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A Novel Structure for Single-Switch Nonisolated
Transformerless Buck—Boost DC—-DC Converter

Mohammad Reza Banaei and Hossein Ajdar Faeghi Bonab

Abstract—A novel transformerless buck-boost dc-dc
converter is proposed in this paper. The presented con-
verter voltage gain is higher than that of the conventional
boost, buck-boost, CUK, SEPIC, and ZETA converters, and
high voltage can be obtained with a suitable duty cycle. In
this converter, only one power switch is utilized. The volt-
age stress across the power switch is low. Hence, the low
on-state resistance of the power switch can be selected
to decrease conduction loss of the switch and improve effi-
ciency. The presented converter has simple structure, there-
fore, the control of the proposed converter will be easy. The
principle of operation and the mathematical analyses of the
proposed converter are explained. The validity of the pre-
sented converter is verified by the experimental results.

Index Terms—Power switch, transformerless buck-boost
dc-dc converter, voltage gain, voltage stress.

|. INTRODUCTION

N recent years, environmental troubles, such as climate
I change and global warming by increased emissions of car-
bon dioxide, are very important. With increasing attention to
environmental problems, energy achieved from the fuel cell
systems is focused on the low environmental effects and clean
energy. Fuel cells are an effective alternative to replace fuels
in emergency power systems and vehicles. User can use fuel
cells as clean energy with low emissions of carbon dioxide.
Due to steady operation with renewable fuel supply and high
effectiveness and efficiency, the fuel cell has been recognized
increasingly as a suitable alternative source. There are some
problems of this fuel, such as high costs, but they have bril-
liant features, such as high efficiency and small size. Due to
this explanation, the fuel cell is appropriate as power supplies
for telecom back-up facilities and hybrid electric vehicles. The
output voltage of the fuel cell unit cell is low and is not steady
and it cannot be directly connected to the load. For applications
that need a steady dc voltage, buck—boost dc—dc converter is
required [1]-[5]. However, the traditional buck—boost converter
is not suitable for fuel cells sources. The traditional buck—boost
converter efficiency is expected to be high, however, itis low and
is limited by the effects of diodes, switches, and equivalent series
resistance (ESR) of capacitors and inductors [6]. In order to ob-
tain the high efficiency and high voltage gain, many high step-up
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dc—dc converters have been proposed and in order to use the low
duty cycle, adding a new control method is a good choice [7],
[8]. For example, the high step-up voltage gain can be achieved
by using a flyback converter with low duty cycle. The voltage
gain of the flyback converter can be increased by raising the
turns ratio of the transformer. Although the flyback converter
can obtain the high step-up voltage gain, the power switches
suffer a voltage spike across the switches and the converter ef-
ficiency is not high because of the reverse-recovery problems
and leakage inductor [9]-[11]. In [12] and [13], high voltage
gain dc—dc converters with a coupled inductor are proposed.
The leakage inductance of the coupled inductor is so important
that it causes high voltage spikes and adds the voltage stress.
In [14], the switched capacitor method is used to obtain high
step-up voltage gain. In [15], a high step-up bidirectional dc—dc
converter with low voltage stress on the switch is proposed. In
[16], a high conversion ratio bidirectional dc—dc converter is
proposed. However, this converter has five power switches that
increase the conduction losses and the cost of the circuit and de-
crease the efficiency. In [17], a transformerless interleaved high
step-down converter is proposed, but, in the presented converter,
two power switches have been utilized and the capacitors of the
converter are suddenly charged. In [18], transformerless high
step-up dc—dc converters are proposed. In [19], a transformer-
less buck—boost dc—dc converter is proposed. The voltage gain
for this converter is twice as large as that of the conventional
buck-boost converter. In [20], a buck—boost converter based on
KY converter is proposed. In this converter, two main switches
are used and the voltage gain of the presented converter is 2D.
In [21], a transformerless buck—boost dc—dc converter based on
CUK converter is proposed. The voltage transfer gain for the
presented converter is twice as large as that of the conventional
buck-boost converter. In [22], a multioutput buck—boost dc—dc
converter is proposed. This converter has several output volt-
ages, but, in the presented converter, many power switches have
been used. In [23], a two-stage inverting buck—boost converter
is proposed. The presented converter is constructed of two par-
allel conventional buck—boost converters. In [24], a two-stage
buck-boost converter for power factor correction is presented
and this converter does not require additional power switch.
In this paper, a novel single-switch transformerless buck—boost
dc—dc converter with high step-up voltage gain and low voltage
stress on the power switch is proposed. The voltage transfer
gain of the proposed converter is higher than that of the classic
buck—boost converter, SEPIC, CUK, and ZETA converters. The
structure of the proposed converter is simple, hence the control
of the converter will be easy. In this converter, only one main
switch is used. The voltage stress across the power switch and

0278-0046 © 2016 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission.
See http://www.ieee.org/publications_standards/publications/rights/index.html for more information.



