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High Step-up SEPIC Converters Based on a Family
of Coat Circuit

Binxin Zhu, Senior Member, IEEE, Yu Huang, Yao Zhang, Guanghui Liu, and Shihuan Chen

Abstract—A family of coat circuits for SEPIC converters to
improve their boost capability is presented. The present coat
circuit does not contain any active switches, so the voltage con-
version ratio of the presented converters can be enhanced without
complicating its gate driver and control circuits. Meanwhile,
because of the expansibility of the coat circuit, the number of
its basic cells can be adjusted regarding the actual application
requirements. Moreover, in comparison with a conventional
SEPIC converter, voltage stress on power switch and diodes of the
presented topology is lower at the same output voltage, and thus
semiconductor components with low on-resistance are chosen
to improve conversion efficiency of converter. The operational
principle and steady state analysis of the SEPIC converter with
one of the proposed coat circuits have been discussed in detail,
and a 300W laboratory prototype is implemented to prove the
theoretical analysis of presented converter.

Index Terms—Coat circuit, high voltage gain, low voltage
stress, SEPIC converter.

I. INTRODUCTION

N the past few years, renewable and clean energy like

photovoltaic (PV) panels and fuel cells (FC) are becoming
more prevalent at the background of the increasing fossil
energy consumption [1]-[4]. However, these energy sources
usually supply DC voltage with low amplitude like 30-50 V,
which makes a DC/DC converter with high boost capacity
necessary to step up their output voltage for some applications,
like grid integration and hybrid electric vehicles. Affected
by parasitic parameters in components and Printed Circuit
Board (PCB), the voltage step-up ability of conventional boost
converters is limited. Therefore, a conventional boost converter
is no longer a good choice for PV and FC sources at the
demand of large voltage transfer ratios [5]-[8].

Recently various DC/DC converters with high voltage gain
have been presented to step up output voltage. Transformer
and coupled inductor with large turn ratios are used to acquire
large voltage transfer ratios with different kinds of basic
DC/DC converters [9]-[13], however, leakage inductors of the
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transformer or coupled inductor result in large voltage stress
on active switches and conversion efficiency reduction. To
solve this problem, clamping circuits have been adopted in
these kinds of converters, which may lead to complexity of
the circuit structure and control scheme. By cascading two
or more staged boost circuits, high step-up voltage gain can
be acquired. These converters have the main drawbacks of
complex structure and difficult control. In addition, stability
of cascaded converters is poor [14]-[16]. In [17], [18], these
presented buck-boost converters have features of single switch,
high step-up voltage gain, simple structure and easy control,
but discontinuous input current and low-power applications are
disadvantages of the converters. To overcome these disadvan-
tages, a quadratic buck-boost converter with a single switch
and continuous input current is presented in [19]. The voltage
conversion ratio of the converter is the square of that of a
conventional buck-boost converter. But the voltage stress of
active components is much higher than output voltage. In [20],
[21], converters with voltage multiplier (VM) cells have been
presented to acquire large voltage conversion ratios and low
voltage stress by adding VM cells, thus these converters
can increase flexibility in device selection, but in proposed
converters, many power switches are used so more drivers are
needed and conduction loss is high. Converters with high boost
ability based on expandable diode-capacitor VM cells utilize
two main switches; there are common advantages like easy
control and low input current ripple. But high current stress
on capacitors cannot be eliminated [22]-[24].

