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Abstract: Switching power supplies are widely popular because they are sufficiently small to fit all types
of electrical appliances. Adjusting the pulse width modulation (PWM) of the switching power supply
under high-frequency conditions often causes switching losses. PWM also causes electromagnetic
interference (EMI) under high-frequency switching conditions. These problems can be solved using soft
switching, which can adequately reduce the losses under switching conditions and EMI-induced noise.
Therefore, this study describes the design and evaluation of a zero-voltage boost converter with a
snubber circuit for a low-power switching power supply, which reduces the performance loss of the
switching power supply under high-frequency conditions. This study was divided into two main parts.
The first part focuses on the use of TMS320F28377S microcontrollers, which are outstanding in their
precise control and can simulate switching within the MATLAB/Simulink program environment, and
studies the switching behavior of boost converters in detail, making the switching power supply high
performance and reliable. The second part focuses on evaluating the performance of the boost converter
under different conditions, consisting of a state stimulated by the snubber circuit and a non-stimulated
state by the snubber circuit. However, the evaluation showed that the boost converter in the space
activated by the snubber circuit had an 85.16% increase in performance, which was 6.75% higher than
that in the no-stimulation state with the snubber circuit. Similarly, the switching power supply can
control and maintain a constant voltage, and this eftect is satisfactory and reliable.

Keywords: Boost converter, Microcontroller, Snubbers, Zero current, Zero voltage.

1. Introduction

DC-DC converter-switching power supplies are important sought-after mechanisms for various
renewable energy sources. This DC-DC converter mechanism, in which fast response to changes and
easy control are desired, must increase the switching frequency to achieve high power. The device used
in the converter and PWM should be small because of its high power and reduced noise level owing to
its operation. This high switching frequency often results in high switching losses and electromagnetic
interference (EMI) [17. Therefore, their performance and efficiency are low. Soft-switching techniques
have been used to overcome these side effects [27]. Soft switching is typically responsible for eliminating
or reducing the switching losses and EMI noise. Therefore, the circuit developed and used to achieve
soft switching is called a snubber circuit. In traditional DC-DC converters, the operation of the boost
switch must first provide a voltage drop to zero, so that the PWM signal can be controlled to operate as
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a zero-voltage transition. Therefore, this control condition uses a snubber circuit to control the
operation of the boost switch when turned oft. Thus, the boost switch is activated with a zero-voltage
transition without loss. The snubber switch turns on with zero-current switching using the same valve,
and the boost diode turns off, but not completely [87. Similarly, if the snubber switch is off, it turns off
under heavy switching conditions. In addition, if the circuit operates at low loads, its operation is
inefficient. However, various studies have investigated these problems by using common zero-voltage
transition techniques.

The method of reducing the current flow through the zero-boost switch while turning off the
traditional boost converter is typically used to change the current to zero with a circuit. In this state,
the boost-switch control signal is zero when the current is zero. Thus, the boost switch is switched off
with a zero voltage change and no loss [47]. Additionally, the boost diode can be turned on under soft
switching. The snubber switch and boost diode were turned off using hard-switching. In addition, the
boost diode exhibited high reverse recovery loss. A study of these problems was presented to solve the
zero-voltage transition technique by having the boost switch turn on with zero-current switching and
turn off with zero-voltage transition [5]. Therefore, the switching power loss is reduced compared with
that of conventional zero-voltage transition converters. Studies have shown that certain types of
converters can reduce the switching losses. The current stress is high, and the overall efficiency is
reduced owing to loss of circulation. Voltage stress also occurred at the snubber switches [67]. However,
there are many other types of devices that support the flow of current through the boost switch in the
circuit as well as devices that are used to support the flow of current through many snubber switches.
However, the snubber circuit design process is difficult and complex. According to the literature on
snubber circuitless converters, even with soft switching, boost switches are subjected to stress from
large amounts of current and voltage. Therefore, soft switching by leaps occurs only in a small fraction
of power consumption.

