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A P-type Modified Quadratic Gain Buck-Boost
Converter for DC Microgrids

P. Raviteja

Abstract— A p-type modified quadratic gain buck-boost
(PMQBB) converter is proposed in this paper. PMQBB converter
topology evolution is based on the integration of a modified
quadratic boost configuration with the p-type converter structure.
Both of the inductors are in continuous conduction mode (CCM).
The proposed PMQBB converter’s key features include a reduced
component count, lower order, high voltage gain, and continuous
input current. The proposed PMQBB converter exhibits a buck
capability at a duty ratio D < 0.2929. This paper provides a
comprehensive description of the PMQBB converter, including its
steady-state analysis, operating modes, and analysis of
semiconductor voltage and current stress. To emphasize the
PMQBB converter, a detailed comparative study is presented. A
40/400 V, 300 W hardware prototype is tested to authenticate the
converter's performance. The experimental outcomes validate the
superior performance and efficiency of the PMQBB converter,
highlighting its suitability for high-gain applications.

Link to graphical and video abstracts, and to code:
https://latamt.ieeer9.org/index.php/transactions/article/view/9621

Index Terms— Buck-Boost converter, DC-DC non-isolated
converter, DC micro grid, High voltage gain, Quadratic Boost.

1. INTRODUCTION

OWADAYS, the growing energy demand, driven by
N increased energy utilization, has led to a rise in energy

generation [1]. The United Nations Development
Programme (UNDP)'s Sustainable Development Goal 7 aims to
ensure access to affordable, reliable, and sustainable energy for
all. Supporting this goal, the United Nations Economic
Commission for Latin America and the Caribbean (ECLAC) 2030
Agenda highlights the importance of clean energy technologies in
driving economic and environmental transformation. The
integration of DC-DC converters is crucial for these Conventional
energy sources, such as fossil fuels contribute to environmental
pollution and accelerate the depletion of natural resources. To
mitigate these issues, using non-conventional energy sources
(NCES) like solar power, wind energy, and fuel cells offers a
sustainable solution. NCES to regulate voltage levels, making
them suitable for various applications, including DC microgrids,
LED lighting, and electronic devices. These converters can
function as buck, boost, and buck-boost configurations [2] to
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ensure the correct voltage for optimal performance concerning
applications. In the literature, numerous DC-DC converter
configurations have been introduced based on isolated and non-
isolated converters. In these, the first group of isolated converters
uses transformers, and a high voltage gain can be achieved by
adjusting the coil turns of the isolation transformer [3],
eliminating the need for a high-duty cycle.

However, this approach has several limitations. Firstly, the
inclusion of a transformer increases the cost and size of the
converter, resulting in a reduction in power density. Furthermore,
transformer coil leakage inductance generates a residual current.
This results in improper switching, which in turn causes excessive
voltage stress on the switch. These considerations highlight that
transformer-less converters are the more suitable option for
applications where isolating the output from the input is not
required.

