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Abstract—In this paper, a novel cascaded seven-level
inverter topology with a single input source integrat-
ing switched-capacitor techniques is presented. Compared
with the traditional cascade multilevel inverter, the pro-
posed topology replaces all the separate dc sources with
capacitors, leaving only one H-bridge cell with a real dc
voltage source and only adds two charging switches. The
capacitor charging circuit contains only power switches, so
that the capacitor charging time is independent of the load.
The capacitor voltage can be controlled at a desired level
without complex voltage control algorithm and only use
the most common carrier phase-shifted sinusoidal pulse
width modulation strategy. The operation principle and the
charging–discharging characteristic analysis are discussed
in detail. A 1-kW experimental prototype is built and tested
to verify the feasibility and effectiveness of the proposed
topology.

Index Terms—Carrier phase-shifted sinusoidal pulse
width modulation (CPS-SPWM), cascaded seven-level in-
verter, charging and discharging characteristic, switched-
capacitor techniques.

I. INTRODUCTION

MULTILEVEL converters are finding considerable atten-
tion in academia and industry as one of the preferred

choices for high-power conversion applications, such as traction
drives, active filters, reactive power compensators, photovoltaic
power conversion, uninterruptible power supplies, static com-
pensators, and flexible ac transmission systems [1]–[4]. In gen-
eral, multilevel converters are classified into diode-clamped [5],
flying capacitor [6], and cascaded multilevel inverter topologies
[7]. A particular attention has been given to cascaded multilevel
topology because of its modularity, symmetrical structure, and
simplicity of control.

However, the main drawback with the cascade multilevel in-
verter (CMI) is the large amount of separate isolated sources
required to feed each of the H-bridges. It will need n isolated
sources for 2n + 1 levels of output. Photovoltaic panel, fuel cells,
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batteries, and ultracapacitors are the most common independent
sources. A five-level CMI for distributed energy applications is
presented in [8]. The input ports of the CMI are connected to
photovoltaic (PV) modules. However, PV output power depends
on weather conditions, such as irradiation and temperature, and
it is unavailable at night, which implies that the system can-
not work at night. A galvanic isolated charger for the PV port
should be installed in the CMI system by connecting to an exist-
ing storage unit port. However, this consequently increases the
complexity and cost of the system. In [9], the CMI input ports
are connected to a group of batteries, whose characteristics are
large size, high cost, and the battery discharging speed limits
the continuity of the system.

Some solutions to reduce the number of isolated source in the
CMI are proposed. An important improvement is the “asym-
metrical CMI” (ACMI), which can generate the same number
of levels with fewer power supplies [10]. ACMI increases the
power quality, but they lose modularity and still need more than
one isolated sources. Control and hardware strategies for a 27-
level ACMI are proposed to reduce the nine power supplies
to only four, all of them unidirectional [11]. An ACMI with a
single dc voltage source employing a cascaded transformer is
introduced in [12]. However, the transformer makes the sys-
tem bulky because it operates in a low frequency. A different
approach using only one power source has been implemented
in [13]. To eliminate the dc sources of the auxiliary convert-
ers, the system uses a high-frequency link (HFL), based on a
square-wave generator and a multiwinding toroidal transformer.
However, the size of the HFL must be big enough to supply the
20% of the power required by the machine. With an appropri-
ate modulation adjustment in [14], the size of the HFL can be
minimized to less than 2%.

However, the isolated dc sources in these solutions have to
be fed from isolation transformers, which are more expensive
and bulky. An alternative option without transformers is to re-
place all the separate dc sources feeding the H-bridge cells
with capacitors, leaving only one H-bridge cell with a real
dc voltage source. However, a complex voltage control algo-
rithm is required to keep the capacitor voltage controlled at
the desired level. The researchers have proposed various ef-
ficient control algorithms. The proposed method in [15] and
[16] uses the switching state redundancy for capacitor voltage
regulation in inductive load. However, the output current of the
converter as well as the time duration of the redundant switching
states greatly impact the charging and discharging patterns of
the replacing capacitors. A simple capacitor voltage regulation
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constraint is derived which can be used in optimization problems
for harmonic minimization or harmonic mitigation to guarantee
capacitor voltage regulation in all load condition [17]. A new
control method, phase-shift modulation, is used to regulate the
voltage of the capacitors replacing the independent dc source.
The method is robust and does not incur much computational
burden [18]. The proposed dc-voltage-ratio control in [19] is
based on a time-domain modulation strategy that avoids the
use of inappropriate states to achieve any dc voltage ratio. The
following are the three associated problems of this topology: 1)
regulating the voltage across the capacitors makes the controller
design complex, 2) the charging circuit contains the load. Thus,
the charging time and the capacitor voltage are affected by the
load variation, and 3) the charging–discharging characteristics
and efficiency issues of the capacitor are not fully discussed in
the literature.

The efficiency of switched-capacitor in dc–dc converters has
been a widely debated issue among researchers [20]–[22]. The
equations for the relationship between peak current and circuit’s
parameters are presented in [23]. With the method, the high pulse
current at charging transient can be limited to obtain a higher
efficiency. In [24], the efficiency of a RC circuit under different
conditions in the charging and discharging operation is analyzed
systematically. Based on the analysis, some design rules use-
ful for developing high-efficiency switched-capacitor convert-
ers are suggested. Resonant switched-capacitor converter using
small inductors is also considered as a promising approach to
avoid the drawback of the spike current [25].

