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Abstract— This paper proposes a new high step-up dc–

dc converter designed especially for regulating the dc interface 

between various microsources and a dc–ac inverter to electricity 

grid. The converter achieves high step-up voltage gain with 

appropriate duty ratio and low voltage stress on the power 

switch. Additionally, the energy stored in the leakage inductor of 

the coupled inductor can be recycled to the output capacitor. The 

operating principles and steady-state analyses of continuous-

conduction mode, discontinuous-conduction mode and 

boundary-conduction mode are discussed in detail. To verify the 

performance of the proposed converter, a simulation modelled 

converter is implemented with an input voltage range of 38 - 40 

V and an output voltage of up to 380 - 400 V. The upmost 

efficiency of 95.3% is reached with high-line input; on the other 

hand, the full-load efficiency remains at 93% during low-line 

input. 
 

 
Keywords— Coupled inductor, Dc-Dc converter, high voltage 

gain,  duty cycle, microsources. 

I. INTRODUCTION 

 
RENEWABLE energy is becoming increasingly 

important and prevalent in distribution systems, which provide 

different choices to electricity consumers whether they receive 

power from the main electricity source or in forming a 

microsource not only to fulfill their own demand but 

alternatively to be a power producer supplying a microgrid. A 

microgrid usually includes various microsources and loads, 

which operate as an independent and controllable system 

when they are either grid-connected or islanded, as well as 

when they can reliably connect or disconnect. The 

microsource is classified either as a dc source or as a 

highfrequency ac source. These two microsource categories 

are comprised of diverse renewable energy applications, such 
as solar cell modules, fuel cell stacks, wind turbines, and 

reciprocating engines. Fig. 1.1 shows a regular schematic of a 

microgrid unit supplied by various microsources; the high 

step-up converter is used to increase the output voltage of the 

microsources from 40 V to 360–400 V for the dc interface to 

the main electricity source through the dc–ac inverter. Both 

the single solar cell module and the fuel cell stack are 

essentially low-voltage sources, and thus, a high step-up 

voltage gain dc–dc converter is required to regulate the 

voltage of the dc–dc interface. 

The power capacity range of a microsources is about 

100W to 500W, and the maximum power point (MPP) voltage 

range is from 15V to 40V, which will be the input voltage of 

the ac module; in cases with lower input voltage, it is difficult 

for the ac module to reach high efficiency. However, 

employing a high step-up dc–dc converter in the front of the 

inverter improves power-conversion efficiency and provides a 

stable dc link to the inverter. 

The micro inverter includes dc–dc boost converter, dc–ac 

inverter. The dc–dc converter requires large step-up 

conversion from the microsource low voltage to the voltage 

level of the application. The converters by increasing turns 

ratio of coupled inductor obtain higher voltage gain than 

conventional boost converter. Some converters successfully 

combined boost and fly back converters, since various 

converter combinations are developed to carry out high step-

up voltage gain by using the coupled-inductor techniques. By 

combining active snubber, auxiliary resonant circuit, 

synchronous rectifiers, or switched- capacitor-based resonant 

circuits and so on, these techniques made active switch into 

zero voltage switching (ZVS) or zero current switching (ZCS) 

operation and improved converter efficiency. 

The proposed converter, shown in Fig. 1.2, is comprised of 

a coupled inductor T1 with the floating active switch S1. The 

primary winding N1 of a coupled inductor T1 is similar to the 

input inductor of the conventional boost converter, and 

capacitor C1 and diode D1 receive leakage inductor energy 

from N1. The secondary winding N2 of coupled inductor T1 is 

connected with another pair of capacitors C2 and diode D2, 

which are in series with N1 in order to further enlarge the 

boost voltage. The rectifier diode D3 connects to its output 

capacitor C3. The proposed converter has several features:1) 

The connection of the two pairs of inductors, capacitor, and 

diode gives a large step-up voltage-conversion ratio; 2) The 

leakage-inductor energy of the coupled inductor can be 

recycled, thus increasing the efficiency and restraining the 

voltage stress across the active switch.  
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Fig 1. 1. Basic schematic of the microgrid consisted of diversely microsources 

and power converters. 

 

The operating principles, steady-state analysis and duty ratio 

of the proposed converter are presented in the following 

sections. 

 
 

Fig 1.2 Circuit configuration of proposed converter. 
 

 

II. OPERATING PRINCIPLES OF THE PROPOSED CONVERTER 

The operation of the proposed converter is shown in 

Fig 2.1. The circuit is compressed with the coupled inductor 

T1, T1 is represented as a magnetizing inductor Lm, primary 

and secondary leakage inductors Lk1 and Lk2, and an ideal 

transformer. In order to simplify the circuit analysis of the 

proposed converter, the following assumptions are made. 

 

 
Fig 2.1 Polarity definitions of voltage and current in proposed 

converter. 

