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ABSTRACT

Energy efficiency and cost reduction in the development of lighting have gained
importance after invention of blue LEDs (Light Emitting Diodes) for their advantageous
features over conventional lighting. High efficacy, high power density, compact size,
constant current operation, high reliability and long life time of the LED, makes it a suitable
choice in many low and medium power applications. Due to these features, LEDs are widely
used in household lighting, industrial lighting, display lighting, projection and architecture
lighting applications. This research work aims at the development of the power factor
correction (PFC) converters for feeding multi-string red-green-blue LED as a cost effective
solution for projection as well as LED street lighting application starting from 100W-300W
ratings.

The LED requires a constant current driver for achieving a required lumen and color from
LED. The multi-string LED is driven by single phase AC supply using an uncontrolled diode
bridge rectifier (DBR) and high value of DC bus capacitor. Such combination draws peaky
current from the supply system, which is rich in harmonics and has very high total harmonic
distortion (THD) of supply current at AC mains. This leads high crest factor (CF) of the
supply current and very low power factor (PF) at AC mains. Such power quality indices are
not acceptable within the limit of IEC 61000-3-2 class C for lighting. Hence, single phase

PFC converters are used to improve the power quality LED driver at AC mains.

The selection of suitable PFC converter for particular application depends upon various
aspects such as total number of components, voltage and power rating of LED, requirement
of galvanic isolation, cost and efficiency of the overall system. There are many available
configurations of the PFC converters, which are classified into different categories of three
stages (PFC, DC-DC and LED driver), two stage (PFC, DC-DC and LED driver integrated)

and single stage (all three integrated) with non-isolated PFC converters, bridgeless non-



isolated PFC converters, and isolated PFC converters. Among them, the bridgeless
configurations are designed for reducing the conduction losses in the front end PFC converter
by partial elimination of the diode bridge rectifier. Moreover, the control strategy of the PFC
converter also plays a vital role in deciding the performance and cost of the overall system. In
this work, PFC converters operating in discontinuous conduction mode (DCM) and critical
conduction mode (CRM) are used to control using an approach of voltage follower as well as
first resonating drain waveforms.

Analysis, design and control of buck-boost PFC converters for improvements in power
quality at AC mains of the LED driver is presented in this work. The other major aspect of
the work includes simplicity in control, reducing the number of sensors and cost and
increasing the overall efficiency of the system. Many new configurations of single phase PFC
converters are presented in this work for feeding the LED driver. Moreover, the lumen is
controlled by adjusting the LED current using pulse width modulation (PWM).

The performance of these PFC based LED driver is estimated on the models developed in
MATLAB/Simulink environment. Moreover, the performance of selected configurations of
PFC converters feeding LED driver is also verified experimentally on a developed hardware
prototype. This performance evaluation includes the steady state performances at various
LED load and dynamic performance during dimming, loading of LED and supply voltage
fluctuations at AC mains.

The steady state performance also includes the voltage and current waveforms of various
components (semiconductors, magnetic and capacitive) of PFC converters for selection
criteria of these components. An acceptable power quality indices of these PFC converters
fed LED driver are also evaluated at AC mains. These power quality indices are found within
the acceptable limits of international power quality standard IEC 61000-3-2 Class C for

lighting.
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brightness showing (c) vs, is, Vdc and lac and (d) vs, is, Va1 and la

Simulation results of buck-boost fed three stage LED driver switching performance

Test results of buck-boost fed three stage LED driver showing (a) supply voltage (vs)
and intermediate inductor currents (iL1) and (i) (b) switch voltages (Vswi1), (Vsw2),
switches currents (isw1), (isw2) (b) its enlarged waveforms during operation of
proposed LED driver at rated conditions.