In this paper, a novel cascaded seven-level inverter topol-
ogy with a single input source integrating switched-capacitor
techniques is proposed. The proposed topology consists of a
charging circuit and three H-bridge inverter units, as shown in
Fig. 1(a). The reliable source port Uin2 can charge capacitor
C1 or C3 through the charging switch and H-bridge switches
simultaneously and individually. The charging circuit contains
only power switches and capacitors, so that the charging time is
independent of the load. The capacitor voltage can be controlled
at a desired level with transformerless charging technique and
without complex voltage control algorithm.

The proposed structure can be used for a photovoltaic-battery
three-input inverter application, as shown in Fig. 1(b). When
the photovoltaic ports are available, the converter is used as a
traditional cascaded seven-level inverter with three independent
isolated sources [7]. However, in the case PV ports powering
OFF in the night, all the separate PV sources are separated from
the converter and are replaced by capacitors, so that the oper-
ation principle is the same as the converter in Fig. 1(a). With
the switched-capacitor techniques, the different H-bridges can
share the input source; thus, the redundancy of the topology is
enhanced.

This paper is organized as follows. After the Introduction, the
carrier phase-shifted sinusoidal pulse width modulation (CPS-
SPWM) strategy in the proposed single-supply cascaded seven-
level inverter is explained in Section II. The capacitor charg-
ing and discharging characteristic are presented in Section III.
Section IV analyzes the charging current and loss and the

Fig. 1. Topologies of the proposed inverter. (a) The novel single dc
source cascaded seven-level inverter. (b) Three-input cascaded seven-
level inverter for PV systems.

charging-switch pair voltage. Section V presents the simulation
and experimental results. Section VI provides the conclusions.

II. MODULATION STRATEGY

Different multilevel modulation techniques have been pre-
sented in the literature. For the CMI, CPS-SPWM is the most
common strategy [1], with an improved harmonic performance.
The CPS-SPWM associates a pair of carriers to each cell of
the CMI, and a phase shift among the carriers of the different
cells is introduced. In this way, a stepped multilevel waveform is
originated. There are some interesting features and advantages:
1) The output voltage has a switching pattern with 2N times the
switching frequency (where N is the number of cells). Hence,
better total harmonic distortion (THD) is obtained at the output,
using 2N times lower frequency carriers. 2) Since all the cells
are controlled with the same reference and same carrier fre-
quency, the power is evenly distributed among the cells across
the entire modulation index [26]. 3) For the single-supply CMI
using capacitors, the advantage is that the capacitors are properly
charged without complex voltage balancing control algorithm.

The level-shifted SPWM has better output voltage harmonic
profile since all the carriers are in phase compared to CPS-
PWM. However, this method is not preferred for CMI, since it
causes an uneven power distribution among the different cells.
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Selective harmonic elimination is a low switching frequency
(below 1 kHz) PWM method developed to ensure the elim-
ination of undesired low-order harmonics [26]. Space vector
modulation (SVM) exhibits features of good dc-link voltage
utilization, better fundamental output voltage, better harmonic
performance, and easier implementation in digital signal pro-
cessor. However, SVM-based algorithms are not the dominant
modulation scheme for n-level (n>5) inverter. The number of
the voltage vector is increased to 73 in seven-level inverter and
the calculation of the duration of the voltage vectors is so com-
plicated.

In this paper, CPS-SPWM is performed to obtain the sinu-
soidal output voltage in the single-supply cascaded seven-level
inverter, and the capacitors are charged by introducing charging-
switch pairs every cycle. To some extent, capacitor voltage UC1
and UC3 are regarded as constants, and the three H-bridge in-
verter cells share balanced power.

The waveforms of the driving signal are given in Fig. 2.
Six-way phase-shifted triangular carrier voltages and one-way
sinusoidal modulation wave are required for the CPS-SPWM
scheme. Z1 ,−Z1 , Z2 ,−Z2 , Z3 , and −Z3 are the carrier sig-
nals for S11 , S13 , S21 , S23 , S31 , and S33 , respectively, and TS
is the carrier period. A straight line with value m(0 < m < 1)
can be substituted for the modulation wave in a carrier cy-
cle, where the carrier frequency is significantly greater than
the modulation frequency. The power switches are turned ON

when the corresponding carrier wave signal is less than the
modulation sine wave m. On the contrary, the switches are
OFF when the carrier wave is greater than m. The switches
S11/S12 , S13/S14 , S21/S22 , S23/S24 , S31/S32 , and S33/S34
are operated in a complementary manner. SC1 and SC3 are
the charging switches. The gate signal of SC1 can be obtained
with S13 and S21 by the AND circuit and that of SC3 can be
obtained with S23 and S31 by the same circuit. There are 20
kinds of operating status of each switch, as illustrated in Table I
and 6 of them are for the charging process and 9 switching status
are for the discharging process.

