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Abstract—Conventional boost converters have limited gain
with high duty ratios, high voltage stress on semiconductors, and
high current ripples leads to increase in power loss and efficiency
depreciation. This leads to restrict traditional boost converter in
many industrial applications. A battery-grid connected non-
isolated single switch high gain DC-DC (SSHGDC) converter is
proposed in this paper to attain high voltage conversion ratio
within limited duty ratio. The SSHGDC converter is proposed
with single switch and limited number of passive elements
compared to existing converters. As only one switch present in
design of this converter it reduces current and voltage stress across
MOSFET and further reduces switching losses. In addition, it
reduces current ripples, power losses and it leads to restrict
electromagnetic interferences. The advantages of proposed
converter along with comparative analysis with existing topologies
is tabulated in this paper. Operating principle and steady-state
analysis along with design considerations and simulation results
were presented.

Keywords—High gain, voltage stress, current stress,
electromagnetic interface, current ripples.

[. INTRODUCTION

The extreme usage of fossil fuel such as oil and petroleum
products are leading to scarcity of fossil fuels and global
warming. In-sight to this majority of global countries are
adopting to renewable energy sources(RES) such as solar photo
voltaic cells (PVs) [1], wind [2], fuel cells [3], and hydro power.
But, the irregular and fluctuating behaviour of these RES’s
effects the output. Most of the RES’s produces low range of
voltages and less reliable [4]. To improve the reliability of
RES’s, batteries or super capacitors are used as energy storage
devices (ESD). Power Electronic conversion technologies are
used to interface between the low voltage ESDs to DC-link
voltage [5]. Reliable and efficient high gain step-up DC-DC
converters are used in several emerging applications such as
battery storage, fuel cells, PV cells, LED lighting and X-ray
power [6].

Galvanic isolation is provided by high-frequency
transformers between input and output terminals of converter
and by adjusting turns ratio, they employ extremely voltage
gains in isolated dc-dc converters [7]-[10]. In many high power
applications, the size and cost of transformer increases as turns
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ratio of winding increases and across active components high
voltage spikes occur due transformer leakage inductance and it
leads to more power dissipation. Non-isolated converters are
suggested to overcome above limitations where isolation is not
mandatory. The design of the traditional boost converter [11]-
[13] is such that it is unable to handle higher output voltages or
load current, resulting in increased conduction losses due to
high voltage stress on components. Additionally, even with a
very high duty ratio, the achievable gain is still low, leading to
additional power wastage and decreased system efficiency.
These limitations hinder its widespread usage in industrial
applications where output voltage and efficiency requirements
are extremely important.

Due to simple structure, compact in size and easy
implementation, many of medium and low power applications
uses non-isolated DC-DC converters. Based on output power
requirement, switching frequency and applications, each and
every topology of converter has its own advantages and
limitations. Several non-isolated DC-DC converters reported in
literature [14]-[23]. As large number of passive elements and
semiconductor devices it is making system complex, bulky and
efficiency is decreasing as the losses are increasing across them.
In [14] a switched-capacitor-inductor cell based converter is
proposed with the voltage gain of 3/(1-D). Converters [15] for
large voltage gains for renewable energy sources whereas with
voltage gain of (3-D)/(1-D) and in [16], the converter is
proposed with high voltages adopting switched capacitor cell
configuration wide range gain of 2/(1-D)is proposed. As the
system operation is complex and mores switching stress in
above converters makes it limited to fewer applications. A high
gain transformer-less triple duty mode converter is proposed in
[17] with voltage gain of (2-D,)/(1-D;-D3). As it is having more
semiconductor devices shows high transients and more
switching losses. A quadratic boost converter is proposed in
[18] for fuel-cell based system applications with gain of 1/(1-
D)2 In this converter additional filter circuits are required. A
single switch based quadratic buck-boost converters is
proposed in [19] and [20] with voltage gain of D/(1-D)? and
D?/(1-D)?. In [21] gain of (1+3D)/(1-D) is proposed with single
switch and four diodes. In [22] A transformer less converter is
proposed with the gain of (1+D)/(1-D).



