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A Single-Switch Continuous Input Current
Buck–Boost Converter With Noninverted

Output Voltage
Mukkapati Ashok Bhupathi Kumar and Vijayakumar Krishnasamy

Abstract—In this article, a single-switch continuous input cur-
rent (CIC) buck–boost converter with noninverted output voltage is
proposed. The proposed converter utilizes capacitor and inductor
along with three diodes in conjunction with a quadratic boost
converter to adopt its CIC feature. The features of high voltage
gain, single active power switch, less ripple CIC, and noninverted
output voltage make the proposed converter suitable for renew-
able and industrial applications. In addition, it provides a wide
operating voltage gain with optimum component count, which is
higher than the conventional buck–boost converter. Furthermore,
it has low voltage stress across the power switch with comparable
converters. To elevate the importance of the proposed converter,
a detailed comparison analysis has been carried out considering
voltage stress, voltage gain, effectiveness index, and component
count. The operating principle and steady-state analysis in con-
tinuous conduction mode and discontinuous conduction mode of
the proposed converter are discussed in detail. To validate the
theoretical analysis and performance of the proposed converter,
a prototype has been developed and tested in laboratory.

Index Terms—Buck–boost converter, continuous input current
(CIC), noninverted output voltage.

I. INTRODUCTION

IN THE current scenario, renewable energy resources cap-
tivate considerable attention due to issues aroused because

of global warming, increase in energy consumption, abatement
of fossil fuels, climate changes [1], etc. In general, power
electronics equipment has an indispensable role in integrating
these renewable energy resources, such as photovoltaic (PV),
wind energy, and fuel cells, to the load. In addition, these
power electronic equipments are used in many applications,
such as battery systems, power factor correction, electric vehicle,
portable devices, etc., and maintains the load voltage on account
of broad variation in source voltage. In contrast, some applica-
tions, such as multifunctional switched mode power supplies,
require a varied range of output voltages with respect to constant
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source at the input end. A dc–dc converter with a wide voltage
conversion ratio becomes a promising solution for the aforemen-
tioned aspects. Boost and Buck converters are conventional and
well-established due to their intelligible and simple structure.
On the other hand, these converters are confined to limited
voltage conversion ratio requirements in the extremes of desired
voltages, low or high. Consequently, to discard these limitations,
the voltage multipliers, voltage lift, switched capacitor/switched
inductor, and cascading techniques are employed for achieving
high voltage gain. Furthermore, interleaved converters are useful
in achieving step-down or step-up mode with low ripple current.
However, it is adding complication in the converter structure as
well as control strategy due to additional switches.

A buck–boost converter benefits in providing both step-up
as well as step-down modes in contrast to conventional boost
or buck converter. In PV applications, the buck–boost converter
faces difficulties in integrating the loads due to its pulsating
source current [2], which is not admissible. In addition, the
pulsating source current slackens or degrades efficiency, life,
and performance of PV and fuel cell [3]. A Cuk converter is
derived from a boost converter where the diode is replaced
with an inductor-capacitor-diode (LCD) network. It abolishes
the indispensable pulsating current and smoothens with the
use of an inductor at the input end. An added advantage of
continuous output port current, due to the presence of another
inductor at the load end, makes the converter more suitable
for PV and fuel cell applications. The inverted output voltage
which is still present in the converter as a buck–boost converter
pertains to some specific applications, such as data transmission,
signal generators, etc. However, extra circuitry is needed to
invert the voltage polarity in the control loop. To overcome
the issue of inverted voltage polarity, a pair of converters is
introduced, namely single ended primary inductance converter
(SEPIC) and Zeta. The SEPIC converter is a variant of the Cuk
converter where the inductor and diode are swapped in the LCD
network. However, it attains noninverted output voltage with
the expense of absence in continuous output port current. The
Zeta converter is derived from a buck-boost converter where the
diode is replaced with LCD network. Further, in contrast to the
Cuk converter, the Zeta converter achieves noninverted output
voltage and continuous output port current with a shortcoming of
pulsating input current, which is not agreeable. But, in contrast
to the Cuk converter, this converter achieves noninverted output
voltage and continuous output port current with a shortcoming
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of pulsating input current, which is not agreeable. In addition,
these derived converters have the same voltage conversion ratio
as the conventional buck–boost converter, and it may not be
suitable for a wide range of operations.