Dynamic behavior of buck-boost fed three stage LED driver during load change
showing (a) vs, is, Vdc and lqc and (b) vs, is, Va1 and lg1. (¢) Supply voltage fluctuations
Power quality and performance indices of buck-boost fed three stage LED driver at
full brightness at rated condition with supply voltage (vs) as (a-b-c) 220 V (d-e-f)
265V (g-h-i) 90V (j-k-1) 220V at 20% brightness

Simulated steady state performance of PFC Cuk fed three stage LED driver
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5.43.
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5.47.
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Steady state performance of the PFC Cuk fed three stage LED driver at full brightness
showing () Vs, is, Vac and lgc and (b) vs, is, Va1 and g1 and at 50 % brightness showing
(€) s, is, Vac and lge and (d) vs, is, Va1 and 1o

Fig.5.34 PFC components switching states simulation waveforms of PFC Cuk fed
three stage LED driver (a) Positive half cycle (b) Negative half cycle.

Steady state simulation waveforms of PFC SEPIC fed three stage LED driver (a)
Input output, (b) Active PFC components and (c) Passive PFC components
waveforms

Dynamic behavior of PFC Cuk fed three stage LED driver during load change
showing (a) vs, is, Vdc and lqc and (b) vs, is, Va1 and lg1. (¢) Supply voltage fluctuations
Power quality and performance indices of PFC Cuk fed three stage LED driver at full
brightness at rated condition with supply voltage (vs) as (a-b-c) 220 V (d) Input versus
THD and PF (d) LED load versus THD and PF

Steady state simulation waveforms of PFC SEPIC fed three stage LED driver (a)
Input output, (b) Active PFC components and (c) Passive PFC components
waveforms

Steady state performance of PFC SEPIC fed three stage LED driver at full brightness
showing (a) Vs, is, Vdc and lgc and (b) vs, is, Va1 and lg1

Steady state performance of PFC SEPIC fed three stage LED driver at 50% brightness
showing (a) Vs, is, Vac and lqc and (b) vs, is, Va1 and lgs.

Simulated switching state waveforms of PFC SEPIC fed three stage LED driver (a)
Expended view (b) Single cycle active components stress (c) Single cycle passive
components stress

Test results of PFC SEPIC fed three stage LED driver showing (a) supply voltage (vs)
and intermediate input inductor currents (iLiz) and (iLi2) (b) supply voltage (vs) and
intermediate output inductor currents (iLo1) and (io2) (c) supply voltage (vs) and
intermediate capacitor voltages (vci) and (vcz) (d) switch voltages (Vawi1), (Vsw2),
switches currents (isw1), (isw2) (€) its enlarged waveforms during operation of
proposed LED driver at rated conditions.

Dynamic behavior of PFC SEPIC fed three stage LED driver during load change
showing (a) Vs, is, Vdc and lqc and (b) vs, is, Va1 and lg1. (¢) Supply voltage fluctuations
Power quality and performance indices of PFC SEPIC fed three stage LED driver at
full brightness at rated condition with supply voltage (vs) as (a-b-c) 220 V (d) Input
versus THD and PF (d) LED load versus THD and PF

Matlab-Simulink test results of PFC Zeta fed three stage LED driver during (a) steady
state input output characteristics (b) Steady state switching characteristics

Steady state performance at full brightness of PFC Zeta fed three stage LED driver
showing (a) Vs, is, Vac and lqc and (b) vs, is, Va1 and lgs.

Steady state performance of PFC Zeta fed three stage LED driver at 50% Load
showing (a) Input voltage, current, PFC voltage and current (b) Input voltage, current,
Flyback voltage and current

Matlab-Simulink test results of PFC Zeta fed three stage LED driver during (a)
Positive cycle active and passive components switching states (b) Negative cycle
active and passive components switching states

Test results of PFC Zeta fed three stage LED driver showing (a) supply voltage (vs)
and intermediate input inductor currents (iiz) and (iLi2) (b) supply voltage (vs) and
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intermediate output inductor currents (iLo1) and (io2) () supply voltage (vs) and
intermediate capacitor voltages (vci) and (vcz) (d) switch voltages (Vswi), (Vsw2),
switches currents (isw1), (isw2) (€) its enlarged waveforms during operation of
proposed LED driver at rated conditions.

