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(IBBC). Esta melhoria é feito em três aspectos;

 Fazer uma redução do número de componentes do conversor e conseguir Maior densidade de potência e 
eficiência.

 Conduzir um LED multiarray.
 Modelar o efeito envelhecido do OLED, e adaptar o controlo do conversor para conduzir o OLED tendo em 

conta o seu efeito de envelhecimento.

4.2 Atividades Realizadas: (listar atividades)

 Analisar a integração magnética dos dois indutores no IBBC para criar um único componente magnético, e 
em troca reduzir o número de componente e alcançar uma maior densidade de potência.

 Análise de perdas para o IBBC, a fim de aumentar a eficiência do conversor.
 Estudar a possibilidade de o conversor conduzir um LED multiarray.
 Melhorar o modelo envelhecido e fazer mais verificações.
 Estudar o efeito da vida útil sobre os parâmetros do modelo.
 Optimizar o controlo em circuito fechado do IBBC para a condução de OLEDs.
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Meeting, Baltimore, MD, USA, 2019, pp. 1-6, doi: 10.1109/IAS.2019.8912367.

 G. Z. Abdelmessih, J. M. Alonso, Nelson da S. Spode and M. A. Dalla Costa, " Electrolytic-Capacitor-less Off-
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Applications Society Annual Meeting, Baltimore, Mi, USA, 2020.
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 G. Z. Abdelmessih, J. M. Alonso, M. A. Dalla Costa, Y. -J. Chen and W. -T. Tsai, "Fully Integrated Buck and 
Boost Converter as a High Efficiency, High-Power-Density Off-Line LED Driver," in IEEE Transactions on Power 
Electronics, vol. 35, no. 11, pp. 12238-12251, Nov. 2020, doi: 10.1109/TPEL.2020.2993796.
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High-Efficient High-Power-Factor Off-Line LED 

Driver based on Integrated Buck and Boost Converter 

 
Abstract— In this paper, an integrated buck and boost 

converter (IBBC) is proposed as a high power factor (PF), low 

total harmonic distortion (THD) light-emitting diode (LED) 

driver. The IBBC is a two-stage driver that features just one 

controlled switch, which leads to high PF and low THD operation 

insuring good efficiency, and size and cost reduction. Moreover, 

the switch handles less current as it conducts the higher of the 

buck or boost converter, but not the addition of both. In this 

paper, the IBBC is analyzed, and a design methodology is 

proposed. In addition, the paper presents a prototype of the 

proposed converter supplying an LED luminaire of 46 V/ 0.575 

A. The prototype shows a high PF equal to 0.981, very small THD 

of 14%, output current ripple of 6 %, and efficiency of 90.5 %. 

Keywords—integrated buck-boost converter; integrated 

converters; high efficiency LED driver; Off-line LED drivers; 

power factor corrector; THD optimization 

I.  INTRODUCTION 

Since 1960s when Light-emitting-diodes (LEDs) were first 

developed [1], they are replacing little by little the 

conventional source of lighting, until they have become the 

most popular lighting source in a wide variety of applications. 

This has been owing to their longer lifetime, which is usually 

quoted as 25,000 to 50,000 h, as declared by the LED 

manufacturers and standard organizations [2]-[4]. Besides, 

they present higher efficacy compared to other sources of 

light, as it is claimed in [5] that the incandescent lamps 

efficacy ranges between 14 to 17 lm/W, fluorescent tubes 100 

lm/W, high pressure sodium reaches 120 lm/W; however, the 

new generation of LED will have an efficacy up to 250 lm/W 

even 300 lm/W as stated in [6]. In addition, they provide other 

features like smaller size, fast response, robustness, reliability, 

and color rendering index [7]-[13]. However, LEDs cannot be 

connected directly to the mains, due to their low internal 

impedance; thus, making it necessary its driving through a 

current controlled supply [1], [5], [14]-[16].  

In order to assure the advantages offered by this new 

technology, an electronic converter to drive the LEDs should 

be well designed to fulfill all required standards. Working 

with a luminary load, fulfilling the IEC 61000-3-2 Class C 

[17] concerning the harmonic content in the input current 

become a must [18]. In addition, the PF has to be higher than 

the level specified by the U.S. Energy Star program [19], 

which is 0.9.  

Traditionally, a single-stage driver is used to operate as a 

power factor correction (PFC) stage and constant output 

current source simultaneously. However, the capabilities 

shown by this driver are limited mainly due to the high output 

current ripple for a given capacitance and slow response. 

Thus, in order to fulfill these standards, the two-stage LED 

drivers are proposed. The two-stage drivers are composed of a 

PFC stage and a Power Control (PC) stage [20]. However, 

although two-stage converters show a significant good 

operation, this structure shows some drawbacks as well. The 

drawbacks are mainly expressed by its higher number of 

components, its lower efficiency and the fact that it contains 

two switches, which means two gate drivers and associated 

circuitry, thus producing bigger size and higher cost. To 

overcome these obstacles, many solutions have been proposed, 

e.g., working with single stages and trying to fulfill the 

standards [21], or even keeping the two-stage configuration 

but with new topologies that ensure higher efficiency [22]. 

A promising solution to overcome the drawbacks presented 

before is the integrated converters, which are simply a two-

stage converter, but with a single switch, which means lower 

switching losses and only one driving circuit. Therefore, it 

keeps the good operation of the two-stage as well as providing 

some of the advantages of the single-stage converters [9] 

[10][23]-[30].  
In this paper, an integrated buck and boost converter 

(IBBC) is proposed to supply an LED luminary load of 27W, 

providing high PF, low THD, low current ripple, high 

efficiency, and compact design. The operation of the converter 

is equivalent to two separate converters working in cascaded 

mode and sharing frequency and duty cycle; at the input a 

buck converter operating as a PFC stage, and at the output a 

Boost converter operating as a PC stage. The main difference 

is the controlled switch, which is shared by both stages. Thus, 

the proposed converter includes two inductors, two capacitors, 
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four diodes, and just one ground-referenced controlled switch, 

featuring affordable low cost and good reliability. 

This paper is organized as the following; in Section II the 

IBBC is presented. Section III shows the operational 

principles of the proposed IBBC, as well as the converter 

analysis and average model. The design procedure is 

illustrated in section IV, while the experimental results are 

shown in section V. Finally, a brief conclusion for the 

contribution of this paper is presented. 

II. DERIVATION OF THE PROPOSED IBBC 

As previously mentioned, the converter is operating as two 
converters, buck and boost operating in cascaded mode. Fig. 1 
shows the electric diagram of the two converters before 
integration. The buck converter role is to operate as a PFC 
stage, thus it will be operating in discontinuous conduction 
mode (DCM) to behave as a resistive load. The boost converter 
role is to operate as a PC stage, in order to properly drive the 
LED. The benefits gained from this structure are the following; 
the buck converter will ensure a high PF and low THD as long 
as the bulk voltage is small enough; thus, having a boost at the 
output of the buck converter guarantee that the bulk voltage 
will be lower than the output voltage. The boost converter does 
not operate with a high input-output voltage ratio in order to 
assure good efficiency. The topology does not include any 
coupled inductors/transformers, which leads to an increase of 
the efficiency, because winding losses and losses associated to 
leakage inductance minimized and avoided respectively.  The 
main disadvantage of this topology is the necessity of two 
switches, with two gate driving circuits, and two controllers. 
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Fig. 1. Electric diagram of a conventional cascade buck PFC and boost dc-dc 
LED driver. 

The integration of the two converters was the only solution 
to keep the same operating behavior and features and 
simultaneously avoid one of the two switches. Fig. 2 shows the 
electric diagram of the integration of the buck and boost 
converters, named integrated buck and boost converter (IBBC). 
The input buck converter is made up by 𝐿𝐵𝑢, 𝐷𝐵, 𝐷𝐵𝑢 , 𝐶𝐵, and 
𝑀1, while the output boost converter is made up by the 
following components by 𝐿𝐵𝑜, 𝐷𝑂𝑢𝑡, 𝐷𝐵𝑜, 𝐶𝑂, and 𝑀1.  
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Fig. 2. Electric diagram of the Integrated Buck and Boost Converter. 

III. OPERATIONAL PRINCIPLES OF THE PROPOSED  IBBC 

A. Operation Principle 

Since the proposed converter is a single switch converter, 
there are only two main states, on-state, and off-state. 
However, the DCM operation of the buck and boost converters 
splits the off-state into three intervals. Fig. 3, and Fig. 4 
illustrate the equivalent circuits, and the main current 
waveforms within a high frequency switching period, 
respectively. 

It must be noted that the conduction of diodes 𝐷𝐵𝑢  and 
𝐷𝐵𝑜will be determined according to the value of the buck 
current and the boost current. If the buck current 𝑖𝐵𝑢 is higher 
than the boost current 𝑖𝐵𝑜, then 𝐷𝐵𝑢  will conduct the difference 
between the two currents, while 𝐷𝐵𝑜 will not conduct, and the 
current passing through 𝑀1 will be 𝑖𝐵𝑢. In the case that  𝑖𝐵𝑜 is 
higher than 𝑖𝐵𝑢, the reverse will occur, 𝐷𝐵𝑜 will conduct the 
difference between the two currents, while 𝐷𝐵𝑢  will not 
conduct, and the current passing through 𝑀1 will be 𝑖𝐵𝑜. 

As illustrated in the operational principle of the IBBC, the 
converter shows great advantages; the main switch handles less 
current, as it conduct only the higher between the buck current 
and the boost current, but not the addition of both. The losses 
are thus distributed among controlled switch and diodes, which 
is good because diodes behave as better switches than mosfets. 
Furthermore, the two diodes are not conducting continuously; 
they are operating in complementary mode so that only one of 
them conducts at a time. Moreover, it conducts the difference 
of the two converter currents not even the full magnitude of 
one of them. 

