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Quadratic High Step-Up Interleaved Z-Source
DC-DC Converters Based on Asymmetric

Gamma Cell
Sareh Daneshgar, Ebrahim Babaei , Senior Member, IEEE, and Mohammad Bagher Bannae Sharifian

Abstract—This article proposes a group of interleaved dc–dc
converters based on quasi-impedance source cells with quadratic
voltage gain. Using the developed asymmetric gamma impedance
source cell with an interleaved technique, the proposed structure
minimizes the current stress on the MOSFETs, the fluctuation of
the input current, and losses. Apart from the benefits mentioned
above, the proposed structure includes a shared ground, fewer
components, low voltage stress across the components, and high
efficiency. Necessary theoretical studies are carried out on the
proposed structures, including voltage gain calculations, element
voltage stress, element design, and element loss calculations. Addi-
tionally, a thorough analysis compares the proposed structures with
other interleaved converters. Finally, a 400-watt laboratory sample
of the first proposed design, operating with a 30 V input voltage,
is implemented to validate the stated advantages. The prototype
implemented at 400 watts has an efficiency of 96.7%.

Index Terms—Coupled inductors, dc–dc converter, impedance
source cell, interleaved converter.

I. INTRODUCTION

TODAY, the use of renewable energy holds great signif-
icance in environmental policies. Therefore, substantial

investments are being made to harness renewable energy sources
such as solar and wind [1], [2]. The implementation of renewable
energies necessitates intermediate devices like dc–dc converters
for energy processing [3], [4]. By utilizing dc–dc converters with
high-power energy processing capabilities and high efficiency,
the overall revenue of the system can be enhanced.

Recently, many dc–dc converters have been introduced with
different structures [5]. Among these structures are interleaved
converters, which have attracted significant attention due to their
advantages, such as continuous input current with low ripple
and high power processing capability [6], [7]. The interleaved
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structure presented in [8] is one of these designs that can increase
the output voltage. The interleaved converters described in [9]
and [10] utilize four inductors with four separate cores in their
design. These converters produce low output voltage, and certain
components are bulky, leading to an increase in their size and
losses. coupled inductors. However, as discussed in [11] and
[12], the voltage gain can be enhanced through interleaved
structures, which reduce the need for magnetic components
and incorporate. Nonetheless, the abundance of elements in
these structures results in a higher volume and losses for the
converters. The interleaved converters presented in [13] and [14]
are additional step-up converters that utilize fewer elements than
other existing converters.

Interleaved converters based on impedance source cells rep-
resent a type of interleaved converter that, while maintaining
the characteristics of interleaved converters, also overcomes the
limitations of impedance source converters [15]. The interleaved
converter, which utilizes the quasi-impedance source cell de-
scribed in [16], employs the interleaved technique to connect the
cells within the quasi-impedance source structure. Despite the
reduction in input current ripple, this structure still experiences
high voltage and current stress, and although a large number of
elements are used, there has been no change in its voltage gain.

The boost interleave converter described in [17] improves the
voltage gain by employing two input inductors and a three-
winding coupled inductor. Despite including the coupled in-
ductor, switched capacitors, and other additional components,
this design has succeeded in increasing the voltage gain to a
satisfactory level. However, excessive voltage stress still exists
on its components. The structure mentioned also shares a sim-
ilarity between the input and output. In [18], the interleaved
converter utilizes three-winding coupled inductors to achieve
the desired output voltage. Including three-winding coupled
inductors in this converter design results in higher leakage
inductances, leading to increased losses and output voltage. This
converter includes a shared ground and experiences a slight
increase in voltage gain. Additionally, there is a high voltage
stress on the components of this converter. In contrast to the
interleaved converter discussed in [17], this converter achieves
the same voltage gain as the interleaved converter by eliminating
one ferrite core in the design and utilizing similar components.
Moreover, the voltage stress across the components of both
converters remains consistent.
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The converter described in [19] is a boost interleaved con-
verter based on Dickson cells. This converter utilizes a common
ground and provides a high-voltage boost. Despite its benefits,
there are drawbacks, such as the requirement for high-voltage
capacitors, leading to increased size and volume of both the
capacitors and the converter itself. The converter presented in
[20] is an improved Dickson-based boost interleave converter
that overcomes the disadvantages of the Dickson cell-based
boost interleave converter presented in [19] and reduces the
voltage stress across its capacitors. However, this converter
suffers from a lack of a common ground. In [21], an inter-
leaved converter utilizing three-winding coupled inductors is
introduced. This converter, having a shared ground, enhances
voltage gain through the use of three-winding coupled induc-
tors, despite having high leakage inductance. [22] discusses
another interleaved converter that also employs three-winding
coupled inductors. This converter utilizes a shared ground and
enhances voltage amplification through the use of three-winding
coupled inductors and switched capacitors. Despite this, it still
experiences significant leakage inductance, and employing more
switched cells to further boost voltage amplification leads to
increased losses. The interleaved converter discussed in [23]
incorporates voltage multiplier cells (consisting of a capaci-
tor/diode/inductor) to raise the output voltage, consequently
increasing the number of components in the converter. Nonethe-
less, this specific converter falls short of delivering high-voltage
amplification. The voltage stress on the switches in this converter
is lower compared to the traditional boost SEPIC converter. One
notable drawback of this converter is the absence of a shared
ground.

The interleaved converter described in [24] utilizes switched
capacitors to enhance the voltage gain. To achieve a high voltage
gain, this converter requires a significant number of cells. In
contrast, the interleaved converter detailed in [25] employs
a combination of a three-winding coupled inductor and two
double-winding coupled inductors at the input to amplify the
voltage gain. Nevertheless, this converter suffers from high
losses due to its leakage inductance. The interleaved converter
outlined in [26] features two three-winding inductors and utilizes
capacitors and modified inductors to boost the voltage gain.
Similarly, the converter discussed in [27] utilizes a coupled
inductor to enhance the voltage gain, although the voltage gain
achieved is not particularly high.

