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A High Gain Switched-inductor-capacitor DC-DC
Boost Converter for Photovoltaic-based
Micro-grid Applications

Davut Ertekin

Abstract—Maximum power point tracking (MPPT) systems
are being developed to produce switching pulses with proper
duty ratios for power switches to exert photovoltaic (PV) panels
under maximum instantaneous generated power, usually through
a traditional DC-DC boost converter. The fundamental issue,
particularly for micro-grid and small-scale green DC or AC
energy applications, is that the voltage supplied by the MPPT
boost converter is insufficient. In order to increase resulting
MPP voltage, this research proposes a new high-voltage gain
DC-DC boost converter for a cascade connection with an MPPT
boost converter. Input side of the proposed converter employs
a switched-inductor cell to reduce input current source ripples
which is a critical problem in PV systems for high-reliability
applications. Additionally, a switched-capacitor cell is used at
the converter’s output side to boost voltage gain and reduce
voltage stress across converter’s power switches, which is a
crucial factor for longer life of PV panel and proposed converter
components, particularly semiconductor devices. Performance of
the converter is assessed while taking into account variations
in irradiation and temperature brought on by changing weather
conditions. A prototype converter at a laboratory scale is utilized
and examined. Outcomes of hardware tests support the findings
of theoretical and simulation studies.

Index Terms—Boost converter, grid and micro-grid
applications, maximum power point tracking, solar energy.

I. INTRODUCTION

HE important part of energy needs, today is obtained

from fossil and nuclear fuels. Protecting the environment,
preventing threats that may occur in the future to human life
and environmental balance make it necessary to develop and
use alternative energy sources [1]-[3]. The sun is the most
significant energy source in the world. As a result, solar energy
is the most widely used alternative energy source for producing
electricity [4]-[10].

When it comes to supplying energy, PV panels are depen-
dent on a variety of factors. In this situation, the system’s
efficiency will decline due to ideal level of operation of these
parameters and a lack of system monitoring. For this reason,
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numerous studies are conducted in literature to maximize PV
system’s energy. [11]-[17].

Grid-connected PV systems normally are equipped with
a pulse width modulation-based switching DC-DC converter
and PV arrays. In these systems, a fast sampling algorithm
is designed to calculate instantaneous power measuring in-
stantaneously generated voltage and current of the PV array.
MPPT algorithm is chosen based on system complexity, cost,
accuracy requirements, and environmental circumstances. On-
going research strives to improve efficiency and adaptability
in extraction of energy from PV systems.

Different algorithms have been investigated which per-
turb and observe (P&Q) [18]-[20], incremental conductance
(INC) [21]-[23], fractional open circuit voltage (FOCV) [24],
artificial intelligence (Al)-Based algorithms [25], [26], fuzzy
logic control (FLC) [27]-[29], and hybrid algorithms [30] are
among them.

PV systems are equipped with DC-DC boost converters
to enhance generated voltage by the panels. But these MPP
converters could not be controlled and enhance voltage of the
panel for grid or micro-grid applications. Therefore, a high-
voltage gain and efficient boost converter should be cascaded
to MPP converter.

Using multiple boost converters in a cascade configuration
can effectively increase maximum system voltage gain [31],
but it comes at the cost of increased system expenses. This
approach also presents the drawback of imposing high volt-
age stresses on components closer to the load, particularly
power components. Furthermore, closed-loop control of these
converters, known as Constant Power Loads (CPL), is more
complex compared to standard DC-DC converters.

Switched capacitor cells have been recommended as a
means to enhance DC voltage gain in converters [32], [33]. By
employing specific switching techniques, output voltage and
input current ripples can be kept within an acceptable range.
However, implementing such switched-capacitor-based DC-
DC converters necessitates a significant number of controlled
switches, which may increase complexity and cost of the
system.

To address weight and cost concerns, applying small induc-
tors in the DC-DC converter structure can be beneficial [34],
[35]. By replacing existing converter coils with switched
inductors, voltage of DC-DC converters can be increased. Cou-
pled inductors in non-insulated converters can further boost
voltage gain. Nonetheless, these circuits require incorporation
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of snubber circuits to absorb energy stored in the inductor,
adding complexity but improving efficiency.

