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Abstract
Objectives. A DC/DC converter based on SEPIC topology is a unipolar electronic device which converts an input 
positive voltage into a stabilized output voltage of the same polarity. It also has the ability to regulate polarity both 
below and above the input voltage. The aim of  the paper is  to analyze the DC/DC converter in  its both operation 
phases, as well as to draw up equivalent circuits and obtain characterizing differential equations using Kirchhoff’s 
rules for each phase. Each system of differential equations is reduced to Cauchy equations, in order to be further 
transformed into a limiting continuous mathematical model. Each system of equations is converted into a matrix form 
and subsequently combined into a single matrix system.
Methods. The construction of a limiting continuous mathematical model was accomplished using Kirchhoff’s rules. 
Multisim software was used for the computer simulation, thus enabling the calculated results of direct currents and 
voltages to be compared to those of the simulation.
Results. Results show that the phase coordinates of the mathematical model tend towards the values of real currents 
and voltages of the converter at a switching frequency higher than 200 kHz. Fairly good agreement is established 
between the calculated values of currents and voltages and the values obtained by simulation (with varying fill factor 
and switching frequency).
Conclusions. The resulting limiting continuous mathematical model of  the DC/DC converter based on  SEPIC 
topology allows for an  estimation of  the dependence of  the currents flowing through the inductor windings and 
the voltages across the capacitors on a number of parameters. The limiting continuous mathematical model of the 
DC/DC converter based on SEPIC topology is the basis for its circuit design and physical-and-mathematical analysis.
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НАУЧНАЯ СТАТЬЯ

Математическая модель DC/DC-преобразователя, 
построенного по топологии SEPIC

А.И. Лавренов @,  
В.К. Битюков 

МИРЭА – Российский технологический университет, Москва, 119454 Россия
@ Автор для переписки, e-mail: lavrenov@mirea.ru

Резюме 
Цели. DC/DC-преобразователь, построенный по  топологии SEPIC, является униполярным электронным 
устройством, которое обеспечивает преобразование входного положительного напряжения в  стабилизиро-
ванное выходное напряжение той же полярности с возможностью его регулирования как ниже входного напря-
жения, так и выше. Цель статьи – выполнить анализ DC/DC-преобразователя в обеих фазах его работы. Для 
каждой из фаз необходимо составить эквивалентные схемы и получить характеризирующие дифференциаль-
ные уравнения с помощью правил Кирхгофа. Каждую систему дифференциальных уравнений нужно привести 
к виду Коши для дальнейшего преобразования в предельную непрерывную математическую модель, а каждую 
систему уравнений преобразовать в матричный вид и впоследствии объединить в единую матричную систему.
Методы. Задача построения предельной непрерывной математической модели решена с использованием 
правил Кирхгофа. Для компьютерного моделирования была применена программа Multisim. Это позволило 
сопоставить результаты расчета постоянных токов и напряжений и моделирования.
Результаты. Показано, что фазовые координаты математической модели стремятся к значениям реальных 
токов и напряжений преобразователя при частоте коммутации силового ключа более 200 кГц. Установлено 
достаточно хорошее соответствие расчетных значений токов и напряжений и их значений, полученных с по-
мощью моделирования (при вариации коэффициента заполнения и частоты коммутации).
Выводы. Полученная предельная непрерывная математическая модель DC/DC-преобразователя, постро-
енного по топологии SEPIC, позволяет оценить зависимость токов, протекающих через обмотки дросселей, 
и  напряжения на  конденсаторах от  ряда параметров. Предельная непрерывная математическая модель 
DC/DC-преобразователя, построенного по топологии SEPIC, является базой его схемотехнического проек-
тирования и физико-математического анализа.

Ключевые слова. DC/DC-преобразователь, понижающе-повышающий преобразователь, эквивалентная 
схема, топология SEPIC, предельная непрерывная математическая модель, правила Кирхгофа, система диффе-
ренциальных уравнений, форма Коши, моделирование

INTRODUCTION

A feature of the construction of a  modern radio-
electronic device is the transition from mains power 
to autonomous power supply. This is characteristic of 
knowledge-intensive devices in many spheres of life 
such as communication devices, personal computers, 
measuring devices, and others. Autonomous devices 
are traditionally used in broad applications in aviation, 

medicine and space technology. The primary energy 
sources in these areas are lithium-ion batteries, 
rechargeable batteries, fuel cells, solar cells, and 
others  [1–3]. Each of these power sources generates 
a voltage which is highly time-varying, hence the need 
for DC/DC converters in power supply devices [4]. Most 
DC/DC converters offered by electronic component 
manufacturers are either step-up, step-down, or polar-
inverting. Only a small number combine the functions of 
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increasing and decreasing output voltage relative to the 
input voltage and its stabilization [5, 6]. 

