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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-
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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. 



सार 

 
 प्रकाश के विकास में ऊर्ाा दक्षता और लागत में कमी ने परंपरागत प्रकाश व्यिस्था पर अपन ेलाभप्रद सवुिधाओ ंके वलए नील ेएल 

ई डी (लाइट एवमवटंग डायोड) के आविष्कार के बाद महत्ि प्राप्त वकया ह।ै उच्च प्रभािकाररता, उच्च शवि घनत्ि, कॉम्पैक्ट आकार, वनरंतर चाल ू

संचालन, उच्च विश्वसनीयता और एलईडी के लंबे र्ीिन समय, यह कई कम और मध्यम ऊर्ाा अनपु्रयोगों में एक उपयिु विकल्प ह।ै इन सवुिधाओ ं

के कारण, एलईडी व्यापक रूप से घरेल ूप्रकाश, औद्योवगक प्रकाश, प्रदशान प्रकाश, प्रके्षपण और िास्तुकला प्रकाश अनपु्रयोगों में उपयोग वकया 

र्ाता ह।ै इस शोध काया का उद्देश्य प्रोर्के्शन के वलए लागत प्रभािी समाधान के साथ-साथ 100W-300W रेवटंग्स से शरुू होन ेिाले एलईडी 

स्रीट लाइवटंग एप्लीकेशन के रूप में बहु-वस्रंग लाल-हरे-नीले एलईडी के वलए शवि कारक सधुार (पीएफसी) कन्िटासा के विकास के वलए करना 

ह।ै 

 एलईडी से एक आिश्यक लुमेन और रंग प्राप्त करने के वलए एक ड्राइिर की आिश्यकता होती ह।ै बहु-वस्रंग एलईडी एकल चरण 

एसी की आपवूता से एक अवनयंवित डायोड सही करनेिाला  ) डीबीआर (और डीसी बस संधाररि का उपयोग करके संचावलत होता ह।ै इस तरह के 

संयोर्न आपूवता प्रणाली से चोटी िाला है, र्ो हामोवनक्स में समदृ्ध है और एसी मेन पर आपवूता की ितामान उच्च हामोवनक विरूपण  ) टीएचडी (

ह।ै यह एसी मेन पर आपवूता ितामान और बहुत कम पािर कारक  ) पीएफ (की उच्च वशखर कारक  ) सीएफ (का नेततृ्ि करता ह।ै ऐसी विद्यतु गुणित्ता 

सचूकांक प्रकाश व्यिस्था के वलए IEC  61000 -3- 2 िगा सी की सीमा के भीतर स्िीकाया नहीं हैं । इसवलए, एकल चरण पीएफसी कन्िटासा 

का उपयोग एसी मेन पर वबर्ली की गुणित्ता एलईडी ड्राइिर में सधुार के वलए वकया र्ाता है । 

 विशेष रूप से आिेदन के वलए उपयिु पीएफसी कनिटार का चयन विवभन्न पहलओु ंपर वनभार करता ह ैर्ैस ेकुल घटकों, िोल्टेर् 

और एलईडी की शवि रेवटंग, वबर्ली की अलगाि की आिश्यकता, समग्र प्रणाली की लागत और दक्षता। पीएफसी कन्िटासा के कई उपलब्ध 

कॉवऩ्िगरेशन हैं, वर्न्हें तीन चरणों (पीएफसी, डीसी-डीसी और एलईडी ड्राइिर), दो चरण (पीएफसी, डीसी-डीसी और एलईडी ड्राइिर एकीकृत) 

और एकल चरण में िगीकृत वकया गया ह ै(सभी तीन एकीकृत ) गैर-पथृक पीएफसी कन्िटासा, बेतरतीब गैर-पथृक पीएफसी कन्िटासा और पथृक 

पीएफसी कन्िटासा के साथ। उनमें से, बेकार विन्यास डायोड पुल शदु्ध करन ेिाल ेके आंवशक उन्मलून द्वारा सामन ेिाले पीएफसी कनिटार में प्रिाहकीय 

घाटे को कम करन ेके वलए तैयार वकए गए हैं। इसके अलािा, पीएफसी कनिटार की वनयंिण रणनीवत भी समग्र प्रणाली के प्रदशान और लागत का 