III. CAPACITOR CHARGING AND DISCHARGING

CHARACTERISTIC ANALYSIS

A. Capacitor Charging State Analysis

Through the charging switch and H-bridge switches, C1 and
C3 can be charged by the reliable source Uin2 . From Status 1,
Status 2, and Status 3 in Table I, we can see that there is only
one charging path for C1 . In other words, the capacitor charging
current iC1 only goes through S21 and S13 , as drawn in red
color in Fig. 3. According to Status 4–Status 6, we can see that
charging current iC 3 flows through S23 and S31 . The equivalent
charging circuit for C3 is shown in blue color in Fig. 3.

B. Capacitor Charging Time Analysis

The capacitor charging time is related to the modulation sine
wave value m. For simplicity, the charging time for C1 is taken
as an example to have a detailed analysis. When m ∈ (0, 2/3),
the modulation wave −Z1 lags behind Z2 by TS /6, as shown in

Fig. 2. Waveforms of the driving signal when CPS-SPWM is employed.
(a) m ∈ (0, 1/3)(b) m ∈ (1/3, 2/3). (c) m ∈ (2/3, 1).

Fig. 2(a) and (b). At this stage, the falling edge of g13 and the
rising edge of g21 move forward or backward with the variation
in m. However, the overlapping portions of g13 and g21 remain
unchanged; thus, the charging time remains TS /6. The output
voltage of the inverter is 0 or Uin2 when m ∈ (0, 1/3), as
illustrated in Fig. 2(a), and Uin2 or 2 Uin2 when m ∈
(1/3, 2/3), as illustrated in Fig. 2(b). When m ∈ (2/3, 1), S21
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TABLE I
OPERATING STATUS OF EACH SWITCH

S1 1 S1 3 S2 1 S2 3 S3 1 S3 3 SC 1 SC 3

Charging status Status 1 1 1 1 0 0 0 1 0
Status 2 1 1 1 1 0 0 1 0
Status 3 1 1 1 0 1 0 1 0
Status 4 0 0 1 1 1 0 0 1
Status 5 0 0 1 1 1 1 0 1
Status 6 1 0 1 1 1 0 0 1

Discharging status Status 7 1 0 0 0 1 1 0 0
Status 8 1 0 1 1 0 0 0 0
Status 9 1 0 1 0 1 1 0 0
Status 10 1 0 1 0 0 0 0 0
Status 11 1 0 0 0 1 0 0 0
Status 12 1 0 1 1 1 0 0 0
Status 13 1 0 1 0 1 0 0 0
Status 14 1 1 0 0 1 0 0 0
Status 15 0 0 1 0 1 0 0 0

Status 16 1 1 0 0 1 1 0 0
Status 17 1 1 0 0 0 0 0 0
Status 18 0 0 1 1 0 0 0 0
Status 19 0 0 1 0 1 1 0 0
Status 20 0 0 0 0 1 1 0 0

Fig. 3. Equivalent charging circuit for C1 and C3 .

TABLE II
CHARGING TIME AND OUTPUT VOLTAGE IN DIFFERENT m

Modulation value m Charging time Output voltage

−1 < m < −2/3 (1− | m |)TS /2 −3U in2 , −2U in2 ,

−2/3 < m < −1/3 TS /6 −2U in2 , −U in2

−1/3 < m < 0 TS /6 −U in2 , 0
0 < m < 1/3 TS /6 0, −U in2

1/3 < m < 2/3 TS /6 U in2 , 2U in2

2/3 < m < 1 (1 − m )TS /2 2U in2 , 3U in2

is turned OFF after S13 , as illustrated in Fig. 2(c). The charging
time is (1 − m)TS /2, and the output voltage of the inverter is
2 Uin2 or 3 Uin2 and the capacitor voltage UC1 would decrease
drastically if the modulation wave is increased to 1; however, it
would recover in time if the modulation wave is decreased.

Due to the symmetry, the charging time and the output voltage
can be easily derived with m < 0. Table II gives the charging
time and the output voltage in different m.

C. Capacitor Discharged Bus Voltage Analysis

To some extent, bus voltages UC1 and UC3 remain stable.
However, they will fluctuate frequently because of the charging

or discharging of the capacitor. The influencing factors of UC1
and UC3 are illustrated as follows. For simplicity, the following
assumptions are made: 1) the initial values of UC1 and UC3 are
Uin2 before discharging; 2) the capacitance of the capacitor C1
and C3 is C and the load resistance is R. There are four discharg-
ing states for C1 in a modulation cycle, which are described as
follows.

State I: Capacitor C1 operates individually.
S11 , S14 , S22 , S24 , S31 , and S33 are turned ON simultaneously

for Status 7 (S11 , S14 , S21 , S23 , S32 , and S34 are ON for Status
8). The equivalent circuit of Status 7 is shown in Fig. 4(a). UC1
can be expressed as

uC1(t) = Uin2e−
t

R C . (1)

State II: Capacitor C1 and Uin2 operate simultaneously.
S11 , S14 , S21 , S24 , S31 , and S33 are turned ON simultaneously

for Status 9 (S11 , S14 , S21 , S24 , S32 , and S34 are ON for Status
10). The equivalent circuit of Status 9 is shown in Fig. 4(b). UC1
is provided by

uC1(t) = Uin2(2e−
t

R C − 1). (2)

State III: Capacitors C1 and C3 operate simultaneously.
S11 , S14 , S22 , S24 , S31 , and S34 are turned ON simultaneously

for Status 11 (S11 , S14 , S21 , S23 , S31 , and S34 are ON for Status
12). The equivalent circuit is shown in Fig. 4(c). UC1 can be
expressed as

uC1(t) = Uin2e−
2 t
R C . (3)

State IV: Capacitors C1 , C3 , and Uin2 operate simultane-
ously.

