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Abstract—The interest for high gain DC-DC converter has 

grown recently align with renewable energy resources 

deployment. In particular, the interests are in high gain 

converters without installing additional power switches and/or 

other passive components in the circuit. Thus, this paper 

presents a non-isolated single switch converter with ultra-high 

voltage gain (UHG) suitable for most of renewable energy 

resources conversion system such as photovoltaic applications. 

The suggested converter achieves high voltage gain and around 

to 93% efficiency, with just a single MOSFET operating within 

reasonable duty cycle range. Furthermore, in this UHG 

converter, the MOSFET is turned on in zero current switching 

(ZCS) condition and the diode recovery problem is resolved. 

The operating mode of the suggested UHG converter, steady-

state mathematical analysis, circuit parameters such as voltage 

stress on semiconductor switches and converter gain are 

discussed in detail. Comparisons have been made with similar 

topologies available in the literature and finally, in order to 

confirm the operation of the suggested UHG topology, 

experimental results based on 200W (20V input, 320V output 

voltage) are reported.  

Keywords— ultra high gain converter, DC-DC Converter, 

three-windings coupled-inductor, soft switching, zero current 

switching 

I. INTRODUCTION  

Energy demand and consumption have been increased 
dramatically during recent years. This growth is expected to 
continue for next several decades (at least). Traditional fossil-
based energy sources associated with two major concerns as 
limited resources and greenhouse gas emissions. Due to these 
concerns, investments have been put into alternative green 
energy resources like photovoltaic (PV) systems [1], 
hydrogen-based fuel cells [2] and wind energy systems [3, 4]. 

In most of these new energy technologies, either the 
generated power is in DC or there is an intermediate DC-link 
in the energy conversion scheme [5]. As a common approach 
for PV systems, solar panels can be placed in series or in 
parallel with each other and act as the input for DC-DC 
converters, which its main tasks are to regulate and step up the 
DC voltage on DC-link for DC-AC conversion. The DC-link 
voltage of an DC-AC inverter should not be less than a certain 
standard value in order to control the current rating of the 
inverter switches and to use the appropriate modulation 
coefficient. Various configurations have been developed in 

previous studies to enhance the voltage level of PV panels to 
an acceptable value for the DC-link voltage.  

High boosting capability can be achieved by employing 
coupled inductor (CI) and using passive and active clamping 
methods [6,18]; Even so, the price and volume of this 
converter due to its two output DC-link capacitors and C is 
with large core size, it does not seem to be optimal for whole 
power range. The other alternative method is the switched 
capacitor to achieve high voltage gain in the switching mode 
converters [7,15]. On other hand, high duty cycle value is 
needed for active switch(s) to achieve high voltage gain in 
some of high gain step-up converters Because of the inherent 
feature of these structures [7,14], which can increase 
switching losses. To achieve soft switching action, a novel 
resonant topology with a double voltage structure and two sets 
of secondary windings is introduced in [8]. The drawback of 
this converter is the large number of active switches compared 
to single-switch topologies. The turn-ratio of certain magnetic 
devices, including a transformer or CI, is another common 
practice for increasing voltage gain in DC-DC converters [9], 
[12-13]. In some of applications where the isolation is not 
essential, the CI is utilized by changing the turns-ratio which 
could provide high voltage gain. Given its versatility, the high 
voltage gain approach has some limitations, which are mostly 
due to the leakage of the CI [10, 11]. Another solution to 
increase the voltage gain is to use multiplier cells  in a boost 
converter [16,18]. In [17] authors proposed a new DC-DC 
converter topology based on 3 windings CI with high voltage 
gain. Although the advantage of this scheme is the use of low 
components with CI but, the voltage gain is low to use for a 
DC-DC-AC solar system with a particular solar panel.  

This paper presents a non-isolated ultra-high gain (UHG) 
DC-DC topology with three winding CI and single power 
MOSFET switch. Additionally, reduced input current ripple 
and Zero Current Switching (ZCS) are also achieved for the 
proposed UHG DC-DC topology. The rest of this article is 
arranged as follows: Section II explains circuit design, 
operating analysis based on continuous conduction mode 
(CCM). Several important parameters (including voltage gain 
and voltage stress on semiconductor switches) of the topology 
are obtained in Section III and compared with similar structure 
high gain converter topologies available in the literature in 
Section IV. Finally, Section V includes overall attainments of 
the paper based on experimental set-up. 



