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 An isolated dc-dc fly back converter with various clamping techniques to provide an 
efficient, inexpensive and safe solution for LED drivers is discussed. This converter 

with active clamping consists of two switches namely auxiliary and main switch. The 

auxiliary switch is mainly added to reduce the voltage ripples especially on the primary 
side of the isolated high frequency transformer. This in turn will reduce the voltage 

stress of the main switch. Active clamping is done for the recycling of stored energy in 

the HT and also to ensure the ZVS operation. The voltage spikes during transistor turn 
off time are clamped by active clamping. The Zero Voltage Switching (ZVS) of the 

main switch is obtained mainly using the auxiliary switch and the clamp capacitor. 

Low power requirement is fulfilled by this converter without the risk of extreme duty 
ratios. This advantage is notable as high duty ratio increases the secondary side 

current, losses and hence the size of the output capacitor. As this converter fully 

utilizes the transformer leakage energy, no additional snubber circuit is required. Here, 
analysis of active clamped fly back converter is done for core reset and is also 

compared with other clamping techniques such as transistorized clamping and RCD 
clamping. 
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INTRODUCTION 

 

The Fly back converter has wide application in areas such as LED lighting systems with PV as source (S. -

Y. Tseng et al., 2007) and Switched Mode Power Supply where the step down of voltage is required. This paper 

analyses various clamping techniques of fly back converter for maximum efficiency in LED lighting system. In 

street lighting applications with PV as source, the LEDs lighting will require battery for storing energy during 

day time and for releasing energy during night time. Therefore a charger and a discharger is required as shown 

in Figure.1.Any buck boost converter can be used as a charger and since low power is required, converters such 

as fly back or forward converter can be used as a discharger(Bor- Ren Lin et al.,2005). For any battery 

dependent applications, the size of the intermediate converter plays a vital role and the proposed fly back 

converter seems to be an ideal choice as its power density is more compared to the other converters. The low 

voltage and low power requirement are fulfilled by the proposed fly back converter without the risk of extreme 

duty ratios. The fly back dc-dc converter topology has also the advantage of multiple output power supplies for 

high output voltage levels with minimal space. Fly back topologies store and transfer energy using a 

transformer, due to which large voltage transient spikes during the switching cycle may be produced. This paper 

compares the different clamping techniques that are used to suppress these transients on both the primary and 

secondary side and thereby increasing the efficiency. Though the various clamping techniques for many 

isolated/non-isolated converters are available in the literature, the collective comparison of clamping techniques 

in terms of voltage stress on main switch,efficiency,performance on load variations for a fly back converter for 

LED applications has never been reported in the literature, and this comes as a contribution from the authors. 
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Fig. 1: Application of Fly back converter in LED lighting system. 

 

Operation of Flyback Converter: 

Figure.2 shows the basic topology of fly back converter. The input voltage may be an unregulated dc 

voltage. The primary and secondary of the transformer don‟t conduct simultaneously and hence it appears as a 

two magnetically coupled inductor and so it is also known as inductor transformer. When switch „S‟ is on, the 

primary winding of the transformer gets connected to the input At this time the diode „D‟ connected in series 

with the secondary winding gets reverse biased due to the induced voltage in the secondary. Thus with the 

turning on of switch „S‟, primary winding is able to carry current but current in the secondary winding is 

blocked due to the reverse biased diode. The flux established in the transformer core and linking the windings is 

entirely due to the current in the primary winding. Since the input supply voltage appears across the primary 

winding inductance, the primary side current increases linearly which may be given by, 

𝑉𝑖𝑛 = 𝐿𝑝𝑟𝑖 ∗
𝑑𝑖𝑝𝑟𝑖

𝑑𝑡
 

Where Vin is the input dc voltage,Lpri is the primary side inductance and ipri is the primary side current. 

Even though there is no current through the secondary side, the load gets uninterrupted supply due to the energy 

stored in the output capacitors during previous cycles. This is referred as the mode I. During mode II, where the 

switch S turns off, the voltage polarity gets reversed due to the law of magnetic induction causing the diode to 

be forward biased, thereby supplying power to the load. During mode III, after the complete transfer of 

magnetic energy to the output, both the secondary side emf as well as the current falls to zero and so the diode 

stops conducting. As seen earlier, however the output capacitor will be supplying voltage to the load. This is the 

operation of Fly back converter. 

 
Fig. 2: Fly back converter. 

 

Clamping techniques: 

In this paper, various clamping circuits are discussed to improve the performance of Fly back converter. 

