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Ozet— Bu calismada, bilgisayar sistemlerinde enerji kaynagi olarak kullanilan Tek Uglu Primer Indiiktor Cevirici
(SEPIC) teknolojisinin analiz ve benzetim c¢aligmasi tizerinde durulmustur. Bilgisayar sistemlerinde, bu
doniistiiriiciilerin ¢ok 6nemli bir yeri vardir ve yaygin olarak kullanilmaktadir. Bu sistemlerde gerilimi yiikseltmek veya
distirmek igin farkli tip devre topolojileri mevcuttur (Buck, Boost, Cuk vb.). Buck doniistiiriicii sadece gerilimi
distirebilirken, Boost doniistiiriicti gerilimi artirmaktadir. Cuk ve SEPIC her iki islemde de kullanilabilmektedir. Buck,
Boost ve Cuk doniistiiriicii bilesenleri iizerindeki biiyiik miktarda elektriksel stres gibi durumlar ana kart1 besleyen gii¢
kaynaklarinin asir1 1sinmasina neden olmaktadir. Ayrica bu doniistiiriiclilerden negatif dogrultulmus ¢ikis gerilimi elde
edilmektedir. Bu problemler SEPIC déniistiiriiciilerde goriilmemekle birlikte yiiksek verimlilikle genis caligma imkani
saglamaktadirlar. Anahtarlama elemanimin gegit sinyalinin kontrol edilmesiyle, SEPIC déniistiiriiciisiiniin pozitif
dogrultuldugu sekliyle istenen ¢ikis gerilimi elde edilebilmektedir. Bu ¢aligma, diger yontemlerle kiyaslandiginda iyi bir
statik ve dinamik performansi saglayabilen PI kontrolciisiiniin gelistirilmesini hedeflemistir. SEPIC dénstiiriiciistiniin
benzetim ¢aligmas1 Matlab/Simulink yazilimi kullanilarak yapilmigtir.

Anahtar Kelimeler— Sepic doniistiiriicii, P1 kontrol, Matlab Simulink, Bilgisayar sistemleri

The Simulation and Implementation of SEPIC Converter
for Computer Systems

Abstract— In this study, the analysis and simulation studies on Single Ended Primary Inductor Converter (SEPIC)
technology used as a energy source in computer systems are proposed. In computer systems, these converters are
inevitable and used widely. To step up or step down voltage, different type circuit topologies are available (Buck,
Boost, Cuk etc.). While buck converter can only decrease the voltage, boost converter steps up the voltage. Cuk and
SEPIC can be used both process. Some issues like large amounts of electrical stress on the buck, boost and Cuk
converter components, the main board power supplies can be overheating. Also negative regulated output voltage is
obtained in these converters. These problems are not seen in SEPIC converters. Also they provide to wide operation
with high efficiency. By controlling of the gate signal of switching devices, desired output voltage is obtained as
positive regulated in SEPIC converter. This study proposed a development of Pl control method that provides the
proper dynamic and static performance compared to other methods. The simulation and implementation of SEPIC
converter is simulated in Matlab/Simulink software.

Keywords— Sepic converter, P1 control, Matlab Simulink, Computer systems

1. INTRODUCTION converters. But, sometimes the proposed output voltage
will be in the scope of input source. Thus, DC to DC

In computer systems, some applications of converters converter technology is developing rapidly.

only need to step-up or step-down the source voltage. It is

important to simply the usage of corresponding
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Single Ended Primary Inductor Converter (SEPIC) is
interfacing with several storage devices and power
sources that are used widely in nowadays. An
independent power converter as SEPIC is used for each of
the energy sources, common lower or higher DC bus
voltage to connect with each multiple resources. The
SEPIC converter regulates the dc voltage to be adjusted to
maintain a constant and stable output voltage. This study
deals with the importance of dc to dc and SEPIC
converters.