Generally, continuous low input current ripple is a crucial
characteristic in renewable and clean energy applications like
PV power generation and FC systems, which improves effi-
ciency and dynamic performance of the systems. Because the
inductor is located at the input port of conventional SEPIC
converter, the input current ripple of this type of converter can
be reduced as inductance increases. SEPIC based converters
with continuous input current integrating couple inductor are
observed in [25], [26]. By increasing inductor winding turn
ratio can greatly improve voltage conversion gain. However,
high voltage spike exists in switches and thus an auxiliary
snubber circuit is needed. High step-up SEPIC-based con-
verters without coupled inductors has been presented in [27].
Nevertheless, in this converter, active switches suffer high
voltage stress and conversion efficiency is low. In [28], a new
SEPIC based converter with low voltage stress across power
switches and diodes is discussed; its voltage transfer ratio is
three times as much as a conventional SEPIC converter. But its
structure cannot be expanded, thus the high step-up capacity
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is still limited. With development of industrial technology
in recent years, high switching frequency and high-power
density have been a main development trend in application
of DC/DC converters. A modified step-up SEPIC circuit is
presented in [29] which is implemented with a gallium nitride
(GaN) device. The presented converter is operated in 1 MHz.
With switching frequency increasing, the volume of passive
components in the converter decreases, thus overall volume of
the converter decreases. But its voltage gain is still not high.

Diverse types of coat circuits for traditional DC/DC con-
verters to achieve large voltage transfer ratio have been pre-
sented in [30]. High voltage gain, single active switch, low
device voltage stress, and extendibility of the topology are the
advantages of these converters. But as to the presented coat
circuit-based converters, high voltage and current stresses on
the capacitors are the main shortcomings, which restrain the
design flexibility and applicability of the types of converters.
Therefore, in this paper, other modified coat circuits for
conventional DC/DC converters are derived to achieve lower
voltage and current stresses on the capacitors, and the SEPIC
converter with the optimized coat circuit structure has been
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taken as an example to analyze. Furthermore, by using GaN
MOSEFET, power density of the presented converter is greatly
increased. This paper is presented as follows. The general
topology configurations and the operational principle are ex-
pressed in Section II. Comprehensive performances of the
presented converter are discussed in Section III. Experimental
results are given in Section IV. Power dissipation analysis
is discussed in Section V. The conclusion is provided in
Section VI.

II. PRESENTED TOPOLOGY AND OPERATIONAL PRINCIPLE

The presented family of general SEPIC converter topologies
is shown in Fig. 1. All of these SEPIC converters consist of a
basic SEPIC converter and coat circuit based on the basic cells.
The number of basic cells can be adjusted according to actual
application demand. Fig. 1(a) shows a SEPIC converter with
coat circuit in [30]. To distinguish it from other topologies in
this paper, the converter is called SEPIC-CI. By changing the
connection of capacitor C12, Cos, and Cpo in coat circuit,
a modified SEPIC circuit is presented in Fig. 1(b). For
simplification, this converter with a second version of coat
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Topologies of the general SEPIC converters. (a) SEPIC-CI. (b) SEPIC-CII. (c¢) SEPIC-CIII. (d) SEPIC-CIV.
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Fig. 2. Topology structure of presented SEPIC-TBC converter.

circuit is named as SEPIC-CII which obtains lower voltage
stress across each capacitor compared to SEPIC-CI. Similar to
the SEPIC-CII converter, a third version of coat circuit-based
SEPIC (called by SEPIC-CIII) converter is given in Fig. 1(c).
This converter has the main feature of lower current stress
across each capacitor compared to SEPIC-CI converter. Based
on the SEPIC-CII converter and SEPIC-CIII converter, the
fourth version of coat circuit based SEPIC (called by SEPIC-
CIV) converter is also presented in Fig. 1(d).

For better understanding of the operating principle of pre-
sented general SEPIC converters, the SEPIC-CII converter
with two basic cells (SEPIC-TBC) is taken as an example to
analyze the operating principle, as shown in Fig. 2. Assump-
tions are given for the following analysis: 1) All components
are considered ideal and parasitic parameters are negligible;
2) Capacitor value of presented converter is treated as large
enough, thus voltage ripple on the capacitors is neglected.

A. Continuous Conduction Mode

The SEPIC-TBC converter can operate both in continuous
conduction mode (CCM) and discontinuous conduction mode
(DCM) as the load Ry, changes. The CCM condition contains
two operating states, related voltage and current waveforms
of the presented converter operating in CCM are depicted in
Fig. 3. D represents the duty cycle of the switch Sy, ranging
from O to 1. Other voltage or current variables are labeled in
Fig. 4 and 6. The analysis process is given as follows.

