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Abstract - Renewable energy is identified as a potential alternative to conventional utility grid-based electricity to meet the
present-day requirements of a variety of consumers. However, the inadequacy of matching the generated voltage to the
customer required rating is still a major constraint. So, to meet the required energy requirements in terms of voltage ratings,
power electronics-based DC-DC boost converters are generally used. But the voltage gain produced by traditional DC-DC
boost converter may not be sufficient for the renewable energy application, where, the source voltage ratings produced are
usually low. Hence, an effective DC-DC boost converter circuit with high gain has to be identified for this purpose. In line
with this, many studies have proposed different topologies. Even though there were some studies presented in the literature, all
those did not consider various key performance metrics viz., ripple current, voltage stress, voltage gain, number of components
used, efficiency, output quality, switching frequency, etc., for the analysis. The effectiveness of any topology has to be
evaluated in terms of the above-mentioned factors to understand its usefulness. Hence, keeping this gap in view, this paper
presents a detailed theoretical and simulation analysis on state-of-the-art topologies in view of all the key performance metrics.
A comparative analysis concerning the number of components used, performance metrics, output quality, transient response
analysis, gain factor achieved, switch rating requirement, voltage/current stresses has been conducted. Based on this analysis of
the advanced topologies, a better DC-DC converter topology is suggested as the conclusion of this paper.

Keywords DC-DC boost converter, High-gain converter, Power quality, Renewable energy, Switch stress, Transient response.

1. Introduction [84]. The traditional DC-DC converters have limitations to

boost up the voltages to much higher levels to meet all these

Population growth and industrial development have led
to high demand for energy in recent years. The consumption
of energy is extremely increasing, where, saving energy
becomes one of the biggest challenges. As consumption
increases, the amount of fossil fuel resources required for
generating energy also increasing. So, the world is focusing
on renewable energy sources for providing energy without
depending on fossil resources [82], [83]. However, the
voltage ratings produced by these renewable energy sources
is normally lower than the required level of the consumers.
Besides, different kinds of consumers require a variety of
voltage ratings with reliable power to meet their applications

versatile requirements. In these scenarios, high-gain DC-DC
boost converters serve the purpose of boosting the voltage to
a much higher level, thereby, helps in achieving the full use
of renewable energy sources [85], [86].

1.1. Operation of the Basic DC-DC Boost Converter

A boost converter steps up the input DC voltage to the
desired level based on the applied duty cycle. Usually, a
lower output DC voltage generated from a renewable source
is fed to the input of the step-up converter, which in turn
converts it to the high output DC voltage. The basic model of
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the DC-DC boost converter is shown in Fig. 1. It consists of
a semiconductor switch such as MOSFET (M) and energy
storage elements such as inductor (L) and capacitor (C). A
diode (D) is also used to protect the source from the reverse
current flow. The control signal (pulse of a certain duty
cycle) is fed to the gate of MOSFET, which decides the gain
of the converter. The duty cycle (d) is defined as the ratio of
the switch-on time (7soy) of MOSFET and total time period
(sum of switch-on time (Tson) and switch-off time (Tsorr)) as
given by (1). There are two modes of operation for the
MOSFET switch as given follows.

C_b yin TR
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Control Pulse ] -

Fig. 1. The basic circuit of the boost converter.

= Switch-on state: The MOSFET acts as short-circuited. So,
the current flows through the L, thereby, it gets charged up
to the value of source voltage (V).

= Switch-off state: The L discharges in this operation as the
impedance offered by the MOSFET is very high. Hence,
the current flows from L to the output (load). The C acts as
the filter at the output to reduce the output ripples.

Table 1. Comparison of Various State-of-the-art Review Works

The continuous switching of MOSFET with a certain
duty cycle provides continuous charging and discharging of
L. The overall output voltage (V) of this converter is equal
to the average of these two operations, which is derived as
given by (2). The voltage gain ( A, ) of this converter is given
by (3), which is always limited practically. Hence, it is
required to investigate the high-gain topologies that can meet

the requirement of high voltage supply of different practical
applications without comprising the power quality.

— TS()N (1)
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Vin
Vout — dc 2
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_ Output Voltage V" 3)
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1.2. Literature Review and Contribution of this Paper

Based on the importance of high-gain DC-DC
converters, various researchers tried to investigate the
efficacy of key topologies available in the literature.
However, the effective topology depends upon various
typical factors for its fruitful operation. Such typical factors
that are needed to be considered while designing the high-
gain converters are described as follows.

Comparison Metrics

Contribution Title Year Voltage

Stress

Ripple
Current

Switching

Gain
frequency

Number of Reference

Sources

Number of
Components

Output
Quality

Duty

Efficiency Cycle

Review of dc boost
non-isolated
converters

2014 v v x x

x x x x x n

Performance
assessment of dc-dc
converters

2016 v v v x

v v v v v 2]

Analysis of dc
converters on power
losses, ripple current,
and efficiency

2016 x x v x

Review of dc high
gain non-isolated
converters

2016 v v x x

v 4 x x x [4]

Overview of coupled
inductor based boost
converters

2016 v v x x

Overview of dc
converters based on
the voltage
conversion ratio

2017 x x x x

x x v x v [6]

Review of step-up dc

2017 v v x x
converters

High gain interleaved
dc-dc bidirectional
converter

2018 v x x v

Overview of
switched-capacitor
based dc boost
converters

2018 v v v v

Performance
assessment of dc
boost converters

2019 x x 4 v

[10]
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(1) Number of components used: As the quantity of
components increases, very high input power is required
to switch ON all the components.

(2) Voltage stress: The increased voltage on a particular
component affects the working of that component.

(3) Efficiency: The output must be more efficient in terms of
the gain and purity of the waveform.

(4) Waveform quality: The quality of the expected output
waveform must be very precise without any distortions
or noise.

(5) Ripples: There should not be any ripple content i.e., the
output should not contain any noise or undesired voltage
or current.

(6) Switching frequency: As the MOSFETs are controlled
by a pulse that is related to frequency, the output will be
affected as the switching of MOSFETSs might affect.

(7) Gain: The gain must be higher as the application of this
boost converter is to step up or add suitable gain to the
input ultimately.

(8) Duty cycle: The duty cycle of the MOSFET must be
calculated properly so that it might not affect the gain
and output of the waveform. Ultimately, the duty cycle
decides the gain of the converter.

(9) No of sources: As the number of sources increases, the
cost of the application will increase.

Hence, this section summarizes the available literature
review works on high-gain converters. By considering the
comparison matrix given in Table 1, even though, some
papers cover all the key quality factors, it is observed that

many are missing some of the main comparison factors
among gain, voltage stress, ripple current, switching
frequency, number of components, output quality, efficiency,
number of sources, duty cycle. Quantitative analysis is also
having not been done in these review papers. Comparing and
finding the most efficient topology in every aspect is very
important for elucidating the best topology.

Hence, based on the gaps present in the existing review
papers, this paper conducts a comprehensive review in terms
of both qualitative and quantitative analysis by considering
all key performance parameters. Hence, the proposed
analysis in this paper helps to identify a better-advanced
topology for high voltage gain applications.

