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Abstract— In the closed loop topology for a coupled inductor based DC-DC converter we have a tendency to introduce a 
voltage multiplier converter with coupled inductance for high gain output charging the battery of a feedback loop for DC 
machine drive for variable input voltage. The dual switches structure is helpful to scale back the voltage stress and current 
stress of the switch. Additionally, 2 multiplier capacitors are charged throughout the switch-on period and switch-off period, 
which will increase the voltage conversion gain. Meanwhile, the energy stored within the inductance is recycled with the 
clamped capacitors. Thus, 2 main power switches with low on-resistance and low current stress are available. This project 
illustrates the operation principle of the designed DC-DC converter, the output voltage of the high step-up converter is 
maintained constant by automatic variation of the duty ratio with feedback as PI Controller. The constant output voltage for 
varying input DC voltage is represented graphically using MATLAB simulation for various industrial applications. 

Index Terms — Dual switches, high step-up converter, switched capacitor, three-winding coupled inductor, closed loop, duty 
ratio, PI controller. 

——————————      ————————— 

 
1 INTRODUCTION 

 

 
OWADAYS, due to the energy usage and 
atmosphere pollution, the renewable 

energy is widely used. The renewable energy 
sources like fuel cells and other PV cells generate 
low voltage output. Thus, high the step-up dc/dc 
converters are widely used for renewable energy 
systems [1]-[7]. In recent years several novel high 
step-up converters are developed. The system 
can convert the voltages from PV cells source 
into the high voltage via high step-up boost 
converter and then the renewable energy is 
transmitted to the load and utility through the 
inverter. Hence, the high step-up converter is 
essential. 

In order to achieve the high step-up gain, the 
conventional step-up converters, such as the 
boost converter and flyback converter can be 
used to fulfil the high step-up requirement. In 
the recent years, the many high step-up 
converters have been developed. Despite the 
advances, the current and voltage stress of the 
power switch in high step-up single switch 
converters are larger, large conduction losses 
which cannot be avoided and the duty ratio 
variation is manually varied. However the 
voltage converter gain is limited in high step-up 

applications. Hence, based on the mentioned 
considerations, modifying a conventional dual 
switches converter which is an open loop system 
to a closed loop converter is suitable method. 

The closed loop system is used to control the 
output voltage to a constant value for variable 
input voltages using PI controller. The voltage 
conversion ratio remains high, thus making the 
converter more suitable for step up dc-dc power 
conversion. The converter is simulated using 
MATLAB. Output levels are obtained as per the 
designed values for both converter (Open loop 
and closed loop) operations. Simulation results 
convey the operability of the dual switch 
converter with coupled inductor and voltage 
multiplier cell in closed loop system. 

In the closed loop system with PI controller 
the output voltage is as the desired voltage and 
the duty ratio of the switches vary automatically 
as the input voltage changes maintaining the 
output voltage constant (i.e., 200V or 360V). 

The dc-dc converters with high step-up 
voltage gain are widely used for many 
applications like lasers, fuel cells energy 
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conversion systems, solar cell energy conversion 
system, X-ray systems and high intensity-
discharge lamp ballasts for automobile 
headlamps. Theoretically, a dc-dc boost 
converter achieves high voltage gain with 
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 
series resistance of inductors and capacitors. 

 The classical boost converter with non-
isolated dc-dc operation can provide high step-
up voltage gain along with the penalty of high 
voltage and current stresses, high duty cycle 
operation and dynamic response. When 
operating with high current and voltage levels, 
the efficiency can be reduced by the diode 
reverse recovery current.        Among the few 
non-isolated dc-dc converters achieve high static 
gain, as the quadratic boost converter, but 
additional filter capacitors and inductors should 
be used and the switch voltage is high. A new 
alternative for the implementation of high step-
up structures is proposed in the step-up 
converter with the use of the voltage multiplier 
cells integrated with classical non-isolated dc–dc 
converters. The uses of the voltage multiplier in 
the classical dc–dc converters add new operation 
characteristics, becoming the resultant structure 
well suited to implement high-static gain step-up 
converters [9]. The novel non-isolated dc-dc to 
converter with high voltage gain based on three-
state switching cell and voltage multiplier cells, 
this topology has the advantages of input current 
is continuous with low ripple, input inductor is 
designed for twice the switching frequency, with 
consequent volume and weight reduction; the 
voltage stress across the switches is lower than 
half of the output voltage, and naturally clamped 
by one output filter capacitor. As a disadvantage, 
a small snubber is necessary for each switch and 
one additional winding per cell is required for 
the autotransformer. 