First state [to —¢1]: In this state, switch S; conducts, diodes
D1, D1, and Doy turn OFF, and corresponding circuit is
given in Fig. 4(a). The inductor L; is magnetized by the
input voltage source u;y,, the inductor Lo is magnetized by the
capacitor (', the inductor L7 is magnetized by the capacitor
C1 and Cs, the inductor Lo; is magnetized by the capacitor
C1, Oy, and (4, all inductor current rises linearly. Capacitor
(1, is charged by capacitor C; and Cs, the capacitor Co; is
charged by the capacitor C7, Cs, and C12, capacitor C7, Cs,
C12, and Cy9 are discharged. Voltages across all inductors can
be written as

DTy (-D)Ty |

Uin

Uy &y _— uy, D/(1-D)

Uer &ty &l oy u;,D/(1-D)

~1,3D/(1-D)
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Fig. 3. Related waveforms of the SEPIC-TBC converter operating in CCM.

Ur1 = Uin
Ure = uci )

uril = uc2 +uc1 — UC11
Ur21 = uci2 + uc2 + uc1 — uc11 — UC21

Second state [t; — to]: At time t1, switch Sy turns OFF,
diodes Di, Di1, and Dy; conduct, and the corresponding
circuit is given in Fig. 4(b). The current of inductor L; flows
through capacitor C; then branches off through three paths.
The first passes through diode D; to capacitor Cy, the second
passes through capacitor C; and diode Dy; to capacitor Co
and C9, the third passes through capacitor C; and Ca; and
diode Do; to capacitor Cos, C12, and C5 and load Ry,. Current
of inductor Ly passes through diode D; to capacitor Co,
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Fig. 4. Corresponding circuits of the SEPIC-TBC converter operating in CCM

current of inductor L;; passes through diode Dy to capacitor
C12, current of inductor Lo; passes through diode Ds; to
capacitor Cgo and load Ryp,. All inductor currents descend
linearly, capacitor C1; and C; is discharged, capacitor C1,
C5, C42, and Coy are charged. The related expression can be
given by

Ur1 = Uin — UC1 — UC2
Urz2 = —uc2 )
urili = —uUci2 = —uUcii

Ur21 = —Uc22 = —Uuc21

The operational principle of the SEPIC-CIII converter and
SEPIC-CIV converter is alike so SEPIC-CII converter here is
not discussed. Comparative properties of the family of general
SEPIC converters are listed in Table L.

B. Discontinuous Conduction Mode

For simplifying the analysis process of presented SEPIC-
TBC converter operating in DCM, we assumed that Ly = L,
Ly = Ly = Loy = L. Operation of presented converter in
DCM consists of five states, related waveforms are shown in

. (a) First state. (b) Second state.

Fig. 5. Dy represents the proportion of time that the diode is
conducting during one switching period. Detailed discussion
is explained as follows:

First state [to — ¢1]: At the time ¢(, switch S; turns ON, and
diodes Dy, D11, D21 turn OFF. Current 471 increases linearly,
while current iz, 4711, and ¢r2; decrease in the negative
direction and reach zero at time ¢;. During the time interval,
capacitors Cp, Co, and Cyo are charged, the capacitors C11,
Cs1, and Css are discharged.

Second state [t; — t2]: Switch S; remains ON state, diodes
D4, D1, and Doy remain OFF state. Currents of all inductors
increase linearly. During the time interval, capacitors Cy, Co,
C12, and (oo are discharged, the capacitors C7;, Cy; are
charged. Switch S; turns OFF, diodes D;, Dj;, and Doy
conduct at time to.

Third state [to —t3]: Switch S; is OFF, diodes Dy, D11, and
Doy are ON. Currents of all inductors start decreasing linearly,
and current 79, i111, and 7797 reach zero at time t3. During
the time interval, capacitors C', Cs, C12, and Cos are charged,
capacitors C71, Cy; are discharged.

