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Abstract—Enhancing the efficiency in the light-emitting-diode (LED) drivers is a noteworthy issue as it not only 
helps saving energy but also causes the long life span of the drivers. In this paper, a new LED driver with 
improved efficiency is proposed. Efficiency improvement is achieved without using any active or passive 
component to perform soft switching conditions. In the proposed driver, buck and buck-boost converters are 
integrated. The freewheeling diodes and inductors - of the two converters - are replaced by one diode and one 
inductor. So, the proposed driver constitutes a single-stage driver with a simple structure that uses only one 
controlled switch, one freewheeling diode, and one inductor. Besides its simple structure, the driver works with a 
constant frequency, which leads to using a simple controller. Efficiency improvement is obtained by changing the 
inductor size and LEDs arrangement rather than using the active clamp or snubber circuits. To decrease the 
switching losses in the proposed driver, the average of the input current is kept constant while the peak of the 
pulsating input current - which passes from the switch and freewheeling diode - is decreased. Moreover, power 
losses of the semiconductor components in the proposed driver are investigated, and consequently decreased, 
leading to improvement in the system's overall efficiency. Finally, a 10 W experimental driver is built and tested. 
The experimental results are consistent with theoretical analysis. 
 
Keywords— Buck converter; High-efficient LED driver; Single stage driver; Integrated converters; Power losses. 
    

1. INTRODUCTION 

Today, light-emitting-diodes (LEDs) are widely known due to their significant 

advantages. They present different features like high efficiency of output light intensity over 

input electrical power, long life span, small size, robustness, and high reliability. They also 

have environmentally friendly characteristics rather than fluorescent lamps and are five 

times more efficient than incandescent lamps. LEDs cannot be connected directly to the grid. 

A LED driver is needed to use LEDs as a lighting lamp [1-4]. Generally, two power-

conversion stages exist in LED drivers: the first one is a power factor correction (PFC) stage, 

and the second one is a DC/DC stage. The PFC stage is used to comply with IEC61000 3-2 

class C regulations. It is used to achieve high power factor and low total harmonic distortion 

(THD) in the sending end and the latter provides current or voltage regulations for the LEDs 

in the receiving end. Usually, PWM converters such as buck, boost, buck-boost, SEPIC, and 

flyback converters are used in LED drivers to play the role of PFC and DC/DC stages. These 

converters have a simple circuit structure and can be controlled in an easy way [5–11]. Two-

stage drivers are designed and optimized efficiently but more circuit components are used, 

and their total cost is high. Also, due to additional power losses of switches, the system 

efficiency is decreased while loss analysis and efficiency improvements are counted as the 
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primary concern of researchers, in recent years [12]. So, to avoid these disadvantages, single-

stage LED drivers are widely studied. They show many advantages like lower cost, faster 

dynamic response, and higher efficiency than two-single drivers. Despite their benefits, high 

voltage stress would be imposed on MOSFETs in some of the single-stage drivers. This forces 

designers to use the higher voltage rating MOSFETs, which causes reduced efficiency due to 

the consequent large Rds,on. Also, size and cost are increased consequently [13, 14]. From the 

switching point of view, converters can be divided into two groups: PWM and resonant 

converters. In a resonant converter, a resonant circuit is added to the PWM converter to 

achieve soft-switching characteristics. Hard switching is a serious drawback in the PWM 

converters. It happens when an active switch is turned on or off and causes high current or 

voltage spikes. These increase switching losses and decrease efficiency and system reliability, 

while efficiency is a key factor of design in low-power applications [15- 19]. An LLC 

converter is widely used in high-power systems because of its high efficiency [20, 21], but 

LLC shows a higher cost than a single switch converter in medium and low-power 

applications [22]. On the other hand, to improve the hard-switching effect, the active clamp 

circuit or the snubber circuit usually are used in the PWM converters [23, 24]. These 

technologies can provide soft-switching conditions on the active switch to operate at zero 

voltage switching (ZVS) or zero current switching (ZCS) and help the voltage or current 

stresses to be reduced. In which, the switching losses are reduced but, there is another 

problem. These technologies require additional auxiliary switches, diodes, and passive 

components, which causes the circuit cost to be increased. Additionally, the conduction 

losses of the active clamp or snubber circuits avoid improving efficiency [25, 26]. One of the 

most popular topologies for LED drivers is the buck converter. It has a simple structure and 

