
                               VOL. 11, NO. 2, JANUARY 2016                                                                                                               ISSN 1819-6608 

ARPN Journal of Engineering and Applied Sciences 
©2006-2016 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
                                                                                                                                               1030 

IMPROVED JUNCTION TEMPERATURE MEASUREMENT 
FOR HIGH POWER LED 

 
Tri Ayodha Ajiwiguna1, Hun Sik Han2 and Seo Young Kim3 

1Engineering Physics, Telkom University, Jalan Telekomunikasi Terusan Buah Batu, Indonesia 
2SMART Development Division, Korea Atomic Energy Research Institute, Daejoen, South Korea 
3Center for Urban Energy Systems, Korea Institute of Science of Technology, Seoul, South Korea 

E-Mail: triayodha@telkomuniversity.ac.id  

 
ABSTRACT 

Peak wavelength and forward voltage methods are widely used to measure junction temperature of LED. 
However, these methods have an error in the measurement for high power LED caused by high current. In the calibration 
step, joule heating is not negligible if high current is applied even under low duty cycle. Improved junction temperature 
measurement by these methods is performed to solve that error. The LED package tested consists of six red LED chips 
attached on the metal board. The dimension of metal board is 30 mm x 32 mm with 3 mm thickness. When it is being 
operated, the operating current is 13.5 A with 25% duty cycle and 250 Hz of frequency. The result of peak wavelength 
method and forward voltage method are then compared. Forward voltage method shows higher standard deviation than 
peak wavelength method. The results of non-improved and improved measurement are also compared. Non–improved 
measurement shows the lower temperature. The influence of LED junction temperature to the luminous flux of light 
emitted is also investigated. Luminous flux tends to decrease while the junction temperature increases. 
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INTRODUCTION 

The mechanism of Light Emitting Diode to 
produce light is different with other light sources. LED 
consists of p-type and n-type semiconductor with a 
junction between them. When forward bias is applied to 
the LED, electrons and holes recombine at the junction 
accompanied by releasing heat and light energy [1].  

Due to its advantages, LED technology has been 
applied in many applications to replace conventional light 
sources [2]. The weakness of LED is its performance is 
largely affected by junction temperature [3-4]. In high 
power LED, thermal management becomes a great interest 
for LED companies and researchers since high heat 
dissipation is produced [5-9].  

Temperature measurement is usually performed 
by placing the sensor at the object. In LED junction 
temperature measurement, this method has limitation 
because the junction is located inside the chip where the 
sensor is almost impossible to place. Moreover, the size of 
sensor is larger than junction itself, so it causes error 
measurement. Due to this reason, the other methods have 
been introduced [10-15].  

Peak wavelength and forward voltage of the LED 
are changed by the junction temperature. Therefore, one 
method to measure the junction temperature is to employ 
the LED itself as a temperature sensor. Currently, Peak 
wavelength and forward voltage methods are widely used 
to predict the junction temperature. Chajed et al. measured 
the junction temperature of low power LED by using 
forward voltage and peak wavelength method [12]. These 
methods have two steps, calibration step and actual step. 
In the calibration step, very low duty cycle was used to 

assume that joule-heating by electricity is negligible. For 
high power LED, due to the heat dissipation is much 
higher, that assumption causes error in the measurement. 
The correction for these methods should be taken into 
account to obtain more accurate measurement. 

Improvements in junction temperature 
measurement of LED have been conducted to get more 
accurate measurement [16-17]. However, the use of low 
duty cycle without correction method is still used. This 
paper discusses the way to reduce error measurement 
caused by low duty cycle in calibration step for High 
Power LED junction temperature measurement. The 
measurement result of these two methods is compared. 
The influence of junction temperature to the luminous flux 
of light emitted is also investigated.  
 
EXPERIMENTAL SETUP AND PROCEDURE 

In this study, the high power red LED package 
for projector whose operating condition based on 
manufacturer recommendation is at 13.5 A of pulse 
current with 250 Hz frequency and 25% duty cycle was 
used. When it is being operated, the metal board must be 
maintained at the maximum temperature of 40 oC. The 
LED package had six chips attached on the center of the 
metal board. The metal board dimension was 32mm x 
30mm with 3mm thickness. The LED chips on the 
package were protected by thin transparent material. 
Figure 1 shows the schematic of the LED package. 
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Figure-1. Example of figure in the text. 
 

Basically, the procedures of peak wavelength and 
forward voltage method are similar. The difference is only 
at the measured parameter. These methods have two steps, 
calibration and actual step. Calibration step aims to obtain 
the temperature dependence of LED forward voltage or 
peak wavelength. In this step, LED was placed and heated 
inside the temperature controlled oven at the certain 
temperature. After thermal equilibrium between LED and 
oven had been reached, pulse current with very low duty 
cycle was applied to get assumption that no heat 
dissipation, thus the oven temperature and the junction 
temperature were assumed the same. Pulse current 
generator which is able to produce high current in pulsed 
shape was used in this calibration step. Forward voltage 
and peak wavelength were then measured by oscilloscope 
and spectrometer respectively. 

In high power LED, since the high current is 
employed, heat dissipation still increases the junction 
temperature even under low duty cycle. To solve this 
problem, the correction method is needed. Therefore, 
0.25%, 0.5%, 0.75%, and 1% duty cycle were used. To 
estimate the lowest duty cycle, those data were 
extrapolated to get the peak wavelength and forward 
voltage at 0% duty cycle which was assumed no heat 
dissipation in this condition. These procedures were 
repeated at different temperatures to obtain the relation 
between the junction temperature with peak wavelength or 
forward voltage by plotting to the graphs. The slope of the 
graphs were then determined. Equipment set up for the 
calibration measurement is shown in Figure-2.  
 