वनणाय लेन ेमें महत्िपणूा भवूमका वनभाती ह।ै इस काम में, असंतत चालन मोड (डीसीएम) और महत्िपणूा प्रिाहकत्त्ि मोड (सीआरएम) में काया करने 

िाले पीएफसी कन्िटासा का इस्तेमाल िोल्ट अनयुायी के साथ-साथ पहल ेअनुनातन नाली तरंगों के उपयोग के वनयंिण के वलए वकया र्ाता ह।ै 



एलईडी ड्राइिर के एसी मेन पर वबर्ली की गुणित्ता में सधुार के वलए पीएफसी कन्िटासा को बढािा देन ेके विशे्लषण, वडर्ाइन और वनयंिण इस 

काया में प्रस्तुत वकए गए हैं। काम के दसूरे प्रमखु पहल ूमें वनयंिण में सादगी, सेंसर की संख्या को कम करन ेऔर वसस्टम की समग्र दक्षता में िवृद्ध 

शावमल ह।ै एकल चरण पीएफसी कन्िटासा के कई नए कॉवऩ्िगरेशन इस काम में एलईडी ड्राइिर को वखलान ेके वलए प्रस्तुत वकए गए हैं। इसके 

अलािा, लमेुन को पल्स चौडाई मॉडुलन (पीडब्ल्यएूम) का उपयोग करके एलईडी चाल ूको समायोवर्त करके वनयंवित वकया र्ाता ह।ै इन पीएफसी 

आधाररत एलईडी ड्राइिर का प्रदशान मैटलब / वसमवुलंक विकवसत मॉडलों के अनमुान है । इसके अलािा, एलईडी ड्राइिर को पीएफसी कन्िटासा 

चयवनत कॉवऩ्िगरेशन का प्रदशान भी एक विकवसत हाडािेयर प्रोटोटाइप पर प्रयोगात्मक रूप से सत्यावपत वकया गया है । इस वनष्पादन के मलू्यांकन 

में विवभन्न एलईडी भार और गवतशील प्रदशान शावमल हैं, डीएमआई के लोवडंग, एसी मेन पर लोड और लोड िोल्टेर् में उतार-चढाि । 

 वस्थर अियि के प्रदशान में इन घटकों के चयन मानदंड के वलए पीएफसी कन्िटासा के विवभन्न घटकों (अधाचालक, चुंबकीय और 

कैपेवसवटि) के िोल्टेर् और ितामान तरंग शावमल हैं। इन पीएफसी कन्िटारों के एक स्िीकाया वबर्ली गुणित्ता के सचूक को भी एसी मेन पर मलू्यांकन 

वकया गया ह।ै इन पािर क्िावलटी इडेंक्शंस प्रकाश व्यिस्था के वलए अंतरराष्रीय पािर गुणित्ता मानक IEC 61000-3-2 कक्षा सी के स्िीकाया 

सीमा के भीतर पाए र्ाते हैं। 
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at full brightness at rated condition with (a) –(c) Supply voltage (vs) 220 V (d) Line 
variation at full load (e) PWM dimming 10% -100% at 220 V input voltage 

Fig.4.43. Matlab-Simulink based simulation steady state results of non-isolated PFC Landmsan 
converter fed three stage LED driver (a) Input output waveforms, (b) Passive 
components switching waveforms  

Fig.4.44. Fig. 4.44  Steady state performance of non-isolated PFC Landmsan converter fed 
three stage LED driver at full brightness showing (a) vs, is, Vdc and Idc and (b) vs, is, Vd1 
and Id1 at 20 % brightness showing (c) vs, is, Vdc and Idc and (d) vs, is, Vd1 and Id1 

Fig.4.45. Simulated switching stress (a) Active components (b) Expended view of switching 
states Experimental verification (c) Stress on PFC converter switches (d) and its 
enlarged waveforms during operation of non-isolated PFC Landmsan converter fed 
three stage LED driver at rated conditions. 

Fig.4.46. Dynamic behavior of the non-isolated PFC Landmsan converter fed three stage LED 
driver during load change showing (a) vs, is, Vdl and Idl and (b) vs, is, Vd1 and Id1 (c) 
during supply voltage fluctuations. 

