
106

RESEARCH INTO THE JUNCTION TEMPERATURE AND POWER  
OF NEW LED MODULES GENERATION IN DEPENDENCE  

ON VARIABLE PARAMETERS

Kemal Furkan Sokmen and Osman Bedrettin Karatas

Bursa Technical University, Bursa, Turkey 
E-mail: furkan.sokmen@btu.edu.tr

ABSTRACT

In this research, the change in the junction tem-
perature and luminous flux of a new generation 
LED module depending on variables such as radia-
tion, lens piece, ambient temperatures, currents, and 
quantity of elements had been studied. Commercial 
software FloEFD2019 was used in the finite vol-
ume analysis made during the study. The analyses 
were verified by experiments. On basis of the anal-
ysis, a solution was obtained that does not depend 
on the number of elements. The force of gravity was 
taken into account. While the ambient temperatures 
were taken as Ta = 23 °C and 40 °C, and the radia-
tion value as 1009 W/m2, currents as 140 mA, 160 
mA, 180 mA, 200 mA, 220 mA and 240 mA, mean-
while, samples numbers on PCB were taken as 101 
and 202. In order to determine the effect of the lens 
piece located on the LED module, the analysis was 
repeated with and without using the lens. As a result 
of the study, it was found that the increase in ambi-
ent temperature and radiation has an adverse effect 
on the temperature Tj and luminous flux. It has been 
observed that changing samples number has a neg-
ligible effect on luminous flux and temperature Tj. It 
was found that the use of radiation and lenses are 
the most important factors affecting the luminous 
flux of the module.

Keywords: LED automotive lamp, laminar 
natural convection, Monte Carlo method of radia-
tion, computational fluid dynamics (CFD), junction 
temperature

1. INTRODUCTION

LED (Light Emitting Diode) systems have re-
cently become widely used in lighting systems. 
The LED provides a lifetime of up to 100 000 
hours depending on usage. The temperature below 
110 °C helps the energy distribute more efficient-
ly at 3000 °C in halogen bulbs, and 700 °C in xe-
non bulbs. The basic studies of the thermal manage-
ment of LEDs were carried out by Karim et.al. [1]. 
Another study on the thermal behaviours of LEDs 
was carried out by Poppe and Lasance [2]. Besides, 
in other studies [3] regarding the determination 
of the junction temperature (Tj), an attempt was 
made to determine both the optical features and the 
lifetime of the thermal conductivity resistances of 
LEDs [4]. Some technical articles regarding the cal-
culation and formulation of Tj have been published 
by LED manufacturers [5–7]. In 2009, Bider inves-
tigated the effect of ambient temperature on LEDs 
and their lifetime [8]. Another basic study was con-
ducted by Bielecki and et.al.in 2007 [9]. While the 
study by Kikuchi et.al aimed to determine the val-
ues of Tj using a three-dimensional model, Monte 
Carlo random radiation method was used for the ra-
diation model [3]. Rubenstein and Kroese also stud-
ied the Monte Carlo method for the simulation [10]. 
The increase in thermal conductivity and a decrease 
in Tj temperature to 20 °C due to increase of copper 
plating on the printed circuit were reported in anoth-
er study by Vora and Vijaykumar on LED [11]. Sheu 
et.al. [12] conducted a study of thermal conductiv-
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ity and thermal resistance based on the determina-
tion of the temperature Tj.