The aforementioned drawbacks are resolved by employing
non-isolated DC-DC converters. These converters have improved
efficiency with high voltage gain and low voltage stress, all while
being at a lower cost, reduced size, and lighter weight. Although
conventional boost converters [4] have a simple structure with
fewer components, they are unsuitable for high-power
applications because semiconductor components endure
substantial voltage stress. Non-isolated converters are generally
classified into two types: coupled inductors and non-coupled
inductors. Many high-step-up converters based on coupled
inductors [5] have been developed, leveraging a higher turn ratio
to achieve a significant voltage gain. However, in presence of
leakage inductance in coupled inductors can lead to voltage
spikes, which increase the voltage stress on the switches, similar
to the issues in isolated converters. To address this issue,
additional snubber circuits are employed. However, their
inclusion increases the converter’s overall cost and size. Non-
coupled inductor configuration types are capable of achieving
high voltage gain with fewer magnetic components. In cascade
boost converters [6], [7], the voltage gain ratio is determined by
the combined gains of each stage. However, this multistage design
can lead to reduced efficiency and is inherently complex.
Numerous techniques have been investigated in the literature to
enhance voltage gain, including switched capacitor [8], SEPIC
[9], voltage multiplier [10], active switched inductor [11], and
hybrid switched inductor [12]. Nevertheless, the voltage gain
achieved remains relatively modest; switched inductor and
switched capacitor topologies experience high current stress.
Additionally, voltage multipliers and converters based on voltage
lift techniques tend to have increased component counts and
reduced efficiency. To overcome the issue of low voltage gain, a
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multistage switched inductor configuration integrated with a
switched capacitor was introduced in [13], although this approach
leads to an increased number of components. An effective solution
to these constraints is achieving a high voltage gain at a low duty
cycle with less component count. A non-isolated DC-DC
converter with a three-switching state-based split-duty design is
presented in [14]. To avoid extended conduction periods in the
interleaved switches, this design includes one extra switch.
Additionally, the inclusion of the extra switch necessitates an
additional driver board, increasing the system's complexity and
cost. The converters discussed in [15] and [16] introduce different
approaches to achieve high gain with a low duty ratio. While the
converter in [15] delivers enhanced voltage gain, it experiences
significantly higher peak switch current stress, and the component
count is high. Additionally, operating at low duty ratios adds to
the control complexity. Quadratic boost converters [17]-[25] are
becoming increasingly popular due to their capability to achieve a
high conversion ratio while maintaining a low-duty cycle.
However, quadratic boost converters [19] - [24] have certain
limitations, such as a higher element count, reduced effectiveness
index [25], lower voltage gain, and an increased system order due
to a larger number of energy storage components.

To address the aforementioned limitations of converters while
retaining their advantages, the PMQBB converter has been
designed. The PMQBB converter topology is derived from the
modified quadratic boost converter, which is integrated into the p-
type structure. The proposed PMQBB converter exhibits notable
advantages, including a simplified structural design, high voltage
gain, reduced count of energy storage elements, and the ability to
sustain continuous input current. The paper is organized as
follows: Section II provides the principle of operation and analysis
of the proposed PMQBB converter, switch-diode stresses,
parameter design, efficiency analysis, control performance, and
power loss calculation. Section III provides a comparative
analysis of the proposed PMQBB converter against other similar
converters found in the literature. Section IV discusses the
experimental evaluation of the PMQBB converter’s performance
metrics. Section V reports discussion on Advantages and
Limitations, while Section VI concludes the paper by highlighting
the key contributions of this state-of-the-art work.

II. PRINCIPLE OF OPERATION AND ANALYSIS OF
PrROPOSED PMQBB

Fig. 1. depicts the proposed PMQBB converter. This converter
features has two capacitors (Cy, C;), two diodes (Dy, D), two
inductors (L;, L), and two switches (S;, S2). The proposed
PMQBB converter operates in continuous conduction mode
(CCM). For the sake of simplicity in analyzing the converter in
CCM, all the devices used in the converter are assumed to be
ideal. The proposed PMQBB converter operates in two modes,
as shown in Fig.2. The operational waveforms of the PMQBB
converter are presented in Fig. 3. They include gate signals of
switches S; and §>, voltages and currents of inductors L; and L,
voltage across diodes D;, and switch voltages of S; and S-.
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A. Operating Modes:

Mode-1:

As shown in Fig. 2 (a), this mode is initiated at /=#y. In mode
I, the diodes Dy and D; are in the OFF state, and the S; and S
switches are turned ON. The input DC source Vj, charges
inductors L; and L; via capacitor C;, while capacitor Cy delivers
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Fig. 1. Proposed PMQBB converter [26].
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Fig. 2. Operating Modes of PMQBB converter (a) Mode-1 (b) Mode-2.
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power to the output load Ry. Kirchhoff's voltage and current laws
are used to obtain the following equations for Mode-1 in the
duration of the #-¢; interval.
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Fig. 3. Key operating waveforms of PMQBB converter.
Vii= Vi Vo =ViutVe (1)

. de]) —
ic; =C; ( i 2

@)
. dv
ico=Cy (%) =1

Mode-2:

As shown in Fig. 2 (b) (Mode 2), in this mode, the switches S;
and S are turned OFF at t=t,, resulting in diodes Dy and D; turning
ON. The inductors L; and L; start discharging in contrast to the
previous mode. In addition to supplying energy from the input DC
source Vi, inductor L; discharges to charge Capacitor C;. At the
same time, inductor L, discharges to energize capacitor Cy and
provides power to the output load Ry.

