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Resonance Analysis and Soft-Switching Design
of Isolated Boost Converter With Coupled
Inductors for Vehicle Inverter Application
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Abstract—The comprehensive resonance analysis and soft-
switching design of the isolated boost converter with coupled in-
ductors are investigated in this paper. Due to the resonance par-
ticipated by the voltage doubler capacitor, clamping capacitor,
and leakage inductance of coupled inductors, the reverse-recovery
problem of the secondary diodes is restrained within the whole op-
eration range. By choosing appropriate magnetic inductance of the
coupled inductors, zero-voltage switching ON of the main MOSFETs
is obtained collectively at the same working conditions without any
additional devices. Moreover, the range of duty ratio is enlarged to
achieve soft switching and an optimal operation point is obtained
with minimal input current ripple, when duty ratio approaches
0.5. Additionally, two kinds of resonances are analyzed and an op-
timized resonance is utilized to achieve better power density. The
prototype is implemented for the vehicle inverter requiring a 150 W
output power, input voltage range varying from 10.8 to 16 V, and
360 V output voltage. Experiment results verify the design and
show that the minimum efficiency is about 93.55% and 90.53% at
low load and full load, respectively.

Index Terms—Interleaved boost converter, resonance analysis,
soft switching, vehicle inverter application.

I. INTRODUCTION

V EHICLE inverter is now spreading across the world. Top-
end Audi and Bavarian Motor Works cars are enjoying

comfort and convenience of vehicle inverters. Most traditional
vehicle inverters are composed by two stages: dc/dc converter
and dc/ac inverter. To achieve 220 V root-mean-square sine
wave, the input voltage of dc/ac inverter should be at least
360 Vdc in a highly efficient manner [1]. It is worth notic-
ing that the vehicle battery presents low-voltage characteristic
(10.8 to 16 V, typical 12 V), the dc/ac inverter must have a
high-voltage conversion ratio dc/dc converter on the front end.
Considering life span of vehicle battery, mounting space and
natural cooling, dc/dc converter with low-input current ripple,
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high operation frequency, and high efficiency are required in
this application [2]–[9]. Besides, galvanic isolation is necessary
to meet the safety standards.

Push–pull topology is widely used in dc/dc stage [8]–[13].
Voltage-fed push–pull converter proposed in [9] features high
input current ripple because the current in the primary side is
discontinuous. A low-pass LC input filter is applied to minimize
the ripple. Then it increases the volume of the system for high
input current. Moreover, the converter’s voltage conversion ratio
is only determined by turn ratio of transformer. To achieve a
high step up feature, a large turn ratio brings large transformer
volume and leakage inductance which degrades power density
and circuit performance.

Current-fed push–pull is suitable for low input voltage, high
input current application due to the input inductor. Further-
more, significant topologies are used in fuel cell system and
battery sourcing application [10], [11] and active clamping
with resonance technology has gained attraction which can re-
alize zero-voltage switching (ZVS) on of MOSFETs [14]–[16]
or resolve reverse-recovery problem of secondary rectifying
diodes [12], [17]. With soft-switching characters, the operation
frequency can be high enough to obtain not only high power
density but also high efficiency. An active-clamping current-fed
push–pull converter in [8] has satisfied performance for vehicle
inverter application. Comparison of two mentioned converters is
listed in Table I. However, more detailed resonance analysis still
needs to be presented. Optimized resonance will be designed to
minimize capacitors volume, and improve power density.

From the previous research studies [11]–[17], converters with
resonance can be divided into two classes in terms of soft-
switching characteristic. One is to obtain ZVS on of the main
MOSFETs [11], [14]–[16] while the other is to turn OFF secondary
diodes softly [12], [13], [17]. A novel isolated zero-voltage
transition (ZVT) boost converter with coupled inductors has
been proposed which belongs to the first class [14]. The input-
parallel configuration is adopted to share the large input current
and to reduce the conduction losses. Besides, the active clamp
circuits are employed to achieve ZVT for all the active switches.
However, reverse-recovery problem of secondary diodes is still
remained and duty ratio must be larger than 0.5 to achieve ZVS
on of the main MOSFETs. Furthermore, these two kinds of soft-
switching characteristics are still not obtained collectively at
the same working conditions among the mentioned converters
yet.