This article introduces a new family of dc–dc interleaved
converters that utilize impedance source cells. These converters
have several advantages, including high voltage gain, continuous
input current with minimal ripple, common ground, low stress
on both voltage and current across elements, and high efficiency.
The interleaved converters based on impedance source cells were
studied in various operating modes, and their performance in
steady-state mode was analyzed. The design of the converter
elements was optimized for efficiency by operating in bound-
ary current mode. The proposed converters were compared to
existing interleaved converters to highlight their benefits. To
validate the theoretical findings, a 400-watt prototype of the first
proposed converter was implemented and tested in a laboratory
setting.

Fig. 1. Proposed structures. (a) First proposed structure based on asymmetric
gamma impedance cell. (b) Second proposed structure based on extended
asymmetric gamma impedance cell.

II. OPERATION PRINCIPLES OF THE PROPOSED DC–DC
IMPEDANCE SOURCE INTERLEAVED CONVERTER

In this article, two structures of impedance source converters
based on the interleaved technique are proposed. The first pro-
posed structure has a common ground, but the second proposed
structure does not have a common ground. In the structure
of these converters, an asymmetric gamma impedance source
cell and an improved asymmetric gamma are used along with
other auxiliary elements, such as a capacitor and a diode. The
power circuits of the first and second proposed converters are
illustrated in Fig. 1(a) and (b), respectively. Using an asymmetric
gamma impedance cell enhances the voltage gain, though it
lacks a shared ground. The operating modes of the first proposed
converter will be examined, and the final relations of the second
proposed converter will also be calculated. The analysis of the
proposed structures is based on the following assumptions.

1) To simplify the analysis, it is assumed that all components
used in the proposed structures are ideal.

2) The converter’s input voltage is considered to be an ideal
dc voltage source without any fluctuations.

3) The examination of the converter’s operating modes fo-
cuses on the continuous operation mode and the steady
state.

4) In the proposed converter, the coupled inductor is seen
as an ideal transformer with leakage inductance (Lk) con-
nected in series with the primary winding and magnetizing
inductance (Lm) in parallel with the primary winding.
Additionally, for simplicity, the ratios N2/N1 = n21 = n
are assumed.

A. Proposed Interleaved Z-Source Converter Based on
Asymmetric Г-Source Cells

The first proposed structure includes four different operating
modes, which can be observed in Fig. 2.
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Fig. 2. First proposed converter’s operation modes: (a) Mode I and Mode III. (b) Mode II. (c) Mode IV.

Fig. 3. Second proposed converter’s operation modes, (a) Mode I and Mode III. (b) Mode II. (c) Mode IV.

Mode I: When both switches are turned on in this mode, diodes
D1, D2, and Do become reverse-biased and do not conduct. In
this mode, inductors L1 and L2 are charged, and the load is
powered through the output capacitor as shown in the equivalent
circuit in Fig. 2(a).

Mode II: In the second operating mode, switch S1 remains on
while switch S2 is turned OFF. With switch S2 OFF, inductor L2

discharges and charges capacitor C2. Diode D1 remains reverse-
biased, while diodes D2 and Do are forward-biased and conduct.
The equivalent circuit for this mode is illustrated in Fig. 2(b).

Mode III: In the third operating mode, switch S1 remains ON,
and switch S2 starts conducting again. This mode is similar to
the first operating mode, depicted in Fig. 2(a).

Mode IV: In the fourth mode of operation, switch S1 is
conducting while switch S2 is turned OFF, making diode D1

forward-biased and conducting, and diodes D2 and Do reverse-
biased and OFF. The equivalent circuit for this mode is illustrated
in Fig. 2(c). As per the equivalent circuit for the first mode,
inductor L1 discharges and charges capacitor C1, while inductor
L2 is charged during this mode.

B. Proposed Interleaved Z-Source Converter Based on
Improved Asymmetric Г-Source Cells

The second proposed structure has four operating modes, as
illustrated in Fig. 3.

The first and second proposed converters have a similar
switching mechanism. Therefore, a brief overview of the op-
erational modes of the second proposed converter is provided.

Mode I: The switches are conducting, while diodes D1, D2,
D3, and Do are reverse-bias and therefore nonconducting. In

this particular mode, the inductors L1 and L2 receive energy
and charge up while the load is supplied with power through
the output capacitor. The schematic representation of the initial
operating mode can be viewed in Fig. 3(a).

Mode II: During the second operating mode, switch S1 stays in
its previous state while switch S2 is deactivated. The deactivation
of switch S2 results in the discharging of inductor L2 and the
continued charging of inductor L1. Diodes D1 and Do are OFF

in this mode, while diodes D2 and D3 are in forward bias. The
operation mode circuit can be seen in Fig. 3(b).

Mode III: The third mode of operation is comparable to the
first mode, and its corresponding circuit is illustrated in Fig. 3(a).

Mode IV: During the fourth mode of operation, switch S1 is
conducting while switch S2 is turned OFF. Furthermore, diodes
D1 and Do are in forward bias and conducting, while diodes D2

and D3 are in reverse bias and therefore inactive. The equivalent
circuit for the fourth mode is depicted in Fig. 3(c).

The theoretical voltage and current waveforms for the con-
verters are shown in Fig. 4.

