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ABSTRACT The DC microgrid with energy storage cells has strong stability, simple control, and a
convenient power supply for DC loads, increasingly becoming the grid-connected structure of distributed
generation systems. This paper presents an isolated high voltage gain soft-switching dc-dc converter suitable
for DC microgrid applications. The converter comprises a dual-switch quasi-z-source network, multiplier
voltage cell, and transformer. It has advantages such as high voltage gain, zero voltage switching (ZVS)
of switches, zero voltage zero current switching (ZVZCS) turn-on and turn-off of diodes, and low input
ripple current. The converter can achieve high voltage gain with an appropriate duty cycle and transformer
turns ratio, reducing leakage inductance of transformer, which decreases the power loss and voltage spike of
switch. Soft-switching of active devices increases the efficiency and decreases the output voltage ripples of
the converter. The steady-state characteristics of the converter, voltage and current stress of components, the
efficiency of the converter, and the selection of converter parameters are analyzed in detail. Finally, a 200 W
experimental prototype is built in the laboratory for experimental verification, and the experimental results
are consistent with the theoretical analysis.

INDEX TERMS Isolated dc-dc converter, high-efficiency, high step-up, quasi-Z-source.

I. INTRODUCTION
With the widespread application of renewable energy, the
demand for high voltage gain dc-dc converters in photovoltaic
power generation systems, fuel cell systems, and semicon-
ductor industries has increased. The DC microgrid has been
increasingly accepted by both industry and academia due
to its outstanding advantages. In grid-connected DC micro-
grids, the photovoltaic power generation system must be
isolated from the AC grid to meet the safety requirements
of the grid-connected system [1]. There are three isolation
schemes in the existing grid-connected photovoltaic power
generation system [2]: 1) Firstly, non-isolated dc-dc con-
verters are used to boost voltage and achieve maximum
power point tracking (MPPT) control [3], [4]. Then, central
inverter and low-frequency transformer realize isolation and
grid connection; 2) Non-isolated dc-dc converters are used
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to boost voltage and achieve MPPT control. Next, solid-
state transformers are employed to replace central inverters
and low-frequency transformers to realize inversion and iso-
lation [5], [6]; 3) Isolated boost dc-dc converters in each
photovoltaic module are utilized for isolation and voltage
boost [7], [8], [9], and then central inverters are used for
grid connection. The use of low-frequency transformers in
the first scheme results in low power density in the system.
In the second scheme, solid-state transformers reduce the
volume and weight of the low-frequency transformer used
in the first scheme, and the power density is significantly
improved. However, power converters connected in series in
solid-state transformers reduce the reliability and efficiency
of the system. In contrast, the third scheme employs small-
sized high-frequency transformers, reducing the size, weight,
and costs of the system, and this scheme is more efficient and
reliable than the other two schemes.

Since the single-stage isolated high voltage gain dc-dc
converter has a simple structure and high efficiency, it has
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become a research hotspot in recent years [10], [11]. Isolated
dc-dc converters based on full-bridge and half-bridge struc-
tures are mainly employed for high-power applications owing
to their multiple switches [12], [13], [14], [15]. Conversely,
single-switch converters and dual-switch converters have sig-
nificant advantages for low-power applications [16], [17],
[18], [19], [20]. The low-power isolated high voltage gain
dc-dc converter for photovoltaic power generation requires
meeting the following functions.

1) Soft switching: high voltage gain dc-dc converters
need soft switching to reduce switching losses and voltage
overshoots to achieve high efficiency and improve the elec-
tromagnetic environment [21], [22], [23].
2) Low input current ripple: Dc-dc converters must have

low input current ripple to reduce the impulse current in
photovoltaic cell modules and extend the service life of pho-
tovoltaic cell modules and converters [24], [25], [26].

3) Few components in the converter: Relatively fewer com-
ponents in the converter are beneficial to the high reliability
and high-power density of the system, and this is also bene-
ficial to the size, weight, and costs [27], [28].