 Later, in [7] the high step-up dc-dc 
converter for the applications of AC Photovoltaic 
module design includes a floating switch to 
isolate the PV panel when the ac module is off to 
interrupt the energy conversion from PV panel to 
the ac module. Here, the operating modes 
include two modes of operation continuous 
conduction mode (CCM) and discontinuous 
conduction mode (DCM) where in the coupled 
inductor based dc-dc converter there is only 

CCM which makes the studies of the switching 
waveforms flexible. The turns ratio of the 
coupled inductor and duty ratio are not 
extremely varied which results in high output 
voltage conversion, the energy of the leakage 
coupled inductor is recycled to the load 
efficiently. In the conversion of energy and safety 
perspective it has been designed to operate only 
when the ac module is on and this high step-up 
converter is isolated when it is off. 

Then, an [13] interleaved high step-up 
converter with built-in voltage multiplier cell 
transformers for the application of sustainable 
energy for the voltage gain conversion was 
implemented with a turns ratio of 14:14 for the 
optimization of switch duty ratio. Here, the built-
in transformer voltage multiplier cells helps to 
avoid extreme duty ratio in the interleaved boost 
converter, hence the power level is also 
increased. But here due to the transformer turns 
ratio the losses are more hence the circuit 
configuration also gets complicated. 

 In a dual switch DC-DC converter with 
charge pump and three-winding coupled 
inductor [11], high voltage gain and efficiency is 
obtained which is similar circuit as the coupled 
inductor based converter and the operation is 
performed on open-loop and there is no control 
over the output voltage. 

2 CONTROL STRATEGY 
The PI controller is employed to achieve the 

constant DC output voltage by controlling the 
pulse width with the variable DC supply. Here, 
the converter consists of two active switches, five 
diodes and five capacitors. The two switches 
share same operation signal and one control 
circuit is needed. The variable input voltage is 
given as the source with the help of PV panel, a 
constant output voltage is same as the reference 
value and the error is fed back to the PI 
Controller generating duty ratio which is varied 
automatically. 

The equivalent circuit model of the three-
winding coupled electrical device includes the 
magnetizing inductance lumen, the leakage 
inductance Lk, and a perfect electrical device 
with primary N1 turns and 2 secondary windings 
N2 and N3 . The converter device consists of 2 
active switches, 5 diodes, and 5 capacitors. The 
switches S1 and S2 share a similar operation 
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signal and one feedback loop is required. The 
discharge electrical device energy of the coupled 
electrical device is recycled to the capacitors C1 
and C2, and therefore the voltage spikes on the 
switches are significantly reduced. This makes 
low conducting resistance Rds(on) of the switches 
out there. Thus, the efficiency is upgraded and 
therefore the high conversion gain will be 
achieved. 

The objective of the novel closed loop 
topology for coupled inductor based DC-DC 
converter is to perform operation of the 
converter with PI controller which compares the 
reference value and the error is fed to it 
generation dynamic duty ratio. This duty ratio is 
automatically varied wherein in previous 
studied it is varied manually in open loop 
system. 

 

Fig.1 Circuit Configuration 

The operation of the converter with PI 
Controller is studied in continuous conduction 
mode (CCM) and the modes of operation are 
analyzed in detail. The eight operating modes 
are described as follows. 

To alter the circuit analysis of the converter, 
the subsequent assumptions are made, the 
voltages across the capacitors C3 and C4 will be 
adjusted by the turns ratio of the coupled 
inductor. 