C. Steady-State Analysis of Proposed Converters

The first proposed converter can be described by the following
relations, utilizing the operation modes displayed in Fig. 2(a) and
(c) ⎧⎨

⎩
vL1,I = Vi + VC3 − VC2

vLg1,I = VC3−VC1

n21−1

vL2,I = Vi

. (1)

Using the second operating mode demonstrated in Fig. 2(b),
the relations listed below can be acquired for the first proposed
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Fig. 4. Theoretical waveforms.

converter ⎧⎨
⎩
vL1,II = Vi

vLg1,II = VC3−VC1

n21−1

vL2,II = Vi + VC2 − VC3

. (2)

Using the fourth operating mode demonstrated in Fig. 2(c), the
relationships listed below can be acquired for the first proposed
converter ⎧⎨

⎩
vLg1,IV = −VC1

n21

vL1,IV = Vi +
VC1

n21
− VC2

vL2,IV = Vi

. (3)

By applying the volt-second balance to (1) through (3), the
following equations can be calculated:

< vLg1 >= 0 : VC3 =
−VC1.(n21 − 1 +D)

D.n21
(4)

< vL1 >= 0 : Vi −D.VC2 + (2.D − 1) . VC3

+
1−D

n21
. VC1 = 0 (5)

< vL2 >= 0 : VC3 =
(1−D) . VC2 − Vi

1−D
. (6)

Using (4) to (6), the voltage across capacitors C1, C2, and C3

is calculated as follows:

VC1 =
n.D.Vi

(n− 1).(1−D)2
(7)

VC2 =
2.(n− 1)− (n− 2).D

(n− 1).(1−D)2
Vi (8)

VC3 =
n− 1 +D

(n− 1).(1−D)2
Vi. (9)

To the equivalent circuit of the second operational state, as
shown in Fig. 2(b), the output voltage of the initial converter
design is calculated using the following equation:

Vo = Vi − vL2,II + VC2 + vLm,II . (10)

By substituting the relations vL2,II and vLm,II from (2) into
(10), the resulting relationships can be expressed as follows:

Vo =
n21. VC3 − VC1

n21 − 1
. (11)

By substituting the voltages of capacitors C1 and C3 from
(7) and (8), respectively, into (11), the following equation is

calculated for the output voltage of the first proposed converter:

Vo =
n. Vi

(n− 1).(1−D)2
. (12)

Based on (12), the voltage amplification of the proposed
converter and the range of its duty cycle are determined as
follows:

G =
Vo

Vi
=

n

(n− 1).(1−D)2
0 ≤ D ≤ 1. (13)

The voltage across the switches of the proposed converter is
calculated using the equivalent circuit of the second and fourth
operating modes, with the following equations provided:

VS2 = Vi − vL2,II . (14)

By substituting vL2,II from (2), the voltage stress across
switch S2 is calculated as follows:

VS2 = VC3 − VC2. (15)

The voltage stress on switch S2 can be determined by replac-
ing the voltages of capacitors C2 and C3 from (8) and (9) into
(15) about the input voltage

VS2 =
Vi

1−D
. (16)

Using KVL on the equivalent circuit in the fourth operational
mode allows for the calculation of the voltage stress on switch
S1, as shown in

VS2 = −VC1 + (1− n) . vLm,IV + VC3. (17)

By substituting VC1, VC3, and vLm,IV from (7), (9), and (3),
respectively, into (17), the voltage stress across switch S1 can be
calculated as follows:

VS1 =
Vi

(1−D)2
. (18)

The maximum voltage stress experienced by diode D1 can
be determined by analyzing the equivalent circuit in the first
operating mode, as shown in Fig. 2(a)

VD1 = VC1 + n. vLm,I . (19)

By substituting VC1 and vLm,I from (7) and (1) respectively,
into (20), the maximum voltage stress across diode D1 is calcu-
lated according to the following equation:

VD1 =
n. Vi

(n− 1) . (1−D)2
. (20)

The highest voltage that diode D2 can withstand can also
be determined by analyzing the equivalent circuit of the first
operating mode, as shown in Fig. 2(a)

VD2 = VC3 − VC2. (21)

By substituting VC2 and VC3 from (8) and (9), respectively,
into (21), the maximum voltage stress across diode D2 is calcu-
lated according to the following equation:

VD2 =
(1−D). Vi

(1−D)2
. (22)
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The highest voltage experienced by diode Do can be deter-
mined by analyzing the equivalent circuit of the fourth operating
mode [see Fig. 2(c)].

VDo =
(2−D). (n− 1)− n

(n− 1). (1−D)2
Vi. (23)

By analyzing the equivalent circuit of the different operation
modes of the second proposed converter and utilizing KVL
on them, the equations for the second proposed converter can
be derived as the equations for the first proposed converter.
Consequently, the voltage applied to the capacitors of the second
proposed converter can be determined in the following manner:

VC1 =
n.D. Vi

(n− 1).(1−D)2
(24)

VC2 =
2.(n− 1)− (n− 2).D

(n− 1).(1−D)2
Vi (25)

VC3 =
n− 1 +D

(n− 1).(1−D)2
Vi (26)

VC4 =
n

(n− 1).(1−D)2
Vi. (27)

The output voltage of the second proposed converter can be
determined by analyzing the equivalent circuit of the fourth
operating mode shown in Fig. 3(c), using the following equation:

Vo = VC1 + VC4. (28)

By substituting the relations VC1 and VC2 from (24) and (27)
into (28), the following relation is obtained as

Vo =
(n+D). Vi

(n− 1).(1−D)2
. (29)

The voltage gain and duty cycle range of the second proposed
converter are calculated using (29)

G =
Vo

Vi
=

n+D

(n− 1).(1−D)2
0 ≤ D ≤ 1. (30)