Use of an active clamp technique in these converters,
combined with voltage regulation through power switches, en-
hances system efficiency by discharging leakage energy stored
in the inductor at the load [36]. However, converter’s input
current becomes completely pulsed, potentially exacerbating
leakage inductance and parasitic capacitance. Additionally,
as inductor conversion ratio increases, number of leakage
inductors in converter coils also rises, resulting in increased
voltage across power switches and reduced efficiency.

In recent years, use of inductor-capacitor switching con-
verters has gained significant attention. This approach involves
charging energy storage elements simultaneously, when power
switches are in on-state, followed by discharging all the
energy to the load in the next time interval, thereby signif-
icantly increasing converter voltage gain. Some studies pro-
pose integrating switched-inductor blocks into standard DC-
DC converter structures to achieve higher voltage gain [37]-
[40]. These circuits offer almost continuous input current and
relatively simpler converter models, facilitating closed-loop
control. However, when the power switch is in off-state, the
entire output voltage is applied across the switch, limiting use
of low-voltage transistors to reduce converter losses.

Several transformer-less DC-DC converters with high volt-
age gain have been suggested to reduce power switch voltage
stress [41]. These circuits charge two similar inductors in
parallel and series during on and off states of the power switch,
respectively. While these converters achieve a maximum volt-
age gain approximately equal to half of output voltage, the
possibility of modular implementation to further increase gain
and reduce switch voltage stress has not been thoroughly
explored. Furthermore, when the converter diode is in off-state,
total output voltage drops across it, making it impossible to
use fast Schottky diodes to minimize switching losses.

In this study, to leverage both switched capacitors and
inductors, a high-gain transformer-less DC-DC converter has
been proposed. This approach aims to increase converter gain
while reducing power switch voltage stress. Additionally, due
to the power switch being in series with input source through
the inductors, input current has less stress with a continuous
form that decreases input current ripples and enhances the
life cycle of the panel and semiconductor components of the
circuit. Also, an improved P&O MPPT algorithm is presented
for the primary MPP converter.

This study consists of these parts: the proposed MPPT
design and suggested boost circuit are analyzed in Section II,
and Sections III and IV present findings and conclusions,
respectively.

II. PROPOSED MPPT ALGORITHM AND DC-DC
CONVERTER

A. MPPT Method
The Perturb & Observe algorithm is a well-known MPPT
technique for photovoltaic (PV) systems. It operates by per-

turbing the operating point of the PV system and observing
resulting change in power output. Algorithm continuously
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adjusts operating point by either increasing or decreasing PV
system’s voltage or current and selects direction that leads to
higher power output.

One advantage of Perturb & Observe algorithm is its
simplicity, as it does not require detailed knowledge of PV
system’s characteristics. However, algorithm may suffer from
oscillations around maximum power point, especially under
rapidly changing environmental conditions.

It is important to choose an appropriate perturbation step
size to strike a balance between tracking speed and stability. A
DSP-based microcontroller is used for the proposed converter
with 80 MHz sapling rate. This feature gives the opportunity
of fast comparing and adjusting correct perturbation step size.
The proposed algorithm changes value of the duty ratio for
power switches according to difference between measured and
stored values of duty cycles. Since frequency of the sampling
is high enough, more accurate duty ratio is selected.

Block diagram of the proposed simple P&O algorithm and
used DSP controller is shown in Fig. 1. This algorithm com-
pares current power value (P(t)) with power value obtained in
previous sample (P(t — 1)). If current power value is greater
than previous power value (P(t) > P(¢t — 1)), it indicates PV
system is moving closer to MPP. In this case, the algorithm
continues to perturb operating point in the same direction
(increase or decrease voltage or current) to track MPP.

If current power value is lower than previous power value
(P(t) < P(t — 1)), it suggests PV system has moved away
from MPP. In response, algorithm changes direction of pertur-
bation, it reverses change in voltage or current to bring system
back towards the MPP.

