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Abstract—There is no pulsation in the converter’s input cur-
rent, and the inductor’s current is low. The continuous conduction
mode (CCM) converter’s mathematical model and operating
principle are described. Power loss and steady-state performance
analyses are carried out for the converter. The converter’s small-
signal model is then obtained employing the state space averaging
technique. The efficiency of the recommended converter can be
raised by its low inductor current and voltage stress. As far as
voltage gain requirements are concerned, the quadratic boost
converter finds greater application than the boost converters.
Using a conventional quadratic boost converter operating at
a duty ratio to achieve high gain results in high efficiency
and reduces voltage stress. Reduced voltage stress across the
switches is achieved by modifying this structure by adding
a switched inductor. MATLAB/SIMULINK R2020b is used to
simulate the converter and produce the results. The presented
circuit simulations and experiments validate the converter’s
good performance. A TMS320F28027F microcontroller is used
to perform the hardware prototype, which has a 2V input and
produces an output of 6.6V.

Index Terms—Boost Converter, Gain, Efficiency.

|. INTRODUCTION

Photovoltaic (PV) power systems have seen a significant
increase in popularity in recent years. Many PV markets
throughout the world introduced solar photovoltaic technology
to replace traditional energy sources. PV modules have the
capability to function as either a standalone or isolated system
when connected to the grid.Photovoltaic (PV) systems typi-
cally generate low voltage. Converters must be connected in
order to raise the output voltage of PV systems and guarantee
a steady voltage for the load or the grid’s input side. As
a result, DC-DC converters with a high voltage conversion
ratio, high efficiency, affordable price, and small size are in
high demand. Traditionally, step-up applications have used the
boost converter. It is simple in structure and is inexpensive.
But since it will put switching devices under a lot of voltage
stress and reduce efficiency, obtaining high voltage gain at
a very high duty ratio is not the best course of action [1].

DC-DC converters used for step-up applications also include
isolated converters, such as half bridge, full bridge, fly back,
and push-pull type converters. By modifying the turns ratio,
these converters are capable of producing large gains [2]. This
system has a number of drawbacks in spite of its benefits.
These include the parasitic capacitance and leakage inductance
that form in the secondary winding of the transformer, which
cause high voltage stress across the switching devices as well
as high voltage and current ripple.. The system performance is
further deteriorated by these factors, which increase switching
losses because of high power dissipation and noise [3]. High
gain can also beachieved with DC-DC converters with coupled
inductors by varying the coupled inductor’s turns ratio, and
these converters are simpler to operate. However, the converter
efficiency is reduced by leakage inductance losses and voltage
spikes across the power switches when coupled inductors are
used. The circuit becomes more complicated as a result of the
need for additional snubber circuits [4] and [5].

Boost topologies can be cascaded to achieve high voltage gain
in the simplest way possible. These converters are referred
to as quadratic boost converters or cascade boost converters.
However, cascaded structures will have a large number of
stages. Therefore, it needs a lot of components, which ulti-
mately results in a complicated circuit, low efficiency, and
high cost [6]. In order to minimize the number of components,
a quadratic converter is typically designed as a single switch
converter [7]. However, because each boost cell’s current flows
into a single common switch, this method increases conduction
and switching losses. Therefore, to increase power efficiency,
soft-switching technology and a decrease in switch voltage
are needed. For this reason, zero voltage switching, or ZVS,
is used to increase power efficiency. The control circuit gets
more complicated as a result, and an extra switch is needed
[8].By using a switched inductor or capacitor cell, voltage gain
can also be increased. Discussed in [9] are various switched
inductor and switched capacitor topologies. These are obtained
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through the manipulation of the inductor and capacitor’s series
and parallel connections. But the switch is under high voltage
stress, equal to the output voltage, and the voltage gain is
restricted.

Il. METHODOLOGY

The Modified the switched inductor based quadratic boost
converter consist of two switch (S1, S2), five diode (D1, D2,
D3, D4 and D5, three inductor (L1, L2, L3) and two Capacitor
(C1, C2) Figure 3.6 shows the Madified the switched inductor
based quadratic boost converter.
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Fig. 1. switched inductor based quadratic boost converter

A. Modes of Operation

The continuous conduction mode (CCM) and the continuous
bidirectional conduction mode (CBCM) are the two primary
operating modes of the suggested boost converter. The input
inductor current, iL1, flows continuously in one direction in
both modes. The rear-inductor current iL2 operates differently
in CCM and CBCM because it flows continuously in a
unidirectional manner in CCM and a bidirectional fashion in
CBCM.