BANAEI AND BONAB: NOVEL STRUCTURE FOR SINGLE-SWITCH NONISOLATED TRANSFORMERLESS 199

Fig. 1. (a) Equivalent circuit of the proposed converter. (b) Mode 1.
(c) Mode 2.

diodes is less than the output voltage, hence the conduction loss
of the power switch is low and the efficiency of the presented
converter can be improved. The presented converter operates as
a universal power supply and it is appropriate for low-voltage
and low-power applications and the proposed converter input
current is discontinues. The proposed buck—boost converter is
utilized in many applications, like fuel-cell systems, car elec-
tronic devices, LED drivers, and gadgets, such as mobile phones
and notebooks. In this paper, the mathematical analyses of the
proposed converter are explained. Besides, to verify the feasi-
bility of the converter, experimental results are provided.

Il. OPERATING PRINCIPLE OF THE PROPOSED CONVERTER

The proposed converter is shown in Fig. 1(a). This converter
consists one power switch S, three diodes D1, D5, and Dg, three
inductors Ly, Lo, and L3, five capacitors Cy, Csy, C5, Cy, and
C, and load R.

For simplicity of the analysis of the operating principles, the
following assumptions are considered.

1) The capacitors of the presented converter are large
enough, hence the voltage across capacitors are assumed
to be constant.

2) The main switch of the proposed converter is treated as
ideal and the parasitic capacitor of the main switch is
neglected.

The presented converter can be operated in both the continu-
ous conduction mode (CCM) and the discontinuous conduction

mode (DCM). The CCM can be divided into two operation
modes. The analysis of the presented converter in one switching
period under CCM is explained in detail as follows:

1) First mode [0 < ¢ < DT,]: During this time interval as
shown in Fig. 1(b), the switch S is turned ON and the
diodes D1, Do, and D3 are turned OFF. The inductors L,
Lo, and L3 are magnetized linearly. The capacitors C
and Cy are charged by the capacitors Cy and Cj5. Thus,
the relevant equations can be expressed as follows:

Vii=V; (1)
Vie = Voo —Ver +V; )
Viz = Ve = Vea + V. 3)

2) Second mode [DT; < t < T;]: The equivalent circuit is
shown in Fig. 1(c). During this time interval, the switch
S is turned off and the diodes Dy, Ds, and Dj are turned
on. The inductors Ly, Lo, and L3 are demagnetized lin-
early. The capacitor C5 is charged by the inductor L
and the capacitor C' is charged by the inductors L; and
Ly and the capacitors C and Cj are discharged. The
corresponding equations can be written as follows:

Vii= Voo 4
Vo = —Veoir = Voo — Ve (5)
Vis = Vo1 —Vos =Vez = V. (6)

IIl. STEADY STATE ANALYSIS OF THE PROPOSED
CONVERTER

A. Voltage Gain

By applying volt-sec balance principle on the inductors L,
L, and L3 and using (1)—(6), we have

1 DT, T,
= (/ Vidt + / (—ch)dt> =0 7
Ts 0 DT,
1 DTy T,
e </ (Voo — Vo1 + Vi)dt + / (Vcl)dt> =0
Ts \Jo DT,

(3)
1 DTy T,
T (/ (Ves = Ve + Vi)dt‘F/ (VCl—V04)dt>= 0.
T 0 DT,

9

By using (5) and (7)—(9), the voltage across capacitors
Cy, Cy, Cs, and Cy (Vior, Voo, Vs, and Vioy) can be achieved
as follows:

2DV,
Vo1 = Veu = D (10)
DV,
= “ = . 1]
Ver = Vos = Y

Using (10) and (11), the voltage transfer gain (Mccy ) can
be found as follows:

3D

Vo  Veos+ Vo
B 1-D’