a simple control method. Also, the low voltage stress of the switch, which is limited to the 

input voltage, provides high efficiency. Besides these good features, a large dead angle, 

which negatively affects PF and current harmonics, is counted as a big problem of the PF 

corrector buck converter. Dead angle is the angle where the input voltage is lower than the 

output voltage and the input current does not flow. So, low output voltages are preferred to 

provide a smaller dead angle and higher PF, but low output voltage harms the circuit 

efficiency improvement [27]. In [27], a single-stage LED driver based on buck topology, 

which has current path control switches, is proposed. Using this structure, the LED string 

can be scalable, and the output voltage becomes adjustable, which helps the dead angle to be 

reduced, and the efficiency is very high. In [28], a ZVS quasi-resonant inverted buck 

converter is used as an LED driver. Switching loss is eliminated by ZVS through the parasitic 

drain capacitance which leads to high power efficiency. A high-efficiency Quasi-resonant 

Buck driver is studied and designed in [29]. The ZVS condition is guaranteed using a simple 

inductor zero current detector method and an RC delay circuit. In [30], a hybrid switched-

inductor buck converter is utilized as a PFC to implement a high-efficiency LED driver. The 

topology has lower losses compared to conventional buck topology and is suitable for 

universal input range. A two-input floating buck-based LED driver is proposed in [31]. 

Using this structure, the voltage stress is decreased, and high-power efficiency is achieved 

consequently. Also, a variable off-time control is proposed to adjust the off-time period 

considering the number of series LEDs and input voltage. Series resonant converter (SRC) 

based LED driver is proposed in [32]. SRC topology can provide high efficiency for a wide 
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range of output power. A LED driver is proposed in [33] based on a CLCL resonant 

converter. It uses two buck-boost circuits as a PFC stage and CLCL resonant converter to 

provide soft-switching characteristics and high efficiency. Due to the buck-boost input 

characteristic, it has a near unity power factor and low THD. In [34], the losses of an 

integrated buck-flyback LED driver are analyzed to improve efficiency. It is shown that the 

obtained equations help improve the efficiency by changing the parameter values like turn 

ratio, magnetizing inductance, buck inductance, and bulk capacitor. In this paper, a novel 

single-stage LED driver based on the buck is proposed. The driver structure is made by 

combining the buck and buck-boost converters. In the proposed driver efficiency is 

improved without using any active clamp or snubber circuit. The LED arrangement in the 

conventional buck driver can be changed using the proposed driver, while the power of the 

system and switching frequency are kept constant, and the system efficiency is improved by 

changing the inductor size, switch peak current, and duty ratio.  

In summary, the main contributions of this paper are as follows: 

 Efficiency improvement is performed without using any snubber circuit. 

 The peak pulse current of the switch declines while the power of the driver is kept 

constant. 

The rest of the paper is organized as follows: In section 2, the system configuration and 

principle of rearranging the LEDs are described in detail. The effect of LEDs rearrangement 

on the power losses of different components of the proposed driver is investigated in section 

3. Section 4 describes the implementation of the proposed LED driver and presents 

experimental results and finally conclusions are given in section 5. 

2. THE PROPOSED LED DRIVER 

This section discusses the circuit configuration and operation principles of the 

proposed driver.  

2.1. Circuit Configuration 

Considering the voltage and current characteristics of the power MOSFET with an 

inductive load, shown in Fig. 1(a) the origin of switch turn-on-turn-off losses is known. The 

formula used to estimate the switching losses is: 

          (1) 

where f is switching frequency, ton, and toff are MOSFET turn-on and turn-off intervals and Coss 

shows parasitic capacitances of the switch. Considering Eq. (1) decreasing ID, VD and f causes 

the switching losses to be decreased. In a power circuit, VD is imposed by the network but ID 

and f are the design factors. So, the switching losses can be controlled by controlling the 

values of ID and f.  

Considering Eq. (1) frequency increment causes the losses to be increased. Although 

decreasing the frequency helps to efficiency improvement on the other hand causes the size of 

the circuit inductors and capacitors to become larger and negatively affects the size of the 

driver, this research concentrates on controlling ID for efficiency improvement. The effect of 

increasing the ID on the turn-on power loss of the switch is shown in Fig.1(b).  
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The effect of ID on the turn-off power loss of the switch while MOSFET turns off is the 

same as turning on. 