The simplest isolated high voltage gain dc-dc converters
are single-switch converters, such as Flyback converter and
Forward converter. However, when these converters achieve
high voltage gain, a relatively large turns ratio of a trans-
former reduces efficiency and increases leakage inductance
in the transformer. Furthermore, a relatively large leakage
inductance of a transformer reduces converter efficiency and
increases voltage overshoots across a switch. Snubber cir-
cuits and soft switching can partly remove negative effects
caused by the leakage inductance of a transformer [31],
[32]. However, snubber circuits and the added soft-switching
circuits increase the complexity of the converter, and the
input current of this type of converter is discontinuous, which
has a relatively great impact on photovoltaic modules. The
dual-switch zero voltage switching (ZVS) flyback converter
has a relatively high voltage gain [32], but the input cur-
rent is discontinuous, and the voltage stress across output
diodes is high. Reference [33] proposed a soft-switching
single-switch Flyback converter. The passive lossless circuit
recycles the energy of leakage inductance, and the resonant
network increases the voltage of switch and the voltage stress
across diodes.

The current-source resonant converter can achieve high
voltage gain, low current ripple, and soft switching [34], [35].
The leakage inductance of a transformer as a parameter of
resonant networks is involved in the operating mode of a con-
verter, which is a relatively ideal low-power dc-dc converter.
However, the voltage stress across output diodes in these
converters is relatively high and equals the output voltage of
converters.

Reference [16] presented a high voltage gain dc-dc con-
verter using voltage lift technology. This converter can
recycle the energy of leakage inductance, and clamping cir-
cuits reduce voltage overshoots across switches. However,
it has a relatively high input ripple current and does not have

FIGURE 1. Quasi-z source Boost converter.

soft switching. Reference [36] investigated an isolated high
voltage gain zero-voltage zero-current condition (ZVSZCS)
soft-switching dc-dc converter with low input ripple current,
whichmeets the four functions of dc-dc converters required in
DC microgrids. However, the voltage gain should be further
increased.

This paper presents a novel high-efficiency high volt-
age gain current-source dc-dc converter with soft-switching.
The structure of the converter consists of a quasi-Z-Source
network, transformers, and multiplier voltage cells. After
replacing diodes with switch in the quasi-Z-Source network,
all soft switching conditions of active devices can be achieved
by controlling the dead time of switches and the resonance
of parasitic parameters. The switches can achieve ZVS turn-
on, and all diodes can achieve ZVZCS turn-on and ZVZCS
turn-off. The converter has few components, low input ripple
current, and high efficiency, and it is relatively suitable for
DC microgrids.

II. ISOLATED HIGH VOLTAGE GAIN SOFT-SWITCHING
QUASI-Z-SOURCE DC-DC CONVERTER
Fig. 1 shows a conventional quasi-Z-source Boost converter.
Compared with traditional Boost converters, it continues the
advantages of continuous input current and increases the
voltage gain from 1/1-D to 1/1-2D.Although its voltage gain
is higher at the same duty cycle, its voltage boost capacity
is still insufficient, and the switching tube works under hard
switching conditions.

The Boost capacity of the traditional Z-source Boost con-
verter is still insufficient, so the switched capacitor voltage
doubling unit is extended to the Z-source boost converter.
Fig 2 shows the expansion structure of the converter.
Fig. 3 shows the proposed isolated high efficiency high

step-up dc-dc converter, which consists of a quasi-Z-source
network, a transformer, and a voltage multiplier cell. All the
active devices are operated in soft-switching condition, and
the leakage inductance energy of the transformer is recycled
to capacitors C1-C4, thereby improving the efficiency of the
converter.

To simplify the analysis of the operating process, we made
the following assumptions during one switching cycle.

1) All the switches and diodes are regarded as ideal; only
the parasitic capacitor and body diode of the switches are
considered.

2) All the capacitorsC1,C2,C3,C4, andCo are sufficiently
large that the capacitor voltage remains constant.
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FIGURE 2. The extended structure of the converter.

FIGURE 3. Proposed isolated high efficiency high voltage gain
soft-switching quasi-Z-Source dc-dc converter.

3) The magnetizing inductance Lm and leakage inductance
Lk of the transformer is considered in the analysis.

The analysis of the operating modes under continuous
conduction mode (CCM) is presented in detail, while dis-
continuous conduction mode (DCM) is less used in the
application of renewable energy.

The key waveforms of the components in one switching
cycle are shown in Fig. 4. The proposed converter has seven
operating modes in one switching cycle considering the leak-
age inductance of the transformer. The detailed operating
modes are shown in Fig. 5. The current polarity of the input
inductor and the windings of the transformer are shown in
Fig. 3.