LEDs that consume a large amount of power in 
the direction of increasing demands are intended for 
use in smaller volumes, which makes the thermal 
design of LEDs more difficult [13]. Arık et al. in-
vestigated the effects of local thermal points avail-
able on LEDs using finite elements method in order 
to define the thermal problems arising in LEDs [14]. 
Petroski et al. developed a spot module with LED 
equipped with heat distributor. In this study, where 
cooling is provided by natural convection, the posi-
tioning problem of LED was resolved using a heat 
distributor with vertical wings located throughout 
a cylindrical pipe [15]. Yung et al. investigated the 
effect of printed circuit board (PCB) positioning at 
different angles on heat transfer in a system with 
LED, where cooling is provided with natural con-
vection. Yung et al. investigated how the availabili-
ty of PCB at different angles affects heat transfer in 
a system with LED, where cooling is provided by 
natural convection [16]. Some researchers have in-
vestigated the design of led cooling systems using 
a thermoelectric cooler. Zhong et al. compared the 
system with thermoelectric cooler, with cooling sys-
tem with heat distributor and fun. As a result of the 
comparison, it was found that a system with a ther-
moelectric cooler is more efficient than that with 
heat distributor and fun, in the case that when the 
air speed is 3.6 m/s and the LED power is less than 
35 W [17]. Computational fluid dynamics method is 
often used in thermal designing of the system with 
LED. Cheng et al. in their study, done using the fi-
nite element method, investigated the change in heat 

distribution at different heat convection coefficients 
in the system, where there are 10 LEDs, a closed 
volume existing behind PCB, and vertical wing-
lets are available. It was seen that LED tempera-
ture could be decreased using a fan to increase heat 
convection coefficient [18]. In another study, which 
used the finite elements method, the effect of the 
number, widths and lengths of winglets available 
in a heat distributor on thermal design was investi-
gated. Weng investigated the thermal performances 
of the systems with LED using the finite elements 
method [19]. There are also various studies in the 
literature, which describe the use liquid instead of 
air in the cooling system. Lai et al. developed a liq-
uid cooling system in their study. They showed that 
air cooling could be insufficient compared to a liq-
uid cooling system [20].

This study, which differs from other studies, took 
into account variables such as thermal analysis of 
LED module, ambient temperature, radiation, cur-
rent, and samples number. The study analysed the 
interaction of the junction temperature and lumi-
nous flux of LED module.

2. MATERIAL AND METHOD

2.1. Geometry and Model

The new generation LED module used in this 
study is shown in Fig. 1. 3 LEDs are used in the 
module. These produced LED modules are mount-
ed to any intended design.

Each LED consumes power of 0.1 W in response 
to a current of 0.4 A. One of the drivers operates 

Fig. 1. Geometry 
and location of LEDs 
and electronic devices

Fig. 2. Dimensions 
of the LED module
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with a voltage of 0.13 A and 1.8 V. One of the diodes 
draws 0.15 A and operates under 0.7 V. Transıstor 
operates with 0.3 A and under 1.4 V. The geomet-
rical model and measurements of PCB used are 
shown in Fig. 2.

2.2. Numerical Simulations

The temperature estimations of electronic parts 
were calculated using computational fluid dynam-
ics (CFD) method. FloEFD2019, Mentor Graphics 
software, was used to make the thermal analysis of 
electronic cooling. FloEFD can work with differ-
ent CAD software, but this study CATIA V5 R19. 
With the direct integration of the simulation soft-
ware in CATIA V5, a CAD program; the simplifica-
tion and analysis process will be quite simple and 
rapid. The geometry of PCB and electronics were 
simplified for thermal analysis and imported from 
CAD data. Later on, a computational influence area 
was formed considering the sizes of PCB. The com-
putational domain should comprise all parts of PCB 
to get correct results. Afterwards, the analysis con-
ditions and solution methods are defined (Fig. 3).

Having created the computational domain, the 
boundary conditions were applied. The ambient 
temperature was set to 23 °C, and external analy-
sis was selected as the analysis type for this study. 
The Monte Carlo radiation model and natural con-
vection were selected. Photon radiation is applied 
with random access in Monte Carlo method. This 
process is repeated for N times, depending on the 
maximum of photons defined at the beginning of 
the analysis. The selection of proper N the repeti-
tion number of random access (previous number), 
is important in this method. In addition, the force 
of gravity is taken into account, and weight direc-
tion is (g = 9.81 m/s2) is the -z direction. The ther-
modynamics parameters of computational domain 
are given for the pressure of 101325 Pa, and am-
bient temperature equal to 23 °C. Besides, the so-
lar radiation model was located in the direction of 
x = –0.568562, y = 0 and z = –0.8226405, and solar 
density was defined as 1009 W/m2.

