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I. INTRODUCTION 

 Nowadays, renewable energy systems have 

a major role in power sector. These systems may be 

photovoltaic cells, fuel cells, wind power, etc. The 

power generated from these systems are not 

suitable to drive large loads. To make the output of 

these systems as effective, an interface is required 

[1]. Power electronics boost converters can be used 

as a best interface for this application. The 

traditional non isolated voltage boosting converters 

have pulsating output current which causes the 

large output voltage ripple. This ripple may affect 

the sensitive power electronics devices in a circuit. 

To overcome this problem, a capacitor with a low 

equivalent series resistance (ESR) is added or an 

inductance-capacitance (LC) filter is added or the 

switching frequency is increased. In recent days 

inductors are coupled with these converter circuits 

to improve the output voltage [2]. By adding this 

inductor, the voltage gain is improved and the 

voltage stress is reduced [3, 4]. This converter’s 

voltage conversion ratio depends on the number of 

turns of this inductor [5]. So the efficiency can be 

improved. But this traditional buck boost converter 
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has some disadvantages in steady state and 

transient responses [6-8]. To avoid these kind of 

problems, a KY converter is used which is voltage 

boosting converter. The converter has fast load 

transient response [9, 10]. To get high output 

voltages its second order derivatives are used [11]. 

But the voltage gain is too low. This KY converter is 

combined with the traditional buck boost converter 

to improve the voltage gain. This arrangement 

increases the voltage conversion ratio [12, 13]. It has 

one charge pump along with the coupled inductor 

[14, 15]. A part of leakage inductance energy from 

this inductor is recycled to the output capacitor of 

the traditional buck boost converter [16, 18]. To get 

this constant output voltage, a PI controller based 

feedback circuit is added with this arrangement [17]. 

It makes the converter as efficient with less output 

voltage ripple.  

 Based on the aforementioned, a modified 

step up converter is presented herein. It has fast 

load transient responses similar to the buck 

converter with synchronous rectification. It is 

combined with one charge pump and one coupled 

inductor. So that the converter provides non 

pulsating output current without increasing the 

current stress at the output capacitor but also 

reduces the output voltage ripple. Finally, a detailed 

description is provided along with some simulation 

results to prove the effectiveness of the converter. 

II. SYSTEM CONFIGURATION 

 Figure 1 shows the proposed converter 

which has two metal oxide semiconductor field 

effect transistors (MOSFET) S1 and S2. These two 

switches are used to form buck boost converter as 

well as KY converter. A coupled inductor composed 

of primary winding with Np turns and secondary 

windings with Ns turns. The converter also has one 

diode D, one energy transferring capacitor C1, one 

charge pump capacitor which is large enough to 

keep the voltage across itself constant at the value 

of the input voltage. Along with this, one output 

inductor L0 and one output capacitor C0 which form 

an LC filter. In addition, the input voltage is Vi and 

output voltage is V0. 

 
Fig.1. Proposed converter 

III. PROPOSED BLOCK DIAGRAM 

Double loop controller is used in this converter. It 

has inner loop controller as PI controller and outer 

loop as hysteresis current controller. It gives the 

control over the output voltage. PI controller is used 

for voltage control and it produces reference 

current. Hysteresis controller has dc output current 

from KY converter and reference current from PI 

controller. 
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Fig.2. Proposed block diagram 

PI Controller: PI controller has two constants Kp and 

Ki which is used to control the circuit. It compares 

the voltage from KY converter and reference 

voltage. It generates reference current which is 

compared by hysteresis controller. 

Kp

ik

s

         Integral(I)

Proportional(P)

+

+

+

-

G(s) E(s)

Fig.3. Block diagram of PI controller 
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Hysteresis Current Controller: The principle of this 

controller is to generate a new reference signal 

which is deduced from the sum of the reference 

current (Iref) and a DC voltage generated from the KY 

converter. 

 
Fig.4. Block diagram of hysteresis controller 

IV. BASIC OPERATING PRINCIPLES 

MODE 1: When the switch S1 is in open condition, 

the inductance is magnetising and capacitor C1 is 

charging. Diode D is forward biased. 