Transient performance of PFC Zeta fed three stage LED driver during load change
showing (a) vs, is, Vdc and lqc and (b) vs, is, Va1 and lq1. (C) Input voltage variations

PFC Zeta fed three stage LED driver power factor and THD at full load (a-b-c) 220 V
(d) Input versus THD and PF (d) LED load versus THD and PF

Matlab-Simulink based simulation steady state results of PFC Landsman fed three
stage LED driver (a) Input output waveforms, (b) Passive components switching
waveforms

Steady state performance at full load showing of PFC Landsman fed three stage LED
driver (@) Vs, is, Vac and lgc (b) vs, is, Va1 and lg1. and 20 % brightness (c) vs, is, Vdc and
lac and (d) vs, is, Va1 and lq1.

Simulated switching states expanded view of PFC Landsman fed three stage LED
driver (a) Positive AC cycle PFC components (b) Negative AC cycle PFC
components

Test results of PFC Landsman fed three stage LED driver showing (a) supply voltage
(vs) and tank capacitor’s voltages (vci) and (vc2) (b) supply voltage (vs) and
continuous output inductor currents (iL1) and (i2) (c) supply voltage (vs) and
discontinuous input inductor currents (iLi1) and (iLiz) (d) Expanded discontinuous input
inductor currents (iLi1) and (ii2)

Stress on PFC switch and dynamic behavior of Landsman fed three stage LED driver

Power quality and performance indices of PFC Landsman fed three stage LED driver
at different LED loads and supply voltages

Matlab-Simulink based simulation steady state results of PFC Modified-Landsman
fed three stage LED driver (a) Input output waveforms, (b) PFC components
waveforms.

Steady state performance at full brightness showing of PFC Modified-Landsman fed
three stage LED driver () Vs, is, Vdc and lac and (b) vs, is, Va1 and lga.

Steady state performance of PFC Modified-Landsman fed three stage LED driver at
20 % brightness showing (a) vs, is, Vdc and lgc and (b) vs, is, Va1 and lga.

Simulated switching states expanded view of PFC Modified-Landsman fed three stage
LED driver (a) Positive AC cycle PFC components (b) Negative AC cycle PFC
components

Test results of PFC Modified-Landsman fed three stage LED driver showing (a)
supply voltage (vs) and tank capacitor’s voltages (vci) and (vc2) (b) supply voltage (vs)
and input inductor currents (iLiz) and (iLi2) (c) supply voltage (vs) and discontinuous
output inductor currents (iLo1) and (iLo2) (d) Expanded discontinuous output inductor
currents (iLo1) and (iLo2)

Stresses on PFC converter switches of PFC Modified-Landsman fed three stage LED
driver (a) switch voltages (Vsw1), (Vsw2), switch currents (isw1), (isw2) and (b) and its
enlarged waveforms during operation of proposed LED driver at rated conditions.
Dynamic behavior of PFC Modified-Landsman fed three stage LED driver during
load change showing (a) Vs, is, Vac and lgc and (b) vs, is, Va1 and lq1. (€) Supply voltage
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5.78.

5.79.

6.1.
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fluctuations

Power quality and performance indices of PFC Modified-Landsman fed three stage
LED driver at full brightness at rated condition with supply voltage (vs) as (a-c) 265 V
(d-f) 90V and (g-i) 220 V. Performance of proposed LED driver at rated conditions
with LED brightness as (j-1) 50% and (m-0) 20%.

Steady state simulation results of PFC BL-CSC fed three stage LED driver (a) Input
output characteristics (b) switching characteristics

Steady state performance of PFC BL-CSC fed three stage LED driver at full
brightness showing (a) vs, is, Vac and lgc and (b) vs, is, Va1 and lga.

Simulated switching states expanded view of PFC BL-CSC fed three stage LED
driver (a) Positive AC cycle PFC components (b) Negative AC cycle PFC
components

Test results of PFC BL-CSC fed three stage LED driver showing (a) supply voltage
(vs) and tank capacitor’s voltages (vci) and (vc2) (b) supply voltage (vs) and
intermediate inductor currents (iL1) and (iL2)

Stress on PFC converter switches of PFC BL-CSC fed three stage LED driver (a)
switch voltages (Vswl), (Vsw2), switches currents (isw1), (isw2) and (b) its enlarged
waveforms during operation of proposed LED driver at rated conditions.

