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Abstract— This paper proposes a high-efficient electrolytic 

capacitor less off-line Light Emitting Diode (LED) driver that 

features a reduced power processing by the ripple reduction 

converter. The AC-DC driver is the Parallel Buck-Boost and Boost 

Converter (PB3C). The converter shows a high Power Factor (PF), 

low Total Harmonic Distortion (THD), and high efficiency. The 

two stages of the converter are not connected in cascade (series) 

mode, but they are connected in parallel mode, which produces a 

reduction in the circulating power in the converter. Furthermore, 

the IB3C is a two-stage driver that features two switches, one to 

control the LED current and the other to eliminate the ripple in 

the current. For further enhancement, the amount of circulating 

power is controlled in order to ensure a high efficiency. In this 

paper, the IB3C is analyzed, and a design methodology is 

proposed. A fully functioning simulation supplying an LED 

luminaire of 104.75 V/ 1.75 A is implemented. The simulation 

results of the IB3C shows a high PF equal to 0.99, a very small 

THD of 6 %, output current ripple reduction from of 100 % to  2 

%, which represents a landmark in the ripple reduction 

methodologies. 

Keywords—parallel buck-boost and boost converter; ripple 

reduction; high efficiency LED driver; off-line LED drivers; power 

factor correction.  

I.  INTRODUCTION 

Light-emitting-diodes (LEDs) are the leading technology in 

the lighting market, due to their powerful features, among 

others its longer lifetime, quoted to be between 25,000 to 

50,000 hours with flux intensity over 70% of the initial flux 

(L70), their valid higher efficacy compared to other light 

sources by 250 lm/W or even 300 lm/W, in addition to a smaller 

size, fast response, robustness, reliability, high color rendering 

index, bendable feature if needed, etc. [1]-[12]. LEDs are DC 

devices which require a current-controlled power supply [13]-

[15]. Besides the main duty of the LED driver to control the 

LED current, it has a secondary duty, which is to fulfil the 

standards, such as the IEC 61000-3-2 Class C standard [16] 

concerning the harmonic content of the input current, and the 

PF which must be higher than the level specified by the U.S. 

Energy Star program [17]. 

Several LED drivers topologies can be found in the 

literature, which can be classified as the following. Firstly, the 

single-stage converters providing a cheap and compact design 

that offers a trade-off operation between efficiency, ripple 

reduction, PF correction, and dimming. The commonly used 

single-stage converters are the buck and flyback converters. 

Secondly, the two-stage converters are the dominating drivers 

especially for medium to high power applications where the 

compliance with standards and regulations is a must. This is due 

to the fact that the two converters has different functionality, as 

one stage takes care of the PF and THD, and the second stage 

enhances the operation, by featuring a special ripple reduction 

technique, or providing an efficiency enhancement strategy by 

applying additional techniques as the Zero-Voltage-Switching 

(ZVS) or the Zero-Current-Switching (ZCS) [18]-[20]. Finally, 

the integrated converters show a hybrid solution between the 

small size and efficiency of the single-stage converters and the 

performance and features of the two-stage converters. 

Integrated converters are simply two-stage converters that share 

the controlled switch [21]-[27]. 

An innovative investigation line is the integrated parallel 

converters illustrated in [28]-[29], where the novel Integrated 

Parallel Buck-Boost and Boost converter (IPB3C) and the 

Magnetically Integrated Buck-Boost and Boost converter 

(MIPB3C) are presented. The converter shows great figures, 

namely, a high PF of 0.994, a very small THD of 10%, an output 
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current ripple of 6 %, and an efficiency of 92.62 % for the 

IPB3C. While the MIPB3C shows an even better efficiency of 

93.65 % and a volume reduction of 14.65% in the magnetic 

components. Besides, the low capacitance needed allows for the 

elimination of the electrolytic capacitors and a longer driver 

lifetime. However, a room for improvement does exist. The 

integration of the switches decreases the number of components 

and provides less complication in control. However, the 

separation of those switches add more features, which are the 

complete ripple elimination and the decrease of the processed 

power amount.  