 
Fig.5. Mode 1 of operation 

MODE 2: When switch S2 is in open condition, 

output inductor is magnetising and capacitor C2 is 

charging. Diode D is reverse biased. 

 
Fig.6. Mode 2 of operation 

 There are some assumptions made for 

explaining this section. The coupled inductor is 

modeled as an ideal transformer except that one 

magnetising inductor Lm is connected in parallel with 

primary winding and one leakage inductor Ll1 is 

connected in series with primary winding. Therefore 

coupling coefficient k is defined as 

1

m

m l

L

L L
. 

1) The converter operates in positive current 

mode. So that the current flow in the 

magnetising inductor Lm and output 

inductor L0 are positive. 

2) The dead times between the two MOSFET 

switches are neglected. 

3) The MOSFET switches and diodes are 

assumed to be ideal components. 

4) The values of all capacitors are large 

enough. So that the voltage across those 

capacitors are kept constant at some 

values. 

5) The magnitude of switching ripple is 

negligible. Therefore the small ripple 

approximation will be adopted in this 

analysis. 

The analysis has the explanation of power flow path 

for each mode, along with corresponding equations 

and voltage gain. Inherently there are two operating 

modes in this converter. Moreover the gate driving 

signals Vgs1 and Vgs2 are given to switches S1 with 

duty cycle of (1-D) and S2 with duty cycle of D, 

respectively, where D is DC quiescent duty cycle 

created from the controller. In addition, the input 

current is denoted by ii, the current through the Np 

winding is signified by iNp, the current through the Ns 

winding is represented by iNs, the current through Lm 

is denoted by iLm, the current through L0 is indicated 

by iL0, and the current through R0 is signified by I0. 

On the other hand, the voltage across Lm or the 

voltage across the Np winding is signified by VNp, the 

voltage across the Ns winding is represented by VNs, 

the voltage across C1 is indicated by Vc1, the voltage 

across C2 is denoted by Vc2, and the voltage across L0 

is described by VL0. Its operation is analyzed in two 

ways: 
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Voltage Gain Considering Coupling Coefficient Equal 

To One: 

Mode 1:  During this interval, S1 is turned off but S2 is 

turned on. Therefore, input voltage Vi is imposed on 

Np, thus causing Lm to be magnetized and the 

voltage across Ns to be induced, equal to Vi × Ns/Np. 

In addition, D1 becomes forward-biased; C2 is 

charged to Vi + Vc1 + Vi × Ns/Np; and the voltage 

across L0, i.e., VL0, is a negative value, equal to VC2 – 

V0, thus making L0 demagnetized. As a consequence, 

input voltage Vi, together with the voltage across C1 

(VC1), plus the induced voltage on Ns (VNs), plus the 

voltage across L0 (VL0), provides the energy to the 

load. In addition, the associated equations are as 

follows: 

 Np iV V (1) 

0 2 0 –  L CV V V (2) 

Mode 2:  During this interval, S1 is turned on but S2 is 

turned off. Therefore, the –VC1 voltage is imposed 

on Np, thereby causing the magnetizing inductor Lm. 

to be demagnetized and the voltage across Ns to be 

induced, equal to –VC1 ×Ns/Np. In addition, D1 

becomes reverse biased, the voltage on Lo is a 

positive value, equal to Vi +VC1 + VC2 – V0, thus 

causing L0 to be magnetized. As a result, the input 

voltage Vi, together with the voltage across 

Lm(VNp),plus the voltage across C2 (VC2), provides the 

energy to L0 and the load. In addition, the 

corresponding equations are as follows: 

1 Np CV V  (3) 

0 1 2 0    L i C CV V V V V    (4) 

By applying the voltage-second balance principle to 

Lm over one switching period, the following equation 

can be obtained: 

   1      1   0i CV D V D      (5) 

In addition, by rearranging the above equation, the 

voltage across C1, i.e., VC1, can be obtained as 

follows: 

1
1

C i

D
V V

D
 


(6) 

Likewise, by applying the voltage-second balance 

principle to L0 over one switching period, the 

following equation can be obtained: 

     2 0 1 2 0–   –  1 0C i C CV V D V V V V D       (7) 

The voltage across C2, i.e., VC2, can be represented 

by 

2 1   s
C i C i

p

N
V V V V

N
    (8) 

Next, based on (6)–(8), the corresponding voltage 

gain can be expressed to be 

0 2

1

s

i p

V ND

V D N


 


(9) 

From (9), it is shown that 0 < D < 1. 