According to relevant literature, booster converter circuits are often used in a variety of
applications, including modifying the power factor of current LED lamps, voltage regulation, and
renewable energy systems [7]. The demand for high power density has led to an increase in high-
efficiency DC-DC power generation over the past few decades. Switching converters are a good option
tfor achieving these goals, as they can support power levels of up to several kilowatts while still
providing a high efficiency. Furthermore, switching converters, such as aerospace converters, are
important, particularly in areas that require low weight. However, the main disadvantage of switching
converters is their high stress level. Consequently, the voltage and current of power semiconductor
devices and inductive components are overheated because of switching. Zero-voltage and zero-current
switching are popular soft switching methods. This method minimizes the voltage and stress of the
current in the inductor [87. Therefore, the speed of change must also be reduced. Therefore, the
inverted operation was turned oft before the independent wheel diode began to operate. However,
resonant snubber circuits have been used in some studies to help the boost switch turn on at zero
voltage. However, there are now a variety of zero-voltage and zero-current transition techniques, and
many specialized ICs have been produced [97].

Boost converter circuits are highly efficient, and a high step-up voltage gain is widely used in a wide
range of applications such as offline AC to DC power supplies and solar power systems. However, a
typical converter boost circuit may suffer from high voltage surges through the main power switch and
losses in the switching power supplies of the DC-DC converter [107]. This is especially true in
applications that require high voltage conversion ratios. In recent years, many researchers have focused
on soft-switching techniques to reduce the voltage stress on boost switches and to reduce losses. Zero-
voltage and zero-current transitions are the most popular soft-switching techniques for inverter-boost
circuits [117]. This can be used to achieve a zero-voltage transition by adding a snubber circuit to the
main power switch. The most common solution is to increase the number of snubber circuits, inductors,
and capacitors in the circuit snubber to achieve soft-switching. In addition, boost converter operation
was configured [127-[137. Consequently, the ratio of the maximum output voltage was reduced to 1:4
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of the input voltage to achieve a higher output voltage. This method involves the addition of a special
switch and voltage multiplier to a common boost converter, called a booster converter, with a voltage
multiplier cell.

However, the voltage stress of the main power switch and diode in the voltage multiplier cell is
high, particularly in the case of a high output voltage. Modern power semiconductor switches, including
metal oxide-semiconductor field-effect transistors (MOSFETSs) and insulated gate bipolar transistors
(IGBTs), are widely used in power electronics systems, such as switch-mode power supplies, DC-AC
converters, motor drivers, and electric vehicles [147]. Currently, power MOSFETSs are the most widely
used and reliable switches in power electronic systems. The control of the turn-on and turn-off of power
MOSFETs is reliable, so it is used to control output power waveforms in applications such as motor
drivers and DC-AC inverters. However, as mentioned in the previous subsection, power MOSFETSs in
boost converters are subjected to high-voltage stress and high turn-on losses. Moreover, a common
solution with the addition of a passive snubber circuit results in a greater energy loss with the resistor.
Snubber circuits can be used as active clamping circuits to solve the problem of voltage surges in main
power switches, but special voltage clamping switches and drive circuits complicate this solution.
Similarly, turning oftf an inductive boost switch is theoretically feasible because it can provide an
increase in voltage to turn off the MOSFET and bring the power to zero. However, some practical
problems may arise, such as power consumption of the control logic and conduction at high frequencies.

This study aims to design and evaluate a zero-voltage boost converter with a snubber circuit for
low-power switching power supplies to reduce losses and increase the efficiency of switching power
supplies under high-frequency conditions. The objectives of this study are as follows: (1) Design and
evaluation of a zero-voltage boost converter with a snubber circuit that uses a TMS320F28377S
microcontroller to control the switching of power electronics. (2) Using a TMS320F28377S
microcontroller, the switching of the device was simulated in the MATLAB/Simulink program
environment to study the switching behavior of the boost converter. (3) The evaluation of the
performance of this mechanism has two different operating conditions: operating and non-operating
conditions of the snubber circuit. The remainder of this article is structured as follows: the second part
of the proposed methodology, the third part of the research methodology, the fourth part of the results
and discussion, and the fifth part of the conclusion.