1) Mode 1: At t = t0, when Switches S1 and S2 are
activated in this mode. D1, D3, and D5 are forward biased
diodes, while D2, D4, and D5 are reverse biased. Three
inductors, L1, L2, and L3, are charged by the input voltage
source. In addition to feeding the load and providing current,
the capacitor C2 also discharges C1. In the meantime, C2 is
released to the load. Figure 2 shows operating circuit of mode
1.

Fig. 2. Operating circuit of of Mode 1

2) Mode 2: Att = t1, When in mode 2, both S1 and S2
are not in use. D1, D3, and D5 diodes are reverse biased,
while D2, D4, and D5 diodes exhibit forward bias. Through
the capacitor C1, the current flowing through inductors L1
discharges. Mode 2 sees the inductors L2 and L1 discharge
through the load. According to their respective loads, the two
capacitors are charging. Figure 3 shows the operating circuit
of mode 2.
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Fig. 3. Operating circuit of of Mode 2

Figure 4 shows the theoretical waveforms for mode 1
and mode 2.
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B. Design of Components

Vin = 20V is used as the input voltage. P, = 24.5 W and
V, = 70V are used as the output power and output voltage,
respectively. Ts = 1/fs = 0.00002sec is the time period when
the switches are operated with a duty ratio of D = 0.344 and
a switching frequency of fs = 50kHz.

From the following equations, the inductors L1 are derived.

Ro = £=E= 2000 (1)
Po 24.5
Duty ratio,
Vo 2D+1-D?
Vin = W = 3.5 2
D = 0.344 ©)

The following formulas are used to determine the inductors
L.

D 0.344
Ita=1o * (W= 0.35 * (m =0.30A (4)
(1-D)*
Li>=RL*T* (g3 ©)
1— 0.344%
Ly >=200 * 0m3 >=1.9mH 6)

It is approximated to 3 mH.
The following formulas are used to determine the inductors
Lo & L3

1, === _093% =-o0s3a ()
Y (1-D) (1-—0.344)
D * (2 — D)
Log>=Rp *T* ————— ®)
y 03
200 * 0.344 % (2 — D)
L2z >= = 1.41mH ©

0.3 % 50 * 10°

It is approximated to 3 mH.
Capacitors values are found from the following equations.

D*xT (10)
C1>=
7T 01k REk (1— D)2
The valuer of capacitor C1 set as 10 uF
D xT
Cpoe —o (11)
0.001 % RL

C1 and Cz is taken as 100 uF

TABLE |

SIMULATION PARAMETERS OF QUADRATIC BOOST CONVERTER

Parameters

Value

Input voltage, V;,

20V

Output voltage, V,

70V

Output load, R

200Q

Switching frequency, f,

50 kHz

Inductance( L, )

3mH, 2A

Capacitance C,

104F, 45V

Capacitance C,

100 pf, 100 V

Inductance(L, Ls)

1.5mH, 1A
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Fig. 5. (a) Input Voltage (Vin) and (b) Input Current (/in)
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Fig. 6. (a) Output VVoltage (Vo)and (b) Output Current (/o)

I1l. SIMULATIONS AND RESULTS

In MATLAB/SIMULINK, the transformerless boost con-
verter is simulated by selecting the parameters indicated in
Table 1. With a steady switching frequency of 50 kHz, the
switch is a MOSFET. A dc input voltage of 20 V results in a
dc output voltage (V0) of 70 V when the output power (Po)
is 24.5 W. The input voltage and current are shown in Figure
5, and the output voltage and current are shown in Figure 6.
Consequently, the voltage gain is 6.6.

The gate pulse and voltage stress across the switch are
displayed in Fig. 7a. The switch is under 31 V of voltage
stress. The gate pulse and voltage stress across the switch are
displayed in Fig. 8a. There is 70 V of voltage stress across
the switch.