S11 , S14 , S21 , S24 , S31 , and S34 are turned ON simultaneously
for Status 13. The equivalent circuit is shown in Fig. 4(d). UC1
is provided by

uC1(t) = Uin2

(
3
2
e−

2 t
R C − 1

2

)
. (4)

The analysis above reveals that the proposed converter has
four discharging states. For convenience, the discharging time
intervals that belong to the same state are regarded as one con-
tinuous discharging time.

1) When m ∈ [0, 1/3), there are two discharging time
intervals in a switching cycle, which are shown in
Fig. 2(a). The two time intervals can be deduced eas-
ily as T1 = T2 = m/(2fS ). According to (1), the voltage
variation across C1 can be expressed as

Δu1 = Uin2 − Uin2e
− m

f S R C . (5)

2) When m ∈ [1/3, 2/3) , there are six discharging time
intervals in a switching cycle, which are shown in
Fig. 2(b). Capacitor C1 and Uin2 discharge simulta-
neously during T1 and T6 . Capacitor C1 discharges
individually during T2 and T5 . Capacitors C1 and C3 dis-
charge simultaneously during T3 and T4 . The time inter-
vals can be achieved easily as follows: T1 = T3 = T4 =
T6 = (3m − 1)/(6fS ), T2 = T5 = (2 − 3m)/(6fS ).
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Fig. 4. Capacitor discharging states. (a) C1 operates individually. (b)
C1 and Uin2 operate simultaneously. (c) C1 and C3 operate simultane-
ously. (d) C1 , C3 , and Uin2 operate simultaneously.

In reference to (1) to (3), the voltage variation across C1
can be expressed as

Δu21 = 2Uin2

(
1 − e−

3 m −1
3 f S R C

)
(6)

Δu22 = Uin2

(
1 − e−

2−3 m
3 f S R C

)
(7)

Δu23 = Uin2

(
1 − e−

6 m −2
3 f S R C

)
. (8)

From (6) to (8), we obtain

Δu2 = Δu21 + Δu22 + Δu23

= Uin2

(
4 − 2e−

3 m −1
3 f S R C − e−

2−3 m
3 f S R C − e−

6 m −2
3 f S R C

)
.

(9)

3) When m ∈ [2/3, 1), there are ten discharging time
intervals in a switching cycle, which are shown in
Fig. 2(c). Capacitors C1 , C3 , and Uin2 discharge simul-
taneously during T1 , T3 , T5 , T6 , T8 , and T10 . Capacitor
C1 and Uin2 discharge simultaneously during T2 and
T7 . Capacitors C1 and C3 discharge simultaneously dur-
ing T4 and T9 . The time intervals can be deduced easily
as follows: T1 = T3 = T5 = T6 = T8 = T10 = (3m −
2)/(6fS ), T2 = T4 = T7 = T9 = (1 − m)/(2fS ). Ac-
cording to (2)–(4), the voltage variation across C1 is
provided by

Δu31 =
3
2
Uin2

(
1 − e−

6 m −4
f S R C

)
(10)

Δu32 = 2Uin2

(
1 − e−

1−m
f S R C

)
(11)

Δu33 = Uin2

(
1 − e−

2−2 m
f S R C

)
. (12)

From (10) to (12), we obtain

Δu3 = Δu31 + Δu32 + Δu33

= Uin2

(
9
2
− 3

2
e−

6 m −4
f S R C − 2e−

1−m
f S R C − e−

2−2 m
f S R C

)
.

(13)

In (5), (9), and (13), the capacitor voltage variation Δu is a
function of modulation value m, switching frequency fS , load
resistance R, capacitance C1 , and source voltage Uin2 .Δu de-
creases when switching frequency fS , load resistance R, or
capacitance C1 increases. The capacitor voltage variation for
different modulation values and frequencies under the condi-
tion of Uin2 = 136V, R = 50Ω, and C = 4700 μF is drawn in
Fig. 5. A large switching frequency should be selected to achieve
a small capacitor voltage ripple and improve the steady-state
performance of the system.

IV. CURRENT AND VOLTAGE ON CHARGING SWITCH

A. Charging Current and Loss Analysis

Given that UC1 and UC3 are almost zero in the initial state, the
charging current would reach the maximum at system startup.
Excessive spike charging current will damage the capacitor and
cause the converter to exhibit inefficiency. A current limitation
resistor is normally utilized to reduce the charging current but
is not discussed in the following analysis.

The charging circuit for C1 [see Fig. 6(a)] contains only power
switches and capacitor, which can be represented by a RC circuit
[see Fig. 6(b)]. For simplicity, the following assumptions are
made: 1) all power switches are insulated-gate bipolar transistors
(IGBTs), 2) VCE is the sum of the forward conduction voltage for
S21 and SC1 1 and VFM is the sum of the diode forward voltage
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Fig. 5. Scope of capacitor voltage variation at different modulation
values and frequencies.