1) The Capacitors C1, C2, C3, C4, and Co square 
measure giant enough; so, VC1, VC2, VC3, VC4, and 
Vo square measure thought to be constant values; 

2) The ability devices square measure ideal, 
however the parasitic capacitors of the switches 
square measure considered; 

3) The coupling coefficient of the coupled 
inductor k is equal to Lm/ (Lm+Lk), the turns ratio 

is N1 : N2 : N3 =1:1: N. The primary winding with 
N1 turns, two secondary windings with N2 and 
N3 turns of the ideal transformer are, 
respectively, represented by L1, L2 and L3 (L1 : L2 : 
L3 =1:1: N2). 

2.1 Operation of Voltage Multiplier 
Converter 

The operating principles for the continuous 
conduction mode (CCM) are analyzed in detail 
herein. The eight operating modes are described 
as follows. 

CCM Operation 

Mode I [t0, t1]: During the transition interval, the 
switches S1 and S2 begin to conduct. Diodes D1, 
D2, D3, and Do are reverse biased. Diode D4 is 
forward biased. The current flow is as shown in 
Fig.2. The outpouring inductance Lk and 
magnetizing inductance Lm are charged by the 
input supply Vin. The inductance L2 is 
additionally charged by the input supply. The L2 
inductance current iLk will increase linearly. 
Because of the leakage inductance, the 
inductance current iL3 and diode current iD4 
decrease slowly. Therefore, the voltage of diode 
D3 is clamped by input supply Vin, clamped 
voltages VC1 and VC4; the voltage of diode Do is 
clamped by voltages VC3, VC4, and VC2. The 
voltage steps are generally formed. The output 
Co provides the energy to load R and the current 
iD4 becomes zero (i.e., sort = iLm), this operative 
mode ends.

Fig.2 

Mode II [t1, t2]: During the transition interval, the 
switches are still turned on. Diode D3 is forward 
biased. Diodes D1, D2, D4, and Do are reverse 
biased. The current flow path is shown in Fig. 3.  
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Fig.3 

The magnetizing inductance Lm and inductance 
L2 are charged in parallel by the input supply Vin. 
The energy from the input supply Vin transfer to 
the inductance L3 to C4 with the input supply Vin, 
clamped voltages VC1, VC3 along. The output 
capacitor Co provides the energy to load R. once 
the switches square measure turned off at t = t2, 
this interval is finished. 

Mode III [t2, t3]: In this transition interval, the 
switches are turned off. Diodes D1, D2, D4, and Do 
are reverse biased. Fig.4 shows the current-flow 
path. The energies of the leakage inductance Lk 
and magnetizing inductance Lm are released to 
the parasitic capacitors of the switches, 
respectively. The blocking capacitor C4 is still 
charged. The output capacitor Co provides the 
energy to load R. When the diodes D1 and D2 are 
forward biased at t = t3, this operating mode 
ends.

 

Fig.4 

Mode IV [t3, t4]: In this transition interval, the 
switches are turned off. Diodes D1, D2, and D3 are 
forward biased. Diode Do is reverse biased. Fig. 5 
shows the current-flow path.  

Fig.5 

The energies of the leakage inductance Lk and 
magnetizing inductance Lm are released to the 
clamped capacitor C1 and energy of the inductor 
L2 is transferred to the clamped capacitor C2. The 
blocking capacitor C4 keeps charging. In 
addition, due to the leakage inductance, and the 
diode current iD3 keeps flowing though diode D1; 
therefore, the voltage across the diode D4 is 
clamped by the blocking voltage VC4. The output 
capacitor Co provides the energy to load R. When 
the currents iD3, iC3, and iL3 decrease to zero at t = 
t4, this operating mode ends. 

Mode V [t4, t5]: In this transition interval, the 
switches are turned off. Diodes D1, D2, and Do are 
forward biased. Diodes D3 and D4 are reverse 
biased. The current-flow path is shown in Fig.6.  

