: Experimental Validation of a
Capacitor-Free Single-Inductor, Multiple-Output LED
Driver Topology," Industrial Electronics Magazine,
IEEE, vol. 9, pp. 24-35, 2015.

S. Lan, C. M. Tan, and K. Wu, "Methodology of
reliability enhancement for high power LED driver,"
Microelectronics Reliability, vol. 54, pp. 1150-1159,
2014.

R. Wu, F. Blaabjerg, H. Wang, and M. Liserre,
"Overview of catastrophic failures of freewheeling
diodes in power electronic circuits," Microelectronics
Reliability, vol. 53, pp. 1788-1792, 2013.

A. Scandurra, G. F. Indelli, R. Zafarana, A. Cavallaro,
E. Scrofani, J. P. Giry, S. Russo, and M. Bakowski,
"Molding Compounds Adhesion and Influence on
Reliability of Plastic Packages for SiC-Based Power
MOS Devices," IEEE Transactions on Components,
Packaging and Manufacturing Technology, vol. 3, pp.
1094-1106, 2013.

B. Sun, X. J. Fan, W. D. van Driel, H. Ye, J. Fan, C.
Qian, and G. Q. Zhang, "A Novel Lifetime Prediction
for Integrated LED Lamps by Electronic-Thermal
Simulation," Industrial Electronics, IEEE
Transactions on, Submitted 2016.

B. Wang, X. Ruan, K. Yao, and M. Xu, "A method of
reducing the peak-to-average ratio of LED current for
electrolytic capacitor-less AC-DC drivers," IEEE
Transactions on Power Electronics, vol. 25, pp. 592-
601, 2010.

Linear Technology Corporation. (2014). LTwiki.
Available: http:/Itwiki.org/?title=Main_Page

E. F. Schubert, T. Gessmann, and J. K. Kim, Light
emitting diodes: Wiley Online Library, 2005.

H.-T. Chen, S.-C. Tan, and S. Hui, "Color variation
reduction of GaN-based white light-emitting diodes
via peak-wavelength stabilization," Power Electronics,
IEEE Transactions on, vol. 29, pp. 3709-3719, 2014.

M. Hudait and S. Krupanidhi, "Doping dependence of
the barrier height and ideality factor of Au/n-GaAs
Schottky diodes at low temperatures,” Physica B:
Condensed Matter, vol. 307, pp. 125-137,2001.

B. Sun, X. J. Fan, W. v. Driel, T. Michel, J. Zhou, and
G. Q. Zhang, "Lumen Decay Prediction in LED
Lamps," presented at the IEEE International
Conference on Thermal, Mechanical and Multi-
Physics ~ Simulation and  Experiments  in



http://www1.eere.energy.gov/buildings/ssl/news_detail.html?news_id=21168
http://www1.eere.energy.gov/buildings/ssl/news_detail.html?news_id=21168
http://ltwiki.org/?title=Main_Page

GRS IN

Microelectronics and Microsystems, Montpellier,
2016.

[33] Y. Huaiyu, K. S. Wee, W. Jia, and H. W. Van Zeijl,
"Dynamic thermal simulation of high brightness LEDs
with unsteady driver power output," in Thermal,
Mechanical and Multi-Physics  Simulation and
Experiments in Microelectronics and Microsystems
(EuroSimE), 2012 13th International Conference on,
2012, pp. 1/5-5/5.

[34] T. Santini, S. Morand, M. Fouladirad, L.-V. Phung, F.
Miller, B. Foucher, A. Grall, and B. Allard,
"Accelerated degradation data of SiC MOSFETs for
lifetime and Remaining Useful Life assessment,"
Microelectronics Reliability, vol. 54, pp. 1718-1723,
2014.

[35] M. S. Handbook, MIL-HDBK-217F: Reliability
Prediction of Electronic Equipment, : US Department
of Defense, 1995.



