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Abstract - In this paper, design of Non-isolated DC-DC Boost

current ripples. Hence, input filter is needed to reduce
current ripple[12].

converter using three switches is presented. The proposed
converter has significant advantages such as high voltage
gain, non-inverting output, low voltage stress and high
efficiency. By using three switches and boosting capacitor,
high conversion ratio is attained with good efficiency.
Transformer or coupler inductor is not used which eliminates
high voltage spikes and the need of active/passive clamping
circuits. In the proposed converter, continuous conduction
operation can be done easily and effectively. Three switches
use two duty ratios which helps in achieving high voltage
conversion without operating the switches in extreme duty
cycles. This allows to operate the converter with lesser
conduction losses. The detailed operation of the introduced
converter is discussed and presented. Simulation is done in
both open and closed loop configuration of the converter to
verify the performance of the proposed DC-DC Boost converter.

In this paper, novel high gain non-isolated DC-DC boost
converter is proposed to overcome above mentioned issues.
The proposed converter has high voltage gain by operating
three switches in two different duty ratios. Since the two
different duty ratios can be used, conduction losses can be
reduced by not operating the switches in extreme duty ratios
and in addition, clamping circuits are not needed to address
high voltage spike issues. It has reduced voltage stress on
switches and diodes.
The circuit description and steady state analysis of converter
is presented in section II and III. Section IV explains the
simulation result and discussion. Conclusion is presented in
Section V.

2. PROPOSED HIGH GAIN TOPOLOGY

Key Words: Boost Converter, boosting capacitor, three
switches

The proposed converter is shown in Fig 1. Which consists
of three power semiconductor switches M1, M2 and M3, two
capacitors Ca and Co, two inductors Lm, Ln and three diodes
Da, Ds, Do. The switches operate with switching frequency fs.
D1 is the duty ratio of MOSFET switches M1 and M2. D2 is the
duty ratio of M3.

1. INTRODUCTION
Renewable energy gains the attention in the recent decades
because of clean power generation. DC-DC converter become
one of the important component for voltage conversion from
one voltage level to other [1,2]. In recent past conventional
DC-DC boost converter is used for high voltage conversion.
However voltage stress on switch is equal to voltage output.
Hence higher rated switch is chosen to meet voltage stress
which results in higher conduction loss. In addition, large
duty ratio for high voltage gain causes higher conduction
loss and high spike voltages.

In order to explain steady state operation, some following
assumptions are made.
(i) All components in the converter circuit are ideal
(ii) The effects of ON-state resistances of switches,
equivalent series resistance (ESR) of inductors and capacitors
and forward voltage drops of diodes are neglected.
(iii) Output capacitance is large enough to maintain
output voltage Vo.

Various isolated dc-dc converter configurations are
proposed in literature to achieve high conversion ratio [3-6].
However challenges associated with this type of converter is
saturation in the transformer core. Hence non-isolated dc-dc
converters can be used to attain high voltage gain with
compact size and reduced cost. Some non-isolated high gain
converters are cascade boost[7], quad boost and switched
capacitor converters. The inclusion of switched capacitor or
inductor adds the cost and complexity.

(iv) Number of turns of inductors are equal so that Lm = Ln
= L.

3. MODES OF OPERATION
Based on aforementioned assumptions, Modes of operation
can be subdivided into three modes in Continuous conduction
mode (CCM) operation. Switch ON operation covers first two
modes and switch OFF operation will be in third mode. The
detailed operation is discussed in this section.

Various coupled inductor based boost converters provide
high voltage conversion and low volt stress on switch based
on duty ratio selection [9-11]. Sometimes increase in turns
ratio of coupled inductor for high voltage gain, results in high
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VLm - VCa - VLn = Vin (2)
2VL = Vin + VC (3)

Fig -1: Proposed DC-DC Boost converter

3.1 Mode I
During the time interval [to to t1], simultaneously MOSFETs
M1 and M2 are turned ON and MOSFET M3 is turned OFF.
Current flow path is depicted in Fig. 2(a). The energy is fed
from source voltage to inductors Lm and Ln and capacitor Ca
through diode Da. Simultaneously stored energy in output
capacitor Co is discharged to load resistor Ro. Meanwhile
diodes Ds and Do are in reversed biased condition. In this
mode, capacitors Ca and inductors Lm and Ln are parallel to
source, therefore voltage across them are as given in
equations [1].

Fig -2(b): Mode II operation

3.3 Mode III
During the interval [t2 to t3], all the power semiconductor
switches M1, M2 and M3 are turned OFF. The current flow
path is shown in Fig. 2(c). In this mode, source and stored
energy from inductors and capacitors supply the load resistor
Ro. Diode Da and Ds are in reverse biased condition. Do is
forward biased, therefore output capacitor Co is charged
during this mode. In this mode, inductors Lm, Ln and
capacitors Ca are in series to source and load. The voltage
across inductors Lm and Ln are as given in equations [4].

VLm = VLn = Vca = Vin (1)

VLm + VLn = 2VL = Vin + Vc – Vo (4)
Where Vo is voltage output of proposed converter.

