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Abstract: The article describes an indirect infrared thermographic method for measuring

the junction temperature of the selected light-emitting diodes (LEDSs). It presents the measurement
methodology that enables a reliable assessment of this temperature. The finite element method
(FEM) used in simulation work is also described. The article addresses the process of determining
the coefficient values required for the simulations. It presents the results of simulation work
conducted in the SolidWorks environment, the infrared thermographic measurements of the package
temperature of the tested LEDs and the corresponding estimated junction temperature values.

The reliability of the obtained results was confirmed using the electrical method and measurements

with a Pt 1000 sensor.
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1. Introduction

The noticeable increase in the popularity of LEDs (Light Emit-
ting Diodes) is associated with the growing demand for the
energy-efficient light sources. Light-emitting diodes are now
widely used in residential lighting, the automotive industry
and the industrial applications. They are composed of semicon-
ductors joined in a p-n structure, referred to in this study as
the junction, along with a carrier layer, a case (a transparent
plastic dome) and electrodes. The advantages of LEDs include
their high efficiency and long service life. As semiconductor
components, their parameters are temperature dependent.

As the junction temperature increases, the slope of the LED’s
forward current—voltage characteristic (1, = f(V,)) changes. Con-
sequently, with rising junction temperature (7'), the forward
voltage (V) of the LED decreases [1]. Other effects of operating
an LED at an improper T] value include the reduced luminous
efficiency, a shift in light color (chromatic shift), and accelerated
aging processes [2]. Prolonged operation at excessively high T/
may result in damage to the junction. For this reason, informa-
tion about the value of T is crucial.
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Several groups of methods for determining the junction tem-
perature (Tj) have been described in the literature [3, 4]. The
first group includes methods based on the known relationship
between T and the Temperature Sensitive Parameter (TSP).
Methods in this category are described in the JESD51 stan-
dard [22]. Parameters such as forward voltage (V,), dynamic
resistance (1)), the junction capacitance (C') and the threshold
voltage (V) can be used as TSPs. The relationship between T,
and TSP is specific to each individual device [3], which is one
of the major drawbacks of these methods. Additionally, their
application requires placing the diode in a measurement circuit,
making real-time measurement impossible.

Another group of methods consists of contact methods. These
can be further divided into direct and indirect methods. The
direct methods are invasive techniques. Their use requires ope-
ning the package and gaining the direct access to the junction
[3]. For this reason, their application is difficult and results in
irreversible damage to the diode

The indirect methods consist of two stages. In the first stage,
the temperature of the diode package is measured. This can be
done using a temperature sensor (indirect contact methods)
or a thermographic camera or pyrometer (indirect non-contact
methods) [3, 5, 6]. The second stage involves determining the
relationship between the case temperature 7' and the junction
temperature T'. Using a thermographic camera minimizes the
risk of the electrlc shock during measurement. Additionally, it
eliminates issues related to the unknown thermal resistance R,
between the temperature sensor and the package [7].

The indirect methods consist of two stages. In the first stage,
the case temperature of the diode is measured. This measure-
ment can be performed using a temperature sensor (indirect
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contact methods) or with a thermographic camera or pyrome-
ter (indirect non-contact methods) [3, 5, 6]. The second stage
involves determining the relationship between the case tempe-
rature 7T and the junction temperature T'. The use of a ther-
mographic camera significantly reduces the risk of the electric
shock during measurement. Moreover, it eliminates the issue of
unknown thermal resistance R, between the temperature sen-
sor and the case [7].

Several attempts to perform the indirect thermographic junc-
tion temperature measurements can be found in the literature.
In [8], the focus was on conducting thermographic measure-
ments of the diode surface temperature which were then used
to estimate the temperature distribution. In publication [9], the
authors carried out an indirect thermographic measurement of
the junction temperature T77 focusing on precise the thermal
imaging of the diode’s case temperature 7, and on determining
the relationship between Tj and T . Simplified thermal models
were used for this purpose. A similar approach was applied in
[10], where high-power LED modules were studied. The funda-
mentals of the thermal design for LEDs and the Finite Element
Method (FEM) are discussed in the book [11]. In publication
[12], the authors developed a three-dimensional thermal model
of an LED, using a thermographic camera to measure the tem-
perature distribution on the LED surface. Additionally, the ther-
mographic measurements were compared with FEM simulation
data and thermocouple measurements. In these studies, ther-
mocouples were used to validate the thermographic measure-
ments. They were placed as close as possible to the junction,
but outside the case.