Efficient buck-boost DC/DC converters are 
devices built according to SEPIC, Cuck, and Zeta 
topologies  [7]. The high efficiency rate of converters 
and the stability of their output voltage, as well as the 
need for small mass-size parameters predetermine the 
strict requirements for the design of such converters. 
An integrated approach to design may be achieved 
by applying the limiting continuous mathematical 
model (LCM) of DC/DC converter, circuit simulation, 
and experimental study. 

The mathematical derivation and description of 
the technology of building LCM with periodic high-
frequency structure change are presented in  [8, 9]. 
In [10–12], examples of using this technology on basic 
step-up, step-down, and inverting converters, as well 
as the analysis of their LCMs are given. In  [13, 14], 
the LCM of a  buck-boost converter based on Cuck 
topology is indicated. The limiting continuous models 
under consideration here are systems whose phase 
trajectories are continuous, i.e. characteristic of real 
technical devices. The limiting nature of the system 
consists in the fact that when the period decreases, 
the accuracy of the phase trajectories of the system 
describes the properties of the modeled object to 
a greater extent.

The first developed and investigated LCM for Zeta 
DC/DC converter is proposed in  [15, 16]. Analytical 
equations which determine and analyze Zeta converter 
ripples are presented in [17].

Unfortunately, a LCM for SEPIC converter has not 
yet been developed, so the aim of the paper is to develop 
and investigate this.

CIRCUIT ENGINEERING

The SEPIC, Cuck, and Zeta topologies of buck-boost 
DC/DC converters are accomplished almost using the 
same electronic component base. However, they have 
their own features due to differences in switching [18].

In the operation of SEPIC DC/DC converters 
(Fig.  1), as well as in other converters, there are two 
phases of operation traditionally determined by the state 
of the power transistor VT1 [19].

The first phase of the SEPIC converter operation 
is accomplished with transistor VT1  fully open. This 
is referred to as the accumulation phase. In this phase, 
energy is accumulated in the magnetic field of inductors 
L1 and L2, with inductor L1 accumulating energy in the 
form of an electromagnetic field from the input current 
flowing through the inductor winding, and inductor 
L2  accumulating energy from the voltage across 
capacitor C1. During this phase, capacitor C2 discharges 
to the load, thus forming the output voltage Uout.

L1

L2

C1

C2 Rload

VD1

VT1

+Uin
+Uout

–Uout
–Uin

+
(–)

+–
(+)

– (+)

+ (–)

–

–
+

Fig. 1. Schematic circuit diagram of a buck-boost  
DC/DC converter based on SEPIC topology.  

Uin is the converter input voltage, Rload is the resistance. 
Here and in the following figures, the designations  
of circuit elements correspond to the designations 

adopted in GOST 2.710-811

The second phase of the SEPIC converter operation 
is accomplished with the power transistor VT1  closed 
and is referred to as the discharge phase. The energy 
accumulated in the magnetic field of inductors L1 and 
L2 is used for charging capacitors C1 and C2.

MATHEMATICAL MODEL

Developing LCM for SEPIC converter requires 
describing each phase of the converter operation in terms 
of systems of differential equations in Cauchy form. 
It would be reasonable also to use Kirchhoff’s rules to 
write these systems of equations. In order for the circuit 
equations of each phase of DC/DC converter operation 
to integrate alternating currents flowing through the 
windings of inductors L1 and L2, the inductors need to 
be represented in the form of series connected resistors 
R1  and R2  characterizing the ohmic resistance of the 
inductors and inductances L1 and L2.

The equivalent circuit of the first phase of the 
converter operation is shown in Fig. 2. Here the input 
power supply is labeled as E, while the inductors are 
represented as equivalent circuits. As can be seen from 
Fig. 2, all nodes of the circuit are connected to each 
other by conductors only, so they can be combined into 
one node.