Here the relations of ID, PSW(t), and f are considered and a new LED driver that helps to 

improve the LED driver efficiency is proposed. Fig. 2 shows the proposed driver. In Fig. 2(a) 

shows the start point of combining buck and buck-boost converters which is simplified and 

shown in Fig. 2(b). 

In the proposed topology, LBuck and LBuckboost are unified and considered as the single 

inductor L, and also, DBuck and DBuckboost are unified as D. In the proposed driver, rather than 

typical buck driver, LEDs are divided into two group switches, which helps us to control the 

input current and subsequently helps to improve the driver efficiency. The detail of LEDs    

re-arrangement and the operation principle of the proposed driver is represented in part B. 

 

 

Fig. 1. a) The switched voltage and current of the MOSFET; b) the effect of increasing ID on the turn-on power loss 
of the switch. 
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Fig. 2. The driver creating method: a) buck and buck-boost topology; b) the proposed topology. 

2.2. Operation Principle 

In this paper, the goal is to improve the efficiency of a predesigned buck LED driver 

using the proposed driver by decreasing the current flows through the MOSFET while the 

system power and switching frequency are kept constant. So, the first aim concentrates on 

the power and switching frequency. Considering the average current in the front end we 

have: 

                                                (2) 

where ii-buck(t) is the pulsating input current, ii-buck(t) represents the average of ii-buck(t), Lbuck is the 

inductance of the buck driver, and Dbuck and Tbuck are duty ratio and switching period 

respectively. Regarding the inductor current waveform shown in Fig. 3 we will have: 

            (3) 

Using Eq. (3),Eq. (2) is rewritten by Eq. (4). 

            (4) 

where T1-buck is the period when the switch is turned on (and the inductor is being charged).  
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Fig. 3. Inductor current waveform. 

According to the current ramp equation the peak value of ii-buck(t) is calculated by Eq. (5): 

                                     (5) 

where Vp is the peak of the input voltage and Vo shows the output voltage. Due to power 

factor and efficiency-related issues, it is assumed that Vo is not increased or decreased after 

LEDs rearrangement. So, to keep the driver input power constant, ii-buck(t) must be kept 

constant and according to Eq. (5), T1-buck and Lbuck can be used to reach the goal. Regarding               

Eq. (1), increasing f (which equals to decreasing T1-buck) negatively affects MOSFET power 

losses and decreasing f causes the input filter to become larger. Thus, the switching frequency 

should be kept constant. As mentioned before, decreasing ID causes the MOSFET power losses 

to be decreased. So, the variables must be changed in a way that satisfies the cited terms. 

According to Eq. (5), increasing Lbuck causes the ii-buck-peak to be decreased. Hence increasing Lbuck 

is counted as the start point of the designing process and is defined as following: 

                         (6) 

where a is the incremental coefficient of the buck inductor. To keep the power of the driver 

constant we will have: 

             (7) 

where ii(t) is the average pulsating input current of the proposed driver. Using Eqs. (4) and  

(7) we will give: 

            (8) 

Eq. (8) shows that the peak current passed through the MOSFET in the proposed driver 

is decreased rather than the buck driver. The next step is to complete the designing process 

while the switching frequency and power of the driver are kept constant. It is supposed that 

the buck driver works in boundary mode while the input voltage has its maximum value. In 

boundary mode, the switching period is calculated by: 

            (9) 

While the input voltage has its maximum value (the boundary mode) T2-buck is the time 

that is required to discharge the inductor. Definitely, at other switching periods, since IL is less 

than IL-peak the inductor is discharged during the T2-buck calculated for boundary mode. In the 

proposed driver the voltage that causes the inductor to be discharged is calculated by: 

           (10) 
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where Vo2 is the voltage that discharges the inductor of the proposed driver. Vo1 helps to keep 

the frequency constant and subsequently helps to improve efficiency. According to this, 

T=Tbuck and we will have: 

                      (11) 

Here Vin is defined by: 

           (12) 

Using Eqs. (10) - to (12) we will give: 

          (13) 

Using Eq. (13) the minimum voltage (Vo2-min) that is required to stay in boundary mode 

and keep the frequency constant is calculated. According to the calculated Vo2 and the LEDs 

nominal current, LEDs rearrangement in part B is performed. Regarding the new LEDs 

arrangement, the current of the new branch(es) must be calculated to remain in the LEDs 

nominal current range. To calculate Vo2, a must be calculated first. Suppose the load of a 

predesigned buck LED driver is shown in Fig. 4.  