The authors are not aware of any studies comparing the
results of the indirect thermographic junction temperature
measurements with those obtained using electrical methods.
For this reason, it was decided to conduct the research aimed
at performing an indirect thermographic measurement of the
LED junction temperature and comparing the result with that

Nomenclature

a  — coefficient of the expansion

B() — Dirac delta

AT — change in the case temperature value obtained from
the simulation

Agmpmoo — limit error of the case temperature value

measured by Pt 1000

— limit error of the case temperature value obtained

from thermographic measurement

grTccam

& — emissivity

0, — half angle

n, — optical efficiency

A — wavelength of emitted radiation

A, — selected wavelength at which the energy is
concentrated

@, —radiant flux

¢, — luminous flux

¥  — dynamic air viscosity

w — solid angle of the beam

LER- luminous efficacy of the radiation

B, — normalized spectral power distribution

Cj — junction electrical capacitance

¢, — thermal capacity per cubic meter

elmn’ 6turb’ flam’ fturb - CoeﬁlClents
h, ~ — convection coefficient
h, - radiation coefficient

I, - forward current
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obtained using the electrical method. The forward voltage V,
was used as the Temperature Sensitive Parameter (TSP).

2. Methodology

2.1. Thermographic measurement of the surface
temperature of the LED case

The first stage of the indirect thermographic measurement
of the LED junction temperature (T}.) is the thermographic
measurement of the case temperature (7). For the purpose of
the study, five different models of 5 mm diameter Light Emit-
ting Diodes (LEDs) were arbitrarily selected. These LEDs dif-
fered in emitted light color, the optoelectronic characteristics,
and operating parameters. The basic parameters of the selected
LEDs are presented in Table 1 [23-26].

The emissivity of the LED diode surface is unknown. For this
reason, a reference marker was applied to the case surface of each
diode using Velvet Coating 811-21, characterized by a well-de-
fined emissivity coefficient €, ranging from 0.970 to 0.975 within
the temperature interval of 237.15 K to 355.15 K. The associated
uncertainty in the emissivity value was estimated at 0.004 [13].
Next to the marker, a Pt 1000 sensor in an SMD 0603 package
was placed [27]. The sensor was bonded using WLK 5 thermal
adhesive (Fischer Elektronik, Liidenscheid, Germany), known
for its thermal conductivity of 0.836 W/m - K in the tempera-
ture range of 217.15 K to 422.15 K [28]. The resistance of the
sensor was measured using the four-wire method. During the
measurement, a current of 101.6 pA flowed through the sensor.
Based on the conducted tests, it was found that a current of such
intensity does not cause self-heating of the sensor.

A current I, in the range of 5 mA to 30 mA flowed through
the junction of the semiconductor diode. The flow of I, through
the junction caused an increase in the junction temperature T7
Simultaneously, a current I with a value of 100 pA also flowed

I, - heating current
I~ — measurement current
I — luminous intensity

<

k  — thermal conductivity
K — photopic luminous efficacy constant, 683 lm/W

P:l — total power applied to the heat source
® = electrical power dissipated in junction
P, — heat power

P~ — optical power

R, - dynamic resistance

R, — thermal resistance

T — temperature

" wm — case temperature value obtained from

thermographic measurement

T, -~ case temperature value obtained from the simulation

Tc — case temperature

T 000 — Case temperature value measured by Pt 1000

T]. — junction temperature

T, — junction temperature value obtained from the
simulation

g - heat flux

p, — air density

p, — power density

U, - total uncertainty of the case temperature
measurement

(A) — CIE photopic luminous efficiency function of the eye

V, - forward voltage
— threshold voltage
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Table 1. The basic parameters of the tested diodes [23-26]; A — the wavelength of the emitted radiation
Tabela 1. Podstawowe parametry badanych diod [14-17]; A — dfugos¢ fali emitowanego promieniowania

I Ve A
No. Model Manufacturer Junction Color
(mA] V] [nm)]

1 LUYF503F33 ‘Wenrun AlGalnP yellow 20 1.8-2.2 593

2 LBG503E43 Wenrun InGaN green 20 2.9-3.5 503

3 LL-504BC2E-B4-2GD Lucky Light InGaN blue 20 2.8-4.0 466

4 LL-504WC2V-W2-3QD Lucky Light InGaN cold white 20 2.8-4.0 455
through the same junction. The concurrent flow of I, and I
through the diode junction allowed for a simplification of the ”_W 1 1 5-T
measurement circuit. After a time period determined experi-
mentally, the value of Tj stabilized. Once this time had passed, TR-75nw
the I, current was switched off. For the next 20 ms, only the I e Ta
current flowed through the diode junction. It was assumed that —@ @ &%%%
during this short time, the 7' value remained close to the value Im

J Ver | Ve2 | Vs | Ve

just before switching off I,, and based on the measurement of
V,, it was possible to determine the junction temperature T.