Fourth state [t5 —t4]: In this state, the corresponding circuit
is illustrated in Fig. 6(a), switch S; keeps OFF state and



ZHU et al.: HIGH STEP-UP SEPIC CONVERTERS BASED ON A FAMILY OF COAT CIRCUIT

1757

TABLE I
COMPARATIVE PROPERTIES OF THE FAMILY OF GENERAL SEPIC CONVERTERS

Topology SEPIC-CI SEPIC-CII SEPIC-CIII SEPIC-CIV
Total device 6+ 4n 6+ 4n 6+ 4n 6+ 4n
count
. (14+n)D (14n)D (14n)D (14n)D
VolFage gain D o oo b
Syv1tch and T a+m)D a+n)D aT+n)D
diode voltage
stress
UCc1 = Uin
UCc1 = Uin UCc1 = Uin ucil = ue UCc1 = Uin
. i1 = i—1)2 )

Capacitor uci1 = uc2 = Duin /(1 — D) UC2 = UCi1 = UCi2 ¢ iD’l(LZ /)(1 D) uci1 = tDuin /(1 — D)
voltage stress . = (i+1)Duin /(1= D — Du./(1—D = in - Wi = U = D /(1 — D

Ci2 ( ) m/( ) m/( ) UCmg = (n + l)Duin/(l _ D) C12 C2 m/( )

7"C’l(rms) = (n + 1)10 iCl(rms) = (n + 1)[0

iC rms) — (n+ 1)I
7:Cl(rms) = (n + 1)10 Hme) °

vD/(1-D) m m m
Capacitor icitms) =M+ 1=l iciiems) = iC(i71?2(rms) it (eme) = (1)) ici1(ms) = lon/D/(1 — D)
current stress -vD/(1 - D) = (n+ 1))l 1 m ic(i—1)2(rms) = (N +1—19)Io
iC(i—1)2(rms) = lov/D/(1 — D) -\/D/(1-D) N -v/D/(1 = D)

iCn2(rms) = A7:Lnl/4 Z‘C’n2(rms) = A'LALnl/4

ic ) = Aipn1/4
n2(rms) n iCnQ(rms) = Aipn1/4

where ¢ € [1, n]
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Fig. 5. Related waveforms of the SEPIC-TBC converter operating in DCM.

diodes Dy, Dy;, and D2; keep ON state. Current iz keeps
decreasing linearly, currents 41,5, ¢1,11, and 7791 Star reversing
the direction, as depicted in Fig. 5. The sum of currents of
inductors Lo, Lq1, and Loy are equal to amplitude of current
of inductor L at time 4, which is marked as Iy, diodes Dy,
Dj1, and Do; turn OFF at the end of this duration. During this
time interval, capacitors C7, Cs, C1a, and Cyo are charged,
capacitors C11, Co; are discharged.

Fifth state [ty — t5]: In the state, the corresponding circuit

is illustrated in Fig. 6(b), switch S; and diodes D;, D11, and
Doy turn OFF. In this interval time, currents 27,1, %72, 1,11, and
i1,21 remain constant. Capacitors C, Cs, and C» are charged,
capacitors C11, Ca1, and Cy are discharged. All modes of this
cycle end at time ¢5; the next cycle will begin and repeat in
the same way.

I1I. COMPREHENSIVE PERFORMANCE ANALYSIS
A. Voltage Gain
According to voltage-second balance principle on all in-
ductors, and by using formulas (1) and (2), voltage on all
capacitors of the presented SEPIC-TBC converter operating
in CCM can be obtained as follows
UCc1 = Uin
uinD

1-D
Uin D
Ucz2 = Uc12 = UC22 = 1_p

3)

uci1 = uc21 =

The voltage transfer ratio (Mccnm) of the presented con-
verter operating in CCM can be calculated by using for-
mula (3).