L1R1

R2

L2

1

2 3 4

E

C1

C2 Rload

+Uin
+Uout

–Uout
–Uin

+ +

+

+

– –

–
–

Fig. 2. Equivalent circuit of SEPIC converter operating  
in the energy accumulation phase

The equivalent circuit of the second phase of the 
converter operation is shown in Fig. 3, demonstrating 

1  GOST 2.710-81. Interstate Standard. Unified system for 
design documentation. Alpha-numerical designations in electrical 
diagrams. Moscow: Izd. Standartov; 1985 (in Russ.).
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that nodes 1, 3 and 2, 4 are also connected to each other 
by conductors only. They can thus be combined into 
two nodes in pairs. It would be reasonable to combine 
the nodes in the circuits shown in Figs. 2  and 3, and 
designate contours on them (Figs. 4 and 5). Using the 
contours and nodes shown in Figs. 4 and 5, the equations 
of currents and voltages based on Kirchhoff’s laws can 
be written. 

L1R1

R2

L2

1

2

3

4

E

C1

C2 Rload

+Uin
+Uout

–Uout
–Uin

+ +

+

+

– –

–
–

Fig. 3. Equivalent circuit of SEPIC converter operating 
in the energy transfer phase

First phase

The circuit shown in Fig. 4 has three branches and 
one node. Therefore, according to Kirchhoff’s laws, 
the system of differential equations describing the first 
phase of DC/DC converter operation consists of three 
equations based on Kirchhoff’s second law.

For circuits K1, K2, and K3 (Fig. 4), the following 
voltage equations can be written:

	 L1
in 1 L1 1 ,= +

di
U r i L

dt
� (1)

	 L2
C1 2 L2 20 ,= − −−

di
u r i L

dt
� (2)

	 load l C2oad ,0 = −R i u � (3)

where L1  and L2  are inductances of inductors; iL1  and 
iL2  are currents flowing through the windings of 
inductors L1  and L2; r1  and r2  are ohmic resistances 
of inductor windings L1  and L2; uC1  and uC2  are 
voltages on capacitors C1  and C2; and iload is current 
flowing through the load with resistance Rload; Uin is the 
converter input voltage.

For the first phase, the currents flowing through 
capacitors C1  and C2  are defined by the following 
formulas:

	 C1
L2 1 ,=

du
i C

dt
� (4)

	 C2
load 2 ,=

du
i C

dt
� (5)

where C1 and C2 are capacitance of capacitors.

By expressing L1di
dt

 from Eq. (1), L2di
dt

 from Eq. (2), 

and C1du
dt

 from Eq. (4), the first three equations in Cauchy 
form are obtained. Substituting the load current from 

Eq. (5) into Eq. (3), we express C2 ,
du

dt
 thereby obtaining 

another equation in Cauchy form, as follows:

	

L1 in 1
L1

1 1

L2 2
C1 L2

2 2

C1
L2

1

C2
C

ad 2
2

lo

,

,

,

.

1

1

1


= −



−=







−

=

=










di U r
i

dt L L
di r

u i
dt L L

du
i

dt C
du

dt R C
u

� (6)

Thus, Eqs. (6) form a system of differential equations 
in Cauchy form  (6) describing the first phase of the 
SEPIC DC/DC converter operation.

L1R1

R2
K2

K3

K1
L2

1

E

C1

C2

iL1

iL2

iload

Rload

+Uin

+Uout–Uout

–Uin

+

+–

+

+

– –

–

Fig. 4. Contours on the SEPIC converter circuit operating 
in the energy accumulation phase

Second phase

The circuit shown in Fig. 5 has four branches and 
two nodes. Therefore, according to Kirchhoff’s rules, the 
system of differential equations describing the second 
phase of the converter consists of one equation based 
on Kirchhoff’s first rule, and three equations based on 
the second rule. For node 1, the following equation of 
currents can be written:

	 iload = iL1 + iL2 – iC2.� (7)

For circuits K1, K2, and K3, voltage equations in the 
following form can be written:

	 L1 L2
in 1 L1 1 C1 2 L2 2 ,−= − −+

di di
U r i L u r i L

dt dt
� (8)

	 L2
C2 2 L2 20 ,= + +−

di
u r i L

dt
� (9)
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	 load load C20 .= − +R i u � (10)

For the second phase, equations for the currents 
flowing through capacitors C1  and C2  are determined 
by the following formulas:

	 C1
L1 1 ,− =

du
i C

dt
� (11)

	 C2
L2 2 .− =

du
i C

dt
� (12)

Expressing L2di
dt

 from Eq.  (9) and substituting it 
into Eq. (8), the first two equations in Cauchy form can 

be obtained. Expressing C1du
dt

 from Eq.  (12) and 
substituting iload from Eq.  (7) into Eq.  (10), two more 
equations in Cauchy form are obtained, as follows:

	

L1 in 1
L1 C1 C2

1 1 1 1

L2 2
C2 L2

2 2

C1
L1

1

C2
L1 L2 C2

2 2 lo 2ad

,

,

1 1

1

1

1 1

,

1 .


= −




=


 = −



= − −

+ +

−

+


di U r
i u u

dt L L L L
di r

u i
dt L L

du
i

dt C
du

C
i i u

dt C C R

� (13)

Thus, Eqs.  (13) form a  system of differential 
equations in Cauchy form which describe the second 
phase of the SEPIC DC/DC converter operation.

L1R1

R2

L2

1

2

E

C1

C2 Rload

+Uin
+Uout

–Uout
–Uin

+

+

–

K2

K3

K1

iL1

iC2

iL2

iload

–

Fig. 5. Circuits on the SEPIC converter circuit operating 
in the energy transfer phase

TRANSFORMING SYSTEMS  
OF DIFFERENTIAL EQUATIONS IN CAUCHY  

FORM INTO MATRIX FORM TO OBTAIN 
A GENERALIZED MATRIX SYSTEM

For the convenient transformation of systems of 
differential Eqs. (6) and (13) into the generalized LCM, 
it would be reasonable to represent them in the form of 
coefficient matrices. These are multiplied by a  matrix 
with variables in the form of currents and voltages: the 

so-called matrix X  of the system phase coordinates. 
Therefore, each phase of the converter operation can be 
represented in the following form: 

	

L1

L2

C1

C2

,

,

 
 
 
 
 


=

= +

 

i
i
u
u

d U
dt

X

X AX B

� (14)

where A is the coefficient matrix of phase coordinates, 
U is the external power supply, B is the coefficient matrix 
of the external source, and t is time.

After transformation of systems of differential 
Eqs.  (6) and  (13) into coefficient matrices A1, B1  and 
A2, B2, the following is obtained:

	

1

1

2

2 2
1

1

load 2

0 0 0

10 0
,

10 0 0

10 0 0

 
− 
 
 

− − 
 =  
 
 
 
 
  

r
L

r
L L

C

R C

A � (15)

	

1

1 1 1

2

2 2
2

1

2 2 load 2

1 10

10 0
,

1 0 0 0

1 1 10

 
− 
 
 

− 
 =  
 −
 
 
 − −
  

r
L L L

r
L L

C

C C R C

A � (16)

	
1

1

1

,0
0
0

 
 
 
 =
 
 
  

L
B � (17)

	
1

2

1

,0
0
0

 
 
 
 =
 
 
  

L
B � (18)



74

Russian Technological Journal. 2024;12(1):69–79

Aleksey I. Lavrenov,  
Vladimir K. Bityukov

Mathematical model of a DC/DC converter  
based on SEPIC topology

where A1  and A2  are the coefficient matrices of the 
phase coordinates of the first and second phase, 
respectively, while B1  and B2  are the coefficient 
matrices of the external source of the first and second 
phase, respectively. 

The duration of the first phase of the converter 
operation is determined by fill factor D  and is equal 
to DT, while the duration of the second phase is equal 
to (1 − D)T, where T is the switching period of the power 
switch VT1. Therefore, matrix A can be represented as 
A1D + A2(1 − D), while matrix B  can be represented 
as B1D + B2(1  −  D). It would thus be reasonable to 
combine matrices  (15)–(18) into a generalized system, 
as follows:

1 2

1 2

( (1 ))

( (1 )) .

= + − +

+ + − = +

d D D
dt

D D U U

X A A X

B B AX B

Then matrices A  and B  can be written in the 
following form:

	

1

1 1 1

2

2 2 2

1 1

2 2 load 2

1 10

10
,

1 0 0

1 1 10

 − −
− 

 
 −

− − 
 =  − −
 
 

− − − −
  

r D D
L L L

r D D
L L L

D D
C C

D D
C C R C

A � (19)

	
1

1

.0
0
0

 
 
 
 =
 
 
  

L
B � (20)

Thus, the system of equations  (14),  (19), and  (20) 
is the LCM for the DC/DC converter based on SEPIC 
topology. 