The described measurement circuit is shown in Figure 1.

Fig. 1. A system of the indirect measurement of T, based on

the measurement of T7_and the known relationship I = f(V)).

The T, measurement is carried out using a Pt 1000 sensor and
thermographic on a reference marker painted with Velvet

Coating 811-21

Rys. 1. Uktad pomiarowy do posredniego termograficznego pomiaru
temperatury ztgcza T/ na podstawie pomiaru temperatury obudowy T_oraz
zaleznosci | | = f(V,). Pomiar T, wykonany za pomocg czujnika Pt 1000 oraz
termograficznie — na markerze namalowanym farbg Velvet Coating 811-21

The measurement of the forward voltage drop V, at the diode
junction was performed when only the current I, flowed thro-
ugh the junction. In this case, it was possible to use V, as TSP,
because prior to the measurements, the relationship I = f(V,)
was determined. For this purpose, all diodes were placed inside
the chamber. The temperature inside the chamber was changed
in the range from -8 °C to 70 °C. The current I flowed through
the series-connected diodes. After each temperature setting,
the experimentally determined time was allowed to pass until
the measured value of V, stabilized. It was assumed that after
this time the temperature inside the chamber T, was equal to
TJ The measurement scheme enabling the determination of the
relationship I = f(V,) is shown in Figure 2.

The thermographic imaging system and the diodes assembly
were placed inside a custom-designed enclosure made of plexi-
glass, with the internal dimensions of 40 cm x 30 cm x 30 cm.
The inner walls of the enclosure were lined with black polyure-
thane foam. Due to its open-cell structure, which mimics the

<
<
<
<

Fig. 2. A system used to determine the relationship I = f(V,).

The measurement was carried out in an ILW 115-T chamber.

The temperature measurement was performed using a TR-75nw
device equipped with a type K thermocouple

Rys. 2. Uktad do wyznaczenia zaleznosci /| = f(V,). Pomiar przeprowadzony
w komorze ILW 115-T. Pomiar temperatury wykonano za pomocg TR-75nw
wyposazonego w termoelement typu K

behavior of a blackbody cavity, this material exhibits a high
emissivity value of approximately & = 0.94 [14]. This design
effectively shielded the measurement setup from external ther-
mal influences and significantly reduced the internal reflections
[15, 16].

To precisely adjust the distance d between the lens of the
thermographic camera and the surface of the epoxy mold com-
pound, the camera was mounted on a tripod integrated with
a stepper motor. This motorized positioning system enabled
the precise control of the distance d, managed by a Siemens
S7-1200 1214DC/DC/DC programmable logic controller (Sie-
mens, Munich, Germany) [29]. The desired distance was set using
a Siemens KTP 700 Basic PN touchscreen interface [30]. An over-
view of the complete measurement setup is shown in Figure 3.

USB / Ethemet interface

Polyurethane I
foam
Themograp hic
camera
\ | stepper
motor PC
4
Tzz:,";g :ae[:,:ic /| Triod Siemens S7-1200
—~ 1214DC/DC/DC
Diode VA [l
d Siemens KTP 700
/ Basic PN

Fig. 3. The described measurement system
Rys. 8. Zastosowany uktad pomiarowy
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2.2. Finite element method and boundary
conditions

In the subsequent phase of the indirect thermographic tem-
perature assessment, the objective was to determine the cor-
relation between the junction temperature (7)) and the case
temperature (7). This correlation can be determined using the
numerical simulations. One of the applicable approaches is the
Finite Element Method (FEM), in which the region of interest
for evaluating the temperature distribution is discretized into
a finite number of tetrahedral elements.

The heat transfer in the x-direction between two points is
described by equation (1) [17].

o°T oT
_ ey

Py =k (1)
T

where: p - the power density dissipated in the junction in
W/m? c, — the thermal capacity, 7'~ the temperature, k — the
thermal conductivity.