2. Proposed Methodology

This study aims to investigate and develop a zero-voltage transition technique for a booster
converter circuit with the excitation of a snubber circuit. The zero-voltage transition technique has been
widely used in literature. Compared with the traditional fixed-frequency switching method, this newly
designed and developed zero-voltage transition technique can reduce the EMI problems. In addition,
zero-voltage transitions and various soft-switching techniques have been investigated. Among them, the
zero-voltage switching technique has attracted much attention because of its advantages, such as the
possibility of turning on a power switch with zero voltage and reducing the voltage surge. Many
researchers have used resonant switches to achieve soft switching in converters. However, the
complexity of configuring different devices in circuits, waveforms, and voltage currents has become an
obstacle in the development of resonant switches. Furthermore, it has been demonstrated that the zero-
voltage transition technique for boost converters requires complex circuitry and control algorithms.
However, the amount of energy transferred from the element and the switching frequency depend on
the load conditions. However, the experimental results showed that the resonant current and voltage
waveforms were successful, with the help of qualitative and quantitative analyses in the laboratory. Soft-
switching characteristics and design rules were evaluated. It has also been successful in predicting
large-signal behavior and in conducting theoretical analysis using a zero-voltage transition strategy
designed and developed for boost converters. Similarly, snubber circuits are used to eliminate voltage
and current surges in switching devices and provide a pathway for the discharge of inductive energy
from switching devices, thereby causing a voltage surge rate and protecting the switch from high-
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voltage stress. In addition, the power loss of the resistors in the snubber circuits and the effects of the
snubber circuits are discussed. It has also been shown to reduce the voltage stress in the boost switch
and the power loss of the snubber circuits. This verifies that the goal of the stimulation with the snubber
circuit can be achieved.

The diagram in Fig. 1 shows a boost converter with a zero-voltage transition operating with
snubber circuitry. This snubber circuit is intended to allow inductive current to flow when the switch
encounters an electromagnetic force (EMI) due to the sudden turn-oft of the switch. The function of the
snubber circuit starts only when the switch is turned on and does not involve the turn-oft of the snubber
circuit, which can be customized to protect against voltage and current surges and does not need to
absorb all energy [157]. However, because of the energy-absorption time, it can be designed to be longer
than the turn-off time. The energy stored in the inductive converter was then transferred to the circuit
capacitor. snubber and eventually dispersed with the resistor. However, as shown in Fig. 1, the proposed
boost converter comprises a suppressor circuit with a snubber switching device, two resonant inductors,
two resonant capacitors, and two snubber diodes. The designed boost converter begins with the
operation of the boost switch [167]. It turns on with zero-voltage switching and off with zero-voltage
switching. The snubber switch was turned on with zero-current switching, and closed with zero-voltage
switching. The boost diode turns on with zero-voltage switching and turns off with zero-current
switching, which does not affect the voltage or current stress of the boost switch or diode [177]. This
voltage stress does not occur on the snubber switches and diodes if these switching devices are turned
on and off under soft switching. However, the proposed converter can operate under the application of a
required load without consuming a significant amount of energy. Therefore, the transient interval that
occurs has a very small total in the switching cycle, thus causing switch S: to open in a zero-voltage
condition. In this research, the Opt for MOSFET-type semiconductor devices is the primary switch for
boost converter switching devices. The reason for using this MOSFET is that capacitor power can only
be recovered using the zero-voltage switching technique. An insulated gate two-pole transistor (IGBT)
was chosen as the snubber switch because the zero-voltage transition can protect the tail current when
it is closed.

Figure 1 shows that the main circuit of the converter consists of /5, which is the input voltage
supply that converts AC-DC to a circuit. bridge rectifier. S is the boost switch in the boost circuit, L is
the main inductor in the boost circuit, and C;is the capacitor used to filter the output ripper, Dy It is the
boost diode in the boost circuit, and Cs is the capacitor in the buffer circuit linked to the boost converter.
As for the snubber circuit section, it consists of D, D. as snubber diodes, C, C., and L. as resonance
capacitors and resonant inductors respectively, with Sn as the control switch in the snubber circuit. Fig.
1 If circuit theory is used to analyze the characteristics of the circuit in the overall configuration, a
constant input voltage (/) is obtained. Capacitor ((;) must be sufficiently large to maintain a constant
output voltage. Similarly, the inductor (I,) must be large enough to filter and maintain the required
input current ripples, and more importantly, the inductor (L) must be much larger than L. However, let
us assume that all semiconductor devices are appropriate, and that the recovery times of D, and D,
except for Dy which is ignored, ignore the voltage drop.
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AC Supply

TMS320F283778
microcontroller

Figure 1.
Diagram of a zero-voltage boost converter with a snubbers circuit.

