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1. Introduction

Renewable energy sources ngly popular today due to the depletion of fossil fuel
reserves and their environ able energy is the best solution for providing clean
energy sustainably and wi using nwronmental pollution. It has many advantages and is startlng

oad or storage devices, ensuring the voltage requirements for connection
power grid. DC-DC converters play an essential role to meet the voltage

semiconductoritechnology since the early 19th century has facilitated the widespread use of DC-DC
converters in power electronics [1], [2].

The DC-DC converter is an essential component in power conversion systems, allowing for the
efficient conversion of one voltage level to another. It is widely used in renewable energy, electric
vehicles, continuous power supplies, and microgrids. DC-DC converters are classified into two main
types: isolated and non-isolated, based on the degree of electrical isolation between the input and output.
Isolated converters use transformers to separate the source and load, enhancing safety but
simultaneously increasing the cost and size of the device. Moreover, the leakage inductance of the
transformer can cause voltage spikes, leading to stability issues [3], [4]. On the other hand, non-isolated
converters are widely used due to their advantages of high efficiency, compact size, low cost, and low
input current ripple. These characteristics make them suitable for low-power applications with simple
structures and high economic feasibility [5], [6].
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Standard non-isolated DC-DC converter configurations in step-up or step-down applications include
buck, boost, buck-boost, SEPIC, Cuk, Zeta, and flyback converters. For renewable energy sources such
as solar, wind, and biogas, the output power fluctuates continuously, leading to unstable voltage, which
makes it challenging to meet the requirements of grid-connected inverters. Therefore, converters need
to ensure the ability to adjust the output voltage flexibly, maintain low ripple levels, and reduce stress
on semiconductor switches [7]. Among these options, SEPIC is preferred over flyback because it
maintains an output voltage with the same polarity as the input and produces lower ripple current.
However, the structural characteristics of SEPIC cause the semiconductor switch S1 (as shown in Figure
1) to be influenced simultaneously by the currents of inductor L1 and capacitor C1. This results in a
high current stress on the switch, leading to power loss and elevated temperature, which reduces the
circuit's efficiency and lifespan.
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Figure 1. The effect of current on the switchyof the S converter

This study proposes a new step-up/step-down eonfiguration by restpticturing the circuit with an
C1 from flowing through switch S1,
thereby reducing the significant current stress on it.

2. Proposed topology
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Figure 2. The proposed converter

, as illustrated in Figure 2, operating at a frequency of 50 kHz. The
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Figure 3. Typical waveforms of the proposed converter in the time domain.
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The converter operates in two main modes, assuming that the inductors and capacitors are designed
with sufficiently large values to ensure continuous conduction mode (CCM). Under this condition, the
voltages across capacitors C1, Co are considered constant. Notably, the current through inductor L1
maintains continuous input current supply in both operating modes, minimizing input current ripple.
Simultaneously, the current through inductor L2 ensures a continuous output current waveform,

improving output power quality. Details of the two operating modes of the converter will be presented
in Sections 2.1 and 2.2.

2.1 Stage 1
The switches S1, S2 are turned on for a duration corre i the le DT, as illustrated
in Figures 3 and 4. At the same time, the diodes D1, inr e-biased and do not conduct.

During this stage, the input voltage Vin provides energy to inductor L1,
source for inductor L2.

The voltage across capacitor C1 is equal to’t lied to diode D2, which indicates the
voltage stress experienced by this diode. In the same wa utput voltage Vo corresponds to the
voltage stress on diode D1. The circuit operation during this stage can be described using differential
equations, as shown in Equation (1).

capacitor C1 is the energy
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Figure 5. Stage 2

During the time interval (1-D)T, as illustrated in Figures 3 and 5, the switches S1 and S2 are turned
off, while the diodes D1 and D2 are forward-biased and conduct. In this phase, the input voltage Vinand
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the energy stored in inductor L1 supply energy to capacitor C1 through diodes D1 and D2.
Simultaneously, inductor L2 transfers its stored energy to the output capacitor Co via diode D2.

