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WHAT IS ALREADY KNOWN ON THIS
TOPIC?

« Interleaved DC-DC converters are
well-known in power electronics for
their ability to reduce input/output
current ripple, distribute thermal
stress, and enhance power conver-
sion efficiency. These converters
operate by paralleling multiple
phases (usually identical convert-
ers) with interleaved switching to
smooth the overall system response
and reduce passive component size.
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ABSTRACT

This paper presents a new two-phase interleaved boost converter for photovoltaic applications. An interleaved
boost converter improved with an additional resonant circuit is proposed. The auxiliary circuit with a resonant
inductor, a capacitor, and two diodes is used to obtain a zero-voltage switching condition. This converter has
the advantages of reduced switching losses, better efficiency, and reduced input current ripples. The operating
principles and design analysis are also presented. To validate the theoretical analysis, a prototype of a 48 V/260
/200 W converter system is developed, and an efficiency of 96% is obtained.

Index Terms—Interleaved boost converter, soft-switching, zero voltage switching (ZVS), zero current switching
(ZCS)

I. INTRODUCTION

Nowadays, boost converters are widely employed in power electronic systems to step up low
input voltages to higher, regulated output voltages. These converters play a critical role in
applications that utilize renewable and distributed energy sources, including photovoltaic (PV)
systems, Direct Current (DC) microgrids, and battery storage systems [1]-[4]. Their ability to effi-
ciently interface low-voltage energy sources with high-voltage loads or distribution networks
makes them indispensable in modern power conversion architectures. To reduce input current
and output voltage ripples, conventional boost converters have been enhanced into an inter-
leaved boost converter (IBC) configuration. These IBCs not only provide improved ripple per-
formance but also facilitate higher efficiency and better voltage regulation. To achieve optimal
performance, various control strategies such as maximum power point tracking [5], [6] and
adaptive feedback control techniques [7] have been integrated into IBC designs. To minimize
input current ripples, an interleaved converter incorporating auxiliary switches in addition to
the main switches was proposed in [8]. Though effective, this topology requires a greater num-
ber of auxiliary components, making it more suitable for low-voltage applications. In another
approach, a dual coupled-inductor (Cl)-based interleaved boost converter with an integrated
clamping capacitor was introduced in [9] to enhance efficiency by reducing voltage stress on
the switches. However, this configuration is primarily applicable to low-power scenarios due to
its limited scalability. Furthermore, to obtain a soft-switching condition in an interleaved boost
converter [10], a coupled inductor and clamping capacitors are incorporated. An IBC is assisted
by a single auxiliary circuit, either without Cls [11] or with Cls [12-15], and achieves soft-switching
conditions at low power levels. Although a zero-voltage transition (ZVT) condition is obtained
by operating the auxiliary switch frequency at a higher frequency than the main switching fre-
quency, this also leads to increased additional current stresses. Furthermore, the use of Cls, an
increased number of switched capacitor cells, and auxiliary circuits in IBCs [16] helps enhance
voltage gain and enables soft-switching. To improve switching performance and reduce losses,
soft-switching techniques have been incorporated into IBC designs. One such approach modifies
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WHAT THIS STUDY ADDS ON THIS
TOPIC?