 

Fig. 4. The load of a predesigned buck LED driver. 

The load contains m ∗ n LEDs where m shows the number of series LEDs and n shows 

the number of parallel branches. For simplification it is supposed that i1(t) = i2(t) = · · · =in(t). 

By calculating the average value of iL-buck(t) in the T interval, we will give: 

                                 (14) 

The waveforms of iL-buck(t) and iLoad(t) are shown in Fig. 5.  

 

Fig. 5. Waveforms of iL-buck(t) and iLoad(t). 

As mentioned before, regarding that we want to keep the dead angle constant, α design 

process is based on the number of branches n (this means that Vo is kept constant). It should 
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be noted that the peak of i1 must not exceed the LEDs nominal current. Here we have: 

          (15) 

According to Fig. 5 and Eq. (15), the current passed through the LEDs has its maximum 

value for IL-buck-peak. Suppose that x branches are picked out to move from part A (buck) to B 

(buck-boost). According to this, we will get: 

          (16) 

where IL-peak is the maximum inductor current of the proposed driver. Considering Eqs. (15) 

and (16): 

          (17) 

Using Eqs. (8) and (17) we will give: 

           (18) 

According to Eq. (18), a larger x leads to a larger α. According to Eqs. (1) and (8), a larger 

α leads to a smaller ii(t) and PSW. So, increasing α causes the switching losses to be decreased. 

The effect of increasing α on the other parts of the proposed driver is investigated in section 3. 

As mentioned before, after calculating Vo2, the current passed through the LEDs must be 

calculated to ensure that it doesn’t exceed the LEDs nominal current. Also, according to       

Eq. (15), the maximum current passed through the LEDs corresponds to IL-peak. So, the current 

must be calculated in the interval where IL-peak occurs. In this interval, the driver works in 

boundary mode. This is explained in detail according to Fig. 4. The current of different parts 

of the load are defined and shown in Fig. 6.  

 

 

Fig. 6. Load arrangement of the proposed driver. 

According to Fig. 6, iLoad-A (t)= iL(t) is passed through part A and iLoad-B (t)= iD(t) is passed 

through part B. The topological stages of the proposed driver in the interval where IL-peak 

occurs is shown in Fig. 7.  
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Fig. 7. Topological stages of the proposed driver in the interval where IL-peak occurs while the switch is turned:      
a) on; b) off. 

Considering Fig. 7, the waveforms of iL(t), iLoad-A(t), iD(t) and iLoad-B(t) are shown in Fig. 8.  

 
Fig. 8. The waveforms of iL(t), iLoad-A(t), iD(t) and iLoad-B(t). 
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Since the maximum value of iLoad-B(t) occurs during t0∼t2(when boundary mode 

happens), this interval is considered to calculate the current sharing between part A and B. In 

this way we will have: 

           (19) 

LEDs arrangement in part B is performed based on Vo2 and iLoad-B-peak. The calculated 

current in part B should remain in the LEDs nominal current range otherwise, it is required to 

change the LEDs arrangement in part B. On the other hand, using Eq. (19) the current of LEDs 

in part B is controlled indirectly in a way that it does not exceed the LEDs nominal current. 

The LEDs arrangement in part B is achieved by the following procedure: 

1) The number of series LEDs (mb) is calculated by: 

mb =(Vo2-min − Vo)/Vf          (20) 

where, Vf shows the LED forward voltage. It should be noted that mb is rounded to the 

nearest higher value to ensure that Vo2-min is guaranteed. Real value of Vo2 is calculated using 

the following equation: 

Vo2 = mbVf + Vo           (21) 

2) The number of parallel branches (nb) is calculated by: 

nb = (iLoad-B-peak)/If           (22) 

where, If presents the LED forward (nominal) current and nb is rounded to the nearest higher 

value to ensure that the current doesn’t exceed the LEDs nominal current in part B. T2 is 

achieved by: 

T2 =(LIL-peak)/Vo2           (23) 

3. POWER LOSSES OF DIFFERENT COMPONENTS OF THE PROPOSED DRIVER 

In this section, the effect of LEDs rearrangement on the power losses of the 

freewheeling diode and switch are investigated. 