The study of Venkatanarayanan and coworkers analyze
and design of PI controller using SEPIC that is to start of
DC to DC converter. Their study proposes a development
of PI controller that is capable of providing the dynamic
and static performance compared to PID control method

[2].

The study of Anbukumar Kavitha and Govindarajan Uma,
the analysis of confusion in a current mode controlled DC
to DC SEPIC converter has been analysed. In this study,
SEPIC converter is operated in current mode control with
continuous conduction mode. The PI control algorithm is
implemented to this converter. The reference current of Pl
controller is considered and varied to control the
converter [3].

The study of Reeto Jose and their team is compared the
different SEPIC converters. These are multi resonant,
conventional and new resonant SEPIC converter. They
have obtained the new resonant SEPIC converter has
small size, higher efficiency, and better transient
performance. It operates at fixed duty ratio and frequency.
It eliminates the need of bulk inductor and reduces the
component numbers. [4]

Jaw-Kuen Shiau and other sources study the different
topologies of converters. They focus on the application of
a converter simulation model using maximum power
point tracking (MPPT) of solar power that includes
different buck boost converters; including Zeta, SEPIC
and 4 switch buck boost DC to DC converters [5-7].

2. THEORY AND PRINCIPLE OF SEPIC
CONVERTER

2.1. The Operation of Converter

The single ended primary inductor converter (SEPIC) is a
circuit of DC to DC converter. As differ from other DC to
DC converters, its output can be greater than, equal or less
than to its input. By the controlling of the Mosfet duty
cycle, desired DC output voltage can be obtained. Also it
has positive regulated output voltage for the given input
voltage. The converter diagram of the converter is shown
in Figure 1. In topology, the coupling capacitor provides
isolation between output and input [5, 8].
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Figure 1. Converter diagram of SEPIC topology

2.2. Continuous Conduction Mode (CCM)

The converter is to be in continuous conduction mode, if
the current through the inductor L; doesn’t falls to zero
state. During steady-state condition, the average voltage
value of capacitor C; is equal to input voltage. The direct
current is blocked by the capacitor Cy, so l1(avg) is equal
to zero which is average current through capacitor Ci. In
this condition, the only source of load current is inductor
L,. It means average load current is equal to average
current of inductor L, and it is independent from input
voltage. From the Kirchhoff’s Law, the following
equation can be written:.

Vio =V +Vo +Vi, 1)
V,, =V, (in steady-condition) (2)
Vi =V, )

As the magnitude of inductor voltages is equal to each
other, ripple currents of inductors will be equal. Looking
at average diode current is written as follows:

Iy =lu—1, 4)

When the Mosfet is in on state, the currents 11 and I (in
negative direction) increases. In this state, we can say that
the Mosfet is short circuit, so instantaneous voltage over
capacitor Cs is approximately Vin and instantaneous
voltage over inductor L, is (—Vin). During this cycle
capacitor Cy supplies the energy to the inductor L.

+V; -
i, TViem M fVpo oo
— N —| :
L1 ClII 1 + [ +
T Vin L2| \71_2 C i l Viut

Figure 2. Circuit Diagram of SEPIC On State (CCM)

During the Mosfet is in off state, the Mosfet is open
circuit and diode D, is forward biased, so instantaneous
current of 11 and Ic; is equal to each other. And diode
current defined as follows:

Ipy =le; =11 ®)

During this cycle inductor L, charges the capacitor Cs and
inductor L, provide load current. Therefore, the buck-
boost capabilities of circuit are determined with the
capacitor C; and inductor L. Structure of inductor L; and
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Mosfet is similar with boost converter; it provides output
voltage is higher than input voltage. The output voltage is
written as follows:

V.

out

= VMosfet _Vin (6)

The Mosfet voltage is determined with duty cycle of
switching gate signal. When Mosfet voltage is higher than
double of input voltage, the circuit behaves as boost
converter. If the Vwmosrer is less than double of input
voltage, Sepic converter works as buck converter [9, 10].

