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Abstract

Step-up converters find extensive application in various sectors, including powered vehicles, photovoltaic systems, continuous power
supplies, and fuel cell systems. This paper describes the process of designing and building a resistive load step-up (boost) converter,
which is a widely used industry application for increasing the direct current (DC) input voltage. This study focuses on ascertaining the
appropriate values for the inductor and capacitor within the circuit. The design primarily emphasizes continuous mode operation,
involving varying voltage inputs of 10V and 20V DC, while employing a switching frequency input of 25 kHz with the IGBT serving
as the switching device. The design evaluation of this circuit aims to regulate the input voltage to support a stable output voltage of 30
VDC, with a simulation power conversion efficiency of 96.18 percent for the input voltage,10V, and a simulation power conversion
efficiency of 96.08 percent for the input voltage,20V. This examination also incorporates the requirement of a ripple inductor current,
which should not exceed 25% of the total inductor current, and an output voltage ripple is less than 1%. The circuit design parameters
are determined based on factors such as output voltage, inductor voltage, and inductor current waveform. MATLAB Simulink
software will be used to check the circuit design, thus confirming the agreement between simulation results and theoretical
predictions. The simulation results provide compelling evidence that the established model proficiently maintains the output voltage
under diverse input voltage scenarios. As a result, these parameters are suitable for the construction of a fully operational boost
converter circuit. This paper systematically presents all objectives, calculations, experiments, data, and results in a comprehensive
manner.

Keywords- Step-up Converter, Input VVoltage Source, Output VVoltage Source, MATLAB/Simulink.

I. INTRODUCTION

In numerous industrial applications, there is a need to convert a DC input voltage into a variable DC output voltage. This process of
directly converting DC voltage from one level to another is called a DC converter. Such converters are employed to elevate the input
voltage to reach the desired level [1][2]. Each electronic circuit is presumed to function based on a supply voltage, typically
considered as a constant. A voltage regulator is an electronic circuit within the field of power electronics. A power electronic circuit
engineered to maintain a stable output voltage, regardless of variations in load current or line voltage. Various voltage regulators
employing diverse control schemes are utilized, and as circuit complexity rises alongside technological advancements, there is an
increasing demand for precise and swift regulation [3][4]. This has prompted the necessity for the development of more advanced and
dependable designs for DC-DC converters. The DC-DC converter accepts an unregulated DC voltage input and produces a constant or
regulated output voltage. The regulators can be primarily categorized as linear and switching regulators [5]. Each regulator
incorporates a power transfer stage and control circuitry, responsible for monitoring the output voltage and adjusting the power
transfer stage to sustain a consistent output voltage. DC/DC converters play a crucial role as integral components in renewable power
conversion systems, serving as electronic operating systems for various power applications [6][7]. The majority of renewable sources,
including photovoltaic (PV) systems and wind energy, typically generate a low voltage output. To meet the requisite voltage levels at
the output, booster circuits are required. DC converters find extensive utilization in industrial scenarios, encompassing electric vehicle
motor control, uninterruptible power supplies, and battery-powered devices [8].

