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ABSTRACT

Although there are basic, constant-current, buck, boost, and buck–boost type light-emitting diode (LED) drivers in the market, new LED drivers are being 
proposed in the literature. Owing to the development of the LED technology, the control problems associated with LED drivers have also occurred. Not 
only the pure control of LED drivers, but also the isolation and power-factor correction (PFC) demands are challenge for engineers. In this study, snubber 
circuits are added to the PFC flyback LED drivers to analyze the system in detail. To that end, the `PAR230VEM application circuit is tested for its input and 
output parameters. The input and output waveforms of the PFC flyback LED driver are examined and compared with those of the other LED drivers in the 
literature. Subsequently, the proposed snubber circuits are added to the semiconductor components to improve the performance of the LED driver; this 
is because by adding the snubber circuits, the stress levels of the driver components are lowered. Consequently, the components with low stress levels 
improve the efficiency by approximately 9.4 %. Furthermore, the proposed isolated LED driver has unity power factor with 4.8 % THDi at the switching 
frequency of 69 kHz. 
Keywords: Flyback, light-emitting diode (LED) driver, power-factor correction (PFC), snubber circuits

Introduction

A light-emitting diode (LED) is a very small light source. It provides wide and easy-usage light 
in a short time with a long life up to 100,000 hours on average. There are billons of LEDs in the 
market, with their power ranging from several milli watts to high-power kilo watts. Sufficient 
current and voltage levels are required to be supplied to these LEDs; thus, power sources, 
which are called LED drivers, are required to be generated. Therefore, specific LED drivers have 
been developed and are often in the market. Furthermore, many LED-related studies exist in 
the literature [1-14]. However, these LED drives have to contain an increasing number of tech-
nological innovations. High efficiency, power-factor correction (PFC), and isolation are also 
mentioned when designing suitable drivers for LEDs.

Therefore, isolated LED driving circuits have been developed, and academic studies have been 
performed by researchers [15-16]. Owing to the low number of elements and economic use 
of flyback converters, they are also being studied for power below 150 W [17]. In addition, be-
cause of increasing interest in unity PFC circuits and soft switching techniques, improvements 
have been observed in this domain as well [18-23].

In this study, snubber circuits, which are based on passive soft switching technique, are added 
to the PFC flyback converter to realize the proposed LED driver. The circuit is analyzed with the 
added snubber circuit.

Flyback-Converter Design 
A flyback converter functions on isolated buck–boost DC–DC converter operating principles. 
The rectified AC is controlled using a power switch via the primary side of the transformer. At 
that moment, the output load is fed by the output capacitor. When the energy is sufficient in 
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the primary side, the switching signal cuts, and, consequent-
ly, the primary-side energy is transferred to the output load. 
Therefore, the transformer is working as a coupled inductance 
rather than a transformer. The control signal is produced using 
a control IC, which is named LM3447 in Figure 1. 

The voltage drop on the power switch is subtracted from the in-
put rectified voltage, Vin, to estimate the voltage level on the pri-
mary side of the transformer. This value is divided by the induc-
tance, Lp, and multiplied by the Ton time of the control signal. 
Therefore, the primary-side current can be calculated as follows: 

 (1)

When the control is cut, the Toff time begins, and the prima-
ry-side energy is transferred to the output load. In equation 
(2), the secondary-side current formula is written, where Ip 
denotes the primary-side current, Np the number of primary 
turns, Ns the number of secondary turns, Vo the output voltage 
level, Vd2 the voltage drop in diode D2, and Toff the off time of 
the control signal. One has the following:

   (2)

To calculate the secondary current of the transformer, we must 
calculate the maximum value of the primary transferred cur-
rent. Subsequently, this current decreases because of the pow-
er demand of the output load. The critical point is that if the 
secondary current falls to zero before the period ends, the out-
put capacitor, Cout, again provides energy to the output load. 

Therefore, if the secondary current falls to zero before the end 
of the Toff time, the circuit operates in the discontinuous cur-
rent mode (DCM). However, if the current does not fall to zero 
within the aforementioned time, the circuit operates in the 
continuous current mode (CCM). 