« This study introduces a novel inter-
leaved DC-DC converter topology
that achieves soft-switching opera-
tion and high efficiency without the
need for auxiliary switches, which
are commonly used in traditional
designs to facilitate zero-voltage
or zero-current switching. By inte-
grating resonant elements directly
into the main power path of the
interleaved structure, the proposed
converter achieves zero-voltage
switching (ZVS) of the primary
power switches. This significantly
minimizes switching losses and
electromagnetic interference (EMI),
thereby improving overall system
efficiency.
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the conventional IBC topology by introducing a large inductor and integrating snubber capaci-
tors, thereby obtaining ZVT operation and reducing switching losses [17]. Alternatively, another
ZVT-based IBC design employs a large inductor in conjunction with an auxiliary switch to achieve
the desired soft-switching condition [18]. Despite their advantages, these converters are primar-
ily constrained to low-voltage and low-power applications due to their increased complexity and
limited scalability. Additionally, soft-switching in an IBC can be achieved through the integration
of an auxiliary circuit [19], while the incorporation of voltage multiplier cells further enhances the
voltage gain. However, this converter operates at lower power levels, which facilitates the realiza-
tion of the ZVT condition and contributes to an overall improvement in voltage gain. To further
increase the overall gain, the number of windings in the Cls is increased. Additional passive loss-
less clamp circuits [20] and active clamp circuits [21] are employed to recycle leakage energy,
enabling operation at high output power. In another approach, increasing the turns ratio of Cls
improves voltage gain, and zero-current switching (ZCS) is achieved using a lossless clamping cir-
cuit (LCC) in the IBC[22]. This configuration reduces turn-off losses and further boosts overall gain.
Additionally, another IBC with LCCs [23-25] achieves zero-voltage switching (ZVS) during turn-off,
while retaining all the aforementioned benefits. A two-phase soft-switching interleaved boost
converter [26] is implemented with auxiliary switches, pulse transformers, and resonant capaci-
tors. The auxiliary circuit is incorporated to achieve zero-voltage and zero-current switching for
the main switches. However, this results in a bulkier converter with increased control complexity.
To enhance the voltage conversion ratio in an interleaved boost converter [27], a magnetically
coupled cell with a voltage multiplier is employed, along with two snubber cells to achieve ZVS
during turn-on. However, the addition of auxiliary snubber cells significantly increases the total
device count, thereby escalating both the volume and cost. Similarly, an interleaved boost con-
verter without a voltage multiplier cell was implemented using only resonant circuits to achieve
soft-switching operation [28]. However, this converter achieves high efficiency only at a nomi-
nal conversion gain. To reduce input current ripples, enhance stability, and improve transient
response, various control strategies have been developed for interleaved converters, including
the Type-lIl controller [29], sliding mode control [30], and model predictive current control [31].
The existing converters exhibit the following drawbacks.

« More number of passive components
« More number of active components

- Electromagnetic interference (EMI)

« Increased control complexity

+ Operation at low output power

Fig. 1 illustrates the overall configuration of an interleaved boost converter integrated with
renewable energy sources, supplying power to loads like DC microgrids and electric vehicles
(EVs). The voltage from low-voltage sources, such as photovoltaic cells, is typically from 12V to
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Fig. 1. Generalized structure of renewable energy sources with an interleaved boost converter.
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Fig. 2. Proposed interleaved boost converter with dual auxiliary cells.

48 V, while the IBC delivers a desirable voltage between 200 V and
500V to the load.

To overcome the aforementioned limitations, this paper proposes
a new soft-switching interleaved boost converter that incorporates
simple active-passive cells, consisting of a diode, a resonant capaci-
tor, and a resonant inductor. The proposed converter offers the fol-
lowing significant merits over existing IBCs:

- Fewer active and passive components

+ Capable of operating at higher power levels

+ Reduced switching losses

« Lower voltage stresses on the switching devices

This paper is organized as follows: Section Il discusses the circuit
description and operating principles; Section Ill presents the design
analysis; Section IV covers the loss analysis; Section V presents
the simulation results; and Section VI provides the experimental
verification.

11. DESCRIPTION AND OPERATING MODES

A. Description of Proposed Interleaved Boost Converter

Fig. 2 illustrates the proposed IBC without auxiliary switches. The
conventional IBC is enhanced by adding two auxiliary circuits to
each leg of the converter. The conventional IBC consists of the main
switching devices S1 and S2, two input inductors L, and L,, and two
diodes D, and D,. The primary leg is supported by an auxiliary cir-
cuit that includes a resonant inductor (L)), a resonant capacitor (C),
and two diodes (D, and D). Similarly, the secondary leg is assisted
by an auxiliary circuit containing a resonant inductor (L,), a resonant
capacitor (C)), and two diodes (D,and D,). The operation of the pro-
posed converter, depicted in the key waveform in Fig. 3, is divided
into nine intervals (t,to t,). The corresponding equivalent circuits for
each interval are shown in Fig. 4-11. Prior to the operation analy-
sis on the Soft-Switched Interleaved Boost Converter, the following
assumptions are made:

(1) AllIGBTs and passive elements are considered to be ideal.

(2) The parasitic elements in the circuit are ignored.

(3) The filter capacitor (C,) is sufficiently large to ignore output volt-
age ripples.