3. Research Methodology

The following sections describe the definitions and principles involved, as well as the operational
procedures proposed in this study, which are described in detail.

3.1. Analysis of Operation
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Equivalent circuit of the boost converter and snubber.

Figure 2 Equivalent circuits of boost converters and snubber circuits designed and used for
performance evaluation based on the configuration defined in. Fig. 8. shows the operating status of the
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boost converter and the snubber in one cycle. This equivalent circuit can convert the operating state
into ten states, as shown in Figure 3 (a) — (j).
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Schematics of the operation stages of the boost converter and snubber.

Figure 3.

Figure 3 (a) Stage 1: & < ¢ < £. Boost switches i and S, are in a normal turn-off state as the starting
state. In this starting state, I. flows to the output through Dy according to the turn-off state of a typical
boost converter. This state yielded the following attributes: ¢ =, I =0, ID; = I, .. = 1, =0, V'C. = Vo,
and Ve = 0. However, the PWM signal is applied to control the switch 8 at ¢ = &, which is the initial
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interval. Similarly, Iy is reduced, and C. is simultaneously charged at the same time. I (t) and the
voltage of Ve (t) can be expressed as follows:

V. -V
t = 2 cost (gJ (1)

@, Vo
V,, (t) =-V, cos(at)+V, (2)
1, (t)= \%sin (ayt) (3)

1

From equations (1) - (3) when defined as

(4)

Z = i and @ =
C

LC

r r=r

Similarly, at ¢ = #, the current flowing through I, decreases to zero and the current flowing through
L increases by equal to the input current. Therefore, .S, will turn on with zero-current switching because
L. is connected in series and D, will turn off with zero-current switching [187.

Figure 3 (b) Stage 2: & <t < £ In this initial state, time ¢ = # yields characteristics I, = 0, I. = I, = I,
Iy =0, Voo = Voo = Vi, and Ve = Ve Similarly, in this initial state, the Dy is turned off, Thus the
differentiation of resonsnces through Ci-D.-S.-L.-C. and C:~S—L~C. The energies of the Cs and C.
capacitors are transferred to L,and C. IL.(t) and Vu(t) can be expressed as follows:

Ve, -V, .
ILr(t)_ IL—WS”’](@J) (5)
Vi, (£) =V (1) =—(Ve, =V, )OS (a0t ) +V, (6)

From Equation (5) and Equation (6), when

0= Q
L, (Ca +Csb)

Similarly, at ¢ = £, D, starts (turns on) with zero-voltage switching as soon as the C. capacitor
voltage g is Ve = V1); thus, this state ends. However, Cs and C. discharges are equal to Ve until the end
state and the current of the resonant inductor is equal to I.. The resonances beginning in the previous
stage continue through Ci—D:—S8—~L~D~V:. and C.—S—L~D~V:.. The current I increased, whereas Veo
and Ve decreased. The current I, has its maximum value Ii. = L. when Vesand Ve are equal to Vi, after
which the current of the resonant inductor is equal to the maximum value, and because of the negative
voltage generated between the terminals of /, I.- begins to decrease continuously [197-[207]. Similarly,
voltages Ve and Ve were also reduced. I(t) and Vo(t) can be expressed as follows:
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VO

ILr (t) =

Vi sin(wgt)+1,, (8)
Z3

Vea (t) = Voo (1) =(V, =V, Jcos (et ) +V, (9)
The duration of this period was determined using the following equation (10)

l -1 _VI
t,; =—=cCo0s (10)
2 Vo _Vl

Therefore, Zs and @: were obtained from the equation (11) and equation (12)

Zy= |—— (1)
Cra+Csb
1
w, = (12)
Lr (Cra +Csb)

At t = #3 Ves and Ve are zero. Similarly, the ILr current is greater than the input current, and
Veo and Ve are equal to zero (Ve = Ve = 0). However, the residual current of the input current Lr
begins to flow through the antiparallel diode S:, where this state is complete.