For steady-state conditions, the equation (1) reduces to the
form presented in equation (2) [17].

i
dz

(2)

where ¢ denotes the heat flux, expressed in watts per square
meter (W/m?).

By using the separation of variables technique and integrating
equation (2), the time constant can be determined after applying
the boundary conditions defined in equation (3).

for z=0->T=T,
(3)

for z=1 —>T=T,

After determining the time constant and assuming that the
heat flux ¢ has completely passed through the wall, equation
(3) can be reformulated into the form shown in equation (4).

T]—T,szk-ka (4)

where P _is the total power applied to the heat source in W and
S'in m? is the area of the wall penetrated by ¢ in W/m?.

For accurate FEM-based simulations, it is essential to deter-
mine both the radiation coefficient h and the convection coef-
ficient A . The radiation coefficient h_can be obtained from
equation (5).

ho=o (T +T) (T* +T) (5)

The convection coefficient h represents the rate of convec-
tive heat transfer per unit surface area over time. Its precise
determination is complex, as it depends on various factors
such as the geometry, the structural complexity and the sur-
face temperature of the object participating in convection. In
the present work, h_ was approximated using similarity the-
ory in transport phenomena. The interrelations between the
key physical parameters were expressed through dimensionless
numbers, including the Nusselt, Grashof, and Prandtl numbers.
For planar surfaces, h_ can be computed using the relationship
given in equation (6) [18].
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(6)

The Nusselt number is expressed according to the formulation
in equation (7) [32].

Nu=e(G, -PY (7)

where e and fare dimensionless coefficients, the values of which
depend on the shape and orientation of the analyzed surface
and the product P - G. P_(—) is the Prandtl number, G, is
the Grashof number.

The values of the coefficients e , e, .. f,  and f . areinfluen-
ced by the product of the Grashof and Prandtl numbers, along
with the surface orientation and whether the airflow over the
surface is laminar or turbulent. The specific coefficient values
are listed in Table 2 [18].

The Prandtl number is determined using the expression given
in Equation (8) [18].

c-y
P = 8

where c is the specific air heat equal to 1005 in J - kg™! - K~
in 293.15 K, ¥ is the dynamic air viscosity equal to 1.75 x 10~
in kg-m™! - s7!in 273.15 K.

1
5
5

The Grashof number is obtained from the formula presented
in Equation (9) [18].

¢ - L)p L )

where o is a coefficient of the expansion equal to 0.0034 in K™,
g is the gravitational acceleration of 9.8 in m - s7%, p, is the
air density equal to 1.21 in kg - m™ in 273.15 K.

Heating power P, is the difference between the electrical
power dissipated in the junction Pj and the optical power P
— (equation 10).

P=P-P (10)

Using the formula for determining LER (Luminous Efficacy

of Radiation) given in [28], and taking into account that ¢
(radiant flux) = P, equation (11) one can derived:

p="2 (11)
° LER

where ¢ is the luminous flux, LER is the luminous efficacy

of the radiation.

Based on the definition of luminous flux [29], equation (12)
can be derived:

o =1 o (12)

where [ is the luminous intensity (cd), @ is the solid angle of
the beam (sr).

The value of @ (equation 12) can be determined from the
geometry of the solid angle of the cone. In this work, 6, was
2
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considered as the half-angle of the luminous flux divergence.

a)=2‘7r-[1—cos¢91J
2

An approximate value of LER can be determined from equ-
ation (14) [19]:

(13)

LER =K, [ B,V(A)dA (14)
0

where B, is the normalized spectral power distribution, V(4)
is the CIE photopic luminous efficiency function of the eye

[33], K is the photopic luminous efficacy constant, equal to
683 (Im/W).

In the case of diodes emitting within a narrow wavelength
range (quasi-monochromatic diodes), equation (14) can be sim-
plified to the form of equation (15).

LER = 683-V(2) (15)
This is possible upon taking into account equation (16) [34]:
B, =6(A-4) (16)

where: 1 is the wavelength, 4 is the selected wavelength at
which the energy is concentrated, &() is Dirac delta.

Krzysztof Dziarski, Arkadiusz Hulewicz

Equation (15) does not hold for white diodes (e.g., row 5 in
Table 1). Therefore, for this case the LER value was adopted
from the literature [20].

Consequently, it is possible to determine the value of the opti-
cal efficiency 7, — equation (17) expressed as a the ratio P, to
P [21].