2. Theoretical (or Qualitative) Analysis

To identify a better high-gain DC-DC converter, this
section performs detailed qualitative analysis on state-of-the-
art high-gain boost converter configurations by considering
all the abovementioned key performance parameters. This
analysis is presented in Table 2 and Table 3. Here, Table 2
gives the analysis with respect to the number of components
used for the topology development and Table 3 gives the
analysis with respect to various performance quality metrics.
Since, the load is common in all of these topologies, it is not
considered in the count of the total number of components.
All the parameters as validated in the available works are
considered for the comparison, where, the parameters that
were not validated are indicated as “NV” in the tables.

Table 2. Qualitative Comparison of Various State-of-the-art Topologies in Terms of Number of Components

Comparison Metrics
S.No Name of the Topology No. of No. of No. of No. of No. of No. of Total No. of | Reference
Switches | Inductors | Capacitors | Diodes | Sources | Transformers | Components

1 Dual inductor-based isolated boost 2 2 2 2 2 1 1 (1]
converter

2 Dual inductor-based non-isolated boost 2 2 3 4 2 1 14 (1]
converter

3 4-level boost DC-DC converter 3 1 3 3 2 0 12 [12]

4 Boost-2 Zeta converter 1 1 3 2 2 1 10 [13]

5 DC-DC converter for soft switching 1 1 5 5 2 2 16 [14]

6 ZCS Bidirectional DC-DC converter 5 3 3 0 2 0 13 [15]

7 InFerleaved boost with Cockroft Walton and 5 5 5 5 5 0 16 (16]
Dickson cell

3 Bopst converter with capacitor cell and a 1 2 4 5 2 0 14 [17]
switched inductor

9 High gain DC-DC converter 1 3 4 6 2 0 16 [18]

10 | Single switch DC-DC converter 1 2 4 5 2 0 14 [19]

11 Converter with IBC interle'five?d b(.)ostv 4 0 11 10 2 4 31 [20]
converter and voltage multiplier circuit

12 | Two-module converter 2 2 2 2 2 0 10 [21]

13 | High step converter 1 2 4 5 2 0 14 [22]

14 | Double-input converter 2 5 3 2 2 0 14 [23]

15 | DC-DC converter with high gain 1 4 2 4 2 0 13 [24]

16 DC—DC circuit with Z-source and switched 2 4 3 9 2 0 20 [25]
inductor network

17 SEPIC DC-DC converter 1 3 3 1 2 0 10 [26]

18 DC—to—DC boost converter with tapped 1 3 5 3 2 0 1 [27]
inductor

19 | Flying-capacitor boost converter 2 2 3 4 2 0 13 [28]

20 | Multilevel boost converter 1 1 5 6 2 0 15 [29]

21 | High-gain bi-directional DC-DC converter 4 1 2 4 2 2 15 [30]

22 | Interleaved DC to DC boost converter 2 2 1 3 3 0 11 [31]

23 Two-stage converter 2 4 2 8 2 0 18 [32]

24 | Boost converter with coupled- inductor 1 2 4 3 2 1 13 [33]
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switching cell

High-gain DC-DC voltage converter circuit

2 with VM stage and single input source 2 2 4 4 2 0 14 [34]
DC-DC converter having voltage lift

26 switched inductor module ! 3 3 > 2 0 14 [35]

27 Boost converter with VLSI module 1 3 3 5 2 0 14 [35]

28 | Boost converter with MBCVLSI-XY 1 4 4 7 2 0 18 [35]

29 Boost converter for the n-stage 2 2 2 3 2 0 11 [36]

30 | High efficiency DC/DC boost converter 1 3 3 2 2 1 12 [37]
High gain DC-DC converter where DC buses

31 are substituted by loads 3 2 2 3 2 0 12 [38]

32 | Dual boost converter 4 4 2 4 2 0 16 [39]

33 Booth converter circuit with voltage 1 2 3 3 2 0 1 [40]
multiplier

34 | High gain DC-DC converter 2 2 4 6 2 0 16 [41]
Voltage multiplier and coupled inductor

33 based DC-DC converter ! > > 4 ! 0 16 [42]

36 | DC boost converter with high voltage gain 2 2 5 5 2 0 16 [43]

37 | High gain DC converter using 4 VM stages 2 2 5 5 2 0 16 [44]

38 High-step up SEPIC boost DC-DC 1 1 4 4 1 2 13 [45]
converter

39 Transforrnf:r-less DC-DC converter for high 3 3 4 3 3 0 16 [46]
voltage gain
Modular and hybrid switched capacitor

40 based converter with high gain 4 4 8 0 4 0 20 [47]
Dual coupled inductors based DC converter

41 for high gain input and parallel output 2 2 4 4 2 2 16 (48]

0 Voltage multiplier for the interleaved boost 5 5 4 4 5 0 14 [49]
converter

43 | High step-up DC-DC converter 2 2 7 7 2 2 22 [50]

44 High step-up non-isolated DC-DC 3 1 3 4 3 0 14 (51]
converter

45 | High step-up converter with ZVS switching 4 4 5 4 4 1 22 [52]

46 Modified Dickson charge pump based DC- 2 2 5 4 2 0 15 (53]
DC converter

47 | Hybrid boosting converter 1 1 4 4 1 0 11 [54]

48 Isolated smgle—.swnch hybrid boost 1 1 6 7 1 1 17 [55]
converter for high-gain
Switched-capacitor-based dual-switch

49 (SCDS) converter 2 1 3 4 2 0 12 [56]
DC/DC high step-up converter with

>0 switched-capacitor and coupled inductor ! 4 4 4 ! 0 14 [57]

51 Switched LC-network for ultra-gain DC- 1 5 3 4 1 0 1 (58]
DC converter

50 Transformer-less high step-up gain 1 2 3 1 1 0 ] [59]
converter

53 Ultra-high voltage gain hybrid DC-DC 1 3 7 7 1 0 19 [60]
converter

54 | High step up soft switched converter 2 2 3 3 2 1 13 [61]

55 | High gain DC-DC converter for PVs 1 3 5 5 1 0 15 [62]

56 | Non isolated high gain DC converter 2 2 3 3 2 0 12 [63]

57 Non isolated boost converter for microgrids 3 2 1 2 3 0 11 [64]

58 LCL resonant DC-DC converter 4 3 6 0 4 0 17 [65]

59 | Soft switching bidirectional DC converter 6 5 3 0 6 0 20 [66]

60 | Interleaved high gain DC converter 2 2 2 4 2 2 14 [67]

61 Non isolated interleaved DC-DC converter 4 0 4 2 4 4 18 [68]

62 | DC boost converter for PV sources 1 4 3 1 1 1 11 [69]

63 Double boost sepic DC converter 1 2 5 4 1 0 13 [70]

64 | DC-DC converter for PV energy utilization 1 3 5 4 1 0 14 [71]

65 Single switch DC-DC converter 1 4 3 4 1 1 14 [72]

66 | DC converter for micro- inverter 2 1 4 2 2 2 13 [73]

67 B&?C topology for grid-connected PV 4 0 3 2 4 3 16 [74]

63 Interleaved converter for renewable energy 2 0 5 5 2 4 13 (75]
systems

69 Active switched network based DC-DC 2 2 5 2 2 0 10 [76]
converter

70 Scalable high-gain and non-isolated DC-DC 4 10 1 17 4 0 36 [77]
converter

71 Dual switches DC/DC converter 2 3 4 4 1 0 14 [78]

72 | SEPIC-based high step-up converter 1 2 5 4 1 2 15 [79]

