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Abstract— Recently LED is best option for domestic as well 

as commercial lighting applications. But in LED lighting 

driver circuit is very weak link. Reliability study of LED 

driver is one of the most challenging and time consuming 

process. This paper proposes temperature effect test and 

voltage stress method to predict reliable life of LED driver 

circuit and entire LED system. In typical applications this 

systems are subjected to high temperature as they are usually 

placed in open environment. For accelerated life time test, 

effect of temperature on electrolytic capacitor is considered 

and for voltage stress method knee-point voltage is important 

parameter. This paper also proposes life estimation method 

to predict life of LED driver circuit. Also, experimental 

procedures as well as results are presented for both method. 
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I. INTRODUCTION 

Now a days technology in lighting devices and lamps, LEDs 

have an increasing number of application in routine life. 

Day by day, they are becoming more popular and more 

accessible to the general public. LEDs can be classified into 

two main groups: 1) inorganic LEDs, which are made from 

inorganic semiconductors, such as indium-gallium nitride 

(InGaN) and aluminium-gallium arsenide (AlGa), among 

others, and 2) organic LEDs (OLEDs), which are made from 

carbon-based semiconductors and polymers. Both types 

have seen huge improvements in their light output in recent 

years. However, while inorganic white-phosphor-based 

LEDs are now commonly giving more than 100 lm/W, 

OLEDs for general lighting applications can only be found 

with ratings of 50 lm/W. [1] 

A few commercial high-power LEDs have 

achieved over 100 lm/hr in luminous efficiency and 50000 

hr of useful life, which is competent to challenge traditional 

light sources. However, an LED is low voltage (2.5-4.0 volt) 

dc driven semiconductor component and cannot be directly 

driven by most available power sources such as 120 or 230 

ac voltage. Therefore, an LED lighting system requires a 

driver to handle the power conversion from ac voltage to dc 

regulated current output. 

An LED lighting system is composed of LED light 

sources, LED drivers, secondary optics and heat sinks all 

working together to deliver the required lighting. The 

reliability of an LED lighting system is mostly affected by 

the weakest component of the system. Applications show 

that electrolytic capacitors and power components like 

Diode, MOSFET are mainly cause of failure of LED driver 

circuits. 

Even though an LED’s lifetime can be very long, 

typically 50000 hr based on lumen maintenance criteria [2], 

the LED driver’s lifetime can be shorter, and therefore, 

shorten the lifetime of the whole system. An electronic 

equipment’s useful life in application environment could be 

predicted from accelerated life testing data based on 

parameters includes temperature, humidity, voltage and 

vibrations. 

The purpose of this study was to develop an 

accelerated test method for predicting the useful life of an 

LED driver in typical application environments, where the 

temperatures range from 250C in open-air ceilings up to 

1000C in insulated air-tight ceilings. An LED driver can be 

built as an independent power supply or be integrated into 

luminaires. This study base on only constant-current LED 

drivers. An LED driver will either fail catastrophically (no 

output current) or parametrically (output current drift from 

rated value). This study focuses on the parametric failure of 

LED drivers [3]. 

To accelerate the failure, high voltage stress was 

applied to the driver and the lifetime was found under 13 V 

voltage stress. Inverse Power Law (IPL) is widely used for 

extrapolation of voltage acceleration. However, the IPL is 

done by fitting the available lifetime data with 

corresponding stresses without detailed physical analysis, 

and this could lead to inaccurate conclusion. In this work, a 

physical-experimental model is proposed and this method is 

based on failure mechanism and stress-dependent 

degradation model parameters [4]. 

In this work we will see first failure mechanism of 

different components in driver circuit. After that reliability 

calculation equations will be presented next. It is necessary 

to obtain analytical data for reliability calculations. From 

different test methods, we can get data. Therefore test 

methods will be presented. And also estimation method will 

be here to predict life of LED driver circuit. 

II. FAILURE MECHANISM 

The study and observation for the degradation of electronic 

components are various and complex, and they are 

commonly resulted from the components gradual 

deterioration under long time of electrical stress, 

temperature effect and other circumstance factors. The 

degradation of electronic components usually reflects in 

their performance parameters drifting from the nominal 

values. Table 1 shows the degradation trend and failure 

threshold of critical components for the SMPS involved in 

this paper [5]. 