Dynamic behavior of PFC BL-CSC fed three stage LED driver during load change
showing (a) Vs, is, Vdc and lqc and (b) vs, is, Va1 and lg1. (¢) Supply voltage fluctuations
Power quality and performance indices of PFC BL-CSC fed three stage LED driver at
full brightness at rated condition with supply voltage (vs) as (a-b) 265 V (c-d) 90V and
(e-f) 220V

Steady state simulation results of PFC BL-Boost fed three stage LED driver (a) Input
output performance (b) PFC components performance

Steady state performance at full brightness showing of PFC BL-Boost fed three stage
LED driver (a) vs, is, Vac and lac and (b) vs, is, Va1 and las.

Steady state performance of PFC BL-Boost fed three stage LED driver at 50%
brightness showing (a) vs, is, Vac and lgc and (b) vs, is, Va1 and lga.

Simulated switching states expanded view of PFC BL-Boost fed three stage LED
driver (a) Positive AC cycle PFC components (b) Negative AC cycle PFC
components

Test results of PFC BL-Boost fed three stage LED driver showing (a) supply voltage
(vs) and intermediate inductor currents (iL1) and (i) (b) switch voltages (Vsw1),
(Vsw2), switches currents (isw1), (isw2) (b) its enlarged waveforms during operation of
proposed LED driver at rated conditions.

Dynamic behavior of PFC BL-Boost fed three stage LED driver during load change
showing (a) Supply voltage fluctuations and (b) vs, is, Va1 and las.

Power quality and performance indices of PFC BL-Boost fed three stage LED driver
at full brightness at rated condition with supply voltage (vs) as (a-b-c) 220 V (d-e-f)
265V (g-h-i) 90V (j-k-1) 220V at 20% brightness

Circuit configuration of a CRM boost converter fed two stages LED Driver.

Circuit configuration of a non-isolated SEPIC PFC converter fed two stage LED
driver.
Circuit configuration of a non-isolated PFC Zeta fed two stage LED driver.
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6.16.
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6.18.
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6.22.

Circuit configuration of a non-isolated PFC Cuk fed two stage LED driver.
Synchronous half bridge isolated resonant DC-DC power converter.
Synchronous half bridge isolated resonant control scheme

MATLAB/Simulink model and hardware set-up of a non-isolated PFC converter fed
two stage LED driver.

Steady state simulation results of PFC CRM boost and integrated LLC converter fed
two stage LED driver (a) Input output performance (b) PFC components performance
Steady state performance of PFC CRM boost and integrated LLC converter fed two
stage LED driver at full brightness showing (a) vs, is, Vac and lqc and (b) vs, is, Va1 and
la1 and at 50 % brightness showing (c) vs, is, Vac and lgc and (d) vs, is, Va1 and g1
Modes of operation of PFC CRM boost and integrated LLC converter fed two stage
LED driver

Dynamic performance of PFC CRM boost and integrated LLC converter fed two stage
LED driver

Power quality indices of PFC CRM boost and integrated LLC converter fed two stage
LED driver at full brightness and rated condition with supply voltage (vs) (a)-(c)90V,
(d)-(f) 220 V and (g)-(i)265V

Steady state simulation waveforms of SEPIC PFC converter fed two stage LED driver
(@) Input output, (b) Active and passive PFC components

Steady state performance of SEPIC PFC converter fed two stage LED driver at full
brightness showing (a) vs, is, Vac and lgc and (b) vs, is, Va1 and lg1 at 50 % brightness
showing (c) Vs, is, Vdc and lgc and (d) vs, is, Va1 and lg1

Simulated switching state waveforms of SEPIC PFC converter fed two stage LED
driver (a) Half line AC cycle (b) Switching cycle active and passive components

(a) Stress on PFC converter switches and (b) half bridge LLC DC-DC enlarged
waveforms during operation of SEPIC PFC converter fed two stage LED driver at
rated conditions.