Prior to mode I, diodesDo,D1, andD2 are reversed-biased,
the switch Sa is in on-state, and the switch S is off. The input
source Vg, capacitor C1, and input inductor L1 work together
to provide energy to the capacitor C2 and magnetizing induc-
tor Lm, the magnetizing inductance current iLm rises linearly.
Mode I [t0-t1]. The mode starts at t0, the control signal vGsa

changes from high to low level and Sa turned off with zero
voltage switching due to the snubber capacitorCSa. The input
voltage Vg and capacitor C1 transfer energy to input inductor
L1 and capacitor C2, therefore the input current iL1 rises
linearly. The diodes Do, D1, and D2 are reverse-biased. The
snubber capacitor CS and CSa resonate with the transformer’s
primary side leakage inductance L1k. The snubber capacitor
CSa is charged, while CS is discharged. The voltage across
diodes D1 and D2 is equal to VC4-n(VC2-VCS). In this mode,
the diode voltages vD1 and vD1 decreases to zero. When the
snubber capacitor CS voltage resonates to zero, the body
diode of the switch S is turns on because there is still reverse
current on the transformer leakage inductance L1k.
Mode II [t1-t2]. At t1, switch Sa is still in off state, the body

diodeDS of the main switch S is on, which clamps the voltage

of the switch S to zero. The voltage on the auxiliary switch
Sa is clamped to VC1 + VC2 by capacitors C1 and C2. At the
same time, the voltage across the primary winding of the
transformer is clamped at VC2. Hence diodesD1 andD2 turns
on results from forward bias voltage, while diode Do is still
reverse biased. Capacitor C1 is discharging, input inductor
L1 and capacitors C2, C3 and C4 are charging. Capacitors
C3 and C4 resonate with the secondary leakage inductance
L2k, diodes D1 and D2 are switched on under the condition
of zero-voltage zero-current condition (ZVZCS). The mode
ends when the current flowing through the body diode DS of
switch S decreases to zero.

Mode III [t2-t3]. The mode starts at t2, switch S turns on
with ZVS due to the body diode DS clamp the switch voltage
VS to zero. The input inductor L1 and capacitors C3 and C4
receive energy from the capacitors C1 and C2 as well as from
the input. The negative magnetizing inductance current iLm
decreases to zero, then iLm reverses its direction and increases
gradually. The leakage inductance L2k continues to resonate
with capacitor C3 and C4, the leakage inductance current iL2k
and capacitor voltage are

iL2k(t) =
VC3(t=t1) − VC2(t=t1)

Z0
sinω0(t − t1) (1)

VC3(t) = VC2(t=t1) + (VC3(t=t1) − VC2(t=t1)) cosω0(t − t1)

(2)

where ω0 =
1

√
L2k(C3+C4)

and Z0 =

√
L2k

C3+C4

The mode ends at t3, when the leakage inductance current
iL2k decreases to zero. The interval duration is half the res-
onate period T0, which is

t3 − t1 =
T0
2

= π
√
L2k(C3 + C4) (3)

Mode IV [t3-t4]. In this mode, the snubber capacitor CS
is charged, then voltage across switch S increases from 0 to
VCS gradually. Thus, the switch S turns off under zero-
voltage condition. The diodesD1,D2 turn off naturally, which
optimizes the diode reverse recovery process and increases
efficiency of the converter. The snubber capacitors CS and
CSa resonate with the leakage inductor L1k. The capacitor CS
is charging, while the capacitor CSa is discharging. At t4, the
voltage across capacitor CSa resonates to zero. Because there
is still a positive current on the leakage inductor L1k, the body
diode of switch Sa is conducted.

iL1k(t) =
VS
Z1

sinω1(t − t3) −
VS a

Z1
cosω1(t − t3) − Iin (4)

vCS(t) = VS sinω1(t − t3) (5)

vCSa(t) = VSa sinω1(t − t3) (6)

where

ω1 =
1

√
(L1k + Lm)(CS + CSa)

, Z1 =

√
L1k + Lm
CS + CSa

.

The interval duration of this mode is

t4 − t3 ≥ 2π
√
(L1k + Lm)(CS + CSa) (7)
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Mode V [t4-t5]. At t4, the body diode of switch S turns
on, the voltage across switch S is clamped to VC1 + VC2 by
capacitors C1 and C2, which decreases the voltage spike of
switch S. Capacitor C2 receives energy from input inductor
L1 as well as from input source Vg. The energy stored in
magnetizing inductor Lm transferred to capacitor C1, the
magnetizing inductor current iLm decreases linearly.