Figure 3 (d) Stage 4 (3 <t < ty) begins at t = t3, In = (LL—1Iv,), ILr = Iss = I, Iy = 0, Vew = Voo =
0, and Ve = Vi. This state begins when the antiparallel diode of Sb is turned on and I, is reduced
to a linear value until it drops to equal I.. However, to operate the soft switch for the primary
switch, PWM signal control must be implemented while the parallel protection diode of Sb is in
the turn-on state. Similarly, during this period, the PWM signal control is directed to control the
boost switch while the boost switch voltage is zero. Therefore, S: was completely turned on with
a zero-voltage transition. However, the state in which the Sb antiparallel diode is in the turn-on
state is called a zero-voltage transition. The I.(t) can be expressed as (13) and (14)

I r
t34:7|_iLr (13)
V.
ILr(t):L_It+ILr (14)

r

Similarly, at ¢ = #, this state is completed when the current of the resonant inductor decreases
to equal I..

Figure 3 (e) Stage 5: (&: <t < t;) The start time of this stateis ¢ = ¢, I =0, I, = I, = I, Iy = 0,
Ve = Veo = 0 and Ve = V. However, at ¢ = t. I increases and varies with the input current, and the
current of I decreases to zero. Similarly, I.(t) can be expressed as (15) and (16)
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I
t45:\/_Ii_|—r (15)

V.
I, t)=—"t+1, 16
(t) L (16)

Similarly, ¢ = ts5, the state of I = I (I.), and L., = 0, which is the D. and D, turn-off period with
zero-current switching, thus completing this state.

Figure 3 (f) Stage 6: (5 < t < l5) The beginning of this state is t = t5, I = I, I, = L= 0, In; = 0,
Veo = Veo = 0 and Ve, = Vi This state is initiated when the current of I.. is zero and the current of I
is equal to the input current [217]. Similarly, the boost switch turns on the input current and the
resonant inductor is initiated between C, L., and C.. Thus, the energy of C. is transferred to L, and
C. through antiparallel diode §.. In this case, the V¢ voltage continued to decrease until it was
restarted. Similarly, as Ve increased, .. increased.

The I current in the reverse direction causes Ve and Ve to remain constant. During this
period, the I.. continued to decrease. The snubber switch-control PWM signal . is removed
during this period, when the antiparallel diode of §. is in the turn-on state. Therefore, S. was
completely turned off with a zero-voltage transition [227]. The Ve(t) and Vet) resonant
capacitors can be expressed as (17) and (18)

V.C,£ VC
V_(t)=—2+1Xcos(w,t 17
CI’() Cr Ca (a)x) ( )
V.C, VC
V. (t)=—2+-—"2cos(w,t 18
w0 =" g oos(o) (19)

From Equation (17) and Equation (18), when C. and @. are equation (19) and (20)

C.C,

C —_—ra
"¢ +C, (19)

1
K ey =)

Similarly, this state is complete if ¢ = #, because the energy of C, begins to be transferred to
C..

Figure 3 (g) Stage 7: (s >t > t;) This is the turn-on state of a typical boost converter. During
this stage, the snubber circuit does not operate and S: continues to turn on, which is equal to the
input current. At ¢ = £, the control PWM signal of S is removed and the procedure is complete.

Fig. 3 (h) Stage 8: (- <t < t;) In this initial state, I = I, I, =1, = 0, Iy = 0, Voo = 0, Ve = Vi
and Ve = 0. G is then charged, causing Ve to peak under a constant input current. In this case,
the voltage rise is limited by Ci, thus causing §: to switch to zero voltage [237]. Therefore, the Ve
(t) snubber circuit can be expressed as (21) and (22)
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I
V, (1) ===t
cb( ) Cb
Similarly, at ¢ = ts, the voltage of C. is equal to that of C. (Vo = Ve. = Vi), D. turns off under
zero-voltage switching, and this state is completed. However, when D. was turned on with zero-
voltage switching, the voltage of C. was equal to that of C. [247. Similarly, both C: and C. charge

linearly under a constant input current, and Ve(t) resonant capacitor can be represented as
tollows:

|
Vca (t) :VCb (t) = C J:C (23)
b

a

the time of this interval is

\Y/
lg = I_O (C,+GC) (24)

L

However, at ¢ = #, the voltages of C: and C. are equal to Vo = Ve, = Vi; at the same time, Dy
will turn on with zero-voltage switching, and D. will turn off with zero-voltage switching; this
state is completed.