ANALYSIS OF THE LCM

It would be advisable to start LCM analysis by 
defining DC currents and voltages. The voltages and 
currents of a  real device are the sum of constant and 
variable components. In order to simplify the circuit 
analysis, it would be advisable to study the considered 
device in a steady state when the transient process is over. 
In this case, constant values of currents and voltages do 
not depend on time. This allows the LCM for the steady 
state to be written in the following form:

	

1
L1 C1 C2 in

1 1 1 1

2
L2 C1 C2

2 2 2

L1 L2
1 1

L1 L2 C2
2 2 load 2

1 1 1 ,

1 0,

1 0,

1 1 1 0,














− −
− + + = −

−
− − + =

−
− + =

− −
− − − =


r D DI U U U
L L L L
r D DI U U
L L L

D DI I
C C

D DI I U
C C R C

	(21)

where IL1, IL2 are constant currents flowing through the 
windings of inductors L1  and L2, respectively; UC1, 
UC2  are constant voltages on capacitors C1  and C2, 
respectively. Solving the system of equations  (21), the 
following formulas for determining the constant currents 
and voltages can be obtained:

( )

L1
2
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2 2 2

2 1 load load load
,

2 1 (2 )

=

−
=

− + + + − −
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U D
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(22)
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in in
2 2 2
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−
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U
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(25)

These equations can be substantially simplified by 
assuming that ohmic resistances r1 and r2 of the inductor 
windings L1 and L2 are zero. Then Eqs. (22)–(25) can 
be written in the following form:

	
( )

2
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L1 2
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,
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	 C1 in ,=U U � (28)

	 ( )
in

C2
load

.
1

=
−
U D

U
D R

� (29)

Equations (22)–(25) are the basis for designing the 
DC/DC converter based on SEPIC topology and allow 
the calculation of constant currents IL1 and IL2 flowing 
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through the windings of inductors L1  and L2, as well 
as voltages UC1  and UC2  on capacitors C1  and C2. 
Equations  (26)–(29) are required for estimating the 
converter.

SIMULATION IN MULTISIM

The simulation circuit for the DC/DC converter 
based on SEPIC topology is shown in Fig. 6. Electronic 
elements are selected from Multisim database.2 
MOSFET IRLZ44N  (International Rectifier, USA) is 
selected as power switch VT1. This transistor has been 
previously investigated in static and dynamic modes and 
has been compared with data from Datasheet [20, 21]. 
The analysis results show that the IRLZ44N transistor 
model in Multisim environment corresponds to the 
characteristics given in Datasheet. 

The power supply is represented as the element of 
constant voltage V1. Modulation of the power switch 
VT1 is accomplished by pulse width modulation signal 
generator V2. The constant components of currents and 
voltages are measured by samples on the circuit in the 
DC mode. It should be noted that the measurements 
are carried out 3–5  ms after the start of simulation, 
thus enabling the currents and voltages in the steady 
state of the DC/DC converter under consideration to be 
measured.

The dependence plots of constant currents and 
voltages on fill factor D  are shown in Figs. 7  and 8. 
There is an obvious correlation between calculated 

2  https://www.ni.com/en/support/downloads/software-
products/download.multisim.html#452133. Accessed April 09, 2023.

values obtained using LCM and the values obtained by 
simulation within the range of fill factor D changing from 
0.3 to 0.7. It is worth noting that at fill factor D around 
0.5, the best coincidence between calculated values and 
those obtained in simulation is observed.
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Fig. 7. Effect of the fill factor on currents flowing through 
the windings of inductors L1 and L2: 1L1 and 1L2 are 

calculation; 2L1 and 2L2 are simulation
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Fig. 8. Effect of fill factor on voltages on capacitors 
C1 and C2: 1C1 and 1C2 are calculation;  

2C1 and 2C2 are simulation

Fig. 6. Simulation circuit of the DC/DC converter based on SEPIC topology
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At fill factor D = 0.5, the difference between calculated 
values and simulation results for currents flowing through 
inductor windings is 12 and 16 mA, with calculated value 
IL1 and IL2 equal to 250 mA. For capacitor C2 voltage, 
the difference between calculated values and simulation 
results is 0.8 V with a calculated value UC2 equal to 12.5 V. 
The calculated voltage value UC1 = 12.0 V coincides with 
the voltage obtained in simulation.