Algorithm repeats this process at each sampling interval,
continuously adjusting operating point based on power com-
parison to maximize power output.

B. Proposed Converter

The recommended converter is shown in Fig. 2. This figure
shows connection of the proposed converter with integration
of PV panel and MPPT boost converter. This figure simply
shows after tracking power at MPP by conventional MPP boost
converter, the proposed converter acts to enhance generated
DC voltage and fix it. This circuit topology includes two power
switches M; and Ms, three inductors L, Lo, and L3, five
capacitors C to Cy, and Co, and six power diodes D; to Dg.
The main power switch is illustrated with M5 index, and M,
is an auxiliary switching component. For this converter, both
power switches will be activated and deactivated at the same
time intervals.

The main role of the auxiliary switch is reducing voltage
stress that will impose on main switch. Analysis for contin-
uous conduction mode (CCM) of the proposed converter is
considered for load side. This converter includes two on and
off-operating states in CCM. Operating modes are described
below.

C. ON and OFF-states and Operating Modes of the Converter

First State: When switches are activated, diodes Dy, D3,
Dy, and Dg switch to off and D; and Dy to on-state. Anode
pins of diodes D, and D3 are connected to earth so they stay
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Fig. 2. Proposed switched-inductor-capacitor DC-DC boost converter and integration of this converter with PV array, MPPT converter, and DC and AC
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at off-mode. Equivalent circuit for this situation is shown in
Fig. 3(a). As observed, input inductors L; and Ly will be
parallel and charged linearly by input voltage. In this mode,
voltage at C is discharged in capacitor C5 via diode D5, and
capacitor Cy is discharged. The reason is positive plates of
capacitors Co and Cy are connected to earth. In this mode,
inductor Ls starts to be charged because voltage at Lg is
positive and current of capacitor C; is discharging on this
inductor. According to KVL laws for this state of operation and
polarity of capacitors, the following equations can be obtained.

Vin = Vi1 = V2 (D

Vin = Va2 + Va2 — Vs 2)

Voo —Ves =0 — Voo = Vs 3)
~Vin = Vo1 +Viz+Vo = Vey =0 4)
Viz=Vin + Vo1 — Vo + Veu (®)

Input and output voltages are denoted by Vi, and Vp in
preceding equations. Voltages across the L;, Lo, and L3
inductors are represented by V71, V9, and Vi3, while voltages
across the C, Co, C3, Cy, and Co capacitors are represented
by Ve, Vea, Ves, Ve, and Veo.

Second State: For this mode of operation, equivalent circuit
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Fig. 3. Configuration of the proposed boost converter and components states
when power switches are (a) activated and (b) deactivated.

is shown in Fig. 3(b). In this case, the switch is passivated,
and power diodes D; and Dj operate in off and other diodes
in on-modes. By considering the serial connection for input
inductors, voltages across the inductors L;, Lo start to dis-
charge, voltages across capacitors C, Cs, and Cy begin to be
charged and C3 discharged. Furthermore, inductor L3, which
was charging for first operating mode, will be discharged for
this situation because it endures a negative voltage base on
charging states of capacitors C; and Cy. Equations of elements
for this state can be obtained as follows:

Vin =Ve1 +Vie+ Voo = Vo1 =Vin = Via = Vo (6)

Vea = Voo + Vs (N
Ver=-Vi1 — Via (®)
Vis=Veos — Vo &)

Vie=Ve1 — Vi 10)

Figure 4 depicts current and voltage states for components
of the proposed circuit based on given equations and simu-
lation results. The above illustration shows all inductors are
charged and discharged at the same time. Capacitors C, Ca,
Cy, and Cp charge and discharge at the same time intervals,
whereas capacitor C'3 charges in the opposite direction as other
capacitors. Also, when diode D; is deactivated, diodes Do,
D3, Dy, D5, and Dg are active, and vice versa.