Figure 3 (j) Stage 10: (29 < ¢ < ¢;9) This state is I, =0, I, = 0, Iy = I, Voo = Vew = Vo, and Ve, =
V.. This state begins when Dy is switched on under zero voltage switching. In this state, power
from the input and main inductors is transferred to the output, where the load is relayed in the
circuit. However, at the end of this state, the transition period is complete and returns to its
initial state condition.

3.2. Design Principles

This section describes the design principle of the zero-voltage boost converter with a circuit.
The snubber in this research is divided into two components: a boost converter design part and a
snubber circuit design part, which contain the evaluation parameters listed in Table 1.

However, for this evaluation, the configuration duty cycle (D) = 70%, the estimated efficiency
(M) = 95%, the estimated ripple input (Al.) = 20%, and the approximate input power (Pi) = 640 W,
so the maximum value of the input current (L) is

| —115) 1 =1.15(@j=7.37A
100

1

Similarly, once the maximum input current is determined, the snubber inductor can be
selected as
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L=Yoog = 30(;><55><10_922.24 uH

T rr
I

This design required a snubber circuit switch device to support high currents of up to slimax.
Therefore, the capacitance of C. must not exceed 10 nF.

The proposed boost converter uses a PWM signal to control the boost switch when the boost
switch has zero voltage and S: current is negative. Therefore, the boost switch operates under
zero-voltage transition. Similarly, a zero-voltage transition period occurs when the S: current is
negative, as described in Stage 4.

Table 1.

Parameters of the design and evaluation of the mechanism.

Parameter Symbol Value

Output voltage V. 300 V

Input voltage V. 100 V

Output power P, 500 W
Switching frequency f 100 kHz

Main inductance L, 450 pH

Output capacitor C 300 uF
Resonance inductance L, 4.5 uH
Resonance capacitor 1 C 10 nF
Resonance capacitor 2 C. 10 nF

Snubber capacitor C 3.5 nF

Boost diode Dy 80 A/600 V/t,= 55xX109
Snubber diode 1 D, 80 A/600 V/t. = 55x10°
Snubber diode 2 D. 80 A/600 V/t. = 55x10°

However, the minimum zero-voltage transition period was calculated as 548 ns. As shown in
Figure 4 (b), the zero-voltage change depends on the time and value of C. and C. capacitors.
Therefore, the values of C. and C. capacitors used must not exceed 10 nF.

In the design of the L. inductor and C. capacitor, the optimal value of the L.inductor is 6 uH
and the value of the C. capacitor is 10 nF. If the design is designed to increase the value, the
duration of the zero-voltage and zero-current transitions will increase, which causes a loss of
renewable energy. Thus, the loss in the entire system increases, and the efficiency decreases.
Similarly, this boost converter oftfers a C. capacitor, that is, the capacitor of the snubber circuit,
and the turn-oft time of the boost switch should be greater than the zero-voltage transition.
Therefore, the value of capacitor C:is defined as 8.3 nF.

4. Results and Discussion

This topic involves conducting experiments on the designed and constructed mechanisms.
However, during the evaluation, we simulated the results using the MATLAB/Simulink program
and compared them with the actual measurements taken from the created mechanisms. Our
assessment focused on the initial power loss and performance of the boost converter circuit, with
specific attention paid to evaluating the effectiveness of the zero-voltage switch. Additionally, we
evaluated the performance of both non-sububber and snubber excitation circuits in the second
part of our evaluation. Nevertheless, the MATLAB/Simulink program offers a user-friendly
simulation schematic that provides accurate results. This is illustrated in Fig. 4.
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Figure 4.
Schematic of the simulation implemented in MATLAB/Simulink.

The analysis involved investigating the behavior of the device within the circuit. The main
waveform related to the zero-voltage switch operation of the boost converter is measured when the
snubber is activated. The measured waveform was then compared to the waveform generated using the

MATLAB/Simulink simulation, as shown in Fig. 5.