They offer exceptional efficiency, precise acceleration management, and rapid dynamic responsiveness, making them suitable for the
implementation of regenerative braking in DC motors to facilitate energy recovery into the power source. Typically, boost converters
elevate the input DC voltage, drawing power from sources like batteries, solar panels, rectifier outputs, and DC generators. The
operational control of the boost converter, as described [9][10] in depends on the duration of the switching process. This duration's
ratio to the total switching time period is termed the switching duty cycle, denoted as D, as described by. The investigation primarily
centers on continuous current mode operation, which, in this analysis, is denoted as the continuous positive cycle throughout the
switching process [11][12]. The adoption of continuous current mode operation in this study is aimed at achieving enhanced
regulation within the circuit. Predominantly utilized converters in power electronics encompass buck [13-16], boost [17-20] and buck-
boost [21-24] converters. Nonetheless, in PV-based applications, the boost converter is the more prevalent choice, and this research
proposal centers on a boost converter due to its superior stability and efficiency. The DC-DC converter, in conjunction with maximum
power point tracking (MPPT) serves various other purposes as well. This characteristic leads to energy conservation in transportation
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systems characterized by frequent changes in operational states. DC converters find utility in the realm of DC voltage regulation, and
they are additionally employed, often in conjunction with an inductor, to establish a dedicated DC current source, particularly for
applications such as the current source inverter. Switching power converters offer several primary advantages over linear converters,
namely, enhanced efficiency, reduced physical footprint, and lower cost. Switching power converters typically exhibit efficiencies
ranging from 70% to 80%, a significant improvement compared to the standard 30% efficiency typically associated with linear
converters [27][28]. The inherent nonlinearity of DC-DC converters arises from the operation of the switching devices. As a
consequence of these undesired nonlinear traits, the converters necessitate a controller with a heightened level of dynamic
responsiveness. The Switching Boost Converter has been engineered to offer an effective means of elevating a provided DC voltage
source to achieve a specific desired voltage level. In several aspects, a DC-DC converter serves as the DC counterpart to a transformer
[29][30]. Primarily, the DC-DC converter comprises power semiconductor devices functioning as electronic switches, falling under
the classification of switched-mode DC-DC converters. Among the various switching control methods, Pulse Width Modulation
(PWM) is the most commonly employed. In DC-DC voltage regulators, maintaining a stable output voltage is of paramount
importance, irrespective of fluctuations in the input voltage [31][32].

Il. Step-up (Boost) Converter Circuit Operation

The fundamental circuit diagram of the operational boost converter is depicted in Figure 1. An inductor is incorporated to ensure a
stable input current, with minor ripple components present in the input current. An inductor is incorporated to ensure a stable input
current, with minor ripple components present in the input current [33][34]. Regarding voltage and current relationships, the analysis
presupposes the presence of steady-state conditions. The switching period is denoted as "T," with the switch closed for a duration of
"DT" and open for "(1-D)T". Under these conditions, the inductor current remains continuous, maintaining a consistently positive
value. Moreover, it is important to note that the capacitor exhibits significant capacitance, allowing the output voltage to be rigorously
maintained at the specified voltage "Vo.". It is assumed throughout this analysis that the components involved are ideal. The analysis
unfolds through a systematic investigation of both inductor voltage and current under two distinct scenarios: when the switch is closed
and when it is open [35][36].
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Figure (1): Boost (Step-Up) Converter Circuit.

These ripples are negligible when the switching action occurs at high frequencies. The circuit's operation can be categorized into two
distinct modes: Mode 1 initiates when the switch is in the closed position, while Mode 2 begins when the switch is open. For the
purposes of this study, a IGBT is employed to facilitate the switching process within the Boost circuit. Mode 1, illustrated in Figure 2,
initiates when the switch is in the "on" position. During this phase, the current flows from the DC source to the inductor L and the
switch, with the diode in a reverse-biased state, effectively blocking the current path to the load. The inductor current and the energy
stored within it continue to increase until the switch is subsequently turned off [37][38].
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Figure (2): Boost (Step-Up) Converter Circuit ON State
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The current experiences a constant rate of change, resulting in a linear increase while the switch is in the closed position, as visually
represented in Figure 3b. The alteration in inductor current is derived from this behavior [39][40].
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—L_L_ S 3)

At DT L

Therefore, the period during which this process occurs is referred to as the "on-time," denoted as toy = DT. The alteration in inductor
current when the switch is closed can be calculated from the following equation:
VDT

L

(4)

AiLON =
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Figure (3) illustrates waveforms for a Boost converter, depicting various parameters: (a) Inductor voltage, (b) Inductor current, (c)
Diode current, and (d) Capacitor current

Mode 2 commences when the switch is in the off state, as depicted in Figure 1(b). During this phase, the current that previously
flowed through the inductor, capacitor, resistor load, and diode is affected. The inductor current diminishes until the switch is once
again activated in the subsequent cycle, facilitating the transfer of the stored energy in the inductor to the load [41][42].
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Figure (4): Boost (Step-L]p) Converter Circuit OFF State
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Under the assumption of a constant output voltage, denoted as "Vo", the voltage across the inductor is as follows.

di
VL=V5—V0=Ld—L (5)
t
diL VS_VO
G _%~7% 6
i I (6)

The inductor current experiences a consistent rate of change, necessitating a linear variation during the switch's open state. The
alteration in inductor current while the switch remains open is as follows.