D. Voltage Gain for CCM Operation Mode
Duty cycle for a power component is defined as follows:

Ton
D=—
T

In this equation, Ty, is equal to DT, and is known as time
interval a power switch is activated. Switching time period

11
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Fig. 4. Component waveforms of the designed transducer in CCM operating
mode for proposed converter.

is shown by T'. According to steady-state voltage equilibrium
theorem; value of voltage for an inductor with a time period
including on (0 to DT) and off (DT to T) states time intervals
are equal to zero. By considering this fact for inductor L, and
through (1), and (6):

DT T
/ (Vin)dt + / (Vi = Vie —Vo)dt =0 (12)
0

DT

By considering this fact both L; and L, are charging at
the DT time interval with input voltage and discharging in
(1 — D)T time interval by the same values of L; = Lo, one
can obtain (V11 = V9), so by (12), voltage in capacitors Cs
and ('3 can be obtained as follows:

‘Gn - Ve
Vin DT = TCQQ —D)T =0—Vgy = Vs

Vin(1+ D

= 7( + D) (13)
(1-D)

Based on (7), voltage in capacitor Cy equals:
2Vin(1 + D)
= 14
Ve 1-D (14)

By considering Fig. 3, one can write:

Viin+Vie+Vea —Vin =0and Vi1 + Vo + Vo1 =0
(15)

Then, by replacing (13), voltage across capacitor C; will
be obtained as below:

2VinD

Yo =)

(16)
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Based on laws described as second voltage balance rule,
according to Figs. 3(a) and 3(b) and (5) and (9), one can write
for inductor L3:

DT
/ (Vin + Vo1 — Vo + Vies)dt
0

T
+ / (Vin + Vo1 — Vo + Viez)dt = 0 (17)

DT

Therefore, by replacing values of parameters V1 and Vs

in this equation, DC voltage gain of the proposed converter

for CCM operating mode can be presented as follows:
Y Vo 2D+2 14+ D

CMTV, T 1-D  “1-D

Galvanic isolation is an important concept in PV systems
because it ensures electrical safety and protects sensitive
components. It entails dividing two or more electrical circuits
to prohibit direct current (DC) or alternating current (AC)
transition between them while permitting signal or power
transmission.

Galvanic isolation is usually used in PV systems between
DC side (solar panels and inverters) and AC side (grid or
loads). Isolation is required for electrical safety, noise and
interference reduction, and grounding compatibility. There
are several methods for achieving galvanic isolation in PV
systems, including use of transformers, and capacitive and
magnetic coupling. At input side of the converter, a combi-
nation of a power diode and a capacitor acts as a galvanic
isolator to prevent reverse currents or voltage spikes on the
PV system. Although voltage conversion form DC to AC and
grid connection problems are not the subject of this study,
when it comes to grid connection, a transformer can be added
between inverter output nodes and grid input nodes.

(18)

E. Efficiency Calculations

Internal resistance of circuit components can be used to
improve converter’s efficiency. When power switch is turned
on, this resistance is denoted by rpg for diodes, Ry to Rey
and R¢o for capacitors, and 7,1, rr2, and rp3 for inductors.
Diode threshold voltages are represented by Vi to Vig. Total
losses can be computed for all components as follows:

6 6 6
Hoss = Fswitch + Z(PRF)D“ + Z(PVF)Du + Z PRCu

u=1

+Pp, + P, + P, + Pre,

u=1 u=1

19)
Efficiency equation for converter can be obtained in the
following ways:

B P, B 1
- - POSS
Po_Hoss 1‘1‘1,#0

7 (20)

By calculating switching losses for power semiconductor
devices and dynamic losses for all components, efficiency can
be found as follows:

1
= D2(1_D)2R F.CsV2 (21)
1+ wpa=pye +7e, 12242020272 T (1—D§21’%n13
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¢ in (21) can be summarized with (22) as follows:

p= TDS(2 + 2D)2 + (1 — D)(RF1 + Rpo + Rpy + RFﬁ)

6
1—-D
+(IO);1VFU+(1—D>2RF3+<1—D)

+ (1 - D)(TC1 + TC4) + (1 - D)(Tc’2 + TCS)
+(242D)?Rr, (24 2D)?Rr, + (1— D)Rr,  (22)

E. Control Method, PI Controller

Proportional Integral (PI) is used as controller for the
proposed DC-DC boost circuit in this study. Simplicity of
implementation and obtaining a deep mathematical behavior
of circuit components are among the most important reasons
for PI controller selection.