Fig.4.47. Power quality indices of non-isolated PFC Landmsan converter fed three stage LED 
driver at full brightness at rated condition with supply voltage (vs) as (a-c) 220 V (d-f) 
90V and (g-i) 270 V (j-l) 50% brightness 

Fig.4.48. Matlab-Simulink based simulation steady state results of non-isolated PFC modified 
Landmsan converter fed three stage LED driver (a) Input output waveforms, (b) PFC 
components waveforms.  

Fig.4.49. Steady state performance of the non-isolated PFC modified Landmsan converter fed 
three stage LED driver at full brightness showing (a) vs, is, Vdc and Idc and (b) vs, is, Vd1 
and Id1 at 20 % brightness showing (c) vs, is, Vdc and Idc and (d) vs, is, Vd1 and Id1 

Fig.4.50. Switching states of non-isolated PFC modified Landmsan converter fed three stage 
LED driver (a) Simulation results (b) Operating modes of tank capacitor supply 
voltage   (vs) with inductor current (iLi) and tank capacitor’s voltage (vC1)  (c) PFC 
converter switch voltage and current (d) One cycle switch stress 

Fig.4.51. Dynamic behavior of the non-isolated PFC modified Landmsan converter fed three 
stage LED driver during load change (a) vs, is, Vdc and Idc (b) vs, is, Vd1 and Id1  (c) 
during supply voltage fluctuations. 

Fig.4.52. Power quality and performance indices of non-isolated PFC modified Landmsan 
converter fed three stage LED driver at full brightness at rated condition with supply 
voltage (vs) as (a-c) 220 V (d-f) 90V and (g-i) 270 V (j-l) 50%  brightness nominal 
input voltage 

Fig.4.53. Steady state simulation results of non-isolated PFC CSC converter fed three stage 
LED driver (a) Input output characteristics (b) switching characteristics  

Fig.4.54. Steady state performance at full brightness showing of non-isolated PFC CSC 
converter fed three stage LED driver (a) vs, is, Vdc and Idc and (b) vs, is, Vd1 and Id1 and  
at 20 % brightness showing (c) vs, is, Vdc and Idc and (d) vs, is, Vd1 and Id1. 
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Fig.4.55. Modes of operation and switching stress (a) Simulation results (b) Passive 
components modes of operation (c) Switching stress in one cycle (d) enlarged 
switching waveforms during operation of non-isolated PFC CSC converter fed three 
stage LED driver at rated conditions 

Fig.4.56. Dynamic behavior of the non-isolated PFC CSC converter fed three stage LED driver 
during load change showing (a) vs, is, Vdc and Idc and (b) vs, is, Vd1 and Id1 (c) during 
supply voltage fluctuations 

Fig.4.57. Power quality and performance indices of non-isolated PFC CSC converter fed three 
stage LED driver at full brightness at rated condition with supply voltage (vs) as (a-c) 
220 V (d-f) 90V and (g-i) 270 V (j-l) 50% brightness (m-o) 20% brightness 

Fig.4.58. Steady state simulation results of non-isolated PFC CRM boost converter fed three 
stage LED driver (a) Input output performance (b) PFC components performance 

Fig.4.59. Steady state performance of the non-isolated PFC CRM boost converter fed three 
stage LED driver at  full brightness showing (a) vs, is, Vdc and Idc and (b) vs, is, Vd1 and 
Id1 and at 20 % brightness showing (c) vs, is, Vdc and Idc and (d) vs, is, Vd1 and Id1 

Fig.4.60. Switching performance of the non-isolated PFC CRM boost converter fed three stage 
LED driver 

Fig.4.61. Dynamic performance of the non-isolated PFC CRM boost converter fed three stage 
LED driver 

Fig.4.62. Power quality indices of non-isolated PFC CRM boost converter fed three stage LED 
driver at full brightness at rated condition with supply voltage (vs) 220 V  

Fig.4.63. Power quality indices of non-isolated PFC CRM boost converter fed three stage LED 
driver at full brightness at rated condition with supply voltage (a) 90-300VAC 
(b)PWM dimming 10% -100% at 220 V input voltage 

Fig. 5.1.  Circuit configuration of a non-isolated PFC BL buck-boost converter fed three stage 
LED Driver. 