In this paper, resonance analysis and soft-switching design
of the isolated boost converter with coupled inductors are
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TABLE I
COMPARISON OF TWO MENTIONED CONVERTERS

Fig. 1. Schematic of the converter.

presented. The schematic of converter is implemented as Fig. 1.
Compared with the former proposed converter, both ZVS on of
the main MOSFETs and zero-current switching (ZCS) off of the
secondary diodes are obtained collectively at the same working
conditions without any additional devices. Moreover, the range
of duty ratio is enlarged due to the design and an optimal oper-
ation point is obtained when duty ratio approaches 0.5 and the
ripple of input current moves in close to zero. The volume of the
converter can also be decreased because of smaller transformers
and smaller capacitors. A dc/dc converter for vehicle inverter is
implemented to verify the design.

This paper is organized as following. Principle of operations
is shown in Section II. The analysis and design of resonance
and circuit are illustrated in Sections III and IV, respectively.
Finally, experimental results in Section IV validate the analysis
and design. The summarization is given in the final section.

II. PRINCIPLE OF OPERATIONS

Due to interleaved control of S1 and S2 , the frequency of iL is
twice as high as the switching frequency so input current ripple
is reduced. When D is 0.5, input current ripple is approximately
zero. Principle of operation is presented as follows.

A. Operational Principle for D < 0.5

When D is small than 0.5, resonance operates at nonoverlap-
ping interval.

Mode 1 [t0 , t1]: S1 is turned OFF at t0 while S2 is off. Inductor
Lp1 and Lp2 are discharging and di/dt equals (Uin–UC c)/Lp .
Due to small inductance of Lp1 and Lp2 , iLp2 is under zero at
t1 . The reverse current is flowing from clamping capacitor Cc ,

auxiliary MOSFET S4 to inductor Lp2 . No energy is transferred
to secondary side. Equivalent circuit is presented as Fig. 2(a).

Mode 2 [t1 , t2]: S4 is turned OFF at t1 when iLp2 is reverse.
Inductor Lp2 discharges parasitic capacitor Cp2 of S2 for free-
wheeling. If the reverse current of Lp2 is large enough, there will
be sufficient energy to discharge uDS2 to zero at t2 . Equivalent
circuit is presented as Fig. 2(b).

Mode 3 [t2 , t3]: S2 is turned ON at t2 when uDS2 reaches zero.
ZVS on of S2 is achieved. S1 is still off. Hence, inductor Lp1
is discharging and di/dt equals (Uin–UC c)/Lp . Inductor Lp2 is
charging and di/dt equals Uin/Lp . Secondary circuit begins to
conduct. Transformer T1 works as a flyback converter and trans-
former T2 works as a forward converter. Leakage inductor of
transformer, clamping capacitor Cc and voltage doubler capac-
itor Cr start to resonate. Therefore, both iLp1 and iLp2 contain
magnetizing current and resonant current. Equivalent circuit is
presented as Fig. 2(c).

Mode 4 [t3 , t4]: Secondary current iLs decreases to zero at
t3 and resonant circuit is cut off by diode Do2 . Therefore, sec-
ondary diode is turned OFF softly and reverse-recovery problem
is removed. Inductor Lp1 is still discharging with rate deter-
mined by (Uin–UC c)/Lp . Inductor Lp2 is still charging with
rate determined by Uin/Lp . Equivalent circuit is presented as
Fig. 2(d).

During the remaining half period of TS , Modes 5 to 8 are
analogous to the operation of Modes 1 to 4. Voltage–second
balance law of inductor Lp1 and Lp2 is written as

UinD + (Uin − UCc
)(1 − D) = 0. (1)

Thus

UCc
=

Uin

1 − D
. (2)

Since secondary topology is secondary windings in series and
a voltage doubler rectifying circuit, output voltage is

Uo = 2 ×
[
N2

N1
Uin +

N2

N1
(UCc

− Uin)
]

=
2N2Uin

N1(1 − D)
. (3)

From (3), though magnetizing currents of inductor Lp1 and
Lp2 are reverse at some intervals, the voltage gain does not
change. Fig. 3 shows key waveforms for D < 0.5.