DSP-based, TMS320F28379D microprocessor is used for
the laboratory tests with advantages such as being compatible
with Matlab/Simulink software, high integration reliability,
cheap cost, high processing speed, and low power consump-
tion.

G. Performance Evaluation of the Proposed Converter

Table I compares the proposed converter to other boost con-
verters [42]-[50] in order to evaluate the proposed converter’s
features. For safe comparison, all of these converters are in
the same classification and incorporate switched-capacitor or
switched-inductor cells. According to table results, despite
the fact the suggested converters in references [43], [45]-
[47], and [49] only contain one power switch, voltage gain
of the proposed converter is significantly higher, especially
for longer duty cycles. Reference [44] converter includes
four power switches that necessitate a more sophisticated
controller design. Number of inductors in all of converters in
Table 1 is comparable; however, the proposed and converter
in [46] have the most capacitors, and suggested converter
in [47] has the most power diodes in its construction. The
proposed converter can provide greater DC voltage gain while
reducing voltage stress across power switches. Fig. 5 depicts
voltage gain diagram for all of converters listed in Table I.
As can be observed from the graph, gain of the proposed
converter is significant at all duty ratio scales. It depicts
voltage gain of converters in Table I graphically for a better
understanding of converters’ performance. This chart clearly
illustrates the suggested converter has a significant gain when
compared to converters in the same classification, such as
switched-capacitor or switched-inductor cells. For example,
at D = 0.6 and 0.9, the proposed SL-SC-based converter
theoretically achieves gain equivalent to 8 and 38 times input
voltage source, which is significant and exceeds gain of several
converters in this table and figure.

Value of voltage stresses across semiconductor devices,
which can affect converter’s reliability and longevity, is one
of the most essential features of the converter.

Figure 6(a) shows voltage stress across primary power
switch is substantially lower than in other converters, es-
pecially for high-voltage applications, and that it functions
perfectly. This graph demonstrates only roughly 10% of output
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TABLE I
COMPARISON FOR PROPOSED AND OTHER BOOST CONVERTERS

. of elements Total Num. Voltage stress

Current

Topology L C D S of power Voltage gain on main stress across Topology of Control method
. . . converters and details
components switch main switch
d D,
n f
1+3d v, d+—
[42] 4 5 3 2 14 _— I, , ¢ = Mz There is no
1—d I+(n+1)d 1-d information about the
control circuit.
B ™
_ ' p, ==
d(1 +3d 1+d 2d(3 +d D]
[43] 3351 12 L (1+d) o B+ )In > > 7 @ % Closed-loop PWM
(1—d) d(1+ 3d) (1-4d) =" :} I controller, according to
S G ‘ circuit mathematics
r
[
Lg b
2d ok N ,
[44] 321 4 10 1+ 1T d—d ~ - w e T There is no
= (d —dioss) i Quz J_ information about the
Vin “' T¢ o (’T % control circuit.
1m Co
ukg T ] [
1+nd Vi 1 R
[45] 4321 10 tn o _ ( + ") I, L T r There is no
1-d (1+n)d 1—d s information about the
2 " Fa control circuit.
2 d 1—-d)V, M -1 [M,
[46] 25 4 1 12 tn ( Vo cem cem 1 Steady state based PI
1-d (2+nd) Mceowm Mecom —2 controller, according to
circuit mathematics
3+4+d dV. 3+d
[47] 2 4 7 1 14 i o \/QLIO PI controller, according
l1—d 2 l—d to circuit mathematics
1+d d
[48] 22 3 2 9 1+d Vo - 2-model predictive
1—d 1+d control based MPPT
algorithm
- Do
&) ny
2n—1 n—1 n p? c&j )
[49] 5431 13 Vo - o< g P&O algorithm for
1 d 1 2 1 L, 8L, 0T
(1-d)(n-1) n— Ly gy o MPPT controller,