(4) Inductors L, and L, have large inductance, and their currents are
assumed to be constant.

B. Operating Modes
Interval-1 (t,-t,): At t, the voltage across S, is zero, and the body
diode of S, starts conducting, and the current through L, changes its
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Fig. 3. Key waveforms.
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Fig. 4. Equivalent circuit: Interval-1 (t,-t,).
Fig. 5. Equivalent circuit: Interval-2 (t,-t,).

Fig. 6. Equivalent circuit: Interval-3 (t,-t,).
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Fig. 7. Equivalent circuit: Interval-4 (t;-t,).

Fig. 8. Equivalent circuit: Interval-5 (t,-t.).

Fig. 9. Equivalent circuit: Interval-6 (t;-t,).
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Fig. 11. Equivalent circuit: Interval-8 (t,-t;) and Interval-9 (t,-t,).
direction. Hence, the ZVS condition is achieved. S, was already in a V, (t)=V, (4)
conducting state prior to this interval. Throughout this interval, C, is
charging, and the current through L increases smoothly. At the end, V. (t)=V, (5)

the body diode of S, stops conducting.

Interval-2 (t,-t,): At t, S, is in the off state and S, is turned on. During
this interval, C, is charged to V,, current through S, is at zero, i,
reaches -/, i,,changes from -/, ./, and C/is in a discharging state.
The governing equations for currents through the inductors, i, and
i, current through the switch,iS1, and voltages across the capacitors

V. and V_ are expressed as (1-5):

i)=Y, [ (1)

Lp

ing(6)=—Vp. [ @)
Lq

isi(t)=ip(t) (3)

Interval-3 (t,t,): At t, S, is turned on under ZCS conditions, and
energy begins to accumulate in L, The voltage across S, equals V,,
while i, decreases linearly, and C;is fully discharged. The equations for
current through the switch i, currents through the inductors, i, and
i,, and voltages across the capacitors V., and V are given by (6-10):

mm=%w&—m+mm) 6)
1

i1q(t)=(Vin = Vo) Sinwo(t —t5) +in(t2) (7)

\/7 (8)

2+q

J L, +L2)C
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G
Ves(t)=Vo _|:(Vin —Vo) oL
2 q

:|Sin0)0(t2—t1) (9)

Ve () =Vo (10)

Interval-4 (t,-t,): At t,, due to resonance between L and C, S, volt-
age starts decaying smoothly. S, voltage smoothly falls to zero at
the instant L, reaches its maximum and C_ is completely charged.
The equations for currents through the switches i, and i, currents
through the inductors, i, and i,,, and voltages across the capacitors

V. and V_ are given by (11-16):

i51(t):LlV,-n(t—t3)+i51(t3) (11)
1

isy(t)=0 (12)
ig(t)=(Vo —Vin) Cs Sinwg(t —t3)+i,(t3) (13)
Lg —\Yo in L2 +Lq 0 3 Lg\'3

in(t):_VO\/a (14)

Ly

Voo (t) = Vo (1—cos ao (t —t3)) (15)
Ve (t) =Vo (16)

Interval-5 (t;-t,): At t;, S, is turned on, and S, is still being conducted.
Currents through L, L areat/, and C, C are at V.

Interval-6 (tst,): At t, S, is turned off and S, is conducting. Output
power flows via the V,-L -body diode of S, During this interval, C;is
charged to V, i, reaches to -/, i,,changes from -/, I, and Cis in a
discharging state. The equations for currents through the switches i,
and i, currents through the inductors, i, , and i, and voltages across

the capacitors V., and V_ are given by (17-22):

isz(t)=Li\/in(t—t5)+isz(ts) (17)
2

is(t)=0 (18)

. C
i1p(t) = (Vo —Vin) i

1T Ep

fi1q(t) =—Vo\/fis (20)
q

Ve (t) = Vo (1—cos oo (t —ts5)) (21)

Sinmo(t—t5)+in(t5) (19)

Ves(6)=Vo (22)

Interval-7 (t,-ty): At t,, S, is still turned on, and energy is accumulat-
ingin L,. Voltage across S, equals V. i, is linearly decreasing and Cis
completely discharged.