All LEDs and electronic parts were mounted on 
FR4 PCB containing a double-sided layer of copper. 
The thickness of each copper layer is 35 µm, and 
that of PCB is 1.5 mm in total.

The types of material and electronic compo-
nent should be selected properly to avoid of ther-
mal risks. The list of materials and electronic com-
ponents are shown in Fig. 4.

Table 1. Number of Mesh and Junction  
Temperature of LED

Mesh number Tj , oC
550986 95.2
687250 98.3
765687 105.4
863547 116.4
954376 117.1
1025468 117.0Fig. 3. Modelling of computational domain  

and solar radiation

Fig. 4. LED module consists of six blocks: 1 –  lens PC 
Lexan LS2, 2 –  heatsink AL 6063, 3 –  PCB FR4 PCB, 4- 

vida Ejot Delta, 5 –  crimp CuZn33, 6 –  cable FLY-R Cable 
200 mm

Fig. 5. Power of all electronics
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Initially, the analysis verification study was con-
ducted to see whether analyses yield correct results. 
In the verification study, the powers applied to com-
ponents on PCB are shown in Fig. 5. All compo-
nents were driven with the current of 140 mA.

In order to get a solution independent of the el-
ement number, the analyses were made with differ-
ent element numbers, and the results of the analy-
ses are shown in Table 1. It was seen that the results 
did not change after a certain number of elements, 
and the number of elements was defined in the 
analyses on condition that it should not be less than 
954376.

FloEFD solves Navier-Stokes equations, the for-
mulation of mass, momentum, and energy conser-
vation for fluid flows. The obtained equations are 
confirmed by the fluency equations that define the 
structure of the fluid, and with fluid density, viscos-
ity and empirical dependences of thermal conduc-
tivity. The time spend on heat distribution is very 
short, and heat convection time from LED and elec-
tronics to the other parts is not so long, because of 
that temporal behaviours can be taken into consider-
ation. That is why in this study, preference was giv-
en to stationary conditions. The equations for sta-
tionary conditions are mass conservation equation, 
momentum equation, and the thermal energy con-
servation equation [21]. Eq. 1 determined the tem-
perature of LED junction. The normalized luminous 
flux graphics associated with Tj and current value of 
Samsung LED used in the study are shown in Fig. 6 
and Fig. 7.

     J LED LED jcT T P R⋅= + , (1)

where Tj is the junction temperature, TLED is the 
LED temperature, Rjc is the thermal resistance, PLED 
is the LED power.

The normalized luminous flux values corre-
sponding to Tj and the current value obtained from 
luminous flux catalogues of LEDs are calculated us-
ing (2), (3), and (4) by multiplying 32.4 lm, which 
is the maximum luminous flux at 140 mA included 
in the catalogue:

 32.4Luminous flux β α= ⋅ ⋅ , (2)

0.0068 0.037Iα = ⋅ + , (3)

 0,0014 1.0237jTβ = − ⋅ + , (4)

where α is the normalized luminous flux value cor-
responding to the current value is calculated using 
the function shown in Fig. 6, and β is the normal-
ized luminous flux value according to junction tem-
perature in Fig. 7, I is the current, Tj is the junction 
temperature.

2.3. Experimental Study

The thermal analysis should be verified using 
the laboratory experiment. Test equipment and their 
specification are shown in Table 2.

The test was performed in an air-conditioned 
room in a controlled environment, see Fig. 8. PCB 
was placed almost in the middle of the room.

The room air speed was kept at the minimum 
level to ensure natural convection conditions, as in 
numerical simulations. The thermal measurement 
system consists of thermocouples associated with 
data acquisition system by company National In-

Fig. 6. Normalized luminous flux according to current

Fig. 7. Normalized luminous flux according to Tj
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strument. The temperature of the parts and electron-
ics was monitored by software. The stable state data 
was collected after thermal stabilization had been 
ensured in a conditioned division.