In this paper, the PB3C is proposed to supply an LED 

luminary load of 183 W, providing high PF, low THD, almost 

negligible current ripple, high efficiency, and reduced power 

redundance. The operation of the converter is equivalent to two 

standalone converters working in parallel; at the input, a buck-

boost converter operates as a Power Control (PC) stage and 

regulate the power factor, while the boost converter operates as 

a Ripple Reduction (RR) stage.  

This paper is organized as follows. In Section II, the PB3C 

is presented. Section III shows the converter operational 

principles of the proposed PB3C. The mathematical and 

efficiency analysis are illustrated in section IV, while the 

simulation results are shown in section V. Finally, a brief 

conclusion of the contribution of this paper is presented in 

Section VI. 

II. DERIVATION OF THE PROPOSED PB3C 

The driver is operating as two converters (Buck-Boost and 

Boost) in parallel mode. Fig. 1 shows the electric diagram of the 

PB3C. The PC stage is the Buck-Boost converter that has its 

input connected to AC bridge while its output is the 𝐶𝐵𝐵, this 

through a diode 𝐷𝐵𝐵 and an Inductor 𝐿𝐵𝐵 and a switch 𝑀𝐵𝐵. In 

parallel to this converter there is the ripple reduction stage, a 

Boost converter, where the capacitor 𝐶𝐵𝑜 is the input of this 

converter, while its output is the same output capacitor of the PC 

stage 𝐶𝐵𝐵, also it has a diode 𝐷𝐵𝑜 and an inductor 𝐿𝐵𝑜 and a 

switch 𝑀𝐵𝐵. 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 percentage of the processed power by the ripple 

reduction stage is now controlled and does not affect the 

ripple at the output, so it ensures a better efficiency 

compared to the conventional IPB3C [28]. 

 The ripple can be eliminated, nearly all, as the voltage of 

the Boost input capacitor can be controlled to exactly 

imitate the ripple in the output voltage capacitor.   
 

III. OPERATIONAL PRINCIPLES OF THE PROPOSED  PB3C 
Since the proposed converter has two switches and because 

both have the same switching frequency, they can be analyzed 
together. Each switch has only two main states, on-state, and off-
state. However, the DCM operation of both the buck-boost and 
boost converters splits the off-state into three intervals. Fig. 2, 
and Fig. 3 illustrate the main current waveforms within a high 
frequency switching period, and, the equivalent circuits 
respectively. 

The following provides a concise explanation for each 

interval:   
 Interval I 

 During this interval, the two main switches 𝑀𝐵𝐵 and 𝑀𝐵𝑜 are 
turned on. While the switches are 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 input 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 buck-boost switch. 

During this interval, the buck-boost inductor starts to de-
energize, while the boost inductor is still energizing. The buck-
boost inductor is de-energizing sending the power to the buck-
boost capacitor through the buck-boost diode 𝐷𝐵𝐵 .  

 Interval III 
Interval III starts with the turn-off of the buck-boost switch. 

During this interval, the boost inductor starts to de-energize as 
well.  The boost inductor is de-energizing delivering the power 
to the same buck-boost output capacitor through the boost diode 
𝐷𝐵𝑜. 

 Interval IV 
This interval takes place when the inductor of the boost is 

completely discharged, while the inductor of the buck-boost is 
still de-energizing. 
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Fig. 2. Main current waveforms of the PB3C operating in DCM, within a high-
frequency switching period. 
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Fig. 1.  Electric diagram of the PB3C. 



 Interval V 

Finally, interval V represents the period when both inductors 

are fully discharged. However, the current going to the LED is 

continuous due to the output capacitor presence. 

IV. MATHEMATICAL ANALYSIS AND EFFICIENCY 

ESTIMATION OF THE PB3C 
The operation equations presented for this converter are 

similar to the ones derived for the IPB3C in [28]. For the sake of 
simplicity, an ideal assumption is taken. The input voltage is 
considered to be an ideal sinusoidal line voltage waveform, 
expressed as 𝑣𝑔(𝑡) = 𝑉𝑔 sin(2𝜋𝑓𝑙𝑡). 