Interval-8 (ty-t,): At t,, due to resonance between L ,and C and S, volt-
age starts decaying smoothly. S, voltage smoothly falls to zero at the
instant L, reaches its maximum and C is completely charged.

11l. DESIGN ANALYSIS

The converter operation is classified into two states to analyze the
input current ripples of the converter. When S, is turned on, it is the
first state and the second state is when both S, and S, are turned on.

State 1: During this state, when only S, is turned on, energy accumu-
lates in the input inductor L,. The input current is then delivered to the
output through L,, as S, remains off. The input current i, is given by (23):
diin :ﬁ_,_ Vin_Vo
dat L L
State 2: In this state, both switching devices S, S, are turned on,
allowing energy to accumulate in both inductors L, L,. The input
current, i, is expressed as follows (24):

(23)

din _Yin , Vin (24)
d L L

Current through the inductor L is given by (25):

i) =i, cos[%ﬂo(t—u)j (25)

The average output voltage V, is given by the following expression (26):

v,
= in 26
-D (26)
The input voltage, V,, is expressed as (27):
Vin =V,(1-D) (27)

By substituting (26) into (23), the input current, i, , is expressed as (28):

in’

%”:%(1—20) (28)

By substituting (26) into (24), the input current, i, is expressed as (29):

di, VY,
dat L
The two operating cases are as follows: Case 1, when S, is the only
switch in the conduction state (0<D<0.5 ), and Case 2, when both
S, and S, are in the conducting state (0.5<D<1). In both operating

cases, the input current ripple is given by (30):

(2-2D) (29)

%(1—2D)DTS;OSDS—

Ai,'n: (30)
E(2—2D) D—l Ts;lSDS1
L 2 2

N | —

The input current ripple is given by (31):

Vo, 1
A == (2 2D)[D 2]7} (31)

The voltage gain of the converter is given by (32):

Vv,
M=| Lo 32
[Mj 2
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The output current (i) of the converter are given by (33):

R T L
where Q =% ; characteristicimpedance Z, = |-

o a

The input current (i,,) of the converter are given by (34):

i =M = —— (34)

The following condition must be satisfied to select the output resis-
tance, R, (35):

v,

(35)

For a Q factor of 3, the values of the resonant elements L, C, L,
and C, are chosen, and the characteristic impedance, Z,, is set to 35
ohms.

The following condition must be satisfied to select the L, and L, (36):

Ls% (36)
’pv s

The output filter capacitance, C,, is determined using the following
equation (37):

Cu = % (37)
RoAV,f;
The maximum voltage stress of the IGBT is determined by (38):
MZ
VStressJGBT = Vin [Q] (38)

The maximum current stress on the input inductors is determined
by (39):

IV. LOSS ANLAYSIS OF THE PROPOSED CONVERTER

This section presents the loss analysis of the proposed converter
operating at 200 W output power, with a 48V (V, ), 260 V(V,), and an
output current of 0.8 A.

A. Switch Losses
The peak current of the switch i, .., is expressed as (40):

isw(peak) = lem X DTS (40)
1

The rms current of the switch i, . is expressed as (41):

. . D
Tsw(rms) = Isw(peak)\/; (41)

Power losses in switches during turn-off (42)

sz ><isw(peak) X fsw X tf

6

. 2
Psw = lsw(rms)” X lion) +

where r,,_on state resistance

B. Inductor Losses

The rms current through L, (i, .)) is determined by (43):

L1(rms,

[—— \/D[1+.AIL[1+1><.AI‘]] (43)
ILmin 3 lein

where Ai;= input ripple ;
current

=minimum input current; /| =output

U Lmin

Power loss of the inductors is calculated by the following expres-
sion (44):

PLIoss(rms) = IL(rms)2 Xn (44)
where r,_inductor internal resistance
The rms current inductor (i) is calculated by (45):

. Vr Cr
ILp(rms)—\/(Z:cz XLXD]"FI,%,(‘I—D—X) (45)
p

where x =

(Ve =Vo)D &(1—c052nD)x(1_D]
2ml, L, 3

Magnetic core losses for the inductors L, L, (46)

PLIoss(rms) :Kxfsa XABBXV (46)

where K=Steinmetz constant=5 x 10°'23 ; f = switching fre-
quency =40 kHz; AB= Change in peak magnetic flux density=0.05
T; V=Volume of the core=10 cm?

