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Abstract 

In this thesis, the notion of loss-free resistor (LFR) is used systematically to design power 
supplies for efficient lighting, namely light emitting diodes (LEDs), high intensity-discharge 
lamps (HID) and induction electrode-less fluorescent lamps (IEFLs) with the aim of reducing 
the electrical energy consumption in domestic or industrial applications. 

 The different lamps previously mentioned are supplied at constant power independently 
of the lamp type and impedance, taking advantage of the LFR nature, i.e. an emulated 
resistance in the input port and a power source in the output port.  

The sliding -mode control technique is applied in the boost converter to impose the LFR 
behaviour in continuous conduction mode (CCM) in some cases, and in the boundary between 
CCM and discontinuous conduction mode (DCM) in other cases. This control technique has 
been implemented throughout the thesis by either analogue or digital controllers and allows 
regulating the light emitted by the lamps. 

LFR behaviour is indirectly achieved in the case of LEDs lighting, in which a high 
voltage is obtained from both a low DC voltage (12 V) and the electrical grid. With only one 
boost converter and a 12 V battery, voltage gains around 100 are attained resulting in an 
output voltage of 1.2 kV. In the case of grid supply, two operation modes are realized, i.e. the 
normal mode like in battery supply and the burst mode, which intends to improve the efficiency 
without introducing changes in the converter and control. 

Regarding the HID lamps a double-stage converter is presented in order to supply this 
type of lamps by a DC voltage. The first stage is a boost converter with LFR behaviour, and 
the second one a switched-capacitor boost converter. When the lamp is off, the two converters 
are operating in cascade sharing the same control signal and achieving voltages around 6 kV 
from a 12 V battery. Once the lamp is on, only the boost converter with LFR is working, 
delivering always the selected power to the HID in the warm-up and in steady-state operation 
irrespective of the lamp impedance. As a consequence, both output voltage and current values 
are automatically adjusted by the lamp impedance level. 

Supplying HID lamps from a high-frequency AC voltage is also investigated by studying   
a boost converter with LFR behaviour in cascade with a full bridge LCC resonant inverter.  In 
this case, the control technique is realized in the boost converter by means of a FPGA-based 
digital controller. The full bridge resonant inverter is used to generate the necessary gain to 
provoke the lamp start-up. Subsequently, the inverter operates at high frequency avoiding 
acoustic resonances (AR). 

Finally, a boost converter with LFR behaviour in cascade with a full bridge LCC inverter 
is presented in order to supply an IEFL lamp by means of a high-frequency AC voltage. As in 
the previous cases, the converter supplies the lamp at constant power irrespective of the lamp 
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impedance. In this case, due to the IEFL operation, the full bridge resonant inverter is always 
working at high frequency. 

All the converters presented in the thesis are first analysed, then simulated and finally 
tested experimentally showing the feasibility of LFR-based switching regulators in the field of 
efficient lighting. 
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(Ŝv t

(Ŝv
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Ŝdv
d

l, m
ectiv

*X

=

*X

=

*

=

ee R

(
CA

g t

v

(
CA

g t

v

G=

( )S t
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