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I. Introduction 

Power electronics is:" The technology associated with the efficient conversion, control and conditioning 

of electric power by static means from its available input form into the desired electrical output form." The goal 

of power electronics is to realize power conversion from an electrical source to an electrical load in a highly 

efficient, highly reliable and cost-effective way.  

The application of power electronics includes a variety of fields such as energy storage, transmission 

and distribution, pollution avoidance, communication, computer systems, propulsion and transportation .Power 

electronics modules are key units in power electronics system. As the integration of power switches, device 

gating, sensors, controls and actuators, power modules can be used to perform energy transfer, storage and 

conditioning.  According to the type of the input and output power, power conversion systems can be classified 

into four main categories, namely:  

 AC to DC (rectification)  

 DC to AC (inversion)  

 AC to AC (cycloconversion)  

 DC to DC (chopping)  

 

A DC-to-DC converter is a device that accepts a DC input voltage and produces a DC output voltage 

which is-typically- at a different voltage level than the input. Apart from voltage level conversion, DC-to-DC 

converters are used to provide noise isolation, power bus regulation. The typical usage of DC-DC converters is 

to convert unregulated dc voltage to regulated or variable dc voltage at the output. The output voltage in DC-DC 

converters is generally controlled using a switching concept. In fact, early DC-DC converters were known as 

choppers with silicon-controlled rectifiers (SCRs) used as the switching mechanism. 

Modern DC-DC converters employ insulated gate bipolar transistors (IGBTs) and metal oxide silicon 

field effect transistors (MOSFETs) as they possess attractive switching capabilities, especially in terms of 

switching frequency and power ratings.  Based on their performances, DC-DC converters are subcategorized into 

three general types; Buck Converters which convert from a voltage level to a relatively lower voltage level. 

Conversely, Boost Converters transform to higher voltage level. The third one is buck-boost converter which can 

either be a buck or a boost converter based on its control signals.  

A DC–DC converter with a high step-up voltage gain is used for many applications, such as high-

intensity discharge lamp ballasts for automobile headlamps, fuel-cell energy conversion systems, solar-cell 

energy conversion systems, and battery backup systems for uninterruptible power supplies. Theoretically, a dc–

dc boost converter can achieve a high step up voltage gain with an extremely high duty ratio.  However, in 

practice, the step-up voltage gain is limited due to the effect of power switches, rectifier diodes, and the 

equivalent series resistance (ESR) of inductors and capacitors. Moreover, the extremely high duty-ratio 
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operation will result in a serious reverse-recovery problem. Many topologies have been presented to provide a 

high step-up voltage gain without an extremely high duty ratio.  

A dc–dc flyback converter is a very simple structure with a high step-up voltage gain and an electrical 

isolation, but the active switch of this converter will suffer a high voltage stress due to the leakage inductance of 

the transformer. For recycling the energy of the leakage inductance and minimizing the voltage stress on the 

active switch, some energy-regeneration techniques have been proposed to clamp the voltage stress on the active 

switch and to recycle the leakage-inductance energy.  

For recycling the energy of the leakage inductance and minimizing the voltage stress on the active 

switch, some energy-regeneration techniques have been proposed toclamp the voltage stress on the active switch 

and to recycle the leakage-inductance energy. The coupled-inductor techniques provide solutions to achieve a 

high voltage gain, a low voltage stress on the active switch, and a high efficiency without the penalty of high 

duty ratio 

 
 Figure. 1. Transformerless dc–dc high step-up converter. 

 

The modified boost type with switched-inductor technique is shown in Fig. 1 The structure of this 

converter is very simple. Only one power stage is used in this converter. However, this converter has two issues: 

 

1). Three power devices exist in the current-flow path during the switch-on period, and two power devices 

exist in the currentflow path during the switch-off period, and 

2). The voltage stress on the active switch is equal to the output voltage. 

 

II. Proposed Converters 
Figure 2 shows the three proposed topologies. These three proposed dc–dc converters utilize the 

switched inductor technique, in which two inductors with same level of inductance are charged in parallel during 

the switch-on period and are discharged in series during the switch-off period, to achieve high step-up voltage 

gain without the extremely high duty ratio. The operating principles and steady-state analysis are discussed in the 

following sections. To analyze the steadystate characteristics of the proposed converters, some conditions are 

assumed as follows:  

1) All components are ideal—the ON-state resistance RDS(ON) of the active switches, the forward voltage 

drop of the diodes, and the ESRs of the inductors and capacitors are ignored 

2) all capacitors are sufficiently large, and the voltages across the capacitors can be treated as Constant 

 
Figure 2(a) proposed converter 1 
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Figure 2(b) proposed converter 2 

 

 
Figure 2(c) proposed converter 3 

 

2.1 PROPOSED CONVERTER 1 

Figure 2(a) shows the circuit configuration of the proposed converter I, which consists of two active 

switches (S1 and S2), two inductors (L1 and L2) that have the same level of inductance, one output diode Do, 

and one output capacitor Co. Switches S1 and S2 are controlled simultaneously by using one control signal. 