The output power can be calculated as in equation (3), where D 
denotes the duty (Ton/Ts), η the efficiency, and fs the switching 
frequency. One has the following:

Figure 1. Flyback LED driver

Figure 2. Power LED driver circuit control block
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 (3)

The flyback converter is designed to provide the desired out-
put values   before they are required. For this requirement, the 
maximum and minimum values of both the input and output 
voltages, line frequency, switching frequency, output power, 
efficiency, control mode of the circuit, loss factor, and accept-
able ripple factor or fluctuation values    must be calculated. 

The circuit operates depending on the internal structure of 
the LM3447 module. As depicted in Figure 2, it is designed for 
immediate drive operation using an external regulator circuit. 
At the startup, the bias voltage is controlled using the VCC 
low-current interlock circuit (UVLO). Subsequently, the recti-
fied AC voltage is supplied to the bias via a resistor. A constant 
voltage of 17.7 V is applied to the bias so that the mosfet can 
quickly charge the capacitor. A resistance is used to limit the 
maximum operating current in the safe working zone for the 
mosfet.

The overcurrent protection mode of the LM3447 module pro-
tects the VCC from overvoltage ratings. The VCC threshold, 18.9 
V, and 175-mV hysteresis comparator are monitored. After de-
tecting the overvoltage, the GATE signal is lowered. 

In the DCM, the PFC is performed as follows: 

 

(4)

 

(5)

If D is kept constant during a cycle, the peak value of the pri-
mary current changes in proportion to the input voltage. The 
input sinusoidal current can be calculated as follows: 

 (6)

Consequently, the input average power can be calculated as 
follows:

 

(7)

 

(8)

Furthermore, the average LED current can be calculated as fol-
lows:

 

(9)

The output LED current has two times more ripple content than 
that of the line frequency. Therefore, the output bulk capacitor 
must store sufficient energy in the Toff interval to limit twice 
the line-frequency fluctuation. The output capacitor value can 
be calculated as follows:

 

(10)

Flyback Analysis
Flyback is a type of switch mode power supply (SMPS) to ob-
tain an isolated buck–boost converter. The principal compo-
nent of the circuits is a coupled transformer. Because the size of 
the transformer is directly proportional to the cost, the flyback 
circuits operate at high frequencies. Consequently, the high 
frequency increases the switching losses and also the noise in 

Table 1. LED driver comparisons 

Led Drivers Input (V) Input (A) Cos φ Output (V) Output (A) Input (W) Output (W)

Low-cost ZVS [2] 218.8 0.0588 12.31 26.048 0.415 12.58 10.81

Open-loop CCM Mode [3] 110 0.132 5.7 42 0.285 14.458 12

Buck–Boost PFC [4] 220 0.07 12.04 40.26 0.314 15.19 12.67

CCM Boost [5] 220 0.43 7.69 80 1 94.12 80

Fix power controlled [6] 220 0.206 19.09 42.86 0.7 50.42 30

Flyback [7] 220 0.105 7.25 30 0.7 22.925 21

Dimmable [8] 218.7 0.102 5.13 68.4 0.276 22.21 18.18

Buck–Boost [9] 220 0.154 25.84 103.44 0.29 30.942 30

Soft-switched Buck [10] 220 0.105 2.56 29.7 0.707 23.08 21

Non-isolated Cuk [11] 230 0.152 35.11 31.64 0.703 28.59 22.25

Fourth-Order Buck [12] 110 0.38 5.56 24 1.25 41.8 30

High efficiency [13] 230 0.279 6.78 74 0.811 63.8 60

Low frequency [14] 220 0.103 5.13 69 0.28 22.57 19.32
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the switching elements, whereas it decreases the volume of 
the transformer and cost. In recent years, flyback circuits have 
been preferred because of their low cost and low number of 
elements at medium and low power.

The LED drivers in the literature [2-14] are considered to exam-
ine their parameters. Therefore, in Table 1, the input voltage, 
input current, cosφ, output voltage, and output current and 
listed, and the corresponding output powers are presented for 
comparison. 