Mode VI [t5-t6]. At t5, the voltage across the switch Sa is
clamped to zero results from conducted body diode. Thus,
the switch Sa is turned on under zero-voltage condition.
Input source Vg and input inductor L1 release their energy to
capacitor C2. Magnetizing inductance Lm transfer its energy
to capacitorC1, Lm, capacitorsC3 andC4 release their energy
to load in series. Hence, the Magnetizing inductance current
iLm decreases to zero. The diode Do turns off under ZVZCS,
which improves diode’s reverse recovery characteristic.

Mode VII [t6-t7]. At t6, the diodes D1, D2, and Do
are reverse biased. The magnetizing inductance current iLm
reverse its direction, thus the stored energy in capacitor C1
is transferred to magnetizing inductor Lm. The capacitor C2
receives energy from input voltage Vg as well as from L1 and
C1. The mode ends when control signal vGSa changes from
high level to low level.

III. STEADY-STATE ANALYSIS OF THE PROPOSED
CONVERTER
Considering the duration of eachMode, only Mode III, Mode
VI, and Mode VII are considered in the steady-state analysis
of proposed converter. We assume that all the components of
the converter are ideal and ignore the leakage inductance of
the transformer.

A. VOLTAGE GAIN OF THE PROPOSED CONVERTER
Based on the aforementioned operating analysis in Mode III,
the voltage across L1 and the windings of the transformer can
be expressed as: 

VL1-ON = Vg + VC1
VN1-ON = VC2
VN2-ON = VC3 = VC4
VN2-ON = nVN1-ON

(8)

where VL1−ON is the voltage across L1, VN1−ON and VN2−ON
are the voltages on windings N1 and N2 during the ON state.
VC1, VC2, VC3, and VC4 is the voltage across the capacitors
C1, C2, C3, C4, respectively. n = N2/N1, is the turn ratio of
the transformer.

In Mode VI and Mode VII, the proposed converter obeys
the same voltage equation.

VL1_OFF = Vg − VC2
VN1_OFF = −VC1
VN2_OFF = VC4 + VC3 − VCO
VN2_OFF = nVN1_OFF

(9)

where VL1−OFF is the voltage across L1, VN1−OFF and
VN2−OFF are the voltages on windings N1 and N2 during

FIGURE 4. Key waveforms of the components.

the OFF state. VCO is the output voltage of the converter,
n = N2/N1 is the turn ratio of the transformer.
Applying volt-second law on input inductor L1 and wind-

ings of transformer, we have∫ DTS

0
Vi-ONdt +

∫ TS

DTS
Vi-OFFdt = 0 (i = L1,N1, N2) (10)

On substituting (8) and (9) into (10), one has the voltage
gain:

G =
Vo
Vg

=
n(2 − D)
1 − 2D

(11)

where Vo is the output voltage, D is the duty cycle.
The voltage gain G as a function of the duty ratio D is

depicts in Fig. 6. The proposed converter has higher voltage
gain at the appropriate small duty cycle.

B. STRESS ANALYSIS OF THE COMPONENTS
From (8) to (11), the voltage stress of the capacitors and
devices are

VC1 =
D

1 − 2D
Vg =

D
n(2 − D)

Vo

VC2 =
1 − D
1 − 2D

Vg =
1 − D
n(2 − D)

Vo
(12)


VC3 =

n(1 − D)
1 − 2D

Vg =
1 − D
2 − D

Vo

VC4 =
n(1 − D)
1 − 2D

Vg =
1 − D
2 − D

Vo
(13)
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FIGURE 5. Operating modes of the proposed converter. (a) Mode I.
(b) Mode II. (c) Mode III. (d) Mode IV. (e) Mode V. (f) Mode VI. (g) Mode VII.

VCo = Vo =
n(2 − D)
1 − 2D

Vg (14)

FIGURE 6. Voltage gain G as a function of the duty ratio D.