(17)

3. Results

At the beginning of the conducted study, using the setup
shown in Figure 2, the V, values were measured for each of
the four LEDs. The obtained results are presented in Table 3.

Next, assuming that under steady-state conditions T, = T,
the relationships T, = f(V,) were determined for each diode.
The obtained dependencies are presented in Table 4.

The next stage of the work involved creating a three-dimen-
sional model of the diode. SolidWorks software (Dassault
Systeémes SolidWorks Corp, Vélizy-Villacoublay, France) was
used for this purpose. In order to create the model, it was
necessary to dimension the internal structure of the diode and
assign thermal conductivity values k to its individual mate-
rials. The values of the thermal conductivity parameters &
assigned to the specific components of the diode are presen-
ted in Table 5.

Table 2. Values of the coefficients e, , e, ., f..,andf, .
Tabela 2. Wartosci wspdtczynnikéw e, , e, . f ., orazf, .
Shape GT‘P’V‘ elam flum eturb fturb
Vertical flat wall 10° 0.59 0.25 0.129 0.33
Upper flat wall 108 0.54 0.25 0.14 0.33
Lower flat wall 10° 0.25 0.25 NA NA
Table 3. Values enabling the determination of the relationship I = f(V,)
Tabela 3. Wartosci umozliwiajgce wyznaczenie zaleznosci /= f(V,)
L, T, Ve_sovrsosrss Ve incsosmss ©_o1-50im028 Ve trsowoey
(nA] [l V] V] V] V]
100 8.1 1.837 2.40 2.47 2.55
100 0.6 1.813 2.38 2.46 2.54
100 10.3 1.789 2.36 2.45 2.53
100 19.9 1777 2.32 2.43 2.51
100 30.2 1.750 2.30 2.42 2.50
100 38.5 1.736 2.28 2.41 2.49
100 49.6 1.712 2.26 2.40 2.47
100 59.5 1.689 2.25 2.38 2.46
100 67.3 1.670 2.23 2.37 2.45
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Table 4. Obtained relationships T, = f(V,)
Tabela 4. Uzyskane zaleznosci T/ =f(V,)

No. LED model Determined relationship
1 LUYF503F33 T, = —464.87 - V, + 844.46
2 LBG503E43 T, =-432.00- V, + 1027.2
3 LL-504BC2E T,=-734.41" V, + 1807.0
4 LL-504WC2V T, =-734.41-V, + 1865.8

Before starting the simulation, the appropriate edge length
of the finite element was determined. The optimal size was
assumed to be the one that minimizes simulation time while
ensuring stable results. The achieved results are presented in
Table 6.

A mesh based on the mixed curvature was used. The maxi-
mum element size was 0.25 mm, while the minimum size was
0.05 mm. The mesh contained 126 788 nodes and 84 018 ele-
ments.

An example model created in SolidWorks and the simulation
result are shown in Figure 4.

Thermal measurements were then performed. The example
thermograms are presented in Figures 5 and 6.

Subsequently, measurements were carried out using the sys-
tems shown in Figures 3 and 1. The measured values of the
current [, flowing through the diode, the calculated electrical
power dissipated in the diode junction P], based on the measu-
red voltage V, and current I, (electrical power), the tempe-
rature measured using the thermographic camera 7' the

¢ cam’

a) b)
c) d)
Temp (Celsius)
38.0
l 36.2
. 344
326
308
29.0
272
254
236
218
20.0
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Table 5. Materials Used During the Simulation and the Corresponding
Thermal Conductivity Coefficients (k-values)

Tabela 5. Materiaty uzyte podczas symulacji oraz odpowiadajace im
wspdétczynniki przewodnictwa cieplnego (wartosci k)

No. Part of the diode Material kE[W/m- K]
1 Junction Silicon 124
2 External legs Copper 390
3 Internal leads Copper 390
4 Transparent case | Melamine resin 0.272

Table 6. Edge size of the mesh element and the corresponding
simulation time

Tabela 6. Wymiar krawedzi elementu siatki oraz odpowiadajacy mu czas
symulacji

Mesh element edge Simulation
lenght time Ars
No.