The differential equations describing the relationship between voltage and current during this stage
can be derived and represented in Expression (2).

di,
L1 dt = Vi _Vcl —Vo
di
L = Vo
)
dv
C,—= =i,
dt '
dv, _. %
Cod_t0 =1y 'LZ'EO
2. 3 Voltage Conversion Ratio
In steady-state conditions, the inductors are elements Wi&iero re e, meaning the average
voltage across them during a working cycle is zero. By applyingthe Volt-8écond balance principle from

ati

3)

termined as (4) and (5), respectively.

“)
(%)
Therefore, the propose verter's v@ltage conversion ratio (M) can be determined by (6).
Vo_ D ]
v 1_ DZ ( )

n

rmance of the proposed converter, this paper conducts a detailed analysis and
compares i t-handling capability with other common buck-boost configurations, including the
SEPIC converfer and designs described in previous studies [8], [9]. The analysis focuses on energy
efficiency and factors related to stability and reliability during operation.

Furthermore, circuit components are numbered in the order of appearance to facilitate observation
and verification in simulations, and the ideal component models available in PSIM software are
employed. This approach makes it easier to identify and track each element within the system, as
illustrated in Figure 6. A 48VDC voltage source is used as the test input to ensure objectivity and
consistency in measurements. Component parameters include a 47 uF capacitor, a 0.4 mH inductor,
diodes and MOSFETS of the same type, a 15 Q load resistor, and a 50 kHz switching frequency applied
across all converters. This experimental setup ensures equivalent conditions, providing a solid basis for
accurate evaluation and fair performance comparison of the converter configurations.
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re 7. Current through the switches of the converters in buck mode.

transformer f M=0.66 (corresponding to an output voltage of 32 VDC). The proposed converter
demonstrates guperior performance, with the average current through switches S1 and S2 reaching
0.71A, which is 33.28% of the load current under ideal conditions. In contrast, the SEPIC converter
shows an average current of 1.42A through switch S3, accounting for the highest percentage of 66.56%.

For the Quadratic converter mentioned in the study [8], the average current through switch S4 is
equivalent to the current through switch S6 of the converter in the paper [9], with a ratio of 53.43%.
Similarly, the average current through switches S5 and S7 of these two converters is approximately
1.4A, accounting for 65.62%.

In summary, in buck mode, the proposed converter exhibits significantly lower current stress on the
switches, resulting in higher operational efficiency and contributing to the extended lifespan of the
semiconductor switches.
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Figure 8 illustrates the current through the diodes in the converter configurations. The average current
through diode D1 for the proposed converter is 0.7A. Meanwhile, the current through diode D2,
influenced by the currents of inductors L1 and L2 during phase 2, has a relatively high average value of
1.41A.

Compared to other converters, the current through diode D2 in the proposed converter is
approximately 45% lower than the peak current observed through diodes D5 and D7 in studies [8] and
[9], respectively. In those studies, the average current through diodes D4 and D6 is 2.07A and 2.14A,
respectively.
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Figure 8. Current through the diodes of t ers in the buck mode.
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Figure 9. Stress current on the switches and diodes in the boost mode.

With a voltage conversion ratio of M=2 used as the experimental model for the boost mode, Figure
9 illustrates the current through the switches of the converters. For the proposed converter, the average
current passing through switches S1 and S2 is 9.91 A and 2.78 A, respectively. These values represent
154% and 43.43% of the ideal load current. The SEPIC converter shows the highest average current
through switch S3, reaching 12.63A (197.34%). The average current through switch S4 of the converter
in the study [8] is almost equivalent to the current through switch S6 of the Quadratic converter in the
document [9], reaching 198.59%. Similarly, the average current through switches S5 and S7 of these
two converters is approximately 8.97A, representing 140.15%.
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Overall, the proposed converter shows significantly lower current usage through switch S2 in the
boost mode. However, due to its specific structure with a first-degree function in the denominator, this
converter is more suitable for step-down applications. When operating in boost mode, switch S1 needs
to remain active longer than in other converters, leading to a current through S1 that is 13.85% higher
than the current through switches S5 and S7 in the studies [8], [9].