VS = VSa =
1

1 − 2D
Vg =

1
n(2 − D)

Vo (15)

VD1 = VD2 = VDO =
n

1 − 2D
Vg =

1
2 − D

Vo (16)

The current of the components in Mode III and Mode VI are
expressed as 

IC1_ON = −IL1
IC2_ON = IL1 − IS
IC3_ON = ID2
IC4_ON = ID1 − Io − ICO_ON
ICO_ON = −Io,

IC1_OFF = ISa − IL1
IC2_OFF = IL1
IC3_OFF = −IDo
IC4_OFF = −ICO_OFF − Io
ICO_OFF = IDO − Io

(17)

where ICi−ON is the capacitor current during ON state.
ICi−OFF is the current through capacitor Ci during OFF state.
Io is the output current of the converter.
Assuming that the converter has no power loss, the

ampere-second law is applied to the capacitor Ci, and we can
get

IL1 =
n(2 − D)
(1 − 2D)

Io∫ DT

0
iCi_ONdt +

∫ T

DT
iCi_OFFdt = 0(i = 1, 2, 3, 4, o)

(18)

Substituting (17) into (18), the current through switches
and diodes are

IDO =
1

1 − D
Io, ID1 =

1
D
Io, ID2 =

1
D
Io

IS =
n(2 − D)
D (1 − 2D)

Io, ISa =
n(2 − D)

(1 − D) (1 − 2D)
Io

(19)
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On substituting (19) into (17), we have

IC1_ON = −
n(2 − D)
1 − 2D

Io

IC2_ON =
n(D− 1)(2 − D)
D (1 − 2D)

Io

IC3_ON =
1
D
Io

IC4_ON =
1
D
Io

ICO_ON = −Io

IC1_OFF =
Dn(2 − D)

(1 − D) (1 − 2D)
Io

IC2_OFF =
n(2 − D)
1 − 2D

Io

IC3_OFF = −
1

1 − D
Io

IC4_OFF = −
1

1 − D
Io

ICO_OFF =
D

1 − D
Io

(20)

The current stress on the windings of transformer is derived
from Kirchhoff’s Current Law (KCL) and ampere-second
law. The average current of capacitor will be zero in one
switching period.

IL1 = ILm + nIo (21)

Substituting (18) into (21), the current stress of the trans-
former is derived as

ILm =
n(1 + D)
1 − 2D

Io (22)

C. EFFICIENCY ANALYSIS
The power loss of the proposed converter is consisted of the
power dissipation of switches, diodes, capacitor, inductor,
and transformer. An equivalent circuit of converter with par-
asitic resistance is shown in Fig. 7, where rS is the switch
on-resistance, rD is the diode forward resistance, VFD is the
diode threshold voltage, rL1 is the ESR of the input inductor,
rN is the ESR of the winding, and rC is the ESR of the
capacitor.

The power dissipation of components is calculated with the
method in [37]. Hence, the overall power loss of the proposed
isolated converter can be described as

PLoss
= PS_loss + PD_loss + PL_Loss + PC_Loss

= rDS
n2(2 − D)2Po
D (1 − 2D)2 R

+ rDS
n2(2 − D)2Po

(1 − D) (1 − 2D)2 R

+
1
6

fsPo
D (1 − 2D)

(ton

+ toff) +
1
6

fsPo
(1 − D) (1 − 2D)

(ton + toff)

+ VFD1
1
D
Io + rD1

1
D
I2o + VFD2

1
D
Io + rD2

1
D
I2o + VFD0Io

FIGURE 7. Operating modes of the proposed converter. (a) Mode I.
(b) Mode II. (c) Mode III. (d) Mode IV. (e) Mode V. (f) Mode VI. (g) Mode VII.

+ rD0
1

1 − D
I2o +

1
6 (2 − D)

fsIrr1tb1Vo

+
1

6 (2 − D)
fsIrr2tb2Vo

+
1

6 (2 − D)
fsIrr0tb0Vo +

n2 (2 − D)2

(1 − 2D)2

rL1Po
R

+
n2 (2 − D)2 ( 1D − 1)

(1 − 2D)2

rN1Po
R

+
4 − 3D
D(1 − D)

rN2Po
R

+ rC1
Po
R

Dn2 (2 − D)2

(1 − 2D)2 (1 − D)
+ rC2

Po
R
n2(1 − D)(2 − D)2

D (1 − 2D)2

+ rC3
Po
R

1
D(1 − D)

+ rC4
Po
R

1
D(1 − D)

+ rCo
Po
R

D
1 − D

(23)

where Po is the output power, R is the load, PS−Loss, PD−Loss,
PN−Loss, PC−Loss is the power loss of the switches, diodes,
inductor/windings, and capacitors, respectively.