1) All components are ideal, except for the leakage inductance 

of coupled inductor T1, which is being taken under 

consideration. The on-state resistance RDS (ON) and all 

parasitic capacitances of the main switch S1 are neglected, as 

are the forward voltage drops of diodes D1 and D3. 

2) The capacitors C1 and C3 are sufficiently large that the 

voltages across them are considered to be constant. 

3) The ESR of capacitorsC1 and C3 and the parasitic 

resistance of coupled inductor T1 are neglected. 

4) The turn’s ratio n of the coupled inductor T1 windings is 

equal to N2 /N1. 

The operating principle of continuous conduction mode 

(CCM) is presented in detail. The current waveforms of major 

components are given in Fig. 2.2. There are five operating 

modes in a switching period. 

 

A. CCM Operation. 

 
Mode I [t0 – t1]:when the mode operation is started in between 

the time interval (t0-t1) the transition interval, the magnetizing 

inductor Lm continuously charges capacitor C2 through T1 

when S1 is turned ON. The current flow path is shown in Fig. 

2.3(a) Current iLm is decreasing because source voltage Vin 

crosses magnetizing inductor Lm and primary leakage 

inductor Lk1 magnetizing inductor Lm is still transferring its 

energy through coupled inductor T1 to charge switched 

capacitor C2, but the energy is decreasing the charging current 

iD2 and iC2 are decreasing. The secondary leakage inductor 

current iLK2 is declining as equal to iLm / n. Once the increasing 

iLk1 equals decreasing iLm at t = t1, this mode ends. 

 

Mode II [t1 – t2]: During this interval, the condition of the 

magnetizing inductor Lm is changed from releasing energy to 

storing energy from Vin. As a result, the switched capacitors 

also changed their condition from charging, to discharging 

energy to output. The current flow path is shown in Fig. 2.3(b). 

During this   interval the source energy Vin is series connected 

with N2, C1, and C2 to charge output capacitor C3 and load R; 

meanwhile magnetizing inductor Lm is also receiving energy 

from Vin. The current flow path where switch S1 remains ON, 

and only diode D3 is conducting. The iLm, iLk1 , and iD3 are 

increasing because the Vin is crossing Lk1 , Lm, and primary 

winding N1 ; Lm and Lk1 are storing energy from Vin ; 

meanwhile Vin is also serially connected with secondary 

winding N2 of coupled inductor T1 , capacitors C1 , and C2 , 

and then discharges their energy to capacitor C3 and load R. 

The iin, iD3 and discharging current |iC1 | and |iC2 | are 

increasing. This mode ends when switch S1 is turned OFF      

at t = t2. 

 

Mode III [t2 – t3]: When the time period (TS) is operating at 

the time of t2 – t3interval, during this transition interval the 

secondary leakage inductor Lk2 keeps charging C3 when 

switch S1 is OFF. The current flow path is shown in Fig 2.3(c), 

where only diode D1 and D3 are conducting. The energy stored 

in leakage inductor Lk1 flows through diode D1 to charge 

Micro Inverter 
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Fig 2.2 Typical waveforms of proposed converters at CCM 

operation  
 

capacitor C1 instantly when S1 is OFF. Meanwhile, the energy 

of secondary leakage inductor Lk2 is series connected with C2 

to charge output capacitor C3 and the load. Because leakage 

inductance Lk1 andLK2 are far smaller than Lm, iLk2 rapidly 

decreases, but iLm is increasing because magnetizing inductor 

Lm is receiving energy from Lk1. Current iLk2 decreases until it 

reaches zero; this mode ends at t = t3. 

 

Mode IV [t3 – t4]: When the time period is operating at the 

time of t3 – t4 interval, during this transition interval the 

energy stored in magnetizing inductor Lm is released to C1 

and C2 simultaneously. The current flow path is shown in Fig 

2.3(d) ; only diodes D1 and D2 are conducting. Currents iLk1 

and iD1 are continually decreased because the leakage energy 

still flowing through diodeD1 keeps charging capacitor C1. 

The Lm is delivering its energy through T1 and D2 to charge 

capacitor C2. The energy stored in capacitor C3 is constantly 

discharged to the load R. These energy transfers result in 

decreases in iLk1 and iLm but increases in iLk2. This mode 

ends when current iLk1 is zero, at t = t4. 

 

Mode V [t4 – t5]: During this interval the only magnetizing 

inductor Lm is constantly releasing its energy to C2. The 

current flow path which only diode D2 is conducting. The iLm 

is decreasing due to the magnetizing inductor energy flowing 

through the coupled inductor T1 to secondary winding N2, and 

D2 continues to charge capacitor C2. The energy stored in 

capacitor C3 is constantly discharged to the load R. This mode 

ends when switch S1 is turned ON at the beginning of the next 

switching period. 

 

  
 

  

 
 

Fig 2.3: Current flow path in five operating modes during one switching 

period for CCM operation. (a)Mode I. (b) Mode II. (c) Mode III. (d)Mode IV. 
(e)Mode V. 
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III. DUTY CYCLE 

In CCM, power transfer is a two-step process. When 

the switch is ON, stored energy builds in the inductor. When 

the switch is OFF, energy transfers to the output through the 

diode. The switch current is a stepped saw tooth with a fixed 

steady-state ON time with some amount of ripple current 

superimposed.  