 

Fig.6 

The energies of the leakage inductance Lk and 
the magnetizing inductance Lm are released to 
the clamped capacitor C1 and the energy of 
inductor L2 is transferred to the clamped 
capacitor C2. The diode current iDo increases 
almost at a constant slope. The input source Vin, 
three-winding coupled inductor, and the 
blocking voltage VC4 are connected in series to 
charge the output capacitor Co and provide 
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energy to the load R. When the diode current iDo 
is equal to diode current iD2 (i.e., capacitor 
current decreases to zero) at t = t5, this operating 
mode is finished. 

Mode VI [t5, t6]: In this transition interval, the 
diodes D1, D2 and Do are forward biased during 
the switches turned off and the D3 and D4 are in 
reverse bias. The flow of current is shown in 
Fig.7. It is almost same as Mode V but the 
capacitor C2 is discharged. This operating mode 
ends at t=t6, D4 is forward biased at this time of 
interval. 

 

Fig.7 

Mode VII [t6, t7]: In this transition interval, 
Diodes D1, D2, D3 and D0 are in forward bias only 
D4 is in reverse bias during the switch off mode. 
The flow of current is shown in Fig.8.  

 

Fig. 8 

The leakage and magnetizing inductance releases 
the energies to clamped capacitor C1. The parallel 
connection of the inductor L2 and capacitor C2 
discharges the energies to the load and output 
capacitor Co. Simultaneously, the input Vin, L1, L2 
and the blocking voltage VC4 provides the energy 
to the output capacitor Co and load R. The iDo 

drops almost a constant slope. In addition, the 
energy of the inductor L2 is transferred to the 

capacitor C3 while the diodes currents iD1 and iD2 
are equal to zero t=t7 in this mode. 

Mode VIII [t7, t8]: In this transition interval, the 
switches are turned off. Diodes D3 and Do are 
forward biased. Diodes D1, D2, and D4 are reverse 
biased. The current-flow path is shown in Fig.9 

 

Fig.9 

The leakage inductance Lk, the magnetizing 
inductance Lm, the input source Vin, the inductor 
L3, the blocking voltage VC4, and the clamped 
capacitor voltage VC2 are connected in series to 
provide energy to the output capacitor Co and 
the load R. Meanwhile, capacitor C3 keeps 
charging. The voltages across the diodes D1 and 
D2 are clamped by the windings of the coupled 
inductor and the clamped capacitors C1 and C2. 
Therefore, the voltage steps of diodes D1 and D2 
are formed, and the voltage drops of the 
switches are obtained. The output diode current 
iDo drops linearly. When the output diode Do is 
reverse biased at t = t8, this operating mode ends. 
When the switches are turned on, the new 
switching period begins. 

2.2 Theoretical Analysis of Voltage 
Multiplier Converter 

Voltage Gain Expression 

When the proposed converter operates in the 
switching-on state, the following equations can 
be found in Fig. 3 

VLm = kVin               (1) 

VLk = (1 − k)Vin                                                 (2) 

At modes V–VII, the energies of the leakage 
inductors are released to the capacitors C1 and 
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C2. According to the duty cycle of the released 
energy can be approximately obtained 

Do = 2(1 −  D) (N + 1)⁄     (3) 

By using the volt–second balance principle 
on the leakage inductance Lk and magnetizing 
inductor Lm, the voltages of Lk and Lm are found 
as 

VLm = DkVin (1 − D)⁄    (4) 

VLk = D(1 − k)(N + 1)Vin ( 2(1 − D))⁄   (5) 

VN3 = NDkVin (1 − D)⁄     (6) 

The voltages of capacitors C1, C2, C3, and C4 can 
be expressed as 

VC3 = NDVin (1 − D)⁄                   (7) 

VC1 = VC2 = VLk + VLm 

= (VinD((1 − k) + N(1 − k))) 2(1 − D)⁄   (8) 

VC4 = Vin + VC1 + VC3 + VN3  
  (9) 

Accordingly, collecting the terms, the voltage 
gain can be expressed as      

Gk = Vo
Vin

= Vc1+Vc2+Vc3+Vc4+Vin
Vin

.  (10) 

G = Vo
Vin

= 2+N
1−D

+ D(N+1)
1−D

   (11) 