The voltage stress across the switches of the second proposed
converter is determined by utilizing the equivalent circuit of the
second and fourth operating modes. This calculation is based on
the following equations:

VS2 = Vi − vL2,II . (31)

By substituting vL2,II from (2), the voltage stress across
switch S2 is calculated as follows:

VS2 = VC3 − VC2. (32)

By substituting the voltage of capacitors C2 and C3 from (25)
and (26) into (32), the voltage stress of switch S2 is calculated
in terms of the input voltage as follows:

VS2 =
Vi

1−D
. (33)

By applying KVL to the equivalent circuit of the fourth
operating mode [see Fig. 3(c)], the voltage stress across the
switch S1 is calculated according to the following equation:

VS2 = −VC1 + (1− n) vLm,IV + VC3. (34)

By substituting VC1, VC3, and vLm,IV from (24), (26), and
(3), respectively, into (34), the voltage stress across switch S1

can be calculated according to the following equation:

VS2 =
Vi

(1−D)2
. (35)

The maximum voltage stress across the diodes of the second
proposed converter can be calculated according to the following
equations:

VD1 =
n. Vi

(n− 1).(1−D)2
(36)

VD2 =
(1−D). Vi

(1−D)2
(37)

VD3 =
n. Vi

(n− 1).(1−D)
(38)

VDo =
(2−D).(n− 1)− n

(n− 1).(1−D)2
. Vi. (39)

D. Calculating the Current Stress Passing Through the
Elements

The current passing through the inductors, capacitors, diodes,
and switches is determined by analyzing the equivalent circuit
of the first converter mode. In situations where the diodes and
switches are conducting current, their respective currents can be
calculated in the following manner:

iD1,IV =
Io

1−D
(40)

iD2,II =
n. Io

(n− 1). (1−D)2
(41)

iDo,II =
Io

1−D
. (42)

The following equations can be utilized to determine the value
of the current passing through the switches:

IS1 =
(n+ 1). Io

(n− 1).(1−D)
(43)

IS2 =
n. Io

(n− 1).(1−D)2
. (44)

The average current moving through the inductors can also
be computed in the following manner:

IL1 =
n. Io

(n− 1). (1−D)
(45)

IL2 =
n.D. Io

(n− 1). (1−D)2
. (46)

The first converter’s magnetizing current has an average value
of zero

ILm = 0. (47)
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E. Loss Analysis

Specifically, the losses of power switches (Psw), diodes (PD),
capacitors (PC), and inductors (PL) are determined in this sec-
tion. The switch losses, which include conduction losses and
switching losses, can be calculated according to the following
equations:

PSW = Pcon + Pswitching. (48)

Using the RMS value of the switch current, the switch conduc-
tion losses can be calculated according to the following equation:

Pcon = RDS(on). (IS1(rms)
2 + IS2(rms)

2)

= RDS(on)

[
D(n+ 1)2

(n− 1)2.(1−D)2
+

Dn2

(n− 1)2.(1−D)4

]
Io

2.

(49)

The switching losses (Pon & Poff) of the switches are calcu-
lated as follows:

Pswitching = Pon + poff =
VdsIonton

2Ts
+

VdsIofftoff

2Ts
. (50)

The loss of the diodes is calculated as follows:

PD = VfD. ID(avg). (51)

Using the average value of the diodes’ current, the losses can
be calculated according to the following equation:

PD = VfD.

(
n+ (n− 1). D

(n− 1). (1−D)
+ 1

)
. Io. (52)

The loss of the capacitors is calculated as follows:

PC = ESR. IC(rms)
2. (53)

Using the RMS value of the capacitors’ current, the conduc-
tion losses can be calculated as follows:

PC = ESR.

(
2.(1−D) +D.n2

(n− 1)2.(1−D)2

)
. Io

2. (54)

The loss of the inductors is calculated as follows:

PL = rL. IL(rms)
2. (55)

Using the RMS value of the inductors’ current, the conduction
losses of is calculated as follows:

PL =

(
n.rL1

(n− 1).(1−D)
+

n.D.rL2

(n− 1). (1−D)2

)
. Io

2 (56)

where RDS(on) refers to the conductive resistance of the switch,
VfD is the voltage drop across the diodes in the forward direction,
ESR represents the resistance of the capacitor, and rL1 and rL2

indicate the resistance of the inductors.

III. DESIGN CONSIDERATIONS

DC–DC converters are usually designed for continuous cur-
rent mode. Therefore, to design these converters for continuous
operation, the least value of their elements is calculated for the
boundary conduction mode. By calculating the size of the induc-
tors and capacitors for boundary operation, the converter can be

designed for continuous operation by applying an engineering
factor to the size of the elements.

A. Inductors Design

To determine the minimum size of the inductors, we use the
average current flowing through them. Using (2), we can write:

vL1,II = L.
diL1

dt
= Vi. (57)

Using (57), we can write

iL1(t) =
1

L
.