A. Voltage Gain Considering Coupling 

Coefficient Not Equal To One: 

In this case, the coupling coefficient k is not equal to 

one, i.e., the leakage inductor Ll1 is taken into 

account. Moreover, the operating modes are also 

the same as those mentioned in mode1 of previous 

case. 

Mode 1:The following equations, containing 

coupling coefficient k, can be obtained. At the same 

time, both Lm and Ll1 are simultaneously magnetized. 

Hence, the corresponding equations are as follows 

1

 m
Np i

m l

L
V V

L L
 


(10) 

    s s
Ns Np i

p p

N N
V V kV

N N
    (11) 

In addition, the voltages on C2 and L0 can be 

depicted as follows 

2 1 1     s
C i C Ns i C i

p

N
V V V V V V kV

N
        (12) 

0 2 0 –  L CV V V (13) 

 

Mode 2:  During this interval, the voltages across L0 

and C1 are to be expressed as follows. Above all, part 

of the energy stored in Lm and Ll1 be transferred to 

C1. Hence, the corresponding equations are 

1 Np CV kV  (14) 

0 1 2 0  –  L i C CV V V V V   (15) 

By applying the voltage-second balance to both Lm 

and Ll1 over one switching period, one can get 

 1      1 –    0i CV D V D     (16) 
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Sequentially, by rearranging the above equation, the 

voltage across C1, i.e., VC1, can be obtained to be 

1
1

C i

D
V V

D
 


(17) 

Likewise, by applying the voltage-second balance 

principle to Lo over one switching period, the 

following equation can be obtained to be 

     2 0 1 2 0–        –   1 –    0C i C CV V D V V V V D       (18) 

Next, substituting (12) and (17) into (18) yields the 

voltage gain 

0 2

1

s

i p

V ND
k

V D N


 


(19) 

From equation 19 it is clear that voltage gain can be 

changed by adjusting duty cycle and turns ratio 

independently. So this converter can achieve much 

higher gain than that of other converters. 

V. SYSTEM DESIGN OF THE CONVERTER 

How to design the magnetizing inductor Lm, the 

energy transferring capacitor C1, the charge pump 

capacitor C2, the output capacitor C0, and the output 

inductor L0 is shown as follows. 

Table.1. System design 

System parameters Specifications 

Input voltage(Vi) 12V 

Rated output voltage(V0) 72V 

Rated output current(I0,rated) 0.833A 

Power(P0,rated) 60W 

Minimum output 

current(I0,min) 

0.1A 

Power(P0,min) 7.2W 

Switching frequency(fz) 100kHz 

CALCULATION OF MAGNETIZING INDUCTOR: 

To make sure that Lm always operates in the 

positive region, the required equation is as follows 

,min2

i s i s
m

Lm Lm

V DT V DT
L

i I
 

 
(20) 

Where ILm,min is the minimum dc current in Lm. 

Finally, the value of Lm is set at 148.7 μH. 

CALCULATION OF OUTPUT INDUCTOR: From the 

industrial viewpoint, the output inductor is generally 

designed to have no negative current when the 

output current is above 20%–30% of the rated 

output current [20]. Therefore, in this paper, the 

boundary between the positive and negative 

currents is assumed to be at 20% of the rated output 

current. Hence, the value of L0 can be obtained in 

(33), shown at the bottom of the page. Eventually, 

the value of L0 is set at 188 μH. 

0
0

Lm

L t
L

i





 

1 2 0

0

( (1 D)Ti C C s

L

V V V V

i

   



(21) 

CALCULATION OF ENERGY-TRANSFERRING 

CAPACITOR: 

Assuming the peak-to-peak value of the capacitor 

voltage during the charge period, i.e., ΔVC1, is set to 

1% of V or less, i.e., ΔVC1  is smaller than 120 mV, the 

value of C1 be obtained as follows: 

1
1

1

C

C

i t
C

V





(22) 

, 0,

1

( )(1 D)T

(0.001 )

i rated rated s

C

I I

V

 



 

where Ii,rated is the dc input current Ii under rated 

conditions. Eventually, two 470μF capacitors with 

positive terminals connected in series are selected 

for C1. 