AiL_ AlL _VS_VO
At 1-D)T L

(")

In this state, the off-time duration is denoted as t,sr = (1 - D) T. Consequently, the variation in inductor current can be calculated as
follows:
(Ve —=Vo) (1 —D)T

Aiyorp = . (8)
By employing equations 4 and 8, the output voltage of the load V| can be expressed as AiLON + AiLOFF =0.
VsDT Ve —Vy) (1—D)T
S + ( S O) ( ) (9)
L L
Solving for Vo,
V(D +1-D)=V,(1=D)=0 (10)
Vs
= 11
Vo=1"7 (11)

To ensure periodic operation, it is essential that the mean inductor voltage remains at zero. Expressing the average inductor voltage
throughout one complete switching period and the solution for Vo produces an outcome identical to that obtained in Equation (11), we
find that:

V,=VsD+ (Vs —V,)(1—D) =0 (12)

Equation (11), demonstrates that when the switch remains in the open state continuously with a duty cycle of D equal to zero, the
output voltage aligns with the input voltage. As the duty ratio increases, the denominator within Equation (11) decreases, thereby
leading to a higher output voltage.

The boost converter generates an output voltage that is either greater than or equal to the input voltage. Unlike the buck
converter, the boost converter does not allow for an output voltage lower than the input voltage. When the duty ratio of the switch
converges toward 1, the output voltage, as per Equation (11), tends towards infinity. It's worth noting, though, that Equation (11) is
founded on the assumption of ideal components.

Actual components, characterized by inherent losses, will serve as a safeguard against such an eventuality. Figure 3, meanwhile, offers
a graphical depiction of the voltage and current waveforms associated with the boost converter. The calculation of the average current
in the inductor entails acknowledging the equivalence of the average power delivered by the source to the average power consumed by
the load resistor. The output power can be defined as follows [43][44].
2
PO :VL: VOIO (13)

Ro
The equation for input power is expressed as VsIg = Vi, By equating input and output powers and utilizing the equation specified in
(11).

Vo? _ [Vs/(1—D)P? vs?

Vol, = — = 14
ST Ry R, (1-D)?R, (4

Through the process of solving for the average inductor current and incorporating several substitutions, it is possible to express I, as
follows:
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I,

The determination of maximum and minimum inductor currents relies on utilizing the average value and the current variation derived
from Equation (4).

Lo 4o Vs IsoT (16)
max =L T -D)*R, 2L

Ai Ve VDT
Imin = IL - (17)

2~ (1-D)?R, 2L

Equation (11) was formulated under the assumption that the inductor current remains continuous, signifying a constant positive

flow. A prerequisite for achieving continuous inductor current is that I, must be positive. Consequently, the demarcation point

between continuous and discontinuous inductor current is established from Equation (18).
Vs VDT

Lpin = 0 = -
min (1-D)*R, 2L

(18)
or
Vs VDT VgD

(1-D)?R, 2L 2Lf (19)

Thus, the essential combination of inductance and switching frequency necessary to sustain continuous current in the boost converter
can be described as follows:
D(1 - D)*R,

2

(Lf )min = (20)

or

p(1 - D)*R,

Linin (21)
2f

A boost converter engineered for continuous-current operation will feature an inductor value exceeding the minimum threshold, L,,;,.
From a design point of view, it proves beneficial to represent inductance, L, in relation to a desired current, denoted as Ai;.
VeDT V(D

L= = 22
Ai;, A f (22)