Kirchhoff's voltage and current laws are used for obtaining
the following equations from Mode-2 in the interval #;-£.

Viiz VieVer iVia= - Vou (3)

. _ dver\ _ .
ic; =C (_dt ) = Il

. _ dvco\ _ .
ico —Co( v ) = iy

“)

The equations below are derived using the volt-second balance
principle for inductors L; and L.

(Vi) D+ (v )(1-D)=0 (5)
(Vintver) D+(-Vou)(1-D)=0 (6)

By solving equations (5) and (6)
Ver= ,% (7
6(2)=(757) ®
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By using equation (7) output voltage gain of the proposed
PMQBB converter is given as

Similarly, by applying the ampere-second balance to equations
(2) and (4), the average currents through the inductors are
determined as follows:

_ IpD
L™ 2
-D)
T ©
L2 (1-D)

B. Analysis of Stresses on Switches and Diodes:

The voltage stress is the peak voltage across the semiconductor
devices during their non-conduction mode of operation. By
applying KVL to mode-1 in Fig. 2, the voltage stresses on D; and
Dy can be determined. Furthermore, voltage stresses on S; and S»
can be determined by applying KVL to mode-2 in Fig.2. From
the operating modes, stresses experienced by the semiconductor
components in the proposed PMQBB converter can be expressed
as follows:

Vi Vour(1-D) Vin(2-D) _ Vou
V=V, =0 =0 S Van =Vt V, = = :
DI Cl™7p (2-D)D ’ DO L2V out (1-D)’ D’
— — Vin — Vout(]’D). — Vl — Vaut .
Vsi=Ver=15=

0 @Dp’ 2 qp? @DD’

(10)

The current stress is the peak current flowing through the
semiconductor devices during their conduction modes. By
applying KCL and analyzing mode-1 in Fig. 2, the current
stresses on S; and S> can be determined. Furthermore, the current
stresses on D; and Dy can be determined by applying KCL to
mode-2 in Fig.2. The semiconductor elements' average and peak
current stresses are provided by

Isy=D(1;+115); I5;=DI},

Ip;=(1-D)1;; Ipg=(1-D)I;,

7S/=(IL1+IL2)+(

)

Al +Alp)

~ AILQ)
. — +
R2): Tgy=1 o+ (M
Alr;

Ipy=1Ip+ (T)’ Ipg = Ipp+ (A[TLZ)

(12)
Where

C. Parameter Design:

i)  Design of Inductors:

Choosing appropriate inductors is crucial for DC microgrid
applications. The required inductance value is influenced by key
operating parameters, including the switching frequency (f;), duty
cycle (D), input voltage (Vi,), and the specified ripple current
(%x.1;) limits. The ripple current approximation for inductors L;
and L, is 20% to 40% (%xr:&%xr2) of the inductor average
current. Additionally, the inductor L, design choice ensures that
the converter remains in continuous conduction mode (CCM)
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across all operating conditions. From equation (13), selected
inductor values are L;=1mH and L,=3mH.

ViD o Vin’(2-D)D
1= Oy plnifs = (e )(1-DFPyfs
SOutVe)D o Vi @-Dy’D?
T Caxiolofs T (% )(1-DFPyfy

(13)

2

ii)  Design of Capacitors:

As with inductors, the selection of the capacitor is based on
factors such as the maximum allowable voltage ripple (%axc; vc)
the capacitor’s operating voltage, and the current it must handle
the acceptable voltage ripple of 1% to 5% (%axc; & %xco) of the
corresponding capacitor average voltage is used as the basis for
the design of capacitors Cy and C;. From equation (14) selected
capacitor values are C;=22 pF and C;=100 pF.