Figure 3 shows some typical waveforms obtained during continuous conduction mode (CCM) 

. 

Figure 3 waveforms of converter 1 



Transformerless boost converter topologies with improved voltage gain operating in CCM 

| IJMER | ISSN: 2249–6645 |                          www.ijmer.com                  | Vol. 4 | Iss. 3 | Mar. 2014 | 38 | 

2.1 A. CCM Operation 

The operating modes can be divided into two modes, defined as modes 1 and 2. Figure 3 Some typical 

waveforms for the proposed converter I.CCM operation.  

1) Mode 1 [t0, t1]. During this time interval, switches S1 and S2 are turned on. The equivalent circuit is shown in 

Fig. 4(a). Inductors L1 and L2 are charged in parallel from the dc source, and the energy stored in the output 

capacitor Co is released to the load. Thus, the voltages across L1 and L2 are given as 

                 νL1 = νL2 = Vin……………………………. (3.1.1) 

 

2) Mode 2 [t1, t2]. During this time interval, S1 and S2 are turned off. The equivalent circuit is shown in Figure. 

4(b). The dc source, L1, and L2 are series connected to transfer the energies to Co and the load. Thus, the 

voltages across L1 and L2 are derived as 

                   νL1 = νL2 = Vin – Vo/2………………………(3.1.2) 

 

By using the volt–second balance principle on L1 and L2, the following equation can be obtained: 

 

……………………………….(3.1.3) 

 

 

By simplifying (3), the voltage gain is given by 

 

………………………..………………………..(3.1.4) 

 

Voltage across s1 and s2 and diode is given by: 

 

Vs1=Vs2 = VD1 = ………………………………...……….(3.1.5) 

 
                                    Figure 4(a); mode 1                                          Figure  4(b): mode 2 

 

2.2 PROPOSED CONVERTER 2 

Figure 2(b) shows the circuit configuration of the proposed converter II, which is the proposed 

converter I with one voltage-lift circuit.Thus, two inductors (L1 and L2) with the same level of inductance are 

also adopted in this converter. Switches S1 and S2 are controlled simultaneously by one control signal. 
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Figure 5 typical waveforms of proposed converter operating in CCM 

 

2.2 A. CCM Operation 

The operating modes can be divided into two modes, defined as modes 1 and 2. 

1) Mode 1 [t0, t1].  

During this time interval, S1 and S2 are turned on. The equivalent circuit is shown in Fig. 6(a). L1 and L2 

are charged in parallel from the dc source, and the energy stored in Co is released to the load. Moreover, 

capacitor C1 is charged from the dc source. Thus, the voltages across L1, L2, and C1 are given as 

                         νL1 = νL2 = VC1 = Vin. 

 

2) Mode 2 [t1, t2].  

During this time interval, S1 and S2 are turned off. The equivalent circuit is shown in Fig.6(b). The dc 

source, L1, C1, and L2 are series connected to transfer the energies to Co and the load. Thus, the voltages 

across L1 and L2 are derived as 

 

VL1 = VL2 = ………………………….……………..(3.2.6) 

By using the volt–second balance principle on L1 and L2, the following can be obtained: 

 

 =0 …………………………………………………(3.2.7) 

 

So the voltage gain is given by 

                               …………………………………………………….(3.2.8) 

 

The voltage stress on switches and diodes is given by: 

 

                                      VS1 =VS2=VD1=        …………………… (3.2.9) 

                                       VDo = Vo 
 

 
Figure 6(a): mode1                                                         Figure 6(b): mode 2 
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2.3 PROPOSED CONVERTER 3 

Figure. 2(c) shows the circuit configuration of the proposed converter III, which is the proposed 

converter I with two voltage lift circuits. Thus, two inductors (L1 and L2) with the same level of inductance are 

also adopted in this converter. Switches S1 and S2 are controlled simultaneously by one control signal. 

 
Figure 7: typical wave forms of proposed converter3 operating in CCM 

 

2.3 A. CCM Operation 

The operating modes can be divided into two modes, defined as modes 1 and 2. 