In this paper, a SSHGDC converter is proposed. A
generalised diagram of proposed converter is shown in Fig. 1.
The proposed SSHGDC converter includes inductor-capacitor-
diode combination. Continuous mode of operation, parameter
design, and comparative analysis of proposed converter along
with existing converters is presented in paper. Finally duty vs
gain plots are presented.
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High Gain DC-DC
Converter

DC- Link

|

#
B =

Battery/
Solar-PV

Fig. 1. Application of proposed High Gain DC-DC converter
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II. PROPOSED SSHGDC CONVERTER

Proposed SSHGDC converter consists of one
semiconductor device (S), four diodes (D1, D2, D3 and Ds), three
inductors (L1, L2 and L3), four capacitors (Ci, C2, Cs and Cs) and
resistive load (R). I12 and I3 denotes currents across inductors
L, and L3 where input current (/s) is equals to current through
inductor L1. Vi, Vea, Vs and Vg are defined as voltages across
capacitors Ci, Cz, C3 and Cy respectively. The time period is Ts
and duty ratio is denoted by D. The typical analytical
waveforms during CCM operation are shown in Fig. 2. The
equivalent circuit of SSHGDC converter is shown in Fig. 3.
Apart from high gain the proposed converter reduces voltage
and current ripples on elements.

]
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Fig. 3 Equivalent Circuit of SSHGDC

Continous Conduction Mode

Mode 1 (to-t1): As shown in Fig. 3(a), switch S is turned on
during time interval 7,-#;. Inductor L; charges from input Vs C;
and Vscharges L,, C; and L3. Currents in inductor L, L and L3
takes positive slope as charging. Voltages across inductors L,
L; and L3 and currents through capacitors Ci, C2, C3,and Cs4 in

this mode operation are
IL

"
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14 L} -+
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Cy I,
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Fig. 3(a) SSHGDC in Mode-1 Operation
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val 4 g MoFie 2. (tl-t.z): As shown in Fig. 3(b), switch S is turned off
Vs . during time interval ¢,-f,, Inductors L1, L, L, capacitors Ci, C»,
T preg Csand C; discharges stored energy to load R, which increases
VS;VC‘ the output voltage. L; charges L, and C; simultaneously. The
Yol — currents in inductors L, L, and Lz drops in negative slops while
‘;C‘ i > de-energized. Voltages across inductors L;, L, and L3 and
Var-Ved e currents through capacitors Ci, C;, C; and C4 in this mode
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Fig. 2 Analytical waveform of SSHGDC in CCM Operation
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Virn=Vs =VeisVio =Ver =Vess

3)
Viz= —ch =—VeasVy =Vez +Vey

Tey =1y~ ley Hea—Ies =13 —11;
“
Iy =le3 =131,
From (1) and (3), according to volt-sec balance principle
voltages across capacitors are given in (5) and voltage gain

equation is derived and given in (6)

Vs Ver Vs DV
Ver = Vea=—F=——"FVe3=DVey =—
1-D 1-D (1-D) (1-D)
®)
v, 1+D
VoltageGaingcyy = —> = +—2 (©)
Vs (1-D)
And current gain equation is given in (7)
1+ D)I
]S = % )
(1-D)

III. COMPONENT DESIGN AND SELECTION

The components of the SSHGDC are designed for the
Vs=48V and Vp=400V and the switching frequency (fs) of 50
kHz. By considering the current ripple Ai; of the inductor, the
inductor currents /71, I1» and /13 and inductances respectively.

A. Inductor Selection

(1+D)I, (1+D)I
Iy =——rlpp=—""%13=1, ®
(1-D) 1-D
2
VeD VeD VeD
L=—3"L, = S i Ly S ©)

Aipy fs (1-D)Airy fs

(1 ~D)*Aigs fs

B. Capacitor Selection
Capacitors Ci, Ca, C3 & Cs are
(+D)Dl, . _ DI

o

1=

(1-D)Avey fs Aver fs” (10)
DI 2DI
C3 = 0 ,C = 0
Avesfs Avea fs

Current ripple across capacitor is defined using Avc.