73 | Single switch high step-up converter 1 2 4 4 1 0 12 [80]

74 | High gain Re Boost-Luo converter 1 0 4 3 1 1 10 [81]
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Table 3. Qualitative Comparison of Various State-of-the-art Topologies in Terms of Performance Metrics

Comparison Metrics

Voltage

Ripple

Switching

S.No Name of the Topology e TRIR e el e —— Outp‘ut Efficiency Duty |Reference
VIs) (A) (kHz) Quality (%) Cycle
1 Dual inductor-based Isolated boost converter NV NV NV 20 NV 94.7 0.6 [11]
2 Dual inductor-based Non-isolated boost converter NV NV NV 20 NV 94.3 0.6 [11]
3 4-level boost DC-DC converter 2 NV 55 100 NV NV 0.5 [12]
4 | Boost-2Zeta (240/30) =8 NV NV 100 NV NV 0.5 [13]
5 DC-DC converter for soft switching (460/25) =184 NV NV 100 NV NV NV [14]
6 ZCS Bidirectional DC-DC converter (300/70) =4.2 NV NV 50 NV NV NV [15]
7 InFerleaved boost with Cockroft Walton and (400/20) = 20 NV NV 100 NV NV 075 [16]
Dickson cell
8 Converter with capacitor cell and switched inductor | (384/34)=11.2 NV NV 50 NV NV 0.65 [17]
9 | High gain DC-DC converter NV NV NV 50 NV NV NV [18]
10 | Single switch DC-DC converter (400/20) = 20 NV NV 40 NV NV 0.058 [19]
1 Converter wi}h .IBCb intc?rleaved boost converter and (1000/40) = 25 NV NV 25 NV 94 0.66 [20]
voltage multiplier circuit
12 | Two-module converter NV NV NV 10 NV NV NV [21]
13 | High step converter (240/24) = 10 NV NV 90 NV 93 NV [22]
14 | Double-input converter (40/10) =4 NV NV 20 NV NV NV [23]
15 | DC converter with high gain NV NV NV 50 NV 96 NV [24]
16 | DC circuit with Z-source and switched inductor NV NV NV NV NV NV NV [25]
17 | SEPIC DC-DC converter (149.1/15)=9.9 NV NV 150 NV NV 0.1-0.9 [26]
18 | DC-DC boost converter with tapped inductor (120/24) =5 NV NV 20 NV NV 0.5 [27]
19 | Flying-capacitor boost converter (384/48) =8 NV NV 10 NV NV NV [28]
20 | Multilevel Boost converter (1000/100) = 10 NV NV 20 NV NV NV [29]
21 | High-gain bidirectional dc—dc converter (400/40) = 10 NV NV NV NV 94.5 NV [30]
22 | Interleaved DC to DC boost converter (56.2/12) = 4.68 NV NV NV NV 77.64 NV [31]
23 | Cascaded DC to DC boost converter (62.15/12)=5.2 NV NV NV NV 91.21 NV [31]
24 | Two-stage converter (114/24) =4.75 NV NV 25 NV NV NV [32]
25 Ek‘/g{h— gain dc—gc VolFage converter circuit with (360/12) = 30 NV NV 20 NV 96.5 08 (33]
stage and single input source
26 DC—DC converter having voltage lift switched (400/15) = 26.6 NV NV 50 NV NV 0.67 [34]
inductor module
27 DC-DC converter having voltage lift switched (221/664)=332| NV NV 50 NV 08.38 07 (35]
inductor module
28 | Boost converter with VLSI module (221.6/33.1)=6.69| NV NV 50 NV 98.96 0.7 [35]
29 | Boost converter with MBCVLSI-XY (443/65.5)=6.76 | NV NV 50 NV 98.34 0.7 [35]
30 | Boost converter for the n-stage 48/12) =4 NV NV 10 NV 93.5 0.5 [36]
31 | High efficiency DC/DC boost converter NV NV NV 10 NV 98.21 NV [37]
3 High .gain DC-DC converter where DC buses are NV NV NV 10 NV NV 0.36 [38]
substituted by loads
33 | Dual boost converter (700/120)=5.83 NV NV 20 NV NV NV [39]
34 | Boost converter with voltage multiplier circuit (185/36) =5.13 NV NV 150 NV NV 0.1-0.9 [40]
35 | High gain DC-DC converter (200/43)=4.65 38 5 40 NV 90 0.1-0.16 [41]
36 Voltage multiplier and coupled inductor based DC- (120/24) =5 NV NV 20 NV NV 05 [42]
DC converter
37 | DC-DC boost converter with high voltage gain (400/80) =5 NV NV 20 NV NV 0.4 [43]
38 | High gain DC-DC converter using 4 VM stages NV NV 9 NV NV 94.2 NV [44]
39 | High-step up SEPIC boost DC-DC converter COVRAID= 1w | Ny 50 N | a2 0.42 [45]
40 | Transformer-less DC-DC converter for high gain (381/12) =31.7 180 NV 50 NV NV 0.33 ~ 0.66 [46]
41 | Modular and hybrid switched capacitor based (48/25)=192 | NV NV 100 NV 96.5 0.5 [47]
converter with high gain
0 Dual covupvled inductors based DC/DC converter for (200/36) = 5.55 NV NV 40 NV NV 05 (48]
high gain input and parallel output
43 | Voltage multiplier for the interleaved boost topology | (400/24) = 16.6 NV NV NV NV NV 0.81 [49]
44 | High step-up DC-DC converter (800/32) =25 NV NV 118 NV 96.7 0.68 [50]
45 | High step-up non-isolated DC-DC converter (394/20) = 19.7 NV NV 46 NV 95.85 0.35,0.5 [51]
46 | High step-up converter with ZVS switching (531.25/50)=10.62| 125 NV 100 NV 95.32 0.6 [52]
47 | Modified dickson charge pump based DC converter (400/20) = 20 NV 1.2 NV NV NV 0.8 [53]
48 | Hybrid Boosting Converter (380/35) = 10.8 NV NV 40 NV 95.44 0.8 [54]
49 Lsi(éls_tggi Isllngle-swnch hybrid boost converter for (400/35) = 11.4 NV NV 50 NV o4 08 (55]
50 | Switched-capacitor-based dual-switch converter (200/50) =4 NV NV 50 NV NV NV [56]
51 DC/D_C high step-up converter with switched- (400/40) = 10 NV NV 60 NV 9 NV [57]
capacitor and coupled inductor
52 | Switched LC-network for ultra-gain DC converter (325/20) = 16.2 NV NV 50 NV 91.2 0.71 [58]
53 | Transformer-less high step-up gain converter (250/20) =12.5 NV NV 40 NV 74.2 0.8 [59]
54 | Ultra-high voltage gain hybrid DC-DC converter 12 NV NV 48 NV 93.27 NV [60]
55 | High step up soft switched converter (400/48) = 8.33 NV NV 100 NV 95.92 NV [61]
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56 | High gain DC-DC converter for PVs (700/45) = 15.5 NV NV 60 NV 95 NV [62]
57 | Non isolated High gain DC-DC converter (300/20) = 15 NV NV 50 NV 96.2 0.75 [63]
58 | Non isolated boost converter for microgrids (200/20) = 10 NV NV 50 NV 87.5 0.5,0.35 [64]
59 | LCL resonant DC-DC converter (380/48) =7.92 NV NV 105 NV 95.5 0.5 [65]
60 | Soft switching bidirectional DC-DC converter (400/48) = 8.33 NV NV 100 NV 96.5 NV [66]
61 | Interleaved high gain DC-DC converter (380/24) = 15.83 NV 2 50 NV 95 NV [67]
62 | Non isolated interleaved DC-DC converter (120/14) = 8.57 NV NV 50 NV 91.2 0.5 [68]
63 | DC boost converter for PV sources (311/17) =182 NV NV 50 NV 50 0.29 [69]
64 | Double boost sepic DC-DC converter (240/24) = 10 84 NV 200 NV 93.5 0.86 [70]
65 | DC-DC converter for PV utilization (60/10) =6 NV NV 50 NV 97.68 0.69 [71]
66 | Single switch DC-DC converter (200/12) = 16.6 NV NV 100 NV 95.5 0.644 [72]
67 | DC-DC converter for micro- inverter (350/80) = 4.37 NV NV 50 NV 97.5 0.35 [73]
68 | DC-DC converter for Grid-connected PV systems (400/40) = 10 NV NV 50 NV 96.6 0.85 [74]
69 | Interleaved converter for renewable energy systems (380/40) =9.5 NV NV 40 NV 97.1 0.5 [75]
70 | Active switched network based DC-DC converter (200/20) = 10 NV NV 50 NV 95.6 0.65 [76]
71 | Scalable high-gain and non-isolated DC converter (160/20) =8 NV NV 20 NV 95.6 0.5 [77]
72 | Dual switches DC/DC converter (400/50) =8 NV NV 50 NV 96.4 0.6 [78]
73 | SEPIC-based high step-up converter (300/26) = 11.5 NV NV 30 NV 94 NV [79]
74 | Single switch high step-up converter (300/30) = 10 NV NV 24 NV 92.3 0.81 [80]
75 | High gain Re Boost-Luo converter (200/70) = 2.85 NV NV 100 NV NV 0.5 [81]