∫ t

0

vL1.dt + iL(0). (58)

Using (58) and considering the initial value of zero for the
critical operating state, we can write

IL1,peak =
Vi. (1−D). TS

L1
. (59)

By utilizing (59), one can compute the average value of the
current flowing through inductor L1 in the boundary current
mode in the following manner:

IL1B =
Vi. (1−D). TS

2. L1
. (60)

Using (60), the smallest value of inductor L1 can be computed
as below:

L1,B =
Vi. (1−D). TS

2. ILB
. (61)

By replacing the value of the current flowing through inductor
L1 from (46) into (61), we can determine the magnitude of
inductor L1 in the following manner:

L1B =
(n− 1).(1−D)2

2.n.fs.Io
Vi. (62)

Similarly, the size of the inductor L2 can be calculated as
follows:

vL2,II = L.
diL2

dt
= Vi + VC2 − VC3. (63)

Using (57), the following equation can be written:

L2B =
(Vi + VC2 − VC3).(1−D).TS

2.IL2,B
. (64)

By substituting the current of inductor L2 from (46) into (64),
the size of inductor L2 can be calculated as follows:

L2B =
(n− 1).(2−D).(1−D)2. Vi

2.n.D.Io. fs
. (65)

Similarly, from (3) for the magnetizing inductor, the following
equation can be written:

ILm,peak =
VC1. (1−D). TS

Lm
. (66)

Also, the peak of the magnetizing current in the fourth operat-
ing mode can be calculated according to the following equation:

iLm,IV =
1

1−D
Io. (67)
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TABLE I
MINIMUM SIZE OF THE CAPACITORS

Using (66) and (67), the minimum size of the magnetizing
inductance is calculated as follows:

Lm,min =
n.D. Vi

2.(n− 1).Io.fs
. (68)

B. Capacitors Design

The equation below is utilized to create the capacitors in the
proposed converter

C ≥ IDT .dt

ΔVC
. (69)

Using the capacitor current, the minimum number of ca-
pacitors used in the first proposed converter can be calculated
according to the following relations are given in Table I.

C. Coupled Inductors Core Design

The first step in selecting the appropriate core is to calculate
the geometrical constant of the high-frequency coupled inductor
core (Kg), which is calculated as follows:

Kg =
A2

CWA

MLT
≥ ρL2I2max

rLKuB2
max

(70)

where ρ Is the resistivity of the copper, AC is the effective cross
section of the ferrite core, WA is the core window area, MLT is
the mean length turn, Ku is the window utilization factor, and
Bmax is the maximum flux density.

Using (70), the numerical value of Kg is calculated as follows:

Kg ≥ 8.71× 10−13m5. (71)

According to the value obtained and according to the ferrite
core datasheets, the closest core to the coupled inductor is the
E-E42×42×15 ferrite core. According to the selected core, the
air gap is calculated as follows:

lg =
μ0LI

2
max

2B2
maxAC

= 1.34mm (72)

where μ0 is the permeability of air.
In the third step, the number of turns is calculated according

to the selected core as follows:

n =
LImax

BmaxAC
= 25. (73)

According to the number of turns calculated, the cross-
sectional area of the wire is calculated as follows:

KuWA ≥ nAW (74)

where AW is the wire bare area.

Fig. 5. Voltage gain of the converters.

Fig. 6. Maximum switches’ normalized voltage stress of the converters.

Fig. 7. Number of elements comparison.

IV. COMPARISON BETWEEN DIFFERENT TOPOLOGIES

This section examines the proposed converters in compar-
ison to recently introduced interleaved converters. The com-
parison evaluates variables like voltage gain, number of com-
ponents, maximum voltage stress, and common ground. The
analysis is conducted using consistent conditions for all con-
verters, showcasing the strengths and weaknesses of each.
Table II gives the essential parameters and specifications for this
comparison.

Using the voltage gain relations presented in Table I, the volt-
age gain curves of the converters are plotted in Fig. 5. According
to this figure, it is observed that the proposed converters, which
are plotted in green and red, produce higher voltage gain under
the same conditions compared to other converters presented in
[8], [19], [12], [9], [14], [10], [11], [13], [15], [17], [18], [21],
[22], [24], [23], [25], [26], and [27].

The voltage stress across the switches of the converters being
compared is illustrated in Fig. 6. From the data presented in the
figure, it is evident that the voltage stress on the switches of the
new converters is lower than that of the converters discussed in
previous studies [8], [19], [9], [14], [10], [11], [13], [15], [23],
and [27].

The comparison between the proposed converters and other
interleaved converters can be seen in Fig. 7 in terms of the
number of elements. It is noted that the proposed converters have
fewer elements than converters [9], [10], [11], [12], [15], [17],
[18], [19], [20], [21], [22], [23], and [25], [26], [27], as shown in
the figure. Nonetheless, the proposed converters exhibit a higher
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TABLE II
EXAMINING THE DIFFERENCES BETWEEN THE PROPOSED AND OTHER SIMILAR CONVERTERS

voltage gain compared to these other converters. Achieving a
higher voltage gain with fewer elements is a crucial aspect for
power electronic converters, as it helps reduce costs, volume,
and size of the converter.

Among the limitations of the proposed converters, one can
mention the limitation of the turn ratio of the coupled inductors,
which makes the design and implementation of the coupled

inductors more sensitive, and more precision must be used in
the design of the coupled inductors.

The efficiency comparison of the proposed converters with
the converters presented in [7], [9], [11], [14], [19], [20], [23],
and [27] is shown in Fig. 8. According to this figure, it can be
seen that the efficiency of the first proposed converter is higher
compared to the second proposed converter and other compared
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Fig. 8. Efficiency comparison.

TABLE III
PARAMETERS AND ELEMENTS USED IN THE LABORATORY SAMPLE OF THE

FIRST PROPOSED CONVERTER

converters, and the power of 400 watts is equal to 96.7%. It can
also be seen that the efficiency of the second proposed converter
is also higher compared to converters [9], [11], [14], [19], [20],
[23], and [27].