Figure 5.
Experiments on boost converter and snubber.

As shown in Figures 6 (a) and (b), the operation occurred during the time interval £ <t <
t. During this time, 8, and S8, were in the turn-off state, allowing the input current to flow
through diode D, This turning oft of the boost converter circuit occurs before ¢ = #, and the
specific parameters are set as t =t, I =0, ID; = I, I, = I, = 0, Veo = Vo, and Ve, = 0. As switch S,
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turns on at ¢ = t with a certain ratio of the PWM waveform, D. is enabled under zero-
current switching conditions. This led to an increase in the current of S, and a decrease in
ID,. Simultaneously, C. was also charged. Similarly, at ¢ = #, ID, decreases to zero and the
current of S, approaches the input current. Simultaneously, C is charged to a certain Ve. This
implies that .S, operates under zero-current switching conditions because the series L. and Dy
are turned off.
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Figure 6.

Simulation and experimental results of the switch operation.

Figure 6 (a) and (b) show the design and evaluation of a zero-voltage boost converter
with a snubber circuit that uses a TMS320F28377S microcontroller to control the switching
of power electronics. It was found that the mechanism can be operated for its intended purpose.
Similarly, using a TMS320F28377S microcontroller simulating the switching of a device in
the environment of a MATLAB/Simulink program, the switching behavior of the boost
converter can be objectively studied and the theoretical accuracy described can be confirmed.

Figure 7. When T: < T < T, the initial state is T = T, and the characteristics of the
voltage and current in different devices are I =0, I, = I, = I, Iy = 0, Vew = Voo = V., and Ve, = Ve
However, once the diode (D)) turns off, two distinct resonance characteristics are observed in the
configurations of Ce-D.-S.-L.-C; and C.—S—L—C.. The energy stored in the C. and C. capacitors is
then transferred to L, and C.. When ¢ = £, the snubber diode D: is activated using zero-voltage
switching conditions as soon as the capacitor voltage C, matches the input voltage. At this
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point, the C. and C. capacitors discharge from the V. voltage and reach the end of their
discharge cycle.
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Figure 7.

Simulation and experimental results of the device.

The above experiments can determine whether the mechanism can work as intended, and
from the simulation, the switching behavior of boost and snubber converters can be studied.

Figure 8 (a) and (b) show that the above experiments can be used to determine whether the
mechanism can work as intended, and the switching behavior of the snubber can be studied. When the
condition begins at time ¢ = £, the device in the circuit will have a current and voltage represented by Is
=0, I= 1 Iy =0, Vo= Ve. = V and Vi = Vi Stage 2 resonance continued through the C-D.-Si-L.-D.-V:
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and C-8i-L-D.-V: pathways. During this process, the current of the I inductor increases, whereas the

voltages Vi and Vi decrease.
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Snubber switch simulation and experimental results.

Once the current in the inductor reaches its maximum, I, starts to decrease owing to the negative
pressure at the terminals of the L, inductor. Consequently, voltages V. and V. also decrease
synchronously. Nevertheless, in the subsequent section, a prototype mechanism trial was devised
to juxtapose the performance traits of two distinct categories: one incorporating a zero-voltage
switch, and the other devoid of such a switch. The device parameters for this evaluation are listed
in Table 1, which has already been described above.

Based on the specifications listed in Table 1, the tests included an input voltage of 100 volts and an
output voltage of 300 volts. The switch frequency used in this experiment was 100 kHz. This
mechanism could supply power to a load of 500 W. This experimental procedure examines the input and
output currents of a specially designed mechanism to evaluate the relationship between the input and
output powers as well as the overall performance. As shown in Table 2, the results of the experiments
clearly demonstrate that the zero-voltage switches exhibit a significantly superior performance.

Table 2.

Performance comparison of the two switch characteristics.

