
Modelling LED lamps in SPICE with thermal phenomena taken into account

Krzysztof Górecki ⁎, Przemysław Ptak
Department of Marine Electronics, Gdynia Maritime University, Gdynia, Poland

a b s t r a c ta r t i c l e i n f o

Article history:
Received 15 February 2017
Received in revised form 23 March 2017
Accepted 24 March 2017
Available online xxxx

In this paper the improved version of the electrothermalmodel of LED lamps dedicated for SPICE software is pro-
posed. The electrothermal models of components of such lamps: the LED module and the power supply are de-
scribed. The elaborated model of the lamp makes it possible to calculate optical and electrical quantities
characterising properties of the lamp and additionally, the internal temperatures of components of such lamps.
The procedure of model parameters estimation is worked out, too. The correctness of the elaborated model
was verified experimentally for the selected types of LED lamps. A good agreement between the results of calcu-
lations and measurements was obtained.
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1. Introduction

LED lamps are more and more commonly used in lighting tech-
niques. The typical mechanical construction of the LED lamp is shown
in Fig. 1.

The lamp consists of the element emitting light, the plastic lens,
which is indispensable to fix an angle of the emitted luminous flux,
the heat-sink removing heat generated in the lamp, and the switch-
mode power supply. This power supply stabilises the output current
or the output voltage.

The light can be emitted by the single LED or by themodule contain-
ing several LEDs situated on the common basis MCPCB [1]. In turn, the
power supply contracted in the LED lamp converts energy from the
electroenergy network into the constant voltage or the constant direct
current feeding lighting elements [2–4]. Because of the limited watt-
hour efficiency of this circuit an essential increase of their internal tem-
perature is observed as a result of a self-heating phenomenon [1].

Between the element emitting the light and the power supply, mu-
tual thermal coupling occurs, resulting from the mechanical construc-
tion of the lamp, causing an additional increase of the temperature of
the mentioned components of the lamp [5,6]. To limit the value of this
increase a heat-sink is used, to which both the mentioned components
of the lamp are mounted.

While designing electronic devices computer programmes that per-
form an analysis of these circuits are used. Very often the SPICE software
is used [7–9]. In order to take into account thermal phenomena in the
analysis, electrothermal models of the components of the investigated
circuit are indispensable [10–13].

Many papers aim at describing power LED properties [2–5] and their
modelling [1,6,11,14]. Some network solutions of power supplies dedi-
cated to the solid state lighting sources are described in [15]. Some pa-
pers [5,16] aim at presenting an influence of the selected factors on
technical parameters of LED lamps. In the paper [1] the electrothermal
model of the LED module is proposed and its correctness was verified
experimentally for different cooling conditions. The first version of the
electrothermal model of LED lamps is proposed by the Authors in the
paper [17].

In this paper, which is an improved and extended version of the
paper [17], the electrothermal model of the LED lamp dedicated for
SPICE is presented. This model takes into account electrical and optical
phenomena occurring in the investigated lamp, self-heating andmutual
thermal coupling between the components of the lamp. Optical and
thermal properties of lenses and luminophore are included in the de-
scription of the LED module in this model. Two structures of the
model of LED lamps are proposed. The first is dedicated for the LED
lampswith the power supply stabilising the value of the output voltage,
whereas the other is dedicated for the LED lampswith the power supply
stabilising the value of the output current.

In Section 2 the forms of the elaborated model are described, in
Section 3 the method of parameters estimation is proposed, whereas
in Section 4 some results of calculations and measurements are
presented.

2. Model form

The worked out by the Authors electrothermal model of the LED
lamp, whose network representation is shown in Fig. 2, has the form
of a subcircuit for SPICE. This model belongs to the group of compact
electrothermal models and it is formulated according to the rules
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given in [6,18]. In thismodel 4 blocks can bedistinguished: the electrical
model of the LED module, the lamp optical model, the power supply
model and the thermal model of the LED lamp.

The electrical model of the LEDmodule describes the dc characteris-
tics of the circuit consisting of m diodes connected in series. In the
model it is assumed that the internal temperature Tj of all the diodes
is the same. This model contains the controlled current source G1, the
linear resistor RS and the controlled voltage source ERS. The current
source G1 describes the diffusive component of the current of diodes
contracted in the module. This current is described by the following
equation

i ¼ I0 �
Tj

T0

� �3

� exp −
Vgo

n � k=q � Tj

� �
� exp

vG
m � n � k=q � Tj

� �
−1

� �
ð1Þ

where k denotes the Boltzmann constant, q is the electron charge, Vgo –
the voltage corresponding to the band-gap energy, vG – the voltage on
the source G1, m – the number of power LEDs included in the module,
Tj – the internal temperature of power LEDs, n – coefficients of emission
of the diffusive component of the diode current, I0 – the model param-
eter, the value of which depends e.g. on semiconductor material and
on the area of this junction.

The resistor RS0 represents series resistance of all the diodes
contracted in the LED module in the reference temperature T0, while
the voltage source ERS describes a linear increase of the voltage drop

on series resistance of the diodes contracted in the module on their in-
ternal temperature according to following formula

ERS ¼ vRS0 �αR � Tj−T0
� � ð2Þ

where vRS0 denotes the voltage on RS0 resistor andαR is the temperature
coefficient of diode series resistance.

The manner of estimating the values of parameters existing in
Eqs. (1)–(2) is described in [6].

The optical model of the LEDmodule represents the controlled volt-
age source EL, whose output voltage corresponds to power density of ra-
diation emitted by this module. In the description of the source EL the
influence of temperature and of the current is taken into account [6,19]

EL ¼ E0
� 1− exp −αL � i � 1þαLT � Tj−T0

� �þαLT2 � Tj−T0
� �2� 	� 	h i

ð3Þ

where E0 denotes power density of the emitted light in the reference
temperature T0 at the maximum diode current value, αL and αLT are
current and temperature coefficients of power density changes,
respectively.

In turn, the electricalmodel of the power supply has the form shown
in Fig. 3a for the power supply stabilising the output voltage or the form
shown in Fig. 3b for the power supply stabilising the output current. In

Fig. 1. Mechanical construction of a LED lamp.

Fig. 2. Network representation of the electrothermal model of the LED lamp.
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