 
Fig. 1: Block diagram of SMPS 
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A. Failure Mechanisms and Degradation Model of 

Capacitors 

The performance of aluminium electrolytic capacitors 

depends on the anode metal oxide film. With the thickening 

of anodic metal oxide film, the equivalent series resistance 

ESR increases and its capacitance decreases, while 

hydrogen produced from the cathode reaction accelerates the 

evaporation of electrolyte. That is the major factor of 

aluminium electrolytic capacitors' degradation. Under 

constant temperature circumstance, the degradation rate is 

constant, the ESR exponentially increases with time, and the 

capacitance linearly increases with time. Which is given by 

equation as below, 

1 1
( ) .exp( )ESR t A B t                     (2.1) 

2 2
( )C t A B t                   (2.2) 

Where 
1 2 1 2
, , ,A A B B  represents coefficient and t is time. 

B. Failure Mechanisms and Degradation Model of Diodes 

In the using process, the current, voltage and temperature 

has a great impact on the Schottky diode, especially the 

contact interface between metal and semiconductor. With 

the decrease of diode's performance, the Schottky diode 

degrades, which leads to significant change of reverse 

leakage current. The equation can be given as below, 

exp( )          R

R

I Q
A

I kT
 

  (2.3) 

Where 
R

I  means reverse leakage current; , , ,A Q K T  

are coefficient activation energy, Boltzmann’s constant and 

absolute temperature, respectively. 

C. Failure Mechanisms and Degradation Model of 

MOSFET 

The failure mechanisms of power MOSFET largely depends 

on devices' structure and processing. The common failure 

mechanisms are hot carrier injection (HCI), bias temperature 

instability (BTI), time dependent dielectric breakdown 

(TDDB), and metal electro-migration and so on. At work, 

the degradation of MOSFET lies on temperature and electric 

stresses, and the model is established as equation as below, 

exp( ) exp( )        
mX Q

A V t
X kT

    (2.4) 

Where X  is MOSFET’s sensitive parameters; 

, , ,A Q K T  are coefficient activation energy, Boltzmann’s 

constant and absolute temperature and m is constant. 

III. IMPACT OF RIPPLE CURRENT ON LED SYSTEM 

PERFORMANCE 

In this section presented a negative current ripple impact on 

light output and efficiency. Current ripple in this study is 

defined as follows: 
current peak to peak amplitude

100  
current mean amplitude

 


    (3.1) 

The typical output current ripple patterns of the 

LED drivers are sinusoid or triangle or a combination of the 

two. A study was designed to estimate the impact of typical 

current ripple on light output and efficacy of an LED [3]. 

The typical LED driver’s output current waveforms were 

recreated by using a function generator and a voltage–

current converter. The output current mean value was kept 

constant at 350 mA, while the current ripple was variable. A 

3-W white LED served as the load to the constant current 

source. The independent variables were current ripple 

patterns (triangle at 10 kHz, and sinusoid at 120 Hz) and the 

amplitude of the current ripple. 

 
Fig. 2: Impact of Current ripple on light output and 

efficiency 

Figure 2 shows the relationship between current 

ripple amplitude and relative light output and relative 

efficiency compared with the no current ripple condition. As 

current ripple increases while current mean value is 

maintained, both light output and efficiency of the LED 

decrease. For sinusoidal current ripple waveforms, when the 

current ripple reached 150%, the light output was derated by 

10% compared with the no current ripple condition, and the 

efficiency was derated by 20%. For triangular current ripple 

waveforms, when the current ripple reached 150%, the light 

output was derated by 3% and the efficiency was derated by 

10%. As the current ripple further increased, both light 

output and efficiency suffered from more derating. The light 

output and efficiency derating caused by the current ripple 

implies that LED light output is not only determined by 

current mean value, but also affected by current waveform 

patterns because of the nonlinear relationship between light 

output and forward current. As the current ripple increases 

while current mean value is kept constant, more power will 

be delivered to the LED, but less light output will be 

expected due to the thermal derating caused by increased 

input power. This will cause a decrease in system efficiency, 

and possibly renders the system no longer qualified for 

application requirements. The output current ripple is a 

critical parameter that affects an LED lighting system’s 

performance. 