Voltage Stress and Current Stress Expression 

According to the above analysis, the 
voltage stresses on the power devices are given 
as follows: 

VS1 = VS2 = VD1 = VD2 = Vin
1−D

= VO
2+N+(N+1)D

 (12)

  

VD4 = NVin
1−D

= NVO 2 + N + (N + 1)D⁄     
      (13) 

VD3 = VD0 = (N+1)Vin
1−D

=
(N + 1)V0 (2 + (N + 1)D)⁄ (14) 

During the time interval [t2, t8], the on-
state currents of the diodes D0, D1 and D2 can be 
expressed as 

ID0(t2,t8) = I0 1 − D⁄        (15) 

ID1(t2,t7) = ID2(t2,t7) = I0 DC⁄       (16) 

Then, based on the capacitor charge 
balance, during the time interval [t0, t2], the 
average current of capacitor C1 can be written as 

IC1[t0,t2] = I0 D⁄         (17) 

Hence, the currents of secondary side N3 
of the coupled inductor can be obtained as 

IN3[t0,t2] = I0 D⁄         (18) 

IN3[t2,t8] = I0 (1 − D)⁄        (19) 

During the time interval [t2,t8], while 
using KCL at points of the primary side N1 of the 
coupled inductor , diode D1 and capacitor C4 , the 
current of the leakage inductor can be expressed 
as  

ILk[t2,t8] = (N + 3)I0  (2(1 − D)⁄       (20) 

Duty Ratio 

 In order to show how different duty 
cycle and parasitic parameters influence the 
efficiency, some parameters are assumed in the 
following three cases. 

Case I: RL =0.02 Ω, N1 =2, RDS =0.075 Ω, RD =0.05 
Ω, R = 200 Ω, VD =0.8V, Vin =20V. 

Case II: RL =0.04 Ω, N1 =2, RDS =0.075 Ω, RD =0.05 
Ω, R = 200 Ω,VD =0.8V, Vin =20V. 

Case III: RL =0.06 ΩN1 =2, RDS =0.075 Ω, RD =0.05 
Ω, R = 200 Ω,VD =0.8V, Vin =20V. 

3 SIMULATION RESULTS 

3.1 Open Loop System 

 The below converter is an open loop 
system with dual switches, three-winding 
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coupled inductor and voltage multiplier cells by 
achieving high output gain to a limited value. 

 

Fig.10 MATLAB simulation of voltage multiplier 
converter with coupled inductor without 
controller (Open Loop System) 

Principle of Operation 

 Here, the converter consists of two 
active switches, five diodes and five capacitors. 
The two switches share same operation signal 
and one control circuit is needed. The input 
voltage is maintained at 20V and the duty ratio is 
varied giving constant output voltage as 200V. 

Experimental Results 

 The following waveforms shows the 
output voltage at 200V with 20V as input 
maintaining the duty ratio at 0.5 

 

Fig.11 Comparison of input and output voltage 
of 200V 

Output Voltage comparison with Different 
Duty Ratio 

 In the below Table I, the value of output 
voltage changes as the duty ratio is varied, here, 
the duty ratio is varied manually giving different 
output voltages with constant input voltage of 
20V. 

Table I 

Comparison with Different Duty Ratio 
 

S.No Input 
Voltage 

Duty 
Ratio 

Output 
Voltage 

1 20 0.4 162 

2 20 0.5 204 

3 20 0.6 263 

4 20 0.7 349 

 

The input voltage is kept constant at 20V, the 
output voltage varies as the duty ratio is varied 
manually. As the maximum duty ratio will be 
less than 1, the maximum value to the output 
voltage would be approximately 530V. 

3.2 Closed Loop System with PI Controller 

Here comparison of error and change in 
error signals are to be made and gives the 
controlled output is measured by scope. 

 

Fig.12 MATLAB simulation of voltage multiplier 
converter with coupled inductor with PI 
controller 

Principle of Operation of PI controller  

 Here the input voltages are given as 
10V, 15V, 20V, 25V, 30V, 40V and Reference 
voltage is given as 200V, these two inputs are 
given to the PI Controller. Comparison of the 
actual output voltage and reference voltage is 
carried out by using Error controller. It compares 
the error and change in error value and gives the 
controlling output voltage. 