The LED drivers in the literature [2-14] are compared with one 
another in Table 2 with respect to their efficiency, switching fre-
quency, PFC, isolation, power factor (PF), and THDi. 

• The low-cost ZVS LED driver circuit is not isolated, and it 
cannot prevent the harmonic from the grid; furthermore, its 
efficiency is low [2].

• The open-loop CCM mode LED driver circuit has high THDi 
and low efficiency, and it does not have isolation [3].

• The buck–boost PFC LED driver circuit has low efficiency 
and high THDi [4].

• The CCM boost LED driver has high output current, causing 
the LEDs to heat up and, consequently, shorten their life-
time [5].

• The constant-power-controlled LED driver has low efficien-
cy and high THDi [6].

• The flyback LED driver is one of drivers with the highest effi-
ciency; however, its THDi is high [7].

• The dimmable LED driver has acceptable PF and THDi val-
ues; however, its efficiency is low [8].

• The energy conversion buck–boost LED driver has high out-
put voltage, which is above the optimum operating voltage 
[9].

• The soft-switched buck LED driver has its output at the de-
sired values; however, there is no isolation [10].

• The isolated Cuk LED driver has low PF value [11].
• The fourth-order buck LED driver has no isolation [12].
• The high-efficiency buck LED driver has the best efficiency 

value. However, it has no isolation, and its output voltage is 
above the LED operating voltage [13].

• The output voltage of the low-frequency LED driver is con-
siderably higher than the operating voltage, and it has no 
isolation [14].

Proposed PFC Flyback LED driver 
To achieve PFC, the flyback LED driver PAR230VEM is used. The 
reference LED driver output voltage and current are 34 V and 
350 mA, respectively. The initial output voltage and current 
waveforms are depicted in Figure 3. At the same time, the in-
put voltage and current waveforms are depicted in Figure 4. Al-
though the input voltage is in pure sinusoidal form, the shape 
of the current is distorted because of harmonics. Furthermore, 
the PF is far from the unity point.

Table 2. LED driver comparisons 

Led Drivers Efficiency (%)
Switching 

Frequency (Hz) PFC Yes/No Isolation Yes/No PF THDi (%)

Low-cost ZVS [2] 86 48k YES NO 0.977 15

Open-loop CCM Mode [3] 83 50k YES NO 0.995 26.699

Buck–Boost PFC [4] 83.41 66k YES YES 0.978 19.96

CCM Boost [5] 85 40k YES YES 0.991 10

Fix power controlled [6] 85 25k YES YES 0.945 16.5

Flyback [7] 91.6 50k YES YES 0.992 12.6

Dimmable [8] 85 50k YES YES 0.996 1.61

Buck–Boost [9] 98.3 50k YES YES 0.9 4.38

Soft-switched Buck [10] 92 50k YES NO 0.999 2.6

Non-isolated Cuk [11] 77.82 50k YES NO 0.818 2.83

Fourth-Order Buck [12] 71.7 100k YES NO 0.995 6.2

High efficiency [13] 94 100k YES NO 0.993 8.22

Low frequency [14] 82.44 21.4k YES NO 0.996 3.19

Figure 3. Output voltage and current waveforms



111

Electrica 2020; 20(1): 107-115
Akın B. PFC Flyback LED Driver

In Figure 5, the real and apparent power values with PF value can 
be seen. The output power is measured to be 10.5 W and the real 
power 13.85 W. Therefore, the efficiency of the converter is calcu-

Figure 4. Input voltage and current waveforms

Figure 5. Input real and apparent power with PF values

Figure 6. Power switch control signal waveform

Figure 8. Output-diode voltage and current waveforms

Figure 9. Output-diode snubber circuit calculation point

Figure 7. Power-switch voltage waveform
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lated to be 75.8 %. At that time, the PF is measured to be 0.986, 
which is far from the unity point. The control signal is depicted in 
Figure 6 with the switching frequency equal to 69 kHz. 