IV. CONCEPT OF RELIABILITY FOR LED DRIVERS 

A failure occurs when a component does not perform 

required function. Reliability is commonly characterized by 

the failure rate ( )t . The failure rate is define as following 

relation [6]; 
Number of Failure

failure rate       
Operating time


 (4.1) 

Most of reliability prediction methods assume that 

reliability of electronic equipment can be described as 

follows; 
( )

( )            
t

R t e


        (4.2) 

With this assumption, the failure the failure rate is 

constant and random. Common approaches consider that the 

total failure rate of system is the sum of comprising 
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components failure rate. For a system consisted of n 

components, the total failure rate can be calculated as; 

1 2
...

total n
                        (4.3) 

The MMTF (mean time to failure), is used to 

indicate the reliability, it is defined as; 
1

          M TTF



               (4.4) 

( )
( )         total t

total
R t e


        (4.5) 

 Failure rate for a high reliability part are typically 

around 8
10

  failures per hour. Another indicator often used 

is the mean time between failures, MTBF. Strictly, this is 

the mean time between failures as equipment goes through 

successive cycles of failure and repair. MTBF is related to 

the MTTF as follows, 

repair time       MTBF MTTF        (4.6) 

Since repair is not normally possible for 

semiconductor parts, the MTTF and MTBF often have same 

meaning. For this calculation we have to perform certain test 

on LED driver circuit. Which will presented in next section. 

A. Reliability Prediction 

Nowadays, the usage of the MIL-HDBK-217 is common in 

many areas and it is the most used reliability prediction 

method of the electronic components. Values included in the 

MIL-HDBK-217 have been built up from experience of 

component failures and, also, from the results of accelerated 

testing at the elevated stress. MILHDBK- 217 contains two 

prediction methods: the “parts count” method, and the “parts 

stress” method. The part count prediction approach is 

applicable in the early stage of design when little 

information about the system is known. The parts stress 

prediction approach requires a greater amount of detailed 

information and is applicable during the later design 

progress when stresses and other environmental factors are 

known for each component. As a design progress, more 

detailed design information is available and it is possible to 

estimate overall reliability by calculating the individual 

component failure rates. This method is known as part stress 

analysis as it is based on the operating stress of each 

component. 

A variety of different models are used depending 

on the component type. For example, the part failure rate of 

semi-conductors in the parts stress method is defined as 

follows, 

  
p b E A Q R S C

                  (4.7) 

where, 
p

 is the part failure rate; 
b

 is the base 

failure rate; 
E

 is the environment factor; 
A

 is the 

application factor (linear or switched); 
Q

 is the quality 

factor; 
R

 is the power rating; 
S

  is the voltage stress factor; 

and 
C

  is the complexity factor. 

By using equation (4.7) we can calculate failure 

rate for different components of power stages and control 

stages. 

V. TESTING METHODS 

In this section, we will see different testing methods applied 

on LED driver. Here two different methods based on 

temperature [3] and voltage [4] are presented.  

A. Temperature Effect Test  

According to [3] an experiment was designed to establish 

the impact of temperature on the LED driver’s useful 

lifetime. Two types of LED driver from two different 

manufacturers were selected and three samples of each were 

used. Driver A has an output electrolytic capacitor of 100 μF 

whose ESR value is 0.72 Ω (f = 120 Hz). Driver B has an 

output capacitor of 330 μF whose ESR value is 0.16 Ω (f = 

120 Hz). The loads of drivers A and B were kept constant by 

using a 3-W white LED.  

A local oven was used to contain the electrolytic 

capacitor and to provide local ambient temperature control. 

The positive pin temperature of an electrolytic capacitor was 

found to be indicative of the core temperature, which 

influences the lifetime of an electrolytic capacitor. A J-type 

thermocouple was soldered at the root of the capacitor’s 

positive pin to represent the capacitor temperature. 

The output electrolytic capacitor was subjected to 

an elevated ambient temperature while the LED driver was 

in operating condition. The output current parameters and 

the capacitor temperature were measured periodically until 

the proposed end-of-life criterion was met. This procedure 

was repeated until all of the selected temperature conditions 

were completed. 