IciD Py(1-D)’
1= axci)Ver fs = (Yaxep)(2-DID Vi £y (14)
IcoD Py(1-D)*

0= (xco)Vous fs — (%xco)(2-D)’D? V3, £

D. Efficiency Analysis of Proposed PMOBB Converter
Considering Parasitic Elements:

The performance evaluation of the converter is influenced by
the parasitic elements present in the converter circuit. The
proposed PMQBB converter equivalent circuit with element
parasitics is illustrated in Fig.4.

\AAJ

Fig. 4. Equivalent circuit of PMQBB converter with element parasitics.
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E. Control Performance:

Fig. 5. Closed-loop control scheme of PMQBB converter.

By using the state-space averaging method, the PMQBB
Converter performance is analyzed. In the steady-state analysis,
two distinct operating modes are identified, each characterized by
a unique set of differential equations.

The proposed PMQBB converter's small signal modeling is
expressed through equations (17) and (18). The PMQBB
topology includes L; L; inductors, and C; and Cy capacitors,
resulting in four state variables. Those are inductor currents iz,
(1), ir2 (1), and the capacitor voltages vc (2), veo - The control
variable of the system is d(?), while v;,(¢) and v.u(t) represent
input and output voltage variables, respectively.

The PMQBB converter state equations for the durations DTy
and (1-D)T; are written as

D_)Ts M :vin_(t) Ldipp®) _ Vin(’)*"c[(’) .

dt Ly ’ dt L, i

dver(@) _ i@ dvep(® _ Iy _ -veo®
dt c’ dt Cp RoCop

I-D)Ts dig1) _ vins@Dvei®), dig2(t) _ -voud
dt Ly 7 dr Ly
dver (D) _ w dvep(D) _ i2(D-1,
dt Cy ’ dt Co

A:A1D+A2 (]-D), B:B]D+B2 (I-D), C:C]D+C2(]-D)
A= average system matrix; 4;= State matrix during on state
A>2= State matrix during off state

B= input matrix; C= output matrix

X= state vector; U= input voltage

X=-A"BU
F={(4,-4:)X}+{(B,-B,) U} (17
00 0 0 P r
ooz o] melrhod
ol 2 5y
1|050 0| =l 0 0 I
i
00 0 |
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Using (7) and (8), the average state equation of the PMQBB
converter is written as

awoy [0 0 == 0] )

| [0 0 L wlO)

% _ Ly Ly || i() + d 5. (I)JF[F]J

— - ~ m

a0l (L2 2 9 o (Pa@| |-

dt Cy Cy 9 (f) 0

Bco® 0 U2 o L < 0

d | Co RyC, ]

(18)
veo@ =10 0 0 N, () vy @ vep(D]"
4 4l
L L

d d-1
i_dLl(E-E)
d-1 (d-1)?
F= 2 -dzL,(%_‘Z;II) Vin(t)

@1’ (@-n*

d d-1

d _dLl(E-E)
L @1 (@13

Gg="2 =C(SI-4)"'[(4,-A) X+ (B,-B) U] +(C;-C)X

By applying small-signal perturbations to the converter and
utilizing both steady-state and small-signal variables, the small-
signal model of the PMQBB converter is derived. The proposed
converter control to output transfer function is given in equation
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(19), by assuming no perturbations on the input side. As shown

Vout(s)
d(s) /
G\ 5, 09=0

-5.73x10%7 $3+1.31x10%% s2-1.268x 10> s+8.243x10°°
2.267x10%% s4+4.25x10° $3+2.678x1070 2 +4.894x10°" 5+2.782%10%

19)
in Fig.5, a PI controller is implemented to maintain a stable
output voltage (Vo) despite these disturbances.