II. PROPOSED CONVERTER AND OPERATION PRINCIPLES 

The proposed topology configuration incorporates a 
voltage multiplier cell (VMC) and a CI, aiming to increase the 
converter boosting capability. The proposed UHG DC-DC 
converter corresponding power circuit is depicted in Fig. 1 . 
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Fig. 1. Suggested UHG DC-DC topology 

Fig. 2 reflects the status of semiconductor switches in one 
complete switching cycle for the proposed UHG DC-DC 
converter where one switching cycled is divided into six 
subintervals (mode 1 - mode 6). The main waveforms of 
currents and voltages in single switching cycle are sketched in 
Fig. 3 The following assumptions are considered carrying out 
the steady-state analysis: 

• The MOSFET and diodes are ideal. 

• CI is considered ideal with the turns-ratio of 

N=N2/N1=N3/N1, magnetizing inductor (Lm) and 

leakage inductor (Llk), 

• The grayed-out elements are off. 

• The proposed topology (Fig.1) operates in (CCM). 

• D indicates duty cycle of the MOSFET and D' is 

equal to 1-D. 

The suggested topology operating principles are as 
follows: 

Mode 1: The MOSFET begins conducting at the starting 
of the first mode, diodes D1-D4 are blocked and just DO is 
conducting. As the current of leakage inductance, Llk, 
increases slowly through this short time, the currents of the 
other sides of the CI (LN2 and LN3), decrease linearly. 
According to Fig. 2(a) due to the presence of Lin and leakage 
inductor, the MOSFET current increase slowly and turns on in 
ZCS situation. This state finishes when the leakage current 
exceeds the magnetizing current  and diodes DO turns off and 
D2 turns on . 

Mode 2: Fig. 2(b) depicts that the power MOSFET is still 

conducting in the second mode, and diodes D3, D4, and DO 

are blocked while diodes D2 is turned on with ZCS situation. 

The DC input voltage source charges the input, leakage, and 

magnetizing inductances, which increases their current (ILin, 

ILm, and ILk). The capacitor C1 is discharged through the diode 

D2 and capacitor C2 is charged.  

By considering Kirchhoff's Voltage Law (KVL) to the 

topology in this mode, these equations can be derived: 

𝑉𝐿𝑚
𝐷 = [

𝐿𝑚

𝐿𝑚 + 𝐿𝑙𝑘

] 𝑉𝐶𝑟 = 𝑘𝑉𝐶𝑟  (1) 

𝑉𝐿𝑙𝑘
𝐷 = [

𝐿𝑙𝑘

𝐿𝑚 + 𝐿𝑙𝑘

] 𝑉𝐶𝑟 = (1 − 𝑘)𝑉𝐶𝑟 (2) 

𝑉𝐿𝑖𝑛
𝐷 + 𝑉𝐿𝑚

𝐷 + 𝑉𝐿𝑙𝑘
𝐷 = 𝑉𝑖𝑛  (3) 

𝑉𝐿𝑖𝑛
𝐷 + 𝑉𝐶𝑟 = 𝑉𝑖𝑛 (4) 
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Fig. 2. Current paths in the suggested UHG topology.(a) circuit status at Mode 1, (b) circuit status at Mode 2, (c) circuit status at Mode 3 , (d) circuit 

status at Mode 4, (e) circuit status at Mode 5 , (f) circuit status at Mode 6  



𝑉𝑁2
𝐷 = 𝑉𝐶2 − 𝑉𝐶1 = 𝑁2𝑉𝐿𝑚

𝐷 = 𝑁2𝑘𝑉𝐶𝑟 (5) 

where k is the coupling coefficient and 𝑉𝐿𝑚
𝐷 , 𝑉𝐿𝑙𝑘

𝐷 , 𝑉𝐿𝑖𝑛
𝐷  are 

voltage of magnetizing, leakage and input inductances when 

the switch is on respectively. 𝑉𝐶𝑟 , 𝑉𝐶2, 𝑉𝐶1  are voltage of 

capacitors Cr, C2 and C1 respectively, while the MOSFET is 

turned on. This interval ends when the diodes D3 and D4 turn 

on and amplitude of ILN3 increase. 
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Fig. 3. The suggested topology main waveforms in CCM operation 

Mode 3: As depicts in Fig. 2(c), in this mode MOSFET 

remains on, and diodes D2, D3 and D4 are conducting and 

diodes D1 and DO are turned off. The capacitor C1 is 

discharged through the diode D2 and capacitors C3, C4 and C2 

are charged. Meanwhile, due to the reversed voltage on the 

windings N3 and N2, the currents of windings N2 and N3 (IN2 

and IN3), are slowly declining. Furthermore, in this state, the 

voltage of capacitors C3 and C4 are calculated by using (6): 

𝑉𝑁3
𝐷 = 𝑉𝐶3 = 𝑉𝐶4 = 𝑁3𝑉𝐿𝑚

𝐷 = 𝑁3𝑘𝑉𝐶𝑟  (6) 

Where 𝑉𝑁3
𝐷  is the voltage of secondary windings while the 

MOSFET is on. 