 
 

Figure-2. Calibration step measurement setup. 
 

In the actual step, LED package was placed at 
room temperature (To). First, same pulse current with the 
calibration measurement is applied. Then, peak 
wavelength (λo) and forward voltage (Vo) were measured. 
Second, the LED was turned on at its operating condition. 
The metal board temperature was maintained at 40 oC by 
employing heat sink and fan. After stable condition had 
been established, the peak wavelength (λt) and forward 
voltage (Vt) were measured.  

The peak wavelength and forward voltage of 
LED are assumed linear to the junction temperature up to 
80-100 oC [13]. Therefore junction temperature was 
calculated by equation (1) for peak wavelength method 
and equation (2) for forward voltage method.  
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Where Tj is junction temperature, Kλ and KV are 

the slope of peak wavelength and forward voltage to the 
junction temperature respectively.  

LED measurement system which consists of 
spectrometer and integrating sphere were used to measure 
luminous flux [18]. The LED light was directed to 
integrating sphere and travelled through optical fiber to the 
spectrometer. Luminous flux was then read at the 
computer. These parameters were measured 
simultaneously with the actual measurement, shown in 
Figure-3. 
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Figure-3. Actual measurement, radiant flux, and luminous 
flux measurement: (a) apparatus set up, (b) Heat sink 

and fan arrangement. 
 
RESULT AND DISCUSSIONS 

In the calibration step, the effect of duty cycle to 
the peak wavelength and forward voltage are shown in 
Figure-4. The peak wavelength and forward voltage are 
slightly different at every duty cycle since higher heat 
dissipation is produced at higher duty cycle and causes 
junction temperature slightly increase. To estimate at 0% 
duty cycle, peak wavelength and forward voltage are 
extrapolated at each temperature. The relation between 
junction temperature with peak wavelength or forward 
voltage at 0% duty cycle is established. The result shows 
that peak wavelength increases linearly with the increase 
of junction temperature, while forward voltage decreases 
with the increase of junction temperature. For comparison, 
the graphs of 1% and estimated 0% duty cycle are shown 
in figure 5. The slopes of peak wavelength and forward 
voltage, Kλ and KV, are obtained 0.139 nm/oC and -4.8 
mV/oC respectively for 0% duty cycle. 
 

 
(a) 

 

 
(b) 

 

Figure-4. Effect of duty cycle in calibration measurement: 
(a) Duty cycle versus peak wavelength, (b) Duty cycle 

versus forward voltage. 
 

Standard deviation is one of the important 
parameter to predict the measurement uncertainty [19]. 
The measurement was conducted ten times for each 
method to investigate uncertainty of measurement. The 
comparison between these methods is shown in Table-1. 
 

Table-1. Result comparison of junction temperature 
measurement methods. 

 

Method Tj  (0%) Tj  (1% ) 
Std. 

Deviation 
Peak 

wavelength 
68.3 oC 59.7 oC 2.3 oC 

Forward 
Voltage 

62.7 oC 55.6 oC 7.6 oC 

 
The junction temperature was obtained 62.7 oC 

with standard deviation of 7.6 oC by forward voltage 
method. On the other hand, peak wavelength method 
results the junction temperature 68.3 oC with standard 
deviation of 2.3 oC. It means that the uncertainty of 
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measurement by forward voltage is higher than peak 
wavelength method. Contact electrical resistance at the 
LED connector is affected even by small changes of its 
position. Meanwhile, the actual step uses pulsed high 
current at constant level which absolutely creates forward 
voltage when it flows to the electrical resistance. This fact 
causes the high sensitivity of forward voltage and makes 
uncertainty relatively high. On the other hand, peak 
wavelength method measures the wavelength of light 
produced by LED. Light properties of LED, including 
peak wavelength, tend to be constant if the current is not 
changed. Therefore, the uncertainty of peak wavelength 
method is relatively low. 
 

 
(a) 

 

 
(b) 

 

Figure-5. (a) Temperature dependence of forward voltage, 
(b) Temperature dependence peak wavelength. 

 
The junction temperature measurement by 0% 

duty cycle is higher than 1 % duty cycle because heat 
dissipation at 1% duty cycle causes additional error to the 
measurement. The results show that the temperature 
difference between 0% duty cycle and 1% duty cycle are 

8.6 oC and 7.1 oC for peak wavelength and forward voltage 
method respectively. 

Since the uncertainty of peak wavelength method 
is lower, this method is used to investigate the influence of 
junction temperature to the luminous flux of LED, shown 
in Figure-7. The trend shows that higher junction 
temperature causes the decreasing luminous flux 
significantly. The gap energy between valence and 
conduction band in semiconductor materials depends on 
the temperature [20]. The lower gap energy band occurs at 
the higher temperature. Luminous flux, which is a measure 
of light power, depends on this gap energy. Therefore, the 
lower band gap energy results the lower luminous flux. 
This also causes forward voltage decrease and peak 
wavelength increase when the temperature increases. 
 

 
 

Figure-6. Influence of junction temperature to the 
luminous flux. 

 
CONCLUSIONS 

In this paper, an improved junction temperature 
measurement by peak wavelength and forward voltage 
method for high power LED are presented. In the 
calibration step, the method to estimate the lowest duty 
cycle (0%) is performed to get more accurate 
measurement. Non-improved measurement (1% duty 
cycle) shows 8.6 oC and 7.1 oC lower than improved 
measurement result for forward voltage and peak 
wavelength method respectively. In the comparison 
between the two methods, the result shows that the 
standard deviation of peak wavelength method (2.3 oC) is 
lower than forward voltage method (7.6 oC). The luminous 
flux is also observed decrease while the junction 
temperature increases. 
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