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The present study focuses on the performance analysis of the
basic (boost) and advanced (SEPIC) power DC-DC converters
operating in the discontinuous conduction mode (DCM).
Parameters such as switching signal frequency (fs), duty cycle
(D), and DC input voltage (Vin) are investigated to study their
influence on the output voltage (Vo) of the converters. Results
show that the SEPIC converter is more efficient than the Boost
converter with higher output voltage values obtained at different
Vin levels. Where, the obtained output voltage values were 5.5 V
and 5.6 V at Vin of 1.5 V, which mean that the increasing ratio of
the output voltage of SPEIC over Boost converter was about
18.2 %. Similarly, its value was reported to be, 42.2 V and 48.6

V, measured at Vin of 10 V, causing the increasing ratio of SEPIC
converter to be about 15.16 % relative to Boost converter.
Concerning the dependence of their output voltage on the
switching duty cycle, it was noticed that, the increasing ratio of
the output voltage of SEPIC over Boost converter ranges from
19.3 % to 30.8 % depending on the duty cycle. The effective
operating bandwidth (BW) of the output voltage is wider for the
SEPIC converter compared to the Boost converter. The switching
frequency has an effect on the output voltage of the converter,
with the SEPIC converter showing a wider operating bandwidth
compared to the Boost converter (8 kHz).

© 2023 Modern Academy Ltd. All rights reserved

1. Introduction

The switching mode DC/DC converters can be realized by different circuit topologies. The Boost and
SEPIC converters are the mostly used depends on the requirements for power conversion system [1, 11]. It
has become popular in recent years that step up or down DC-DC converters are useful in applications where
the battery voltage can be above or below the regulator output voltage like powered vehicles, photovoltaic
systems, continuous power supplies, and fuel cell systems [7,10,16]. Mobile charging and utilizing the
power generated from solar and wind power plants and electrical power systems in vehicles, in which
battery power systems often stack cells in series to achieve higher voltage. The converter must be able to
operate as step up or down in order to continue supplying the constant load voltage over the entire battery
voltage range. In these converters, SEPIC converters which have the advantages of high-voltage transfer
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gain, high power density and high efficiency, as well reduced ripple voltage and current. These converters
are most widely used in computer peripheral equipment, industrial applications and switched mode power
supply [2,4-6]. Generally, the switching mode DC-DC converter circuits are used to convert the unregulated
DC input voltage (Vin) into a controlled DC output voltage (V,) at a desired value. They are mainly
consisting of power active devices; power diodes and power switch (S), as well power passive components;
power inductors (L), capacitors (C) and load resistance (R.). During the operation of DC-DC converter
circuits with a given Vi, the DC output voltage is controlled by controlling the switch ON and OFF
durations. These types of circuits could be operating in three different modes namely; continuous
conduction mode (CCM), discontinues conduction mode (DCM), as well the critical conduction mode
(CrCM) depending on the switching duty cycle (D). The theoretical output waveforms of the inductor;
voltage (VL) and current (I.) of the converter operating in CCM (Fig.1a), CrCM (Fig.1b), as well DCM
(Fig.1c) is shown below. When a boost converter operates in CCM, I never falls to zero. While in DCM,
IL drops to zero during a part of the periodic cycle, where in some cases, the amount of energy required by
the load is small enough to be transferred in a time smaller than the whole commutation period [8,13-15,17].
In CrCM operation, sometimes referred to as boundary mode or transition mode operation, the inductor
current is allowed to completely go to zero before the next switching cycle of the switch is initiated [3].

For the high-power applications such as hybrid electric vehicles and fuel cell power conversion
systems, CCM is needed because it offers the lowest peak to average current ratio for the converter than
CrCM and DCM, and it operates at a fixed switching frequency. While, CrCM and DCM are needed for
lower power applications, because of the low cost and simplicity of the circuitry. Also, it turns out that the
CrCM approach offers the same simplicity and low cost for power factor correctors in the kilowatt range
and can additionally offer several performance advantages over the more conventional CCM typically used
in this power range [12].
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Fig. 1. Waveforms of the inductor voltage and current for the boost converter systems
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The present study focuses on the performance analysis of 5/20 VDC boost (Fig.2) and advanced
(SEPIC) power DC-DC converter (Fig.3) (Vin: 5 V, Vo: 20V) operating in the discontinuous conduction
mode (DCM). Where, the practical life applications such as low voltage photovoltaic systems require highly
efficient converters to deliver as much as possible energy to the load with high gain DC voltage conversion
[16]. During the study, parameters such as switching signal frequency (fs), duty cycle (D), and DC input
voltage (Vin) are investigated to study their influence on the output voltage (V) of the converters.