[nm] s el

1 0.25 22.0 0.05
2 0.50 2.0 0.10
3 0.75 1.5 0.20
4 1.00 1.0 0.20
5 1.50 0.5 0.30

Fig. 4. a) Example model

Temp (Celsius) created in SolidWorks (with

mesh and measurement point);

b) the result of an example

l o simulation for T, = 33.3 °C,

_ 344 T, =28.9 °C, with measurement
point; c) the result of the
simulation for T__ = 28.1 °C;

308 d) the result of the simulation

0 forT_=29.9°C

Rys. 4. a) Model utworzony

w programie SolidWorks

25.4 (z siatkg i punktem pomiarowym);

b) wynik symulacii dla T, = 33,3 °C,

T, =28,9 °C z punktem

218 pomiarowym; c¢) wynik symulacji

200 dla T = 28,1 °C; d) wynik
symulacjidla T =29,9 °C

326

272

236

Temp (Celsius)
380
36.2

344

326
30.8
28.0
272
254
236
21.8
200

RO B O T Y KA NR 4/2025



Krzysztof Dziarski, Arkadiusz Hulewicz

Pt 1000 Pt 1000
Fig. 5. An example thermogram of a diode, T, = 28.1 °C Fig. 6. An example thermogram of a diode, T, = 29.9 °C
Rys. 5. Termogram diody dla 7_ = 28,1 °C Rys. 6. Termogram diody dla T, = 29,9 °C
Table 7. The results obtained for the diode LUYF503F33. The estimated value of n, was 0.03
Tabela 7. Wyniki dla diody LUYF503F33. Szacowana wartosc n, = 0,03
I Ve P, T o A pticam T, pi1000 A repiion U, T T, T,
[mA] (vl W] [C] [C] [C] [C] [C] [C] [C] [Cl
4.9 1.89 0.0093 27.1 2 25.6 0.43 1.94 28.4 27.6 28.0
9.8 1.98 0.0194 28.8 2 26.3 0.43 1.94 32.1 29.0 31.7
14.8 2.03 0.0300 30.5 2 27.2 0.44 1.94 35.4 30.9 34.9
19.7 2.07 0.0408 31.9 2 28.1 0.44 1.95 39.2 32.2 38.7
24.8 2.12 0.0526 33.1 2 29.1 0.45 1.95 43.2 33.5 43,0
29.7 2.26 0.0642 35.1 2 30.2 0.45 1.95 46.1 35.5 45.9
Table 8. The results obtained for the diode LBG503E43. The estimated value of n,  was 0.04
Tabela 8. Wyniki dla diody LBG503E43. Szacowana wartos¢ n, = 0,04
1, v, P, T | Dnew | Toouwo | Apnrow | Un T, T, T,
(mA] Y (W] [C] [C] [Cl [C] [C] [C] [C] [C]
4.9 2.70 0.0132 24.1 2 23.1 0.42 1.94 25.9 24.3 25.7
9.8 2.95 0.0289 27.5 2 26.2 0.43 1.94 31.5 27.8 31.1
14.8 3.08 0.0456 30.3 2 28.3 0.44 1.95 37.1 30.5 36.7
19.7 3.18 0.0626 31.7 2 29.9 0.45 1.95 41.0 31.9 40.6
24.8 3.26 0.0808 33.8 2 31.9 0.46 1.95 45.7 34.1 45.0
29.7 3.33 0.0989 36.5 2 34.0 0.47 1.95 50.1 36.9 49.5
Table 9. The results obtained for the diode LL-504BC2E. The estimated value of n  was 0.29
Tabela 9. Wyniki dla diody LL-504BC2E. Szacowana wartos¢ n, = 0,29
I Ve P, T, A recam T pionn | Boreriion U, T T, L.
[mA] \Y w] [C] [l ['C] ['c] [C] [C] ral rcl
4.9 2.55 0.0125 27.3 2 - - 1.90 28.4 27.5 28.0
9.8 2.67 0.0262 28.1 2 - - 1.90 31.9 28.4 31.2
14.8 2.76 0.0408 29.6 2 - - 1.90 34.8 30.0 34.0
19.7 2.85 0.0561 31.2 2 - - 1.90 39.3 31.4 38.6
24.8 2.92 0.0724 32.9 2 - - 1.90 43.6 33.2 43.0
29.7 2.99 0.0888 34.8 2 - - 1.90 47.8 35.2 47.1
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Table 10. The results obtained for the diode LL-504WC2V. The estimated value of n, was 0.05