B. Mathematical Analysis 

In the following, the analysis of the currents in the 
converter, in order to obtain the important design equations, 
when both stages Buck and boost operate in DCM. For the sake 
of simplicity, the analysis will consider the converter in its 
ideal state. An ideally sinusoidal line voltage waveform will be 
considered as input voltage, expressed as 𝑣𝑔(𝑡) =
𝑉𝑔 sin(2𝜋𝑓𝑙𝑡). 
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The peak value of the buck current can be expressed as 
follows: 

𝑖𝐵𝑢𝑝𝑒𝑎𝑘
=

𝐷

𝑓𝑠𝐿𝐵𝑢

(𝑣𝐴𝐶𝐵𝑟𝑖𝑑𝑔𝑒
− 𝑉𝐵)

=
𝐷(𝑉𝑔|sin(2𝜋𝑓𝑙𝑡)| − 𝑉𝐵)

𝑓𝑠𝐿𝐵𝑢

 

(1)  

Where, 𝐿𝐵𝑢 is the buck inductance, 𝑓𝑠 is the switching 
frequency, 𝐷 is the duty cycle, and 𝑉𝐵 is the bulk voltage. 

Concerning the boost current, it can be expressed as the 
following: 

𝐼𝐵𝑜 𝑝𝑒𝑎𝑘
=

𝑉𝐵𝐷

𝑓𝑠𝐿𝐵𝑜

 (2)  

Where, 𝐿𝐵𝑜 is the boost inductance. 
Regarding the operation of the converter, full DCM 

operation has to be guaranteed. Hence, a study of the 
boundaries is made in order to be able to choose the inductive 
elements. Thus, both buck and boost converters will behave as 
a resistive load at their inputs. The equivalent resistance value 
of the buck converter can be expressed as the following: 

𝑅𝑔 =
2𝐿𝐵𝑢𝑓𝑠

𝐷2
 (3)  

While the value of the boost input resistance can be given 
as: 

𝑅𝐵𝑜 =
2𝐿𝐵𝑜𝑓𝑠

𝐷2 (1 +
𝑉𝐵

𝑉𝑂 − 𝑉𝐵
)
 

(4)  

Where, 𝑉𝑂 is the output voltage. 
The mean input power can then be calculated as shown in 

the following equation: 

𝑃𝑔 = 𝐼𝐵𝑉𝐵 (5)  

Where, 𝐼𝐵 is the buck inductor current. 
As found in [27] the buck inductor current can be 

calculated by the following expression; 

𝐼𝐵 =
𝑉𝑔

𝑅𝑔

[
1

2𝑚
(1 −

2

𝜋
sin−1 𝑚) −

√1 − 𝑚2

𝜋
] (6)  

VOCO
D2

D1

D3 D4

M1

C B

LBu

Vg

IAC

DB

DOut

DBo DBu

LBo

iBu iBo

iBu iBo-

iBo iBu-

(a) Interval Ⅰ : 0 < t < DTs

VOCO
D2

D1

D3 D4

M1

C B

LBu

Vg

IAC

DB

DOut

DBo DBu

L Bo

iBu iBo

(b) Interval Ⅱ : DTs < t < t1
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Fig. 3. Equivalent circuits of the IBBC operating in DCM. 
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Fig. 4. Main currents waveforms of the IBBC operating in DCM, within a high 
frequency switching period; (a) when 𝑖𝐵𝑢 > 𝑖𝐵𝑜 around the peak line voltage, 
(b) when 𝑖𝐵𝑜 > 𝑖𝐵𝑢 for low values of the line voltage. 
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Where, 𝑚 = 𝑉𝐵 𝑉𝑔⁄  is the ratio between the bulk capacitor 

voltage to the peak line voltage. 
Substituting (3) and (6) into (5) the following expression 

for the input power is found; 

𝑃𝑔 =
𝑉𝑔𝑉𝐵𝐷2

2𝐿𝐵𝑢𝑓𝑠

[
1

2𝑚
(1 −

2

𝜋
sin−1 𝑚) −

√1 − 𝑚2

𝜋
] (7)  

Concerning the boost power delivered to the output, it can 
be expressed as follows: 

𝑃𝐵𝑜 =
𝑉𝐵

2

𝑅𝐵𝑜

=
𝐷2𝑉𝐵

2 (1 +
𝑉𝐵

𝑉𝑂 − 𝑉𝐵
)

2𝐿𝐵𝑜𝑓𝑠

 
(8)  

Regarding the output power, it can be found using the 
equivalent resistance of the LED, as follows: 

𝑃𝑂𝑢𝑡 =
𝑉𝑂

2

𝑅
 (9)  

Where, 𝑅 is the equivalent resistance of the LED load given 
by the ratio between LED voltage and current. 

C. Average Model 

For better illustration of the operation of the converter, an 
average model is developed as shown in Fig. 5. The average 
model is useful in terms of understanding the power-flow in the 
converter. As well as it is a faster way to check, by simulation, 
the magnitude of the voltages and currents in all elements 
without considering the high-frequency switching effect. The 
values of the buck and boost resistances used in the model are 
given by (3) and (4) , respectively. 

 
Fig. 5. Average model of the proposed IBBC LED driver. 

IV. DESIGN PROCEDURE OF THE LABORATORY PROTOTYPE 

Using the previously determined equations and the average 
model illustrated in Fig. 5, a design is made to supply an LED 
luminaire of 46 V/ 575 mA, resulting in 26.5 W of output 
power. The line voltage is 110 𝑉𝑟𝑚𝑠  and line frequency is 60 
Hz. The switching frequency selected for this driver is 40 kHz. 
Both buck and boost inductances are selected in order to have a 
full DCM of operation for the converter. Table. I, shows the 
values of the prototype components. It is realized that the 
proposed topology shows a great feature, which is the low 
voltage rating of both Bulk and output capacitors. 

 

V. EXPERIMENTAL RESULTS 

The line voltage and current waveform as well as the bulk 

voltage are shown in Fig. 6. As shown in this figure, the 

current waveform is almost a pure sinusoidal waveform which 

illustrates that the proposed technique ensures that the PF and 

the THD will be in their best conditions. Analyzing the input 

current waveform, the PF is 0.981 and the THD is 14%. The 

efficiency is found to be 90.5 %, which is considered as high 

efficiency, especially considering that it is a low power 

application 26.5 W. Also, in integrated converters it is difficult 

to obtain efficiencies higher than 90%, which proves the 

suitability of the proposed topology. 

 

 
Fig. 6. Input current in yellow, and input sinusoidal voltage in green and bulk 

voltage in red. 

 

Fig. 7 shows the bulk voltage, the output voltage, and the 
output current. As can be seen, the current is fixed at the 
desired value, thus demonstrating the good operation of the 
converter. The low frequency ripple of the output current is in 
the range of 6 % of the rated current, which means that the 
converter fulfils IEEE flicker standards [31].  

5 ms/div100 mA/div20 V/div20 V/div

 
Fig. 7. Bulk voltage (red), output voltage (green), and output current (yellow). 

TABLE I 

COMPONENTS OF LABORATORY PROTOTYPE 

Component Value 

EMI Filter Inductor 2.58 mH 

EMI Filter Capacitor 68 nF 

Buck Inductance PQ2620/PC44, 𝐿𝐵𝑢 = 125 𝜇𝐻, N = 20 

Boost Inductance PQ2620/PC44, 𝐿𝐵𝑜 = 70 𝜇𝐻, N = 15 

Bulk Capacitor 470 µF, 50 V 

Output Capacitor 470 µF, 50 V 

𝑀1 SPA07N60C3 

Bridge Diodes DB156S 

𝐷𝐵 & 𝐷𝐵𝑢& 𝐷𝐵𝑜 MURS260T3G 

𝐷𝑂𝑈𝑇  STPS3150 
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Fig. 8, shows the output voltage and current, and the bulk 
voltage at start-up. As can be seen, the control is perfectly 
working as voltage and currents are reaching the desired values 
46 V and 0.575 A. Moreover, the converter shows a smooth 
and fast start-up process.   

 

Off-State Start-Up Steady-State

Bulk voltage

Output voltage

Output Current

 
Fig. 8. Bulk voltage (red), output voltage (green), and output current (yellow). 
 

Fig. 9 shows the efficiency of the converter with respect to 
dimming ratio. As shown the converter show a high efficiency 
of 90.5% at rated power. Moreover, the converter shows a high 
efficiency at all dimming ratio, showing an efficiency higher 
than 75% at dimming ratio of 0.1. 

 
Fig. 9. IBBC efficiency with respect to dimming ratio. 

CONCLUSION 

This paper presents a new high-efficient converter for LED 
driver, which ensures high PF and low THD to be far below the 
limitation specified by IEC 61000-3-2 standard. This is done 
by integrating a buck converter operating as a PFC stage with a 
boost converter operating as constant current source. 
Furthermore, the proposed topology does not require any 
coupled inductors nor transformers, which means that a spike-
less operation is ensured, as well as minimizing winding losses. 

Additionally, the proposed technique avoids requiring any 
complex circuitry or any advanced sensors other than the 
normal ones used in dc-dc converters. Regarding the power 
component, the proposed topology offers all these features by 
using only one power switch, which additionally handles low 
current, as it handles the higher of the buck or boost currents 
but not the addition of both. Two extra diodes are added, 
however these diodes are not continuously conducting so the 
losses are not going to be very high. 