Table 4. Summary and Order of Superiority of the State-of-the-art Topologies

Order of Superiority Based on Total Number Order of Superiority Based on Total Gain Order of Superiority Based on Switching
of Components Produced Frequency Used
It N, 2 References Viligs (Eain References e References
Components Used Produced Frequency (kHz)
8 [59] 31.78 [46] 10 [21], [28], [36], [37], [38]
[11], [23], [27], [29], [33],
10 [13], [21], [26], [76], [81] 26.6 [34] 20 [39]. [42]. [43]. [77]
[27], [31], [36], [40], [54],
11 58], [64]. [69] 25 [20], [50] 24 [80]
12 (121, 1371, [[Z%]] 561, [63], 20 [16], [19], [53] 25 [20], [32]
[15], [24], [28], [33], [45],
13 [61]. [70]. [73] 19-20 [47], [51] 30 [79]
[11], [17], [19], [22], [23],
14 [34], [35]. [49], [51], [57], 18-19 [69], [14] 40 161, [19[]59[?1[]%5[;‘8]’ (541,
[671, [71], [72], [78] ’
15 [291], [30], [53], [62], [79] 16-17 [581, [49], [72] 46 [51]
[14], [16], [18], [39], [41],
16 [42], [43], [44]. [46], [48], 15-16 [63], [62], [67] 48 [60]
[74]
[15], [17], [18], [24], [34], [35],
[45], [46], [55], [56], [58], [63],
17 [55], [65] 12-13 [601, [59] 50 (641, [67]. [68]. [69]. [71]. [73].
[74]1, [76], [78]
18 [32], [68], [75] 11-12 [17], [55], [79] 60 [57], [62]
[22], [29], [26], [30], [33], [52],
19 160] 10-11 [541, [571, [64], [70], [74], [76], [80] %0 (221
[13][28],[37],[11], [61], [65], [66], [12], [13], [14], [16], [47],
20 [471, [66] 8-10 [68], [75], [771, [78] 100 [52], [61], [66], [72], [81]
22 [50], [52] 6-7 [35], [45], [71] 105 [65]
5-6 [391, [38], [31], [40], [27], [42],
31 [20] [43]. 48] 118 [50]
36 [77] 4-5 [32], [15], [23], [36], [41], [56], [73] 150 [26], [40]
2-3 [12], [21], [81] 200 [70]

2.1. Summary of the Qualitative Analysis

From the qualitative analysis presented in this paper, the
superior topologies have been decided based on three
important factors, viz., the total number of components, gain
produced, and switching frequency used. Always, it is
desired to use a lower number of components and less
switching frequency while producing the maximum possible
voltage gain. To identify the topologies with these desired
features, all the topologies analyzed in Table 2 and Table 3
are summarized and arranged sequentially according to their
features in Table 4. From this summary, the superior
converter is identified based on the following approach.

For example, the topology presented in [46] is producing
a gain of 31.78, which is the highest among all the other
topologies. However, this topology uses 16 components and
needs a higher switching frequency at least of 50kHz, which
is violating the desired features. Hence, this topology is not
considered for further quantitative analysis. Similarly, the
topology given in [34] is producing a gain of 26.6, which is
the second-highest among all other topologies. However, this
topology also uses 14 components and needs a higher
switching frequency of 50kHz. Hence, this topology is also
not considered for further quantitative analysis. Further, the
topologies that are given in [12], [15], [21], [23], [27], [31],
[32], [35], [36], [38], [39], [40], [41], [42], [43], [45], [48],
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[56], [71], [73], and [81] are producing less voltage gain
when compared to other topologies. So, those are also not
considered for quantitative analysis. In the same way, the
analysis is carried for all the topologies reviewed in this
paper. As a result of this qualitative summary presented in
Table 4, the topologies presented in [11], [28], [29], [33] and
[37] are identified as superior topologies when compared to
the other state-of-the-art high-gain DC-DC converter

Fig. 6 with respect to the topologies identified in Section 2.1
(i.e., for topologies given in [11], [28], [29], [33] and [37]
respectively). The specifications used for the circuits’
simulation are given in Table 5. These quantitative analysis
results are discussed in Section 4.

Table 5. Specifications Used in the Simulation Study

. . . Topology Capacitance Inductance
topologies with respect to the desired features. Reference | Name | Value (uF)| Name |Value (uH) Load (Q)
L1
. . T . 11 Cl1,C2,C3 22 ' 70 58
3. Simulation-Based (or Quantitative) Analysis 11 L2
28] COo 25 L1 11.7 58
. . CL C2 4 L2 46.87
The qualitative analysis extracts some of the useful
: . CIl, C2,C3,
topologies among the advanced DC converter topologies (291 C4. C5 35 L1 1200 1000
available in the literature. To further extend the investigation Cl,C2,C4 4.7 L1 270
. . . . . [33] 360
to identify the best topology, this section provides a a3 047 L2 400
quantitative analysis. This quantitative analysis is carried out g; 0%%?2 II:; 09-08121
by conducting an extensive simulation study. The simulation [37] oz 18 : 18.89k
circuits developed for the analysis are given through Fig. 2 to Cout 220 L3 0.031
| !
Z@ D4 c3 :t
F
{ 009 1
Transformer ZQ > CZ ’F
" L
4 2k -
D2
L1
e ]
D1 c1 :F
.\fln ] <MOSFET current> ;§|
. s2 ’V <MOSFET voltage> |
»H <MOSFET current> f§|

<MOSFET voltage>

Fig. 2. The simulation model of the high gain DC-DC converter topology given in [11].
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Fig. 3. The simulation model of the high gain DC-DC converter topology given in [28].
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Fig. 4. The simulation model of the high gain DC-DC converter topology given in [29].
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Fig. 5. The simulation model of the high gain DC-DC converter topology given in [33].
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Fig. 6. The 51mulat10n model of the high gain DC-DC converter topology given in [37].

