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Abstract 

The paper presents a 

high gain dc-dc 

converter which is 

derived from a 

traditional Single 

ended primary 

inductance converter 

(SEPIC) .  This 

topology overcomes 

many of the 
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INTRODUCTION  

The conventional 

non-isolated boost 

and buck-boost 

converters are the 

simplest pulse width 

modulation (PWM) 

controlled topologies 

for voltage step-up. 

However, these 

converters typically 

have to operate under 

extreme duty ratios to 

achieve high voltage 

gains. As a 

consequence, 

significant voltage 

and current stresses 

are incurred by the 

converter devices and 

poor dynamic 

characteristics can 

result in the 

controlled output 

response. 

Furthermore, the 

output diodes often 

sustain short, but high 

amplitude, current 

pulses due to the 

narrow turn off time; 

which can induce  
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disadvantages 

presented by other 

methods. The main 

advantage of the 

multiplied SEPIC boost  

converter is Significant 

reduction in voltage 

stress on the main and 

rectifier switches 

without any 

accompanying 

significant increase in 

current stress. This 

widens and improves 

the options in 

MOSFETs and Schottky 

diodes, for which high 

voltage is often a 

disadvantage. In 

addition, high 

frequency emissions 

may be reduced 

because multiple 

inductor energy 

discharge paths seem 

to dampen high 

frequency ringing. The 

design and simulation 

of the  converter are 

presented. 

 

reverse recovery loss (Zhao & Lee, 2003). The power device rating 

increases as the output voltage increases, resulting in conduction losses 

which also degrade the efficiency. Rather than a conventional single stage 

boost converter, a cascade boost converter is an attractive solution to 

enlarge the voltage gain without extreme duty ratio operation. However, 

the controllers must be synchronized and the stability of the converter can 

be of concern (Fengyan & Jianping, 2006) .In addition, the second stage 

may experience severe reverse recovery related losses in high power 

applications. Furthermore, the energy has to be converted twice, which 

obviously has an impact on overall efficiency. 

Switched capacitor and switched inductor converters (Copple & Heights, 

1999), provide an alternative method to enlarge the voltage gain without 

extreme duty ratio operation. Furthermore, they reduce the voltage stress 

on the devices. Switched capacitor technique utilizes capacitor charge 

transference. However, many switched capacitor stages are required to 

achieve very high conversion ratio; thus the circuit is typically complex. 

The major drawback of the switched inductor technique is the power 

device voltage stress is equal to the output voltage; again high voltage rated 

devices potentially cause significant conduction losses. 

The new trend for increasing voltage gain in boost converter is use of 

coupled inductor/tapped inductor (Tseng & Liang, 2004). High voltage 

gain is achieved by adjusting the turns ratio of the coupled inductor. The 

benefits of using coupled inductor are first, it helps to reduce the input 

ripple and second, it makes the total inductor size low because of using 
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only one bobbin and core. But the converter efficiency is degraded due to 

the losses with the leakage inductance. 

To obtain high step-up ratio and overcome the drawbacks of the converters 

above, multiplied single-ended primary inductance converter (SEPIC) 

boost is adopted in this paper. Multiplied sepic boost converter has the 

features of moderate duty cycles, lower voltage MOSFETs and rectifiers, 

and reduced switching losses due to reduced peak-to-peak voltage swing. 

Reduced noise due to reduced energy in switch node capacitance. In 

addition, high frequency emissions may be reduced because multiple 

inductor energy discharge paths seem to dampen high frequency ringing. 

 

Derivation of the Sepic Multiplied Boost Converter from Other Topologies 

This section shows how the SEPIC multiplied boost converter is derived 

from the SEPIC and boost topologies. 

 

Conventional Boost converter  

This is one of the most basic converter topologies. The converter is a 

converter with an output voltage greater than the source voltage. It cannot 

accomplish a high step up change with high proficiency on account of the 

resistances of components or leakage inductance; additionally, the voltage 

stresses are extensive.     

                                                        𝑉𝑜𝑢𝑡 > 𝑉𝑖𝑛.                                                                      (1)                                                                      

                                             
                                                Figure 1. Conventional Boost Converter  

 

Single-Ended Primary Inductance Converter (SEPIC) 

The SEPIC as shown in figure 2 is a member of the buck-boost family. 𝑉𝑂𝑈𝑇 

and 𝑉𝐼𝑁 have the same polarity. Its primary application is where 𝑉𝐼𝑁 can 

vary above or below 𝑉𝑂𝑈𝑇 .  Both ends of L2 have an average dc voltage of V. 