Mode 4: This short time transition begins when currents 
of windings N2 and N3 is near zero and all diodes are blocked. 
When the MOSFET is completely off, this time interval 
finishes. 

Mode 5: In this state the MOSFET is turned off and 
windings of N2 and N3 is charged from the input voltage. The 
energy of the leakage inductance is recycled to the capacitor 
C1 and this capacitor is charged through the diode D1. 
Meanwhile, capacitors C2, C3 and C4 are discharged through 
the output diode. By considering KVL in the circuit of Fig. 
2(e) it is possible to obtain the following equations: 

𝑉𝐿𝑖𝑛
𝐷′

+ 𝑉𝐿𝑚
𝐷′

+ 𝑉𝐿𝑙𝑘
𝐷′

= 𝑉𝑖𝑛 − 𝑉𝐶1 (7) 

𝑉𝐿𝑚
𝐷′

= 𝑘(𝑉𝐶𝑟 − 𝑉𝐶1) (8) 

𝑉𝑁2
𝐷′

= 𝑁2𝑉𝐿𝑚
𝐷′

 (9) 

𝑉𝑁3
𝐷′

= 𝑁3𝑉𝐿𝑚
𝐷′

 (10) 

𝑉𝐶1 − 𝑉𝑁2
𝐷′

+ 𝑉𝐶2 + 𝑉𝐶3 − 𝑉𝑁3
𝐷′

+ 𝑉𝐶4 = 𝑉𝑂 (11) 

where 𝑉𝐿𝑚
𝐷′

, 𝑉𝐿𝑙𝑘
𝐷′

, 𝑉𝐿𝑖𝑛
𝐷′

 are voltage of magnetizing, leakage and 

input inductances when the switch is off respectively. 

Mode 6: In this state the MOSFET is still blocked and this 
mode begins when voltage of C1 is charged close to its final 
value and D1 turns off. As in the previous case, in this mode, 
capacitors C2, C3 and C4 are discharged through the output 
diode (DO). Mode 6 ends when the MOSFET is turned on and 
next cycle is started. 

III. STEADY-STATE ANALYSIS OF THE PROPOSED TOPOLOGY 

A. Voltage gain (MCCM) Calculation 

By utilizing the volt-second equilibrium axiom for both 

input inductor and magnetizing inductance ((3) and (7)) 𝑉𝑐1 

is obtained: 

𝑉𝐶1 =
𝑉𝑖𝑛

𝐷′
 (12) 

According to (12) and by utilizing the volt-second 

equilibrium axiom for magnetizing inductance ((1) and (8)) 

VCr is obtained: 

𝑉𝐶𝑟 = 𝐷′𝑉𝐶1 = 𝑉𝑖𝑛 (13) 

By substituting (12) and (13) into (5) the VC2 is obtained: 

𝑉𝐶2 = 𝑁2𝑘𝑉𝑖𝑛 + 
𝑉𝑖𝑛

𝐷′  (14) 

By substituting (12) and (13) into (8) the 𝑉𝐿𝑚
𝐷′

 is obtained: 

𝑉𝐿𝑚
𝐷′

= 𝑘(𝑉𝐶𝑟 − 𝑉𝐶1) = −
𝐷

𝐷′
𝑉𝑖𝑛 (15) 

By substituting (6), (9), (10), (12), (13), (14), and (15) into 

(11) the nominal MCCM of proposed UHG topology is 

obtained: 

𝑉𝑜

𝑉𝑖𝑛

=
1

𝐷′
(2 + 𝑁2(𝐷 + 𝑘𝐷′) + 𝑁3(𝐷 + 2𝑘𝐷′))  (16) 

If the leakage inductance of the CI is not considered, the 

coupling factor k is 1, and the ideal MCCM of the proposed 

topology is as follows:  

MCCM =
𝑉𝑂

𝑉𝑖𝑛
=

1

𝐷′ (2 + 𝑁2 + 𝑁3(𝐷 + 2𝐷′)) (17) 

The proposed topology theoretical voltage gain in CCM, 

MCCM, against duty cycle of MOSFET, D, under various turn 

ratios of the CI, N2 and N3, is shown in Fig. 4. It can be seen 

that the CI turns ratio, N2 and N3, can be calculated and 

modified to attain very high voltage gain without applying 

and working at exceptionally large duty cycle. The 

appropriate duty cycle value of the switch for this topology is 

less than 0.75. 