T simple sampling and
comparing switching
signals, No need for
circuit equations

2 Ve I
[50] 24 4 2 12 — zo —2 x Fuzzy logic controller,
(1-d) 4 (1—d) No need for circuit
equations
21+ D Vo(l1—D 2+4+2D)I, Jj’ .
Proposed 3 5 6 2 16 g of ) 2+ ) o5 PI controller, according
(1-D) 2(1+ D) \/5(1 - D) to circuit mathematics

voltage decreases over switch My, indicating converter is
ready for high-power applications.

The least possible current stress for power components is
another feature of a good converter. Minimum level of current
ripples, especially for the PV-connected converters on the
source side, current of power switches, and also current for
diodes all are important. Fig. 6(b) shows current stress for
switch M5 in relation to output current. It also displays the
same characteristic as some of converters in Table I. This

figure shows that as is expected, theoretically for longer duty
ratio and under high-power applications, current of switches
are being more and more. State of this stress for switch
M> in the suggested converter shows current is acceptable
and is comparable with other good topologies in the same
classification. Because some references in Table I do not have
a current equation or values are large or small and cannot
be compared with other sources, relevant current or voltage
equation is not drawn in the figures.
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Fig. 6. (a) Voltage and (b) current stresses for the main switch of the proposed
and other converters in Table 2.

In addition, controller process model for circuits described
in this table has been supplied. While no controller information
is provided for circuits in references [42], [44], [45], PI
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controller is employed for converters in references [43], [46],
[47], and the proposed converter in this study. PI controller was
developed after a thorough mathematical analysis of the cir-
cuit, as controllers with approximate, Kp and K; coefficients
could not provide an accurate control mechanism. A simple
sampling and comparing controllers for circuit in [49] and a
fuzzy logic controller for the converter in [50] are provided,
both of which do not require converter’s equations. [48]
describes a 2-model predictive control-based MPPT algorithm
that requires accurate forecasting of converter components’
currents and voltages.

III. RESULTS AND DISCUSSION

This section is investigating performance of the proposed
converter under optimized MPPT technique. In first stage,
generated voltage by MPPT boost converter under different
irradiances and temperatures is evaluated. Fig. 7(a) shows a
scenario of received irradiance by a Jiyangyin HR-200W/24V
PV panel. This figure shows that start time irradiance equal
750 W/m? is received by panel for 1 second. For the next
time intervals with a 1-second duration, the irradiance changes
to 850 and 1000 W/m?2. Power by the mentioned panel is
presented in Fig. 7(b) for these irradiances and also transferred
power by the MPPT and proposed converters are reported in
this figure. Under W/m?, generated power by the panel is
greater for larger irradiances, and therefore transferred power
by the boost converters is enhanced.

Figure 7(c) depicts voltage values generated by the panel
and other boost converters. Where voltage of the panel and
MPPT converter is about the same, the proposed converter can
successfully increase voltage. This figure depicts performance
of the proposed converter without taking into account con-
troller and intends to demonstrate how converter can enhance
generated DC voltage by the panel and MPPT converter.
Fig. 7(d) presents performance of the proposed topology under
35°C temperature. As expected, as the temperature rises,
generated power drops, as do power values intended to be
transferred to the load. The same irradiation levels are applied
to the panel at the same times under the new temperature.
Fig. 7(e) shows generated voltage by the panel and convert-
ers for variable irradiance and of 35°C the temperature for
the Jiyangyin HR-200W/24V PV panel. This figure clearly
demonstrates success of the proposed converter in increasing
generated small voltages by the panel and MPPT converter
and offers a voltage near to generated voltage at 25°C.
Fig. 8 depicts predicted topology’s performance with more
power and the same irradiance and temperatures. Through
parallel connection, two Jiyangyin HR-200W/24V PV panels
are considered. Generated power will be doubled under this
new working state; thus, we may expect higher voltages.
Figs. 8(b) and 8(c) represent generated power and voltages of
the panels at 25°C. Panels generate 400 W of power at optimal
working conditions of 1000 W/m? and 25°C of temperature.
Under this operational mode, the suggested converter transfers
roughly 365 W, resulting in an efficiency of close to 92.5
percent. This graph indicates as input power increases, so
does efficiency. Simulation results demonstrate that for 1 kW
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Fig. 7.
the temperature.