4. Simulation Results and Discussion

The simulation is conducted with the help of two
specific analysis approaches, viz., analysis of transient
response characteristics and analysis on switch rating
requirement, as given in the following subsections.

4.1. Transient Response Analysis

The responses of the abovementioned better topologies
are plotted as shown in Fig. 7 to Fig. 11. The cumulative
quantitative comparison metrics are evaluated and shown in
Table 6 and Table 7. To assess the usefulness of these
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topologies, the values of input voltage and duty cycle are
taken the same for all these five topologies. Further, various
performance metrics, viz., delay time (time taken to reach
from 0% to 50% of the final steady-state output), rise time
(time taken to reach from 10% to 90% of the final steady-
state output), peak overshoot (maximum deviation of the
transient peak from the steady-state output), peak-time (time
taken to reach from 0% to first peak of the response), and
settling time (time taken to settle at a steady-state value) are
computed for the responses obtained by these topologies.
These performance metrics indicate the quality of the
transient response and a response producing the lowest
values of all these metrics is considered as the best response.
The output voltages and the gain produced for these
topologies are given in Table 6.

As per the order of superiority given in Table 6, it is
observed that [29] is achieving more gain and [37] is
achieving less gain compared to other topologies. As per the
superior order in Table 7, [37] is chosen to be best compared
to other topologies in transient response characteristics. From
the obtained responses, it is observed that the response of
[11] has the peak overshoot at 170.9, whereas, the response
of [28], [29], [33], [37] don’t have any peak overshoot. This
is one of the key factors which ensures the safety of loads.

400
= 300
>
g;goo L 200 _
£ 100
(=] v
> 0
g200 / 0 0.005 001
8 i
g 100
m iR
0 | | | | |
0 0.5 1 1.5 2 25 3 35 4
Time(sec)

Fig. 7. Simulation response of the converter topology [11].
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Fig. 8. Simulation response of the converter topology [28].
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Fig. 10. Simulation response of the converter topology [33].
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Fig. 11. Simulation response of the converter topology [37].

Table 6. Comparison Through Output Gain Achieved

Reference Duty Cycle Input Gain Output

(%) Voltage (V) Achieved Voltage (V)

[11] 60 10 10.15 101.5

[28] 60 10 9.47 94.7

[29] 60 10 11.34 113.4

[33] 60 10 10.56 105.6

[37] 60 10 9.26 92.6
Order of Superiority [29] > [33] > [11] > [28] > [37]

Table 7. Comparison Through Transient Response Metrics

Delay Rise Peak Peak- Settling
Reference Time Time Oversho Time Time
(msec) (msec) ot (%) (msec) (msec)
[11] 0.4 1.85 170.9 2 10
[28] 7.5 0.029 0 0 350
[29] 1.95 20.3 0 0 150
[33] 0.265 0.065 0 0 2000
[37] 0.085 0.00025 0 0 600
. 371, (28], | [28], [371, | [28], [37], | [11], [29],
Superior | (37,1331 | 71280 | DL 571 28, 571 11, 29

4.2. Analysis of Switch Rating Requirement

The ratings of the switching devices affect the converter
cost. The selection of inadequately rated switches leads to
damage of the circuit by causing a short circuit or open
circuit faults in the circuit operation. Hence, to further
understand the voltage (V) and current (I) stresses on the
switching units used in different topologies, their responses
are plotted as shown in Fig. 12 to Fig. 16. The corresponding
ratings observed across switches of various topologies are
presented in Table 8. From this, it is observed that voltage
stress on the MOSFET is very high in the case of [37], so, it
is excluded from the comparison. As it is always expected a
low voltage and current should be drawn by the MOSFET,
the topology [28] is superior compared to the others.
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gm
< N Switch - 1 Switch - 2
8 5 ’ Current (A) | Voltage (V) Current (A) | Voltage (V)
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Fig. 12. Switching device V/I measured for topology [11].
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Fig. 13. Switching device V/I measured for topology [28].
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Fig. 14. Switching device V/I measured for topology [29].
MOSFET Current and Voltage

e

$40

€20 |
e

5 0

© 4

75964 1.75966 1.75968 1.7597 1.75972 1.75974 1.75976 1.75978 1.7598
Time(sec)

0L, | ! | )
1.75964 1.75966 1.75968 1.7597 1.75972 1.75974 1.75976 1.75978 1.7598
Time(sec)

Fig. 15. Switching device V/I measured for topology [33].
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Fig. 16. Switching device V/I measured for topology [37].

Hence, to analyze the effectiveness of all the important
state-of-the-art high-gain DC-DC converters, this paper
presents a comprehensive qualitative and quantitative
analysis. From the detailed qualitative analysis conducted,
various better topologies concerning critical factors such as
the number of components, voltage gain, voltage stress,
ripple current, switching frequency, efficiency, and duty
cycle used are identified. From this qualitative analysis,
topologies presented in [11], [28], [29], [33], and [37] are
found as better topologies compared to all other topologies.
Further, to recommend the best topology, simulation studies
are conducted. Various quantitative metrics are computed for
the analysis, thereby, the following remarks can be derived.

= There are sudden peak overshoots present in topologies
of [29] and [33], which is not safe for the load side.
Hence, these topologies are not considered best.

= Among the remaining three i.e. [11], [28], and [37], the
topology given in [28] has more gain and low voltage
stress on the switching devices. So, it is producing
effective results with high gain.

= Further, the topology of [28] is more effective with
respect to the switching frequency requirement.

Hence, from these qualitative and quantitative analyses
conducted on all-important advanced high-gain DC-DC
converters, it is concluded that the topology presented in [28]
is the best one for the renewable energy applications out of
all other topologies. For this topology, the current and
voltage stress on the switching device is observed as 47.5A
and 48V respectively, and voltage gain is observed as 9.47
times of the input when using a switching frequency of
10kHz. This topology is made with 13 components and
produces high-quality output waveform with very low
transients when compared to other state-of-the-art topologies.

Acknowledgements

This work was supported by Project Grant No:
SRG/2019/000648, sponsored by the Start-up Research
Grant (SRG) scheme of Science and Engineering Research
Board (SERB), a statutory body under the Department of
Science and Technology (DST), Government of INDIA.

References

[1] A. N. dePaula, D. C. Pereira, W. J. dePaula, and F. L. Tofoli, “An
extensive review of nonisolated DC-DC boost-based converters,”
IEEE/IAS International Conference on Industry Applications, pp. 1-8,
2014.

[2] S. Sivakumar, M. J. Sathik, P.S. Manoj, and G. Sundararajan, “An
assessment on performance of DC-DC converters for renewable

1457




INTERNATIONAL JOURNAL of RENEWABLE ENERGY RESEARCH
S. Uday Kiran et al., Vol.11, No.3, September, 2021

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

energy applications,” Renewable and Sustainable Energy Reviews,
vol. 58, pp. 1475-1485, May 2016.