Hence, a quadratic buck–boost converter [4] is presented in
the literature, which was developed by integrating two conven-
tional buck–boost converters in a cascade manner utilizing a
single switch. This converter facilitates a wide operating range
in terms of quadratic gain. However, this converter fails in
providing continuous input and output ports current as well as its
ability to work in boost mode for d > 0.5 because of the voltage
stress across diode Db (VDb

= V0 · (1− 2d/d2)). With the in-
clusion of an additional switch to the aforementioned converter,
a modified quadratic buck–boost converter [5] was proposed
with the ability to work in boost mode. Perhaps, this converter
finds difficulty in providing continuous input and output ports
current as the aforementioned converter in [4]. This is due to
the floating switches presented in the converter. To preserve
the property of continuous input current (CIC) of the converter
in [5], a converter in [6] was proposed with reconfiguration of
similar component count, which further deviates the voltage gain
and gives inverting voltage polarity. The converters presented
in [7] and [8] employed capacitors in series with input source
reflects output voltage, which makes the converter to achieve
quadratic gain with pulsating current due to switched capacitor.

In pursuit of minimizing the switch count, a series of con-
verters with single switch are proposed with elevation of con-
version ratio, which resembles conventional buck–boost, Cuk,
SEPIC, and Zeta in terms of properties. Converters presented
in [9] and [10] achieved twice voltage gain of conventional
buck–boost converters along with properties of Zeta converter.
However, in [9], the load was tapped across two capacitors,
which were connected in series fashion. This increases the output
voltage ripple and is not advisable. A quadratic gain-based
buck–boost converter was proposed in [11] with a single switch.
Furthermore, it derived from a buck–boost converter where the
inductor is replaced with switched inductor cell to improve
the conversion ratio. In the same fashion, with increment of
passive components in switched inductor cell that is integrated
in the buck–boost converter, as in [11], was proposed in [12].
Hence, the converter enhances the conversion ratio three times
of conventional buck–boost conversion ratio. However, these
sets of converters are unable to abolish the difficulties that are
present in [5], mainly the CIC.

With the importance of quality of CIC, single switch, and
high conversion ratio, a pair of converters was introduced in [13]
and [14] with inverting voltage polarity. The converter presented
in [13] utilized the Cuk converter as its embodiment. Further-
more, it achieved high gain in step-up mode when compared
with the Cuk converter. Similarly, in [14], with inclusion of
basic buck, buck–boost, and boost converters, a converter with
quadratic gain was proposed. Unlike the aforementioned con-
verters, the SEPIC-based implementation of converter [15] was
pertinent in terms of CIC and noninverting voltage polarity.

In this article, the number of energy storage elements of the
SEPIC-based converter presented in [15] is minimized. Also, the
proposed converter achieves better voltage gain capabilities in

both boost as well as buck modes. Furthermore, unique features
of the proposed converter, such as noninverting voltage polarity,
comparable high gain, less voltage stress, and substantial CIC,
are noteworthy to mention. The proposed buck–boost converter
configuration is divergent to the conventional buck–boost con-
verter and other presented converters in the literature.