Fig. 5.2. Different modes of operation of a BL-buck boost PFC converter fed three stage LED 
Driver during (a-c) positive half cycle and (d-f) negative half cycle of supply voltage. 

Fig. 5.3. Waveforms of BL-buck-boost PFC converter fed three stage LED Driver during (a) 
complete cycle of line voltage and (b) complete switching cycle. 

Fig. 5.4.  Circuit configuration of a non-isolated BL Cuk PFC converter fed three stage LED 
Driver. 

Fig. 5.5. Different modes of operation of a BL-Cuk PFC converter fed three stage LED Driver 
during (a-d) positive half cycle and (e-h) negative half cycle of supply voltage. 

Fig. 5.6. Waveforms of BL-Cuk PFC converter fed three stage LED Driver during (a) complete 
cycle of line voltage and (b) complete switching cycle. 

Fig. 5.7. Circuit configuration of a non-isolated BL PFC SEPIC converter fed three stage LED 
Driver 

Fig. 5.8. Different modes of operation of a BL-SEPIC PFC converter fed three stage LED 
Driver during (a-c) positive half cycle and (d-f) negative half cycle of supply voltage. 

Fig. 5.9.  Waveforms of BL-SEPIC PFC converter fed three stage LED Driver during (a) 
complete cycle of line voltage and (b) complete switching cycle 

Fig. 5.10. Circuit configuration of a BL non-isolated Zeta PFC converter fed three stage LED 
Driver 
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Fig. 5.11.  Modes of operation of a BL-ZETA PFC converter fed three stage LED Driver during 
(a-c) positive half cycle and (d-f) negative half cycle of supply voltage. 

Fig. 5.12. Waveforms of BL-ZETA PFC converter fed three stage LED Driver during (a) 
complete cycle of line voltage and (b) complete switching cycle. 

Fig. 5.13. Circuit configuration of a non-isolated BL-Landsman PFC converter fed three stage 
LED Driver 

Fig. 5.14.  Complete AC cycle modes of operation of BL-Landsman PFC converter fed three 
stage LED Driver 

Fig. 5.15. Operation of proposed BL- Landsman PFC converter fed three stage LED Driver in 
different modes of operation in half AC cycle 

Fig. 5.16.  Circuit configuration of a non-isolated BL-Modified-Landsman PFC converter fed 
three stage LED Driver. 

Fig. 5.17. Operation of Modified BL-Landsman PFC converter fed three stage LED Driver in 
different modes of operation 

Fig. 5.18. Circuit configuration of a non-isolated CSC PFC converter fed three stage LED 
Driver. 

Fig. 5.19.  Different modes of operation of a BL-CSC PFC converter fed three stage LED Driver 
during (a-c) positive half cycle and (d-f) negative half cycle of supply voltage. 

Fig. 5.20. Waveforms of BL-CSC PFC converter fed three stage LED Driver during (a) 
complete cycle of line voltage and (b) complete switching cycle. 

Fig. 5.21. Circuit configuration of a non-isolated BL-Boost PFC converter fed three stage LED 
Driver. 

Fig. 5.22. Different modes of operation of a BL- boost PFC converter fed three stage LED 
Driver during (a-c) positive half cycle and (d-f) negative half cycle of supply voltage. 

Fig. 5.23.  Waveforms of BL-boost PFC converter fed three stage LED Driver during (a) 
complete cycle of line voltage and (b) complete switching cycle. 

Fig.5.24. Control unit of (a) BL-PFC converter, (b) Flyback DC-DC Converters and (c) 
Synchronous buck DC-DC converters for three stage LED driver 

Fig. 5.25. MATLAB/Simulink model and hardware set-up picture of a non-isolated PFC 
converter fed three stage LED driver. 