M. V. Naik, and P. Samuel, “Analysis of ripple current, power losses
and high efficiency of DC-DC converters for fuel cell power
generating systems,” Renewable and Sustainable Energy Reviews,
vol.59, pp. 1080-1088, 2016.

B.S. Revathi and M. Prabhakar, “Non isolated high gain DC-DC
converter topologies for PV applications - A comprehensive review,”
Renewable and Sustainable Energy Reviews, vol. 66, pp. 920-933,
2016.

H. Liu, H. Hu, H. Wu, Y. Xing, and 1. Batarseh, “Overview of high-
step-up coupled-inductor boost converters,” Journal of emerging and
selected topics in power electronics, vol. 4, no. 2, pp. 689-704, 2016.
T. Arunkumari and V. Indragandhi.“An overview of high voltage
conversion ratio DC-DC converter configurations used in DC micro-
grid architectures,” Elsevier Renewable and Sustainable Energy
Reviews, vol.77, pp. 670-687, 2017.

M. Forouzesh, Y. P. Siwakoti, S. A. Gorji, F. Blaabjerg, and B.
Lehman, “Step-up DC-DC converters: a comprehensive review of
voltage-boosting techniques, topologies, and applications,” IEEE
Transactions on Power Electronics, vol. 32, no. 12, pp. 9143-9178,
Dec. 2017.

V. Sheeja and R. Kalpana, “Interleaved high gain bidirectional DC-DC
converter for grid integrated solar PV fed telecommunication BTS
load,” International Conference on Power Electronics (IICPE), 2018.
M. Nguyen, T. Duong, and Y. Lim, "Switched-Capacitor-Based Dual-
Switch High-Boost DC-DC Converter," IEEE Transactions on Power
Electronics, vol. 33, no. 5, pp. 4181-4189, May 2018.

V. Marne and K. Vadirajacharya, “Performance verification of DC-DC
boost converter,” Advances in Intelligent Systems and Computing, pp.
661-667, Jan 2019.

J. Dawidziuk and A. Krupa. “A comparison between isolated and non-
isolated dual inductor-fed DC/DC boost converters,” Advances in
Intelligent Systems and Computing, vol. 743, pp. 317-327, 2018.

A. Ponniran, A. A. Bakar, M. U. Wahyu, M. S. Kamarudin, M. A.
Chulan, K. Kamit, M. H. Sahabudin, Y. Yunus, F. A. Khalid, and M.
A. Hamzah, "Volume reduction consideration in multilevel DC-DC
boost converter,” 4" IET Clean Energy and Technology Conference
(CEAT 2016), Kuala Lumpur, Malaysia, pp. 1-5, 2016.

A. M. S. S. Andrade, L. Schuch, H. L. Hey, and M. L. d. S. Martins,
"A new high voltage step-up gain non-isolated DC/DC Boost-2Zeta
converter," 2015 IEEE 13% Brazilian Power Electronics Conference
and 1* Southern Power Electronics Conference, pp. 1-6, 2015.

A. Farzin, M. Etemadi, and A. Baghramian, “A new high-step-up DC-
DC converter using three-windings transformer and soft-switching for
use in photovoltaic systems,” 10" International Power Electronics,
Drive Systems and Technologies Conference, pp. 207-212, 2019.

R. Thumma, V.V.S.K. Bhajana, P. Drabek, and M. Jara, “A new high-
voltage gain non-isolated zero-current-switching bidirectional DC-DC
converter,” Arabian Journal for Science and Engineering, vol.43, 2017.
A. Alzahrani, P. Shamsi, and M. Ferdowsi, "A novel non-isolated
high-gain dc-dc boost converter," 2017 North American Power
Symposium (NAPS), Morgantown, WV, pp. 1-6, 2017.

N. Tewari and V.T. Sreedevi, “A novel single switch dc-dc converter
with high voltage gain capability for solar PV based power generation
systems, Solar Energy, vol. 171, pp. 466-477, 2018.

T. Porselvi and M. Arounassalame, “A novel Single Switch High Gain
dc-dc Converter,” 8" International Conference on Power Electronics
(IICPE), pp. 1-6, 2018.

T. Arunkumari and V. Indragandhi, “A review on single switch dc-dc
converter for renewable energy based applications,” Innovations in
Power and Advanced Computing Technologies (i-PACT), 2017.

M. Babalou, M. Dezhbord, R. S. Alishah, and S. H. Hosseini, “A soft-
switched ultra high gain dc-dc converter with reduced stress voltage on
semiconductors,” 10" International Power Electronics, Drive Systems
and Technologies Conference (PEDSTC), pp. 677-682, 2019.

A. N. Natsheh, J. G. Kettleborough, and J. M. Nazzal, "Analysis,
simulation and experimental study of chaotic behaviour in parallel-
connected dc-dc boost converters," Chaos, Solitons & Fractals, vol. 39,
no. 5, pp. 2465-2476, Mar 2009.

H. E. Mohamed and A. A. Fardoun, "High gain DC-DC converter for
PV applications," IEEE 59" International Midwest Symposium on
Circuits and Systems (MWSCAS), pp. 1-4, 2016.

S. A. Gorji, M. Ektesabi, and J. Zheng, "Double-input boost/Y-source
de-dc converter for renewable energy sources," 2" Annual Southern
Power Electronics Conference (SPEC), Auckland, pp. 1-6, 2016.

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

M. Das and V. Agarwal, "Design and analysis of a high-efficiency
DC-DC converter with soft switching capability for renewable energy
applications requiring high voltage gain," IEEE Transactions on
Industrial Electronics, vol. 63, no. 5, pp. 2936-2944, May 2016.

Z. H. Yu, J. Zeng, and J. F. Liu, “An ultra-high-voltage gain DC-DC
converter for roof-mounted solar cells electric vehicle,” 7%
International Conference on Power Electronics Systems and
Applications - Smart Mobility, Power Transfer and Security, 2017.

C. Muranda, E. Ozsoy, S. Padmanaban, M. S. Bhaskar, V. Fedak, and
V. K. Ramachandaramurthy, “SEPIC dc to dc boost converter with
high output gain configuration for renewable applications,” IEEE
Conference on Energy Conversion (CENCON), pp. 317-322, 2107.

J. Choi, J. S. Kim, G. Lee, K. Kim, and F. Kang, “Cascaded dc-to-dc
converter employing a tapped inductor for high voltage boosting
ratio,” 41st Annual Conference of the IEEE Industrial Electronics
Society (IECON), pp. 932-937, 2015.

V. Marne and K. Vadirajacharya, “Performance verification of DC-DC
boost converter,” Advances in Intelligent Systems and Computing, pp.
661-667, 2019.

H. T. Priya, A. M. Parimi, and U. M. Rao, "Performance evaluation of
high voltage gain boost converters for DC grid integration,"
International Conference on Circuit, Power and Computing
Technologies (ICCPCT), Nagercoil, pp. 1-6, 2016.

M. P. Shreelakshmi, M. Das, and V. Agarwal, “Design and
development of a novel high voltage gain, high-efficiency bidirectional
DC-DC converter for storage interface,” IEEE Transactions on
Industrial Electronics, vol. 66, no. 6, pp. 4490-4501, Jun 2019.