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

 The input power (Grid power): 
It is the power coming from the grid, which is expressed by 

the following equation: 

𝑃𝑃𝐶 = 𝑃𝑔 =
𝑉𝑔

2𝐷𝐵𝐵
2

4𝐿𝐵𝐵𝑓𝑠

 (1)  

Where 𝑃𝑔 is the power of AC main, 𝑉𝑔 is the grid peak 

voltage, 𝐷𝐵𝐵 is the buck-boost switch duty cycle, 𝐿𝐵𝐵 is the 
buck-boost inductance, and 𝑓𝑠 is the switching frequency. 

 RR stage power (Redundant Power): 
It is the power handled by the RR stage and the power 

circulating in the converter, it is expressed by the following: 

𝑃𝑅𝑅 =
𝑉𝐵𝑜

2 𝐷𝐵𝑜
2

2𝐿𝐵𝑜𝑓𝑠

(
𝑉𝐵𝐵

𝑉𝐵𝐵 − 𝑉𝐵𝑜

) (2)  

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

 Output loop power: 
It represents the power going out from the buck-boost 

capacitor to the LED added to the power going into the boost 
converter. 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 relationship between the buck-boost 
output voltage, and boost input voltage is found as the following: 

𝑉𝐵𝐵𝑉𝐵𝑜 =
𝑉𝑔

2𝐿𝐵𝑜𝐷𝐵𝐵
2

2𝐿𝐵𝐵𝐷𝐵𝑜
2  (6)  

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

𝑉𝐵𝐵 = 𝑉𝐵𝑜 + 𝑉𝐿𝐸𝐷  (7)  

Concerning the efficiency estimation, it will be calculated 

as a factor of the efficiency of each converter. In the proposed 

topology the percentage of the circulating power, the power 

handled by the boost converter, is defined by the DC value of 

the boost capacitor. 

𝑉𝐵𝑜 = 𝐾 ∗ 𝑉𝐿𝐸𝐷 (8)  

𝑃𝑅𝑅 = 𝐾 ∗ 𝑃𝐿𝐸𝐷  (9)  

Where 𝐾 is the RR stage power sharing factor. 
The total efficiency of the parallel integrated converter is 

found: 
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Fig. 3. Equivalent circuits of the PB3C operating in DCM. 



𝜂𝑡𝑜𝑡𝑎𝑙 =
𝑃𝐿𝐸𝐷

𝑃𝑔

=
𝜂𝑃𝐶

1 + 𝐾 ∗ (1 − 𝜂𝑅𝑅)
 (10)  

Where 𝜂𝑡𝑜𝑡𝑎𝑙 is the total efficiency of the converter, 𝜂𝑅𝑅 is 

the efficiency of the RR stage (the boost converter), and 𝜂𝑃𝑐 is 

the efficiency of the PC stage (the buck-boost converter).  

In order to illustrate better the idea of parallel integration 

and its effect on the efficiency an example is studied. For this 

application a boost average voltage will be design equal to 30% 

of the LED voltage (32 Volts), which means that the 𝑘 factor is 

equal to 0.3. It will be estimated that the efficiency of the buck-

boost is equal to 90 %, and the efficiency of the boost is equal 

to 90 %. In this case the efficiency of the conventional cascaded 

two stages converter is equal to the product of both efficiencies, 

which is, 81 %. However, in the proposed converter the 

estimated efficiency can be found by applying those values in 

(10), and the efficiency is estimated to be equal to 87 %.  

Creo que faltaría añadir aquí una sección explicando un 

poco cómo se hace el control de los interruptores y del circuito 

completo. 

V. SIMULATION RESULTS 

A simulation for the proposed converter is made using 

PowerSim (PSIM) software. Fig. 4 shows the schematic of the 

PB3C of the PSIM simulation. The linear model to represent 

the LED is made using the following values for the threshold 

voltage and the dynamic resistance:  𝑉𝑡ℎ = 82 𝑉 and 𝑅𝑑 =
13 Ω. The RMS value of the input voltage is equal to 110 V. 

Table I illustrates the parameters and limitations of the 

components of the converter.  

 
Fig. 5 shows the input voltage and current. The proposed 

topology ensures that the PF and THD are far below limitations, 

as can be seen from the pure sinusoidal input current waveform. 

The ideal conditions guaranteed by the simulation platform 

helped the proposed topology to reach almost zero THD and 

nearly unity PF, however, in the real application it is expected 

to have a small difference.  
The LED voltage is the difference between buck-boost 

output voltage and the boost input voltage. Therefore, the ripples 
are also subtracted. The idea of this topology is to reduce the DC 
level of the boost converter as much as possible and to make its 
ripple equal to the ripple in the buck-boost voltage.  