V. EXPERIMENTAL RESULTS

An experimental model of the proposed converter was cre-
ated to validate the theoretical results. The specifications and
components used in the lab prototype are given in Table III. A
switching frequency of 50 kHz was selected, along with a load
resistance of 800Ω. The converter operates with an input voltage
of 30 V and an output voltage of 562 V, delivering a total output
power of 400 W. MOSFETs IRFP260n are utilized for the active
switches due to their low Rds(on) and minimal switching loss.
The MUR860 diodes, known for their excellent performance and
quick recovery, were chosen. Using the design section relations,
the minimum values of the inductor and the capacitor used in the
experimental sample of the proposed converter are calculated as
L1 = 22.8 μH, L2 = 53.3 μH, Lm = 77.1 μH, C1 = 81.2 μF, C2

= 152.7 μF, C3 = 50.9 μF, and Co = 14.93 μF.
Fig. 9(a) shows the output voltage of the proposed converter

alongside the input voltage. According to the illustration, the
measured output voltage is 548 V, indicating a 14 V drop from
the theoretical value due to nonideal components. Fig. 9(b) illus-
trates the voltage across the switches of the proposed converter.
The diagram indicates that the voltage across switches S1 and S2
is 185 V and 73 V, respectively, differing by 2.5 V and 2 V from
their expected values. The voltage across capacitors C1 and C2

can be seen in Fig. 9(c), with recorded voltages of 328 V and
479 V, respectively. Additionally, the current flowing through
switches S1 and S2, as displayed in Fig. 9(d), is 8 and 12 A,
respectively.

The graph in Fig. 9(e) illustrates the current flowing through
the input inductors. The total input current of the proposed
converter is the combination of these two currents, resulting
in minimal ripple. The voltage stress across diodes D1 and D2

is depicted in Fig. 9(f) as well. According to the graph, the
voltage stresses on D1 and D2 are 550 V and 74 V, respectively.
Upon comparing the expected values with both theoretical and
practical results, it is clear that the proposed converter design

Fig. 9. Experimental results of the first proposed converter. (a) Input and output
voltages. (b) VS1 and VS2. (c) VC1 and VC2. (d) iS1 and iS2. (e) iL1 and iL2.
(f) VD1 and VD2. (g) Input current.

Fig. 10. Experimental results of the second proposed converter. (a) Input and
output voltages. (b) VS1 and VS2. (c) VD1 and VD2. (d) VC1 and VC2.

operates efficiently. The input current of the proposed converter
is shown in Fig. 9(g). According to this figure, it can be seen
that the input current has low ripple and is approximately equal
to 1 A, which is one of the important features of this converter.

To verify the correct operation of the second proposed struc-
ture, a laboratory sample of this converter has been implemented
for a power of 400 W. The goal of implementing the second
proposed converter is to produce 525 V at the output from 20 V
at the input. To achieve this goal, the second proposed converter
must operate at a duty cycle of 0.6. Also, the switching frequency
of the second proposed converter is 50 kHz, similar to the first
proposed converter.

The output voltage of the proposed converter, alongside its
input voltage, is illustrated in Fig. 10(a). As shown in this
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Fig. 11. Control block diagram of the proposed converter.

Fig. 12. Dynamic response of the proposed converter. (a) Input voltage sudden
change. (b) Output load sudden change.

figure, the output voltage of the second proposed converter is
509 V, which is 17 V lower than the ideal value, attributed to the
nonideality of the consumed elements. Considering this, it can
be concluded that the second proposed structure demonstrates
good performance. The voltage stress of the proposed converter
switches is also shown in Fig. 10(b). According to this figure, it
can be seen that the practical voltage stress of switches S1 and
S2 is equal to 48 and 123 V, respectively. The voltage stress
of diodes D1 and D2 is shown in Fig. 10(c). The practical
voltage stress values of diodes D1 and D2 are 358 V and 48
V, respectively. The voltage stress of the capacitors C1 and C2 is
also shown in Fig. 10(d), which is 120 V and 220 V, respectively.

The pulsewidth modulation technique is utilized in regulating
the switches of the converter being proposed. A PI controller is
implemented to maintain a constant output voltage from the con-
verter under consideration. The control approach is illustrated
in Fig. 11. This diagram displays a control circuit comprising
four elements: an adder, a PI controller, a carrier wave, and a
comparator. The primary objective of controlling the proposed
converter is to ensure a consistent output voltage despite fluctu-
ations in the input voltage. To achieve closed-loop control of the
proposed converter, the STM32F407ZGT6-168MHz, equipped
with a Cortex-M4 core, is employed for managing the converter.

Using error and iteration, the transfer function is obtained as
follows for the proposed converter:

Kp +Ki/S = 0.00025 + 0.00003/S. (75)

The dynamic response of the proposed converter to sudden
changes in input voltage from 30 V to 50 V is shown in Fig. 12(a).
The purpose of the closed-loop control of the proposed converter
is to stabilize the output voltage at 500 V at a load of 800 Ω.
According to this figure, it is observed that with a sudden
increase in the input voltage, the output voltage stabilizes at
500 V by passing through the transition state.

The dynamic response of the proposed converter to sudden
changes in the output load is shown in Fig. 12(b). The sudden
increase in the load causes a sudden decrease in the output
current from 0.8 A to 0.5 A. With the sudden decrease in the

Fig. 13. Distribution of losses among the components of the proposed con-
verter.

output current, it is observed that the closed-loop control has
worked properly and has stabilized the output voltage of the
proposed converter at 500 V.

Using the datasheet for the switch and the diodes in the
proposed converter prototype, the voltage drops for the switch in
the on state and the diodes are 1.1 and 1.2 V, respectively. Addi-
tionally, the datasheet for the G20N50C indicates that the static
drain-to-source on-resistance of the switch is 0.04 Ω. The para-
sitic resistances of the capacitors and inductors are considered
to be 0.05 and 0.1 Ω, respectively. Using the datasheet values
and (48)–(61), the loss distribution of the proposed converter
can be calculated. Fig. 13 shows the proposed converter’s loss
distribution. According to the figure, the losses are divided into
the following categories: switches account for 44%, diodes 41%,
inductors 6%, and capacitors 9%. It should be emphasized that
the laboratory prototype of this converter achieves an efficiency
of 96.7%.