The calculation of the peak-to-peak output voltage ripple is achievable by examining the capacitor current waveform, as illustrated in
Figure 3d. Furthermore, the alteration in capacitor charge can be determined by:

V,
IAQ| = (—0) DT = CAV, (23)
RO
An equation describing the ripple voltage is as follows:
VoDT VoD
AV, = RoC ~ RoCf (24)
or
AV, D
70 _ (25)
Vo RoCf

When considering the switching frequency, denoted as f an alternative approach involves expressing capacitance in relation to the
output voltage ripple, resulting in:
D

" Ro(AVo/Vo)f 9

c
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DESIGN BOOST (STEP-UP) CONVERTER

In this research, it is imperative to account for the peak-to-peak inductor current and the output voltage ripple when designing the
boost converter circuit. The initial phase of the design process involves calculating the parameters of the boost converter circuit for
two distinct input voltages, namely 10 Vpc and 20 Vpe. Once the values of the inductor (L) and capacitor (C) have been determined,
the circuit is then modeled using MATLAB Simulink software, as depicted in Figures 5 and 6. Subsequently, the analysis includes a
comparison between the calculated values and the simulation results.

I/P current O/P current -::
S [osoor} .
o -1'
] - @j O/P power
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Figure (5): Boost (Step-Up) Converter at Vg = 10 Using MATLAB/Simulink
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Figure (6): Boost (Step-Up) Converter at Vg = 20 Using MATLAB/Simulink

This analysis maintains a limit of a ripple inductor current, which should not exceed 25% of the total inductor current, and ensures that
the output voltage ripple remains below 1%. The initial steps in designing Boost circuits, using a switching frequency value of 25 kHz
as indicated in Table 1, are demonstrated in the calculations below:

Table (1): Boost (Step-up) Converter Calculations

Input voltage is 10 Vpc and output voltage is 30 Vpc and
switching frequency value is 25 kHZ

Input voltage is 20 Vpc and output voltage is 30 Vpc and
switching frequency value is 25 kHZ

VLON = VS: 10V

VLON = V5: 20V

V|_o|:|:: VS — VO:].O'SO =-20V

V|_o|:|:: VS — V0: 20-30=-10V

D=1-Y5=1-10/30 = 0.666
Vo

D =1-Y5=1-20/30 =0.333
Vo

Lmin -

D(1-D)?Rg _ 0.666(1—0.666)%-100
2f 2:25000

= 148.6 uH

Lmin -

D(1-D)?Rg _ 0.333(1-0.333)%:100
2f 2:25000

=296.3 uH

Vs _ 10

L~ 4-D)2Ry _ (1-0.666)x100 =0.896

_ Vs _ 20
L™ 1-p)?Rp ~ (1-0.333)2x100

=0.449

Ai, = 25 0.896 = 0.224
lL_100 . - .

Ai, = 25 0.449 = 0.112
lL_lOO . - .

VD 10-0.666

L= R 7~ 0224 25000

= 1189 mH

VD 20-0.333

= A7 011225000 _ >378mH

L
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AiL 4
Lnax =1 + > = 0.896 + 5 = 1.008

AiL 112
Lnax =11 + - = 0.449 + —— = 0.505

AiL 0.216

I min

=], —— =0.896 ———— = 0.788
L 2

AiL
Ipin =1, ———=0.449 - 0.112/2 = 0.393

2
=22 3% 434 Yo 30 434
7R, 100 7R, 100
o D ~ 0.666 o D ~ 0.333 1332 uF
" R, (AV,/V,)f  100-0.01-25000 ~ Ry, - (AV,/V,)f _100-0.01-25000 ~°°H
Boost Converter Efficiency, Epoost Boost Converter Efficiency, Epoost
(Vo_Vs) (30_10) (30_20) (30_20)
boost =y 100 =g Evoost = 5+ 100% = "5+ 100%
= 66.33% = 33.33%

