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ABSTRACT  

 For a nonisolated high step-up converter, the combination of a boost converter with a series output 

module is investigated in this paper. As a solution to supplement the insufficient step-up ratio and 

distribute a voltage stress of a classical boost converter, a sepic-integrated boost (SIB) converter, which 

provides an additional step-up gain with the help of an isolated sepic converter, is proposed. Since the 

boost converter and the sepic converter share a boost inductor and a switch, its structure is simple. 

Moreover, the SIB converter needs no current snubber for the diodes, since the transformer leakage 

inductor alleviates the reverse recovery. The operational principle and characteristics of SIB converter 

are presented, and verified experimentally with a 200W, 42 V input, 400 V output prototype converter. 
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INTRODUCTION 

 The nonisolated high step-up conversion technique finds increasing necessities in applications, such 

as electric vehicles, uninterrupted power supplies (UPS), high-intensity discharge (HID) lamp, fuel cell 

system, and photovoltaic systems. In these applications, a classical boost converter is generally used and 

it has several advantages, such as simple structure, continuous input current, and clamped switch voltage 

stress to the output voltage. However, it is very difficult to satisfy both high voltage conversion ratio and 

high efficiency at once. This is primarily due to the parasitic resistances, which cause serious degradation 

in the step-up ratio and efficiency as the operating duty increases [1]. Moreover, in high output voltage 

applications, a high-voltage rating diode causes a severe reverse recovery problem, which requires a 

snubber circuit [2]–[6]. As a result, a general boost converter would not be acceptable for high step-up 

applications. To overcome these limitations, various types of step-up converters, utilizing the voltage 

conversion ability of a transformer, a coupled-inductor, and a multiplier cell, can be adopted [7]. Current-

fed type converters, which easily offer a high stepup ratio using a transformer, are attractive for high 

power stepup applications with multiple switches [7]. However, they require snubbers to limit the 

voltage spike across switches caused by the existence of transformer leakage inductance, resulting in an 

additional loss. Moreover, an auxiliary circuit is needed for below 0.5 duty operation and the input 

current is no longer continuous in this operation. Active clamp approaches release these problems and 

reduce switching losses, but lead to complex structures with increased number of switches. A coupled-

inductor-employed boost converter is also a favorable candidate in low-to-medium power applications 

for its simple structure, though the input current is not continuous as in a general boost converter and an 
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auxiliary circuit is also required to suppress the switch voltage spike. Particularly, as the auxiliary turns 

of a coupled inductor are increased to raise a voltage gain further, an input current ripple becomes larger 

in return. Thereby, more input filter is needed. A voltage multiplier cell or a switch capacitor circuit can 

be useful to raise a step-up gain in collaboration with classical topologies. As the output voltage is 

increased, however, the number of stage is increased, requiring more capacitors and diodes. Besides, the 

current snubber is required to reduce the reverse recovery on diode. To obtain a high step-up ratio in a 

nonisolated system, the alternative structure, which combines a classical boost converter with an 

isolated-type converter as a series output module can be considered. By properly selecting a converter for 

a series output module, many advantages, such as high stepup capability, design flexibility, and 

distributed voltage stress can be achieved. Although this architecture can achieve a high performance, its 

structure would be complex. To simplify the circuit, a boost converter and a sepic converter, as a series 

output module can be simply integrated because they can share common parts, i.e., a boost inductor LB 

and a switch Q. Since this series output module should have a floating output ground, an isolated-type 

sepic converter is adopted. As a result, a sepic-integrated boost (SIB) converter is derived, as shown in 

Fig. 1.  

 

Figure 1 : SIB converter 

 This converter provides an additional step-up ratio and a distributed voltage stress on devices, while 

maintaining the advantages of the boost converter, such as continuous input current and clamped voltage 

stress on switch. Moreover, the transformer leakage inductance provides a current snubbing effect, which 

alleviates the reverse recovery problem on diodes. 