A VAN +Vin— I
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Figure 3. Circuit Diagram of SEPIC Off State (CCM)

2.3. Expected Waveform

Drain to source voltage of Mosfet is called as the voltage
across Mosfet voltage. The gate signal of Mosfet is driven
with PWM signal. Mosfet is working as switching device
in circuit, so drain to source voltage is zero on state cycle.
When it turns off, the magnitude of voltage Vin + Vout is
seen over Mosfet.

v Vin+Vout
Mosfet

t -
Figure 4. Drain-Source voltage across Mosfet

During on state cycle, the inductor L current and inductor
L. current flows through Mosfet and no current flows in
off state cycle.
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Figure 5. Current Through Mosfet

The other switching device in SEPIC is diode Ds. In this
circuit it works in the opposite case of Mosfet. In other
words, when the Mosfet turns off, the diode is conducting.
During this cycle, the inductor L, current and inductor L,
current flows through diode D;. When the Mosfet turns
on, diode is not conducting.

e ————————————— I+ Ioyr

Figure 6. Current Through Diode

Coupling capacitor is charged by inductor L, during off
cycle of Mosfet and then recharge over inductor L, during
on state.
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Figure 7. Current through coupling capacitor
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When Mosfet turns on, the current through inductor L; is
increasing to a certain value until Mosfet turn off. When
Mosfet turns off, inductor L; is discharging to coupling
capacitor and current start to decreasing. Similar case
occurs in inductor L, with charging and discharging
operation.

t —_——— i

. Gt

t ————————
Figure 9. Current through inductor L,

3. DESIGN OF SEPIC CONVERTER

The SEPIC converters can be used in many applications
for charging batteries, supplying computer main boards,
and SMPS, etc. This DC/DC converter is designed that
supply constant 12 Vdc voltage at 500 mA current from
an input voltage ranging from 9V to 15V. Desired the
other specification is determined as follows:

Output ripple voltage = 0.2% of the output voltage
Output ripple current = 30% of the load current
Switching frequency = 330 kHz.

3.1. Duty Cycle Calculation

In SEPIC converters the range of duty cycle is determined
with the voltage range of the input voltage. Output
voltage/Duty cycle equation of ideal SEPIC converter is
given by

Vyy = W

Also it depends on parasitic elements in the circuits such
as diode voltage drop. This make the equation;

DV,
in 8
) (®)

V

out

+Vp =
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While minimum duty cycle occurs at maximum voltage,
maximum duty cycle occurs at minimum voltage.

V

out

min — V +V»

out in(max;

+Vp
) +Vp

€)

Vout +VD

max =
Vour +Vinming +Vo

out

(10)

3.2. Filter Design using Ripple Specification

For the calculation of inductance value; the ripple current
at minimum input voltage is allowed approximately 30%
of maximum input current. The inductor ripple current is

Al = Iin.30%:\M.30% (1D
in(min)
Inductance L; and L is calculated as;
L=L=L= M (12)
? Al f, ™
The peak current for inductor L1
Al Vo +Vo) . 30%
ILlpeak = Iin (1+TL) = Iout V:n(min)D (1+ 2 ) (13)
The peak current for inductor L is;
30%
Lopese = ou 1+ T) (14)

The selection of the coupling capacitor is related with
RMS current and is given by;

(Vout +VD )

in(min)

| = lout (15)

clrms

The voltage rating of the SEPIC capacitor is determined
according to the maximum input voltage. The peak to
peak ripple voltage is given by;

1 D
i\ out —"max
C1

C.f

1" Tsw

(16)

During Mosfet on state, output capacitor supply
energy to the load and capacitor sees large ripple
currents, so the output capacitor have to be capable of
maximum output RMS current [11];
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Vou Vo)

in(min)

| = lout

out(rms)

a7

For the calculation of capacitance, it is assumed that
half of output voltage ripple is occasioned by ESR, the
other half is occasioned by the capacitance. Thus the
following equations can be written:

V. ..0,5
ESR < — [P (18)
ILlpeak + ILZ peak
1 .D
C2 > _out Tmax (19)
Vripple' fsw

Some criteria’s are taken into account when selection of
Mosfet.

e The peak Mosfet voltage is given by;

Viostetmaxy = Your + Vingmax (20)
e  The peak Mosfet current is given by,
Dvostetanaxy = VLapeak + VL2 pea (21)
e  The rms current of the Mosfet is given by;
I J(\/out +Vin(mi\n/) JrVE;)(VOut +Vp) 22)
in(min)
Power dissipation over Mosfet is calculated as;
Qup-foy

P

2
Mosfet — IMosfet(rms) RDS(on)'Dmax (Vout +Vin(min))|Mosfet(max)

IG

where, Rpsen), The on resistance, Qep, Gate-Drain charge,
I, Gate Drive current

These variables can be obtained from the Mosfet
datasheet. In SEPIC converter, the maximum current that
is passed into the diode is equal to the maximum current
through Mosfet. The other parameter for diode selection
is maximum reverse voltage that is given by;

Viepr =V +V,

out (23)

in(max)

Table 1 shows the list of design calculation used in the
SEPIC converter.
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Tablel. The design specifications of SEPIC circuit

Symbol Description Calculated
Dmax Maximum Duty 58.53

Dmin Minimum Duty 45.85

L1 Inductor 7.9807e-05 H
L2 Inductor 7.9807e-05 H
C1l Capacitor 4.4337e-05 F
C2 Capacitor 8.8675e-05 F
IL1(peak) | Peak Current L1 0.8114 A
IL2(peak) | Peak Current L2 0.575 A
[1Q1(max) | Max Current Mosfet 1.3864 A
1Q1(rms) | RMS Current Mosfet 0.9223 A
PQ1 Power Loss Mosfet 0.08276 W
VRD1 Reverse Voltage Diode | 27V

4. SIMULATION RESULTS

4.1. Open Loop Simulation Results

Simulation of circuit is implemented in Matlab Simulink,
given diagram in below is used for the open loop

simulations.

GT

| }
ﬂ, ‘“f

{ “i
. i

Figure 10. Open Loop Simulation Circuit in
Matlab/Simulink Software
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The results of current and voltage of Mosfet, current of
diode are obtained in maximum duty cycle. The results

are shown in Figure 11.
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Figure 11. The waveforms of Mosfet current, voltage and

diode current
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At the maximum duty cycle, the waveform of capacitor
C: current and inductor Ly, Lo currents are shown in
Figure 12.
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Figure 12. The waveforms of (a) 1.1 and I.» currents, (b)

Cscurrent

The output voltage and current of the SEPIC converter is
given in Figure 13 at maximum duty cycle.

Output oltage
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Figure 13. The waveforms of voltage and current for open
loop control (a) output voltage, (b) output current

4.2 Close Loop Simulation Results

To regulate the output voltage, PI controller is applied to
converter. The results are simulated in discrete solver
type. The PI controller compares the output voltage with
the desired output voltage to obtain error. The output of
PI controller is compared with the triangular wave and the
duty cycle of the Mosfet gate pulse is obtained. With this
controller, the output voltage is stable even though
changing of the input voltage.

Gate

A 4

JE

:L—- Vin+ Out1
- - Scope7
ﬂ—l—: Vin-
Subsystem
Relational Saturation PID Controller Constant
Operator

Repeating
Sequence

Figure 14. Closed Loop Simulation Circuit

The waveform of output current and voltage are shown in
following Figure 15. It shows that the output is constant
and doesn’t change the variation of conditions.