B. Operational Principle for D > 0.5

When D is > 0.5, resonance operates at overlapping interval.
Analogous analysis is omitted due to space restriction. Fig. 4
shows key waveforms for D > 0.5.
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Fig. 2. Operation modes of the proposed converter. (a) Mode 1 (t0 –t1 ). (b) Mode 2 (t1 –t2 ). (c) Mode 3 (t2 –t3 ). (d) Mode 4 (t3 –t4 ).

III. ANALYSIS AND DESIGN OF RESONANCE

There are significant high step-up topologies such as current-
fed push–pull [12], flyback-forward [14], [18], and dual-boost
[15]. Resonance is an important interval of these converters.
Appropriate resonant parameter can obtain soft-switching per-
formance. Primary-dominant resonance is used in [1], [11],
[14]–[16] and ZVS on of primary main MOSFETs is achieved.
Secondary-dominant resonance is used in [12], [13], and [17]
and secondary rectifying diodes are turned OFF softly. Reso-
nance model of this converter and relationship between two
kinds of resonances will be presented and analyzed.

A. Analysis of Equivalent Resonant Circuit

Current of primary winding is composed by magnetizing
component (iLp (t)) and resonant component (N2iLs(t)/N1).
Hence, equivalent circuit of resonant interval is shown as Fig. 5.
State equations are listed as:

us(t) = uC r (t) + Lk,s
diLs(t)

dt
(4)

iLs(t) = Cr
duC r (t)

dt
(5)

iC c(t) = iLp2(t) −
N2

N1
iLs(t) (6)

iC c(t) = Cc
duC c(t)

dt
(7)

us(t) =
N2

N1
uC c(t) (8)

iLs(0) = 0 (9)

us(0) =
N2

N1
uC c(0) = uC r (0) + Lk,s

diLs(t)
dt

|t=0 (10)

iLp2(t) = iLp2(0) − Vc − Vin

Lm
t. (11)

So current of secondary winding is

iLs(t) = A sin(ωeqt + θ) +
nCr (Uin − UCc

)
Lm (n2Cr + Cc)

t +
nCr iLp2(0)
n2Cr + Cc

(12)
where

n =
N2

N1
, Ceq =

n2CrCc

n2Cr + Cc
, Leq =

Lk,s

n2 , ωeq =
1√

LeqCeq

B =
nUC c(0) − UC r (0)

ωeqLk,s
− nCr (Uin − UCc

)
ωeqLm (n2Cr + Cc)

C =
−nCr iLp2(0)
n2Cr + Cc

θ = arctan
C

B
(13)

A =
√

B2 + C2 . (14)

B. Primary-Dominant Resonance and Secondary-Dominant
Resonance

Equation (13) can be expressed as

θ = arccot
{
− nuC c(0) − uC r (0)

iLp2(0)

√
Cc(n2Cr + Cc)

n2CrLk,s
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Fig. 3. Key waveforms for D < 0.5.

+
Cc(uin − uC )

niLp2(0)

√
n2CrLk,s

Cc(n2Cr + Cc)

}

≈ −arctan
iLp2(0)

nuC c(0) − uC r (0)

√
n2CrLk,s

Cc(n2Cr + Cc)
.

(15)

Equation (15) shows that resonant parameter and initial sta-
tus of Cc,Cr , Lk,s make contribution to the phase of reso-
nance. Comparing Cr with Cc, θ tends to be −π/2 when Cr

is relatively large enough. The current of secondary wind-
ing then is a cosine-like curve. Cr is too large to have any
influence on the resonance so it can be named as primary-
dominant resonance. Secondary current is just the reflection of
primary resonant current. Fig. 6 shows waveforms of simulation
for primary-dominant resonance. Current of primary leakage
inductor ik,p is reversed and reaches trough after half of resonant
cycleΔt = π

√
Leq,pCc (Leq,p is equivalent leakage inductance

of primary winding). If auxiliary switch is turned OFF at this mo-
ment, primary leakage inductor will discharge capacitor Cds of
main MOSFET [14]. ZVS on of main MOSFETs can be achieved
when reverse current is sufficiently large. Meanwhile, secondary
current is near to its peak at the switching moment. Therefore,

Fig. 4. Key waveforms for D > 0.5.