OPERATION PRINCIPLES 

 In order to perform a mode analysis of SIB converter, several assumptions are made as follows. The 

transformer T is modeled as a magnetizing inductor LM , a leakage inductor Llkg , and an ideal 

transformer, with a turn ratio n. The input voltage VS , the balancing capacitor voltage VCb, the lower 

module output voltage Vo1 , and the upper module output voltage Vo2 are constant. The switch and 

diode are ideal. The basic operation of SIB converter is a combined operation of a boost converter and a 

sepic converter with a common boost inductor and a switch. Each converter is operated with its original 

function and an additional effect of the transformer leakage, inductance Llkg . During the switch-OFF 

state, Llkg forces the commutation of the diode current between two converters slowly from the lower 

diode Do1 to the upper diode Do2. The lower diode current IDo 1 can be decreased to either zero or not, 
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according to the turn ratio n, though both inductor currents ILb and ILm are in a continuous current mode 

(CCM). Fig. 2(a) and (b) shows the key waveforms of case I (n > 1) and case II (n < 1), respectively. In 

case I, IDo 1 is decreased to zero, but not in case II. 

 



   Analysis and Design of High Step-Up Boost Converter Integrated With Sepic Converter 49 

 

Figure 2 : Key waveforms of SIB converter. (a) Case I (n > 1). (b) Case II (n < 1) 

2.1 Case I (n > 1) 

 Before t0 , both the boost inductor current ILb and the transformer magnetizing current ILm flow 

through Do2 . 

 Mode 1 [t0  t1 ]: The switch Q is turned ON at t0 . SinceDo2 is still conducting, the entire voltage 

of VCb + Vo2/n is impressed on the transformer leakage inductor Llkg. Therefore, the transformer 

primary current Ilkg is increased linearly. Thus, IQ is increased and IDo 2 is decreased accordingly, 

resulting in a commutation between IQ and IDo 2 . Since Llkg alleviates di/dt of IDo 2 , i.e., Llkg 

provides a current snubbing effect, the reverse recovery phenomenon of Do2 can be reduced. Do1 is 

reverse-biased by Vo1 . 

 Mode 2 [t1  t2 ]: At t1 , IDo 2 reaches zero, and both ILb and ILm flow through Q. Ilkg only 

contains ILm. VS and VCb are applied to LB and LM , respectively. Therefore, ILb and ILm are increased 

linearly. VCb is reflected to the secondary side of the transformer, thus Do2 is reverse-biased by nVCb + 

Vo2 . 

 Mode 3 [t2  t3 ]: The switch Q is turned OFF at t2 , and the entire currents of ILb and ILm flow 

throughDo1 , since Llkg prevents the current from flowing through Do2 . VQ is clamped to Vo1 . VS – 

Vo1 and −Vo2/n are applied to LB and LM , respectively. Thus, ILb and ILm are decreased linearly. 
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Meanwhile, Do2 starts to conduct and VCb + Vo2/n – Vo1 is impressed on Llkg , forcing Ilkg to decrease 

slowly. As Ilkg is decreased, IDo 1 is decreased and IDo 2 is increased accordingly. That is, a 

commutation between IDo 1 and IDo 2 is progressed. Since IDo 1 has a gentle slope, the reverse 

recovery of Do1 can be minimized, i.e., zero-current switching (ZCS) turn-OFF of Do1 is achieved. 

Mode 4 [t3  t4 ]: IDo 1 reaches zero at t3 , and the entire currents of ILb and ILm flow through Do2 . 

Do1 is blocked by Vo1–VCb–Vo2/n, and VS –VCb–Vo2/n is applied to LB. Therefore, ILb is decreased 

less slowly than in mode 3. At t4 , one period is completed and the same operation is repeated. 

2.2 Case II (n < 1) 

 The basic operation is similar to that of case I except thatmode 4 is ignored. The difference from 

case I is as follows. During the interval t2  t3 , IDo 1 and IDo 2 are commutated. However, IDo1 does 

not reach zero in this case. When the switch Qis turned ON at t3 , the current still remains inDo1 ,which 

leads to an abrupt current drop of IDo 1 . This results in a considerable reverse recovery current. 

However, IDo 2 is decreased slowly by Llkg , which is the same as in case I. These two different diode 

current slopes can be directly observed by IQ during the interval t3  t_0 . In view of a reverse-recovery 

problem, the operation in case I (n > 1), which guarantees a ZCS turn-OFF of Do1, is more desirable. 

ANALYSIS AND CHARACTERISTICS 

 The simplified current waveform is presented in Fig.3. For the purpose of analysis, it is assumed that 

the time interval DO TS is zero, and ILb and ILm are constant. The average value is represented by <•>. 