The controller adjusts constant output voltage through specific
gain K,=0.00000109, K=0.00331. The closed-loop stability of
the proposed PMQBB is validated through Bode plots for both
without a controller and with a controller configuration as
indicated in Fig.6. (a), (b). Gain margin (G.M) and Phase margin
(P.M) values are also represented in the respective plots, and also
mention the stability of the system. The PI controller parameters
are determined using the standard Ziegler—Nichols tuning
method. This method provides a systematic way to achieve
desired stability and dynamic performance.

F. Power Loss Calculation:

i) MOSFET Switch Power Loss Calculation:

Power losses in MOSFET switches result from both switching
losses and conduction losses. Conduction losses in the switches
arise from the on-state resistance of the switch. These conduction
losses can be calculated as follows:

72 2
PSW—conduction _ISl(rms)RDS(on) +IS2(rms)RDS(on) (20)

The MOSFET switch switching losses can be given as

1 i
Pswswitching= 5 (t+e)f, Vosilsipn ™3 (L4 Vosodsapy (1)
Here, f is the switching frequency.
From equations (20) and (21), total MOSFET switch power
losses are
(22)

PSW-Total :Psw_conducﬁgn JrPSI/V-switching

ii) Diode power loss calculation:

Diode power loss arises from the forward voltage drop (V) and
the diode's internal resistance (Ry). This power loss can be
represented by the following expression:

Power loss resulting from the forward voltage drop is

Pprv=Valpiaeg T Velpoae (23)
Power loss due to the diode's internal resistance is
PD-Rd:[lz)l(rms)Rd—i_[éZ(rms)Rd (24)
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Fig. 6. Bode plot of proposed PMQBB: (a) Without a controller, (b) With a
controller.

Here I, &Ipgms) are represents average and r.m.s currents of
the diodes.

Total diode power loss

Pp.r=Pp.py*+Pp.ra (25)
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iii) Inductor power loss calculation:

Inductor power loss mainly results from copper loss and core
loss. Copper loss in inductors can be represented by the following
expression:

2 2
Pin-eu=TL16myRe1 T L20mgRi2 (26)

Thus, R; represents the equivalent series resistance (ESR) of
the inductors, and /;; denotes the root mean square (RMS) current
flowing through the inductors.

Core losses are estimated as

P in-core =K VeBZC Syw (27)
Total inductor power loss
Pin—T:Pin—cu +Pin-core (28)

iv) Capacitor Power Loss Calculation:

In a capacitor, power loss is caused due to its internal resistance,
and it can be expressed as

Pc=(I10ms) M eogms) )Re (29)

Here, Rcis the internal resistance of capacitors, and Ic ¢ is the
r.m.s current flowing through capacitors.

From equations 20-29, the Total power loss can be calculated as
follows:

Pr= Psy.rotart Pp.rt Pip.rtPe. (30)
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ESRs of inductors, capacitors, internal resistances of switches,
and diodes are mentioned in Table II. Fig. 7 shows the theoretical,
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practical loss distribution, and efficiency variation concerning the
change in output power of a proposed PMQBB converter.

II.  COMPARATIVE ANLAYISIS
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Fig. 8. Proposed PMQBB converter performance metrics comparison (a) G versus D, (b) EI versus D, (c) Total capacitor voltage Stress (TCVS) versus G, (d) Peak

switch voltage stress (PSVS) versus G, (e) NSVS versus G.

The performance of the proposed PMQBB converter can be
compared with other converters [19], [21]-[24], [27]-[31]
documented in the literature to highlight its advantages, and the
efficiency is presented in this section. Table I presents a detailed
performance comparison evaluating parameters such as voltage
gain, component count, order, power density, control complexity,
total capacitor voltage stress (TCVS), peak switch voltage stress
(PSVS), normalized switch voltage stress (NSVS), and operating
conditions (f/P/n).The initially proposed PMQBB converter has
been evaluated in terms of voltage gain in comparison to other
converters. As demonstrated in Fig. 8(a), it is clear that the