Fig. 5.26.  Simulated steady state performance of BL-buck-boost fed three stage LED driver 

Fig. 5.27.  Steady state performance of the buck-boost fed three stage LED driver at full 
brightness showing (a) vs, is, Vdc and Idc and (b) vs, is, Vd1 and Id1 and at 20 % 
brightness showing (c) vs, is, Vdc and Idc and (d) vs, is, Vd1 and Id1 

Fig. 5.28.  Simulation results of buck-boost fed three stage LED driver switching performance 
Fig. 5.29.  Test results of buck-boost fed three stage LED driver showing (a) supply voltage (vs) 

and intermediate inductor currents (iL1) and (iL2)  (b)  switch voltages (Vsw1), (Vsw2), 
switches currents (isw1), (isw2)  (b) its enlarged waveforms during operation of 
proposed LED driver at rated conditions. 

Fig. 5.30.  Dynamic behavior of buck-boost fed three stage LED driver during load change 
showing (a) vs, is, Vdc and Idc and (b) vs, is, Vd1 and Id1. (c) Supply voltage fluctuations 

Fig. 5.31.  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-l) 220V at 20% brightness 

Fig. 5.32.  Simulated steady state performance of PFC Cuk fed three stage LED driver 
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Fig. 5.33.  Steady state performance of the PFC Cuk fed three stage LED driver at full brightness 
showing (a) vs, is, Vdc and Idc and (b) vs, is, Vd1 and Id1 and at 50 % brightness showing 
(c) vs, is, Vdc and Idc and (d) vs, is, Vd1 and Id1 

Fig. 5.34.  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. 

Fig. 5.35.  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  

Fig. 5.36.  Dynamic behavior of PFC Cuk fed three stage LED driver during load change 
showing (a) vs, is, Vdc and Idc and (b) vs, is, Vd1 and Id1. (c) Supply voltage fluctuations 

Fig. 5.37.  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 

Fig. 5.38.  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  

Fig. 5.39.  Steady state performance of PFC SEPIC fed three stage LED driver at full brightness 
showing (a) vs, is, Vdc and Idc and (b) vs, is, Vd1 and Id1 

Fig. 5.40.  Steady state performance of PFC SEPIC fed three stage LED driver at 50% brightness 
showing (a) vs, is, Vdc and Idc and (b) vs, is, Vd1 and Id1. 

Fig. 5.41.  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 

Fig. 5.42.  Test results of PFC SEPIC fed three stage LED driver showing (a) supply voltage (vs) 
and intermediate input inductor currents (iLi1) and (iLi2)  (b) supply voltage (vs) and 
intermediate output inductor currents (iLo1) and (iLo2) (c) supply voltage (vs) and 
intermediate capacitor voltages (vC1) and (vC2) (d)  switch voltages (Vsw1), (Vsw2), 
switches currents (isw1), (isw2)  (e) its enlarged waveforms during operation of 
proposed LED driver at rated conditions. 

Fig. 5.43.  Dynamic behavior of PFC SEPIC fed three stage LED driver during load change 
showing (a) vs, is, Vdc and Idc and (b) vs, is, Vd1 and Id1. (c) Supply voltage fluctuations 

Fig. 5.44.  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 

Fig. 5.45.  Matlab-Simulink test results of PFC Zeta fed three stage LED driver during (a) steady 
state input output characteristics (b) Steady state switching characteristics   

Fig. 5.46.  Steady state performance at full brightness of PFC Zeta fed three stage LED driver 
showing (a) vs, is, Vdc and Idc and (b) vs, is, Vd1 and Id1. 

Fig. 5.47.  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   

Fig. 5.48.  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 

Fig. 5.49.  Test results of PFC Zeta fed three stage LED driver showing (a) supply voltage (vs) 
and intermediate input inductor currents (iLi1) and (iLi2)  (b) supply voltage (vs) and 
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intermediate output inductor currents (iLo1) and (iLo2) (c) supply voltage (vs) and 
intermediate capacitor voltages (vC1) and (vC2) (d)  switch voltages (Vsw1), (Vsw2), 
switches currents (isw1), (isw2)  (e) its enlarged waveforms during operation of 
proposed LED driver at rated conditions. 