A. Kalirasu, S. S. Dash, and M.V. Muthukumar, ‘“Performance
comparison of DC to DC boost converters for solar power installation
system,” Power Electronics and Renewable Energy Systems, Lecture
Notes in Electrical Engineering, vol. 326, pp 497-507, Nov 2014.

E. Salary, M. R. Banaeil, and A. Ajami, “Design of novel step-up
boost DC/DC converter,” Iranian Journal of Science and Technology,
Transactions of Electrical Engineering, Vol. 41, no. 3, Mar 2017.

P. Tyagi, V.C. Kotak, and V. P. S. Singh, “Design high gain dc-dc
boost converter with coupling inductor and simulation in PSIM,”
International Journal of Research in Engineering and Technology, vol.
3, pp. 156-163, Apr 2014.

M. Altimania, A. Alzahrani, M. Ferdowsi, and P. Shamsi, “Operation
and analysis of non-isolated high voltage-gain DC-DC boost converter
with voltage multiplier in the DCM,” IEEE Power and Energy
Conference (PECI), pp.1-6, Feb 2019.

P. K. Maroti, S. Padmanaban, F. Blaabjerg, D. Ionel, and P. Wheeler,
“Novel immense configurations of boost converter for renewable
energy application,” The Journal of Engineering, vol. 2019, no. 18, pp.
4884-4889, Jul 2019.

F. M. Shahir, E. Babaei, and M. Farsadi, “ Extended topology for a
boost DC-DC converter,” IEEE Transactions on Power Electronics,
vol. 34, no. 3, pp. 2375-2384, Mar 2019.

H. Fathabadi, “Novel high efficiency DC/DC boost converter for using
in photovoltaic systems,” Solar Energy, vol. 125, pp. 22-31, Feb 2016.

M. Sahoo and K. S. Kumar, “High gain step up DC-DC converter for
DC micro-grid application,” 7™ International Conference on
Information and Automation for Sustainability, pp. 1-5, 2014.

J. Liu, D. Gao, and V. Wang, “High power high voltage gain
interleaved dc-dc boost converter application,” 6" International
Conference on Power Electronics Systems and Applications, 2015.

H. Suryoatmojo, R. Mardiyanto, D.C. Riawan, S. Anam, E. Setijadi, S.
Ito, and I. Wan, “Implementation of high voltage gain dc-dc boost
converter for fuel cell application,” International Conference on
Engineering, Applied Sciences, and Technology (ICEAST), 2018.

A. Kumar, Yi Wang, X. Pan, M. Raghuram, S. K. Singh, X. Xiong,
and A. K. Tripathi, “Switched-LC based high gain converter with
lower component count,” IEEE Transactions on Industry Applications,
vol. 56, no. 3, May/June 2020.

K. A. Kurian, T. D. Subash, and E. Peter, “A closed loop model of
modified SEPIC based high step-up DC-DC converter,” Elsevier
Materials Today: Proceedings, vol. 24, pp. 2062 — 2072, 2020.

Y. Zhang, H. Liu, J. Li, M. Sumner, and C. Xia, "DC-DC boost
converter with a wide input range and high voltage gain for fuel cell
vehicles," IEEE Transactions on Power Electronics, vol. 34, no. 5, pp.
4100-4111, May 2019.

V. A. K. Prabhala, P. Fajri, V. S. P. Gouribhatla, B. P. Baddipadiga,
and M. Ferdowsi, "A DC-DC converter with high voltage gain and
two input boost stages," in IEEE Transactions on Power Electronics,
vol. 31, no. 6, pp. 4206-4215, June 2016.

1458



INTERNATIONAL JOURNAL of RENEWABLE ENERGY RESEARCH
S. Uday Kiran et al., Vol.11, No.3, September, 2021

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

S.Lee and H. Do, "Zero-ripple input-current high-step-up boost-SEPIC
DC-DC converter with reduced switch-voltage stress," IEEE
Transactions on Power Electronics, vol. 32, no. 8, pp.6170-6177, 2017.
7. Saadatizadeh, P. C. Heris, M. Sabahi, and E. Babaei, "A DC-DC
transformerless high voltage gain converter with low voltage stresses
on switches and diodes," IEEE Transactions on Power Electronics, vol.
34, no. 11, pp. 10600-10609, 2019.

Y. Qin, Y. Yang, S. Li, Y. Huang, S. -C. Tan, and S. Y. Hui, "A high-
efficiency DC/DC converter for high-voltage-gain, high-current
applications," IEEE Journal of Emerging and Selected Topics in Power
Electronics, vol. 8, no. 3, pp. 2812-2823, 2020.

X. Hu and C. Gong, "A high gain input-parallel output-series DC/DC
converter with dual coupled inductors,” IEEE Transactions on Power
Electronics, vol. 30, no. 3, pp. 1306-1317, 2015.

G. H. F. Fuzato, C. R. Aguiar, K. A. Ottoboni, R. F. Bastos, and R. Q.
Machado, “Voltage gain analysis of the interleaved boost with voltage
multiplier converter used as electronic interface for fuel cells systems,”
IET Power Electronics, vol. 9, pp. 1842-1851, 2016.

M. L. Alghaythi, R. M. O’Connell, N. E. Islam, M. M. S. Khan, and J.
M. Guerrero, "A high step-up interleaved DC-DC converter with
voltage multiplier and coupled inductors for renewable energy
systems," IEEE Access, vol. 8, pp. 123165-123174, 2020.

V. Marzang, S. H. Hosseini, N. Rostami, P. Alavi, P. Mohseni, and S.
M. Hashemzadeh, "A high step-up nonisolated DC-DC converter with
flexible voltage gain," IEEE Transactions on Power Electronics, vol.
35, no. 10, pp. 10489-10500, 2020.

P. Mohseni, S. H. Hosseini, and M. Maalandish, "A new soft switching
dc-dc converter with high voltage gain capability," IEEE Transactions
on Industrial Electronics, vol. 67, no. 9, pp. 7386-7398, 2020.

B. P. Baddipadiga and M. Ferdowsi, "A high-voltage-gain dc-dc
converter based on modified dickson charge pump voltage
multiplier," IEEE Transactions on Power Electronics, vol. 32, no. 10,
pp. 7707-7715, 2017

B. Wu, S. Li, Y. Liu, and K. M. Smedley, "A new hybrid boosting
converter for renewable energy applications," IEEE Transactions on
Power Electronics, vol. 31, no. 2, pp. 1203-1215, 2016.

B. Wu, S. Li, and K. Ma Smedley, "A new single-switch isolated high-
gain hybrid boosting converter," IEEE Transactions on Industrial
Electronics, vol. 63, no. 8, pp. 4978-4988, 2016.

M. Nguyen, T. Duong, and Y. Lim, "Switched-capacitor-based dual-
switch high-boost dc—dc converter,” IEEE Transactions on Power
Electronics, vol. 33, no. 5, pp. 4181-4189, 2018.

A. Ajami, H. Ardi, and A. Farakhor, “A novel high step-up DC/DC
converter based on integrating coupled inductor and switched-
capacitor techniques for renewable energy applications,” IEEE
Transactions on Power Electronics, vol.30, no. 8, pp. 4255-4263, 2015.
G. G. Kumar, K. Sundaramoorthy, V. Karthikeyan, and E. Babaei,
"Switched capacitor—inductor network based ultra-gain dc-dc converter
using single switch," IEEE Transactions on Industrial Electronics, vol.
67, no. 12, pp. 10274-10283, 2020.