The power-switch voltage waveform is depicted in Figure 7. The 
peak voltage is approximately 525 V, which is the sum of the in-
put voltage and reflected output voltage. To lower the reflect-
ed output voltage, a zener diode and serial diode are connect-
ed to the primary side of the transformer. The aim of the zener 
diode is to trim the output reflected voltage above 170 V. The 
zener-and-diode-combination circuit is called the clamp circuit. 
For withstanding the peak voltage of 800 V, the STD4NK80ZT4 
mosfet is used. To reduce the voltage stress on the power switch, 
a snubber circuit is connected. The output power-diode voltage 
and current waveforms are depicted in Figure 8. 

Snubber Circuits
The flyback most important energy transfer parts are the pow-
er switch and output power diode. The voltage stresses on the 
output diode and the power switch result in extra power losses, 
lowering the efficiency. The proposed snubber circuit compris-
es resistive and capacitive elements. To calculate the power-di-
ode snubber R and C values, first the power-diode ring period, 
Tr, must be measured. The measurement is depicted in Figure 
9. The value of Tr is measured to be 50 ns. After calculation, the 
Csn1 value is selected to be 0.47 nF. 

Rsn1 is calculated to be 51 Ω using equation (11). The power 
loss corresponding to this resistance is calculated to be 329 
mW using equation (12). One has the following:

 (11)

 (12) Finally, the calculated snubber R and C components are add-
ed to the output power diode to achieve better voltage wave-
forms. Although in Figure 8, the output power-diode voltage 
stress is higher than 100V, in Figure 10, this voltage stress is 
dropped dramatically to 90 V without fluctuation. 

Generally, SMPS circuits operate at high frequencies to re-
duce the cost. The high frequencies result in repetitive voltage 
stresses on the power switch. Furthermore, a high switch-
ing frequency results in noise and switching power loss. This 
switching power loss reduces the converter efficiency. 

In equation (13), Psn2 is calculated to be 16 mW. According to 
equations (14) and (15), R and C snubber components are cal-
culated to be Rsn2 as 45 kΩ and Csn2 as 0.32 nF, respectively. 
One has the following:

 (13)

 (14)

Figure 10. Output-diode voltage waveform with added snubber 
circuit

Figure 12. Output voltage and current waveforms with the add-
ed snubber circuit

Figure 11. Power-switch voltage waveform with added snubber 
circuit
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 (15)

A commercially available 0.47-nF, 300-V capacitor was chosen 
as the Csn2 capacitor with UF4007 fast diode. After adding the 
snubber circuit, the measurements were taken again. Although 
in Figure 7, the power-switch voltage stress is higher than 525V, 
in Figure 11, this voltage stress is dropped dramatically to 460 
V without fluctuation.

According to the voltage waveform depicted in Figure 11, the 
voltage stress is decreased. Therefore, this reduction in the 
voltage stress increases the efficiency. To see the improvement 
upon using the proposed topology, the output voltage and 
current waveforms are taken again in Figure 12. Furthermore, 
the improvements can be seen in Figure 13 with the input 
voltage and current waveforms. The voltage and current wave-
forms are not only sinusoidal but also in the same phase, there-
by resulting in unity PF. 

The experimental application circuit is depicted in Figure 14 
with the snubber circuits. Furthermore, the working applica-
tion is depicted in Figure 15 as an LED driver. 

Conclusion 

Particularly, in the last 10 years, research works have boosted 
the LED technology, covering almost the entire lighting sec-
tor. In this study, LED driver circuits in the literature were dis-
cussed. The advantages and disadvantages of these circuits 
are examined for isolation, PFC, and efficiency. The application 
of the PAR230VEM flyback LED driver circuit is analyzed, and 
less PF, high voltage stresses, and high switching power losses 
are noticed. Although flyback converters provide isolation for 
low-power LED drivers, owing to the high switching frequency, 
the consequent voltage stresses lower the efficiency. To over-
come these drawbacks, snubber circuits are added to the pow-
er diode and power switch. Consequently, the proposed topol-
ogy provides not only isolation and unity PF for LED drivers but 
also high efficiency. Finally, the efficiency is improved by 9.4 % 
with 4.8 % THDi at the switching frequency of 69 kHz.  
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