Fig. 5.50.  Transient performance of PFC Zeta fed three stage LED driver during load change 
showing (a) vs, is, Vdc and Idc and (b) vs, is, Vd1 and Id1. (c) Input voltage variations 

Fig. 5.51.  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 

Fig. 5.52.  Matlab-Simulink based simulation steady state results of PFC Landsman fed three 
stage LED driver (a) Input output waveforms, (b) Passive components switching 
waveforms  

Fig. 5.53.  Steady state performance at full load showing of PFC Landsman fed three stage LED 
driver (a) vs, is, Vdc and Idc  (b) vs, is, Vd1 and Id1. and 20 % brightness (c) vs, is, Vdc and 
Idc and (d) vs, is, Vd1 and Id1. 

Fig. 5.54.  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 

Fig. 5.55.  Test results of PFC Landsman fed three stage LED driver showing (a) supply voltage 
(vs) and tank capacitor’s voltages (vC1) and (vC2) (b) supply voltage (vs) and 
continuous output inductor currents (iLo1) and (iLo2)  (c) supply voltage (vs) and 
discontinuous input inductor currents (iLi1) and (iLi2) (d) Expanded discontinuous input 
inductor currents (iLi1) and (iLi2) 

Fig. 5.56.  Stress on PFC switch and dynamic behavior of Landsman fed three stage LED driver 
Fig. 5.57.  Power quality and performance indices of PFC Landsman fed three stage LED driver 

at different LED loads and supply voltages  
Fig. 5.58.  Matlab-Simulink based simulation steady state results of PFC Modified-Landsman 

fed three stage LED driver (a) Input output waveforms, (b) PFC components 
waveforms.  

Fig. 5.59.  Steady state performance at full brightness showing of PFC Modified-Landsman fed 
three stage LED driver (a) vs, is, Vdc and Idc and (b) vs, is, Vd1 and Id1. 

Fig. 5.60.  Steady state performance of PFC Modified-Landsman fed three stage LED driver at 
20 % brightness showing (a) vs, is, Vdc and Idc and (b) vs, is, Vd1 and Id1. 

Fig. 5.61.  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 

Fig. 5.62.  Test results of PFC Modified-Landsman fed three stage LED driver showing (a) 
supply voltage (vs) and tank capacitor’s voltages (vC1) and (vC2) (b) supply voltage (vs) 
and input inductor currents (iLi1) and (iLi2) (c) supply voltage (vs) and discontinuous 
output inductor currents (iLo1) and (iLo2) (d) Expanded discontinuous output inductor 
currents (iLo1) and (iLo2)  

Fig. 5.63.  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. 

Fig. 5.64.  Dynamic behavior of PFC Modified-Landsman fed three stage LED driver during 
load change showing (a) vs, is, Vdc and Idc and (b) vs, is, Vd1 and Id1. (c) Supply voltage 
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fluctuations 

Fig. 5.65.  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-l) 50% and (m-o) 20%.  

Fig. 5.66.  Steady state simulation results of PFC BL-CSC fed three stage LED driver (a) Input 
output characteristics (b) switching characteristics  

Fig. 5.67.  Steady state performance of PFC BL-CSC fed three stage LED driver at full 
brightness showing (a) vs, is, Vdc and Idc and (b) vs, is, Vd1 and Id1. 

Fig. 5.68.  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 

Fig. 5.69.  Test results of PFC BL-CSC fed three stage LED driver showing (a) supply voltage 
(vs) and tank capacitor’s voltages (vC1) and (vC2) (b) supply voltage (vs) and 
intermediate inductor currents (iL1) and (iL2) 

Fig. 5.70.  Stress on PFC converter switches of  PFC BL-CSC fed three stage LED driver (a) 
switch voltages (Vsw1), (Vsw2), switches currents (isw1), (isw2) and (b) its enlarged 
waveforms during operation of proposed LED driver at rated conditions. 

Fig. 5.71.  Dynamic behavior of PFC BL-CSC fed three stage LED driver during load change 
showing (a) vs, is, Vdc and Idc and (b) vs, is, Vd1 and Id1. (c) Supply voltage fluctuations 

Fig. 5.72.  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) 220 V 

Fig. 5.73.  Steady state simulation results of PFC BL-Boost fed three stage LED driver (a) Input 
output performance (b) PFC components performance 

Fig. 5.74.  Steady state performance at full brightness showing of PFC BL-Boost fed three stage 
LED driver (a) vs, is, Vdc and Idc and (b) vs, is, Vd1 and Id1. 