proposed PMQBB converter has the same gain as [28], [30], and
[31], and achieves a higher voltage gain compared to the
converters referenced in [19], [22]-[24]. At a duty ratio of 0.7,
the proposed PMQBB converter achieves a voltage gain of 10,
while converters [19], [22]-[24] provide only 5-8.The
Effectiveness Index (EI) is the next parameter for comparison and
is utilized to ensure consistency among the selected topologies.
This demonstrates the voltage gain obtained per component,
thereby effectively correlating the voltage gain with the total
number of components. Fig. 8(b) shows that the PMQBB
converter performance is superior to [19], [22]-[24], [28], and
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[30]. Although converters [21] and [27] demonstrate high
Effectiveness Index (EI), they employ 12 and 14 components,
respectively, whereas the proposed PMQBB converter achieves
comparable performance with only 8 components, indicating a
more favorable trade-off between voltage gain and circuit
complexity.The subsequent discussion of the parameter for
comparison is total capacitor voltage stress (TCVS). In this
aspect, PMQBB converter TCVS is the lowest among all
compared converters, as illustrated in Fig. 8(c), which helps in
reducing capacitor voltage ratings and improving reliability. The
succeeding parameter for comparison is peak switch voltage
stress (PSVS). Among all the converters, [21], [24], and [27]-
[29] have superior performance than the PMQBB converter as
shown in Fig. 8(d).

For instance, converter [27] shows a normalized PSVS of (1—
D)/D, which is lower than that of PMQBB, but comes at the cost
of significantly higher component count and control complexity.
Further, the PMQBB converter is compared in terms of
normalized switch voltage stress (NSVS), as depicted in Fig.
8(e). NSVS effectively corresponds to the overall equivalent
stress encountered by the switches. The NSVS of the proposed
PMQBB converter is higher than the converters in [21], [24], and
[271-[29], but is notably lower than those in [19], [22], and
[23].Along with the parameters discussed above, the PMQBB
converter is compared with other converters mentioned in Table
I in terms of power density and control complexity. The PMQBB
converter exhibits high power density due to fewer magnetic and
switching elements and also features low control complexity
attributed to its lower order (4). Furthermore, the PMQBB
converter achieves an efficiency of 95.8% at 300 W and 50 kHz
switching frequency, which is comparable to or better than most
topologies except [27] and [30], which achieve 96.7% and 96.9%
but at the expense of higher complexity.

The elaborate comparison shows that the proposed PMQBB
converter excels across various indices. Further additional
features of the proposed PMQBB converter are continuous input,
fewer element count, the order of the system is lower, and
efficiency is high. These attributes make the proposed PMQBB
converter suitable for DC microgrid applications.

IV. EXPERIMENTAL EVALUATION

A 400V/300W, 50 kHz prototype is fabricated for
experimental evaluation of the PMQBB converter is as displayed
in Fig. 9 (a) and Table. II shows the component specifications to
develop the prototype of the PMQBB converter.

The prototype is tested with the input voltage of 40V with D=0.7,
for which the output voltage V.. is 394V and the output current
igis 0.73A as shown in Fig. 10(a) at 95.8% operating efficiency.
The gate pulse for S; and S, switches is given from the digital
controller TMS320F28379D.

Fig. 10(b) illustrates the inductor currents and voltages,
demonstrating the charging and discharging of the inductors
corresponding to the switching operations of S; and S>. Fig. 10(c)
presents the voltage and current waveforms of the switches,
which align well with the theoretical values. The switches
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experience peak voltage stresses of 133V and 440V, and peak
current stresses of 9A and 2.9A, respectively. The diode and
capacitor voltage waveforms are shown in Fig.10 (d) and (e).
These are similar to the ideal case analytical values of the
proposed PMQBB converter.

- Id

= 1200

Output Volta

0 01 02 03 04 05 06 07 08 09 1
Duty Ratio(D)

(b)

Efficiency (n)
(=
N

0 01 02 03 04 05 06 07 08 09 1
Duty Ratio(D)

(©)

Fig. 9. PMQBB converter (a) Prototype & Experimental setup (b) Vi.-parasiic and
(c) n versus Duty ratio.