Tabela 10. Wyniki dla diody LL-504WC2V. Szacowana wartos$¢ n, = 0,05

I Ve P T, con p— Toriono | Agreriion Ur T T. T
[mA] vl Wi rcl rcl rcl rcl rcl rcl rcl
4.9 2.66 0.0130 27.3 2 1.90 28.5 27.6 28.2
9.8 2.81 0.0275 28.6 2 - 1.90 31.8 29.0 31.6
14.8 2.91 0.0431 30.0 2 - 1.90 36.0 30.3 35.7
19.7 3.00 0.0591 31.7 2 1.90 40.3 32.0 39.9
24.8 3.07 0.0761 33.4 2 - 1.90 44.9 33.8 44.3
29.7 3.13 0.0930 35.1 2 - 1.90 48.3 35.7 47.8

junction temperature determined from the obtained function
T = f(V,), the case temperature measured using the Pt 1000
sensor T, - and the junction temperature Tiﬁ and the case
temperature 7 of the diode obtained from the simulation

results are presénted in Tables 7-10.

4. Conclusion and discussion

The operating temperature of the junction in light-emitting
diodes (LEDs) is a key parameter for ensuring their proper
operation. Its value provides important information about the
operating conditions; however, direct measurement during nor-
mal operation is practically impossible. A solution to this
problem is the use of an indirect method that enables the
measurement of junction temperature. In this method, the
junction temperature can be determined based on the thermo-
graphic measurement of the case temperature and a relation-
ship linking it to the junction temperature. In the conducted
research, this relationship between these two temperatures was
determined using simulation methods in Solid Works software.

The main objective of the research presented in the article
was to demonstrate that, based on a thermographic measu-
rement of the case temperature and supported by simulation
studies, it is possible to obtain a reliable estimation of the
junction temperature. Additionally, the conducted simulations
enabled the determination of the internal temperature distribu-
tion within the tested diodes, which made it possible to iden-
tify the most optimal measurement point, where the difference
between the case temperature and the junction temperature
is the smallest.

In order to carry out the simulations, it was necessary to
measure the internal dimensions of the tested diodes and to
determine the thermal conductivity coefficients of the materials
from which the diodes were made. The reliability of the con-
structed model and the selected parameters, and consequently,
the simulation results, was confirmed through thermographic
measurements and the electrical method. The thermographic
measurements made it possible to verify the case temperature
obtained from the simulations, while the electrical method was
used to verify the junction temperature. Additionally, the case
temperature results were validated using a Pt 1000 tempera-
ture sensor. As a result of the conducted comparisons, it was
observed that the discrepancies did not exceed the measure-
ment uncertainty of the instruments used.

During the modelling process, the diode’s optical efficiency
was taken into account. This approach allowed for a more reali-
stic representation of the component’s operating conditions,
reflecting the actual energy balance between the thermal losses
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and optical emission. An approximate method was used, based
on values from datasheets and literature. In the calculations,
the value of the power dissipated in the junction was consi-
dered for the forward current closest to 20 mA. The results
obtained with the proposed method provide only approximate
values of optical efficiency. To determine more accurate values,
direct measurements should be performed.

Based on the obtained results, it can be concluded that by
combining the simulation method with thermographic measu-
rements, it is possible to perform an indirect measurement
of the junction temperature of LED diodes. The analysis of
thermograms and simulation results confirmed these findings
for different power levels dissipated at the junctions of the
tested LED diodes.
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Pomiar temperatury ztgcza diod elektroluminescencyjnych (LED)
na podstawie termograficznego pomiaru temperatury obudowy

Streszczenie: w artykule opisano uzycie posredniego pomiaru termowizyjnego do wyznaczenia
temperatury ztgcza wybranych diod elektroluminescencyjnych (LED). Przedstawiono metode pomiaru
umozliwiajgca wiarygodng ocene tej temperatury oraz zastosowang w pracach symulacyjnych
metode elementéw skoriczonych (MES). Omdwiono proces wyznaczania wartosci wspotczynnikéw
niezbednych do przeprowadzenia symulacji. Zaprezentowano wyniki badan symulacyjnych
wykonanych w srodowisku SolidWorks, pomiary termograficzne temperatury obudowy badanych diod
LED oraz odpowiadajgce im oszacowane wartosci temperatury ztgcza. Wiarygodno$¢ uzyskanych
wynikow potwierdzono metodg elektryczng oraz pomiarami z wykorzystaniem czujnika Pt 1000.

Stowa kluczowe: termografia, dioda elektroluminescencyjna, metrologia
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