B. Voltage Stress Test 

In this work is performed under high voltage at normal 

temperature 25 C  of No hard failure is observed after 1000 

hrs test. The I–V curves are measured periodically to study 

the knee point voltage degradation. As the degradation 

mechanism is found to be HCI (Hot Carrier Injection), the 

degradation rate is fast at the beginning. Due to the shift of 

peak electrical field and the increase in barrier potential, the 

degradation rate slows down after the initial period. 

Therefore, to capture the fast initial degradation, the 

measurement interval is set more frequently at beginning 

and then less after the degradation reaches saturation as 

described below: 

1) Every 10 mins (t < 1 hours). 

2) Every 20 mins (1 < t < 2 hours). 

3) Every 24 hours (2 < t < 100 hours). 

4) Every 48–72 hours (t > 100 hours). 

Up to here in this section we have seen different 

test method based on temperature and voltage. Now in next 

part we will see results of experiment. 

VI. RESULTS 

A. For Temperature Test 

For each driver, two exponential functions were found to be 

a good fit to this relationship with very high correlation 

coefficient. It should be pointed out that at around 190 ◦C 

for LED driver A and around 180 ◦C for LED driver B, both 

lifetime curves show a sharp bending, which suggests that 

additional failure mechanisms exist under extremely high-

temperature conditions, not only the vaporization of 

electrolyte happens, but also the deterioration of electrolyte 

occurs. The chemical decomposition induced by extremely 

high temperatures further derates the output capacitor’s 

performance, causing a rapidly reduced useful lifetime 

under that condition. Therefore, only the data points below 

190 ◦C for LED driver A and below 180 ◦C for LED driver 
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B should be used to extrapolate a lifetime prediction in order 

to avoid introducing extra failure mechanisms. 

By exponential extrapolation to 100 C for the 

capacitor temperature, the useful lifetime of LED driver A is 

predicted to be approximately 6633 h, while the useful 

lifetime of LED driver B is predicted to be approximately 

13169 h. The temperature induced derating of the useful 

lifetime was calculated to be 59% per 10 C for LED driver 

A, and 53% per 10 C for LED driver B. 

B. For Voltage Stress Test 

The knee point voltage degradations for the samples under 9 

V, 11 V, and 13 V stress are observed. The increases of the 

knee point voltage are observed for these 3 groups, which 

are proportional to the applied voltage as expected. The self-

limiting effect is observed after 24 Hrs test and the 

degradation follows concave path. 

VII. LIFETIME ESTIMATION 

Based on estimated parameters, the knee point voltage 

degradation under stress condition can be predicted. As the 

failure criteria is decided once the knee point voltage 

exceeds 
out opt

V


 the failure probability can be expressed as 

function
1

  ,
2

  which are degradation parameter and 
3

   as 

well as 
out opt

V


 as shown below, 

1 3
Pr( ) ( ) Pr[ ( , ) ]        

knee out opt
T t F t V t V


    (8.1) 

Thus the lifetime distribution of T depends on the 

distribution of the parameter
1 3

 .For linear degradation, the 

closed form of F(t) can be found by substituting parameter 

distribution into equation (10). However, the analytical 

solutions does not exist for non-linear degradation model 

1 3
( , )

knee
V t  in this work and Monte Carlo simulation is used to 

estimate F(t). The Monte Carlo is done by generating large 

number (N =10000) of pseudo degradation path based on 

the proposed degradation model and estimated. The lifetime 

is estimated by finding the crossing point between the 

degradation path and the failure criterion
out opt

V


. The detailed 

steps of the Monte Carlo method are as below [4]: 

1) Generate N groups of parameters 
1 3




based on the 

estimated mean matrix 


  and covariance matrix 




from the test results. 

2) Generate N degradation path 
1 3

( , )kneeV t 
 

based on the 

estimated 
1 3


  in step 1. 

3) Compute lifetime 


of these N degradation path with 

corresponding failure criterion
out opt

V


 as shown: 

2

1

3

1

      
j

out opt j

j

j

V 







 
  
 
 

          (8.2) 

4) Evaluate F(t) based on 


 distribution. 

5) The error of the Monte Carlo approximation is 

inversely proportional to N and can be made small by 

chosen large N value as given below 

( )(1 ( ))
     

F t F t

N

   (8.3) 

Thus, from above method we can predict the life of 

LED driver based on different degradation parameters, mean 

matrix and covariance matrix.  