B. Evaluation of Voltage Stress on Semiconductor Devices 

The voltage stress of MOSFET and diodes based on the 
converter operation are calculated as follows: 

𝑉𝑆 = 𝑉𝐷1 = 𝑉𝐶1 =
𝑉𝑖𝑛

𝐷′
 (18) 

𝑉𝐷2 = (𝑁2 + 1) 
𝑉𝑖𝑛

𝐷′  (19) 



Table I. Comparison of a suggested UHG DC-DC topology with several other high step-up topologies. 

 Ref [12] Ref [13] Ref [14] Ref [15] Ref [16] Ref [17] Proposed Converter 

ND 4 4 5 8 2 3 5 

NS 1 1 1 1 1 1 1 

NC 4 4 5 8 3 3 6 

NIND 1CI(3W) 1CI(3W) 1CI(3W) 1+1CI(2W) 1CI(2W) 1CI(3W) 1+1CI(3W) 

Common Ground ✖️ ✓ ✓ ✓ ✓ ✓ ✓ 

ND: Number of Diodes, NC: Number of Capacitors, NS: Number of switch, NIND: Number of Inductor(s), W: windings, D: duty cycle

𝑉𝐷3 = 𝑉𝐷4 = 𝑁3

𝑉𝑖𝑛

𝐷′
 (20) 

𝑉𝐷𝑂 = (1 + 𝑁2 + 𝑁3) 
𝑉𝑖𝑛

𝐷′  (21) 

Where, Vs is voltage stress on MOSFET and VD1, VD2, VD3 

and VDO are voltage stress of Diodes D1, D2, D3 and DO 

respectively. 

 
Fig. 4. MCCM against duty cycle under various CI turns ratios. 

IV. COMPARISON OF THE SUGGESTED TOPOLOGY 

In order to illustrate the benefits of the suggested converter 

and validate its performance, this section provides a brief 

comparison with available similar topologies in the literature. 

Table I displays the key characteristics of the presented 

converter and similar CI-based converters using an active 

switch lately provided in [12-16]. It covers voltage gain, 

normalized voltage stress (NVS) of the switch and diode, 

method of grounding and number of components. 

 
Fig. 5. Comparison of voltage gain from multiple boost converters. 

(N2=2.5, and N3=2.5) 

Comparison of voltage gain from multiple high gain 

converters is depicted in Fig.5. It can be found that with 

N2=2.5 and N3=2.5, the suggested topology has a higher 

voltage conversion than the converters provided in [12-17] 

for all duty cycle  values. 

As showed in Fig. 6(a), for all duty cycle  values, the NVS 
of active switch in the suggested topology is less than the 

topologies provided in [12-14] and [16,17]. In addition, 

although the NVS of active switch in the topology [15] is 

lower than that of the suggested UHG topology in some duty 

cycles, it is more expensive due to its components. 

In addition, Fig. 6(b) shows the NVS of the output diode  of 

suggested topology and high step-up converters provided in 

[12-17]. As it can be found from this Fig. 6(b), the NVS on 

output diode for proposed topology stays low for whole range 

of duty cycle. Moreover, converters which has lower voltage 

stress on their output diode comparing to the proposed UHG 

converter, mostly those have inferior voltage boosting 

performance. 

 

 
Fig. 6. Features of high-gain topologies: (a) NVS of MOSFET, and (b) 

the output diode's NVS. (N2=2.5 and N3=2.5) 

Eventually, according to the comparison results, due to the 

integration of three-winding CI, voltage lift capacitor (C2) 

and voltage multiplier cell, the proposed topology has a 

considerable higher voltage gain over other high step-up 

converters. Moreover, the use of a three-winding CI in the 

suggested topology facilitates voltage gain tuning and 

(a) 

(b) 



optimizing MOSFET and other semiconductors active 

elements design. 

V. EXPERIMENTAL RESULTS 

The experimental results of a 200 W installed power circuit 

of the suggested converter are provided to validate the 

viability and verify the theoretical study of the proposed 

UHG converter. 

 
Fig. 7. Experimental circuit of suggested UHG topology. 