Thermocouples were located on four LED mod-
ules, including two of them on lens, one on wing-
lets, and one on PCB (Fig. 9).

Fig. 10. Test results

Fig. 8. The climate 
chamber

Fig. 9. Schematic 
demonstration 
of electronics 
measurement point

Table 2. Test Equipment

Equipment Trademark Working range Inaccuracy
Climatic oven Angelantoni CST 157 2T –80/+220 oC +/-0.1 oC
Thermometer APPA-50 –40/204 oC +/-2.2 oC

Thermocouples Standard (K type)

The test measurements were performed three 
times depending on the time, and test results were 
shown in Fig. 10. It was determined that LEDs 
reached the maximum temperature in a short time 
and kept to maintain this temperature. As can be 
seen from Fig. 10, a decrease in temperature be-
tween 09:07 and 09:36 hours was found due to a 
decrease in current. Later, it was noticed that the 
temperature kept the same value with such small 
fluctuations. For this reason, permanent regime 
practice was carried out in the analyses. No time-de-
pendent analysis was made. The results of the anal-
ysis are shown in Figs. 11.(a) –  11.(c), from the lo-
cations where thermocouples were connected. The 
comparison of the analysis and experiments are 
shown in Table 3.

After confirming the correctness of the calcula-
tion’s analysis, the analyses were made with Sam-
sung PLCC4 LEDs, Table 4.
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3. RESULTS AND DISCUSSION

After checking the results of the analysis, sev-
en different analyses were performed (Table 4), and 
the effects of the factors, such as ambient tempera-
ture, radiation, samples number, lens effect, and the 
change of the current value that LED is driven with, 
on temperature Tj was investigated. The results are 
shown in Figs. 12 (a) –  12 (g). According to the 
analysis results, since the resistance temperatures of 
electronic parts except LED is 150 oC, they are not 
found to be at risk in terms of temperature.

As a result of seven analyses made during the 
study, the maximum Tj values calculated for LEDs 
are shown in Table 5.

In our study, because of seven analyses results 
of the new generation LED module, Tj values were 
found to be less than permitted junction temperature 

value. In analyses made at the current value of 0,14 
A, and Ta = 40 oC radiation, and under two different 
weather conditions (analysis-1, analysis-2); an in-
crease of 27.45 oC was seen in Tj and a decrease of 
1.2 lm at luminous flux, with the increase of ambi-
ent temperature and radiation.

In the analyses made at the same ambient con-
ditions by increasing LED driving current in or-
der to increase the luminous flux (analysis-3, anal-
ysis-4); it was found that Tj increased 26.68 oC and 
luminous flux decreased 1.6 lm, with the increase 
of ambient temperature and radiation. While the in-
crease in ambient temperature causes an increase in 
Tj, it also leads to a decrease in luminous flux. In or-
der to better understanding the effect of radiation on 
the junction temperature, the increase in ambient air 
temperature was subtracted from temperature differ-
ence Tj, as in (5) and in (6):

Fig. 11. Experimental result of driver 1 with locations where thermocouples were connected for test-1 (a),  
test-2 (b), test-3 (c)

Table 3. Comparison of Tests and Analyses

LED module CH10 (oC) CH11 (oC) CH12 (oC) CH13 (oC)
Test-1 38.44 36.85 61.30 61.18
Test-2 38.26 37.73 62.59 62.07
Test-3 38.70 37.53 62.85 61.92

Analysis results 38.25 36.46 63.16 62.20

*Note to Table 3: CH10 –  CH13 –  channels of the measuring device, to which the appropriate thermocouples are connected.

Table 4. Analysis’ Conditions

Samsung PLCC4 Ambient temperature (oC) Current (A) Samples number (pc.)