C. Diode Losses
The diodes D,, D, rms currents (/

2D 1( ALY
Iotme = N2 el 14— | 2 47
Di(rms) (1—D)X 3( . ) (47)

) are expressed as follows (48):

biems) @re expressed as follows (47):

The diodes D,, D, average currents (/5 ,,,

Iea +Imin
Ivag) =" k2 ><(1—D) (48)

The overall power loss (P, of the diodes are as follows (49):

loss(i rms))

2 .
Ploss(rms) = Id(rms) Xy + Vy de(avg) (49)

where V, = forward voltage drop r,= diode resistance

The diodes D,, D, rms currents (Ip,,..)) are given by (50):

V(6 (2 )
—I Voo |~ sin| <%t || dt (50)
Ty L, T

le(rms) =
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The diodes D, D, average currents (I,,,) are given by (51):

Vee |C, D
IDp(avg) = i r X g (51)
p

The total power losses of the diodes are calculated by (52):

2
PDIoss :Id(rms) XTIy +Vy de(avg) (52)

The diode D, rms current (I,,,,,.) is given by (53):

Dr(rms)

lDr(rms) = Iin X 04\/5 (53)

The diode D, average current (/5,,,) are given by (54)

lDr(avg) = Iin x04 (gj (54)

As seen in Table 1, (41)-(54) are used to calculate all losses, the total
losses in the diodes are 3.76 W, in the inductors are 1.76 W, and in the
capacitors are 0.09 W. The total switching power losses are 2.32 W.

V. SIMULATION RESULTS

The proposed soft-switched interleaved boost converter is designed
and simulated using the PLECS simulation tool. The values of param-
eters used for simulation are as follows: input voltage (V,): 48 V,
switching frequency (f,,): 40 kHz, output voltage (V,): 260 V, induc-
torsL, L,=100 pH, resonant inductors L‘y Lq =1.5 pH, resonant capac-
itors, C, C, =20 nF and output capacitor C,= 470 uF. The voltage and
current waveforms of IGBTs S,, S, are shown in Fig. 12(a, b, ¢, d). As
per obtained waveforms, the voltages across IGBTs smoothly reach
zero and hence the ZVS condition is obtained without introducing
any further voltage or current stresses. Fig. 13 shows i, i,,, and V,,
V¢ The obtained waveforms of resonant capacitors C, C, confirm
that the voltage across capacitors is equal to the output voltage V.
Average current through the resonant inductors L, L is equal to the
output current.

VI. EXPERIMENTAL RESULTS

The proposed converter 48 V/260V is developed and verified experi-
mentally at 200 W output power. The parameters used to develop
the laboratory prototype are illustrated in Table 2. The Pulse Width
Modulation (PWM) signals are generated using Texas Instruments
TMS320F28335. The Infineon IGBTs IHW25N120R2 with 1200
V/25 A are used as S,, S,. Ferrite core of E-70 type is used to design
100 pH inductors, L, L,and L, L, Polypropylene (PP) film capaci-
tors, FKP20111001100, are used as resonant capacitors C, and C,
WOLFSPEED SiC SCHOTTKY C6D06065A diodes, D, D,, D,D,D, and
D,, are used in the prototype. All the experimental results were mea-
sured under steady-state operation, while the converter input cur-
rent was continuous with an input voltage of 48 V.

Fig. 14 shows the obtained collector-emitter voltage and collector
current waveforms of the main switches S, S,. It can be seen from
these results that ZVS turn-on is achieved, and the voltage across
the main switching devices is equal to the output voltage, while the
converter achieves a 260 V output voltage with a 48 V input volt-
age. Hence, the voltage stresses are lower, and the turn-on losses are
also reduced. The voltage and current measured waveforms of S, S,
are the same as the simulated results, except for their body diode
conduction. Fig. 15 shows the current flows through the L and L.
It is observed that when the main switches are turned off, the maxi-
mum peak current equals the output current, 0.65 A, and becomes
zero during the turn-on condition of the main switches. The voltage
across the resonant capacitors C, C, shown in Fig. 16. The voltage
across both capacitors, C, C,, is continuously charging to a maximum
of 260V and discharging when the main switches are turned off. The
main advantage of this is that the converter achieves soft-switching
without the need for auxiliary switches and coupled inductors.