C. Losses Caluclation

1) Inductor Losses
Losses of respective inductors are based on RMS currents are
as follows

Iy =111ms 3 Ir2 = 112mms3 113 = 113rms

1-D 1+D
m I 12rms :10(1_DJ;IL3rms =1, (11

Losses across inductors is denoted by Py,

I1ms =1,

Py, = I 1ms"01 + Ioms?20 + 1D 3msT13 (12)
Where r11, r12 and ry3 are internal resistances of inductors L1, L,
and L3 respectively
2) Capacitor Losses
Capacitor losses depends on RMS currents of respective
capacitor currents.
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. 1+D D

IClrms =7~ 1-D 1 09lC2rmv l—DIO
. { D D

IC3rms = 1-D Lo3icams =2 1— DI

Turn on and turn off time of capacitor are given as

13)

icton = 1123ic20n = 11331C30n = Lo3icaon = 113 +ic30n
icroff =112 =I13ic20f —ic3ofr =113 =1 (14)
ic3off Tic2of = 1133icaof 112 icooy =113 +c30f
Losses across capacitor is denoted by Prc.
2 2 2 2

Pre =iCtmsTct T iC2rms"c2 TIC3rms"c3 TIC4rmsTC4 (13
Where rc1, rc2, rc3 and 7y are internal resistances of respective
capacitors.

3) Switching Losses

Switching losses depends on turn on and turn off time of switch.
Switching loss (Pgy) in proposed circuit is given as

t,, +t t,, +t D
st _[ 0’1 oﬁ]fs stsw _[ = 2 Q[f]fs[(lD)z]Volsw (16)

Conduction losses across switch is denoted by Pgycond

2
Foweond =Tow * ow 17
Where I, =1;1+1;,+1;3and ry, is internal resistance of
switch
Total switching losses (Prsy) are

Prsw = Psy + Fsyweond (18)
4) Diode Losses
Diode losses depends on average currents in forward direction
of respective diodes.
The average currents of diodes are given as

. 1+D . 1+D
iDlave =101 =1, [WJ;ZDZavg =l =1, [U—D)z] 19)

ip3avg =112 +ic2of 3 ipsave =113 Tic20f
The RMS currents of diodes are given as
1+ D)

(1+D)
ID1rms _Io \/_ ip2ms =1 (1-D)

ID3rms = \’1 D Siparms =1 \’

Forward losses (Ppyr) in diodes are
Ppyr = (plavg +1D2avg +iD3ave +iD4ave )V DF @n

Where Vpr is Diode forward voltage.
Conduction losses (Ppcong) in diodes are

Dam

2 2 ) 2
PDcond =(i Dlavg +1 D2avg +1 D3avg +1 D4avg)*rdf (22)
Where 74 is internal resistance of diode
Total Diode losses (Prp) are
Prp = Ppyr + Ppeond (23)
5) Total Losses
Total across of parameters are denoted as Prioss
Prioss = Pri + Prc + Prp + Prsyy
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Effici » IV. PERFORMANCE COMPARISION
iciency 77 =

v A comparative study is conducted to analyze the performance
of proposed SSHGDC with existing topologies. The study
tabulated with component count, voltage gain, voltage stress,

The current and voltage stress of switch (S) and diodes (D1, D, current stress on switch along with input and output voltages.