3.1 Case I (n > 1) 

 Considering IDo 1 = IDo 2 = IO , the voltage–second balance of LB and LM , and the current–

second balance of CB, the steady-state equations are obtained as (1)–(12). 

 The input–output voltage conversion ratio considering the effect of K (= Llkg/2TSRO ) is presented 

in (1). Fig. 7(a) shows the voltage conversion ratio according to the variation of K ,when n = 4. As K 

increases, a smaller step-up ratio is achieved, since K provides a damping effect. Therefore, in designing 

a SIB converter, the turn ratio and the duty cycle should be selected carefully considering the damping 

effect of K. Although (1) explains in full about the voltage equation, it is complex. By setting K = 0, an 

approximated equation can be obtained, which is a sum of the output voltage equations of the boost 

converter and the isolated sepic converter as in (2). With this approximation, Vo1, Vo2 , and VCb are 

obtained as (3)–(5) as shown at the bottom of the page. The voltage conversion ratio according to the 

variation of n is given in Fig. 7(b) with K = 0. In Fig. 7(b), n = 0 stands for the conventional boost 

converter.  

 The time interval D1TS and D2TS are presented as (6) and (7), respectively, and are determined by 

the duty cycle D and the turns ratio n. As n decreases, D2TS decreases and becomes zero, when n = 1. 

That is, mode 4 (t3  t4 ) can be neglected, if n is smaller than 1. This is the boundary condition between 

case I and case II. 
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Figure 3 : Simplified current waveform. (a) Case I (n > 1). (b) Case II (n < 1) 
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 The current stress on switch is the sum of ILb and ILm as in (10), and is the same as that of IDo 1 

.Fig.8 shows the current stress on switch normalized by Iin. As n is increased and the duty cycle is 

decreased, the current stress on switch is increased. In case of n = 0, which stands for a conventional 

boost converter, the current stress equals to Iin . Similarly, as in (11), the current stress on Do2 is the sum 

of the reflected ILb and ILm in the secondary. The current stress on Do2 normalized by IO , where n = 1 

also represents the current stress on Q and Do1 
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 The voltage stresses on Q and Do1 are clamped to Vo1 as in a boost converter. Since Vo1 can be 

designed several times lower than the total output voltage VO , low-voltage rating devices can be used 

for Q andDo1 even in high-output voltage applications. The voltage stress on Do2 in steady state would 

be nVCb + Vo2 , if the voltage ringing is ignored, and can be expressed as follows: 
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3.2 Case II (n < 1) 

 The basic steady-state equations are the same as those of case I, except for IDo 1 and IDo 2 . The 

lagging edge values of IDo 1 and IDo 2 are expressed in (13) and (14). As n increases, IDo 1 E 

decreases, and becomes zero when n = 1. This condition is matched to the boundary between case I and 

case II. 
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 The Diode voltage-stress distribution methods are 

 (a) Multiwinding structure. 

 (b)  Clamp diode employed structure. 

 

 

Figure 4 : Input–output voltage conversion ratio according to (a) variation of K (n = 4) and (b) 

variation of n (K = 0) 

 

 



E. Sathishkumar  54

 

Figure 5 : Current stress according to variation of n. (a) Current stress on switch Q normalized by 

Iin . (b) Current stress on diode Do 2 normalized by IO 

SIMULATION RESULTS 
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Figure 6 :  Simulation diagram 

 

Figure 7 : Waveforms at full load condition. (a) Ilb (b) Ilkg  (c) Iout (d) Vout 

CONCLUSIONS 

 For nonisolated high step-up applications, the SIB converter, which combines a boost converter and 

an isolated sepic converter with one switch, is introduced in this paper. The SIB converter can achieve a 

high-voltage gain with the additional step-up ability of the isolated sepic converter and distributed 

voltage stress, while maintaining the advantages of the boost converter, such as a continuous input 

current and a clamped voltage stress on switch. Moreover, the reverse recovery problem is well 

suppressed, since the transformer leakage inductance alleviates a di/dt ratio of the turn-OFF diode current 

without additional snubber and the voltage stress on the secondary diode is limited by the clamp diodes. 

Therefore, the SIB converter is promising for nonisolated high step-up applications with simple structure 

and high efficiency. It is noted that other converters, which have a boost inductor and a switch as an 

input stage, can also be integrated with the boost converter similar to the SIB converter. 
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