The proposed converter was verified on three different input volt-
ages: 30V, 40V, and 48 V. Fig. 17 shows the clear turn-on and turn-
off transitions of S,, S, while the converter is operated with a 30 V
input voltage and a 155 V obtained output voltage. Fig. 18 shows
the clear turn-on and turn-off transitions of S, S, while the converter
is operating with a 40 V input voltage and a 215 V obtained output
voltage. Fig. 19 shows clear turn-on and turn-off transitions of S,,
S, while the converter is operating with a 48 V input voltage and a

TABLE 1. LOSS CALCULATION OF THE PROPOSED CONVERTER

Device Type Components oy (MQ) Vo (V) V, (V) l,..(A) 1,4 (A) Loss (W)
Diode D, D, 10 250 1.25 39 15 2.1
D, D, 10 250 1.25 42 0.735 1.23
D,D, 10 250 1.25 1372 0.38 0.38
Switch S, S, 30 260 - 4.05 - 232
Inductor copper losses L, L, 20 - - 45 - 0.81
L, 20 - - 492 - 0.96
Magnetic core losses L,L, 20 - - - - 0.023
LyL, 20 - - - - 0071
Capacitor G GG, 80 260 - 0.3 - 0.09

7.93
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TABLE 2. PROTOTYPE PARAMETERS

260 V output voltage. The difference can be seen in the collector-
emitter voltage waveform of S, S, at 155V as it smoothly falls to zero,
whereas at 260 V, the collector-emitter voltage waveform linearly
decreases to zero. The obtained efficiency of this converter is 96%
at a 200 W output power level. Table 3 illustrates the comparison of
the proposed converter with existing topologies [12] [15] [17] [25].
The advantages and disadvantages of the existing topologies and
the proposed topology are summarized in Table 4. The major ben-
efit of this proposed converter is that it is designed without auxiliary
switches, thus avoiding control complexity to drive the switches. The
converter has the following advantages over the existing convert-
ers: no auxiliary switches, simple control, reduced switching losses,
reduced voltage stresses, and improved efficiency. Fig. 20 shows
the overall distribution of the proposed converter. The total power
loss of the proposed converter is 7.9 W when operating at an out-
put power of 200 W, resulting in an overall efficiency of 96%. Fig. 20
presents a pie chart illustrating the loss distribution within the con-
verter. Fig. 21 compares the efficiency of the proposed topology with
existing topologies. Fig. 22 shows the measured efficiency curve of
the proposed interleaved converter, where a maximum efficiency

Parameter Symbol Value
Input voltage Vi 48V
Output voltage v, 260V
Output power P, 250 W
Switching frequency fo 40 kHz
Resonant inductors LyL, 1.5 uH
Resonant capacitors C.C 20 nF
Inductors LL 100 pH
Output capacitor (o 470 uF
IGBTs S5, IHW25N120
Diodes b,b,D,D,D,D, C6D06065A
IGBTs, Insulated Gate Bipolar Transistors.
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Fig. 14. Experimental waveforms. Ch1 (100 V/div): S, collector-emitter voltage. Ch2 (5 A/div): S, collector current (Top). Ch3 (100 V/div): S,

collector-emitter voltage. Ch4 (5 A/div): S, collector current (Bottom).

/\

=10
< | chi /
5

g0

<10
2
5 5 Ch2
30
0 10 20 30 40

\.,\\/

N

50 60 70 80 90 100

Time (ps)

Fig. 15. Experimental results. i : Current through resonant inductor L, Ch1: 5A/div (Top) i, Current through resonant inductor L, Ch2: 5A/div

(Bottom) (Time scale: 10 us/div).
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Fig. 16. Experimental results. V. : Voltage across C, Ch1: 100V/div (upper) V. ;: Voltage across C, Ch2: 100V/div (bottom) (Time scale: 10 us/div).
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Fig. 17. Experimentalresults.V,,=30V;V =150V : Collector-emitter voltage Ch1: 100V/div i.,: Collector current Ch2: 5A/div (Top). V., : Collector-
emitter voltage Ch3 Ch3: 100V/div i;: Collector current Ch4: 5A/div (Bottom) (Time scale: 2 ps/div).
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Fig. 18. Experimentalresults. V, =40V V, =215V V; : Collector-emitter voltage Ch1: 100V/div i,: Collector current Ch2: 5A/div (Top). V;, : Collector-
emitter voltage Ch3 Ch3: 100V/div i;: Collector current Ch4: 5A/div (Bottom) (Time scale: 2 ps/div).