3.1. Losses of the Freewheeling Diode 

The freewheeling diode D is considered first. Since working in critical mode, the diode 

is soft switched while it turns off and its loss is neglected. So, the turn-on and conducting 

losses are investigated. For a better comparison between diode conduction losses in the 

conventional buck driver and the proposed driver, the diode current waveforms of both 

drivers are shown in Fig. 9 in a single switching period. 

 

Fig. 9. The diode current waveforms of the buck and the proposed drivers in a single switching period. 
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Conduction loss is calculated using the following equation: 

           (24) 

where, Ploss shows the diode conduction loss in a single switching period and VD(t) and ID(t) 

represent the voltage and current of the diode respectively. Considering that VD(t) is almost 

constant we get: 

         (25) 

Considering T2<T2-buck and ID-pro<ID-buck we have Ploss-pro<Ploss-buck which means that the 

diode conduction loss in the proposed driver is less than the conventional buck driver. It can 

be shown that diode turn-on losses of both drivers are related as follows: 

 

                    (26) 

According to the design parameters, it can be shown that Eq. (26) is less than 1. Similar 

results can be achieved for switch turn-off losses.  

3.2. Switch Losses 

Due to working in critical mode, the switch is soft-switched while it turns on and the 

loss is neglected. As mentioned before, according to Eq. (26) the switch turn-off loss for the 

proposed driver is less than the conventional buck driver. To compare the conducting loss, 

switch current waveforms of the proposed and conventional buck drivers are shown in Fig. 

10.  

 

Fig. 10. The switch current waveforms of buck and the proposed drivers in a single switching period 

It can be shown that: 

        (27) 

where Ploss-sw-pro shows the switch conducting loss of the proposed driver and Ploss-sw-buck relates 

to the conventional buck driver. Using Eq. (27) we will have: 

                     (28) 
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Regarding Eq. (28), the conducting loss of the switch of the proposed driver is less than 

conventional buck driver. According to the results, total losses of switch and diode in the 

proposed driver are less than the conventional buck driver. 

4. EXPERIMENTAL RESULTS 

In order to verify the performance of the proposed driver, a driver setup is made up 

and tested. The setup implementation of the proposed driver is shown in Fig. 11. A 10w buck-

based LED driver with 40 LEDs (m=10, n=4) is considered and then the proposed driver is 

designed based on it. To show the performance of the proposed driver the efficiency of both 

drivers is compared. LEDs arrangement consists of 4 parallel branches of 10 series LEDs. 

Switching frequency and buck inductor size are chosen to be 40Khz and 500uH respectively. 

The flowchart of design procedure of the proposed driver is shown in Fig. 12 and designed 

parameters of the conventional and proposed drivers are shown in Table 1 and 2 respectively. 

 

 

Fig. 11. Setup of the proposed driver. 

Table 1. Design parameters of the conventional buck driver. 

Symbol Description Value 

VIN Input AC line voltage 110 Vrms 

Vp Peak of the input voltage 155.6 V 

Vin The voltage defined in Eq. (12) 122.1 V 

Vf LED forward voltage 3.35 V 

If  LED nominal current 150 mA 

N Number of LEDs 40 

m Number of series LEDs each branch in part A 10 

n  Number of parallel branches in part A 4 

Vo Output voltage in part A 33.5 V 

Lbuck Inductance of the conventional buck driver 500 µH 

IL-peak MOSFET drain-source peak current 1200 mA 
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Fig. 12. Flowchart of the proposed driver design procedure.  
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Regarding Table 2, for x=3 The required minimum output voltage to stay in boundary 

mode has a very large value that corresponds to a large number of LEDs. So, this condition is 

not examined. For x=2, the value of iLoad-B-peak is very close to the LEDs nominal current and 

therefore nb is not rounded to the nearest higher value. To compare the practical and 

theoretical waveforms of iSW(t) and iD(t), the inductor current is considered. Fig. 13 shows the 

measured waveforms of inductor current iL and gate voltage Vg for the proposed driver for 

x=1, 2.  
Table 2. Design parameters of the proposed driver. 

Symbol 
Value 

x = 1  x = 2 x = 3 

α 1.78 4 16 

L  890 µH 2 mH 8 mH 

ILpeak 900 mA 600 mA 300 mA 

iLoad-A-peak 450 mA 300 mA - 

iLoad-B-peak  287 mA 153.48 mA - 

Vo2-min  49.2 V 92.33 V 757.47 V 

Vo2 50.25 V 93.8 V - 

T2  15.94 µS 12.79 µS - 

m 10 10 - 

n 3 2 - 

mb 5 18 - 

nb 2 1 - 

N 40 38 - 

 

 

Fig. 13. Waveforms of the inductor current and gate voltage in the proposed driver for x = 1, 2. 
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The waveforms of the proposed driver show that the measured waveforms are in 

agreement with the theoretical waveforms shown in Fig. 9. The waveforms of output voltages 

of the proposed driver for x=1, 2, and also, the input voltage and current are shown in Fig. 14.  