Fig. 6 shows the three main voltages, the output buck-boost 
voltage, the input boost voltage, and the LED voltage. Fig 6a 
shows the case where the ripple reduction technique is not 
active, this is, the case of the integrated converter where both 
switches are working with the same duty cycle. Fig. 6b shows 
the case for the same three voltages but when the ripple 
elimination technique is operating. As can be seen in Fig. 5a the 

ripple at the input of the boost converter is subtracted from  the 
output buck-boost voltage ripple , but it is not enough to remove 
the ripple completely. When the ripple reduction is activated the 
ripple at the input boost capacitor is increased to eliminate the 
LED voltage ripple completely, as can be seen in Fig. 6b. 
 

 

 
Fig. 7 shows the LED current in the two cases with and 

without the ripple reduction technique. As can be seen, the low-
frequency ripple in the case without the ripple reduction is equal 
to 100 %. However, when the ripple reduction technique is 
activated at instant 0.15 s, the ripple decreases as low as 2 %. 
Thus, it is far below the flicker recommended by IEEE1789-
2015. 

VI. CONCLUSIONS 

This paper presents a novel efficient LED driver, which 
ensures high PF and low THD to be far below the limitation 
specified by IEC 61000-3-2 recommendation. Moreover, the 
converter ensures neglected LED current ripple using two low 
voltage capacitors with small capacitance, which lead to an 
electrolytic-capacitor-less driver. This is done by a two stage 
parallel converter, which is composed of a buck-boost converter 
operating as a PC stage and PFC stage, and 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. Regarding the power component, the 
proposed topology offers all these features by using two power 

TABLE I 

COMPONENTS OF PROPOSED PROTOTYPE 

Component Value 

EMI Filter Inductor 2.58 mH 

EMI Filter Capacitor 100 nF 

Buck-boost Inductance 𝐿𝐵𝐵 = 50 𝜇𝐻 

Boost Inductance 𝐿𝐵𝑜 = 10 𝜇𝐻 

Buck-boost diode 𝐷𝐵𝐵 𝑉𝑟𝑒𝑣 = 400 𝑉, 𝐼𝑝𝑒𝑎𝑘 = 12 𝐴 

Boost diode 𝐷𝐵𝑜 𝑉𝑟𝑒𝑣 = 160 𝑉, 𝐼𝑝𝑒𝑎𝑘 = 6 𝐴 

Buck-boost switch 𝑀𝐵𝐵 𝑉𝑏𝑙𝑜 = 400 𝑉, 𝐼𝑝𝑒𝑎𝑘 = 12 𝐴 

Boost switch 𝑀𝐵𝑜 𝑉𝑏𝑙𝑜 = 200 𝑉, 𝐼𝑝𝑒𝑎𝑘 = 5 𝐴 

Output Buck-boost 

Capacitor 𝐶𝐵𝐵 
68 µF, 160 V 

Intput boost Capacitor 

𝐶𝐵𝑜 
20 µF, 50 V 

 

 
Fig. 5. AC main voltage (blue), AC main current (green). 
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Fig. 4. PSIM circuit of the parallel buck-boost and boost LED driver. 
 



switches. Furthermore, the parallel features to control the 
percentage of the circulating power in the RR stage, allowing for 
an improved efficiency compared with the conventional cascade 
structure. Lastly, the converter shows a better control for the 
ripple of the LED current with even less power redundant in the 
converter.  

Finally, a simulation for a 110 V, 50 Hz line input, and 
104.75 V output, driving an LED luminaire of 182 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 nearly 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 and the IPB3C. If the 

conventional cascaded converter shows an efficiency of 81 %. 
The proposed topology shows a better efficiency as the boost 
converter handles only 30 % of the LED power, while the 
integrated version to eliminate a significant percentage from the 
ripple needs to circulate 70 % at least. Thus, using the previously 
estimated efficiencies of the buck-boost and boost converters, 
the PB3C shows an efficiency of 87 %, which is 6 % higher than 
the conventional cascaded configuration.  
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