of power, 5 parallel panels achieve an efficiency close to 98
percent. Greater DC voltages can be obtained by using greater
input voltages, as shown in Fig. 8(b).

The same results can be obtained with 400 W input power
and a temperature of 35°C. Figs. 8(c) and 8(d) demonstrate
outcomes for this operating situation. Because panel’s best
performance is realized at temperatures below 25°C, higher
temperatures are projected to yield lower powers. Fig. 8(c)
demonstrates this. Boosted voltage by the proposed converter
is significant when considering voltage of the panel, and more
than 6 times the voltage gain is attained under the 0.5 duty ra-
tio for the proposed converter. Higher DC voltages are simply
feasible with higher duty cycles. Fig. 9 displays performance
of the proposed boost converter using a PI controller to provide
a fixed 300 VDC for converter’s output voltage. Input voltage
is set to 30 volts of direct current. Converter’s other specs are
the same as in Table I. Fig. 9(a) shows current status of input
and output voltages. Fig. 9(b) depicts converter’s input and
output currents. This figure validates theoretical findings since,
with a DC voltage gain of close to ten times, input current
should be greater than output voltage under constant power.
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The (a) irradiance and generated (b) power and (c) voltage under 25°C of the temperature and generated (d) power and (e) voltage under 35°C of

Figure 9(c) illustrates voltage stress across primary power
switch (S3). This graph indicates voltage between the
switch Sy’s drain-source pins approaches half output voltage.
Fig. 16(d) also depicts current pressures for both switches.

This diagram illustrates currents of the switches are nearly
the same and that average current values are close to each
other. Figs. 9(e) and 9(f) show voltage across diodes D; to
Dg. These findings strongly confirm theoretical expectations
and equations presented.

Figure 9 depicted current state of all components. Figs. 9(e)
and 9(f) simply demonstrate these results are correct; for
example, when diode D1 is activated, diode Dj3 is deactivated,
and when diode Dy is on, diode Dj is off.

Figure 10 demonstrates controller’s performance as voltage
of input source changes. This status is taken into account when
PV panel generates varying DC voltages. Fig. 10(a) shows
how voltage of input source changes from 45 to 35 VDC in
2.5 V steps at t = 1, 2, 3, and 4 seconds. The suggested
boost converter presents a fixed DC voltage for all ranges of
input voltage source and findings reveal no substantial under/
overshoots are recorded at change times for all these ranges
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Power diagram at 400W, 25 degree centigrade
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of input voltage source.

Figure 11(a) depicts experimental test workbench, whereas
Figs. 18(b)-18(n) represent measured voltages and currents
for the proposed converter. Switching frequency is 20 kHz,
and inductors L1, Lo, L3, L4 have an inductance of 200 pH.
Capacitors C1, and C are set to 100 uF, C5, Cy are set to 47
uE, and Co is set to 470 uF. As to the load, a resistive load
of 1.5 k€2 is used.

Figure 12(b) shows employing a 36 VDC voltage source

produces a voltage close to 300 VDC. In addition, differential
probes are used to monitor voltages and currents, with volume
on the probe set to x20. This means multiplying value
displayed on the oscilloscope by 20.