Ps=Vs -1, =20+ 0.449 = 8.98 W
POZVO .IO :3003 = 9W
Power Efficiency, n

9 P, 9
=2.100% = ——-100% = 100.45¢ = 2.100% = —— - 100% = 100.229
=P, % =50 100% & T=p, % =gog 100% %

Ps=Vs -1, =10-0.896 = 8.96 W
PO:VO '10 :3003 = 9W
Power Efficiency, n

IVV. Simulation Results

In the initial stage, a boost converter is engineered, employing IGBT technology, featuring a switching frequency of 25
kHz, an input voltage of 10 Vpc, and a duty cycle set at 0.66. Following the calculations, the inductor's value is
determined to be 1.189 mH, and the capacitor's value is measured at 26.64 pF. The circuit design and results are obtained
using MATLAB Simulink.
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Figure (7): Boost converter waveform for output voltage, output current, Inductor voltage and Inductor current
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Referring to Table 2, both the theoretical and simulated outcomes of the boost converter circuit design exhibit a close alignment,
demonstrating the accuracy of the design in Table 1. Consequently, the simulation results significantly influence the selection of
appropriate inductor and capacitor values. Conversely, as the duty cycle increases, there is a noticeable reduction in ripple current and

associated losses.

Table (2): A Comparative Analysis of Parameters Between Theoretical Calculation and Simulation Results

Parameters Calculation Simulation Relative Error Accuracy
V0ion 10V 10V 0.000 1
VLorr 20V -20.12V 0.006 0.994

I, 0.896 A 0.8834 A 0.014 0.986
AiL 0.224 A 022 A 0.018 0.982
Lnax 1.008 A 1.1A 0.004 0.996

min 0.788 A 0.81A 0.027 0.973

Vo 30V 30.91V 0.029 0.971
AV, IV, 0.01 0.01 0.000 1

Epoost 66.33 67.65 0.019 0.981
n 100.45 96.18 0.044 0.956

In the subsequent analysis, the boost converter was designed with characteristic input parameters a voltage of 20 V¢ and a duty cycle
of 0.33. According to the calculations, the inductance is computed as 2.378 mH, and the capacitance is determined to be 13.32 pF.
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Figure (8): Boost converter waveform for output voltage, output current, Inductor voltage and Inductor current
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Table 3: A Comparative Analysis of Parameters Between Theoretical Calculation and Simulation Results

Parameters Calculation Simulation Relative Error Accuracy
VLo 20V 10.12V 0.000 1
VLoer -10V -10.12V 0.012 0.988

I 0.449A 0.438 A 0.025 0.975
AilL 0.112 A 0.107 A 0.046 0.954
Lnax 0.505 A 0.509 A 0.0078 0.992
Lipin 0.393 4 0.396 A 0.076 0.925

Vs 30V 30.93V 0.030 0.97
AV, vV, 0.01 0.01 0.000 1

Epoost 33.33 35.33 0.056 0.944
n 100.22 96.08 0.043 0.957

When reviewing the results presented in Table 3, it is clear that the accuracy remains close to unity (1). This indicates that even when
a different input source is used compared to the previous design, accuracy can be maintained, provided the appropriate inductor and
capacitor values are carefully chosen.

V. CONCLUSION

In the context of the boost converter circuit design step by step, parameters such as the input switching frequency, the percentage of
ripple in the inductor current relative to its average value, and the output voltage ripple can collectively serve as indicators for
deducing the appropriate values for both the capacitor and the inductor. A comparative analysis was conducted between the simulation
and theoretical outcomes, focusing on the appropriateness of the selected values for the inductor and capacitor. The results indicate
that even with variations in the input supply, the output voltage can be sustained when the design parameters are taken into account.
Notably, both circuits exhibit an accuracy closely approximating unity, signifying the successful design and development of both
systems. The design assessment of this circuit seeks to stabilize the output voltage at 30 VDC by regulating the input voltage.
Theoretical and simulation results indicate power conversion efficiencies of 100.45% and 96.18%, respectively, for an input voltage of
10V, while for an input voltage of 20V, the corresponding efficiencies are 100.22% and 96.08%, respectively.
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