VI. CONCLUSION

A family of quasi-impedance source dc–dc converters with an
interleaved structure designed for high-voltage applications is
presented in this article. The proposed structures were analyzed
in terms of theoretical relations. These structures have minimal
input current ripple and are suitable for high-power operation,
even when utilizing impedance source cells. The decreased input
current leads to smaller input inductors, making them ideal for
renewable energy applications. Additionally, the proposed struc-
tures exhibit low voltage and current stresses on switches. This
reduction in voltage stresses improves efficiency and enables
more compact component sizing. Components in the proposed
structure were designed, and their minimum values were calcu-
lated to validate this claim. The proposed converters were also
compared theoretically with similar converters, showing that
they achieve higher voltage gain with fewer elements and re-
duced voltage and current stress on their switches. Furthermore,
the first proposed converter demonstrated high efficiency and a
common ground. A laboratory prototype of the first proposed
converter was implemented with an output power of 400 watts
and an efficiency of 96.7%, confirming the theoretical findings.

REFERENCES

[1] X. Hu, Y. Chen, J. Jia, L. Huo, X. He, and C. Hu, “A single-
switch coupled inductor-based DC-DC converter with high gain and
low voltage stress,” IEEE Trans. Power Electron., to be published,
doi: 10.1109/TPEL.2024.3520966.

[2] Y. D. Kwon, F. D. Freijedo, T. Wijekoon, and M. Liserre, “Series resonant
converter-based full-bridge DC–DC partial power converter for solar PV,”
IEEE J. Emerg. Sel. Topics Power Electron., vol. 12, no. 2, pp. 1719–1729,
Apr. 2024,.

https://dx.doi.org/10.1109/TPEL.2024.3520966


17868 IEEE TRANSACTIONS ON POWER ELECTRONICS, VOL. 40, NO. 12, DECEMBER 2025

[3] W. Xiong, Q. Xie, G. Xu, G. Ning, and M. Su, “Coupled inductor-based
DC–DC converter with bipolar self-balancing voltage and full load range
of ZVS,” IEEE Trans. Power Electron., vol. 40, no. 5, pp. 6951–6962,
May 2025.

[4] Y. Zhang, H. Wang, S. Gao, Z. Huang, and X. Zhu, “Methods to enhance the
energy supply of photovoltaic system for solar-powered unmanned aerial
vehicle,” IEEE J. Emerg. Sel. Topics Power Electron., to be published,
doi: 10.1109/JESTPE.2025.3525676.

[5] S. Jalilyan, V. Abbasi, E. Adib, S. A. Gorji, and D. Sera, “Soft-switched
three-port DC–DC converter for off-grid renewable energy application,”
IEEE Trans. Ind. Electron., vol. 72, no. 6, pp. 5884–5896, Jun. 2025.

[6] H. Xu, E. Qiao, X. Guo, X. Wen, and L. Kong, “Analysis and design of
high power interleaved boost converters for fuel cell distributed generation
system,” in Proc. IEEE 36th Power Electron. Specialists Conf., 2005,
pp. 140–145.

[7] D. Alizadeh, E. Babaei, M. Sabahi, and C. Cecati, “A family of high
step-up interleaved DC-DC converters based on the coupled inductors,”
IEEE Trans. Ind. Electron., vol. 72, no. 1, pp. 345–355, Jan. 2025,.

[8] L. Zhou et al., “Interleaved non-isolated high step-up DC/DC converter
based on the diode–capacitor multiplier,” Int. Eng. Technol. Power Elec-
tron., vol. 7, no. 2, pp. 390–397, 2014.

[9] S. Balci, N. Altin, H. Komurcugil, and I. Sefa, “Performance analysis
of interleaved quadratic boost converter with coupled inductor for fuel
cell applications,” in 42nd Annu. Conf. IEEE Ind. Electron. Soc., 2016,
pp. 3541–3546.

[10] V. J. Samuel, G. Keerthi, and M. Prabhakar, “High gain interleaved
quadratic boost DC-DC converter,” in Proc. 2nd Int. Conf. Power Em-
bedded Drive Control, 2019, pp. 390–395.

[11] V. J. Samuel, G. Keerthi, and P. Mahalingam, “Interleaved quadratic boost
DC–DC converter with high voltage gain capability,” Elect. Eng., vol. 102,
pp. 651–662, 2020.

[12] V. J. Samuel, G. Keerthi, and P. Mahalingam, “Coupled inductor-based
DC–DC converter with high voltage conversion ratio and smooth input
current,” Int. Eng. Technol. Power Electron., vol. 13, pp. 733–743, 2020.

[13] V. K. Bussa, R. K. Singh, R. Mahanty, and V. N. Lal, “Design and analysis
of step-up interleaved DC–DC converter for different duty regions,” IEEE
Trans. Ind. Appl., vol. 56, no. 2, pp. 2031–2047, Mar./Apr. 2020.

[14] S. Daneshgar, D. Alizadeh, and E. Babaei, “Dual-output interleaved DC-
DC converter,” in Proc. 13th Power Electron., Drive Syst., Tech. Conf.,
2022, pp. 341–345.

[15] R. Rashid, A. Baghramian, and H. Mojallali, “Quasi-Z-source interleaved
DC-DC converter for fuel cell vehicle application,” Int. Eng. Technol.
Power Electron., vol. 17, no. 16, pp. 2741–2770, Dec. 2024.