Finally, a prototype working at 110 V, 60 Hz, and 46 V 
output, driving an LED luminary of 26.5 W, has been designed 
to illustrate the application of the derived characteristics. 
Experimental results have proven that the harmonic content of 
the input current equals 14 %, with a PF of 0.981, so that the 
converter meets the IEC-61000-3-2 standard and U.S. Energy 
Star program requirements. The converter shows a high 
efficiency of 90.5%, which is very good considering the 
simplicity of the converter, the low power of the application. 
Moreover, the converter shows high efficiency at all dimming 
ratio, with an efficiency higher than 75 % at a small dimming 
ratio of 0.1 rated power. 
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Electrolytic-Capacitor-less Off-Line LED Driver 

based on Integrated Parallel Buck-Boost and Boost 

Converter 

 
Abstract— In this paper, an integrated parallel buck-boost and 

boost converter (IPB3C) is proposed as an electrolytic-capacitor-

less light-emitting diode (LED) driver. The IPB3C offers high 

power factor (PF) and low total harmonic distortion (THD). The 

driver is composed of two converters that are connected in 

parallel, using just one controlled switch. The buck-boost duty is 

to deliver constant power to the LED, while ensuring a good PF. 

Concerning the boost converter, it is employed to cancel the low 

frequency ripple at the output of the converter and the LED. In 

return, this will decrease the flicker effect and only a relatively 

small capacitance will be needed in order to fulfil the standards. 

The buck-boost converter handles the full power of the LED, while 

the boost converter handles a portion of the LED full power. Thus, 

better efficiency is ensured by this parallel configuration 

compared to the conventional cascaded integrated converters. 

Moreover, the voltage across the switch is low, as it is the higher of 

buck-boost or boost converter, but not the addition of both. In this 

paper, the IPB3C is analyzed, and its design methodology is 

presented. In addition, the paper presents a simulation verification 

for the proposed converter supplying an LED luminaire of 200.6 

V/ 0.35 A. The simulation shows a high PF nearly equal to one, 

very small THD of nearly zero, output current ripple of 9 %, using 

two capacitors of only 2 µF and 47 µF. 

Keywords—electrolytic-capacitor-less LED driver, integrated 

converters; integrated parallel buck-boost and boost converter; high 

efficiency LED driver; Off-line LED drivers; power factor 

correction; THD optimization 

I.  INTRODUCTION 

Since the 1960s, when light-emitting-diodes (LEDs) were 

first developed [1-3], they are replacing little by little the 

conventional sources of lighting, until they have become the 

most popular lighting source in a wide variety of applications. 

This has been possible owing to their long lifetime, which is 

usually quoted as 25,000 to 50,000 h, as declared by the LED 

manufacturers and standard organizations [4-6]. Besides, they 

present higher efficacy compared to other sources of light [7-

8]. In addition, they provide other features like a smaller size, 

fast response, robustness, reliability, and good color rendering 

index [9-15]. However, LEDs cannot be connected directly to 

the mains, due to their low internal impedance; thus making it 

necessary their driving through a current-controlled power 

supply [3], [7], [16-19].  

To assure the advantages offered by this new technology, an 

electronic converter to drive the LEDs should be well designed 

to fulfill all required standards. Working with a luminaire load, 

fulfilling the IEC 61000-3-2 Class C standard [20] concerning 

the harmonic content of the input current become a must [21]. 

Besides, the PF must be higher than the level specified by the 

U.S. Energy Star program [22].  

Traditionally, a single-stage driver is used to operate as a 

power factor correction (PFC) and constant output current 

source, simultaneously. Buck and flyback converters are the 

most used as single-stage LED drivers. Both converters show 

accurate output current control and acceptable power quality 

figures, such as good PF and low THD, for low and medium 

power applications [23-24]. However, to ensure high PF, both 

converters require discontinuous conduction mode (DCM) of 

operation, which increases electrical stresses over the converter 

components. Thus, when operating with a single-stage driver, a 

compromise needs to be made to choose between attaining high 

power quality or high efficiency. To fulfill the standards, the 

two-stage LED drivers have been proposed. Two-stage drivers 

are composed of a PFC stage and a Power Control (PC) stage 

[25]. However, although two-stage converters show a 

significant good operation, this structure shows some 

drawbacks as well. Such as a higher number of components; 

having at least two switches, which means two gate drivers and 

associated circuitry, thus producing bigger size and higher cost 

[17], [26-27]. 

A promising solution to overcome the above-mentioned 

drawbacks is given by integrated converters, which are simply 

a two-stage converter, but with a single switch, which means 

lower switching losses and only one gate driving circuit. 

Therefore, they keep the good operation of the two-stage while 

they retain some of the advantages of single-stage converters 

[11-12], [28-36].  
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In this paper, an electrolytic-capacitor-less LED driver 

based on an integrated parallel buck-boost and boost converter 

(IPB3C) is proposed to supply an LED luminaire load of 70.2W, 

providing high PF, low THD, low current ripple, high 

efficiency, and compact design. In the conventional two-stage 

driver, the two converters are operating in cascaded mode. This 

means that the power is handled by the first stage, later the 

second stage, and then finally goes to the LED. Concerning the 

proposed converter, it has the Power Control (PC) stage, whose 

main duty is to deliver the power to the output LED. Also, it has 

a Ripple Reduction (RR) stage, whose main duty is to eliminate 

the output LED ripple. Thus, there is no need for a bulky 

capacitor, and in return, an electrolytic-capacitor-less driver can 

be implemented. 

Fig. 1 shows the block diagram of the proposed converter. 

The proposed converter is using a buck-boost converter in the 

PC stage, and a boost converter in the RR stage to configure the 

IPB3C. The reason of choosing the buck-boost converter in the 

PC stage is its high PF operating at DCM. Thus, the driver does 

not require any complex control or regulation circuitry to 

operate fulfill all required standards.    

The ripple reduction process is very simple; the output LED 

voltage is the subtraction of both voltages, the PC stage output 

voltage subtracted from it the RR stage input voltage. The RR 

stage voltage will be in reverse polarity of that of the PC stage. 

Thus, the ripple will be subtracted and only the average value 

goes to the output. 
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Fig. 1. Block diagram of the proposed ripple reduction technique. 

 

This paper is organized as the following: in Section II the 

IPB3C is presented. Section III shows the operational principles 

of the proposed IPB3C, as well as the converter analysis and 

average model. The design procedure is illustrated in section 

IV, while simulation results are shown in section V. Finally, a 

brief conclusion about the contribution of this paper is 

presented in Section VI. 

II. DERIVATION OF THE PROPOSED IPB3C 

Fig. 2 shows the electric schematic of the two converters 

before integration. The buck-boost converter role is to operate 

as a PC stage while keeping a high PF. Thus, it will be operating 

in discontinuous conduction mode (DCM) to behave as a 

resistive load. The boost converter role is to operate as a RR 

stage, in order to decrease the required capacitance to fulfil the 

IEEE flicker standards. The benefits gained from this structure 

are the following: 

• No bulk capacitor needed; thus, it offers a longer lifetime, 

compact, and cheaper LED driver. 

• The driver handles less power compared to conventional 

cascaded integrated converters; thus, higher efficiency is 

obtained. 

• The control can be implemented by using a conventional 

output current controller; thus, no extra complex control 

is needed.   
As a conclusion, it is a compact and cheaper solution 

compared to the existing in the literature, featuring higher 
efficiency and longer lifetime, while no extra complex circuitry 
is needed. However, the main disadvantage of this topology in 
the version illustrated in Fig. 2 is the necessity of two switches, 
with two gate driving circuits and two controllers. 

The integration of the two converters can be performed to 
keep the same operating behavior and features while 
simultaneously eliminating one of the two switches. Fig. 3 
shows the electric diagram of the integration of the buck-boost 
and boost converters, namely integrated parallel buck-boost and 
boost converter (IPB3C). The PC stage buck-boost converter is 
made up of 𝐿𝐵𝐵, 𝐷𝐵𝐵, 𝐶𝐵𝐵, and 𝑀𝐼, while the RR stage boost 
converter is formed of  𝐿𝐵𝑜, 𝐷𝐵𝑜, 𝐷𝐼 , 𝐶𝐵𝑜, and 𝑀𝐼. 
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Fig. 2. Structure of the electrolytic capacitor-less parallel buck-boost and boost 
converter. 
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Fig. 3. Structure of the electrolytic capacitor-less integrated parallel buck-boost  

and boost converter. 



III. OPERATIONAL PRINCIPLES OF THE PROPOSED  IPB3C 

A. Operation Principle 

Since the proposed converter is a single switch converter, 
there are only two main states, on-state, and off-state. However, 
the DCM operation of the buck-boost and boost converters splits 
the off-state into three intervals. Fig. 4, and Fig. 5 illustrate the 
main current waveforms within a high-frequency switching 
period, and, the equivalent circuits respectively. 

In the following a concise explanation for each interval is 
given: 

• Interval I 
 During this interval, the main switch 𝑀𝐼 is turned on. While 

the switch is on, both inductors are charging. Thus, a current 𝑖𝐵𝐵  
flows in the buck-boost input loop, coming from the AC grid to 
energize the buck-boost inductance. Meanwhile, a current 𝑖𝐵𝑜 
flows in the boost input loop, coming from the boost capacitor, 
and energizing the boost inductor. The current is increasing 
linearly in both inductors. 

• Interval II 
This interval starts with the turn-off of the main switch 𝑀𝐼. 

During this interval, both buck-boost and boost converters 
inductors are de-energizing. The buck-boost inductor is de-
energizing sending the power to the buck-boost capacitor 
through the buck-boost diode 𝐷𝐵𝐵 . Meanwhile the boost 
inductor is de-energizing delivering the power to the buck-boost 
capacitor. 

• Interval III 
Interval III starts when one of the two inductors current 

reaches zero so that it is completely de-energized. Fig. 4 Interval 
III and Fig. 4 (a) shows the interval III for the case where the 
buck-boost inductor current reaches zero, while, the boost 

inductor current is still conducting. While interval III, in the case 
of buck-boost current is higher than the boost current, is shown 
in Fig. 4 (b). 