Mcom = — =
CCM v v

(12)
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Vs and I 3) can be earned as follows:
71(:3‘011 = IC4,on = [LB- (15)
I |
- The average current that flows through the capacitor C; dur-
! ing switch off period (11 o) can be earned as follows:
LEER S ' '
" Icionf = It — Ics.on — Irs. (16)
[}
V1. VD2, Vs 0 i i Where, I3 o is the average current that flows through the
I _______ '7 capacitor C5 during switch OFF period.
; ! > The average current that flows through the capacitors C
ViaVia Vis 4 L | (I¢4,0m ) during switch OFF period can be achieved as follows:
> Icaon = Itz — Icoon — 1, (17)
Vsa 77T I .
0 i o where, I, o1 1s the average current that flows through the ca-
| I N pacitor C, during switch OFF period.
) - By applying current-sec balance principle on capacitors C'y,
Fig. 2. Some typical waveforms of the proposed converter. Cs, (3, Cy,and C,, the following equation is derived as follows:
1 DT, T,
15 T (/ Ic1,2,3.4,0,0ndt + / 101,2ﬁ3,4,oﬁoffdt) =0
Conventional boost s 0 DT,
===Buck boost and CUK converters (1 8)
ga 1o e e where I9 o is the average current that flows through the ca-
é" Converter in [19] pacitor C5 during switch OFF period.
> 5 By substituting (13)—(17) into (18), the average current that
Jp— flows through the inductors Ly and L3 (175 and I 3) and the
e e

8.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
D

Fig. 3. Curves of voltage gain comparison of proposed converter and
other converters at CCM operation.

According to (12), the voltage gain of the proposed converter
is higher than that of the conventional boost, buck—boost, CUK,
SEPIC, and ZETA converters and is thrice as large as the voltage
gain of the conventional buck—boost converter. Fig. 2 shows
some typical key waveforms of the proposed converter in CCM.

The voltage gain curves for the proposed converter, conven-
tional boost, buck—boost, and CUK converters, proposed con-
verter III in [18] and proposed converter in [19] are shown in
Fig. 3. It is seen that the proposed converter is buck—boost and
the voltage transfer gain of the converter is higher than that of
the other converters.

B. Calculation of the Currents

The average current that flows through the capacitor C, dur-
ing switch ON period (I¢o,0n) can be achieved as follows:

ICo,on = *I(w (13)

The average current that flows through the capacitors C and
C5 and the inductor Ly (I¢1,0n, lo2,0n, and I 2) during switch
ON period can be obtained as follows:

IClﬁon = _ICZ,on = IL?- (14’)

The average current that flows through the capacitors C'3 and
C} and the inductor L3 during switch ON period (Ic3.0n, 04 0n>

capacitors Cy, Cy, C3, Cy, and C, (Ic1.ons Lo2.0n5 L0300
Icy.on, and I¢, on ) can be obtained as follows:
IL2 = ILS = ICl.on = _ICQ,on = _ICS,OH = IC'4.on

19)

= _ICoﬁon = Io-

According to Fig. 1(c), the average current that flows through
the inductor Ly (I11) can be earned as follows:

142D
1-D

Iy = (Ipa + oo — Ie1 — Ioa)ot = I, (20)
According to Fig. 1(b), the average current that flows through
the switch S (Ig) can be obtained as follows:
3

IS = ILI + ICl,on + IC4,on = 7I0~

- D 21

The average of input current (I;) can be achieved as follows:

1 /P 3D
I, = — (/ (ILl + 1o +Ic4)ondt> =—1,.
0

1-D
(22)
The currents that flows through the diodes Dy, D, and Dj3
(Ip1, Ips, and Ip3) can be achieved as follows:

Iot = Iy~ Toror — Teson = 225 (23)
Ips = o+ Ioreg = —2 (24)
1-D
I
Ips = I3+ Icaon = (25)
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Fig. 4. Equivalent circuits of the presented converter in third mode at
DCM operation.
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Fig. 5.  Some illustrated waveforms of the proposed converter at DCM
operation.