Fig. 5. Equivalent circuit of resonant interval.

Fig. 6. Primary-dominant resonance (N2 /N1 = 8, Cc = 10 μF, Cr =
47 μF, Lk ,s = 10.74 μH Lp1 = Lp2 = 3 μH).
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Fig. 7. Secondary-dominant resonance (N2 /N1 = 8, Cc = 40 μF, Cr =
150 nF, Lk ,s = 10.74 μH Lp1 = Lp2 = 3 μH).

reverse-recovery problem of secondary diodes is remained and
only alleviated by secondary leakage inductor.

θ tends to be zero when Cc is relatively large enough. The
current of secondary winding then is a sine-like curve. Cc is
too large to have any influence on the resonance so it can be
named as secondary-dominant resonance. Primary resonant cur-
rent is just the reflection of secondary resonant current. Fig. 7
shows waveforms of simulation for secondary-dominant res-
onance. Differently, current of primary leakage inductor ik,p

is reversed and reaches trough after a quarter of resonant cy-
cle Δt = π

2

√
Leq,sCr (Leq,s is equivalent leakage inductance

of secondary winding). Switching at this moment can achieve
ZVS on of main MOSFETs while reverse-recovery problem is
still not removed. Current ik,p is above zero again and returns to
iLp after half of resonant cycle Δt = π

√
Leq,sCr . Accordingly,

secondary current reaches to zero at the moment and resonant
circuit is cut off by secondary diodes so diodes are turned OFF

softly [12]. If minimal overlapping (D > 0.5) or nonoverlap-
ping (D < 0.5) interval is longer than half of the resonant cycle,
ZCS off will be obtained within the whole operation range.

Hence from previous analysis, ZVS on of main MOSFETs and
ZCS off of secondary diodes cannot be obtained simultaneously
at the same working conditions.

In primary-dominant resonance, resonant component of cur-
rent will return to zero after an entire resonant cycle Δt =
2π

√
L(eq,pCc . However, auxiliary switch is still conducting so

primary resonant circuit is not cut off and another resonant cy-
cle begins. As a result, reverse-recovery problem of secondary
diodes is remained. Waveforms for this situation are shown as
Fig. 8.

Unfortunately, ZVS on of main MOSFETs cannot be achieved
when D is <0.5. Shown as Fig. 9, resonance is terminated when
S2 is turned OFF. Then current flows from primary leakage in-
ductor to clamping capacitor Cc before S1 is turned ON. Hence,
there is no reverse current to discharge capacitor Cds of S1 .

Based on the aforementioned analysis, comparison of two
kinds of resonances is presented as Table II.

So it comes to a tradeoff between primary switching loss and
secondary reverse-recovery loss in the particular application.
ZVS on should be obtained if primary switching loss dominates.
ZCS off is preferred when reverse-recovery loss is relatively
high. Design of circuit parameter is simple to determine which
soft-switching performance will be utilized. In this converter,

Fig. 8. Primary-dominant resonance cannot achieve ZCS off of secondary
diodes (N2 /N1 = 8, Cc = 1.25 μF, Cr = 100 μF, Lk ,s = 10.74 μH Lp1 =
Lp2 = 3 μH).

Fig. 9. Resonant waveforms for D < 0.5 (N2 /N1 = 8, Cc = 6 μF, Cr =
47 μF, Lk ,s = 10.74 μH, Lp1 = Lp2 = 5 μH).

TABLE II
COMPARISON OF TWO KINDS OF RESONANCES

the design utilizes reverse magnetizing currents of Lp1 and Lp2
due to their small inductances which obtain ZVS on of main
MOSFETs. Thus, ZVS ON of the main MOSFETs does not have
relation with resonant interval so it can be realized without the
restricted range of duty ratio in [8], and can coexist with ZCS
off of secondary diodes.