II. CIRCUIT SCHEMATIC OF THE PROPOSED CONVERTER AND

ITS DESCRIPTION

The proposed converter configuration emanates from the tra-
ditional quadratic boost converter (QBC) to preserve the abilities
in terms of CIC, noninverted output voltage, and wide operating
range, which are inevitable shortcomings in the conventional
buck–boost converter. As shown in Fig. 1(a), an additional set of
passive elements, such as inductor Lc, capacitor Cb, and diodes
Dc and Dd, is employed in QBC for acquiring the abilities
of buck mode along with the boost mode. QBC comprises of
a pair of inductors (LaandLb), capacitors (CaandCc), three
diodes (Da, Db, andDc), and a power switch (S). In continuous
conduction mode (CCM), the proposed configuration shuttles
between two operating modes based on the state of power
switch ON or OFF over a switching period, as shown in Fig. 2.
Furthermore, the steady-state typical waveforms of the proposed
converter are shown in Fig. 3.

The following assumptions are made to ease the analysis of the
proposed converter in view of operating modes and steady-state
analysis.

1) Nonconducting passive devices and switch are shown in
light gray color.

2) Voltage across the utilized capacitors is contemplated as
constant over a switch cycle due to the enough value of
capacitance is used.

3) Power devices are considered as ideal. Thus, the parasitics
are neglected.

A. Operation Principle

1) Mode 1 [ta − Tb]: This mode commences by switching
the power switch S at t = ta and lasts until t = tb before
entering into the subsequent interval. The equivalent schematic
of this mode is shown in Fig. 1(b). During this mode, the diodes
(DbandDd) assist the inductors (LaandLb) to magnetize by
utilizing the input voltage source (Vi) and capacitor (Ca) being
in conduction state. In addition, the diode (Da) at the input
end turn into reverse biased by the virtue of voltage (VCa

)
across it. The inductor Lc gets magnetized using capacitor Cb

with the entitling reverse biased diodes (DcandDe) where the
diodes (DcandDe) block the voltages of VCb

and VCc
+ VCb

,
respectively. Finally, the capacitor (Cc) alone energizes the load
by discharging through it. The voltages across inductor followed
by currents through capacitor are expressed in Table I.

2) Mode 2 [tb − Tc]: As subsequent mode to the mode1, this
mode starts OFF at instant tb by switching OFF the power switch
S lasts until tc, which becomes starting point to the mode1.
The equivalent schematic of this mode is shown in Fig. 1(c) and
the current paths are represented as dotted lines. In contrast to the
earlier mode, the inductors start discharging in a way to charge
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Fig. 1. Equivalent circuits. (a) Proposed converter. (b) ON state. (c) OFF state. (d) DCMLa state. (e) DCMLb state. (f) DCMLc state.

Fig. 2. Conduction mode state diagram of the proposed converter. (a) General representation. (b) CCM. (c) DCMLa. (d) DCMLb. (e) DCMLc.

the capacitors where inductors La and Lb and voltage source Vi

accompany the capacitor Ca, inductor Lb assists the capacitor
Cb, and finally the capacitor Cc charged up by inductor Lc.
The posterior energy exchange is through the forward biased
diodes (Da, Dc, and De) in addition to reverse biased diodes
(DbandDd). The voltages across inductor followed by currents
through capacitor are expressed in Table I.

III. STEADY-STATE ANALYSIS

A. CCM Analysis

1) Voltage Gain: To ease the analysis of voltage gain deriva-
tion, it is assumed that the voltage ripple content on the all
capacitors is negligible. With this, the voltage across each capac-
itor can be found by utilizing the volt–second balance principle
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TABLE I
PROPOSED CONVERTER STATE EQUATIONS

TABLE II
VOLTAGE ACROSS THE CAPACITORS AND CURRENT THROUGH THE INDUCTORS

Fig. 3. Key waveforms of the proposed converter during CCM.

on inductors, which is given as

∫ tb

ta

VLP ON
dt+

∫ tc

tb

VLP OFF
(1− d) t = 0, P = a, b, & c. (1)

By substituting the state equations in Table I into the (1), the
capacitor voltages are calculated and presented in Table II.

Finally, the voltage gain of the proposed QBC-based buck–
boost converter can be written from Table II as

MCCM =
V0

Vi
=

VCc

Vi
=

d

(1− d)3
. (2)

With reference to (2), it can be stated that the presented
converter is capable of working in boost mode as well as buck
mode with duty ratio boundary of 0.3178.