 

Fig. 14. Waveforms of different output voltages of the proposed driver for x = 1, 2 and input voltage and current. 

It is seen that the output voltages comply with data presented in Table 2. The output 

currents (iload-A and iload-B) are shown in Fig. 15 for x=2, which correspond to the achieved data 

in Table 2.  

 

Fig. 15. Waveforms of output currents for x = 2 in parts A and B. 

Fig. 16 shows the efficiency of the proposed and conventional drivers as a function of 

the peak of the pulsating input current and the corresponding x.  
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Fig. 16. The efficiency of the proposed (x = 1, 2) and the conventional driver(x = 0).  

It is seen that as x increases, the losses of the proposed driver become smaller. Fig. 17 

shows the harmonic spectrum of the input current in comparison with IEC61000-3-2 limits. As 

it is seen the current harmonics comply with the standard limits for each harmonic order. 

 

Fig. 17. The input current harmonic contents. 

As seen, the efficiency of the conventional buck is lower than the proposed driver for 

the range of x. In addition, at a higher range of x, the efficiency difference between two 

drivers is more. The maximum efficiency of the proposed driver reaches 93.3% for x=2 while 

the efficiency of the conventional buck driver is 88.3%. The number of diodes, MOSFETs and 

inductors of both drivers are the same and both drivers show equal THD and power factor 

values. The proposed driver only has a more capacitor used as output capacitor after the 

load rearrangement. The proposed driver is compared with some similar research in Table 3. 

As seen, the proposed driver with no THD regulations requires one MOSFET, one magnetic 

core, one diode, and three capacitors while the previous research requires more devices and 

with THD regulations only one more inductor is needed. Furthermore, high-efficiency, high 

power factor and low THD are achieved without increasing the hardware and controller 

complexity. Besides proposing structures, for the efficiency improvement, [35, 39] use digital 

control and valley switching method is used in [36] while the proposed driver is simply 
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controlled by a single switching pulse with constant duty cycle and frequency. [37] uses a 

passive snubber circuit and the number of elements used in [38] is comparable to the 

proposed driver.  

 
Table 3. Comparison of the proposed driver with similar - reported in literature - ones. 

Ref. MOSFET Capacitor 
Magnetic 

core 
Diode 

Input  

ac RMS 

voltage 

Power 

factor 

THD 

(%) 

Output 

power 
η (%) 

[35] 1 2 1 inductor 4 110-120 0.994 10 26.5 92.61 

[36] 1 3 
1 coupled 

inductor 
2 220 / / 15 97 

[37] 1 4 2 inductors 3 
24 

VDC 
/ / 15 92 

[38] 2 4 3 inductors 2 220 0.98 9 30 89.5 

[39] 4 12 

1 inductor + 

2 

transformers 

8 230 / / 15 93 

This 

work 
1 3 

2 inductors 

with THD 

regulations 

1 110 0.988 15.4 10 

x=1 

91.2 

1 inductor 

without 

THD 

regulations 

x=2 

93.3 

5. CONCLUSIONS 

This paper proposed a novel 110 Vrms ac-dc LED driver that helps improve efficiency 

without using any active or passive components. The circuit configuration was obtained by 

combining buck and buck-boost converters. The proposed single stage single switch driver 

uses only one freewheeling diode and one inductor. The feasibility of the proposed driver 

was validated by experimental results. Changing the load arrangement helped to increase 

the output voltage, decrease the inductor discharge period, increase the size of the inductor, 

and decrease the peak of the current passing through the switched components while the 

working frequency is kept constant. The peak current reduction with a constant switching 

frequency helped to reduce the switching losses of switch and freewheeling diode. Also, by 

the peak current reduction and changing the inductor charge and discharge periods during a 

constant frequency the average current passing through the freewheeling diode and switch 

was reduced and helped to decrease the conduction losses. Along with the simple structure, 

the driver presented a good feature of high efficiency. At the rated power the efficiency     

was 93.3%. 
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