Since the primary leakage inductance in a fly back does not participate in the primary to secondary energy 

transfer, it has a negative impact on efficiency. Since the leakage inductance does not find a path for the current 

built up in it during the switch on-time, it leads to a voltage spike at the turn-off of the MOSFET and also delays 

the transfer of power from the primary to the secondary. The parasitic elements in the transformer and the 

switch determine the magnitude of this voltage spike. The peak of the voltage spike may be given by,                

 𝑉𝑝𝑒𝑎𝑘 = 𝐼𝑝      
𝐿𝑙𝑝

 𝐶𝑝+𝐶𝑜𝑠𝑠  
  

0

+     𝑉𝑖𝑛  +   𝑉𝑜𝑢𝑡
𝑁

         

Where Llp is the primary leakage inductance, Ip is the current circulating when mosfet is off, Cp and Coss 

are the primary winding capacitance of the transformer and output capacitor respectively, N is the turn‟s ratio.            

To provide path for this stored leakage inductance, clamping must be done. Clamping may be either active 

or passive clamping. Passive clamping is restricted to resistors, inductors, capacitors and diodes called RCD 

clamping and active clamping may be transistorized or by using auxiliary switches. 
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Types of clamping technique: 

The RCD clamping circuit consists of a fast recovery diode in series with a parallel combination of a 

capacitor and a resistor which is shown in Fig.3.1. Care must be taken while choosing the resistance value and it 

must be calculated by keeping the RC time constant of the clamping circuit significantly higher than the 

switching time period. In transistorized clamping, the clamping circuit involves a transistor, diode, inductor and 

a capacitor. Here, when the main switch is in on state, the leakage energy will be discharged by the inductor L. 

When the emitter voltage becomes negative and collector terminal voltage as positive, then this transistor T will 

be turned on and the stored energy will be sent back to the source. In active clamping, the clamping circuit 

consists of auxiliary switch and a clamping capacitor. The auxiliary switch is mainly added to reduce the voltage 

ripples especially on the primary side of the isolated high frequency transformer. This in turn will reduce the 

voltage stress of the main switch. Active clamping is done for the recycling of stored energy in the HT and also 

to ensure the ZVS operation. The voltage spikes during transistor turn off time are clamped by active clamping. 

The Zero Voltage Switching (ZVS) of the main switch is obtained mainly using the auxiliary switch and the 

clamp capacitor. Certain delay time or dead time can be introduced to the main switch to ensure ZVS (Zero 

Voltage Switching) which may reduce the switching losses, thereby increasing the efficiency. The active 

clamping circuit has the following advantages, 

1. It recycles the stored leakage inductance energy. 

2. Reduces the voltage stress during transistor turn off time. 

3. Lower EMI noise and no additional voltage spikes. 

 
  

Fig. 3.1: Fly back converter with RCD clamping.         Fig. 3.2: Fly back converter with transistorized clamping. 

 

 
Fig. 3.3: Fly back converter with active clamping. 

 

Design Parameters: 

The proposed converter is designed with a maximum duty cycle of Dmax. Here the value of Dmax is 

0.45.The various parameters are calculated as follows: 

 [i]Turns ratio:     𝑛 =
𝑁1

𝑁2
=

𝑉𝑖𝑛  𝑚𝑖𝑛

𝑉0
 
𝐷𝑚𝑎𝑥

1−𝐷𝑚𝑎𝑥
 

 [ii]Clamp capacitance:   𝐶𝑐𝑙𝑎𝑚𝑝 =
[ 1−𝐷𝑚𝑖𝑛  𝑉𝑖𝑛  𝑇𝑠𝑤 ]2

𝜋2𝐿𝑟
 

 [iii]Resonant inductance:     𝐿𝑟 >  
𝐶𝑟(𝑉𝑖𝑛 max +𝑛𝑉0)2

𝐼𝑠  𝑚𝑎𝑖𝑛 ,𝑝2  

 [iv]Output capacitance:    𝐶0 =
𝐷𝑚𝑎𝑥 .𝑃0

𝑓𝑠𝑤 .𝑉0.∆𝑉0
 

Where,       

𝐼𝑠𝑚𝑎𝑖𝑛, 𝑝 =
𝑃0

𝜂 .𝑉𝑖𝑛  𝑚𝑖𝑛 .𝐷𝑚𝑎𝑥
+  

𝑉𝑖𝑛  𝑚𝑖𝑛

𝐿𝑚
𝐷𝑚𝑎𝑥.𝑇𝑠𝑤        

is the maximum current of the main switch.  
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For both fly back and forward converter, the relation between the input voltage and clamped voltage is 

given by, 

Clamped voltage is given by,   𝑉𝑐𝑙𝑎𝑚𝑝 = 𝑉𝑖𝑛 (
𝐷

1−𝐷
) 

Where,  

𝐷 =
𝑉𝑜𝑢𝑡 ∗

𝑁𝑝𝑟𝑖
𝑁𝑠𝑒𝑐

 