C. Design of the Optimized Resonance

In this particular vehicle inverter application, operation point
at D = 0.5 is preferred because of minimized input current
ripple. ZVS on of main switches can be achieved when mag-
netizing inductances are small enough. Meanwhile, ZCS off of
secondary diodes is designed within the whole input voltage and
load range. Due to relatively high turn ratio of transformer, Cc

needs to be extraordinarily large to obtain secondary-dominant
resonance. In the designed converter, a communal clamping ca-
pacitor Cc is used and its capacitance is properly not large due to
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Fig. 10. Waveforms of simulation for designed resonance (N2 /N1 =
8, Cc = 3 μF, Cr = 47 nF, Lk ,s = 10.74 μH, Lp1 = Lp2 = 3 μH).

the design of optimized resonance. Thus, the designed resonance
is between the aforementioned two resonances and the volume
of capacitor is reduced. Three factors should be considered for
design of this optimized resonance.

1) Duration of resonance. In order to achieve ZCS off of
secondary diodes, duration of resonance should be shorter than
minimal overlapping interval (D > 0.5) or nonoverlapping in-
terval (D < 0.5). However when duration of resonance is short-
ened, the peak of resonant current rises to transfer equivalent
energy. That means Cc and Cr should be sufficiently large to
alleviate current stress of both primary and secondary side.

2) Ripple of clamping voltage. Main MOSFETs will sustain
high voltage stress if Cc is too small. Hence, Cc should restrict
the ripple of clamping voltage into an acceptable range.

3) Capacitor volume. After taking the previous two into con-
sideration, a combination of Cc and Cr should be adopted to get
minimal volume of capacitors.

In this converter, Cr is 47 nF and Cc is 3 μF while turn
ratio of transformer is 3:3:24. Waveforms of simulation for res-
onance are shown as Fig. 10. Obviously, the resonance is the one
between primary-dominant resonance and secondary-dominant
resonance.

IV. ANALYSIS AND DESIGN OF CIRCUIT

A. Design of ZCS of Secondary Diodes

Secondary circuit is conducting at nonoverlapping inter-
val (D < 0.5) or overlapping interval (D > 0.5). When D is
smaller than 0.5, the minimal nonoverlapping period is

Δtmin 1 = TsDmin . (16)

When D is greater than 0.5, the minimal overlapping period
is

Δtmin 2 = Ts(1 − Dmax). (17)

If the clamping capacitor Cc is large enough to make little
contribution to the resonance, the current of secondary side can
be written as

iLs(t) = ILs peak sin ωeqt (18)

where ωeq = 1√
(Lk , s 1 +Lk , s 2 )Cr

.

Lk,s1 and Lk,s2 are equivalent leakage inductances of sec-
ondary side.

Thus, the period of resonance is

Δtres = π/ωeq = π
√

(Lk,s1 + Lk,s2)Cr . (19)

To ensure ZCS off of secondary diodes can be obtained
throughout the entire operation range, the period of resonance
should be restricted

Δtres ≤ {Δtmin 1 ,Δtmin 2}min . (20)

Given the leakage inductance of the transformers T1 and T2 ,
voltage doubler capacitor Cr can be sketched from (17) to (21):

Cr ≤ { D2
min

π2(Lk,s1 + Lk,s2)f 2
s

,
(1 − Dmax)2

π2(Lk,s1 + Lk,s2)f 2
s

}min .

(21)

B. Design of ZVS of Main MOSFETs

During the resonant interval in [14], reverse currents of Lp1
and Lp2 are utilized for ZVS on of the main MOSFETs. However,
the design in this converter utilizes reverse magnetizing currents
of Lp1 and Lp2 due to their small inductances. Thus, ZVS on of
the main MOSFETs does not have relation with resonant interval
so it can be realized without the restricted range of duty ratio
in [14].