• Interval IV 
Finally, interval IV represents the period where both 

inductors are fully discharged. However, concerning the current 
going to the LED, it is continuous owing to the output capacitor 
presence. 

This integration is an over-current integration, which means 
that the current of the integrated switch will be the addition of 
both converters’ currents. However, the voltage across the 
switch will not be the addition of the voltage across each switch 
in the converter before integration, but it will be the highest of 
them. The voltage across the switch in buck-boost operating in 
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Fig. 5. Equivalent circuits of the IPB3C operating in DCM. 
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Fig. 4. Main current waveforms of the IPB3C operating in DCM, within a high-
frequency switching period; (a) when 𝑖𝐵𝐵 > 𝑖𝐵𝑜 around the peak line voltage, (b) 
when 𝑖𝐵𝐵 <  𝑖𝐵𝑜 for low values of the line voltage. 



DCM is the addition of input and output voltages when the 
inductor is de-energizing, while it will be equal to input voltage 
in the idle interval. Conversely, the voltage across the switch in 
the boost operating in DCM is the output voltage when the 
inductor is de-energizing, while it will be equal to input voltage 
in the idle interval.  

B. Mathematical Analysis 

In this section, the analysis of the currents in the converter is 
presented, in order to obtain the important design equations 
when both stages buck-boost and boost operate in DCM. For the 
sake of simplicity, the analysis will consider the converter in its 
ideal state. An ideally sinusoidal line voltage waveform will be 
considered as input voltage, expressed as 𝑣𝑔(𝑡) =
𝑉𝑔 sin(2𝜋𝑓𝑙𝑡). 

The converter contains three main power flows, that can be 
listed as the following: 

• Input power 
It is the power coming from the grid. This power can be 

expressed by the power of the buck-boost converter operating in 
DCM. It is expressed as the following: 

𝑃𝑃𝐶 =
𝑉𝑔

2𝐷2

4𝐿𝐵𝐵𝑓𝑠

 (1)  

Where 𝑉𝑔 is the grid peak voltage, 𝐷 is the main switch duty 

cycle, 𝐿𝐵𝐵 is the buck-boost inductance, and 𝑓𝑠 is the switching 
frequency. 

• RR stage power 
It is the power handled by the RR stage. This represents the 

re-circulating power in the converter. It is equal to the boost 
converter power operating in DCM; it is expressed by the 
following: 

𝑃𝑅𝑅 =
𝑉𝐵𝑜

2 𝐷2

2𝐿𝐵𝑜𝑓𝑠

(
𝑉𝐵𝐵

𝑉𝐵𝐵 − 𝑉𝐵𝑜

) (2)  

Where 𝑉𝐵𝑜 is the boost input voltage, 𝐿𝐵𝑜 is the boost 
inductance, and 𝑉𝐵𝐵 is the buck-boost output voltage. 

• Output loop power 
It represents the power going output from the buck-boost 

capacitor to the LED plus the power going to the boost capacitor. 
Considering the converter in ideal conditions, the following 
relations of the output loop are found: 

𝑃𝐵𝐵 = 𝐼𝐿𝐸𝐷 ∗ 𝑉𝐵𝐵 = 𝐼𝐿𝐸𝐷 ∗ 𝑉𝐵𝑜 + 𝐼𝐿𝐸𝐷 ∗ 𝑉𝐿𝐸𝐷

= 𝑃𝑅𝑅 + 𝑃𝐿𝐸𝐷 
(3)  

𝑃𝐿𝐸𝐷 = 𝑃𝐵𝐵  −  𝑃𝑅𝑅 = 𝑃𝑃𝐶  (4)  

Thus, the input power and RR stage power can be expressed 
as the following: 

𝑃𝑅𝑅 = 𝐼𝐿𝐸𝐷 ∗ 𝑉𝐵𝑜 

𝑃𝑃𝐶 = 𝐼𝐿𝐸𝐷 ∗ 𝑉𝐿𝐸𝐷 
(5)  

Using (1), (2), and (5) a relation between the buck-boost 
output voltage, and boost input voltage is found as the following: 

𝑉𝐵𝐵𝑉𝐵𝑜 =
𝑉𝑔

2𝐿𝐵𝑜

2𝐿𝐵𝐵

 (6)  

An additional relation between the buck-boost output 
voltage and the boost input voltage is found from the output 
loop, as follows: 

𝑉𝐵𝐵 = 𝑉𝐵𝑜 + 𝑉𝐿𝐸𝐷  (7)  

C. Average Model 

For better illustration of the operation of the converter, an 
average model is developed as shown in Fig. 6. The average 
model is useful in terms of understanding the power-flow in the 
converter. As well as it is a faster way to check, by simulation, 
the magnitude of the voltages and currents in all elements 
without considering the high-frequency switching effect. The 
values of the buck-boost and boost resistances used in the model 
are given by [19]: 

𝑅𝐵𝐵 =
2𝐿𝐵𝐵𝑓𝑠

𝐷2
 (8)  

𝑅𝐵𝑜 =
2𝐿𝐵𝑜𝑓𝑠

𝐷2
(

𝑉𝐵𝐵 − 𝑉𝐵𝑜

𝑉𝐵𝐵

) (9)  

An approximation in the boost equivalent resistance can be 
considered if 𝑉𝐵𝐵 >>  𝑉𝐵𝑜, then the boost behaves as a pure 
resistance as the following: 

𝑅𝐵𝑜 ≈
2𝐿𝐵𝑜𝑓𝑠

𝐷2
 (10)  
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Fig. 6. An average model of the proposed IPB3C LED driver. 

IV. DESIGN PROCEDURE OF THE LABORATORY PROTOTYPE 

Using the previously determined equations and the average 
model illustrated in Fig. 6, a design is made to supply an LED 
luminaire of 200.6 V/ 350 mA, resulting in 70.2 W of output 
power. The line voltage and frequency are 220 𝑉𝑟𝑚𝑠 and 50 Hz. 
The switching frequency selected for this driver is 50 kHz. Both 
buck-boost and boost inductances are selected in order to have a 
full DCM operation for the converter and to ensure a low 
circulating power in the driver. 

Using the boost input voltage, Fig. 7 is drawn showing the 
percentage of the circulating power of the RR stage in terms of 
the LED power can be found. As illustrated in Fig. 7 the chosen 
operating point is at inductors ratio (buck-boost inductance over 
boost inductance 𝐿𝐵𝑜 𝐿𝐵𝐵⁄ ) equal to one. At this operating point, 
the recirculating power of the converter will be equal to 70.53 % 
of the LED power. 

Table I shows the values of the parameters selected for the 
driver components. It is realized that the proposed topology 
shows a great feature, which is the necessity of low capacitances 
keeping low output current ripple. 



 
Fig. 7. Percentage of the circulating power of the RR stage in terms of LED 
power with respect to inductance ratio (buck-boost inductance over boost 
inductance 𝐿𝐵𝑜 𝐿𝐵𝐵⁄ ). 
 

 

V. SIMULATION VERIFICATION 

This section presents the simulation results obtained using 

Powersim (PSIM) software. The line voltage and current 

waveforms are shown in Fig. 8. As shown in this figure, the 

current waveform is almost a pure sinusoidal waveform which 

demonstrates that the proposed technique ensures that the PF 

and THD will be in their best conditions. Analyzing the ideal 

input current waveform, the PF is almost 1 and the THD is 

nearly zero. The reason for this extremely good is that the 

simulation does not consider the real behavior of the 

components. However, it is a good indicator that the proposed 

topology will ensure a high PF and low THD in real operation. 

 
Fig. 8. AC main voltage (blue), AC main current (green). 

Fig. 9 shows the three voltages of the output loop. As can be 
seen, the LED voltage has the lower ripple, as the ripples are 
subtracted from each other.  

 
Fig. 9. Buck-boost output voltage (blue), boost input voltage (red), and LED 
voltage (green). 
 

For better illustration of the subtraction process of the 
voltages’ ripples, Fig. 10 shows the three voltages’ ripples of the 
output loop. The figure shows the voltages without the DC 
component, in order to highlight only the low-frequency ripple.  

 
Fig. 10. Buck-boost output voltage ripple (blue), boost input voltage ripple (red), 
and LED voltage ripple (green). 

As commented previously, the LED voltage is given by the 
difference between buck-boost output voltage and boost input 
voltage. Thus, as shown in Fig. 10, the ripple is also subtracted, 
and the LED voltage ripple is lower than both voltage ripples. 
Moreover, most of the ripple is a high-frequency ripple, which 
has only a marginal effect on the light quality. The instantaneous 
and averaged LED current are shown in Fig. 11. As shown in 
Fig. 11 the low-frequency ripple is equal to 9 % of the rated 
current which means a flicker modulation index of 4.5%. Thus, 
it is far below the flicker stander IEEE1789-2015, which 
recommends a flicker index value lower than 8% at 100 Hz. 
Concerning the high-frequency ripples, it doesn’t affect the 
illumination output and in return does not affect the human eyes. 
The total ripples considering the high-frequency ripples at 50 
kHz is equal to 15.6% of the rated current. Furthermore, the 
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TABLE I 

COMPONENTS OF PROPOSED PROTOTYPE 

Component Value 

EMI Filter Inductor 2.58 mH 
EMI Filter Capacitor 68 nF 

Buck-boost Inductance 𝐿𝐵𝐵 = 500 𝜇𝐻 

Boost Inductance 𝐿𝐵𝑜 = 500 𝜇𝐻 

Output Buck-boost 

Capacitor 𝐶𝐵𝐵 
47 µF, 400 V 

Output Capacitor 𝐶𝐵𝑜 2 µF, 200 V 
 



driver provides the low current ripple using relatively low 
capacitance for the two capacitors, 2 µF and 47 µF. 