Simulation Experimental Results 
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 The following waveforms shows the 
comparison between the input and output 
voltage with reference voltage. Here, we discuss 
different cases of the variation in duty ratio for 
different reference value. 

In the below table, the desired value of the 
output voltage is achieved as the duty ratio is 
varied, here, the duty ratio is automatically 
varied giving different output voltages with 
variable input voltages. 

TABLE II 
For Reference Voltage = 200V 

 
Variable 

input 
voltage 

Output 
Voltage(Volts) 

Output 
Power(Watts) 

[20 25 15 30] 199 197.5 
 

The above table shows the values of 
variable input voltages at a reference voltage of 
200v maintaining the output voltage at 199V, in 
this the duty varies automatically. 

Fig.13 Waveforms of the Constant Output 
Voltage with varying Duty Ratio 

TABLE III 
For Reference Voltage = 360v 

 
Variable 

input 
voltage 

Output 
Voltage(Volts) 

Output 
Power(Watts) 

[20 25 30 40] 366.6 671.8 
  

 The above table shows the values of 
variable input voltages at a reference voltage of 

360v maintaining the output voltage at 366.6V, in 
this the duty varies automatically. 

Fig.14 Waveforms of the Constant Output 
Voltage with varying Duty Ratio 

 The above figures (Fig.13 & Fig.14) and 
shows the automatic variation of duty ratio 
giving a constant output voltage. 

4 COMPARISON WITH PREVIOUS 
CONVERTERS 

 Table IV shows the performance and 
comparison for the proposed converter and 
cascade boost converter. The number of diodes 
and capacitors are more than that in the cascade 
boost converter. However, the voltage stress of 
the active switch in cascade boost converter is 
equal to the output voltage, wherein, the voltage 
stress of the switch in proposed converter is very 
less than the output voltage. This makes the low 
on-resistance MOSFET available hence 
improving the efficiency. With the help of the 
controller, as the duty ratio increases, the voltage 
gain in the converter is far more than that in 
cascade boost converter. 

TABLE IV 
Comparison among different Converters 

 
Topology Cascade 

Boost 
Converter 

Proposed 
Converter 

No. of Active 
Switches 

1 2 

No. of 
Diodes 

3 5 

No. of 2 5 
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Capacitors 
Voltage Gain 1/(1-D)² =0.04 (2+N+D(N+1))/

(1-D)  
=11 

Voltage 
stress of 
active 
switches 

Vo = 200v 
 

Vo/(2+N+(N+1)
D)= 

44.45v 

 

The proposed circuit maintains the output 
voltage constantly with the variable input 
voltage by employing the PI controller which 
controls the output voltage by controlling the 
width of the triggering pulses or switching 
signals. The output response with the variable 
input voltage is represented in the Fig.15. 
Initially, during the transient time the output 
voltage increases up to maximum value and with 
the control action of the PI controller the desired 
output voltage is attained around 0.06 to 
0.07secs. The Fig.14 represents comparison of 
input and output voltage with the reference 
voltage as 200V. The desired output voltage can 
be varied and is obtainable with the PI control 
strategy with the proposed circuit.  

The control action of PI controller is 
represented in Fig.13 in the form of gate pulses. 
From the simulation result, it can be observed 
that the gate pulses are being varied with PI 
control to achieve desired output voltage.  

5 CONCLUSION 

The Simulation experimental results 
have been presented for a coupled inductor 
based DC-DC converter. The implementation of 
high step-up voltage conversion with automatic 
variation of duty ratio, voltage clamping feature 
and by turns ratio of the coupled inductor. The 
output voltage is compared with the reference 
value and the error is fed to PI Controller 
generating dynamic duty ratio. So, as compared 
with cascaded boost converters, here the duty 
ratio is automatically varied giving constant 
output voltage for any given constant value of 
the input voltages. The output voltage is as the 
user-defined value which is maintained constant. 
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