To obtain ZVS on of main MOSFETs, the following condition
should be achieved:

1
2
LpI

2
reverse,peak ≥ 1

2
CP U 2

clamp (22)

where Lp is primary inductance of the transformer and Cp is
parasitic capacitance of the main MOSFET. Ireverse,peak is peak
of the reverse magnetizing current

Ireverse,peak = |1
2
Iin − 1

2
ΔILp1 |. (23)

To obtain sufficient energy for ZVS of main MOSFETs, peak-
to-peak ripple ΔILp1 of magnetizing current should be large

ΔILp1 =
Uin

Lp
DTs. (24)

Due to close-loop control of the output voltage and relation
between clamping voltage and output voltage, (24) can be writ-
ten as

ΔILp1 =
N1UoD(1 − D)

2N2Lpfs
. (25)

Shown as Fig. 11, largest ripple is obtained for ZVS of the
main MOSFETs when D is 0.5 and small inductance enlarges the
ripple as well.

However, due to (23), Ireverse,peak is decreased when dc com-
ponent of input current rises. Thus, ZVS on of the main MOSFETs
is more accessible at light load with the same input voltage or
high input voltage with the same load.

C. Analysis of Input Ripple Current

Because of small inductors Lp1 and Lp2 , large ripple currents
of iLp1 and iLp2 are obtained. However, due to interleaved con-
trol of S1 and S2 , input ripple current is decreased remarkably.
Input ripple current can be derived as follows.
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Fig. 11. Peak-to-peak value of magnetizing ripple current with respect to duty
ratio.

Fig. 12. Peak-to-peak value of input ripple current with respect to duty ratio.

Fig. 13. Flow chart of soft start-up.

When D is smaller than 0.5

ΔIin = 2
UC c − Uin

Lp
(0.5 − D)Ts =

N1Uo

2N2Lpfs
D(1 − 2D).

(26)

Fig. 14. Waveforms of soft start-up. (a) Uin = 10.8 V. (b) Uin = 12 V.
(c) Uin = 16 V.

When D is larger than 0.5

ΔIin = 2
Uin

Lp
(D − 0.5)Ts =

N1Uo

2N2Lpfs
(1 − D)(2D − 1).

(27)
Presented as Fig. 12, input ripple current is zero theoretically

when D is 0.5.
From Figs. 11 and 12, it is obvious that an optimal operation

point is obtained when duty ratio approaches 0.5. Peak-to-peak
values of magnetizing ripple currents ΔILp1 and ΔILp2 are
maximized to achieve ZVS on of the main MOSFETs. Moreover,
the ripple of input current is approximately zero at this operation
point. Therefore, ZVS on of the main MOSFETs, ZCS off of the
secondary diodes and minimal input ripple current are obtained
collectively.

However, as shown in Figs. 11 and 12, small inductances of
Lp1 and Lp2 are advantageous to ZVS on of the main MOSFETs
while they enlarge the ripple of input current as well. The de-
signer should take this tradeoff between these two performances
into consideration.
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TABLE III
PARAMETERS AND COMPONENTS OF THE PROTOTYPE

D. Scheme of Soft Start-Up

Because input voltage varies from 10.8 to 16 V, open-loop
start-up which means increasing duty ratio softly will establish
output voltage far away from the prospective 360 V. Overshoot
of output voltage will happen when open loop is switched to
close loop. Flow chart of soft start-up in this converter is shown
as Fig. 13. At the beginning of start-up, input voltage Uin is
sampled. Then DSP calculates the reference of output voltage
UoRef to ensure initial close-loop duty ratio of MOSFET is 0.05
with input voltage from 10.8 to 16 V. The converter operates
in close loop and UoRef is softly rising to constant (DesignRef)
corresponding to 360 V. Waveforms of soft start-up when input
voltage is 10.8, 12, and 16 V are shown as Fig. 14. Output
voltage is softly rising without overshoot.

V. EXPERIMENTAL RESULTS

To verify the theoretical analysis and design procedures a
prototype for vehicle inverter is implemented. The input voltage
range of the converter is from 10.8 to 16 V and output voltage
is 360 V. The full load is 150 W and switching frequency is
100 kHz.

Clamping voltage is 24 V so duty ratio is nearly 0.5 when
input voltage is 12 V normally. According to (2), ideal duty ratio
range is from 0.33 to 0.55. Inductances of primary windings are
small to utilize reverse magnetizing current for ZVS on of the
main MOSFETs.