 

1) Mode 1 [t0, t1].   

During this time interval, S1 and S2 are turned on. The equivalent circuit is shown in Fig. 8(a). L1 and L2 

are charged in parallel from the dc source, and the energy stored in Co is released to the load. 

Moreover, capacitors C1 and C2 are charged from the dc source. Thus, the voltages across L1, L2, C1, and C2 

are given as                               

 νL1 = νL2 = VC1 = VC2 =Vin…………………………………(3.3.10) 

 

2) Mode 2 [t1, t2]. 

During this time interval, S1 and S2 are turned off. The equivalent circuit is shown in Fig. 8(b). The dc 

source, L1, C1, C2, and L2 are series connected to transfer the energies to Co and the load. Thus, the 

voltages across L1 and L2 are derived as 

 

VL1=VL2= ……….…………………(3.3.11) 

 

By using the volt–second balance principle on L1 and L2, the following can be obtained: 

 

 =0……………………………………….(3.3.12) 

Voltage gain of the circuit is given by 

                            ………….………………………………….(3.3.13) 

Voltage stress across switches and diodes is given by: 

 

VS1=VS2=VD1=VD2=       ………………….………………………(3.3.14) 

            VD0 = V0 -Vin 
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                              Figure 8(a): mode 1                                                           Figure 8(b):mode 2 

 

III. Comparison of Proposed Converter and Boost Converter 
The voltage stresses on the active switch and the voltage gains of the boost converter and the proposed 

converters are summarized in Table 4.1. The voltage stresses on the active switch of the three proposed 

converters are less than the voltage stress on the active switch of the boost converter, and thus, the active 

switches with low voltage ratings  can be selected. Moreover, the curves of the voltage gain of the boost 

converter and the proposed converters 

 

Table4.1: Comparison of Voltage Gain and Voltage Stress on Active Switch for Boost Converter and Three 

Proposed Converters 

 GAIN VOLTAGE STRESS 

        Boost converter 

 

V0 

Proposed converter 1 

  
Proposed converter 2 

  
Proposed converter 3 

  
 

IV. Simulation Results 
This section carry simulation result of the improved topology by using MATLAB Simulink the parameter values 

that are used are 

 L1= L2=100µH 

 Fs(switching frequency)=100kHZ 

 Co=33µF 

 C1=C2=47µF 

 Ro=250 

    VO/Vin = (1+D)/(1-D) = 100/12          

                . ’ . D= 78.57% 
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4.1 PROPOSED CONVERTER1 

 
Figure 4.1.1 Simulation block diagram 

 

 
Figure 4.1.2 Output waveforms 

 

4.2. PROPOSED CONVERTER 2 

 
Figure 5.2.1: simulation block diagram 
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Figure 4.2.2 output waveforms 

 

4.3 PROPOSED CONVERTER 3 

 
Figure 4.3.1: simulation block diagram 

 

 
Figure 4.3.2:0utput waveforms 
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4.4 BASIC CONVERTER  

 
Figure 4.4.1: simulation block diagram 

 

 
Figure 4.4.2: output waveforms 

 

V. Conclusion 
DC-DC converters employ insulated gate bipolar transistors (IGBTs) and metal oxide silicon field 

effect transistors (MOSFETs) as they possess attractive switching capabilities, especially in terms of switching 

frequency and power ratings. DC- DC switching converters are becoming popular in industrial area and these 

converters suitable for applications where the output DC voltage needs to be larger than the DC input and can 

offer technical advantages economic. 

This project has studied three Transformerless topologies with simple structures to reduce the power 

losses by decrease the switch voltage stress. The structures of the proposed converters are very simple. Since the 

voltage stresses on the active switches are low. 

 



Transformerless boost converter topologies with improved voltage gain operating in CCM 

| IJMER | ISSN: 2249–6645 |                          www.ijmer.com                  | Vol. 4 | Iss. 3 | Mar. 2014 | 45 | 

REFERENCES 
[1] B. Bryant and M. K. Kazimierczuk, ―Voltage-loop power-stage transfer functions with MOSFET delay for boost 

PWM converter operating in CCM,‖ IEEE Trans. Ind. Electron., vol. 54, no. 1, pp. 347–353, Feb. 2007. 

[2] X. Wu, J. Zhang, X. Ye, and Z. Qian, ―Analysis and derivations for a family ZVS converter based on a new active 

clamp ZVS cell,‖ IEEE Trans. Ind. Electron., vol. 55, no. 2, pp. 773–781, Feb. 2008. 