Mooy = o — Ucz2 +uciz tuce 3D @)
in 1-D

The double-cells of presented SEPIC-TBC converter can

also be extended to include n basic cells, and hence

Uin

Uc1 = Uin
_ _ — — uinD
Uci1 =uUc21 = ... =UCnl = 7_p
i D
Ucy = UC12 = UC22 = ... = Ucn2 = 105
_ _ uin(n+1)D
Uo = UC2 + UC12 +UC22 + ... T UCn2 = ——p —
&)
M U (n+1)D 6
ceM == = (©)
in 1-

As seen in formulas (5) and (6), the voltage conversion gain
of presented SEPIC-CII converter containing n basic cells is n
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Fig. 6. Corresponding circuits of the SEPIC-TBC converter operating in DCM. (a) Fourth state. (b) Fifth state.

times as large as of traditional SEPIC converter, and its voltage
conversion ratio can be changed by adjusting the number of
basic cells. Besides, voltage on capacitors of the presented
converter is constant and independent of value of n, which is
lower than of the converter of [30]. Therefore, we observed
that it is more flexible to select capacitor components in design
of converter.

To calculate the voltage transfer ratio (Mpcar) of presented
SEPIC-TBC converter operating in DCM, voltage-second bal-
ance principle can be applied on inductors, the voltage of
capacitors can be obtained as follows:

Uc1 = Uin
uc11 = Uc21 = % (N
uce = Uc12 = uca = 52
The voltage transfer ratio (Mpcwm) of the presented con-
verter operating in DCM can be obtained as (8) by using
formula (7).
M U uc2tuci2tucea 3D
DCM = — = ===
in Uin DM
By applying current-second balance principle on capacitors,
the average value of current passing through all diodes and all

®)

inductors is equal to average output current I,. Ideally, the
presented converter is assumed a lossless system, thus input
power is same as out power. Hence, (9) is held. As can be
calculated from Fig. 5, the average value of current passing
through all inductors is written in (10).

Iin = Iy = u?/(Ryuin) ©)
Ipi =Ipn =Ipor =1 = I = It = I
I = 7“‘350718 (D+DM) + Iy (10)
Io =1Ip1y = I = “PI5(D 4 Dy) — Lt

According to (8)—(10), voltage conversion gain of presented
converter operating in DCM can be obtained as (11).

Uo (L + 3Lo)R1,D?Ts
M =2 = 11
DCM - \/ SLoL (11)
Then, we can define dimensionless parameter 7 as follows:
2LoL
T= (12)
(L+3Lo)RLTs
Substitution of (12) into (11) yields
Uo D
M =—=— 13
peM == s (13)
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The double-cells of presented SEPIC-TBC converter can be
extended to include n basic cells, and hence

Uo \/RLDQTS(L + (n +1)Lo)
Mpeyn = — =

14
2LoL (14)

m

The curves of voltage gain versus duty ratio are depicted
in Fig. 7, when presented SEPIC-TBC converter operates in
CCM condition and in DCM condition under various 7, it can
be seen that voltage gain Mpcy will increase as 7 decreases.

20
ccM
DCM (:=0.004 )
15+ DCM (z=0.008 )

DCM (=0.016)

Voltage gain (dB)
)

0 0.2 0.4 0.6 0.8 1
Duty ratio

Fig. 7. Voltage gain versus duty ratio.

B. Voltage and Current Stress Analysis

Voltage stress on switch S; and diodes Dy, D11, and Doy
of the presented SEPIC-TBC converter operating in CCM can
be given in the following equation by using (3).

in

us1 = up1 = uc1 +uc2 = 1%

in

up11 = Uciz + uc2 +uc1 — uc1 = 125

Uin
Up21 = Uc22 + Uc12 + Uc2 + UCc1 — Uc11 —UC21= 1P

15)

When a basic cell is expanded to n, the voltage stress can
be written as the following formula with (5).

_ o o o o Uin _ Uo
Us] = Up11 = UD21 = ... = UDnl1 = _(1—|—n)D

1-D
(16)

As expressed by (16), the voltage of switch and all diodes
of presented SEPIC-CII converter with n basic cells is 1/(1+
n)D times smaller than output voltage wu,, which is much
lower than of a traditional SEPIC converter under the same
output voltage u,, and thus semiconductor devices with low
on-resistance can be employed to reduce conduction loss.