12



Electrica 2025; 25: 1-16
Kumar Bhajana et al. Interleaved Boost DC-DC Converter

o . e vy ]

ol
Ch2

Fig. 19. Experimental results. V., =48V V_ = 260V V; : Collector-emitter voltage Ch1: 100 V/div i,: Collector current Ch2: 5 A/div (Top). V., :

out

Collector-emitter voltage Ch3: 100 V/div i¢;: Collector current Ch4: 5 A/div (Bottom) (Time scale: 2 ps/div).

TABLE 3. COMPARISON OF EXISTING CONVERTERS WITH PROPOSED CONVERTER

NS NL NC ND f.(kH2) v, A P.(W) SS D Efficiency (%)
[12] 5 5 8 8 100 46 850 2500 Yes 26 983
[15] 4 1,17 3 2 60 200 400 1200 Yes 11 95
[17] 3 3 4 3 100 48 400 400 Yes 13 98
[25] 2 4 5 6 30 200 400 1200 Yes 17 972
Proposed 2 4 3 6 40 48 260 200 Yes 15 96

fs, switching frequency; NC, number of capacitors; ND, number of diodes; NL, number of inductors; NS, number of switches; P
input voltage; V.

total device count; V.
*Coupled inductors.

in’

output voltage.

o

of

output power; SS, soft-switching; TD,

TABLE 4. ADVANTAGES AND DISADVANTAGES: EXISTING CONVERTERS VERSUS PROPOSED TOPOLOGY

Advantages

Disadvantages

Reduced switching losses due to ZVS
High gain

Reduce input current ripple

Suitable for high power applications

Increased control complexity

Higher device count

Increased cost and volume

Not suitable for low-power applications

Reduced switching losses due to ZVS
Reduced switching stresses

Simple structure

Lower cost and size

Electro-magnetic interference (EMI)
Increased turn-off losses

Soft-switching achievable only at lower switching frequencies

Not suitable for high-power applications

[17] Reduce switching losses Control complexity

High gain Increased size and weight

Reduced current ripple Increased component count

High power density Not suitable for low-power applications
[25] Reduce switching losses Specific to certain applications

Reduced input current ripple Implementation complexity

Reduced output voltage ripple Expensive

Improved efficiency Not suitable for high-power applications
Proposed topology Reduce switching losses due to ZVS Increased turn-off losses

Less number of device count
Simplified control
Improved efficiency

Increased size and weight
Suitable for both low and high power applications

ZV/S, zero-voltage switching.
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Fig. 20. Loss distribution of the proposed converter.
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Fig. 21. Efficiency comparison between the proposed topology
and existing topologies.

of 96% is achieved at an output power of 200 W. Fig. 23 shows the
laboratory prototype used for the experimental verification of the
proposed converter.

VIl. CONCLUSION

This paper introduces a novel two-phase interleaved boost con-
verter equipped with a simple auxiliary cell. The design analysis
and operating principles of the converter are thoroughly described.
Zero-voltage switching is successfully achieved without introduc-
ing additional losses. Experimental investigations were carried out
on a 200 W laboratory prototype, which operates with an input
voltage of 48 V and produces an output voltage of 260 V. The soft-
switching capability of this converter was tested under three dif-
ferent input voltages: 30V, 40V, and 48 V. The simple auxiliary cell
plays a critical role in ensuring ZVS turn-on of the IGBTs, contribut-
ing significantly to achieving a high efficiency of 96%. Compared
to existing converters, the proposed design reduces the number
of components, including auxiliary switches, thereby lowering the
overall cost. This makes the proposed converter particularly suit-
able for high-power applications, such as photovoltaic conversion
systems. Future work may focus on reducing the number of passive
components and auxiliary switches, which could further enhance
overall efficiency.
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Fig. 23. Laboratory prototype used for experimental verification.
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