Fig. 8 depicts the efficiency η as function of the duty ratio
with different output power Po, at rS = 8 m�, ton+toff =

41 ns+64 ns = 144 ns, VFD1 = VFD2 = 0.75 V, rD1 =

rD2 = rDO = 8 m�, tb1 = tb2 = tbo = 40 ns, Irr = 0.25 A,
rL1 = 82 m�, rN1 = 2 m�, rN2 = 30 m�, rC1 = rC2 =

2 m�, rC3 = rC4 = 4.5 m�, rCo = 9 m�. It can be observed
that the efficiency of proposed converter decreases as the duty
cycle increases. The optimal range of the duty cycle D of the
converter is 0.1< D <0.35.
The power loss contribution of the different components

is illustrated in Fig. 9 at voltage gain G = 8. In the total
power loss, the magnetic elements power dissipation and
active devices loss accounted for a relatively high proportion.
It provides the theoretical basis for the efficiency optimiza-
tion design of the converter. Soft switching technique used in
proposed converter significantly reduces power loss.

IV. DESIGN GUIDELINES
The theoretical parameters design of the proposed converter
is based on the input voltage of 48 V, the output voltage
of 400 V, and the rated power of 200 W.

A. ZVS OPERATION OF THE POWER SWITCH
Leakage inductance and snubber capacitor resonance provide
zero-voltage switching condition of the switches and zero-
voltage zero-current switching of the diodes in the proposed
converter.
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FIGURE 8. Calculated efficiency versus duty ratio D at turns ratio n = 2.

FIGURE 9. Calculated power loss distribution of the components at G =

8 in Soft/Hard switched condition at 100 W and 200 W.

From Fig. 5, we obtain (24) with KCL during Mode I,
which is

iS + iSa = −iLm − iL1 (24)

In Mode IV, the current flown through the switches are

iS + iSa = iLm + iL1 (25)

In Mode I, the snubber capacitors CS and CSa are resonant
with the leakage inductor L1k, the capacitorCS is discharged,
and the capacitor CSa is charged. In order to achieve soft
switching condition, the snubber capacitor CSa and CS must
be fully charged and discharged in one switching period.
Thus, we have

−iLm-t0 − iL1-t0 > 0 (26)

where iL1−T0, iLm−T0 is the inductor current and magnetizing
inductor current at t0, respectively.
Fig. 10 shows the waveforms of the input inductor current

iL1, magnetizing inductor current iLm, and winding current
iN1. In this converter, the ripple of input inductor current iL1
is very small compared to that of magnetizing inductor
current iLm. Therefore, for simplicity, we assume that the
input inductor current is constant during a switching period.
From Fig. 8, the magnetizing inductor current at t0 can be

FIGURE 10. Waveforms of the input inductor current iL1, magnetizing
inductor current iLm, and winding current iN1.

written as

iLm-t0 = ILm −
1
2
1iLm (27)

On substituting (27) into (26), one has

1iLm > 2(IL1 + ILm) (28)

where 1iLm is the magnetizing inductor current increase
during the on state.

The equation for magnetizing inductor can be expressed as

Lm =
VLmD
fS1iLm

=
VC2D
fS1iLm

(29)

where fs is the switching frequency.
Upon equating 1iLm from (28), and then solving for Lm,

then

Lm <
(1 − D)(1 − 2D)DR

6fSn2(2 − D)
(30)

The selection of snubber capacitors CS and CSa must meet
the energy requirements of soft switching of converter. The
equivalent inductance Leq of L1 and Lm in parallel must have
an energy greater than that required by the snubber capacitors.
It may be shown that

0.5Leqi2Leq-t0 > 0.5(CS + CSa)(VC1 + VC2)2 (31)

where iLeq−t0 is the equivalent inductor current at t0.
From Fig. 10, the equivalent inductor current is given by

iLeq-t0 = iin-t0 + iLm-t0 = IL1 + (ILm − 0.51iLm) (32)

Substituting (32) into (31), the snubber capacitor design
criterion is

CS,Sa <
Leq
2

(
IL1 + ILm − 0.51iLm

VC1 + VC2

)2

(33)

The realization of ZVZCS of diodes D1 and D2 depends
entirely on the values of capacitors C3, C4 and the leakage
inductance L2k. The duration of the on state must be slightly
longer than half of the resonant period, which is

t3 − t1 = DTS >
T0
2

= π
√
L2k(C3 + C4) (34)