The currents ripple of inductors Ly, Ly, and Lg (Al 2.3)
can be calculated as follows:
DV, _(1-D)V,

AT = - -
L1,2,3 Liosfs 3L123fs

VoVi

(Vo +3Vi) Liasfs
(26)

C. Discontinuous Conduction Mode

The operation modes in DCM can be divided into three
modes. The first mode in DCM is the same as the first mode in
CCM. In the second mode, the diodes currents are decreasing
and in the third mode the diodes Dy, Ds, and D3 currents will
be zero and the diodes and switch will turn OFF. The equiva-
lent circuit and the typical waveform in third mode are shown
in Figs. 4 and 5. In this mode, the inductors L;, Lo, and L3
currents will be constant; therefore, the voltage of the inductors
L1, Ly, and L3 will be zero.

According to (23)—(25), the sum of the diodes D;, D, and
D3 currents can be obtained as follows:

Ipy +1Ips +1Ip3 =1Ip1 + 112 + I13. 27

By using (23)—(25), the average currents of diodes Dy, Do,
and D3 (Ip1.av. ID2.av, and Ipg oy ) can be achieved as follows:

V,
IDl,av = ID27‘dV = IDBA,aV = E

(28)

According to Fig. 4, the sum of the diodes Dy, D, and Dj
average currents during one switching period can be obtained
as follows:

1
Ipiav +Ip2av +Ip3av = = X Dyo X Ip_px (29)

2

0.2

The boundary normalized inductor time constant

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
D

Fig. 6. Boundary normalized inductor time constant versus duty cycle.

where D, - is duty cycle in second mode at DCM and Ip_pg
is sum of the peak currents of inductors Ly, Lo, and L3
Vi DT,

Leq

Ip px =1Ip1 px + 12 px + 13 px = (30)

where
1 1 1 1

— - . 1
o, I (€29

L.~ Ly

By applying volt-sec balance principle on inductors L;, Lo,
and Ls, duty cycle in second mode at DCM (D,,2) can be
achieved as follows:

3DV,
v

By using (27)—(32), the voltage transfer gain in DCM
(Mpcm ) can be earned as follows:

D’m, 2 = (32)

D
Mpcwm = \/77_7 (33)
where the parameter 77, is expressed as follows:
2L,
= . 34
TL RI. (34

D. Boundary Condition Mode

In this mode, the voltage transfer gain of the CCM is equal
to the voltage transfer gain of the DCM. According to (12) and
(33), the boundary normalized inductor time constant (7,) can
be earned as follows:

(1-D)’
s

The curve of the boundary normalized inductor time constant
(1) is shown in Fig. 6. If 7, is larger than 7,, the proposed
buck—boost converter operates in CCM.

The boundary normalized inductor time constant curves for
the proposed converter, proposed converter III in [18] and pro-
posed converter in [19] are shown in Fig. 7.

Ty = (35)

E. Efficiency Analysis

For efficiency analysis of the proposed converter, parasitic
resistances are defined as follows: rpg is switch ON-state re-
sistances, Rr1, Rpo, and Rp3 are the diodes Dy, Ds, and
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Fig. 7. Curves of boundary inductor time constant comparison of pro-

posed converter and other converters.

D3 forward resistances, respectively, Vr1, Vro, and Vpg are
the diodes Dy, D-, and Dj threshold voltages, respectively,
Rr1, Ry, and Ry 3 are the ESR of inductors L, Lo, and L3,
respectively.r¢1, o2, o3, o4, and r¢, are the ESR of capaci-
tors C, Cy, C5, Cy, and C,, respectively, and the voltage ripple
across the capacitors and the inductors is ignored.

The power loss of the switch S (P.pg) can be earned as
follows:
1,2,

(36)

9D
PTDS = TDSIS,rms2 =7TDSs (

1— D)’

The switching loss of the proposed converter (Ps,, ) can be
obtained as follows:

vo\?
Psy, = f,CsVs® = f,Cs : (37)
1-D
The total losses of the switch S (Pswitcn ) can be expressed as
follows:
Psy

PSwitch = PrDS + 9 -

The diodes D,, D,, and D3 forward resistance losses
((Prr)p) 9.3) can be achieved as follows:

(38)

1

2 2
<PRF)D1=273 = RF1,2=3I D1,2,3,rms = RF1,2,31 DIO .