The PMQBB converter also has a buck converter characteristic
capability at D<0.2929. The PMQBB prototype is also tested
with the input voltage of 40V at D=0.245, resulting output
voltage of 29.5V and an output current of 1.45A as depicted in
Fig. 10 (f). The control performance of the proposed PMQBB
converter was evaluated under a sudden change in input voltage,
varying from 40V-50V-40V-30V-40V. Fig. 11(a) presents the
output voltage waveform corresponding to this step change
operation. Fig. 11(b) shows the consistent voltage 400V
waveform for the load variations from half load to full load and
full load to half load. In both cases, the designed PI controller
maintained the output voltage at 400V, regardless of fluctuations
in input voltage and load current. Consequently, it can be
concluded that the PMQBB converter exhibits excellent dynamic
behavior with a response time of 72 milliseconds for input
voltage variation and 58 milliseconds for load variation.
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Fig. 12. Experimental results of 40V input 200W load (a) input voltage (V,),
output voltage (V,u), and current (/y), (b) Inductor voltages and currents, (c)
Switch voltages and currents

To further validate the performance of the proposed PMQBB
converter, experimentation was conducted under varying input
voltage and load conditions. The measured results confirm the
converter’s ability to maintain a regulated output voltage and
continuous conduction mode across different inputs and loads.
Specifically, the converter was tested at 40 V input with a 200 W
load, 25 V input with a 300 W load, and 60 V input with a 300 W
load. The corresponding efficiencies were observed as 95.8%,
94.2%, and 96.2%, respectively.

These performance metrics closely align with the theoretical
calculations, confirming the converter’s high voltage gain and
efficiency under dynamic conditions. The experimental
waveforms are shown in Figs. 12, 13, and 14 illustrate the
converters steady-state performance under different input
voltages and load levels.
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Fig. 13. Experimental results of 25V input 300W load (a) input voltage (VIn),
output voltage (Vout), and current (I0), (b) Inductor voltages and currents, (c)
Switch voltages and currents.

V. DISCUSSION ON ADVANTAGES AND LIMITATIONS

The proposed P-type Modified Quadratic Boost (PMQB)
converter provides several notable advantages for DC microgrid
applications. These include achieving a high voltage gain at
moderate duty ratios, maintaining a continuous input current,
ensuring a common ground between input and output, and
utilizing fewer components compared to traditional multistage
boost converters. Despite these strengths, the topology has a few
limitations. The input current ripple is relatively higher, but this
can be effectively minimized by increasing the inductance of L,,
In the proposed converter, the output diode Dy is subjected to
elevated voltage stress, as it must withstand both the output
voltage and the voltage across L,.To ensure reliable operation,
wide-bandgap (WBG) diodes such as those based on silicon
carbide (SiC) are employed, as they offer fast switching, high
voltage tolerance, and better thermal performance compared to
conventional silicon devices. However, this choice involves a
practical trade-off. While SiC diodes contribute to improved
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efficiency and reduced switching losses, they are generally more
expensive and may necessitate specialized packaging and
enhanced thermal management. Therefore, the selection of Dy
must account for these factors to achieve an optimal balance
between performance, cost, and thermal reliability based on the
specific application requirements.
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Overall, these limitations are well within manageable design
boundaries and do not detract from the converter’s suitability for
high-gain DC microgrid applications.