Analysis-1 23 °C 0.14 101
Analysis-2 40 °C + rad 0.14 101
Analysis-3 23 °C 0.18 101
Analysis-4 40 °C + rad 0.18 101
Analysis-5 23 °C 0.18 202

Analysis-6 (with lens) 40 °C + rad 0.18 202

Analysis-7 (with lens) 23 °C 0.18 202
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( )2 1 2 1( ) 17 o
jdif j analyse j analyseT T T C− − −= − − , (5)

( )( ) 4 3 4 3 17 o
j dif j analyse j analyseT T T C− − −= − − , (6)

where Tj dif is the temperature difference, Tj analyse-1 
is the junction temperature analyse-1, Tj analyse-2 is 
the junction temperature analyse-2, Tj analyse-3 is 
the junction temperature analyse-3, Tj analyse-4 is the 
junction temperature analyse-4.

When the increase of 17 oC in ambient air was 
subtracted from Tj temperature differences, as in the 
above equations, the values such as 10.45 oC and 
9.68 oC were obtained. It is thought that these tem-
perature values obtained came to exist by the effect 
of radiation. It was calculated that radiation caused 
an increase of 10 oC in temperature, which caused 
an increase of Tj in the range of (36–38)%. Since an 
increase of Tj decreased the radiant flux, as seen in 
Fig. 7, it also caused a decrease of 1.2 and 1.6 lm in 
the luminous flux for both ambient conditions. This 
is a negative effect for lighting. Samples number, 
which is 101 on PCB was rose up 202 so that the 
junction temperature would drop; analysis-5 was 
performed under the ambient condition was 0.18 

mA and 23 oC. Although samples number doubled, 
when analysis-5 was compared to analysis 3, it was 
seen that there was only a Tj decrease of 0.22 oC, 
and that samples number was not so effective at the 
decrease of temperature, which is thought to be be-
cause of that the size of PCB is small. Analysis-3, 
analysis-5 were found to have the same value in 
terms of luminous flux. For this reason, samples 
number was neglected in analysis comparisons. In 
analysis (5–7), which was made in two different am-
bient environments, under 0.18 mA, and at 23 oC, by 
mounting lens on LED module, so as to examine the 
effect of lens on luminous flux, it was determined 
that lens caused a decrease of 7.9 oC at Tj tempera-
ture. It was determined that a 7.9 oC of Tj decrease 
caused 0.4 lm of increase in luminous flux. In anal-
yses 4 and 6, which were made at 40 oC and +radi-
ation, it was found that the lens causes a tempera-
ture drop of 8.54 oC. It was found that a decrease in 
temperature by 8.54 oC causes an increase in lumi-
nous flux by 0.5 lm. When comparing the results of 
analyses 5 and 6, it was seen that Tj increased by 
18.36  oC, while there is an effect of increasing the 
ambient air by 17 oC and a radiation effect. It was 
calculated that this increase caused a decrease in lu-

Table 5. Junction Temperature and Luminous Flux for Seven Analyses

Samsung PLCC4 Junction temperature, °C Luminous flux, lm
Analysis-1 87.10 28.7
Analysis-2 114.55 27.5
Analysis-3 102.86 35.8
Analysis-4 129.54 34.2
Analysis-5 102.64 35.8

Analysis-6 (with lens) 121.00 34.7
Analysis-7 (with lens) 94.74 36.2

Fig. 12. Analysis results of LED module: result of analysis-1 (a), result of analysis-2 (b), result of analysis-3 (c), result of 
analysis-4 (d), result of analysis-5 (e), result of analysis-6 (f), result of analysis-7 (g)
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minous flux by 1.1 lm. Considering that 17 oC of the 
increase of 18.36 oC is the result of an increase in 
the ambient temperature, it is seen that 1.36 oC of 
this temperature is the result of radiation with lens. 
It was determined that lens usage seriously reduces 
radiation effect. Because of the study, it was found 
that an increase in temperature due to radiation, 
which will occur due to heat transfer, causes an in-
crease in luminous flux. However, since the Tj val-
ue increased with increasing ambient temperature, 
luminous flux also decreased. In order to make the 
study more detailed, according to Fig. 6, the anal-
yses were made to increase the current value from 
0.14 A to 0.24 A in order to obtain the highest lu-
minous flux from LEDs. In the analyses, the ambi-
ent air was assumed as 23 oC and 40 oC, and + radi-
ation, the LED module was assumed both with and 
without lens. The results are shown in Figs. 13–16.