VIII. DESIGN APPROACH 

A. Design Guideline for Power Electronic Circuits 

In this section design algorithm for power electronic devices 

and circuit are presented [7]. It can be noted that the 

procedure designs reliability into each development process 

(i.e. concept, design, validation, production and release) of 

power electronic products, especially in the design phase. 

Therefore, attention is given to the detailed procedures and 

various design tools applied in the design phase according to 

the initial design concept. 

1) Concept Phase 

In the initial concept phase, the conditions to which the 

power electronic converters are expected to be exposed (i.e. 

mission profile) are identified. Benchmarking of system 

architecture and circuit topology is conducted. Then, the 

potential new risks brought into the design are analyzed 

based on past experience and applied new type of devices 

and topologies. 

2) Design Phase – Analysis 

The analysis covers the following four aspects: a) basic 

operation of the power electronic circuit and system; b) 

electrical and thermal stress analysis based on the system 

specifications and mission profile for preliminary selection 

of components to meet the stress-strength requirement; c) 

Failure Mode Effect and Analysis (FMEA) to identify the 

failure mechanisms, failure mode, occurrence and severity 

level of the failure and likelihood of prior detection for each 

cause of failure and d) list of reliability critical components 

in the system and their associated failure mechanisms. 

3) Design Phase – Initial Design 

Multi-domain simulation, especially the electrical thermal 

simulation is a very useful tool to virtually investigate the 

static and dynamic properties of the system to be designed 

as discussed in. The link between the electrical domain and 

thermal domain is the power loss and thermal model of 

individual component. Finite Element Analysis (FEA) can 

be used for thermal study. Therefore, by using this design 

algorithm we can select appropriate power electronic device 

and circuit. Which can be used for design of reliable LED 

driver circuit.  

In previous sections we have to study about 

problem due to capacitor and power electronic component 

and also design algorithm for power electronic devices. 

Now, it’s time solving main problem of capacitor in LED 

driver circuit. 

B. Concept of Flicker-Free Electrolytic Capacitor-less AC-

DC Driver for LED Lighting 

 
Fig. 3: Flicker-free electrolytic capacitor-less ac-dc LED 

driver  
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Schematic arrangement of proposed flicker-free electrolytic 

capacitor-less ac-dc LED driver shown in figure 3. 

It is made up of a PFC converter, a bidirectional 

converter, a filter capacitor 
0

C and a filter inductor
0

L . 
0

L  is 

in series with LED string [8], to act as a low-pass filter in 

preventing the harmonics at the switching frequency and 

above from flowing through LED string; the capacitor 
0

C

provides a low impedance path for the harmonic current at 

the switching frequency and above in 
s

i  and 
b

i  to flow 

through. It should be noted that this 
0

C  is different from the 

conventional storage capacitor because it filters only the 

high frequency harmonic current, not the one at twice the 

line frequency. Therefore 
0

C is very small, which offers the 

possibility of adopting film capacitors or ceramic capacitors 

instead of electrolytic capacitor for the purpose.  

Thus, in this literature we have studied about LED 

driver which is very important part of LED lighting 

application. Also we have seen different testing methods 

applied in various conditions. From this testing we get 

analytical data, which is very useful for prediction of life for 

LED. From this test we observes, weakest component 

available in driver circuit. Also, observe behavior of these 

failure component in different physical conditions. And here 

design approach for power electronic as well as capacitor 

are suggested. 

IX. CONCLUSION 

From this study conclusion is that in temperature test, the 

output electrolytic capacitor is estimated to have the highest 

failure rate of all components in standalone LED drivers. As 

an electrolytic capacitor degrades, its ESR increases and its 

capacitance decreases. The electrolytic capacitor’s lifetime 

is sensitive to operating temperature. Heat affects the rate of 

change of ESR and capacitance and accelerates the 

degradation process. The LED driver’s output current ripple 

increases when the output capacitor’s ESR increases and its 

capacitance decreases. Therefore, the output current ripple is 

a good predictor of the useful life of LED drivers. 

And also for voltage stress test we have seen that 

Accelerated life test was conducted on the driver circuit 

under different stress conditions and the lifetime was 

estimated based on knee point voltage degradation model. 

Also, design approach for power electronic devices 

and capacitor are mentioned. Which provides help in to 

improve life of LED driver as well as full LED lighting 

system. 
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