[16] A. Nafari and R. Beiranvand, “An extendable interleaved quasi Z-source
high step-up DC–DC converter,” IEEE Trans. Power Electron., vol. 38,
no. 4, pp. 5065–5076, Apr. 2023.

[17] W. Li, W. Li, X. Xiang, Y. Hu, and X. He, “High step-up interleaved
converter with built-in transformer voltage multiplier cells for sustain-
able energy applications,” IEEE Trans. Power Electron., vol. 29, no. 6,
pp. 2829–2836, Jun. 2014.

[18] W. Li, Y. Zhao, J. Wu, and X. He, “Interleaved high step-up con-
verter with winding-cross-coupled inductors and voltage multiplier cells,”
IEEE Trans. Power Electron., vol. 27, no. 1, pp. 133–143, Jan. 2012,
doi: 10.1109/TPEL.2009.2028688.

[19] V. A. K. Prabhala, P. Fajri, V. S. P. Gouribhatla, B. P. Baddipadiga, and
M. Ferdowsi, “A DC–DC converter with high voltage gain and two input
boost stages,” IEEE Trans. Power Electron., vol. 31, no. 6, pp. 4206–4215,
Jun. 2016.

[20] B. P. Baddipadiga and M. Ferdowsi, “A high-voltage-gain dc-dc converter
based on modified Dickson charge pump voltage multiplier,” IEEE Trans.
Power Electron., vol. 32, no. 10, pp. 7707–7715, Oct. 2017.

[21] L. He and Y. Liao, “An advanced current-autobalance high step-up con-
verter with a multicoupled inductor and voltage multiplier for a renewable
power generation system,” IEEE Trans. Power Electron., vol. 31, no. 10,
pp. 6992–7005, Oct. 2016.

[22] K.-C. Tseng and C.-C. Huang, “High step-up high-efficiency interleaved
converter with voltage multiplier module for renewable energy system,”
IEEE Trans. Ind. Electron., vol. 61, no. 3, pp. 1311–1319, Mar. 2014.

[23] Y. Haixiong et al., “High step-up interleaved dc/dc converter with high
efficiency,” Energy Sources, Part A, Recovery, Utilization, Environ. Effects,
vol. 46, no. 1, pp. 4886–4905, 2024.

[24] L. Zhou et al., “Interleaved non-isolated high step-up DC/DC converter
based on the diode-capacitor multiplier,” Int. Eng. Technol. Power Elec-
tron., vol. 7, no. 2, pp. 390–397, Feb. 2014.

[25] T. Nouri, N. Vosoughi, S. H. Hosseini, E. Babaei, and M. Sabahi, “An
interleaved high step-up converter with coupled inductor and built-in
transformer voltage multiplier cell techniques,” IEEE Trans. Ind. Electron.,
vol. 66, no. 3, pp. 1894–1905, Mar. 2019.

[26] B. Li, P. Wang, Z. Wang, X. Ma, and H. Bi, “A new coupled-inductor-based
high-gain interleaved DC-DC converter with sustained soft switching,”
IEEE Trans. Veh. Technol., vol. 70, no. 7, pp. 6527–6541, Jul. 2021.

[27] D. Alizadeh, E. Babaei, M. Sabahi, and C. Cecati, “Hybrid interleaved DC-
DC step-up converter based on coupled inductor,” Int. J. Circuit Theory
Appl., vol. 52, no. 6, pp. 2655–2685, 2024, doi: 10.1002/cta.3873.

Sareh Daneshgar was born in Sahneh, Iran. She is
currently working toward the Ph.D. degree in electri-
cal engineering with the Department of Electrical and
Computer Engineering, University of Tabriz, Tabriz,
Iran, with a focus on power electronics.

Her research interests include power electronics
converters and their application.

Ebrahim Babaei (Senior Member, IEEE) received
the Ph.D. degree in electrical engineering from the
University of Tabriz, Tabriz. Iran, in 2007.

He is the author or coauthor of one book and more
than 630 journal articles and conference papers. He
also holds 25 patents in the area of power electronics.
His research interests include the analysis, modeling,
design, and control of power electronics converters
and their applications, renewable energy sources, and
FACTs devices.

Dr. Babaei has been the Technical Program Chair,
the track chair, an Organizer of different special sessions, and the Technical
Program Committee Member in the most important international conferences
organized in the field of power electronics. Several times, he was a recipient of
the Best Researcher Award from the University of Tabriz. He is also recipient of
the 2016 Outstanding Reviewer Award from IEEE TRANSACTIONS ON POWER

ELECTRONICS. Since 2013, he has been the Editor in-Chief of the Journal of Elec-
trical Engineering of the University of Tabriz. He is currently an Associate Editor
of IEEE TRANSACTIONS ON INDUSTRIAL ELECTRONICS, IEEE TRANSACTIONS

ON POWER ELECTRONICS, Open Journal of the Industrial Electronics Society,
and the Iranian Journal of Science and Technology, Transactions of Electrical
Engineering. He has earned inclusion on the list of the Top One Percent of the
World’s Scientists and Academics according to Thomson Reuters’ list, since
2015.

Mohammad Bagher Bannae Sharifian received the
B.Sc., M.Sc., and Ph.D. degrees in electrical engi-
neering from the University of Tabriz, Tabriz, Iran, in
1989, 1992, and 2000, respectively.

In 2000, he was an Assistant Professor with the
Electrical Power Department, Faculty of Electrical
and Computer Engineering, University of Tabriz,
where he is currently a Professor. His research in-
terests include modeling and analysis of electrical
machines.

https://dx.doi.org/10.1109/JESTPE.2025.3525676
https://dx.doi.org/10.1109/TPEL.2009.2028688
https://dx.doi.org/10.1002/cta.3873


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 900
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00111
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00083
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00063
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