2) Voltage Stress: From the operating mode in Fig. 1(c), it
is discernible that the voltage stress across the switch S can be
written as the combination of voltages across the capacitors Cb

and Cc as

VDS = VCb
+ V0 =

V0

d
=

Vi

(1− d)3
. (3)

Similarly, the voltage stress across diodes Db and Dd can be
written as follows:

VDb
= VCb

− VCa
= V0 (1− d) =

dVi

(1− d)2
(4)

VDd
= VCc

= V0 =
dVi

(1− d)3
. (5)

With the help of operating mode in Fig. 1(b), the remaining
diode voltages can be written as follows:

VDa
= VCa

=
V0 (1− d)2

d
=

Vi

(1− d)
(6)

VDc
= VCb

=
V0 (1− d)

d
=

Vi

(1− d)2
(7)

VDe
= VCb

+ V0 =
V0

d
=

Vi

(1− d)3
. (8)

3) Current Stress: During mode1 means (switch-ON state),
the switch current stress can be calculated as summation of three
inductor currents: a) ILa

; b) ILb
; and c) ILc

, which are flowing
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through switch. The inductor currents can be found using amp–
second balance of the capacitor currents during both modes,
which is given as∫ tb

ta

ICP ON
dt+

∫ tc

tb

ICP OFF
(1− d) t = 0, P = a, b, & c. (9)

With the consideration of resistive load, the load current i0 can
be written as V0/R because the load capacitor Cc is discharging
to the load R. Knowing the load current, the inductor currents
ILa

, ILb
, and ILc

are calculated with the aid of (9) and Table I
and are presented in Table II.

From Table II, the relation between root mean square (rms)
switch current and load current can be obtained as

ISrms = (ILa
+ ILb

+ ILc
)
√
d =

I0

(1− d)3
√
d. (10)

Since, the inductor La current flows through diodes Da and
Db in successive modes. By utilizing the Table II, the rms current
of these diodes can be estimated as

IDarms
= (ILa

)
√
1− d =

dI0

(1− d)3
√
1− d (11)

IDbrms
= (ILa

)
√
d =

dI0

(1− d)3
√
d. (12)

The rms current of diodes Dc and De can be estimated
as currents ILb

and ILc
, respectively, flowing through those

accordingly during mode2. So,

IDcrms
= (ILb

)
√
1− d =

dI0

(1− d)2
√
1− d (13)

IDerms
= (ILc

)
√
1− d =

I0
(1− d)

√
1− d. (14)

Finally, rms current through Dd can be evaluated as the
combination of inductor currents ILa

and ILb
and expressed

as

IDdrms
= (ILa

+ ILb
)
√
d =

(2− d) dI0

(1− d)3
√
d. (15)

B. DCM Analysis

1) DCMLa: This mode arises when the inductor current iLa

becomes zero marked as tx between the time intervals tb and
tc shown in Fig. 4 where the diode Da becomes reverse biased,
as shown in Fig. 1(d), and the inductor voltage is also goes to
zero. Hence, during the volt–second balance of inductor La will
be having a time interval dx instead of 1− d and remaining
inductors follow the same as CCM. With the evaluation of
volt–second balance via Table I, the outcomes are appended
in Table II.

The charge balance on the capacitor Ca leads to (16), where
the QLaOFF

represents the charge delivered to the capacitor Ca

by inductor La before undergoing the DCMLa state.

−iLb
T +QLaOFF

T
= 0. (16)

Fig. 4. Generalized discontinuous conduction mode (DCM) inductor current
waveform.