TABLE. 1
COMPARATIVE ANALYSIS OF PMQBB CONVERTER VERSUS OTHER NON-ISOLATED CONVERTERS
. Component Power Control TVc Vs o
REF Voltage Gain  C/D/L/S mpor Order e complexity TCVS( = ) PSVS(Vo) NSVS PP/ (%)
DZ
19 (1-D)’ Low High 1+D I 1
, 3121312 10 6 it Z —  50kHz/100W/92
p=20¢ D D D “
G-1
1+D
-py i i +3D+D? 1 1
2 p2GHEGET 4/4/3/1 12 7 High High AECAS — ——  100kHz/300W/82
26 (1+D)? 1+D 1+D
DZ
22 (1-D)? High High 1+D? 1 1
o 35301 12 6 = —  40kHz/300W/82
D:(’;/IE D? D’ D’
1-D)? i 1+2D i 2-D
23 ngcu.&m 3/2/3/2 10 6 Low High — it 10kHZ/60W/84
il D D D
1+D
D(I-D) 142D 1
24 G-1GP6G+1 S 10 5 High Moderate — 1 10kHz/280W/94.2
D:T 1+D 1+D
2D(2-D) ,
2+5D-3D 1 1
27 (I-D)? 5/3/4/2 14 9 Low High 213030 ——— _ 40kHz/160W/94.7
VT2 2D(2-D) 2D(2-D) 2D
Nl
2D
T 1 1+D i
29 (I-D)’ 33212 10 5 Moderate  Moderate - it Z 100kHz/110W/89
D:\/m-GH D 2D D
G
Topologies with the same gain
D(2-D)
i
28 (1-D)? 3/2/3/2 10 6 Low High L L 64kHz/72W/91.8
=SNG D D(2-D) D
G+1
D(2-D) ,
Y [+3D-2D 1 1
30 (1-D)? 321302 10 5 High Moderate 3 Z 50kHz/200W/94
GG D(2-D) D(2-D) D
G+1
D(2-D)
] i
31 (1-D)? 2/3/2/1 8 4 Low Low S = 64kHz/49W/90.8
GG 2-D D(2-D)
G+1
D(2-D)
Proposed (1-Dy’ High Low 1+D-D? 1 1 50kHz/300W/95.8
: 22212 8 4 ettt Z
PMQBB p=91GiT D(2-D) D(2-D) D

G+1

# C= capacitors, D= diodes, L= inductors, S= switches, TCVS= total capacitor voltage stress, PSVS= peak switch voltage stress, NSVS= normalized switch voltage

stress, f= switching frequncy, P= power , n= efficiency.

VL

This paper presents a P-type Modified Quadratic Buck-Boost
Converter (PMQBB) converter featuring a p-type structure with
a quadratic boost configuration. The proposed converter is
thoroughly analysed and validated through a hardware prototype

CONCLUSION

for 300W experimentation under Continuous Conduction Mode
(CCM) gives a 400V output with 40V input. This analysis
includes detailed discussions on the operating modes,
semiconductor components' voltage stress analysis, and the
design considerations for inductors and capacitors. The PMQBB
achieves a high voltage gain of 10 times with fewer element
count. The proposed PMQBB converter demonstrates a unique
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characteristic of operating as a buck converter when the duty ratio
D<0.2929. A simple PI controller is implemented, which
generally has a lower bandwidth compared to more advanced
controllers. Experimental results demonstrate effective
disturbance rejection for variations in load and input. This was
accomplished without increasing computational complexity,
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TABLE II
HARDWARE CIRCUIT PARAMETERS
Specification rating
Vi 40V
Vout 400 V
Power rating (P) 300 W

confirming it as a practical and efficient control approach. Inductors L= 1mH, L= 3mH
Performance analysis reveals that the PMQBB offers continuous Capacitors CgLOI(;ﬁLE_CZ,O:ng)uF
input current and significantly reduced inductor current ripple, (Ro=1 mQ, Re=0.1Q)
ensuring enhanced efficiency of 95.8%. These attributes establish Switches NVHLO027N65S3F
the proposed topology as an effective solution for high-gain DC- _ (Rps=27mQ2)
DC conversion applications Diodes Di & D~FFSH20658
pp . (V;=1.5V,Rq= 10 mQ)
Switching frequency 50kHz
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Fig. 14. Experimental results of 60V input 300W load (a) input voltage (VIn), output voltage (Vout), and current (10), (b) Inductor voltages and currents, (¢) Switch

voltages and currents.
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