 
Fig. 11. LED current (blue), LED current filtered from high-frequency ripple 
(red). 

Lastly, from the simulation, the circulating power in the RR 
stage equals 49.35 W, which is 70.5 % of the LED power. 
Concerning, the efficiency of the proposed driver, it is higher 
than the conventional cascaded converters. If the buck-boost 
converter shows an efficiency of 85% as it is operating as AC-
DC driver, while the efficiency of the boost converter is 
estimated to be equal to 90% operating as DC-DC converter. 
Thus, in the case of the conventional cascaded driver the 
efficiency is equal to the multiplication of both converters’ 
efficiency 76.5%. However, the proposed topology shows a 
better efficiency as the boost converter handles only 70.5% of 
the LED power. Thus, using the previously estimated 
efficiencies of the buck-boost and boost converters, the IPB3C 
shows an efficiency of 79.4%, which is 3% higher than the 
conventional configuration.  

CONCLUSION 

This paper presents a new highly efficient converter for LED 
drivers’ applications, which ensures high PF and low THD to be 
far below the limitation specified by IEC 61000-3-2 standard. 
Moreover, the converter ensures low LED current ripple using 
small capacitances, which can lead to an electrolytic-capacitor-
less driver. This is done by parallel integrating a buck-boost 
converter operating as a PC stage and PFC stage meanwhile, 
with a boost converter operating as RR stage. Furthermore, the 
proposed topology does not require any coupled inductors nor 
transformers, which means that a spike-less operation is ensured, 
and winding losses can be minimized. Additionally, the 
proposed technique avoids requiring any complex circuitry or 
any advanced sensors other than the normal ones used in dc-dc 
converters. Regarding the power component, the proposed 
topology offers all these features by using only one power 
switch. Lastly, the parallel integration features to control the 
percentage of the circulating power in the RR stage, allowing for 
an improved efficiency compared with the conventional cascade 
structure. 

Finally, a prototype operating at 220 V, 50 Hz line input, and 
200.6 V output, driving an LED luminaire of 70.2 W, has been 
designed to illustrate the application of the derived 
characteristics. Simulation results have proven that the harmonic 

content of the input current equals nearly zero, with unity PF, so 
that the converter meets the IEC-61000-3-2 standard and U.S. 
Energy Star program requirements. Concerning, the efficiency 
of the proposed driver, it is higher than the conventional 
cascaded converters. If the conventional cascaded converter 
shows an efficiency of 76.5%. The proposed topology shows a 
better efficiency as the boost converter handles only 70.5% of 
the LED power. Thus, using the previously estimated 
efficiencies of the buck-boost and boost converters, the IPB3C 
shows an efficiency of 79.4%, which is 3% higher than the 
conventional configuration. 
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Fully Integrated Buck and Boost Converter as a
High Efficiency, High-Power-Density

Off-Line LED Driver
Guirguis Z. Abdelmessih , J. Marcos Alonso , Marco A. Dalla Costa , Yu-Jen Chen , and Wen-Tien Tsai

Abstract—In this article, a high-power-density off-line light-
emitting diode (LED) driver is proposed. The proposed ac–dc
driver is the novel integrated buck and boost converter (IBBC).
Besides the high-power-density, the converter shows a high power
factor (PF), and a low total harmonic distortion (THD). The IBBC
is a two-stage driver that features just one controlled switch, which
leads to high PF and low THD operation ensuring high efficiency,
and size and cost reduction. Moreover, the switch current is mini-
mized as it conducts the higher of the buck or boost converter, but
not the addition of both as in other integrated converters. Moreover,
for a further increase of the power-density, a magnetic integration
is made by integrating the two inductors of both the buck and
boost converters in one core. Thus, the proposed converter has
been named as fully integrated buck and boost converter (FIBBC).
In this paper, the IBBC is analyzed, and a design methodology
is proposed. Also, this article presents a magnetic analysis of the
novel FIBBC. In addition, a comparison between two prototypes is
presented, one for the IBBC and another for the FIBBC, both of
them supplying an LED luminaire of 46 V/ 0.575 A. The FIBBC
shows a high PF equal to 0.994, very small THD of 10%, output
current ripple of 6%, and efficiency of 92.62%, which represents a
landmark on the efficiency of integrated converters.

Index Terms—Fully integrated buck and boost converter
(FIBBC), high efficiency light-emitting diodes (LEDs) driver,
integrated converters, magnetic integration, off-line LED drivers,
power factor correction.

I. INTRODUCTION

L IGHT-EMITTING diodes (LEDs) were first developed
in 1960s [1]. Nowadays, they have become one of the

most popular lighting sources in a wide variety of applications.
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This is owing to the following advantages shown by the LEDs:
1) Longer lifetime, which is usually quoted as 25 000 to

50 000 h for a minimum flux of 70% of the initial flux
(L70) [2]–[5].

2) Higher efficacy compared to other light sources, as it is
claimed in [6] that the incandescent lamps efficacy ranges
between 14 to 17 lm/W, fluorescent tubes 100 lm/W, high-
pressure sodium lamps reach 120 lm/W; however, the new
generation of LED will have an efficacy up to 250 lm/W
even 300 lm/W, as stated in [7].

3) Other features such as a smaller size, fast response, robust-
ness, reliability, and high color rendering index [8]–[14].

The only drawback of LEDs is that they cannot be connected
directly to the mains. Thus, it is fundamental to drive the LEDs
through a current-controlled power supply [1], [6], [15]–[17].
The aim of this driver is not only to drive the LEDs, but also
to fulfill all required standards. Working with a luminary load,
fulfilling the IEC 61000-3-2 Class C Standard [18] concerning
the harmonic content in the input current becomes a must [19].
In addition, the power factor (PF) must be higher than the level
specified by the U.S. Energy Star program [20].

Numerous types of drivers have been presented in the litera-
ture. Single-stage drivers are used as PF correction (PFC) stage
and constant output current source simultaneously. Most com-
monly used single-stage drivers are based on the buck and fly-
back converters. Both show good output control with acceptable
PFC for low and even medium power applications [21]–[23].
Concerning the flyback converter operating as a single-stage
driver, to perform a PFC it must operate in discontinuous conduc-
tion mode (DCM). However, operating in DCM makes the elec-
tric stress high, resulting in higher switch losses, and the usage of
higher rating devices. Thus, operating with a single-stage driver
efficiency will be compromised to fulfill PF and total harmonic
distortion (THD) standard requirements or vice versa. Thus, for
the sake of a better performance, the two-stage LED drivers are
proposed [23]–[29], in both connections cascaded and parallel.
The first stage is dedicated to operate as a PFC stage with just one
focus, which is to achieve as high PF as possible, and to provide
a stable dc voltage to the second stage. While, the second stage
duty is to operate as a PC stage, controlling the current going to
the LED and trying to filter the low-frequency ripple as much
as possible [30]. In the case of the parallel two-stage driver, one
stage operates as a PC and PFC simultaneously, while the second
operates as ripple cancelation stage [28]–[29]. Yet, having two
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converters may decrease the total efficiency of the driver [23].
Therefore, many techniques are made in order to overcome this
issue, by properly designing and optimizing each stage sepa-
rately or even by applying additional soft-switching techniques
such as zero-voltage-switching (ZVS) or zero-current-switching
(ZCS) [31]. The main drawbacks of these drivers are the higher
number of components, and the fact that it contains at least
two controlled switches, which means two gate drivers and
associated circuitry, thus producing bigger size and higher cost.
Many solutions have been proposed, as working with single
stage converters and try to fulfill the standard [32] or boosting up
the efficiency of the two-stage converters [33]–[34]. However,
these solutions always include additional complicated circuitry.

A promising solution to overcome the previously presented
drawbacks is the integrated converters. Integrated converters
operate similarly to a two-stage converter but using a single
switch. This means lower switching losses and only one driving
circuit. Therefore, it keeps the good operation of the two-stage
structure while providing some of the advantages of single-stage
converters [10]–[12], [34]–[39].

Power quality figures as PF and THD are overly important,
however, power density and efficiency have the same relevance
and, in specific applications, even higher. The passive compo-
nents such as the magnetic and capacitive elements are the most
bulky and lossy components in the converter. The two-stage
converter has two inductive elements, which decrease both the
efficiency and power density. A proposed solution is to integrate
both inductive elements in one core. The integrated inductor has
previously been proposed in the literature operating as coupled
inductors for multichannel buck converter [40]–[45], multichan-
nel boost converter [46], and differential rectifier/inverter [47],
however, it has never been explored in integrated converters.

In this paper, a fully integrated buck and boost converter
(FIBBC) is proposed to supply an LED luminary load of 26.5 W,
providing high PF, low THD, low current ripple, high efficiency,
and compact design. The operation of the converter is equivalent
to two separate converters working in a cascaded mode and
sharing frequency and duty cycle; at the input, a buck converter
operating as a PFC stage and at the output, a boost converter
operating as a power control (PC) stage. The first integration is
made in the controlled switch, which is shared by both stages.
The second integration is made in the magnetic components,
as both inductors are sharing the same core. Thus, the proposed
converter only includes two capacitors, four diodes, one ground-
referenced controlled switch, and one magnetic component, thus
featuring affordable low cost and good reliability.

This paper is organized as the following: in Section II the
FIBBC is presented. Section III shows the operational principles
of the proposed IBBC, as well as the converter analysis, the
magnetic analysis, and the average model. The design procedure
is illustrated in Section IV, while simulation and experimental
results are shown in Section V. Finally, a brief conclusion of the
contribution of this paper is presented.