By using QLaOFF
in Fig. 4 and solving (16), the dimensionless

parameter Kx can be written as

Kx =
2La

RT
=

(1− d)4 (dx)
2

(d+ dx) d
. (17)

Rearranging the (17) results (18) as a quadratic equation
shown as follows:

(1− d)4 (dx)
2 −Kxddx −Kxd

2 = 0. (18)

Finding the roots of (18) leads the unknown dx as

dx =
dKx ·A
2(1− d)4

, A =

⎛
⎝1 +

√
1 +

4(1− d)4

Kx

⎞
⎠ . (19)

By replacing the dx in Table II with (19), the DCMLa of
converter states are resulted as follows:⎧⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎩

ILa
=

Vid
2 ·A2

4R(1− d)4

ILb
=

Vid
2 ·A

2R(1− d)4

ILc
=

VidA

2R (1− d)3

⎧⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎩

VCa
=

Vi ·A
2

VCb
=

Vi ·A
2 (1− d)

VCc
=

VidA

2 (1− d)2

. (20)

2) DCMLb: As DCMLa, this mode starts with the discon-
tinuity in the inductor current iLb

at time ty . Furthermore, the
diode Dc becomes reverse biased and makes no charging path
to the capacitor Cc results iCc

as zero, as shown in Fig. 1(e). As
stated in DCMLa, only the volt–second balance of the inductor
Lb changes, and the associated state equations and outcomes
are furbished in Tables I and II, respectively. The amp–second
balance on the capacitor Cb results as follows:

−iLc
dT +QLbOFF

T
= 0. (21)

By solving (21), the dimensionless parameter Ky can be
obtained as

Ky =
2Lb

RT
=

(1− d)2 (dy)
2

(d+ dy) d
. (22)

The unknown parameter dy is obtained by rearranging the
abovementioned equation as

(1− d)2 (dy)
2 −Kyddy −Kyd

2 = 0 (23)
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TABLE III
SUMMARY OF DCM VOLTAGE GAIN

dy =
dKy ·B
2(1− d)2

, B =

(
1 +

√
1 +

4(1− d)2

Ky

)
. (24)

Substituting the dy in the expressions stated in Table II, the
converter state variables are obtained as follows:⎧⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎩

ILa
=

Vid
2 ·B2

4R(1− d)4

ILb
=

Vid
2 ·B2

4R(1− d)3

ILc
=

VidB

2R (1− d)3

⎧⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎩

VCa
=

Vi

(1− d)

VCb
=

Vi ·B
2 (1− d)

VCc
=

Vid ·B
2 (1− d)2

. (25)

3) DCMLc: As shown in Fig. 1(f), the diode De becomes
reverse biased with the discontinuity of inductor current iLc

at
time tz names the converter operating mode as DCMLc. The
steady-state expression of capacitor voltages is obtained with
volt–second balance of the inductors utilizing Table I and listed
in Table II.

−i0T +QLcOFF

T
= 0. (26)

Solving the abovementioned equation results the dimension-
less parameter Kz as

Kz =
2Lc

RT
= d2z. (27)

Rearranging the (27) leads to

d2z −Kz = 0. (28)

Taking the positive root of the quadratic equation (27) gives
the dz as

dz =
√

Kz. (29)

By substituting the dz in Table II results the average values
of converter states in DCMLc as⎧⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎩

ILa
=

Vid
2
(
d+

√
Kz

)
R (1− d)4 Kz

ILb
=

Vid
2
(
d+

√
Kz

)
R (1− d)3 Kz

ILc
=

Vid
(
d+

√
Kz

)
R (1− d)2 Kz

⎧⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎩

VCa
=

Vi

(1− d)

VCb
=

Vi

(1− d)2

VCc
=

Vid

(1− d)2 · √Kz

.

(30)

Fig. 5. DCM voltage gain versus duty ratio. (a) DCMLa. (b) DCMLb.
(c) DCMLc. Boundary condition between the following terms. (d) CCM and
DCMLa. (e) CCM and DCMLb. (f) CCM and DCMLc.

Finally, the voltage gain associated with DCM’s are tabulated
in Table III and graphically represented in Fig. 5(a)–(c) along
with duty cycle, respectively.