The capacitor C3,4 can be represented as

C3,4 <
1

2L2k

(
D

π fS

)2

(35)

VOLUME 12, 2024 49933



G. Tian et al.: Isolated High Step-Up Soft-Switching Quasi-Z-Source DC–DC Converter

FIGURE 11. Experimental results at Po = 200 W. (a) Output voltage, input voltage, magnetizing inductance current and Input current. (b) Main switch S.
(c) Auxiliary switch Sa. (d) Diode D1, D2 and Output diode Do. (e) Measured efficiency of the proposed converter (G = 8). (f) Photo of the proposed
converter.

B. PARAMETER DESIGN
1) INPUT INDUCTOR DESIGN
The input inductor can be expressed as

L1 =
VL-on1t
1iL1

=
VL-onD
fs1iL1

(36)

Where 1iL1 is the input inductor current ripple during the on
state, 1iL1 = rLIL1, 0.15< rL <0.2. IL1 is the input inductor
current average value.

From (8), (11), and (18), we have

VL-on =
1 − D
1 − 2D

Vg =
1 − D
n(2 − D)

VO, IL1 =
n(2 − D)
(1 − 2D)

Io

(37)

Substituting this term for VL−on and IL1 in (36) yields the
following equation.

L1 ≥
(1 − D)(1 − 2D)DR
n2(2 − D)2fsrL

(38)

where R is the load.

2) TRANSFORMER DESIGN
The transformer is designed by AP method [38], we have the
window-cross-section product Ap.

AP = AcWa =
Pt × 104

JkukfBmaxfs
=
VN1_ONIN1_ON × 104

JkukfBmaxfs
(39)

where Ac is the cross-sectional area of the magnetic core.Wa
is the window area of the core. Pt is the apparent power of the
transformer. J is the current density in each winding. ku is the
window utilization factor, ku = 0.35. kf is the core stacking

factor, kf = 4. Bmax is the maximum value of flux density,
Bmax = 0.25T.

Finally, EC35 core was selected according to Ap calcula-
tion results and considering the margin. Thus, the number of
turns of the transformer’s windings Np, Ns areNp =

VN1-OND
Ac × 1B× fs

Ns = nNp

(40)

where 1B is the flux density variation during the on state.

V. EXPERIMENTAL RESULTS
The laboratory prototype is destructed to demonstrate the
validity and practicability of the proposed isolated converter.
The system experiment environment and parameters are as
follows:

1) input dc voltage Vg: 48 V;
2) output dc voltage Vo: 380 V;
3) rated output power Po: 200 W;
4) frequency f : 100 kHz;
5) input inductor Lin: 360 µH, coupled-inductor: Np = 6,

Ns = 12;
6) switches: IRFP4668PbF; diodes: STTH6003CW.
Fig. 11 are the results of the proposed isolated dc-dc con-

verter with rated output power 200 W. The input voltage and
output voltage waveforms are shown in Fig. 9(a), which fits
very well with theoretical calculation Vo = 2(2-D)/(1-2D).
The input current iin is continuous, as shown in Fig. 11(a).
The switch S is turn on with zero voltage switching (shown

in Fig. 11(b)), and the auxiliary switch Sa is also turn on
with zero voltage switching, as Fig. 11(c) shows. The diodes
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are turn off with zero current switching, which decreases the
power loss of diode reverse recovery. The voltage and current
waveforms of diodes are shown in Fig. 11(d).
The measured efficiency of proposed converter versus out-

put power withG = 8 is depicted in Fig. 11(e). The efficiency
of the converter with soft-switching is 3 to 4 % higher than
that in hard switching transition.

VI. CONCLUSION
A high efficiency, high step-up, isolated soft-switching PWM
quasi-Z-source dc-dc converter with a low component count
was presented. The proposed converter was able to provide
very high voltage gain, along with low input current rip-
ple. Turn-on ZVS can be achieved for main and auxiliary
switches, and turn-on and turn-off ZVZCS transition can be
realized for all the diodes. The leakage inductance energy is
recycled by the active clamp circuit inherent in the quasi-Z
source network, thus the voltage spike across the switches is
suppressed. The voltage spike of the diodes is eliminated due
to the ZVZCS turn-off. The peak efficiency reaches 95.6%
at 240 W (G = 8), and 95.1% at 260 W.
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