Dynamic behavior of SEPIC PFC converter fed two stage LED driver during load
change showing (a) vs, is, Vai and lai and (b) vs, is, Va1 and lg1 (¢) during supply voltage
fluctuations

Power quality indices of SEPIC PFC converter fed two stage LED driver at full
brightness at rated condition with supply voltage (vs) as (a-c) 220 V (d-f) 90V and (g-
i) 265 V.

Matlab-Simulink based simulation results of zeta PFC converter fed two stage LED
driver (a) Input output waveforms, (c) Active and passive components half AC cycle
switching waveforms

Steady state performance of zeta PFC converter fed two stage LED driver at full
brightness showing (a) vs, is, Vacand lacand (b) vs, is, Va1 and lqz.at 50 % brightness
showing (c) vs, is, Vdc and lgc and (d) vs, is, Va1 and lg1

Simulation results of switching states of zeta PFC converter fed two stage LED driver
(a) Active components switching waveforms (b) Expended view of half AC cycle
waveforms

Recorded stress and operating modes of zeta PFC converter fed two stage LED driver
(a) steady state stress on PFC zeta converter (b) LLC half bridge DC-DC converter
waveforms during operation of proposed LED driver at rated conditions

XXVii



Fig.

Fig.

Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

Fig.
Fig.

Fig.
Fig.
Fig.

Fig.

Fig.

Fig.
Fig.
Fig.
Fig.

Fig.

6.23.

6.24.

6.25.
6.26.

6.27.

6.28.

6.29.

6.30.

7.1.
7.2.
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7.11.

7.12.

Dynamic behavior of zeta PFC converter fed two stage LED driver during load
change showing (a) vs, is, Vaiand Iq1 and (b) vs, is, Va1 and lg1. (¢) Supply voltage
fluctuations

Power quality indices of zeta PFC converter fed two stage LED driver at full
brightness at dimming condition with (a) —(c) Supply voltage (vs) 220 V (d) Line
variation at full load (e) LED Load variation at 220 V input voltage

Simulated steady state performance of Cuk PFC converter fed two stage LED driver

Steady state performance of Cuk PFC converter fed two stage LED driver at full
brightness showing (a) Vs, is, Vdc and lqc and (b) vs, is, Va1 and lg1 and at 50 %
brightness showing (c) vs, is, Vac and lac and (d) vs, is, Va1 and la

Switching states simulation waveforms of Cuk PFC converter fed two stage LED
driver (a) Active components and passive components and (b) Expended view
switching states

Switching states of (a) simulated active and passive components (b) stress on PFC
converter switches (c) half power cycle enlarged view (d) LLC half bridge DC-DC
converter switching waveforms of Cuk PFC converter fed two stage LED driver at
full brightness

Dynamic behavior of Cuk PFC converter fed two stage LED driver during load
change showing (a) vs, is, Vai , larand (b) vs, is, Va1, lai (¢) during supply voltage
fluctuations

Power quality indices of Cuk PFC converter fed two stage LED driver at full
brightness at rated condition with supply voltage (vs) as (a-c) 220 V (d-f) 90V and (g-
1) 265 V. Performance of proposed LED driver at rated conditions with LED
brightness as (j-1) 75%

Circuit configuration of a BL-CRM PFC boost converter fed two stages LED Driver

Circuit configuration of a non-isolated BL-SEPIC PFC converter fed two stage LED
driver
Circuit configuration of a non-isolated BL-PFC Zeta fed two stage LED driver

Circuit configuration of a non-isolated BL-PFC Cuk fed two stage LED driver

MATLAB/Simulink model of a non-isolated BL-PFC converter fed two stage LED
driver

Steady state simulation results of a BL-CRM PFC boost converter fed two stages (a)
Input output performance (b) PFC components performance

Steady state performance of a BL-CRM PFC boost converter fed two stages at full
brightness showing (a) vs, is, Vac and l¢c and (b) vs, is, Va1 and lq1 and at 50 %
brightness showing (c) vs, is, Vac and lgc and (d) vs, is, Va1 and laz

Modes of operation of a BL-CRM PFC boost converter fed two stages

Dynamic performance of a BL-CRM PFC boost converter fed two stages

Power quality indices of a BL-CRM PFC boost converter fed two stages at full
brightness at rated condition with supply voltage (vs) (a)-(c)90V, (d)-(f) 220 V and
(9)-()265V

Steady state simulation waveforms of BL-SEPIC PFC converter fed two stage LED
driver (a) Input output, (b) Active and passive PFC components

Steady state performance of BL-SEPIC PFC converter fed two stage LED driver at

XXViii



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

7.13.