BiLiSiM TEKNOLOJILERI DERGISI, CILT: 12, SAYI: 2, NiSAN 2019

Qutput Yoltage

Tirme " 10-3

05 ........ .,
11 S S P ............ ............ J

03_ ............. ............. ............ ............. ............ i

Qutput Current

02k o foe P ............ J

0.1 _ ............. ............ e R i

0 0 1 15 2 25 3
Time “ 10'3

(b)
Figure 15. The waveforms of voltage and current for
closed loop control (a) output voltage, (b) output current

CONCLUSION

According to design the specification of SEPIC converter,
all components were determined in SEPIC converter
circuit that was simulated in Matlab/Simulink Software.
Simulations were performed in both open loop and close
loop control algorithm. Expected waveforms in Section 2
are verified with the simulations results. Also desired
specification was provided with designed SEPIC
topology. The circuit was operated as boost converter
with maximum duty cycle, and then was operated as buck
converter with minimum duty cycle and it was observed
that the output voltage was constant 12V that is supplies
the loads of computer hardware. For closed loop
simulations, the classical Pl controller added to the
circuit. Because of computer systems need robust and
reliability converters to supply the loads. Thus, when it
compared with open loop simulations, it was observed
that the more accurate results were obtained with closed
loop system.



BiLiSiM TEKNOLOJILERI DERGISI, CILT: 12, SAYI: 2, NiSAN 2019

REFERENCES

(1]

[2]

(3]

(4]

(5]

C. KKishore, G. P. Ramesh, “Analysis of Single Switch,
CUKJ/SEPIC based Multi-Port Converters”, International Journal
of Computer Science and Engineering Communications,
3(6),1246-1256, 2015.

S. Venkatanarayanan, and M. Saravanan, “Proportional-integral
Control for SEPIC Converter”, Research Jnl. of Applied Sciences,
Engineering and Technology, 8(5), 623-629, 2014.

K. Anbukumar, U. Govindarajan, “Control of Chaos in SEPIC
DC-DC Converter”, Int. Journal of Control, Automatio n and
Systems, 8(6), 1320-1329, 2010.

R. Jose, S. Anisha, V. Vani, D. Kshemada, “DC-DC SEPIC
Converter Topologies”, Int. Jnl. of Research in Engg. and
Technology, 04(05), 20-23, 2015.

E. Bektas, A. Karaarslan, “The Comparison of PI Control Methdo
and One Cycle Control Method for SEPIC Converter”, 10th
International Conference on Electrical and Electronics
Engineering, 345-349, 2017.

6]

[71

(8]

[

[10]

[11]

117

S. Jaw-Kuen, L. Min-Yi, W. Yu-Chen, C. Bo Chih, “Circuit
Simulation for Solar Power Maximum Power Point Tracking with
Different Buck- Boost Converter Topologies”, Journal of
Energies, 7(1), 5027-5046, 2014.

J. Leema Rose, B. Sankaragomathi, “Design, Modeling, Analysis
and Simulation of a SEPIC Converter”, IDOSI Publications, 24
(7), 2302-2308, 2016.

R. Soumya, K. Thabir, “Design of Single Ended Primary Inductor
DC-DC Converter”, Master of Science, National Institute of
Technology Rourkela, 2013.

S. Mete, H. Z orlu, S. Ozer, “A New Hybrid Model Based On
Neuro Fuzzy Network Soft Switching Mechanism For System
Identification”, Bilisim Teknolojileri Dergisi, 12(1), 1-8, 2019.

C. Elmas, O. Ozkaraca, “Giig Elektronigi Dersi igin Hazirlanmis
internet Uzerinden Egitim Uygulamasi”, Bilisim Teknolojileri
Dergisi 1(2), 11-14, 2010.

E. Celik, N. Oztiirk, "Dogru Akim Motor Siiriiciileri icin PI
Parametrelerinin Simbiyotik Organizmalar Arama Algoritmast ile
Optimal Ayart". Bilisim Teknolojileri Dergisi 10(3), 311-318,
2017.