For simplifying the analysis process of current stress of
the presented converter operating in CCM, the current ripples
of inductors and load Ry, are neglected, the average current
of inductors and load Ry, are considered as Ipq, Iro, 1111,
and I72; and I,, respectively. By applying the current-second
balance principle on capacitors, the average value of current
passing through diodes D;, Dj1, and Dy; and inductors Lo,
Lq1, and Loy are approximately the same as average output
current I,, we have

Ipy = Ip1iy = Ip21 = 1o = Ip1 = It = I (17)

1759

To simplify the analysis process, the components are consid-
ered as ideal. Therefore, the conversion efficiency of presented
converter can approach 100%. Based on (4), average input
current I is given by

3D
Ipy =1, ——
L1 1-D

As depicted in Fig. 4(a), the average current Ig; passing

through switch S; is obtained as

(18)

3D
1-D

The double-cells of presented SEPIC-TBC converter can be
extended to include n basic cells, and hence

Isi = (Itpn + It + It + Ip21)D =1, (19)

Igy = [0

I, = Io% 20)
It =Ipor=...= I = Lo

Ipy =Ipi1=1Ipa1=...=Ipn1 =1,

C. Boundary Condition Mode

If the presented SEPIC-TBC converter operates in the
boundary condition mode (BCM), it can be obtained that
voltage conversion gain Moy will be equal to voltage
conversion gain Mpcy. The boundary parameter 7y is found
as (21) by using formulas (4) and (13).

(1-D)?
9

The curve of boundary parameter 75 versus duty ratio is

depicted in Fig. 8. If 7 is less than 7, the presented converter

operates in DCM condition, otherwise the converter operates
in CCM condition.

2n
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Fig. 8. Boundary condition of presented SEPIC-TBC converter operating in
CCM and DCM.

A similar boundary condition mode analysis can be per-
formed for presented SEPIC-CII converter with n basic cells,
and the boundary mode is given by

n = TBn, M
Tn > TB CcC 22)
Tn < TBn, DCM
2L0L 1-D)*
where 7, = m and 1, = ﬁ
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TABLE 11
COMPARISON OF THE SEPIC-CII CONVERTER WITH OTHER CONVERTERS

SEPIC-CII  Converter

Converter

Converter  Cuk-derived step-up/down

Topology converter in [18] in [19] in [28] converter in [31] SEPIC
Number of switches 1 1 1 1 2n—1 1
Number of diodes 1+n 3 5 3 n 1
Number of inductors 2+n 3 3 4 2 2
Number of capacitors 24 2n 5 3 6 n+1 2

. (n+1)-D —-3D D \? 3D nD D
Voltage gain 1D i-D - (ﬁ) i-D i-D i-D
Switch voltage stress (n_:fﬁ Evs) o Bl ?::O:/(lr,bg) (-1 e
Continuous input current ~ YES NO YES YES YES YES

D. Comparison Between the Presented Converter and Other
Converters

The properties contrast of the presented SEPIC-CII con-
verter and some buck-boost converters with high step-up con-
version gain are listed in Table II. Comparisons have involved
voltage gain, components number and voltage stress, etc. In
comparison with traditional SEPIC converters, the presented
SEPIC-CII converter can acquire a higher voltage transfer ratio
and reduce voltage stress across active components without
extreme duty cycle. The common drawback of converters
of [18], [19] is negative output voltage wu,. Besides, the
converter in [18] has discontinuous input current, thus an
auxiliary input filter is needed for some renewable energy
applications.

Moreover, voltage stress across capacitors is high. In [19],
the switches of converters suffer from high voltage stress. The
characteristics of converter in [28] and presented converter
with 2 basic cells are similar. However, compared to a con-
verter with constant structure of [28], the presented SEPIC-CII
converter can not only obtain larger voltage conversion ratio,
but also reduce voltage stress on capacitors by adding its basic
cells. The high step-up capacity of Cuk-derived step-up/down
converter with expansion ability in [31] can be enhanced,
but the number of switches is larger as m increases, thus
the driver and control circuit are complex. Fig. 9 gives the
relationship between voltage gain and duty cycle of the SEPIC-
TBC converter and other converters.