During the ON time of the switch, if we assume 

zero losses for the moment, the voltage across the 

inductor is approximately the input voltage; and the 

voltage across the rectifier is the capacitor, or 

output voltage. When the switch turns OFF, the 

energy stored in the inductor releases into the 

output through the rectifier. The voltage across the 

inductor is approximately the input-to-output 

voltage difference, and the voltage across the 

switch becomes approximately the output voltage 

Important to any model is the understanding of the 

current in each of the relevant components in the 

power path. The mathematical construction of these 

currents helps to determine the magnitude and 

shapes of these currents.  

 

 
 

Fig 3.1: Current through Inductor 

 
With zero losses assumed, the inductor current’s ON-time 

slope is 
 

      (i) 

During the OFF time, the current will have a slope of  

 

      (ii) 

 

Based on the slope of the rising and falling slopes of the 

current through the inductor and the fact that the time duration 

is a known entity, the transfer function can be computed. 

 

                  

Algebraic steps were used to isolate VOUT which yields 

Equation. 

 

 Solving for the switch duty cycle, D, results in  

             (v) 

 
 

The input losses include the inductor winding resistance (RL), 

the switch MOSFET RDS (ON), and (in the case of a current-

mode-controlled converter) a current sense resistor 

(RISENSE). The output losses are represented by the output 

diode rectifier, D1. If the loss elements of the power-stage 

components are included, the equation for the duty cycle in 

CCM is shown by Equation (v) above. Equation (v) holds true 

for CCM when the ripple current in the inductor is small 

relative to the average DC current. The equation is ―close‖ 

when there is a high percentage of ripple current. Reassuringly, 

if the losses in Equation (v) reduce to zero, the equation 

simplifies to the ideal case. 

 

 

IV. STEADY STATE ANALYSIS 

 
To simplify the steady-state analysis, only modes II and IV 

are considered for CCM operation, and the leakage 

inductances on the secondary and primary sides are neglected. 

The following equations can be written from Fig.2.3: 

   

  
During mode IV 

       

 
Applying a volt-second balance on the magnetizing inductor  

Lm yields  

 

 
 

From which the voltage across capacitorsC1 andC2 are 

obtained as follows: 

(iii) 

(iv) 
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During mode II, the output voltage VO = Vin + VN 2 + VC 2+ 

VC 1 becomes    

 

 
 

 

The DC voltage gain MCCM can be found as follows: 

  

 

       
 

 

V. SIMULATION RESULTS 

The Proposed Converter is designed and Simulated in 

MATLAB. The simulation results show that the maximum 

efficiency of the converter is about 93%. 

The input voltage of the converter is given as 40 V and the 

output voltage obtained is 385 V with a Resistance load of 

400Ω. The output power and the input power of the converter 

is calculated from simulated current and voltage waveforms 

and the maximum efficiency of the converter is found as 93%. 

 

 
 
Fig: 5.1 Simulation results of Proposed Converter across various devices. 

 

 
 

Fig: 5.2 Simulation Model of Proposed Converter 

 

The proposed converter is simulated at different 

Resistance loads and calculated its efficiency is calculated at 

various load. The efficiency V/s R Load graph is shown below 

in fig. 5.3.The proposed Dc-Dc converter output voltage 

waveform is shown in Fig. 5.6. 

 

 
 

Fig: 5.3 Graph Efficiency V/s R Load 

 
The proposed converter is also modelled with a PV array as a 

microsource and the output of the converter is connected to a 
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VSI (Voltage Sourse Inverter) and the simulation is carried 

out with the circuit. It is found that the inverter output is a sine 

wave with an output voltage of 400V. The Simulation model 

is shown in Fig. 5.4. 

 
Fig: 5.4 Proposed converter with PV array connected as microsource. 
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Fig: 5.5 Sub Circuit of the proposed converter showing PV array. 

 

 
 

Fig: 5.6 Propose DC-Dc Converter Output Waveforms of Voltage. 

 

 
 

Fig: 5.7 Inverter Output Waveforms of Voltage. 

 

VI. CONCLUSIONS 

Since the energy of the coupled inductor’s leakage inductor 

has been recycled, the voltage stress across the active switch 

S1 is constrained, which means low ON-state resistance RDS 

(ON) can be selected. Thus, improvements to the efficiency of 

the proposed converter have been achieved. The switching 

signal action is performed well by the floating switch during 

system operation. From the simulation modeled converter, the 

turns ratio n = 5 and the duty ratio D is 55%; thus, without 

extreme duty ratios and turns ratios, the proposed converter 

achieves high step-up voltage gain, of up to 10 times the level 

of input voltage. The simulation results show that the 

maximum efficiency of 93%. 
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