II. DERIVATION OF THE PROPOSED FIBBC

As previously mentioned, the converter is operating as two
converters (buck and boost) operating in a cascaded mode.

Fig. 1. (a) Electric diagram of a conventional cascade buck PFC and boost
dc-dc LED driver. (b) Electric diagram of the integrated buck and boost converter.
(c) Electric diagram and the magnetic structure of the fully integrated buck and
boost converter.

Fig. 1(a) shows the electric diagram of the two converters before
integration. The buck converter role is to operate as a PFC stage,
so that it will be operating in DCM to behave as a resistive
load at its input terminals [32], [33]. The boost converter role
is to operate as a PC stage, in order to properly drive the LED.
The benefits gained from this structure are the following: the
buck converter will ensure a high PF and low THD as long
as the bulk capacitor voltage is small enough [32], [33]; thus,
having a boost converter at the output of the buck converter
guarantees that the bulk capacitor voltage will be lower than
the output voltage. This has a double benefit of ensuring good
PF and the usage of a low voltage capacitor rating. Moreover,
in order to assure good efficiency, the boost converter can be
designed to operate with a low input–output voltage ratio. The
topology does not include any transformers, which leads to a
further increase of the efficiency, because winding losses and
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losses associated with leakage inductance are minimized and
avoided, respectively. The main disadvantage of this topology
is the necessity of two switches, with two gate driving circuits
and two controllers.

The integration of the two converters was the only solution to
keep the same operating behavior and features, simultaneously
avoiding one of the two switches. Fig. 1(b) shows the electric
diagram of the integration of the buck and boost converters,
named as integrated buck and boost converter (IBBC) [48]. The
input buck converter is made up ofLBu,DB ,DBu,CB , andM1,
while the output boost converter is made up of the following
components: LBo, DOut, DBo, CO, and M1.

For the sake of higher power density and efficiency, the FIBBC
is proposed. Fig. 1(c) shows the electrical diagram and the
magnetic structure of the FIBBC. In this case LBu and LBo

will share the same magnetic core, for higher power-density.
Moreover, the windings are arranged in order to generate a
reverse direction in the central arm, which in return decreases
the magnetic losses and increases the efficiency.

III. ANALYSIS OF THE PROPOSED IBBC

A. Operation Principle of the IBBC Converter

Since the proposed converter is a single switch converter,
there are only two main states: ON-state and OFF-state. However,
the DCM operation of the buck and boost converters splits the
OFF-state into three intervals. Fig. 2, and Fig. 3 illustrate the
equivalent circuits, and the main current waveforms within a
high-frequency switching period, respectively.

Interval I represents the period where the switch is in turn-ON

mode. When the switch is ON both converters are operating and
both inductors have current passing through them. Later on, the
switch is turned OFF. Starting by Interval II, which represents
the period where the two inductors are de-energizing. iBu is the
current passing through the buck inductor and charging the bulk
capacitor, while iBo is the current discharging the bulk capacitor
and passing through the boost inductor, going to the output.
Interval III is the case when one of the two inductors current
reaches zero and the other one is still conducting. Fig. 2(c) shows
interval III for the case of the buck inductor current reaches
zero, while the boost inductor current is still conducting. Finally,
interval IV represents the period when all currents inside the
converter are equal to zero. However, concerning the current
going to the LED, it is continuous owing to the output capacitor
presence.

It must be noted that the conduction of diodes DBu and
DBowill be determined according to the value of the buck current
and the boost current. Fig. 4 shows a simplified equivalent model
for the switch and two diodes. If the buck current iBu is higher
than the boost current iBo, then DBu will conduct the difference
between the two currents, while DBo will not conduct, and the
current passing through M1 will be iBu. In the case that iBo

is higher than iBu, the reverse will occur, DBo will conduct
the difference between the two currents, while DBu will not
conduct, and the current passing through M1 will be iBo. Fig. 5
shows the converter currents. As shown in the figure, the buck
current is sinusoidal, while the current of the boost is nearly

Fig. 2. Equivalent circuits of the IBBC operating in DCM. (a) Interval I: 0<
t < DTs. (b) Interval II: DTs < t < t1. (c) Interval III: t1 < t < t2. (d) Interval
IV: t2 < t < Ts.

constant in amplitude. Thus, the conduction of the two diodes
will start by DBo then DBu at the buck peak value, and finally
DBo. Moreover, one of these diodes can be eliminated if the
design makes the buck peak current to remain below the boost
peak current. Thus, DBu will never conduct and in return one
diode can be eliminated.
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Fig. 3. Main current waveforms of the IBBC operating in DCM, within a
high-frequency switching period. (a) When iBu > iBo around the peak line
voltage. (b) When iBu < iBo for low values of the line voltage.

Fig. 4. Equivalent circuit for the operation of M1.

Fig. 5. Current of both buck and boost inductors.

As illustrated in the operational principle of the IBBC, the
converter shows great advantages; the main switch handles less
current, as it conducts only the higher between the buck current
and the boost current, but not the addition of both. The losses
are thus distributed among controlled switch and diodes, which
is good because diodes behave as better switches than MOSFETs.
Furthermore, the two diodes are not conducting continuously;
they are operating in a complementary mode, so that only one
of them conducts at a time. Moreover, it conducts the difference

of the two converter currents not even the full magnitude of one
of them.

B. Mathematical Analysis

In the following, the analysis of the currents in the converter is
performed to obtain the important design equations, when both
stages buck and boost operate in DCM. For the sake of simplicity,
the analysis will consider the converter in its ideal state. An
ideally sinusoidal line voltage waveform will be considered as
input voltage, expressed as vg(t) = Vg sin(2πflt).

The peak value of the buck current can be expressed as

iBupeak =
D

fsLBu

(
vACBridge

− VB

)

=
D (Vg |sin (2πflt)| − VB)

fsLBu
(1)

whereLBu is the buck inductance, fs is the switching frequency,
D is the duty cycle, and VB is the bulk capacitor voltage.

Concerning the boost current, it can be expressed as

IBopeak =
VBD

fsLBo
(2)

where LBo is the boost inductance.
Regarding the operation of the converter, full DCM operation

has to be guaranteed. Hence, a study of the boundaries is made
in order to design the inductive elements. Thus, both buck and
boost converters will behave as a resistive load at their inputs.
The equivalent resistance value of the buck converter can be
expressed as

Rg =
2LBufs
D2

. (3)

While the value of the boost input resistance is given as

RBo =
2LBofs

D2
(
1 + VB

VO−VB

) (4)

where VO is the output voltage.
The mean input power can then be calculated as

Pg = IBVB (5)

where IB is the buck inductor current.
As found in [33] the buck inductor current can be calculated

as

IB =
Vg

Rg

[
1

2m

(
1− 2

π
sin−1m

)
−

√
1−m2

π

]

(6)

where m = VB/Vg is the ratio between the bulk capacitor volt-
age to the peak line voltage.

Substituting (3) and (6) into (5), the following expression for
the input power is found:

Pg =
VgVBD

2

2LBufs

[
1

2m

(
1− 2

π
sin−1m

)
−

√
1−m2

π

]

(7)
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Concerning the boost power delivered to the output, it can be
expressed as

PBo =
V 2
B

RBo
=

D2V 2
B

(
1 + VB

VO−VB

)

2LBofs
. (8)

Regarding the output power, it can be found using the equiv-
alent resistance of the LED is

POut =
V 2
O

R
(9)

where R is the equivalent resistance of the LED load given by
the ratio between LED voltage and current.

Concerning the voltage ratio of the FIBBC it can be split into
two parts. First, the voltage ratio of the buck converter is given
as

VB

Vg
=

RBo

Rg

[
1

2m

(
1− 2

π
sin−1m

)
−

√
1−m2

π

]

. (10)

Second, the voltage ratio for the boost converter is given as

Vo

VB
=

1 +
√
1 + 4D2

Kbo

2
(11)

where Kbo is given as

Kbo =
2Lbofs

R
. (12)

Combining both (1) and (11) by substituting the value of the
boost equivalent resistance in (5), an expression for the voltage
ratio of the FIBBC operating as dc–dc converter is

Vo

Vg
=

2R

Rg

(
1 +

√
1 + 4D2

Kbo

)

×
[

1

2m

(
1− 2

π
sin−1m

)
−

√
1−m2

π

]

. (13)

C. Magnetic Analysis

In this section, the magnetic analysis for the conventional
two-separated cores and the integrated inductors is made to study
if there will be any change in the operation, and for a better
comparison between the two techniques. Fig. 6(a) shows the
two equivalent magnetic circuits in the case of two separated
inductors: the one on the left corresponds to the buck inductor
and the one on the right corresponds to the boost inductor. The
equivalent magnetic circuit of the integrated inductor is shown in
Fig. 6(b). The right outer arm corresponds to the boost inductor,
and the left outer arm corresponds to the buck inductor.

The integrated inductor is implemented by using a PQ core
type. However, the analysis is also valid for the EE core type
and the EFD core types, using the geometric parameters of the
corresponding core. The design is made so that the flux from one
inductor does not interact and affect the operation of the other
inductor. For doing that, the design of the integrated inductor is
made by putting the gaps in the outer arms, so that the reluctances
of the outer arms are significantly higher than the reluctance of
the center arm. Thus, the flux generated by each inductor goes to

Fig. 6. Equivalent magnetic circuits. (a) Left side is the buck inductor, while
the right side is the boost inductor. (b) The integrated inductor buck and boost.