Fig. 6. Circuit and equivalent circuit of the charging process. (a) Charg-
ing circuit. (b) Equivalent charging circuit.

Fig. 7. Capacitor voltage waveforms of charging process. (a) Full
charging. (b) Partial charging.

for S13 and SC1 2 , and 3) RESR represents the equivalent series
resistance (ESR) of the capacitor.

The capacitor voltage waveforms of charging process are
illustrated in Fig. 7. VC1min denotes the initial capacitor volt-
age and VC1max represents the final capacitor voltage. The ca-
pacitor charging process can be classified into two conditions,
namely, full charging and partial charging. In [24], full charging

is defined as one that has a charging time period longer than
four times the charging time constant, i.e., Tch ≥ 4τch , and par-
tial charging corresponds to Tch < 4τch , where τch = RESRC.
In full charging, the capacitor is charged to the steady-state
voltage Uin2 − VCE − VFM , as shown in Fig. 7(a). In par-
tial charging, the capacitor is charged to a voltage less than
Uin2 − VCE − VFM , as shown in Fig. 7(b).

The instantaneous capacitor voltage and current can be given
by
⎧⎨
⎩

uC1(t) = VC1max + (VC1min − VC1max)e
− t

R E S R C

iC1(t) = VC 1 m a x −VC 1 m in
RE S R

e−
t

R E S R C = Δu
RE S R

e−
t

R E S R C

. (14)

The maximum charging current can be expressed by

iC1 max =
Δumax

RESR
. (15)

From Fig. 5, the capacitor voltage variation Δu is a function
of modulation value m at a certain switching frequency fS ,
load resistance R, capacitance C, and source voltage Uin2 . Δu
increases when m increases.

Therefore, we get the peak current

iC1max =

Uin2

(
9
2 − 3

2 e−
6 m −4
f S R C − 2e−

1−m
f S R C − e−

2−2 m
f S R C

)∣∣∣ m = mmax

RESR
.

(16)

Charging loss can be expressed as follows:

Ploss =
1
TS

∫ Tch

0
(i2C1(t)RESR+iC1(t)(VCE + VFM))dt

(17)
where Tch is the charging time, for m ∈ (0, 2/3), Tch = TS/6,
for m ∈ (2/3, 1), Tch = (1 − m)TS/2.

Substituting (14) into (17), we have

Ploss =
fSCΔu2

2RESR

(
1 − e−

2 T ch
R E S R C

)

+ fSCΔu(VCE + VFM)
(

1 − e−
T ch

R E S R C

)
. (18)

For a given m, the corresponding capacitor voltage can be
deduced with (5), (9), and (13). Charging loss can be calculated
by (18). The charging loss for different modulation values and
frequencies under the condition of Uin2 = 136 V, R = 50Ω
and C = 4700μF is drawn in Fig. 8. When the modulation
value m becomes larger, the charging loss increases rapidly
at a small fS . But in general, with the increase of switching
frequency, the switching loss will be greatly increased. Thus,
the switching frequency fS can be chosen as more than 1.5 kHz
to ensure a small capacitor voltage variation and charging loss
across the entire modulation index, as shown in Figs. 5 and 8. In
this study, the switching frequency fS is selected as 1.667 kHz
eventually so that the output voltage has a switching pattern with
10 kHz.
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Fig. 8. Extent of charging loss at different modulation amplitudes and
frequencies.

Fig. 9. Voltage of SC1 in state II.

B. Charging Switch Voltage Analysis

By introducing the charging-switch pairs, the proposed cas-
caded seven-level inverter can operate well with only a single
dc input source. It is necessary to analyze the charging-switch
pair’s voltage stress and SC1 was taken as an example for the
voltage analysis. There are four voltage states for SC1 in a mod-
ulation cycle, which are described as follows.

State I: S13 , S21 , and SC1 are turned ON. The positive sides
of C1 and Uin2 are connected directly. Input source Uin2 can
charge C1by introducing SC1 , as shown in Fig. 3. The voltage
of SC1 is zero.

State II: S13 and S22 are turned ON, and SC1 is turned OFF.
The voltage of SC1 is –SC1 , as shown in Fig. 9.

State III: In Fig. 4(b) and (d), S14 and S21 are turned ON, and
the voltage of SC1 is Uin2 .

State IV: In Fig. 4(a) and (c), S14 and S22 are turned ON and
the voltage of SC1 is zero.

States I–IV indicate that the voltage of SC1 is 0, the capacitor
voltage UC1 or the source voltage Uin2 . Therefore, the proposed
converter has low voltage stress on each switch, which resulted
in low cost.

TABLE III
SYSTEM SIMULATION PARAMETERS

Circuit parameters Value

U in 2 136 V
fs 1.667 kHz
R 50 Ω
L 60 mH
C1 /C3 4700 μF

Fig. 10. Output voltage and current waveforms. (a) At resistive load.
(b) At inductive load. (c) THD value of the output voltage.

V. SIMULATION AND EXPERIMENTAL VERIFICATIONS

A. Simulation Results

The simulation parameters of the proposed converter are
given in Table III.
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Fig. 11. Voltage waveforms of the charging-switch. (a) SC1 . (b) SC3 .