C. Boundary Conduction Mode

The boundary conduction mode (BCM) of a converter is
when the inductor current touches the zero exactly at the end
of switching cycle. For example, as shown in Fig. 4, where
the time tx equals to tc. Hence, by replacing the di, as shown
in Fig. 4, with (1− d) in (16), (21), and (28), the boundary
condition between the CCM and the DCM’s is resulted as given
in Table IV. The graphical representation of all the BCM’s,
i.e., CCM→DCMLa, CCM→DCMLb, and CCM→DCMLc,
are shown in Fig. 5(d)–(f).

IV. COMPARISON

A comprehensive comparative investigation of presented con-
verter among other converters is facilitated in Table V to demon-
strate its performance in CCM. The investigation considers
various parameters, such as voltage gain, components count,
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Fig. 6. Comparison of the following terms. (a) Voltage gain versus duty ratio. (b) VSW/V0 versus duty ratio. (c) EI versus duty ratio.

TABLE IV
CONDITION FOR THE BOUNDARY BETWEEN CCM AND DCM

voltage stress across switch, output voltage polarity, and input
current nature. As illustrated, converters presented in [5] and [12]
having a switch in conjunction with input source. Furthermore,
in [7], the input source is in conjunction with capacitor and
switch, which makes the input current as continuous; but due
to capacitive switching, an additional ripple content is injected,
which is not admissible. Whereas, the proposed converter and
the converters presented in [6], [15], and [14] are employed only
an inductor in series with the input source. Hence, it leads to less
ripple input source current. The input current ripple is quantified
by finding the ripple factor of input current of each converter
and given in Table V. The proposed converter is having a ripple
factor of 0.057 due to its CIC, as in converter presented in [14].
Furthermore, considering the worst-case duty ratio as 0.8, the
maximum voltage gain of the each converter is calculated and
tabulated in Table V. It can be seen that the proposed converter
delivers a voltage gain of 100, which is too high when compared
with its par converters. In the aspects of device count, single
switch, and CIC, the proposed converter exhibits noninverting
output voltage polarity when compared to remaining converters.
Furthermore, the proposed converter and converter presented
in [15] exhibit same favorable features. But, the SEPIC-based
converter [15] employs more device count when compared with
the proposed converter, which leads to increase in size. Finally,
the proposed converter is benefited with less switch voltage
stress (i.e., duty ratio times) in comparison with its counterpart
in [14], as shown in Fig. 6(b).

In addition, a graphical representation of voltage gain compar-
ison with variation of duty cycle among proposed and refereed
converters is presented in Fig. 6(a). Furthermore, the quantified
voltage stress ratio on switch at a voltage gain of one for the

proposed converter and its par converters is given in Table V.
From the Table V, it can be seen that the proposed converter
is having a reduction of 21.5% voltage stress ratio on switch
and noninverted voltage polarity when compared with its par
converter in [14]. Furthermore, the converter in [15] is having
better reduction in voltage stress ratio with limited maximum
voltage gain of 12, which is 12% of the proposed converter
maximum voltage gain. In addition, the converter in [15] utilized
four inductors and a total component count of 14, which is
higher than the proposed converter component count. Basically,
the proposed converter provides amenable degree of freedom
in terms of duty cycle for high voltage gain in step-up mode
instead of going for extreme duty cycles. Furthermore, it exhibits
better buck gain when compared with the converters presented
in [12] and [15]. Eventually, the presented converter displays
remarkable performance with relative converters, as presented
in Table V. Finally, an effectiveness index (EI) is utilized to
evaluate the power density of the converter, which is illustrated
for the proposed converter along with the other converters shown
in Fig. 6(c), where EI is the ratio of the voltage gain to the number
of utilized elements.