7.14.

7.15.

7.16.

7.17.

7.18.

7.19.

7.20.

7.21.

7.22.
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full brightness showing (a) vs, is, Vac and lgc and (b) vs, is, Var and lqz at 50 %
brightness showing (c) vs, is, Vac and lgc and (d) vs, is, Va1 and laz

Simulated results of BL-SEPIC PFC converter fed two stage LED driver switching
state waveforms (a) Half line AC cycle (b) Switching cycle active and passive
components

(a) Stress on converter switches and (b) half bridge LLC DC-DC enlarged waveforms
during operation of BL-SEPIC PFC converter fed two stage LED driver at rated
conditions.

Dynamic behavior of BL-SEPIC PFC converter fed two stage LED driver during load
change showing (a) Vs, is, Vai and la and (b) vs, is, Va1 and a1 (¢) during supply voltage
fluctuations.

Power quality indices of BL-SEPIC PFC converter fed two stage LED driver at full
brightness at rated condition with supply voltage (vs) as (a-c) 220 V (d-f) 90V and (g-
i) 265V

Matlab-Simulink based simulation results of BL-PFC Zeta converter based two stage
LED driver (a) Input output waveforms, (c) Active and passive components half AC
cycle switching waveforms

Steady state performance of BL-PFC Zeta converter based two stage LED driver at
full brightness showing (a) Vs, is, Vacand lgcand (b) vs, is, Va1 and lq1.at 50 % brightness
showing (c) vs, is, Vdc and lgc and (d) s, is, Va1 and lg1

Simulation results of BL-PFC Zeta converter based two stage LED driver PFC
converter switching states (a) Active components switching waveforms (b) Expended
view of half AC cycle waveforms

Recorded stress and operating modes of BL-PFC Zeta converter based two stage LED
driver (a) steady state stress on PFC zeta converter (b) LLC half bridge DC-DC
converter waveforms during operation of proposed LED driver at rated conditions.

Dynamic behavior of the proposed BL-Zeta PFC two stage LED driver during load
change showing (a) vs, is, Vaand lq1 and (b) vs, is, Va1 and lg1. (¢) Supply voltage
fluctuations

Power quality indices of BL-PFC Zeta converter based two stage LED driver at full
brightness at dimming condition with (a) —(c) Supply voltage (vs) 220 V (d) Line
variation at full load (e) LED Load variation at 220 V input voltage

Simulated steady state performance of BL- Cuk PFC converter based two stage LED
driver

Steady state performance of BL- Cuk PFC converter based two stage LED driver at
full brightness showing (a) Vs, is, Vdc and lqc and (b) vs, is, Va1 and lq1 and at 50 %
brightness showing (c) vs, is, Vac and lgc and (d) vs, is, Va1 and la1

Switching states simulation waveforms of BL- Cuk PFC converter based two stage
LED driver (a) Active components and passive components and (b) Expended view
switching states.

Switching states of BL- Cuk PFC converter based two stage LED driver (a) simulated
active and passive components (b) stress on PFC converter switches (c) half power
cycle enlarged view (d) LLC half bridge DC-DC converter switching waveforms at
full brightness

Dynamic behavior of BL- Cuk PFC converter based two stage LED driver during load
change showing (a) vs, is, Vai , lar and (b) vs, is, Va1, lai (¢) during supply voltage
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Power quality indices of BL- Cuk PFC converter based two stage LED driver at full
brightness at rated condition with supply voltage (vs) as (a-c) 220 V (d-f) 90V and (g-
1) 265 V. Performance of proposed LED driver at rated conditions with LED
brightness as (j-1) 75%

Circuit configuration of a BL-CRM PFC boost converter fed single stage LED Driver.