The output voltage and current waveforms for resistive and
inductive load are given in Fig. 10. The output current lags
behind the voltage at inductive load. And the current is smooth
due to the filter inductance. As shown in Fig. 10(c), the harmonic
is mainly concentrated on the octave band and sidebands at
10 kHz. The THD value of uO is 23.84%.

The ideal voltage waveforms of the charging-switch pairs SC1
and SC3 are shown in Fig. 11. It can be seen that the voltage
states for SC1 and SC3 are 0, Uin2 or − Uin2 in a modulation
cycle. The voltage stress of the charging-switch pair is within
the source voltage, which verifies the theoretical analysis.

The capacitor voltage and the charging current waveforms of
capacitors C1 with the ESR value of 5 mΩ in the full charging
process are shown in Fig. 12(a). In the simulation model, VCE
and VFM are selected as 3 V. It can be seen that the capacitor volt-
age uC1 reaches the steady-state voltage Uin2 − VCE − VFM ,
which is about 130 V and the charging current has become
zero at the end of the charging time. Besides, the capacitor
voltage variation Δu increases when the modulation value m
increases in a modulation cycle. According to the formula (13)
and (16), the theoretical value Δumax is calculated as 0.75 V
and ΔiC1max is 150 A at the maximum value of m = 0.833.
From Fig. 12(a), the simulation value Δumax is about 0.7 V
and ΔiC1max equals 140 A, which are in agreement with the
theoretical analysis. The peak charging current can be reduced
by increasing the ESR. The waveforms with the ESR value of
200 mΩ in the partial process are illustrated in Fig. 12(b). Due
to a large RESR , the peak charging current can be limited. How-
ever, uC1 cannot reach the steady-state value. In this situation,

Fig. 12. Capacitor voltage and the charging current waveforms of ca-
pacitors C1 . (a) RESR = 5 mΩ. (b) RESR = 200 mΩ.

the charge–discharge process is so complicated that we cannot
get the specific expression of the peak current.

B. Experimental Results

As shown in Fig. 13, a 1-kW experimental prototype was built
to verify the feasibility and effectiveness of the proposed topol-
ogy with a single dc source. The specifications of the prototype
are provided in Table IV. The control block diagram is given in
Fig. 14.

The main experimental waveforms are illustrated in Fig. 15.
The output voltage and current waveforms at 1 kW of resistive
load are given in Fig. 15(a). As shown in Fig. 15(b), the wave-
forms of uC1 and uC3 are less than Uin2 and the difference
between them is almost 5–7 V, which is almost the sum of four
IGBT conduction voltage drop. As seen in the enlarged wave-
form of uC1 , the capacitor charging process belongs to the partial
charging. The driving voltage and drain-to-source voltage of SC1
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Fig. 13. Prototype for the experiment.

TABLE IV
UTILIZED COMPONENTS AND PARAMETERS

Components and parameters Value

Main control chip TMS320LF2407A + XC3S400
Charging-switch pairs (IGBT) FGH40N60 (40 A, 600 V)
Main switches (IGBT) FGH20N60 (20 A, 600 V)
Capacitances C1 and C3 (μF) 4700
Load voltage uorm s (V) 220 (PF = 1)
Load side inductance L (mH) 60
Output frequency fo (Hz) 50
Switching frequency fS (kHz) 1.667
Equivalent output switching frequency fE S (kHz) 10
Modulation ratio 0.833

Fig. 14. Control block diagram of the single-supply cascaded seven-
level inverter.

are shown in Fig. 15(c). The voltage across a charging-switch
pair is within the source voltage. The output voltage and current
waveform at inductive load are given in Fig. 15(d) and (e). The
experimental results verify the feasibility and effectiveness of
the proposed single-supply cascaded seven-level inverter.

The curves of efficiency versus power in the proposed and
traditional cascaded seven-level inverters with the same circuit
parameters are illustrated in Fig. 16. The values of the two
curves are basically in agreement and both are more than 90%.
However, the efficiency value of the proposed inverter is lower
than that of the traditional inverter because of the charging loss.

Fig. 15. Experimental waveforms of the proposed inverter. (a) Output
voltage and current at resistive load. (b) UC1 , UC3 and Uin2 . (c) Driv-
ing voltage and drain-to-source voltage of SC1 . (d) Output voltage and
current at inductive load (PF = 0.9). (e) Output voltage and current at
inductive load (PF = 0.68).
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Fig. 16. Efficiency versus power in the proposed and traditional
topologies.

VI. CONCLUSION

A novel single dc source cascaded seven-level inverter in-
tegrating switched-capacitor technique was developed in this
paper. In the proposed topology, the transformerless charging
circuit only contains power switches and capacitors, and the
charging time is independent of the load. The operation prin-
ciple and the charging–discharging characteristic analysis were
investigated in depth. With the common CPS-SPWM strategy,
the sinusoidal output voltage can be well obtained. Moreover,
the capacitors are properly charged without complex voltage
balancing control algorithm. The peak charging current and the
charging loss can be reduced with appropriate circuit parame-
ters. The proposed topology has the features of modularity, low
cost, and simplicity of control and makes it attractive in dc–
ac power applications. A 1-kW experimental prototype verifies
the feasibility of the proposed inverter. The proposed inverter
is also suitable for photovoltaic-battery multi-input application
with high redundancy.