The difference between the calculated value and the value 
obtained in simulation for current IL1 at fill factor D = 0.3 is 
11 mA, while at D = 0.7 it amounts to 0.2 A. The calculated 
current values IL1  are 45  mA and 1.5  A, respectively. 
Similarly, it may be noted that the difference of current IL2 is 
2 mA at D = 0.3 and 135 mA at D = 0.7 for calculated current 
IL2 equal to 105 mA and 643 mA, respectively.

The difference between the calculated and simulated 
voltage values UC1  is 0.16  V at D  = 0.3  and 1.65  V 
at D  =  0.7, with the calculated value of DC voltage 
UC1  varying from 11.94  V at D  = 0.3  to 12.85  V at 
D = 0.7. A similar dependence is also characteristic of the 
DC voltage UC2. This difference is 0.13 V at calculated 
value UC2, equal to 5.27 V, and 6.75 V at calculated value 
UC2 equal to 32.1 V for D = 0.3 and D = 0.7, respectively.

Similar dependences of calculated and simulated 
currents and voltages are characteristic of LCM for the 
DC/DC converter based on Zeta topology [15–17]. The 
dependences of currents IL1, IL2 and voltages UC1, UC2 on 
frequency also have a  similarity: the calculated values 
begin to correspond to the values obtained in simulation 
at switching frequency f of the power switch VT1 above 
200 kHz only. In addition, the graphs of calculated and 
simulation values intersect each other in the neighborhood 
of fill factor D  = 0.5. When the fill factor increases or 
decreases, the difference between the values increases. 

The graphs presented in Figs. 9 and 10 show that when 
switching frequency f of the power transistor increases, 
the values of DC currents and voltages described by LCM 
tend towards corresponding values of DC currents and 
voltages obtained in simulation (as described in [15–17]). 
This illustrates the limitation of the mathematical model 
for the DC/DC converter based on SEPIC topology.
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Fig. 9. Effect of switching frequency on currents flowing 
through the windings of the first and the second inductor 

at fill factor equal to 0.5: 1 is calculation;  
2L1 and 2L2 are simulation
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Fig. 10. Effect of switching frequency on voltages  
on the first and second capacitor at fill factor equal to 0.5: 

1C1 and 1C2 are calculation; 2C1 and 2C2 are simulation

CONCLUSIONS

This is the first time that the LCM of the unipolar 
DC/DC converter based on SEPIC topology has been 
obtained. The analysis results of the equivalent circuits 
of the considered converter for both operation phases are 
given. Kirchhoff’s rules were used to obtain differential 
equations for algebraic sums of currents and voltages in 
the device describing changes in the input power supply 
current, currents flowing through the windings of inductors 
L1 and L2, and voltages on capacitors C1 and C2.

The systems of differential equations in Cauchy 
form written for each phase of converter operation are 
transformed into coefficient matrices. This allows for 
the limit continuous mathematical model for DC/DC 
converter to be formulated. The mathematical model is 
used to obtain equations for calculating constant currents 
flowing through the inductor windings and the voltages 
on capacitors in the converter steady-state operation.

Calculation results using the obtained limit 
continuous mathematical model are compared with 
those obtained in the DC/DC converter simulation. 
Current values IL1  obtained in simulation differ from 
the calculated value in the range from 11 mA to 0.2 A. 
These correspond to the percentage value of 13–24%. 
Similarly, for current IL2, the values range from 2  to 
135 mA, that in percentage terms corresponds to a range 
of 2–20%. A similar pattern is characteristic of voltages 
UC1 and UC2. The voltages deviate from the calculated 
value from 0.16  to 1.65  V for UC1  and from 0.13  to 
6.74 V for UC2. These ranges correspond to deviations 
of 1–13% for UC1 and 3–20% for UC2. In addition, it is 
shown that at switching frequencies of the power switch 
VT1 greater than 200 kHz, there are small differences 
between calculated values and those obtained in 
simulation.

The LCM for the DC/DC converter based on SEPIC 
topology is the basis for its circuit design and physico-
mathematical analysis.
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