Fig. 5.75.  Steady state performance of PFC BL-Boost fed three stage LED driver at 50% 
brightness showing (a) vs, is, Vdc and Idc and (b) vs, is, Vd1 and Id1. 

Fig. 5.76.  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 

Fig. 5.77.  Test results of PFC BL-Boost fed three stage LED driver showing (a) supply voltage 
(vs) and intermediate inductor currents (iL1) and (iL2)  (b)  switch voltages (Vsw1), 
(Vsw2), switches currents (isw1), (isw2)  (b) its enlarged waveforms during operation of 
proposed LED driver at rated conditions. 

Fig. 5.78.  Dynamic behavior of PFC BL-Boost fed three stage LED driver during load change 
showing (a) Supply voltage fluctuations and (b) vs, is, Vd1 and Id1.  

Fig. 5.79.  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-l) 220V at 20% brightness 

Fig. 6.1. Circuit configuration of a CRM boost converter fed two stages LED Driver. 
Fig. 6.2. Circuit configuration of a non-isolated SEPIC PFC converter fed two stage LED 

driver. 
Fig. 6.3. Circuit configuration of a non-isolated PFC Zeta fed two stage LED driver. 
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Fig. 6.4. Circuit configuration of a non-isolated PFC Cuk fed two stage LED driver. 
Fig. 6.5. Synchronous half bridge isolated resonant DC-DC power converter. 
Fig. 6.6. Synchronous half bridge isolated resonant control scheme 
Fig. 6.7. MATLAB/Simulink model and hardware set-up of a non-isolated PFC converter fed 

two stage LED driver. 
Fig. 6.8. 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 
Fig. 6.9. Steady state performance of PFC CRM boost and integrated LLC converter fed two 

stage LED driver at  full brightness showing (a) vs, is, Vdc and Idc and (b) vs, is, Vd1 and 
Id1 and at 50 % brightness showing (c) vs, is, Vdc and Idc and (d) vs, is, Vd1 and Id1 

Fig. 6.10. Modes of operation of PFC CRM boost and integrated LLC converter fed two stage 
LED driver 

Fig. 6.11. Dynamic performance of PFC CRM boost and integrated LLC converter fed two stage 
LED driver 

Fig. 6.12. 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 

Fig. 6.13. Steady state simulation waveforms of SEPIC PFC converter fed two stage LED driver 
(a) Input output, (b) Active and passive PFC components 

Fig. 6.14. Steady state performance of SEPIC PFC converter fed two stage LED driver at full 
brightness showing (a) vs, is, Vdc and Idc and (b) vs, is, Vd1 and Id1 at 50 % brightness 
showing (c) vs, is, Vdc and Idc and (d) vs, is, Vd1 and Id1 

Fig. 6.15. 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 

Fig. 6.16.  (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. 

Fig. 6.17. Dynamic behavior of SEPIC PFC converter fed two stage LED driver during load 
change showing (a) vs, is, Vdl and Idl and (b) vs, is, Vd1 and Id1 (c) during supply voltage 
fluctuations 

Fig. 6.18. 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. 

Fig. 6.19. 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  

Fig. 6.20. Steady state performance of zeta PFC converter fed two stage LED driver at full 
brightness showing (a) vs, is, Vdc and Idc and (b) vs, is, Vd1 and Id1.at 50 % brightness 
showing (c) vs, is, Vdc and Idc and (d) vs, is, Vd1 and Id1 

Fig. 6.21. 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 

Fig. 6.22. 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 
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Fig. 6.23. Dynamic behavior of zeta PFC converter fed two stage LED driver during load 
change showing (a) vs, is, Vdl and Idl and (b) vs, is, Vd1 and Id1. (c) Supply voltage 
fluctuations 

Fig. 6.24. 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 

Fig. 6.25. Simulated steady state performance of Cuk PFC converter fed two stage LED driver 
Fig. 6.26. Steady state performance of Cuk PFC converter fed two stage LED driver at full 

brightness showing (a) vs, is, Vdc and Idc and (b) vs, is, Vd1 and Id1 and at 50 % 
brightness showing (c) vs, is, Vdc and Idc and (d) vs, is, Vd1 and Id1 