As expected, a voltage equal to 85VDC is achieved for the
switch Ss’s drain-source pins. This can be seen in Fig. 18(c).
This figure also shows switching voltage for gate-source pins
of this switch. Fig. 11(d) shows voltages across inductors L
and Lo. The intriguing outcome is all of these inductors are
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being charged and discharged at the same time. Figs. 11(e) and
11(f) show voltage on capacitors C; to Cy. Greatest voltage is
provided for capacitors closest to output nodes, as predicted.
Maximum voltage for C3 and Cj is reported. Voltage and
current stresses on components are one of the most significant
characteristics of a successful converter. Voltage strains on
diodes D; through Dg are depicted in Figs. 11(g), 11(h),
and 11(i). Because voltage at input side of converter is less
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than voltage at output nodes, elements on input side should
experience lower voltage shocks. As a result, voltage stress
for diodes D3 to Dg is greater than voltage stress for diodes
Dy-Ds.

Figures 11(j)-11(m) show current for various elements of
the converter. As previously stated, because output voltage of
a boost converter is substantially greater than input voltage,
voltage stresses are greater for the elements closest to the

Output voltage
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(a) Variable input voltage and (b) performance of the controller to fix the output voltage.
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Lo, (d) Lo, and L3, (e) capacitors C1, and Ca, (f) C3, and Cl4, voltage acroos the diodes (g) D1, and Da, (h) D3, and D4, (i) D5, and Dg, (j) input
current, current of (k) inductor L1, (1) inductor L, (m) switch S2, and (n) diode D;.

output nodes. Instead, because input voltage is lower, current
for elements on input side is higher for the same amount
of power. Presented waveform has a power rating of around
100 W. As a result, as shown in Fig. 11(j), a current with an
average of approximately 2.8 A is drawn from source.
Figures 11(k), 11(1), and 11(m) show current stresses for
inductors Ly to Ls. Fig. 11(n) shows current for switch Ss as
an example. Drain-source voltage of switch also is presented.
As previously stated, because output voltage of a boost
converter is substantially greater than input voltage, voltage
stresses are greater for elements closest to output nodes. In-
stead, because input voltage is lower, current for the elements

on input side is higher for the same amount of power. The
presented prototype converter has a power rating of around
220 W.

Figures 12(a) and 12(b) show test results for loss calcula-
tions at 220 W power. According to these figures, switching
losses account for the majority of losses. A precise soft
switching snubber circuit can reduce or eliminate this loss,
resulting in improved efficiency. As a second overview, diodes
are the primary source of power losses. In the second and
third rows are switches and inductors. Efficiency diagram for
suggested boost converter in modeling and experimental tests
is shown in Fig. 13. Due to laboratory constraints, suggested
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for all components.
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Fig. 13. Efficiency diagram of the proposed converter for simulation and
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converter was tested at 220 W, but prototype converter was
designed for 1.2 kW. Results reveal for the specified range
of output powers, the suggested converter can exhibit higher
efficiency for larger powers. Discrepancies between simulation
and experimental testing can be expressed by taking into
account real-time application conditions and component non-
ideality.

IV. CONCLUSION

DC voltage generated by PV arrays is usually not in grid
range, especially when only a little amount of energy is
generated by a few panels. As a result, power converters
in modern power transmission techniques should boost this
voltage. MPPT converter, on the other hand, cannot gen-
erally fix generated voltage and is used to force panel to
generate power at the maximum power point. This study
presents a switched-inductor, switched-capacitor-based DC-
DC power boost converter. By using duty ratios of 0.5 and
0.8, the suggested converter can boost input voltage by 6
and 18 times. Larger voltage gain is produced by cascading
more switched capacitor cells, which easily double voltage
created by converter and produce fewer current varieties as
compared to switch inductor cells that are charged in parallel
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and discharged in series. The suggested converter includes
only two power switches that switch simultaneously, reducing
complexity of drive circuit’s control mechanism. Simulation
and experimental results are provided, including a simulation
efficiency of more than 98 percent and an experimental
efficiency of close to 96 percent. For larger power values,
better efficiency can be obtained. The suggested converter is
suitable for use in portable lighting systems, as well as PV-
based off-grid or micro-grid applications. The recommended
converter can be used for high-power applications by select-
ing appropriate high-power semiconductor devices and high-
current inductors.
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