Fig. 7 depicts the experimental prototype of suggested 

converter and the specifications of each component are 

reported in Table II. 
Fig. 8 shows the experimental results of the converter 

operating in CCM. For all the figures, blue curves represent 
voltage waveforms and red curves represent current 
waveforms. 

Fig.8(a) illustrates voltage and current of diode D1. As it 
can be seen from this figure, this diode turns on in ZCS 
situation and its voltage waveform confirms the analysis 
reported in (18). 

Fig.8(b) depicts voltage and current waveforms of diode 
D2. The current of this diode changes with a slight slope at the 
moment of turning on and off, and therefore this diode has a 
ZCS feature both in turning on or turning off. 

Table II. Main Experimental Results Parameters 

Parameters  Description/ Value 

S MOSFET, 4.1 mΩ on-resistance,  

VDS =85V, ID =140A 

Diodes 

D1, D2, D3, D4 

DO 

 

MBR20200 schottky diode, VF=0.87 V 

SuperFast Recovery diode, VF=0.9 V 

Magnetically Coupled 

Inductor (MCI) 

Turns ratio: (N1: N2: N3=1: 2.5: 2.5) 

Magnetizing inductance : 140 𝜇H 

Leakage inductance : 1/2 𝜇H 

Inductors 

Lin 

 

100 𝜇H 

Capacitors 

C1 

C2 

C3, C4 

CO 

Cr1 

 

2*8.2 𝜇F, 63 V  

2*2.2 𝜇F  

8.2 𝜇F, 63 V  

330 𝜇F, 450 V 

2*2.2 𝜇F  

Switching Frequency 50 kHz 

Output Power  200 W 

Input Voltage  17-20 V 

Nominal Gain 16 

 
(a)  

 
(b)  

 
(c)  

 
(d)  

 
(e)  

 
(f)  

 
(g)  

 
(h)  

Fig. 8. Experimental results of the topology. Voltage and current in: (a) D1 (b) D2 (c) D3 (d) Do (e) Lin (f) LN1 (g) LN2 (h) Active switch, time :5𝜇s/div



Fig.8(c) shows the waveforms of diode D3. Similar to 
diode D2, this diode has a ZCS operation in both turning 
on/off. The voltage waveform of this diode can confirm the 
theoretical calculations reported in (20). 

Fig.8(d) is related to the output diode Do. As it can be 
noticed, this diode is turned off in ZCS condition. Because its 
voltage stress is less than the output voltage, it can reduce the 
overall cost of the topology. 

The voltage and current of input inductor Lin are shown in 
Fig. 8(e). In many applications, especially the use of solar 
cells, the continuity of the input current is an important factor. 
In Fig. 8(e), the average of input current is 10 A and its ripple 
is 150 mA . Fig. 8 (f) and Fig. 8 (g) show the voltages and 
currents in CI primary and secondary windings respectively. 

Fig.8(h) shows the drain-to-source voltage and drain 
current of the MOSFET. The zoomed figure demonstrates that 
this switch has a soft switching operation and the switching 
losses are very small and can be ignored. 

Fig 9 shows the suggested topology conversion efficiency 
at various output powers. It can be noticed that when output 
power is 75 W(D=0.5), the efficiency is greater than 93.8% 
and at the full load situation, efficiency of the topology is 
around 92% which is well within the range of similar 
topologies in the literature. The efficiency of the proposed 
UHG topology can be improved by optimizing the active and 
passive elements of the circuit and it will be considered in 
future studies. 

 
Fig. 9. Efficiency curve of suggested converter  

VI. CONCLUSION 

An ultra-high voltage gain (UHG) DC-DC converter 
topology based on three-winding coupled inductor (CI) and 
voltage multiplier cell (VMC) is presented in this paper. The 
proposed topology key advantages are: its ultra-high gain in 
considerable low turn ratio of CI and appropriate range of duty 
cycles, recycled energy of leakage inductance, improved 
efficiency (due to soft switching operation), and low 
normalized voltage stress (NVS) on the MOSFET and other 
semiconductors. The converter operating theory and steady-
state evaluation under CCM conditions have been fully 
articulated.  

In addition, this converter has two inherent features which 
make it suitable for application as solar panel side DC-DC 
converter in PV systems. First, the input current is continuous, 
and it owns very low ripple. The second is its common ground 
feature, which can eliminate the common mode leakage 
current. Input current continuity makes maximum power point 
tracking (MPPT) control implementation easy, and the 
common ground feature can eliminate the need for complex 
leakage current control needed in the PV systems application. 
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