Fig. 6.27. 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 

Fig. 6.28. 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 

Fig. 6.29. Dynamic behavior of Cuk PFC converter fed two stage LED driver during load 
change showing (a) vs, is, Vdl , Idl and (b) vs, is, Vd1, Idl  (c) during supply voltage 
fluctuations 

Fig. 6.30. 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-
i) 265 V. Performance of proposed LED driver at rated conditions with LED 
brightness as (j-l) 75% 

Fig. 7.1. Circuit configuration of a BL-CRM PFC boost converter fed two stages LED Driver 
Fig. 7.2. Circuit configuration of a non-isolated BL-SEPIC PFC converter fed two stage LED 

driver 
Fig. 7.3. Circuit configuration of a non-isolated BL-PFC Zeta fed two stage LED driver 
Fig. 7.4. Circuit configuration of a non-isolated BL-PFC Cuk fed two stage LED driver 
Fig. 7.5.  MATLAB/Simulink model of a non-isolated BL-PFC converter fed two stage LED 

driver 
Fig. 7.6. Steady state simulation results of a BL-CRM PFC boost converter fed two stages (a) 

Input output performance (b) PFC components performance 

Fig. 7.7. Steady state performance of a BL-CRM PFC boost converter fed two stages at  full 
brightness showing (a) vs, is, Vdc and Idc and (b) vs, is, Vd1 and Id1 and at 50 % 
brightness showing (c) vs, is, Vdc and Idc and (d) vs, is, Vd1 and Id1 

Fig. 7.8. Modes of operation of a BL-CRM PFC boost converter fed two stages 
Fig. 7.9. Dynamic performance of a BL-CRM PFC boost converter fed two stages 
Fig. 7.10. 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 
(g)-(i)265V 

Fig. 7.11. Steady state simulation waveforms of BL-SEPIC PFC converter fed two stage LED 
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Fig. 7.12. Steady state performance of BL-SEPIC PFC converter fed two stage LED driver at 
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components 

Fig. 7.14. (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. 

Fig. 7.15. Dynamic behavior of BL-SEPIC PFC converter fed two stage LED driver during load 
change showing (a) vs, is, Vdl and Idl and (b) vs, is, Vd1 and Id1 (c) during supply voltage 
fluctuations. 

Fig. 7.16. 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) 265 V 

Fig. 7.17. Matlab-Simulink based simulation results of BL-PFC Zeta converter based two stage 
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Fig. 7.19. Simulation results of BL-PFC Zeta converter based two stage LED driver PFC 
converter switching states (a) Active components switching waveforms (b) Expended 
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Fig. 7.20. Recorded stress and operating modes of BL-PFC Zeta converter based two stage LED 
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Fig. 7.24. Steady state performance of BL- Cuk PFC converter based two stage LED driver at 
full brightness showing (a) vs, is, Vdc and Idc and (b) vs, is, Vd1 and Id1 and at 50 % 
brightness showing (c) vs, is, Vdc and Idc and (d) vs, is, Vd1 and Id1 

Fig. 7.25. 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. 

Fig. 7.26. 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 

Fig. 7.27. Dynamic behavior of BL- Cuk PFC converter based two stage LED driver during load 
change showing (a) vs, is, Vdl , Idl and (b) vs, is, Vd1, Idl  (c) during supply voltage 
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brightness at rated condition with supply voltage (vs) as (a-c) 220 V (d-f) 90V and (g-
i) 265 V. Performance of proposed LED driver at rated conditions with LED 
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Fig. 8.1. Circuit configuration of a BL-CRM PFC boost converter fed single stage LED Driver. 
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Fig. 8.12. Steady state performance of single stage isolated PFC QR- flyback LED driver at  full 
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Fig. 8.13. Modes of operation single stage isolated PFC QR- flyback LED driver and switching 
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Fig. 8.15. LED dimming performance of single stage isolated PFC QR- flyback LED driver (a) 
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is Input Current 
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isw, isw1, isw2 PFC converter’s Switch Current (A) 
Idl1, Idl2 Flyback Primary Current 
kp2  ,ki2   Proportional and Integral Gains of the PI Controller 
Q1,Q2,Q3,Q4 LLC Based Half Bridge Active Switches 
SW Active PFC Switches 
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