V. EXPERIMENTAL RESULTS

To validate the theoretical analysis provided in the CCM
operating mode, a laboratory prototype is developed and tested
with 100 W in boost mode and 30 W in buck mode. The
component values of inductor and capacitor are tabulated in
Table VI along with its design equations where the duty ratio
and the ripple current are chosen as 0.5 and 20% of respective
inductor current, respectively. Furthermore, the semiconductor
components that are utilized to build the converter prototype are
detailed in Table VII and its converter part converter presented
in [14] are detailed in Table VIII. The experimental verification
is done at the full load with input voltage of 30 V, as specified
in Table VII.

A texas instruments (TI)-based digital signal processor (DSP)
TMS320F28379D is utilized to generate the driving signal to
the metal oxide semiconductor field effect transistor (MOSFET)
along with the driver circuit associated with the IC TLP350. In
addition, voltage and current probes of N2863B and YOKO-
GAWA 50 MHz/30 ARMS and oscilloscope of DSO-X-2024 A
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TABLE V
COMPARISON BETWEEN PROPOSED CONVERTER AND OTHER CONVERTERS

TABLE VI
INDUCTOR AND CAPACITOR DESIGN VALUES

and APLAB series L3230 power supply are used to perform
the experiment and capture the key waveforms of the converter.
Furthermore, a TLP350 photocoupler is utilized to drive the
MOSFET by generating an isolated driving signal.

The proposed buck–boost converter is tested at a voltage gain
of four in boost mode and 0.875 in buck mode with the respected
duty ratio d, which is shown in Fig. 5(a). The experimental
results of the converter in both boost and buck modes are shown
in Fig. 7. It is worthwhile to mention that the experimentally

TABLE VII
COMPONENTS AND PARAMETER SPECIFICATIONS OF THE PROPOSED

CONVERTER HARDWARE PROTOTYPE

measured and theoretical values are moderately different due to
the assumptions considered while carrying out the theoretical
analysis.

The input current (current flowing the inductor La) and the
voltage stress across the power switch are shown in Fig. 7(a),
where the average value of current ILa

is recorded as 1.2 A
is slightly greater than the theoretical value of average current
(ILa

= 1 A). Fig. 7(b) shows the current through inductorLb and
the voltage stress on the Da. It can be seen that the current ILb

is about 0.75 A and the blocking voltage on diode Da is about
43 V. The blocking voltage on the diode Db shown in Fig. 7(c) is
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Fig. 7. Experimental results in the Buck mode. (a) ILa and VS . (b) ILb
and VDa . (c) ILa and VDb

. (d) ILb
and VDd

. (e) ILc and VDe . (f)VCa , Vin, and ILb
.

(g) I0, VCa , and VCb
. (h) Vin, V0, and VLc . Experimental results in the Boost mode. (i) ILa and VSW. (j) ILb

and VDa . (k) ILa and VDd
. (l) Vin, V0, and VLc .

TABLE VIII
COMPONENTS AND PARAMETER SPECIFICATIONS OF CONVERTER

HARDWARE PROTOTYPE IN [14]

about 20 V, which is approximately equal to the stated theoretical
value. Fig. 7(d) shows the voltage stress on the diode Dd, which
is about 27 V. The current through the inductor Lc and voltage
stress across the diode De are shown in Fig. 7(e) with average
current of 1.8 A and blocking voltage of 88 V, which are around
the theoretical values. The input voltage and voltage across the
capacitor Ca along with input current ILa

are shown in Fig. 7(f)
where with the applied input voltage of 30 V at the operated
duty ratio results the voltage VCa

around 42 V. Furthermore,
the intermediate capacitor Cb voltage VCb

is shown in Fig. 7(g)
along with output current and voltage VCa

. The voltage across
the capacitor is resulted around 60 V, which is in par with the
theoretical voltage. Finally, the output voltage V0 = VCc

and
voltage across the inductor VLc

are shown in Fig. 7(h) along
with the input voltage. The measured average values of 25.8 V
for an input voltage of 30 V is close to the theoretical values
presented in Section III. Furthermore, the experimental recorded

Fig. 8. Comparison of efficiency between theoretical and experimental:
(a) Boost mode; (b) Buck mode. Efficiency versus output power: (c) Boost
mode; (d) Buck mode. Power loss distribution: (e) Boost mode; (f) Buck mode.

waveforms of the proposed converter during boost mode are
shown in Fig. 7(i)(l), respectively.