Figure 10 illustrates the current through the diodes of the converters. With the proposed converter,
the average current through diode D1 is 2.9A, while the current through diode D2 reaches 3.71A.
Compared to other converters, the current through diode D2 in the proposed converter is 40.34% lower
than the maximum current through diodes D4 and D6 [8]. The average current through diodes D5 [8]
and D7 [9] is approximately 6.46A.
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Figure 11. Overload current ratio with respect to transformer ratio for the components of the proposed
converter, SEPIC, and [8], [9]: (&) Power switches, (b) Diodes.
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To assess the detailed performance and stable operating range of the proposed converter, an
experiment was conducted by simulating parasitic resistances on key components such as inductors,
capacitors, and diodes. In this experiment, the parasitic resistances were set at ratio levels of 0.001,
0.002, and 0.003 relative to the load value. This method not only helps to evaluate the overall
performance but also clearly identifies the impact of parasitic factors on the stability and operational
capability of the converter under different conditions, thereby informing the audience about potential
challenges. Through this, the converter's ability to operate efficiently in real-world environments is
comprehensively validated. The parameters of the converters were consistently configured to maintain
objectivity. The capacitors used had a value of 47 uF, the inductors were set to 0.4 mH, the resistive
load was established at 15 Q, the supply voltage for the converters was fixed at 48 VDC, and a 50 kHz
switching frequency applied across all converters.

4
100 f—c————————————————— A 100 f—————————————————— ~
% l 99 |
| 98 |
- | — |
< 9% | SR I
<z % I = 9% '
o 9 | o |
5 9 8 |
gz i |
w I w 9 |
% I 92 [|Z_e_"> _pp0 I
89 ' R_R_R '
88 | o1 |
87 b 90 '
0 05 1 15 2 25 | o 05 1 15 2 25
Voltage Gain (M) Voltage Gain (M)
——Proposed =——SEPIC ——[8] ——[9] Proposed SEPIC [8] [9]
(@)
100
99
S 8
3
c 97
2
2
‘ £ 96
L
95
94
0 0,5 1 15 2 2,5
Voltage Gain (M)
= Proposed =———SEPIC ———[8] =——]9]
(©)
Figure 12. Efficiency of the converters with parasitic resistance proportional to the load value: (a) 0.03, (b)
0.02, (c) 0.01

Figure 12 clearly illustrates parasitic resistance's impact on converters' performance. In Figure 12a,
with the ratio of parasitic resistance to load resistance at 0.03, the Quadratic converter [8] achieves a
maximum efficiency of only 98.28%. It operates stably within a voltage ratio range of 0.2 to 2.29, the
lowest among the converters. The converter from the study [9] performs better, with a peak efficiency
of 99.64%. However, it gradually loses its advantage as efficiency decreases rapidly, falling below the
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proposed converter in the voltage ratio range of 0.4 to 2.29. In contrast, the proposed converter and the
SEPIC maintain stable operation over a broader range, with the proposed converter achieving a
maximum efficiency of 99.29%.

Figure 12b further confirms the advantages of the proposed converter, with an efficiency of 99.54%,
surpassing the SEPIC by 0.38% and the converter in [8] by 0.78%, even though these configurations
also improve their operational stability ranges. For the configuration of the converter in the study [9], it
dominates in the initial stage with an efficiency of up to 99.79%. However, it declines rapidly and
becomes less stable than the proposed converter.

Figure 12c shows that when parasitic resistance's impact decreases, all converters' efficiency exceeds
94%. Nevertheless, the proposed converter remains the leader with an impressive efficiency of 99.88%,
demonstrating exceptional performance in minimizing losses and optimizing efficiency.

4, Conclusions

The paper proposes a novel non-isolated buck-boost DC-DC converter with the

current, significantly lower than SEPIC (66.56%) and Quagatic (6
operational efficiency and extended component lifespan.

The efficiency of the converter reaches a maximum of
is reduced to 0.001, outperforming SEPIC by 0.43% and

ults demonstrate the converter's ability
to optimize current flow and minimize losses, enabli icient and stable operation than other
configurations. These findings confirm that the proposed erter is particularly well-suited for
applications that require buck mode operation with high efficiency and low current through
semiconductor components. This includesgpower electronics systems used in renewable energy
applications, such as solar energy systemsWand battery management, where high efficiency and
component durability are essential. Additionally, the converter is ideal for systems that aim to minimize
the effects of parasitic eleme nd sustainable operation.
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