0  
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                                                                  Figure 2. SEPIC Converter 

 

SEPIC with Added Boost Output 

By adding a diode and output filter to the SEPIC as shown in figure 3, an 
additional boost output can be obtained. Only one of the two outputs 
(either the boost or the SEPIC) can be regulated while the other varies with 
𝑉𝐼𝑁; therefore, the usefulness of this dual output technique is limited to 
special circumstances. However, both outputs are delivered cleanly 
without distortion of key voltage or current waveforms. 

                                     
                                    Figure 3. SEPIC Converter with Added Boost 

 

SEPIC Multiplied Boost  

This topology is based on the SEPIC with the added boost output . The only 
changes are that L2 is now connected to the junction of D1 and C3 (which 
was 𝑉𝑂𝑈𝑇 boost) instead of the ground see figure 4). The VOUT boost 
connection has been removed. L2 and the SEPIC stage are connected in dc 
series with the boost output at C3. Both ends of L2 have an average dc 
voltage equal to the boost voltage on CF1. 
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                                         Figure 4. SEPIC Multiplied Boost Converter  

 

Design of Sepic Multiplied Boost Converter 

In order for the SEPIC multiplied boost topology to benefit the maximum 

duty cycle and component stress, the output voltage required (or the 

maximum output voltage, if it is variable) must be at least several times 

higher than the maximum input voltage. A low boost ratio and high 𝑉𝑂𝑈𝑇 

implies that 𝑉𝐼𝑁 is also high. In this case, the duty cycle of a straight boost 

will not be high, and the SEPIC multiplier technique will not offer 

significant reductions in the maximum stress on the MOSFET and diodes. 

A straight boost is probably the best option in that case. 

 

Duty Cycle Calculation 

The amount that the SEPIC multiplied boost converters step up or down 

the voltage      

depends primarily on the duty cycle.                                                                           

The duty cycle is given by expression 

                                                             𝐷 =
𝑉𝑐3−𝑉𝐼𝑁

𝑉𝑐3
                                                             (2) 

                                              Where 𝑉𝑐3 = 𝑉𝐼𝑁 +
𝑉𝑂𝑈𝑇_𝑉𝐼𝑁

𝑁
                                                  (3) 

       Number of multiplier stage (N) = 2 

 

Capacitor Selection 

Capacitors should be rated to handle the rms current to which they will be 

subjected. The voltage rating of the SEPIC multiplied boost converter 

capacitor must be greater than the maximum input voltage. 

 

Power MOSFET Selection  

The MOSFET (Q1) must be rated for the expected voltage stress plus some 
margin to allow for voltage spikes. The Q1 must be rated mainly according 
to its on resistance(𝑅𝐷𝑆 on) for power that will be dissipated by the 
expected rms current. Conduction losses is usually the main heating 
mechanism in the Q1. The MOSFET 𝑅𝐷𝑆 on must be rated with a gate drive 
voltage that is within the capability of the driver circuit .  The expected 
Q1voltage stress (𝑄1 𝑉𝑃𝐸𝐴𝐾) is given by; 
𝑄1 𝑉𝑃𝐸𝐴𝐾 = 𝑉𝑐3                                                                                         (4) 
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Q1 𝑉𝑃𝐸𝐴𝐾 varies with 𝑉𝐼𝑁 and 𝑉𝑂𝑈𝑇 and is higher than with charge pump 

multiplied boost. 

        The RMS current through MOSFET (Q1 Amps) is approximately ;     

                                                             𝐼𝑟𝑚𝑠 =
√𝐷×𝑁×𝐼𝑂𝑈𝑇

(1−𝐷)
                                                     (5) 

      The approximation is very close for low inductor ripple. 