REFERENCES

[1] S. Kouro et al., “Recent advances and industrial applications of multilevel
converters,” IEEE Trans. Ind. Electron., vol. 57, no. 8, pp. 2553–2580,
Aug. 2010.

[2] H. Abu-Rub, J. Holtz, J. Rodriguez, and G. Baoming, “Medium-voltage
multilevel converters; state of the art, challenges, and requirements
in industrial applications,” IEEE Trans. Ind. Electron., vol. 57, no. 8,
pp. 2581–2596, Aug. 2010.

[3] J. Dixon, J. Pereda, C. Castillo, and S. Bosch, “Asymmetrical multilevel
inverter for traction drives using only one dc supply,” IEEE Trans. Veh.
Technol., vol. 59, no. 8, pp. 3736–3743, Oct. 2010.

[4] S. Lu, K. A. Corzine, and M. Ferdowsi, “A unique ultracapacitor direct
integration scheme in multilevel motor drives for large vehicle propulsion,”
IEEE Trans. Veh. Technol., vol. 56, no. 4, pp. 1506–1515, Jul. 2007.

[5] J. Rodriguez, S. Bernet, P. K. Steimer, and I. E. Lizama, “A survey
on neutral-point-clamped inverters,” IEEE Trans. Ind. Electron., vol. 57,
no. 7, pp. 2219–2230, Jul. 2010.

[6] M. Khazraei, H. Sepahvand, K. A. Corzine, and M. Ferdowsi, “Active
capacitor voltage balancing in single-phase flying capacitor multilevel
power converters,” IEEE Trans. Ind. Electron., vol. 59, no. 2, pp. 769–
778, Feb. 2012.

[7] I. Ahmed and V. B. Borghate, “Simplified space vector modulation tech-
nique for seven-level cascaded H-bridge inverter,” IET Power Electron.,
vol. 7, no. 3, pp. 604–613, Apr. 2014.

[8] Y. H. Liao and C. M. Lai, “Newly-constructed simplified single-phase
multi-string multilevel inverter topology for distributed energy resources,”
IEEE Trans. Power Electron., vol. 26, no. 9, pp. 2386–2391, Sep. 2011.

[9] L. Maharjan, S. Inoue, H. Akagi, and J. Asakura, “A transformerless bat-
tery energy storage system based on a multilevel cascade PWM converter,”
in Proc. 39th Annu. IEEE Power Electron. Conf., 2008, pp. 4798–4804.

[10] M. N. A. Kadir and Z. F. Hussien, “Asymmetrical multilevel inverter:
Maximum resolution for H-bridge topology,” in Proc. Int. Conf. Power
Electron. Drivers Syst., 2005, pp. 1068–1071.

[11] M. Rotella, G. Penailillo, J. Pereda, and J. Dixon, “PWM method to
eliminate power sources in a nonredundant 27-level inverter for machine
drive applications,” IEEE Trans. Ind. Electron., vol. 56, no. 1, pp. 194–201,
Jan. 2009.

[12] J. Dixon, M. Ortuizar, R. Carmi, P. Barriuso, P. Flores, and L. Moran,
“Static Var compensator and active power filter with power injection ca-
pability, using 27-level inverters and photovoltaic cells,” in Proc. IEEE
Int. Symp. Ind. Electron., 2006, pp. 1106–1111.

[13] J. Pereda and J. Dixon, “High-frequency link: A solution for using only
one DC source in asymmetric cascaded multilevel inverters,” IEEE Trans.
Ind. Electron., vol. 58, no. 9, pp. 3884–3892, Sep. 2011.

[14] J. Pereda and J. Dixon, “23-level inverter for electric vehicles using a
single battery pack and series active filters,” IEEE Trans. Veh. Technol.,
vol. 61, no. 3, pp. 1043–1051, Mar. 2012.

[15] Z. Du, L. M. Tolbert, J. N. Chiasson, and B. Ozpineci, “A cascade mul-
tilevel inverter using a single DC source,” in Proc. 21st Annu. IEEE Appl.
Power Electron. Conf. Expo., 2006, pp. 426–430.

[16] D. U. Zhong, B. Ozpineci, L. M. Tolbert, and J. N. Chiasson, “DC-
AC cascaded H-bridge multilevel boost inverter with no inductors for
electric/hybrid electric vehicle applications,” IEEE Trans. Ind. Appl., vol.
45, no. 3, pp. 963–970, May/Jun. 2009.

[17] H. Sepahvand, J. Liao, and M. Ferdowsi, “Investigation on capacitor volt-
age regulation in cascaded H-bridge multilevel converters with funda-
mental frequency switching,” IEEE Trans. Ind. Electron., vol. 58, no. 11,
pp. 5102–5111, Nov. 2011.

[18] H. Sepahvand, J. Liao, M. Ferdowsi, and K. A Corzine, “Capacitor voltage
regulation in single-DC-source cascaded H-bridge multilevel converters
using phase-shift modulation,” IEEE Trans. Ind. Electron., vol. 60, no. 9,
pp. 3619–3626, Sep. 2013.