𝑉𝑖𝑛 +𝑉𝑜𝑢𝑡 ∗
𝑁𝑝𝑟𝑖

𝑁𝑠𝑒𝑐

         (For Fly back converter) 

 

𝐷 =
𝑉𝑜𝑢𝑡 ∗

𝑁𝑝𝑟𝑖
𝑁𝑠𝑒𝑐

 

𝑉𝑖𝑛
          (For Forward converter) 

 

The simulation values used for the investigation are given below, 

 
PARAMETERS VALUES 

Input DC voltage range 90~130V 

Output DC voltage range 10~15 V 

Switching frequency 150 kHz 

Resonant capacitor Cr 1.5nF 

Resonant inductor Lr 17μH 

Magnetizing inductance Lm 524μH 

A delay of 250ns has been introduced in the main switch, to ensure ZVS operation. 
 

RESULTS AND DISCUSSIONS 

                            

Though many converters can be used for LED applications, forward and fly back are the most commonly 

used ones. If we consider the efficiency of converters, fly back seems to be more efficient than forward at low 

power levels. However for applications requiring power greater 35W, synchronous rectification of fly back 

converter will be suitable. Here the analysis is done on the basis of voltage stress across the main switch. 

Initially the choice of fly back converter for LED lighting is justified by comparing with the conventional 

forward converter. The comparison is based on the main voltage stress. 

 
Table 1: Comparison of voltage stress for fly back and forward converter. 

  
RCD clamping 

 
Transistorized clamping 

 
Active clamping 

 

Fly back converter 

 

320 V 

 

425 V 

 

 

200 V 

 

Forward converter 

 

350 V 

 

450 V 

 

250 V 

 

Table.1. clearly shows that fly back converter seems better when compared with the conventional forward 

converter in terms of the voltage stress across the main switch and hence fly back converter is taken for further 

analysis with various clamping techniques. 
 

Table 2: Analysis of Clamping techniques of Fly back converter. 

  
Voltage stress of main switch 

 
Current through the diode(Id) 

 
Output voltage(V0) 

 

Active clamping 

 

200 V 

 

17.5 A 

 

10.23 V 

 
RCD clamping 

 
320 V 

 
40 A 

 
13.51 V 

 

Transistorized clamping 

 

425 V 

 

50 A 

 

14.38 V 

 

From table.2, it can be clearly seen that active clamping seems to be the optimal clamping techniques for 

Fly back converter in all the aspects including voltage stress and current stress. 
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Fig. 4.1: Voltage stress across main switch with RCD and active clamping 

 
 

Fig. 4.2: Pulse for main switch with and without delay 

 

The voltage stress with different clamping is shown in Figure.4.1 and the gating pulse with and without 

delay time is shown in Figure.4.2. The delay time introduced was about 250 ns. 

 

Active Clamping For Led Lighting: 

Figure: 5.1(a) shows the analysis of load and efficiency of active clamped fly back converter .It can be seen 

that the efficiency is maximum in the range of 15W to 50W which is the optimum power required for LED 

lighting. So for street lighting using LEDs, active clamped fly back converter is the best choice as discharger. 

 
 

Fig. 5.1: (a) Load Vs Efficiency.                                    Fig. 5.1: (b) Load Vs Voltage stress 

 

It is also evident that the efficiency change is very small in this range of output power and this justifies the 

use of fly back converter as a LED discharger. Figure: 5.1(b) imply that the voltage stress also remains constant 

for this range of load variation. Further to improve the performance of the proposed converter, certain dead time 

is introduced to ensure ZVS, which will reduce the switching losses thereby increasing its efficiency. The 

efficiency was calculated for various delay time as shown in Figure.5.2. and the optimum dead time is chosen as 

250 ns as the efficiency is maximum. 
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Fig. 5.2: Delay time Vs efficiency. 

 

The voltage stress of the main switch is considerably reduced with the introduction of 250 ns delay time 

which is shown in table.3.The voltage stresses shown are calculated at the instant of t=1μs. 

 
Table 3: Voltage stress of main switch with and without delay. 

 WITHOUT  DELAY WITH DELAY=250ns 

Vs main 116 V 111 V 

Vdiode 12.4 V 11.8 V 

 

Conclusion: 

This paper gives a description of operation of Fly back converter and a comparison of various clamping 

techniques and its improved performance after the introduction of delay time. The active clamped Fly back 

converter had been found as the suitable clamping technique for LED lighting. A 30W LED light equivalent to 

105 W incandescent bulb is sufficient for street lighting, and active clamped Fly back converter is found to 

provide maximum efficiency with minimum voltage stress in this range of 15 W to 50 W load. 
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