Detailed parameters and components of the prototype are
listed in Table III.

Fig. 15(a)–(c) are the waveforms of the converter at full load.
A ripple frequency of the boost inductor is twice as high as
the switching frequency. According to Fig. 7(b), though ripple

Fig. 15. (a) Waveforms of the converter at full load (Uin = 10.8 V).
(b) Waveforms of the converter at full load (Uin = 12 V). (c) Waveforms
of the converter at full load (Uin = 16 V).

current of iLp1 is large, input ripple current is remarkably tiny
which validates the design. To achieve high efficiency on wide
input voltage and load conditions, reverse magnetizing current
is not large enough at full load because of relatively large mag-
netic inductance and high dc component of input current. Thus,
reverse magnetizing current can reduce turn-on loss of the main
MOSFETs but ZVS on is not achieved at full load.

Nevertheless, ZVS on of the main MOSFETs can be achieved
within the most range of operation when dc component of input
current is smaller than a proper value. Fig. 16(a)–(c) are the
waveforms of the soft switching at proper operation points with
different input voltages. Magnetizing current of the primary
inductor is reverse when the main MOSFET S1 is about to turn
ON. ZVS on of the main MOSFETs is realized at these operation
points. In addition, when Uin is 10.8 V, ZVS on can be gained
with Po lower than 95.6 W (63.73% load). When Uin is 12 V,
ZVS on can be gained with Po lower than 105 W (70% load). As
to Uin = 16 V, it is the range lower than 114 W (76% load). It
is also obvious that the current of secondary diode decreases to
zero softly. Therefore, reverse-recovery problem of secondary
diode is removed within the entire operation range, meanwhile
ZVS on of main MOSFETs is still obtained.
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Fig. 16 (a) Waveforms of soft switching (Uin = 10.8 V, Po = 95.6 W).
(b) Waveforms of soft switching (Uin = 12 V, Po = 105 W). (c) Waveforms
of soft switching (Uin = 16 V, Po = 114 W).

Fig. 17. Efficiency curves of the prototype at different loads and input voltages.

Fig. 17 shows the measured efficiency curve of the prototype.
Compared with efficiency of 10.8, 12, 14, and 16 V input, the
efficiency of 12 V input within the entire operation range is
relatively high which is above 92%. The highest efficiency of
12 V input is 94.88%. The efficiency of the proposed converter
is superior to the current-fed push–pull converter [8]. The con-
verter can certainly achieve ZVS on of all the MOSFETs at the
whole load conditions with small enough magnetic inductance

Fig. 18. Efficiency curves of the prototype at 12 V input voltage with different
magnetic inductances.

Fig. 19. Hardware circuit of the prototype.

according to (22). But the concomitant large input current rip-
ple results in worse alternating current (ac) copper losses which
bring down the efficiency of the converter, which can be seen in
Fig. 18. Fig. 19 is the hardware circuit of the prototype.

The experimental results are consistent with the design.
However, the proposed design is not applicable in high-power
field because the large magnetizing ripple current increases the
current stress of MOSFETs. It is suitable for low-power applica-
tion such as vehicle inverters.

VI. CONCLUSION

In this paper, resonance analysis and soft-switching design
of an isolated boost converter with coupled inductors are pre-
sented. Two kinds of resonance are analyzed to obtain ZVS on
of main switches or ZCS off of secondary rectifying diodes.
Relationship between the resonances is sketched and an opti-
mized resonance between the two kinds of resonances is used
to increase power density and lower converter cost. Moreover,
by choosing appropriate magnetic inductance of the coupled
inductors, ZVS on of the main MOSFETs and ZCS off of the
secondary diodes can be achieved collectively at the same work-
ing conditions without any additional devices. In addition, the
restricted range of duty ratio is removed and an optimal oper-
ation point with zero input ripple current is gained. At last, a
150 W, 12–360 V high efficiency prototype converter is built to
verify the analysis, and the experimental results illustrate that
the proposed converter is a competitive candidate for low power
and high step-up applications with isolation requirements.
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