1.1 DC-DC Boost Converter Circuit

During the study, the proposed DC-DC boost converter (Fig. 2) is constructed from the following: n-
channel MOSFET type; IRF44N, fast recovery diode type; FR101, power inductor type; ELC18B331L with
inductance (L) and an input / output capacitors electrolytic capacitor (Cin, Co), as well the load resistor
(RL). The theoretical output voltage [17] of the circuit in DCM could be determined applying Eq. (1).

2R.D
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Fig. 2. Experimental set up of the boost converter circuit

1.2 DC-DC SEPIC Converter Circuit

Referring to the studied SEPIC circuit (Fig.3), it constructed from n-channel MOSFET switch type;
IRF44N, fast recovery diode type; FR101, two power inductor (L; and L) type; ELC18B331L and three
similar electrolytic capacitors; transfer, input, and output (Cs, Cin, Co), as well the load resistor [1,9]. The
theoretical output voltage of the circuit in DCM could be determined applying Eg. (2).

J

Where, T is the periodic time of the switching signal.

D Vin
2 LiL,
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)

Vo
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Fig. 3. Experimental setup of SEPIC converter circuit.

For the DC-DC converter circuits, the output voltage gain (G) is determined using Eqg. (3) as [9]:

V
G=—">" 3
Vin ()

Moreover, the output power (Po) and conversion efficiency (1) could be calculated [14] applying Egs.

(4 and 5), respectively.

2

=Vo
R.

P (4)

P
== 0 5
77 Pin ( )

Where: Pi, is the input power, and could be calculated as; Pin=linVin

2. Methodology and Experimental Setup

The present study aims to investigate the electrical performance of 5/20 VDC (Vin: 5V, Vo 20V)
boost/SEPIC converters depending on the following steps:
Firstly: the converter circuits were designed depending on the initial electrical parameters illustrated in
Tables. (1 and 2), applying Egs. (1 and2)
Secondly: the following experimental procedures were carried out:

e The influence of the switching frequency on the output voltage was studied at fixed switching duty
cycle and DC input voltage in order to identify the range of operating frequency that the converter can
operate in the DCM

e The switching frequency of 20 kHz is selected at fixed Vi, value of 5 V, and the influence of D on V,
was studied for selecting D value verifying the higher V, value and identify the range of D that the
converter can operate at.
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The influence of Vi on V, values was investigated at f; of 20 kHz, D value of 82%, for identify the
range of DC input voltage that the converter can operate at.

The final step is concerned with calculating the generating output power (P,) and the efficiency (1) of
the converter.

For the study to be carried out, the following laboratory instruments were used:
i.  Digitizing oscilloscope, model TDS2024C,
ii.  HM 8030-5 function generator, and
iii.  Regulated DC-power supply, model PW36-1.

Table 1: Initial electrical parameters for the designed boost converter circuit

5 20 1.81 10 50 1 330 220 45.67

Table 2: Initial electrical parameters for the designed SEPIC converter circuit

Po fs D Cin, Cs , Co LI, Lo RL n

(W) (kH2) (%) (MF) (uH) Q (%)
5 20 1.81 20 65 1 330 220 68.6

Moreover, the electrical characteristics of the used fast recovery diode and MOSFET
power switch during the converters design is shown in Tables. (3 and 4).

Table 3: Electrical characteristics of FR101 fast recovery diode

Electrical Diode forward voltage Diode forward Breakdown voltage

parameter V) current )
(A)
Value 1.3 1 50 V

Table 4: Electrical characteristics of IRF44N MOSFET

Electrical Breakdown voltage Drain current On resistance

parameters (A) (9)
Value 55 49 0.022

3. Results and Discussions

Concerning the effect of switching frequency variations on V, of the tested converters, it was noticed

that their V, values were function of the switching frequency and it was found that their effective operating
band width was wider for SEPIC converter than boost converter. Where, the operating frequency range for
boost converter was varied from 10 up to 20 kHz, leading to the values of V, to be changed from 20 V to
12.7 V with variation ratio of 36.5 % Fig. (4a). While, the operating frequency range for SEPIC converter
was varied from 12 up-to 30 kHz, leading to the values of V, to be changed from 39.6 V to 15.2 V with
variation ratio of about 66.6 % Fig. (4b). Besides, the voltage gain of boost converter was varied from 2.54
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to 4 during the switching frequency range (Fig.5a), while its value was observed to be changed from 4 to 8
for SEPIC converter (Fig.5b).