S. A. Ansari and J. S. Moghani, "A novel high voltage gain
noncoupled inductor SEPIC converter," IEEE Transactions on
Industrial Electronics, vol. 66, no. 9, pp. 7099-7108, 2019.

A. M. S. S. Andrade and M. L. d. S. Martins, "Study and analysis of
pulsating and nonpulsating input and output current of ultrahigh-
voltage gain hybrid dc—dc converters," IEEE Transactions on
Industrial Electronics, vol. 67, no. 5, pp. 3776-3787, 2020.

S. Sathyan, H. M. Suryawanshi, M. S. Ballal, and A. B. Shitole, "Soft-
switching DC-DC Converter for Distributed Energy Sources With
High Step-Up Voltage Capability," IEEE Transactions on Industrial
Electronics, vol. 62, no. 11, pp. 7039-7050, 2015.

M. Das, M. Pal, and V. Agarwal, “Novel high gain, high-efficiency
DC-DC converter suitable for solar PV module integration with three-
phase grid tied inverters,” IEEE Journal of Photovoltaics, pp. 2156-
3381, 2019.

M. A. Salvador, J. M. de Andrade, T. B. Lazzarin, and R. F. Coelho,
“Non-isolated high-step-up DC-DC converter derived from switched-
inductors and switched-capacitors,” IEEE Transactions on Industrial
Electronics, vol 7, pp.8506 — 8516, 2019.

M. Lakshmi and S. Hemamalini, “Non-isolated high gain DC-DC
converter for DC microgrids,” IEEE Transactions on Industrial
Electronics, vol 65, pp. 1205 — 1212, 2017.

D. Patil, A. K. Rathore, and S. Dipti, “A non-isolated bidirectional soft
switching current fed Icl resonant dc/dc converter to interface energy
storage in DC microgrid,” IEEE Applied Power Electronics
Conference and Exposition (APEC), Charlotte, pp. 709-716, 2015.

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

H. Bahrami, S. Farhangi, H. Iman-Eini, and E. Adib, "A new
interleaved coupled-inductor nonisolated soft-switching bidirectional
dc-dc converter with high voltage gain ratio," IEEE Transactions on
Industrial Electronics, vol. 65, no. 7, pp. 5529-5538, July 2018.

B. S. Revathia, P. Mahalingama, and F. G. Longatt, “Interleaved high
gain DC-DC converter for integrating solar pv source to DC bus”,
International Solar Energy Society, vol 188, pp. 924 — 934, 2019.

M. Muhammad, M. Armstrong, and M. A. Elgendy, "A nonisolated
interleaved boost converter for high-voltage gain applications," IEEE
Journal of Emerging and Selected Topics in Power Electronics, vol. 4,
no. 2, pp. 352-362, 2016.

A. A. A. Freitas, F. L. Tofoli, E. M. Sa Junior, S. Daher, and F. L. M.
Antunes, “High-voltage gain DC-DC boost converter with coupled
inductors for photovoltaic systems,” IET Power Electronics, Vol. 8,
No. 10, pp. 1885-1892, 2015.

A.J. Sabzali, E. H. Ismail, and H. M. Behbehani, “High voltage step-
up integrated double boost-sepic dc-dc converter for fuel-cell and
photovoltaic applications”, Renewable Energy, vol.82, pp.44-53,2014.
S. Padmanaban, F. Blaabjerg, P. Wheeler, J. O. Ojo, and A. H. Ertas,
“High-voltage DC-DC converter topology for pv energy utilization-
investigation and implementation,” Electric Power Components and
Systems”, vol. 45, no. 3, pp. 221-232, 2017.

K. I Hwu, W. Z. Jiang, and L. C. Yang, “High-step-up single-switch
DC-DC converter with low voltage spike”, IET Power Electronics,
vol. 8, pp. 2504-2510, 2015.

W. J. Cha, J. M. Kwon, and B. H. Kwon, “Highly efficient step-up
DC-DC converter for photovoltaic micro-inverter,” Solar Energy, vol.
135, pp. 14-21, 2016.

M. Forouzesh, Y. Shen, K. Yari, Y. P. Siwakoti, and F. Blaabjerg,
"High-efficiency high step-up DC-DC converter with dual coupled
inductors for grid-connected photovoltaic systems," IEEE Transactions
on Power Electronics, vol. 33, no. 7, pp. 5967-5982, July 2018.

K. Tseng and C. Huang, "High step-up high-efficiency interleaved
converter with voltage multiplier module for renewable energy
system," IEEE Transactions on Industrial Electronics, vol. 61, no. 3,
pp. 1311-1319, 2014.

Y. Gu, Y. Chen, B. Zhang, D. Qiu, and F. Xie, "High step-up DC-DC
converter with active switched lc-network for photovoltaic
systems," IEEE Transactions on Energy Conversion, vol. 34, no. 1, pp.
321-329, 2019.

E. Babaei, H. M. Maheri, M. Sabahi, and S. H. Hosseini, "Extendable
nonisolated high gain dc-dc converter based on active—passive inductor
cells," IEEE Transactions on Industrial Electronics, vol. 65, no. 12, pp.
9478-9487, 2018.

Y. Tang, D. Fu, J. Kan, and T. Wang, "Dual switches dc/dc converter
with three-winding-coupled inductor and charge pump,"” IEEE
Transactions on Power Electronics, vol. 31, no. 1, pp. 461-469, 2016.
R. Moradpour, H. Ardi, and A. Tavakoli, "Design and implementation
of a new sepic-based high step-up dc/dc converter for renewable
energy applications," IEEE Transactions on Industrial Electronics, vol.
65, no. 2, pp. 1290-1297, 2018.

S. Saravanan and N. R. Babu, "Design and development of single
switch high step-up dc-dc converter," IEEE Journal of Emerging and
Selected Topics in Power Electronics, vol. 6, no. 2, pp. 855-863, 2018.
G. B. Loganathan, “Design and analysis of high gain Re Boost-Luo
converter for high power DC application,” Materials Today:
Proceedings, vol 33, pp. 13-22, 2020.

F. Ayadi, I. Colak, I. Garip, H. I. Bulbul, “Impacts of renewable
energy resources in smart grid,” 8" International Conference on Smart
Grid (icSmartGrid), Paris/France, June 2020.

A. Nasiri, A. B. Ahmed, and 1. Stamenkovic, “Foundational support
systems of the smart grid: state of the art and future trends
International Journal of Smart Grid (ijSmartGrid), vol. 2, no. 1, pp. 1-
12, 2018.

V. J. Foba, A. T. Boum, and C. F. Mbey, “Optimal reliability of a
smart grid,” International Journal of Smart Grid (ijSmartGrid), vol. 5,
no.2, pp.74-82, 2021.

S. F. Jaber and A. M. Shakir, “Design and simulation of a boost-
microinverter for optimized photovoltaic system performance,”
International Journal of Smart Grid (ijSmartGrid), vol. 5, no. 2, pp. 94-
102, 2021.

A. Bouhouta, S. Moulahoum, N. Kabache, and 1. Colak, “Simplicity
and performance of direct current control dec compared with other
identification algorithms for shunt active power filter,” 7™ International
Conference on Renewable Energy Research and Applications
(ICRERA), 2018.

1459



	OLE_LINK5
	OLE_LINK6