(39)
The diodes D, Do, and D3 forward voltage losses

((PvF)py 2, 3) can be obtained as follows:
(Pvr)p1,2,3 = Vr1,23Ip1,2,3,00 = Vi1,2,310- (40)

The power losses of capacitors Cy, Cs, C3, Cy, and C,
(Prc1,2,3.4,0) due to them ESR, can be earned as follows:

2
TC1,2,3,4,0001,2,3,4,0,rms

D
= 7T 340
C123.407 ]
The conduction losses of inductors Ly, Ly, and L3 (P, and
P, 153) can be earned as follows:

Prci,2,3.4,0 =

1,2, 41)

142D\
PrLl = RL112L1,1'ms = RLl - 102 (42)
1-D
Pras = Rposl’rosmms = Rrosl,”. (43)

—
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Proposed converter

| ===Converter in [19]

Converter I in [18]
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W
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The normalised voltage stress on the switch(Vs/Vi)

Voltage gain

Fig. 8. Normalized switch voltage stress of the proposed converter
versus voltage gain.

TABLE |
COMPARISON BETWEEN PROPOSED CONVERTER AND OTHER STRUCTURES

Converter in Proposed Converter in ref. Conventional
converter buck-boost converter

Quantities of 1 1 1
switches
Quantities of diodes 3 2 1
Quantities of 5 4 1
capacitors
Quantities of 3 3 1
inductors
Total device count 12 10 4
Voltage stress of the Vo +3 Vo+2 V, +1
switch 3 2
Voltage gain 3D 2D

olage g 1-D 1-D 1-D

The total power loss of the proposed converter (P,os5) can
be obtained as follows:
3 3
PLoss = PSwitch + Z (]DRF)Du + Z (IDVF)Du
u=1 u=1
4
+ Z Preu + Preo + Prpt + Prpo + Prpz. (44)
u=1
The efficiency of the proposed converter (7)) can be defined
as follows:
Py 1
= = . 45
PO+PLoss 1+PLoss ( )
Po
According to above equations, the efficiency of the proposed
converter can be rewritten as follows:
1
™ fs Cs VQi
R(1—D)*>  2(1— D)*RI?,

n

n= (46)

1+

= 9Drps + (1 — D)(RFI + Rpo + Rpg)

(1- Dy’
1,

+D(1 = D)(rc1 +roe +res +rca +1c0)
+(1+2D)*R1 + (1 — D)*(Rps + Ry3).

+ (V1 + Vs + Vps)

(47)
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Fig. 9. Current and voltage of the capacitor C'; .
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Fig. 10.  Current and voltage of the capacitor Cs.
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Fig. 11.  Current and voltage of the capacitor C's
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I t
Va0 AV, AP a
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77777777777777777 7777:AVC 4. ESR
Fig. 12.  Current and voltage of the capacitor Cj.
Teo A DT. _(1-DDT
T
Voo o
Fig. 13.  Current and voltage of the capacitor C,, .

F. Voltage Stress of the Switch

In this converter, the voltage stress across the active compo-
nents, such as switch and diodes, is lesser than output voltage.
The voltage stress on power switch (V) can be achieved as
follows:

_ v
- 1-D

The relationship between the normalized voltage stress across
power switch of the proposed converter and other converters is
depicted in Fig. 8. According to Fig. 8, the normalized voltage
stress of the switch in the proposed converter is lesser than that
in other converters.

In order to show the total device number and voltage gain of
the proposed converter, conventional buck—boost, and converter

Vs

. (48)

Fig. 14.

Prototype of the proposed converter.

in [18], a comparison is made between the proposed topology
and other converters. The device number and voltage gain of
the structures are given in Table I. As shown in Table I, the
proposed structure uses higher number of elements. But, the
total device of the other converters is higher comparing to their
gains and voltage stresses. Based on the low voltage stress of
the proposed converter, the efficiency of the proposed converter
is higher comparing to its gain.

G. Calculation of the Voltage Ripple of the Capacitors

From Fig. 9, the voltage ripple of the capacitor C is rep-
resented by AV 1. The voltage ripple on capacitor C created
from the current that flows through the ESR is signified by
AVe1 rsr and the voltage ripple of capacitor C created from
the charging and discharging is indicated by AV cap.