Finally, the efficiency of the proposed converter using (31)
shown at the top of this page, is compared with its contemporary
converter in [14] by varying output power. From Fig. 8(c) and
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η = 1

1+
rDSON

R
d

(1−d)6 +
rLa

R
d2

(1−d)6
+

rLb

R
d2

(1−d)4
+

rLc

R
1

(1−d)2
+

√
d(3d−d2)+

√
1−d

(1−d)3
VF

V0
+

0.5fs(tf+tr)

(1−d)3
+

rCa

R
d3

(1−d)5
+

rCb

R
1

(1−d)3
+

rCc

R
1

1−d

× 100% (31)

8(d), it can be seen that the proposed converter delivers better
efficiency in both boost and buck modes in comparison with
converter in [14] with same number of components. The loss
breakdown of the proposed converter in both boost and buck
modes is shown in Fig. 8(c) and 8(d), respectively. Furthermore,
the efficiency of the proposed converter is measured and com-
pared with theoretical calculations, as shown in Fig. 8(a) and
8(b), for both buck and boost modes of operation.

VI. CONCLUSION

In this article, a new single-switch CIC nonisolated buck–
boost converter with wide voltage conversion ratio and single
switch was presented. The steady-state analysis of the converter
in both CCM and named DCM’s were discussed in detail and
presented with respective voltage conversion ratios. In addition,
a detailed comparative analysis was done among the proposed
and its contemporary converters in voltage gain, voltage stress
ratio, and EI aspects. From the comparison, it can be inferred that
the proposed converter results better voltage gain with optimum
component count as well as lower voltage stress. Furthermore,
the EI comparison confirms the prominence of the proposed
converter over its contemporary converters. Finally, the proto-
type of the proposed buck–boost converter was fabricated and
tested in laboratory for both buck and boost modes of operation.
The experimental results promise the validation of the converter
theoretical analysis in CCM.
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“Quadratic buck–boost converter with reduced input current ripple
and wide conversion range,” IET Power Electron., vol. 12, no. 15,
pp. 3977–3986, 2019.

[17] A. Sarikhani, B. Allahverdinejad, and M. Hamzeh, “A nonisolated buck–
boost DC–DC converter with continuous input current for photovoltaic
applications,” IEEE Trans. Emerg. Sel. Topics Power Electron., vol. 9,
no. 1, pp. 804–811, Feb. 2021.

[18] A. B. K. Mukkapati and V. Krishnasamy, “Design and analysis of high
gain buck-boost converter topology with reduced voltage stress,” in Proc.
Nat. Power Electron. Conf., 2019, pp. 1–6.

Mukkapati Ashok Bhupathi Kumar received the
M.Tech. degree in power electronics and drives from
the Malaviya National Institute of Technology, Jaipur,
India, in 2017. He is currently working toward the
Ph.D. degree in power electronics and drives with the
Department of Electronics and Communication Engi-
neering, Indian Institute of Information Technology,
Design and Manufacturing, Kancheepuram, Chennai,
India.

His research interests include power converters
and its control, synthesis of dc–dc converters, and

modeling of switched reluctance motor and its control.

Vijayakumar Krishnasamy received the Ph.D. de-
gree in power systems from the National Institute of
Technology, Tiruchirappalli, India, in 2012.

He was a Postdoctoral Research Fellow with
Nanyang Technological University, Singapore. He is
currently an Assistant Professor with the Department
of Electronics and Communication Engineering, In-
dian Institute of Information Technology, Design and
Manufacturing, Kancheepuram, Chennai, India. His
research interests include power electronics, home
energy management system, smart grid, and Internet
of Things.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 900
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00111
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00083
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00063
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