Single stage isolated flyback converter modes of operation and switching states

Circuit configuration of an isolated SEPIC PFC converter fed single stage LED driver.
Single stage isolated SEPIC converter modes of operation and switching states
Circuit configuration of an isolated Zeta PFC fed single stage LED driver

Single stage isolated zeta converter modes of operation and switching states

QR resonant PFC control of proposed LED driver

Constant current controller for proposed LED driver

MATLAB/Simulink model of an isolated single stage PFC converter fed LED driver.
Proposed LED Driver Hardware Prototype and Test Set-up

Steady state simulation results single stage isolated PFC QR- flyback LED driver (a)
Input output performance (b) PFC components performance

Steady state performance of single stage isolated PFC QR- flyback LED driver at full
brightness showing (a) Vsw, isw and (b) vsw, Ve at full load and nominal input voltage.
Modes of operation single stage isolated PFC QR- flyback LED driver and switching
states

Power quality indices of isolated QR-flyback PFC converter fed single stage LED
driver at full brightness at dimming condition with (a) —(c) Supply voltage (vs) 220 V
(d) Line variation at full load (e) current regulation and efficiency at different input
voltage

LED dimming performance of single stage isolated PFC QR- flyback LED driver (a)
Efficiency versus PWM (b) Output power versus dimming (e) LED current versus
PWM

Steady state simulation waveforms of isolated SEPIC PFC converter fed single stage
LED driver (a) Input output, (b) Active and passive PFC components

Simulated isolated SEPIC single stage PFC switching state waveforms (a) Half line
AC cycle (b) Switching cycle active and passive components

Steady state simulation waveforms of isolated Zeta PFC converter fed single stage
LED driver (a) Input output, (b) Active and passive PFC components

Simulation results of isolated Zeta PFC converter fed single stage LED driver
switching states (a) Active components switching waveforms (b) Expended view of
half AC cycle waveforms
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AC Alternating Current
BL BL
BLDC Brushless DC Motor
CCM Continuous Conduction Mode
CF Crest Factor
CFLs Compact Florescent Lamps
CCM Continuous Current Mode
CISPR Committee International Special de Perturbations Radioelectronics
CSC Canonical Switching Cell
CCT Correlated Color Temperature
CIE International Commission on Illumination
CRI Color Rendering Index
DBR Diode Bridge Rectifier
DC Direct Current
DCM Discontinuous Conduction Mode
DICM Discontinuous Inductor Conduction Mode
DF Distortion Factor
DPF Displacement Power Factor
DSP Digital Signal Processor / Digital Signal Processing
EMI Electro Magnetic Interference
GDP Gross Domestic Product
HB High Brightness
HFT High Frequency Transformer
HID High Intensity Discharge
IEC International Electrotechnical Commission
LED Light Emitting Diode
LLC Inductor—Inductor - Capacitor
Lm Lumen
PET Photo-Electro-Thermal
PF Power Factor
PFC Power Factor Correction
PMBLDC Permanent Magnet Brushless DC
PSR Primary Sensing Regulation
PQ Power Quality
PWM PWM Pulse Width Modulation
QR Quasi Resonant
RGB Red-Green-Blue
SEPIC Single Ended Primary Inductance Converter
THD Total Harmonic Distortion
UL Underwriters Laboratory (UL)
uv Ultra-Violet
ZCD Zero Current Detection
ZVS Zero Voltage Switching
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Cq

D, D1, Dr2
D

Dmax

fc fL fsw
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Ir, Ig, lb
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laiz, lar

Kp2 ,kKi2
Q1,Q2,Q3,Q4
Sw

St1,512

Sr1, SQ1, Sb1, Sr2, SQ2, Sz
Li, Lo

Lr, Lg, Lo
Vs

Vsw

Input Filter Capacitance
Isolated Flyback Secondary Capacitor
Synchronus Buck Converter Capacitors

DC Bus Capacitor
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Duty Ratio

Maximum Duty Ratio

Filter Cut-off frequency (Hz), Line frequency
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Input Current
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PFC converter’s Switch Current (A)
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Input Inductor
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Input Voltage
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