AV, gsr can be calculated as follows:

AVei sk = ESRe1Alct ~ ESRe1(Ict.on — Iot,o8)
ESR¢1 1,
= — 49
(i-D) 49)
where
tan d¢q
ESR¢1 = ——— 50
c1 ot (50
where, tan ¢ is the dissipation factor of capacitor C'.
AV cap can be achieved as follows:
ICI onDTs DTSVI)
AVt cap = - = . 51
C'l,cap Cl RC1 ( )
Hence, AV can be achieved as follows:
ESRc11, DTV,
AV = AV, AVeicap = .
c1 C1,ESR T AVo1 cap 1-D RO,
(52)

Similarly, the voltage ripple of the capacitors Cs, C'5, Cy and
C, (AVi23,4.0) can be achieved as follows:

AVeosao = AVeasaersr + AVe23.4.0.cap

ESRCQ34OIO DTS‘/;

= S, . (3
1-D ' RChya, (53)

The current and voltage of the capacitors Cs, C5, Cy, and C,,
are shown in Figs. 10—13.
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Fig. 15. Experimental results, (a) output voltage, (b) inductor L; cur-
rent, (c) inductor Ly current, (d) inductor L3 current, (e) diode D; voltage,
(f) switch S voltage, (g) output voltage, (h) inductor L; current, (i) induc-
tor Ly current, (j) inductor L3 current, (k) diode D; voltage, (I) switch S
voltage.
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Fig. 17.  Measured efficiency of the proposed converter versus output
power.
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Fig. 18.  Measured efficiency of the proposed converter versus load
current.

IV. EXPERIMENTAL RESULTS

A prototype of the proposed buck—boost converter is built as
shown in Fig. 14. To demonstrate the performance of the pre-
sented converter, experimental results are provided. The pro-
posed converter components specifications are as follows:

1) input voltage: 11 V;

2) switching frequency (buck): 37 kHz;

3) switching frequency (boost): 33 kHz;

4) switch: IRFP460A;

5) diodes Dy, D5, and D3: MURS60;

6) inductor Ly (buck): 1 mH;

7) inductors Lo and L3 (buck): 580 pH;

8) inductor L; (boost): 100 uH;

9) inductors Ly and L3 (boost): 260 pH;
10) capacitors C,C5, C5 and Cy: 100 pF;
11) capacitor C,: 470 uF.

The proposed converter is tested in the buck and boost
states operation. The proposed converter is operated in CCM
operation mode. In the buck state operation, the output voltage
waveform is shown in Fig.15(a). The output voltage is equal
to 10 V. The inductors Ly, Lo, and L3 currents waveforms are
shown in Fig.15(b), (¢), and (d), respectively. According to (19)
and (20), the average values of inductors L1, Lo, and L3 currents
are equal to 0.45, 0.24, and 0.24 A, respectively, which closely
agree with the experimental results. The voltages of diodes D»
and D3 waveforms are not shown since the diodes waveforms
are similar to diode D; voltage waveform. The voltage of diode
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D, waveform is shown in Fig.15(e). The voltage of the switch
S is shown in Fig.15(f). In the boost state operation, the output
voltage is shown in Fig.15(g). The output voltage is equal to 42
V and the output power is equal to 135 W. The inductors L1,
Lo, and L3 currents waveforms are shown in Fig.15(h), (i), and
(j), respectively. According to (19) and (20), the average values
of inductors L, L, and L3 currents are equal to 15.4, 3.2, and
3.2 A, respectively, which closely agree with the experimental
results. The voltage of the diode D; is shown in Fig.15(k). The
voltage across switch S is shown in Fig.15(1). Fig.16 shows
the output voltage changing with ramping up. Fig.17 shows the
curve of presented buck—boost converter efficiency versus out-
put power. The maximum efficiency is appropriately 97.3%. The
full-load efficiency is around 95.2%. Fig.18 shows the curves
of efficiency of the proposed converter versus load current.

V. CONCLUSION

In this paper, a novel transformer less buck—boost dc—dc
converter was presented. The structure of the presented buck—
boost converter is simple. In the proposed converter, only one
main switch is utilized, which decreases the conduction loss
of power switch and improves efficiency. The voltage stress
across the power switch is low and switch with low on-state
resistance can be selected. The step-up voltage gain of the pro-
posed buck—boost converter is higher than that of the classic
boost, buck—boost, CUK, SEPIC, and ZETA converters. The
proposed converter has simple structure; therefore, the control
of the presented converter will be easy. The buck—boost con-
verters is utilized in many applications like gadgets such, as
mobile phones and notebooks, fuel-cell systems, car electronic
devices, and LED drivers. Finally, the experimental results were
provided to verify the feasibility of the proposed converter.
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