[19] S. Vazquez, J. I. Leon, L. G. Franquelo, J. J. Padilla, and J. M. Carrasco,
“DC-voltage-ratio control strategy for multilevel cascaded converters fed
with a single DC source,” IEEE Trans. Ind. Electron., vol. 56, no. 7,
pp. 2513–2521, Jul. 2009.

[20] M. D. Seeman and S. R. Sanders, “Analysis and optimization of switched-
capacitor DC-DC converters,” IEEE Trans. Power Electron., vol. 23,
no. 2, pp. 841–851, Mar. 2008.

[21] J. C. Mayo-Maldonado, J. C. Rosas-Caro, and P. Rapisarda, “Modeling
approaches for DC-DC converters with switched capacitors,” IEEE Trans.
Ind. Electron., vol. 62, no. 2, pp. 953–959, Feb. 2015.

[22] M. Evzelman and S. Ben-Yaakov, “Average-current-based conduction
losses model of switched capacitor converters,” IEEE Trans. Power Elec-
tron., vol. 28, no. 7, pp. 3341–3352, Jul. 2013.

[23] F. Zhang, L. Du, F. Z. Peng, and Z. Qian, “A new design method for
high-power high-efficiency switched-capacitor dc–dc converters,” IEEE
Trans. Power Electron., vol. 23, no. 2, pp. 832–840, Mar. 2008.

[24] C.-K. Cheung, S.-C. Tan, C. Tse, and A. Ioinovici, “On energy efficiency
of switched-capacitor converters,” IEEE Trans. Power Electron., vol. 28,
no. 2, pp. 862–876, Feb. 2013.

[25] J. C. Rosas-Caro1, J. C. Mayo-Maldonado, F. Mancilla-David, A
Valderrabano-Gonzalez, and F. Beltran Carbajal, “Single-inductor res-
onant switched capacitor voltage multiplier with safe commutation,” IET
Power Electron., vol. 8, no. 4, pp. 507–516, Apr. 2015.

[26] J. Rodriguez et al., “Multilevel converters: An enabling technology for
high-power applications,” Proc. IEEE, vol. 97, no. 11, pp. 1786–1817,
Nov. 2009.

Xiaofeng Sun (M’11) received the B.S. de-
gree in electrical engineering from the North-
east Heavy Machinery Institute, Heilongjiang,
China, in 1993, and the M.S. and Ph.D. degrees
in power electronics from Yanshan University,
Qinhuangdao, China, in 1999 and 2005, respec-
tively.

Since 2008, he has been a Professor with
Yanshan University, where he is also the Direc-
tor of the Key Laboratory of Power Electronics for
Energy Conservation and Motor Drives of Hebei

Province, Qinhuangdao. From 2003 to 2007, he was an Associate Pro-
fessor with Yanshan University. He has authored or coauthored more
than 70 journal and conference papers. His research interests include
dc/dc converters, multiple-input converters, hybrid electric vehicles, mi-
crogrids, and power quality control.



7194 IEEE TRANSACTIONS ON INDUSTRIAL ELECTRONICS, VOL. 63, NO. 11, NOVEMBER 2016

Baocheng Wang received the B.S. and M.S. de-
grees in electrical engineering from the North-
east Heavy Machinery Institute, Heilongjiang,
China, in 1988 and 1991, respectively, and
the Ph.D. degree from Yanshan University, Qin-
huangdao, China, in 2008.

Since 2005, he has been a Professor with the
Department of Electrical Engineering, Yanshan
University. His research interests include multi-
level inverter technology, distributed generation,
renewable energy, and fault diagnosis.

Yue Zhou received the B.S. and M.S. degrees in
electrical engineering from Yanshan University,
Qinhuangdao, China, in 2012 and 2015, respec-
tively.

She is currently an Assistant Experimental-
ist in the Department of Electrical Engineering,
Yanshan University. Her main research interests
include multiport dc–dc converters, switched-
capacitor converters, and high-voltage-gain con-
verters.

Wei Wang received the B.S. and M.S. degrees
in electrical engineering from Yanshan Univer-
sity, Qinhuangdao, China, in 2010 and 2013,
respectively.

Since 2013, he has been a Motor Control En-
gineer with the Medium-Voltage Converter R&D
Department, Schneider, Beijing, China. His main
research interests include topology and con-
trol of dc–dc converters and multilevel inverting
technology.

Huiyuan Du received the B.S. and M.S. degrees
in electrical engineering from Yanshan Univer-
sity, Qinhuangdao, China, in 2008 and 2011,
respectively.

He is currently a Software Engineer
with SANY Heavy Energy Machinery Co.,Ltd.,
Beijing, China. His research interests include
multilevel inverting technology and wind power
systems.

Zhigang Lu received the B.S. degree in auto-
matic control and the M.S. degree in systems en-
gineering from Xi’an Jiaotong University, Xi’an,
China, in 1985 and 1988, respectively, and the
Ph.D. degree in electric power systems and au-
tomation from the North China Electric Power
University, Beijing, China, in 1998.

He is the Dean of the School of Electrical
Engineering, Yanshan University, Qinhuangdao,
China. His current research interests include
economic operation and control of power sys-

tems, power grid state estimation, power system planning, and nature-
inspired optimization algorithms and their applications to various opti-
mization problems.



<<
  /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 false
  /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 true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /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 true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /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 true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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