20 T T T T T T T T

Converter in [28] and proposed converter under #=2

IS¢ Cuk-derived step-up/down converter in [31] under »=2 1
Conventional SEPIC i
10+ Converter in [19] ,l' -

Converter in [18]

Voltage gain (dB)

75_ n
710' \ )
-15} , ]
\
. \
20— L
0 01 02 03 04 05 06 07 08 09 1

Duty cycle

Fig. 9. Voltage gain versus duty cycle of various converters.

IV. EXPERIMENTAL RESULTS

A 300 W laboratory prototype was implemented to prove
the theoretical analysis of the presented SEPIC-TBC converter
operating in CCM, the photo is shown in Fig. 10. Typical
specifications of the designed prototype are given in Table III.
In this design of the prototype, the GaN transistor GS66508B
from GaN Systems is used to operate the converter in 1 MHz
frequency condition, thus the size of the inductors and ca-
pacitors components can be reduced significantly. In contrast
with the converter of [30], the SEPIC-TBC converter presents
higher power density. Fig. 11 shows the experimental results.

Figure 11(a) is the waveforms of the input voltage iy,
output voltage u,, switch voltage stress ugi, and drive signal
Ugs1. As shown in this figure, when the voltage gain is about
8.3 with 73.5% duty cycle, output voltage u, can be up
to 400 V with 48 V input voltage, switch voltage stress is
approximately 181 V. Experimental waveforms correspond

13.7cm

6.6cm

11.1cm

Driver circuit

Fig. 10. Laboratory prototype of the SEPIC-TBC converter.

TABLE III
PROTOTYPE SPECIFICATIONS OF THE CONVERTER

Parameter Values
Input voltage (uin) 48 V
Output voltage (uo) 400 V
Output power (FPo) 300 W
Switching frequency (fs) 1 MHz
Switch (S1) GS66508B
Diodes (D1,D11,D21) C3D10060
Capacitors (C1,Ca,--- ,C22) 1 uF
Inductors (L1) 50 uH
Inductors (La, L11, Lo1) 100 uH
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with the theoretical calculation. Voltage stress across diodes
Dy, Dyi, and Doy is close to 48 V, 133 V, and 133 V
respectively, as demonstrated in Fig. 11(b), which agrees with
(15). Figs. 10(c) and 11(d) illustrate the voltage waveforms
of capacitors C, Cs, C11, Co1, C12, and Csyo.Voltage across
capacitor C is about 48 V, the voltage across other capacitors
is the same and about 133 V, which agrees with the (7).
Fig. 11(e) shows the current waveforms of inductors L, Lo,
Lq1, and Ly;. The average value of current passing through
inductor L; reaches 6.25 A and it features low current ripple.
The average value of current passing through inductors Lo,
L1, and Lo; is the same and about 0.75 A, which agrees
with theoretical calculation.

Figure 12(a) depicts efficiency curve of designed prototype
under different output powers. Maximum conversion efficiency
can reach 93.8% at 275 W output power. The efficiency curve
of designed prototype under different output voltages is given
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in Fig. 12(b). Maximum conversion efficiency can reach 94.2%
at 300 V output voltage.

Figure 13 illustrates the curve of duty cycle (D) versus
voltage gain (M). As shown in this figure, the dotted line
represents the theoretically calculated voltage gain, the solid
line represents the experimentally measured voltage gain.
Apparently, the experimental voltage gain value gradually
drops below the value of theoretical result as D increases.
The reason is that experimental result is largely influenced
by experimental factors such as parasitic parameters, so the
experimental voltage gain value of the presented SEPIC-TBC
converter deviates from that of theoretical calculation.