Status ZVS Va(V) | 1.(A) P.(W) Vor('V) | Lu(A) | Pou( W) n(%)
Operate 100 6.4 640 315 1.73 545 85.16
Non operate 100 6.8 680 307 1.76 540 78.41

To validate the experiment, the prototype mechanism was compared with a simulation. The results
obtained from the analysis of Fig. 9 (a) and (b) indicate that the operation of the .S switch under zero-
voltage switching conditions introduces new intervals for voltage and current switching, resulting in
the smooth operation of the switch. This significantly reduces the stress on the switch device and
minimizes electromagnetic interference (EMI). These findings are considered satisfactory. However, it
is important to note that achieving a complete soft switch requires an appropriate design of the
inductor, capacitor, and PCB layouts tailored to a specific application.
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Figure 9.

The operating state of the zero-voltage switch master mechanism with snubber.
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Figure 9. (a) and (b) Analysis of current operation under conditions with a snubber circuit,
referring to the functioning of an electrical system that includes the use of a snubber circuit. A
snubber circuit is a protection mechanism that is connected in parallel with a load or switch, and
helps control and manage the voltage or current in the circuit. In this context, the current
operation under conditions with a snubber circuit involves the flow of electrical current through
the circuit while the snubber circuit is actively functioning. The snubber circuit is designed to
absorb and dissipate excess energy or voltage spikes that may occur in the circuit, thereby
protecting sensitive components from damage. During current operation, the snubber circuit
operates in conjunction with a load or switch, allowing the electrical current to flow through the
circuit while regulating and protecting against sudden surges or fluctuations in voltage. This
ensures the smooth and efficient operation of the electrical system while minimizing the risk of
damage to components or equipment. Overall, current operation under conditions with a snubber
circuit involves the safe and controlled flow of electrical current through the circuit, owing to the
presence of a snubber circuit that helps protect against voltage spikes and fluctuations.
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Figure 10.

The operating state of the no-switch conditions master mechanism.

Similarly, the results of the experiments conducted under no-switch conditions at zero
voltage are shown in Fig. 10 (a) and (b). However, it has been discovered that abruptly turning
off the switch during periods and high-frequency ranges can trigger activation of the S: switch.
This can lead to elevated stress levels, increased electromagnetic interference (EMI), and other
effects. It should be noted that damage, particularly to the switching device, is a potential
outcome in a circuit failure. However, comparing the experimental and simulation results can
establish the accuracy of the research hypotheses set forth in the objectives.

However, after conducting experiments on the prototype mechanisms and comparing them
with simulations, it is evident that there is a certain level of consistency that affirms their
principled validity and reliability. Furthermore, it is important to note that the performance of a
mechanism varies with changes in input voltage. In the following section, we provide conclusions
and recommendations for those interested in further advancing this topic.

5. Conclusion

This study introduces a technique called the zero-voltage switch for the boost converter mechanism.
This technique involves the use of snubber band excitation through the microcontroller control
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TMS320F2879D to generate the boost switch control signal (§:) for the boost converter circuit. In
addition, the contract circuit uses a snubber switch (§.) in the snubber mechanism. However, the
evaluation and experiments were conducted in accordance with three defined objectives. An analysis of
the boost switch waveform shows that, during the turn-oft phase, the current in the boost switch flows
in the negative direction, whereas during the turn-on phase, the current flows in the positive direction
when the voltage is zero, which follows the method described above. The experimental results were
compared with simulations using the MATLAB/Simulink program, and the waveform characteristics
were found to be consistent. By incorporating snubber excitation, it was observed that the efficiency of
the boost circuit can be increased to 85.16%, which is 6.75% greater than that without a zero-voltage
switch. If the simulation evaluation results are considered and analyzed in comparison with the
prototype mechanism, the results are similar. However, the simulation using MATLAB/Simulink is a
mathematical simulation that does not have any dynamic effects. Similarly, experiments with prototype
mechanisms have many eftects, such as duty cycle ratio, operating frequency adjustment, and equipment
parameter tolerance. Furthermore, a boost converter circuit with snubber excitation can operate reliably
even under voltage drop or overvoltage conditions because it eliminates stressful situations and
prevents equipment breakdown caused by EMI losses.

Similarly, regarding recommendations and guidelines for enhancements, prospective individuals
should carefully select and devise the most appropriate apparatus to ensure the long-lasting nature of
the PCB and its mechanism, ultimately resulting in enhanced efficiency. However, one must also
consider the character of the generation process of the digital control signal when determining the
frequency of switches to effectively satisty the required responsiveness.
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