Fig. 7. Flux in the integrated core with deactivated buck MMF; the flux in the
boost arm (in blue), the flux in the central arm (in red), and the flux in the buck
arm (in green).

the center arm so that they do not affect each other. A simulation
is made using the magnetic circuit presented in Fig. 6(b). The
simulation is run one time removing the source representing
the magneto-motive force (MMF) of the buck inductor, and
another time while removing the source representing the MMF
of the boost inductor. Fig. 7 shows the flux at the three arms
of the integrated core in the case of deactivating the MMF of
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the buck inductor and testing only the sharing percentages of
the boost inductor flux. As shown in the figure, 99.5% of the
flux goes through the center arm. Thus, in this paper, it will
be approximated that there is no interference between the two
inductors and none of the previously demonstrated equations and
operation of the IBBC will change in the case of the FIBBC.

In order to solve the equivalent circuits presented in Fig. 6,
the following parameters are found. The flux generated by the
winding is given as

Φ =
NI

Re
(14)

where Φ is the flux, N is the number of turns of the winding, I
the current through the winding, and Re is the reluctance of the
core.

The reluctance of the core is given as

Re =
l

μμrA
(15)

where l is the length of the flux path, A is the cross-section area
of the core, μ is the air permeability, μr is the core material
permeability.

To estimate the number of turns of the inductors the following
expression is used:

L =
N2

Re
(16)

where L is the inductance of the winding.
The reluctance presented in (16) is the total reluctance of the

flux path. Apply this to the magnetic circuit presented in Fig. 6(a)
for the buck inductor, the total reluctance is found as

RButotal
= RC Bu +Rg Bu + (RO Bu//RO Bu)

= RC Bu +Rg Bu +
RO Bu

2
(17)

where RC Bu is the reluctance of the center arm of the buck
inductor, Rg Bu is the air gap reluctance of the buck inductor,
andRO Bu is the reluctance of the outer arm of the buck inductor.

As an approximation, the reluctance of the core is neglected
compared to the air gap reluctance. Thus, the number of turns
of the buck inductor is calculated as

NBu =
√

LBuRg Bu. (18)

Following the same procedure, the number of turns of the
boost inductor is calculated as

NBo =
√

LBoRg Bo. (19)

Concerning the integrated core, the magnetic circuit will be
split into two parts. Furthermore, the outer arm path is neglected
since 99.5% of the flux goes to the center arm. The total reluc-
tance of the flux path of the buck inductor is given as

RI Butotal
= RI C +RI Bu +RI g Bu (20)

where RI C is the reluctance of the center arm, RI Bu is the
reluctance of the outer arm of the buck inductor, RI g Bu is the
reluctance of the air gap of the buck inductor.

Fig. 8. Average model of the proposed FIBBC LED driver.

Applying the same approximation, the reluctance of the core
is neglected compared to the reluctance of the air gap. Thus, the
number of turns of the buck and boost inductors in the integrated
core is given by the following expressions, respectively:

NI Bu =
√

LBuRI g Bu (21)

NI Bo =
√

LBoRI g Bo (22)

Concerning the values of the inductors, the selection is made
under one constraint. As the value of the inductance increases,
the peak value of the current presented in (1), and (2) decreases
and in return a reduced devices rating is achieved. However, this
increase is limited by the DCM mode of operation. First, the buck
inductance is chosen in order to have a boundary conduction
mode (BCM) at the peak value of the input voltage. Later, the
critical value of the boost converter is given as

LBocrit =
RD(1−D)2

2fs
. (23)

D. Average Model

For better illustration of the converter operation, an average
model is developed as shown in Fig. 8. The average model is use-
ful in terms of understanding the power flow in the converter. As
well as it is a faster way to check, by simulation, the magnitude
of the voltages and currents in all elements without considering
the high-frequency switching effect. The values of the buck and
boost resistances used in the model are given by (3) and (4),
respectively.

IV. DESIGN PROCEDURE OF THE LABORATORY PROTOTYPE

Using the previously determined equations and the average
model illustrated in Fig. 8, two designs are made to supply an
LED luminaire of 46 V/ 575 mA, resulting in 26.5 W of output
power. The line voltage is 110 Vrms and the line frequency is
60 Hz. First step in the design is to select the values of the
inductors using the boundary conditions presented in (21) and
(22). The values of the buck inductance and the boost inductance
are 125 and 70 μH, respectively. Later, two designs are made
for the inductors.

The first design is made for the case of the two separate cores
for the two inductors. The number of turns is calculated so that
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the magnetic loss is designed to be equal to the copper losses in
the windings. Thus, the number of turns selected for the buck and
boost inductances are 20 and 15, respectively. Using these values
and the values of the core dimensions in the flux and reluctances
equation, the equivalent circuit parameters in Fig. 6(a) are found.

To have a fair comparison between both standalone and inte-
grated core versions, the number of turns of the boost inductor
in the integrated core is designed to give the same flux density
in the outer arms as that in the standalone boost inductor. Using
(24), the maximum value of the flux density in the standalone
boost inductor is calculated as

Bmax =
LBo × Imax

Ae ×NBo
(24)

where LBo is the boost inductance and equal to 70 μH, Imax

the maximum current in the boost inductor obtained from the
simulation is equal to 2 A, Ae is the effective area of the central
arm found in the datasheet of the PQ26/20 equal to 112 mm2.
Thus, the maximum value of the flux in the individual boost
inductor Bmax is found to be equal to 82 mT.

After having the value of the maximum flux density in the
standalone core, the same procedure is repeated but this time
for the integrated core. Applying the same procedure once again
using (24), but using the effective cross-section area of the outer
arm of the PQ32/20 chosen for the integrated core, which is equal
to 88 mm2, the number of turns is found to be 20.32. Thus, the
number of turns of the boost inductor in the integrated core of
20 is chosen.

Concerning the buck inductor number of turns, it is calculated
to have a flux density component at switching frequency equal to
the boost inductor flux density at switching frequency. So, (24)
is used with different inductance value 125 μH, and the value
of the buck inductor current component at switching frequency
0.891 A, and the boost flux density component at the switching
frequency equal to 34.27 mT. Thus, the number of turns found to
be equal to 38.68, so a value of 40 turns was selected. Using these
values and the values of the integrated core dimensions in the
flux and reluctances equation, the equivalent circuit parameters
in Fig. 6(b) are found.

The volume of the separate core equals to 10 145 mm3, while
the volume of the integrated core equals to 14 467 mm3. Thus, the
integrated design shows a reduction in the size of the magnetic
component by 28.5%. Table I shows the values of the prototype
components.

The IC used for the control is the LD7838. Fig. 9 shows the
detailed schematic diagram of the laboratory prototype in both
aspects: power and control. As a standalone driver, the power of
the IC should come from the driver itself. The control IC has a
built-in high-voltage startup system just by connecting it with a
high resistance to the converter just after the bridge. Later on,
the power is taken from a fourth winding added to the integrated
core. The controller IC shows great advantages such as constant
output current regulation and dimming capability. The control
is made by adding a series resistance to the switch to obtain a
voltage signal to the control IC. The series resistance can be
calculated from the equations presented in [49]. Furthermore,
as shown in Fig. 9 the two inductors are coupled in one core,

TABLE I
COMPONENTS OF LABORATORY PROTOTYPE

Fig. 9. Schematic diagram of the laboratory prototype.

simultaneously with two additional windings. The first winding
is used as a supply for the control circuitry, while the second
winding is used to give a signal for the current in the converter.

A great feature shown by the FIBBC is the low voltage of the
bulk capacitor. The presence of the boost at the output of the
integrated converter ensures a bulk capacitor voltage lower than
the output voltage. This feature increases the power density of
the FIBBC, as the used capacitor will be much smaller in size
compared to any other technique.

V. SIMULATION AND EXPERIMENTAL RESULTS

As mentioned above, the flux of both inductors goes to the
center arm of the integrated inductor core. The orientation of the
inductors is made so that both fluxes are in the opposite direction
as shown in the magnetic structure illustrated in Fig. 1(c). Fig. 9
shows the result of the simulation carried out using the circuits
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Fig. 10. Magnetic flux density in different parts of the core in both cases separate inductors and integrated inductors, in time and frequency domains.

presented in Fig. 6 together with the electrical representation of
the full converter to measure the current through the inductors.
Fig. 10(a) and (b) shows the magnetic flux density of the boost
inductor in the case of standalone, and integrated inductor,
respectively. As shown in Fig. 10(a) and (b), the flux is similar in
both cases. Moreover, the design is made in order to have a peak
value as close as possible for a fair comparison between both
techniques. Fig. 10(c) shows the magnetic flux density of the
boost arm in the integrated inductor in the frequency domain. It is
composed mainly of two components, the dc component and an-
other component at the switching frequency. The spectrum also
shows some small components; one at double the line frequency,
and two at the switching frequency plus and minus double the
line frequency. Those are representing the low-frequency ripple.
Fig. 10(d) and (e) shows the magnetic flux density of the buck
inductor in the case of standalone and integrated inductor. As
can be seen, the integrated core and separate cores show a similar
flux. However, the flux of the integrated core is lower than
the separate cores since it is designed to cancel the boost flux.
Fig. 10(f) shows the magnetic flux density of the buck arm in the
integrated inductor in the frequency domain. The FFT is applied
to the magnetic flux waveform to show its component at each
frequency. In the buck inductor, it has the same components as
the boost inductor at dc and at the switching frequency. However,
the components at the line frequency are higher due to the line
frequency effect of the buck converter. Finally, Fig. 10(g) and
(h) shows the magnetic flux density in the center arm in the

integrated inductor. As shown in Fig. 10(g) and (h) the flux
density in the center arm is much lower than the flux density
in both cases the buck and boost arms, due to the opposite flux
direction. Fig. 10(i) shows the magnetic flux density in the center
arm of the integrated inductor in the frequency domain. In order
to reduce magnetic losses, the design of the integrated inductor
is made so that the buck and boost components at the switching
frequency cancel each other. Fig. 10(i) shows that the center arm
does not have any component at the dc and switching frequency.
Unfortunately, the boost flux is not able to cancel the buck flux
at double the line frequency; however, boost flux decreases it.