      The peak diode voltage( 𝐷(𝑛)𝑉𝑃𝐸𝐴𝐾) is  

                                                                  𝐷(𝑛)𝑉𝑃𝐸𝐴𝐾 = 𝑉𝑐3                                                (6) 

D(n) 𝑉𝑃𝐸𝐴𝐾 varies with 𝑉𝐼𝑁 and 𝑉𝑜𝑢𝑡 and is higher than with charge pump 

multiplied boost 

 

Inductor Selection 

Total effective parallel inductance 𝐿𝑃 (eff) using n discrete inductors is 

given by; 

                                                      𝐿𝑝(𝑒𝑓𝑓) =
1

1

𝐿1
+

1

𝐿2
+..

1

𝐿𝑛

      (7) 

The total effective parallel inductance determines ripple current through 
Q1 . It is possible for some of the inductor currents to pass through zero 
while the totaled waveform at Q1 is continuous current mode (CCM).  Total 
effective parallel 𝐿𝑝 (eff) inductance using one multiwinding coupled 

inductor.  
We use rated inductance for any one winding or for all windings connected 

in parallel. Although coupled inductors tend to under stress the output 

winding current, using one multiwinding component may save bill of 

material (BOM)/assembly cost or printed circuit board (PCB) space 

compared  to several discrete inductors. The peak-to-peak ripple current 

in Q1 during on time is; 

𝑄1𝐼𝑝−𝑝 =
𝑉𝐼𝑁×𝐷

𝐿𝑝(𝑒𝑓𝑓)×𝑓𝑠𝑤
                                                                    (8) 

      The peak current in Q1 (for CCM) is given by; 

𝐼𝐼𝑁 =
𝐼𝑂𝑈𝑇×𝑁

(1−𝐷)
+ 0.5 × 𝐼𝑝−𝑝                                              (9) 

 

Simulation Results 

The open loop Simulink model of  Multiplied SEPIC converter  circuits is 

given in Figure 5.The simulation voltage output and input current for the 
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model are  given in Figure 6,7,8,9 and 10. Numerical simulation test are 

validated by the parameters given in Table I. Capacitance and Inductance 

values are chosen according to IEEE standards for current ripple 

requirement. Three simulations voltage and current graph with different D 

values are demonstrated in simulations. 

 
Figure 5: Simulink model of Multiplied SEPIC boost converter. 

 

Table I Simulation Parameters 

Representation Value Unit 

Input Voltage 24 V 

Duty Cycle(D) 0.6-0.8 - 

Switching Frequency 20 KHz 

Inductance Values 200 µH 

Capacitor Values 100 µF 

Load Resistance 100 Ω 

   

Figure 6 depicts the simulation results  for a set of 24V input voltage 

reference with 100 ohm resistance and D=0.6 duty ratio. It is shown that 

the output voltage settles at 90V.      

Correspondingly figure 7 depicts the input current. The Voltage and the 

current ripple in each figure is equivalent to the switching frequency. The 

output voltage and input current of the converter is depicted in figure 8 

and figure 9 at D = 0.75. respectively. The voltage value settles at 165V 

which is very close to the theoretical value. Finally, figure 10 and figure11 
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show voltage and the current waveforms at D = 0.8. The voltage value 

settles at 210V. 

 
Figure 6: Output voltage waveform of Multiplied SEPIC  boost converter at 

D = 0.6 

 

  
Figure 7: Input current waveform of Multiplied SEPIC  boost converter at 

D = 0.6 

 

 

 
Figure 8: Output voltage waveform of Multiplied SEPIC  boost converter at 
D = 0.75 
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Figure 9: Input current of waveform Multiplied SEPIC  boost converter at 
D = 0.75 
   

    
 Figure 10: Output voltage waveform of Multiplied SEPIC  boost converter 
at D = 0.8             
 
    

 
Figure11: Input current waveform of Multiplied SEPIC  boost converter at 
D = 0.8 
 
Conclusion 
The Multiplied SEPIC converter, which combines a diode, output filter and  
SEPIC converter  with one switch has been designed and simulated in this 
paper. The converter can achieve a high-voltage gain and  distributed 
voltage stress, while maintaining the advantages of the boost converter, 
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such as a continuous input current and a clamped voltage stress on switch.  
Compared to a straight boost converting the same voltages, this technique 
provides a more symmetrical duty cycle and reduced voltage stress on the 
MOSFET and the rectifiers. In addition simulations shown in this paper are 
very close to theoretical analysis. The results validate that the Multiplied 
SEPIC boost converter can be utilized in nonisolated high step-up 
applications. 
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