[3] D. C. Lu, K. W. Cheng, and Y. S. Lee, ―A single-switch continuousconduction- mode boost converter with reduced 

reverse-recovery and switching losses,‖ IEEE Trans. Ind. Electron., vol. 50, no. 4, pp. 767–776, Aug. 2003. 

[4] N. P. Papanikolaou and E. C. Tatakis, ―Active voltage clamp in flyback converters operating in CCM mode under 

wide load variation,‖ IEEE Trans. Ind. Electron., vol. 51, no. 3, pp. 632–640, Jun. 2004. 

[5] B. R. Lin and F. Y. Hsieh, ―Soft-switching zeta–flyback converter with a buck–boost type of active clamp,‖ IEEE 

Trans. Ind. Electron., vol. 54, no. 5, pp. 2813–2822, Oct. 2007. 

[6] C. M. Wang, ―A novel ZCS-PWM flyback converter with a simple ZCSPWM commutation cell,‖ IEEE Trans. Ind. 

Electron., vol. 55, no. 2, pp. 749–757, Feb. 2008. 

[7] T. F. Wu, Y. S. Lai, J. C. Hung, and Y. M. Chen, ―Boost converter with coupled inductors and buck–boost type of 

active clamp,‖ IEEE Trans. Ind. Electron., vol. 55, no. 1, pp. 154–162, Jan. 2008. 

[8] K. C. Tseng and T. J. Liang, ―Novel high-efficiency step-up converter,‖ Proc. Inst. Elect. Eng. —Elect. Power Appl., 

vol. 151, no. 2, pp. 182–190,Mar. 2004. 

[9] R. J. Wai, C. Y. Lin, R. Y. Duan, and Y. R. Chang, ―High-efficiency DC–DC converter with high voltage gain and 

reduced switch stress,‖ IEEE Trans. Ind. Electron., vol. 54, no. 1, pp. 354–364, Feb. 2007. 

[10] J. W. Baek, M. H. Ryoo, T. J. Kim, D. W. Yoo, and J. S. Kim, ―High boost converter using voltage multiplier,‖ in 

Proc. IEEE IECON, 2005, pp. 567–572. 

[11] Q. Zhao and F. C. Lee, ―High-efficiency, high step-up DC–DC converters,‖ IEEE Trans. Power Electron., vol. 18, 

no. 1, pp. 65–73, Jan. 2003. 

[12] R. J. Wai and R. Y. Duan, ―High-efficiency DC/DC converter with high voltage gain,‖ Proc. Inst. Elect. Eng.—Elect. 

Power Appl., vol. 152, no. 4, 

[13] G. A. L. Henn, L. H. S. C. Barreto, D. S. Oliveira, Jr., and E. A. S. Silva, ―A novel bidirectional interleaved boost 

converter with high voltage gain,‖ in Proc. IEEE APEC, 2008, pp. 1589–1594. 

[14] G. V. T. Bascope, R. P. T. Bascope, D. S. Oliveira, Jr., S. A. Vasconcelos, F. L. M. Antunes, and C. G. C. Branco, 

―A high step-up DC–DC converter based on three-state switching cell,‖ in Proc. IEEE ISIE, 2006, pp. 998–1003. 

[15] L. Huber and M. M. Jovanovic, ―A design approach for server power supplies for networking applications,‖ in Proc. 

IEEE APEC, 2000, pp. 1163–1169. 

[16] L. H. Barreto, E. A. Coelhp, V. J. Farias, J. C. Oliveira, L. C. Freitas, and J. B. Vieira, ―A quasi-resonant quadratic 

boost converter using a single resonant network,‖ IEEE Trans. Ind. Electron., vol. 52, no. 2, pp. 552– 557, Apr. 

2005. 

[17] F. L. Luo and H. Ye, ―Positive output multiple-lift push–pull switchedcapacitor Luo converters,‖ IEEE Trans. Ind. 

Electron., vol. 51, no. 3, pp. 594–602, Jun. 2004. 

[18] F. L. Luo, ―Six self-lift DC–DC converters, voltage lift technique,‖ IEEE Trans. Ind. Electron., vol. 48, no. 6, pp. 

1268–1272, Dec. 2001. 

[19] R. Gules, L. L. Pfitscher, and L. C. Franco, ―An interleaved boost DC–DC converter with large conversion ratio,‖ in 

Proc. IEEE ISIE, 2003, pp. 411–416. 

[20] D. Zhou, A. Pietkiewicz, and S. Cuk, ―A three-switch high-voltage converter,‖ IEEE Trans. Power Electron., vol. 14, 

no. 1, pp. 177–183, Jan. 1999. 