ot P Tloss
Where Py is total output power

D3 and Ds) are derived and tabulated in table-1. Duty Ratio vs Voltage Gain is plotted to confirm the proposed
converter gain is better during the operation of gain cycle. In
Table I Table-II comparison is tabulated and Fig. (4) represents Duty
Current Stress and Voltage Stress on proposed converter vs Gain analysis of different topologies.
Current Stress Voltage Stress = i i | I i i
= Proposed
(1+D)l, DV, X [14]
S 2 2 20 [1s]
(1-D) (1-D) =418
—p— (18]
b (1+D)I, v, 3 Nt
1 (1-Dy 1-D 8[|
; 1+ D), v, § |
: (1-D) (1-D)? Sor
D, 21, 1+ D)V, I
1-D (1-D) p —
1 v — s
Dy o — A e n | L
1-D 1-D 01 02 03 04 05 06 07 08
Duty Ratio
Fig. 4 Duty vs Gain plot for proposed converter and existing converters
Table- 11
Comparison of Proposed Converter with existing topologies
Topology [14] [15] [16] [17] [18] [19] [20] [21] Proposed
1 1 1 3 2 2 1 2 1
L 1 2 2 2 2 2 3 3 3
C 5 2 4 2 2 2 3 3 4
D 5 5 3 2 2 2 5 2 4
T 12 10 10 9 8 8 12 10 12
Gain 3 3-D 2 2-D, 1 D D? 1+3D 1+D
1-D 2-D 1-D 1-D,-D, (1-D)? (1-D)? (1-D)? 1-D (1-D)?
Voltage Y, Y, Y, (1-Dy)V, v, DV, v, v, DV,
stress 3 2 2 2-D, (1-Dy 1-D D? 1-D (1-D)?
Current 21, (1+D)I, I, - DI, 1, (D*-D*+D)I, 2D1, (1+D)I,
stress 1-D D(1-D) 1-D (1-D)? 1-D (1-D)? 1+3D 1-D
Input pulsating pulsating pulsating pulsating continuous pulsating continuous pulsating continuous
current
Common Yes Yes Yes Yes Yes Yes Yes Yes Yes
ground
ViV, 20/200 20/100 45/380 38/400 24/200 36/215 20/200 20/260 48/400
/W 200/100 100/30 100/100 200/500 50/40 50/300 40/100 50/200 50/500
Simulation 92.40 94.89 93.5 92.3 91.7 91.4 80 94.45 96.5
Efficiency
S-Switch count, L- No of Inductors, C- No. of Capacitors, D- No. of Diodes, T- Total Elements
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V. SIMULATION RESULTS

Simulation of proposed converter is carried out in
MATLAB/SIMULINK software platform. The specifications
are mentioned and tabulated in Table III. Based on calculated
parameters proposed converter operated on continuous
conduction mode (CCM). The detailed results are presented in
steady-state condition. In the SSHGDC converter, V= 48V,
Vo= 400V with switching frequency of fs= 50kHz at duty ratio
(D)=56.6%.

Table-III
Specification of Proposed Converter
Parameter Specifications
Input Voltage (Vs) 48V
Output Voltage (Vo) 400V

Inductors L, L, and L;
Capacitors C,, C,, C; and C,4

1mH, 1mH and 2mH
100uF, 100pF, 100uF and 470uF

Load (R) 320 ohm
Switch Frequency (f;) 50kHz
Output Power (Po) 500W
Operating Duty (D) 56.6%

For output power of 500W, given PWM pulse to switch in
SSHGDC converter, the input voltage (Vs) 48V rises to output
voltage (Vo) of 400V. Input current (Is) is ~10.41A and output
current Ip is ~1.25A. The simulation wave form of pulse, input
and outputs (voltages and currents) along with switch voltage
are shown in Fig. 5. The measured peak voltage of switch is
approximately 200V. The voltage across capacitors (Ci, Cs, C3
and C4) are shown in Fig. 6. The measured voltages of
Ci~120V, C»~140V, C3~ 140V and C4~240V approximately.
The diode voltages Vpi, V2, Vb3, Vpa are shown in Fig. 7. The
measured values of Vpi~100V in positve phase, Vp>~130V, Vp3
and Vps ~230V in negative direction. Inductor voltages and
currents Vi1 Via, Vi3, 112 and I13 are shown in Fig. 8.
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Fig. 5 Simulation Results of Pulse, input (Vs) and output voltage (Vo), switch
voltage (Vsy), input (Is) and output (Io) current from top to bottom.
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Fig. 8 Simulation Results of Vi1, V12, Vi3, I12 and I 5 from top to bottom

VI. CONCLUSION

This paper presents a non-isolated single switch high
gain DC-DC converter for renewable energy sources to attain
high voltage conversion ratio within limited duty ratio. A new
topology with a single switch and reduced number of passive
elements is presented. The simulations are carried out for the
proposed converter and it is found that the proposed converter
could attain high gain when compared with existing converter
configurations. Due to presence of only one switch, overall
current and voltage stresses are reduced in the proposed
converter thereby reducing the switching losses effectively as
compared to existing converters. The simulation results and
comparative analysis of results for existing converters and the
proposed converter are presented. It can be concluded that the
proposed topology is highly effective in increasing gain,
reducing current stress, voltage stress, current ripples,
switching losses with limited duty ratio.
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