CALCULATION OF CHARGE PUMP CAPACITOR: 

Assuming the variation in capacitor voltage during 

the discharge period, i.e., ΔVC2 is set to 0.1% of VC2 

or less, i.e., ΔVC2 is smaller than 60 mV, the value of 

C2 can be obtained as follows: 

0,2
2

2 2

(1 D)T

(0.001 )

L rated sC

C C

Ii t
C

V V


 
 

    

(23) 

where IL0 ,rated is the dc current in L0 under rated 

conditions. Finally, two 47μF capacitors connected 

in parallel are chosen for C2. 

CALCULATION OF OUTPUT CAPACITOR: 

As generally known, the output filter is used to filter 

out the output current ripple as much as possible. 

Prior to designing C0, the output voltage ripple ΔV0 is 

assumed to be smaller than 0.1% of the rated 

output voltage, i.e., ΔV0 is smaller than 72 mV. 
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Therefore, the equivalent series resistance of the 

output capacitor, i.e., ESR, can be represented by 

0 0

0

0.001

L L

V V
ESR

i i

 
 
 

(24) 

Eventually, two 220μF capacitors connected in 

parallel are selected for C0. 

VI. SIMULATION RESULTS 

OPEN LOOP SYSTEM: Fig.7 shows the exact open 

loop circuit that was used in the MATLAB simulation. 

In this circuit, gate pulses have been provided by the 

pulse generator connected with the circuit. 

This is the simulation diagram of open loop KY 

converter which has variable output voltage and 

current. These have been shown in fig.8 and 9. 

CLOSED LOOP SYSTEM: Fig.10. shows the closed 

loop control of a KY converter. It has a double loop 

controller consisting of PI controller and hysteresis 

current controller. PI controller compares the 

output voltage from KY converter and reference 

voltage. It produces a reference current and gives it 

to the hysteresis current controller. 

 Output voltage and output inductor current 

are shown in fig.11 and 12. The controller gives 

constant output voltage without any ripples at the 

output side. 

 
Fig.7. simulation model of open loop KY converter 

 
Fig.8. output voltage for open loop KY converter 
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Fig.9.output inductor current for open loop KY converter 

 
Fig.10. simulation model of closed loop KY converter 

 
Fig.11. Output voltage for closed loop KY converter 
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Fig.12.Output inductor current for closed loop KY converter 

VII. EXPERIMENTAL RESULTS 

It deals with the hardware components used in the 

KY converter and detail about its components. It 

consists of gate driver circuit and power circuit. 

Fig.13. shows the hardware module of the project. 

Fig.13.Hardware module 

 Source of AC supply is given to a step down 

transformer and it produces 12V of supply. This 

reduced voltage has been given to a bridge rectifier 

unit which has the output of DC with some ripples. 

Capacitor is used to reduce this ripple and produces 

constant DC voltage of 12V. This 12V is given to the 

power circuit and gate driver circuit. 

 It has a microcontroller unit to generate 

pulses for switching operation of MOSFET. So that 

the on and off condition of switches are possible to 

get two modes of operation of KY converter. KY 

converter is a type of voltage boosting converter. 

When we give 12V of DC input power circuit provides 

24V DC output at the load. 

 
Fig.14. Waveform of input voltage 

 
Fig.15. Waveform of boosted DC output voltage 

VIII. CONCLUSION 

A step-up converter is presented here which is 

formed by the combination of KY and buck-boost 

converter. The converter has non pulsating current 

and voltage at the output side. So that the output is 

ripple free. This converter is combined with one 

charge pump and one coupled inductor with this the 
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voltage gain has been improved. It is suitable for low 

voltage applications such as fuel cells and 

photovoltaic systems. A double loop controller is 

used in this circuit which has hysteresis current 

controller as inner loop and PI controller as outer 

loop. Here, the output voltage is constant 

irrespective of the changes in input voltage and 

load. In an existing system, any one type of 

controller is used. But in this project, two controllers 

have been used in a single microcontroller. This 

improves the performance of the converter. 
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