The Voltages across the capacitors Vcr and Ve are shown in
Fig. 9. The capacitor voltage of V1 measured as 30.09V with
0.9V as voltage ripple. The capacitor voltage of V¢, measured
as 69.23V with 0.04V as voltage ripple. Fig. 10 shows the
current across Current through inductor IL1, inductor IL2
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Fig. 7. Gate Pulse (Vy1) and Voltage Stress (Vs1) of switch S1
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Fig. 8. Gate Pulse (V,2) and Voltage Stress (Vs2) of switch S2

and inductor IL3. Current through inductor (IL1) is measured
as 0.80A and the ripple current is 0.05A. Current through
inductor (IL2) is measured as 0.51A with current ripple of
0.2A.Current through inductor (IL3) is measured as 0.67A
with current ripple of 0.2A.
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Fig. 9. Voltage across Capacitor (a)Vez, (b)Ve2

I\VV. PERFORMANCE ANALYSIS

The power output to input ratio determines a power equip-
ment’s efficiency at any load. This quadratic boost converter’s
efficiency vs. output power with R load and RL load is
completed and displayed in Fig. 11. The switched inductor
based quadratic boost converter has maximum efficiency for R
and RL of 92.7% and quadratic boost converter has efficiency
of 89.6% . Approximately 24.5 W is the medium power output
variation in efficiency for both loads.

In figure 12, the gain of the quadratic boost converter is
plotted as a function of duty ratio. The duty ratio can be
changed to increase the gain.

In Figure 13, the output voltage ripple for a quadratic boost
converter is plotted as a function of duty ratio.
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Fig. 11. Efficiency Vs Output Power for (a) R load (b) RL load
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Fig. 12. Voltage gain VS Duty ratio
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Fig. 13. Output Voltage Ripple VS Duty Ratio

Figure 14 displays the output voltage ripple for the modified
boost converter plotted as a function of switching frequency.
Increases in switching frequency result in a decrease in output
voltage ripple.
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+—Modified converter
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Fig. 14. Output voltage ripple VS frequency

V. COMPARITIVE STUDY

when Vin = 20V, D=0.0.344 power = 24.5 W and frequency
is 50kHz. Here the number of components is high for switched
inductor based quadratic boost converter and based quadratic
boost converter is given in table 2. It is evident from the
comparison that the gain increases from 3.4 to 6.8 when the
input voltage and switching frequency are kept at the same
values of 20 V and 50 kHz, respectively. With the modified
converter, the voltage gain of the converter is also increased.

TABLE Il
COMPARISON BETWEEN QUADRATIC BOOST CONVERTER AND SWITCHED

INDUCTOR BASED QUADRATIC BOOST CONVERTER

Quadratic Boost
Converter

Parameters Modified Boost Converter

No. of switches 2 2
No. of Inductors 3 2
No. of Capacitors 2 2
No. of Diodes 5 2
Duty ratio 46.66 34.4

Frequency 50KHz 50KHz

A comparison of the enhanced gain boost converter and
other converters, component by component, is presented in
Table 3. Based on how many parts are utilized in various
converters, comparisons are made. The Table shows that, out
of all the converters, the enhanced gain converter uses the
fewest large components.

VI. EXPERIMENTAL SETUP WITH RESULT

The input voltage is lowered to 2V for hardware implemen-
tation, and the TMS320F28335 processor is used to generate
the switching pulses. The switch is a MOSFET IRF3205. The
TLP250H optocoupler, which is used in the driver circuit, acts
as a barrier to prevent external damage to the microcontroller
as well as the gate required to activate the switches.

Fig. 15 illustrates the transformerless boost converter ex-
perimental setup. 2V of input with DC supply is provided by
the DC source. The TMS320F28335 microcontroller provides
switching pulses to the driver circuit. As a result, Fig. 16’s
power circuit yields an output voltage of 45 V. The converter’s
output voltage is obtained using a DSO oscilloscope.

TABLE IIl bk
COMPARISON BETWEEN QUADRATIC BOOST CONVERTER AND OTHER i
SIMILAR CONVERTER
Title HSDC MSBC sIBC
No. of switches 1 2 1
No. of inductors |4 2 2 T o
O e e L tanaet Preeto
—t Ohw wetw -
No. of capacitor 4 1 1
No. of diodes 8 5 4 Fig. 17. Output Voltage of Proposed Converter
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VII. CONCLUSION

This paper introduces a novel switched inducer based on
a quadratic boost converter. The following are some benefits
of the suggested converter: This improves the converter’s
efficiency and lowers the copper losses in the inductors. The
power switch’s sl is under relatively little voltage stress, the
input current is constant, and the average inductor current is
less than that. Under CCM, we have talked about steady state
analysis and small signal modeling. The experiment’s average
current mode control generated 24.5 W of output power. The
suggested converter can achieve 92 % efficiency at load. In
order to improve the efficiency of the converter, two power
switches will be soft-switched in later work.
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