V. POWER DISSIPATION ANALYSIS

Power dissipation of the SEPIC-TBC converter mainly
consists of conduction and switching dissipation of switches,

uin } IuDl I ij
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Fig. 11. Experimental results of the designed prototype. (a) ugs1, Uin,» Usl, Uo. (b) UD1, UD11, UD21. (€) UC1, UCc11, Uc21- (d) U2, UC12, UC22-
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Fig. 13.  The duty cycle versus the voltage gain for the presented SEPIC-
TBC converter.

diodes conduction dissipation, and inductors conduction dis-
sipation. For simplifying the mathematical analysis process of
loss, the current ripple of the inductors, and voltage ripple of
the capacitors are ignored. The loss of each part can be ob-
tained by calculation according to prototype parameters listed
in Table III. Detailed theoretical loss analysis are described as
follows.
Switch conduction dissipation is given by

9D
(1-D)?
where Rgson 1S the on-state resistance of switch, Iy, is the

RMS value of the current passing through switch.
Switch turn-on dissipation is given by

2
Ps—cond =1

S-rms

Rason = I?Rygon = 2.6 W (23)

Pon — usiontt—on
275
where t;_,, is the time interval of the turn-on transition of
switch, ug is switch voltage, and i,,, represents current passing
through switch during switch turn on.
Switch turn-off dissipation is given by

(24)

UsTofftt-off
275
where ti_ o is the time interval of the turn-off transition of
switch, and ¢.,¢ represents current passing through switch

during switch turns off.
Total switching dissipation of switch can be given by

Uolo (tt—on + tt—off)
2D(1 — D)TS

Pog = (25)

= 6.86W

Ps—w:Pon+P0ff: (26)

CSEE JOURNAL OF POWER AND ENERGY SYSTEMS, VOL. 9, NO. 5, SEPTEMBER 2023

96
94
92
90
88
86
84

Efficiency (%)

82
50 100 150 200 250 300 350 400 450 500
Output Voltage (V)
(W]

Efficiency curve of the designed prototype. (a) Efficiency curve under different output power. (b) Efficiency curve under different output voltage.

Diode conduction dissipation is given by

Py.cona = Vrlg 27

where Vi denotes the forward voltage drop of the diode, and
14 is the average value of current passing through diode.

Total conduction dissipation of diodes Dy, Di;, and Doy
can be calculated as follows:

Pytor = 3Vrly = 2.256W (28)

Inductor conduction dissipation is expressed as follows:

PL—cond = Ig_rmsRL (29)

where Ry, is the ESR value of inductor, and I}, _,.,,,s represents
the RMS value of current passing through inductor.

Total conduction dissipation of inductors Lq, Lo, Ly1, and
Ly; can be calculated by the following expression:

Priot = I3y meRu1 + 3135 0 Rio =22 W (30)

The other losses includes capacitor loss, drive loss and PCB
line conduction loss, which will be given an estimated values.
The value can be calculated as follows:

Pother =2 W a3n

Based on aforementioned theoretical calculation, power
dissipation distribution of the presented converter is illustrated
in Fig. 14 at 300 W output power and 400 V output voltage.
As can be concluded from the pie chart, 43.2% dissipation of
total power dissipation is caused by the switch turn-on and
turn-off transition, which is the major dissipation. Conduction

Fig. 14. Theoretical power dissipation distribution of the presented converter.
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dissipation of switch and diodes contributes 30.4% of total dis-
sipation. Inductors conduction dissipation contributes 13.8%
of total dissipation and remaining dissipation caused by other
parasitic elements contributes 12.6% of total dissipation.

VI. CONCLUSION

This paper proposes a novel family of coat circuits for basic
SEPIC converters. A 1-MHz 300-W laboratory prototype is
designed to validate the theoretical analysis of the presented
SEPIC-TBC converter.

1) The presented general SEPIC converters with coat circuit
have these merits of large voltage conversion ratio, low switch
and diodes voltage stress, simply driver and control circuit, and
low input current ripple.

2) The presented SEPIC-TBC converter has better perfor-
mance in power density by using a GaN device.

3) The presented family of modified SEPIC converters can
achieve lower voltage and current stress on the capacitors,
which can effectively reduce selection restriction and cost of
components.

4) The presented family of converters is more feasible
to industrial applications like PV power generation and FC
systems.
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