The integration of the magnetics will enhance the power den-
sity of the converter; however, the improvement of the efficiency
is not clear. Thus, an estimation for the core losses in the case
of the standalone cores and integrated core in both same and
reverse direction of the flux in the center arm has been carried
out. The losses are estimated using the data presented in the
core datasheet [50]–[51], which provide the per volume losses at
each frequency with respect to the flux density. In the following
the procedures taken in order to estimate the core losses are
described.

1) Using the magnetic model presented in Fig. 6 for the
inductors in both cases, standalone and integrated core,
the flux density at each part of the core is found as shown
in Fig. 10.

2) The data presented in the datasheet of the per volume
losses are for sine wave data. Thus, the waveforms of the
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Fig. 11. Core losses estimation for the standalone cores, the integrated core in both same and reverse direction of the flux in the center arm.

flux density are analyzed using the FFT technique to find
the sine component at each frequency.

3) Because of the double line-frequency ripple, the wave-
forms are modulated in amplitude. Therefore, there is
usually a main component at the switching frequency and
other component around it at the switching frequency plus
and minus multiples of the double of the line frequency.
In this analysis all these components are added and con-
sidered to be at the switching frequency.

4) The same occurs at multiples of the switching frequency.
In this analysis up to the third harmonic is considered.

5) Using the flux density magnitude at each frequency and
the data of the per volume losses, an estimation of the per
volume losses value at each part of the converter is found.

Fig. 11 shows the data found by the analysis. As shown, due
to the slightly decreased flux density and the volume reduction
going from the two standalone cores to the integrated core
(same direction), a reduction in the losses of 1.17% is achieved.
Furthermore, using the reverse direction in the center arm a total
reduction of 1.73% in the core losses is achieved.

The line voltage, as well as current waveform, is shown in
Fig. 12. As shown in this figure, the current waveform is almost
a pure sinusoidal waveform, which illustrates how the proposed
technique ensures that the PF and the THD will be in their best
conditions. Analyzing the input current waveform, the PF is
0.994 and the THD is 10%. Thus, the FIBBC shows a better

Fig. 12. Input current in green, and input sinusoidal voltage in red.

PF and THD compared to the IBBC. The efficiency is found to
be 92.62%, which is a high-efficiency value considering that it
is a low power application of 26.5 W. As per literature review,
integrated converters show efficiency between 85% and 91%.
It seems that the fully integrated converter will show higher
efficiency than the conventional integrated converter.
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Fig. 13. Bulk voltage (red), output voltage (green), and output current
(yellow).

Fig. 14. Bulk voltage (red), output voltage (green), and output current
(yellow).

Fig. 13 shows the bulk capacitor voltage, the output voltage,
and the output current. As it can be seen, the current is controlled
at the desired value, thus demonstrating the good operation of
the converter. The low-frequency ripple of the output current is
in the range of 6% of the rated current, which means that the
converter fulfills the IEEE flicker recommendation [52].

Fig. 14 shows the output voltage and current, and the bulk
voltage at start-up. As can be seen, the control is perfectly
working as voltage and currents are reaching the desired values
of 46 V and 0.575 A. Moreover, the converter shows a smooth
and fast start-up process.

Fig. 15 shows the voltage across the MOSFET switch (in green),
and the current through it (in yellow). As shown in the figure,
the voltage across the switch is relatively low compared to other
integrated converters, which explains the high efficiency of this
converter. As shown in the voltage across the switch, a resonance
can be observed at the end of the period, which is due to the
nonconduction interval of the DCM operation of the converter.
The current passing through the switch is in this case the buck
current, as it is higher than the boost current.

Fig. 16 shows the two inductors currents. As shown in the
figure, the boost inductor current is operating in BCM, which
proves the accuracy of the used (23) in the design. Moreover,
the buck inductor current is not entering the CCM operation,
which demonstrates the correct design of the converter.

Fig. 15. Voltage across the MOSFET switch (in green), and the current through
it (in yellow).

Fig. 16. Buck inductor current (in red), and the boost inductor current (in
yellow).

Fig. 17. Input voltage (blue), bulk voltage (green), and input current (yellow).

Fig. 17 shows the converter operating in high input voltage to
prove the universal operation. It is operating with input voltage
220 V and rated power. The converter is perfectly operating, with
even higher efficiency than as low line voltage, which equals
93.5%. One drawback is the distortion of the current waveform,
as the electromagnetic interference (EMI) filter is designed for
the 110 V operation. However, a great benefit shown by the
converter is that the bus capacitor voltage will not increase too
much, as it should be always below the output voltage. Thus, the
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Fig. 18. The bus capacitor voltage with respect to input voltage, by calculations
(blue), and from experimental results (red).

Fig. 19. Power factor of the FIBBC concerning the dimming ratio.

PF is decreasing due to the distortion, but not so much because
the ratio between the bus capacitor voltage and input voltage
decreases. The PF is found to be 0.98 with a current THD equal
to 13%.

In order to prove the advantage shown by the converter, which
is the small increase of the bus capacitor voltage all over the
universal input voltage range, Fig. 18 is presented. Fig. 18 shows
the bulk capacitor voltage with respect to the input voltage,
mathematically and with experimental results. As shown in the
figure with an increase of 150 V in the input voltage, the bus
capacitor voltage increases by only 10 V.

Fig. 19 shows the PF of the FIBBC concerning the dimming
ratio. The used dimming in this technique is the analog dimming,
by changing the duty cycle of the controlled switch. As can be
seen, the PF is above 0.99 till 70% of rated power. Moreover,
the PF is above 0.9 for a dimming ratio equal to 0.2 of the rated
power.

Fig. 20 shows the efficiency of the IBBC and FIBBC with the
central arm flux in the same and reverse direction, as a function
of the dimming ratio. As can be seen, the efficiency is improved
going from the IBBC to the FIBBC, even with the central flux in
the same direction. The reason of the efficiency improvement of
the FIBBC is the less flux density included in the core, and the

Fig. 20. IBBC and FIBBC efficiency concerning the dimming ratio.

Fig. 21. Input current harmonic contents at both input voltages 110 and 220
V in comparison with the IEC 61000-3-2 limit.

effective volume decrease which in return decreases the mag-
netic losses as previously illustrated in the core losses analysis.
Integrating the two magnetic elements does not guarantee an
efficiency improvement. As by [42] the integration of the two
inductors usually decreases the efficiency. However, the claim
that the integration of two inductors will increase or decrease the
efficiency cannot be generalized, because it depends mostly on
the application and on the design. Yet, what can be generalized is
the size reduction. Concerning this specific application both size
reduction and efficiency increase were achieved. Furthermore,
by reversing the polarity of the boost inductor to have the flux of
the boost in the center arm in the opposite direction of the flux
of the buck, the efficiency is boosted even more.

Fig. 21 shows the harmonics breakdown of the input cur-
rent for both input voltages, 110 and 220 V, compared to the
IEC61000-3-2 limit. As shown in the figure the converter fulfills
the standard limits over the universal input voltage range.

Further enhancement in the power density of the driver is
achieved by the manufactured prototypes. These prototypes are
implemented using reduced magnetic components, the EFD
25 for the separate cores, and the EFD 30 for the integrated
core. Fig. 22 shows the two manufactured PCBs, the IBBC in
Fig. 22(a), and the FIBBC in Fig. 22(b). The manufactured
PCBs are very compact showing a total volume of 56 cm3.
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TABLE II
COMPARISON AMONG THE PROPOSED CONVERTER AND THE FOUND IN LITERATURE INTEGRATED CONVERTER [12], [35], [38], [53]–[57]

Fig. 22. Manufactured prototypes. (a) The IBBC prototype, and in (b) the
FIBBC prototype.

The reduction in the magnetic component in the case of the
EFD cores reaches 28%. The total reduction in the magnetic
components is equal to 3.5 cm3 which represent 6.25% of the
total PCB size.

Finally, a comprehensive comparison with the integrated
converters found in the literature is shown in Table II. The
following converters were found: the integrated double buck
boost converter [12], the integrated buck flyback converter [35],
[38], the integrated buck-boost with class E resonant converter
[53], the integrated flyback with resonant converter [54], the

integrated boost and LLC resonant converter [55]–[56], and
the integrated buck-boost and LLC resonant converter [57]. As
shown in Table II, the proposed driver shows better features or
at least similar than all integrated converters, except that it has
no electric isolation.

VI. CONCLUSION

This article presents a novel converter that features high-
efficiency, high PF, and low THD to be far below standards
limitations at all dimming ranges. Additionally, the proposed
topology does not require any complex circuitry neither ad-
vanced sensors nor any coupled inductors or transformers,
which means that a spike-less operation is ensured, as well as
minimized winding losses. Regarding the power components,
the proposed topology offers all these features by using only
one controlled switch, which additionally handles low current.
Two extra diodes are added; however, these diodes are not
continuously conducting so the losses do not harm the converter
efficiency excessively. For further increase of the power density,
a magnetic integration is made by integrating the two inductors
of both the buck converter and boost converter in one core.

Finally, two prototypes working at a universal input range,
and 46 V output, driving an LED luminary of 26.5 W, have
been designed to illustrate the application of the derived char-
acteristics. Experimental results have proven that the harmonic
content of the input current of the FIBBC is equal to 10%, with
a PF of 0.994, so that the converter meets all standards. The
FIBBC shows a high efficiency of 92.62%, compared to 90.5%
of efficiency shown by the IBBC. Moreover, the FIBBC shows
an improvement of 2% in the efficiency within all the dimming
range. Furthermore, the FIBBC shows a size reduction in the
magnetic component compared to the IBBC of 28.35%.
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