Fig -2(a): Mode I operation
3.2 Mode II
Fig -2(c): Mode III operation

During time interval [t1 to t2], MOSFETs M1 and M2

The ideal voltage gain of the converter can be determined as
in equation [5].

are simultaneously turned OFF and MOSFET M3 is made ON.
The current flow path is shown in Fig. 2(b). The energy is fed
from source to capacitors and inductors through the path Lm,

Vo/Vin = 2/(1-D1-D2) (5)
From the above equation it is observed that two duty ratios
shall not be equal and the sum of the two duty ratios shall not
be greater than unity.

Ca, Ds and Ln. In this mode, voltage across MOSFETs M1 and
M2 is half of Input source voltage. Since Do is reverse biased,
output capacitor Co still discharges the stored energy to the
load resistor Ro. Inductors Lm, Ln and capacitor Ca are in
series connection to the source voltage and the voltage
across them are given as in equations [2] and [3].
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3.4 Mode IV (DCM OPERATION)
The proposed converter operates in DCM if current in the
inductor reduces to zero during switching OFF interval.
Hence DCM operation has four modes of operation. Mode I. II
and III are same as that of CCM operation. Whereas in Mode 4
switches M1, M2 and M3 and the diodes D1 and D2 are
turned OFF and voltage across inductors are approximately
equal to zero.

4. SIMULATION RESULTS AND DISCUSSION
For the simulation, values of the capacitors Ca used is
5uF. The output Capacitor Co is chosen as 20uF. The
switching frequency of the MOSFET is 40kHz with two duty
cycles 50% for M1 and M2 switches and 35% for M3 switch.
All parameter values used in simulation are shown in Table 1. Open loop and closed loop topology for the proposed
converter is depicted in Fig. 3(a) and Fig. 3(b) respectively.
The comparison is done between open loop and closed loop
of proposed converter in simulation environment. In open
loop circuit, input voltage is 30V and obtained output voltage
is 389V. In closed loop PI circuit, for the same input voltage,
obtained voltage output is 397V. The ripple voltage is 1.5V in
open loop and less than 1V in closed loop which is better.
Fig.4 shows the switching gate pulse VG for MOSFETs M1, M2
and M3.

Fig -3(a): Simulation diagram of Proposed converter –
Open loop model

Table -1: Simulation parameters of proposed
converter

Circuit parameters

Symbol

Values

Input voltage

Vin

30V

Output voltage

Vo

400V

Load resistor

RL

533 ohms

Switching
frequency

fs

40kHz

Inductors

Lm and Ln

200uH

Capacitor

Ca

5uF

Output capacitor

Co

20uF

Fig -3(b): Simulation diagram of Proposed converter –
Closed loop model
The output waveforms of the voltage Vo in open loop and
closed loop are shown in Fig. 5a and 5b respectively. It is
observed that voltage gain of 13.33 with ripple of 1V is
obtained for the input of 30V in closed loop and ripple of 1.5V
is obtained in open loop.
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Fig -6: Capacitor current of the Proposed converter.

Fig -4: Gate pulse of MOSFETs M1, M2 and M3 for the
proposed converter

Fig -7(a): Output current waveform of the Proposed
converter in open loop config.
Fig -5(a): Output Voltage waveform of the Proposed
converter in Open loop config.

Fig -7(b): Output current waveform of the Proposed
converter in closed loop config
Peak overshoot voltage is more in open loop structure
compared to closed loop structure. For an output voltage of
400V, peak overshoot of 600V is obtained in open loop
circuit. Whereas in closed loop topology, peak overshoot of
425V is obtained which is very much lesser and acceptable.
Input current is the sum of input inductor currents which are

Fig -5(a): Output Voltage of Proposed closed loop topology
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same and continuous and their slopes are increasing. Fig. 6
shows the waveform of capacitor current Ic and it is observed
that capacitor is charged during OFF mode. Output voltage
closer to the theoretical gain is obtained in closed loop
topology.

acceptable. The output current is 720mS which indicates
that output power obtained is 300W.
Eventually, power efficiency curve for the proposed
converter is depicted and compared with open and closed
loop structure in Fig. 8. Closed loop structure achieved higher
efficiency when compared with open loop configuration.

The output waveforms of the load current Io in open loop
and closed loop are shown in Fig. 7a and 7b respectively. It is
inferred that for input current of 10A, average value of output
current is 690mA and 740mA in open loop and closed loop
respectively. Closed loop delivers more current. Thus closed
loop enhances the output voltage, current, ripple voltage and
efficiency.

5. CONCLUSION
A new high gain non-isolated DC-DC boost converter has
been presented in detail. The principle of operation, voltage
gain analysis and simulation results and discussion is
presented in detail. DC-DC converter accomplishes high
voltage gain of 13.33 to produce an output of 400V by
operating three switches with two duty cycle and thus
offering wide operating range which is unique in this
converter. DC-DC converter offers high voltage compared
with lesser peak overshoot in closed loop configuration as
compared to open loop topology. Moreover high voltage gain
is achieved without using coupled inductors. Therefore no
voltage overshot across switches and no clamping circuit is
needed and thus compact size is achieved. This effect
reduces conduction losses in the proposed converter and
thus offers better efficiency. Finally simulated results and
efficiency comparison were presented to validate the
advantages of proposed high voltage gain converter.

Table -1: Comparison tabulation of Proposed converter in
Open loop and Closed loop configuration

Proposed
Converter
parameters

Source
voltage/Input
voltage (V)

Output voltage
(V)

Theoretical
voltage value

30V

400V

Simulation value
in open loop
structure

30V

389V

Simulation value
in closed loop
structure

30V

397V
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