A snapshots of DC input voltage, output voltage at the switch node, and DC output voltage for boost
and SEPIC — converters are shown in Fig. (6 a and b).
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Fig. 4. Dependence of the output voltage of; (a) boost-and (b) SEPIC converter circuits on the switching frequency
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Fig. 5. Dependence of the voltage gain of; (a) boost-and (b) SEPIC converter circuits on the switching frequency
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Fig.6. DC input voltage, output voltage at the switch node, and DC output voltage for; (a) DC-DC boost and (b) SEPIC-
converter circuits at DCM

The effect of the switching duty cycle on V, of both converters is shown in Fig. (7a and b). It was observed
for both converters that, V, is increasing function with D and there is good agreement between the
experimental results and theoretical calculations. It was noticed that at D of 65 % their V, values were
measured to be 12 V and 15.7 V, i.e the increasing ratio of SEPIC over the boost was 30.8%. While, at D
of 82 % their reported V, were shown to be 30.6 V and 36.5 V, respectively with increasing ratio of 19.3
% for SEPIC relative to boost converter.
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Fig.7. Impact of switching duty cycle on the output voltage for; (a) DC-DC boost and (b) SEPIC- converter circuits
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In addition, the voltage gain of the boost converter was varied from 2.4 to 6.12 during the range of
switching duty cycle (Fig.8a), while its value was observed to be changed from 2.9 to 7.2 for SEPIC

converter (Fig.8b).
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Fig.8. Impact of switching duty cycle on the output voltage gain for; (a) DC-DC boost and (b) SEPIC- converter circuits.

The effect of the DC input voltage on V, of both converters is shown in Fig. (9 a and b). It was observed
for both converters that, V, is increasing function with Vi, and there is good agreement between the
experimental results and theoretical calculations. Also, the results show that the SEPIC converter is more
efficient than the boost converter with higher output voltage values obtained at different Vi, levels. Where,
the obtained output voltage values were 5.5 V and 5.6 V at Vi, of 1.5 V, which mean that the increasing
ratio of SPEIC over boost converter was 18.2 %. Similarly, its values were reported to be, 42.2 V and 48.6
V, measured at Vi, of 10 V, causing the increasing ratio of SEPIC converter to be about 15.16 % relative to

boost converter.

50
1|—%— Theo.

451 —e— Exp.

40
35
30
25
201
15
101
5
.

Output voltage, V

D 82 %, R 220, f_20 kHz

0

10

DC Input voltage, V

(@)

60

a1
o

|—%—Theo.

40

Output voltage, V

D 82 %, R_220, f_20 kHz

DC

' 10
Input voltage, V

(b)

15
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For the studied range of the DC input voltage at the switching duty cycle of 82%, the generated output

power of both converters was calculated and plotted as a function of converter efficiency (Fig.10a and b).
It was observed that, the boost converter efficiency was observed to be varied from 45.6 % to 70.4 %, while
varying P, values from 0.13 W up to 8.09 W (Fig.10a). Referring to Fig. (10b), the SEPIC converter

eff
10.

Efficiency, %

iciency was observed to be varied from 68.9 % to 82.4 %, while varying P, values from 0.196 W up to
86 W.
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Fig.10. Dependence of the converter efficiency on the output power for; (a) DC-DC boost and (b) SEPIC — converter circuits

4.

Conclusions

The present study was concerned with a comparative analysis of the performance for the boost and

SEPIC systems, whenever operating in DCM. During the work, the dependence of the output voltage on;
switching signal frequency, switching duty cycle and DC input voltage was studied and the results were
analyzed. Due to the achieved results, it was proved that;

SEPIC converter was more efficient than boost converter.

The output voltage of SEPIC converter is increased by increasing ratio of 18.2 V over boost converter,
whenever Vi, value was 1.5 V, while it was 15.16 % at Vi, value of 10 V.

For the dependence of V, on the switching duty cycle, it was noticed that at D of 65 % V, values were
measured to be 12 V and 15.7 V, i.e the increasing ratio of SEPIC over the boost was 30.8%. While, at
D of 82 % their reported V, were shown to be 30.6 V and 36.5 V, respectively with increasing ratio of
19.3 % for SEPIC relative to boost converter.

It was noticed that their V, values were a function of the switching frequency and their effective
operating bandwidth was wider for SEPIC converter than boost converter.

From the experimental work, it could be concluded that: A DC-DC converter based on voltage lift
techniques introduces high efficiency than the conventional types. Where, they have the advantages of

high-voltage transfer gain, high power density and high efficiency, as well reduced ripple voltage and
current

Pg. 9
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