The effect of the lens piece is clearly seen when 
Fig. 13 and 15 are compared. According to Fig. 13, 
if the LED module offering the best lighting at 240 
mA current value is without lens piece, whether Tj 

value is exceeded is determined from Fig. 13. In 
that case, the LED module will fail to perform light-
ing duty because Tj value has been exceeded. Ac-
cording to the analysis made with the lens piece, 
when Fig. 15 is examined at a current of 240 mA, 
it is seen that Tj value is below the permitted value, 
and highest lighting value is 44 lm.

This was also determined in a scenario where the 
ambient temperature was assumed as 40 oC and ra-
diation was available. It was seen in Fig. 14 that the 
permitted Tj value was exceeded after 200 mA in the 
module without lens, that LED module failed in per-
forming lighting duty, compared to Fig. 16. It was 
determined that the module with lens didn’t exceed 
Tj value even at 240 mA, that luminous flux was 46 
lm, and that module performed its duty, in the same 
ambient conditions. The effect of the changing the 
ambient air is striking in this part of the study. The 
ambient air in 40 oC and radiation clearly affect the 
module design without a lens; the permitted Tj val-
ue is exceeded after the current value of 200 mA, 

Fig. 15. Tj and luminous flux according to the current at the 
ambient temperature of 23 oC with lens Fig. 16. Tj and luminous flux according to the current at the 

ambient temperature of 40 oC and radiation with lens

Fig. 13. Tj and luminous flux according to the current at the 
ambient temperature of 23 oC without lens

Fig. 14. Tj and luminous flux according to the current at the 
ambient temperature of 40 oC and radiation without lens
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and at the ambient temperature is 23 oC and elimi-
nating the radiation effect, then Tj value is exceeded 
at 240 mA, according to Fig. 14 (Fig. 13).

It was found that the boundary Tj value wasn’t 
exceeded at 240 mA in both ambient conditions, 
while the lens was mounted at the LED module, and 
that the LED module would perform the lighting 
duty. This is shown in Fig. 15 and Fig. 16, which 
the module with the lens could operate in both am-
bient conditions.

To see how the lens piece would affect the radi-
ation effect, the analyses with and without radiation 
lens were repeated only at ambient air of 23 oC. The 
results are shown in Figs. 17–18.

It was determined that the permitted Tj value 
was exceeded, reaching the value of 220 mA when 
exposed to radiation (Fig. 17). Fig. 18 showed that 
Tj value was not exceeded even at the current val-
ue of 240 mA, and an analysis performed under the 
same ambient conditions produced a luminous flux 
of 44 lm.

4. CONCLUSION

It was revealed in this study that convenient am-
bient conditions should be provided so that new 
generation LED modules could have catalogue 
lighting values. In particular, it was found that the 
effect of radiation on luminous flux was greater 
than expected. It was found that Tj value increased 
by 10 °C with the effect of radiation in LED mod-
ule used in the study, and reached above the permit-
ted Tj value. It was determined that the value of Tj 
increases by (2–2.5) oC when exposed to radiation 
in the module in which the lens piece was used, and 
that LEDs could perform lighting duty. According 
to these results, it was confirmed that the lens piece 

used in LED modules directly affects the module 
lifetime and lighting duty. As a result of the study, it 
was determined that LED modules should be placed 
in locations where the radiation effect is minimal, 
and that lens piece definitely should be used. The 
study results should be evaluated in detailed to get 
the desired performance from the new generation 
of LED modules. The study also found that compu-
tational fluid dynamics software should be widely 
used to determine the behaviours of LED modules 
in ambient conditions and to eliminate risks.
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