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Abstract: This paper presents a modified nine switch inverter with two inputs and two Zsource networks. This inverter has two DC inputs and two AC outputs. Input DC voltages can
be boosted to the required level. Amplitude, frequency and phase of AC output voltages can
be controlled, independently. The proposed converter can be used in applications with two
unregulated DC sources, which require feeding two independent loads. Compared to the
conventional structure, the proposed converter requires reduced number of semiconductor
switches hence improved converter reliability and less volume. While the authors have
already presented a similar inverter (single z-source network dual-input dual-output inverter)
with the above features, new inverter has some differences in the topology, control strategy
and operation. In this paper, a new control strategy of space vector modulation for the new
inverter is proposed. Also a new switching method utilizing carrier-based modulation concept
is presented for both dual (proposed) and single z-source network dual-input dual-output
inverters. Performance of the proposed inverter is verified by simulation and experimental
results.
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1 Introduction1
There are applications where energy conversion is
required from two independent variable DC sources into
two independent variable frequency AC loads. An
example of these applications is traction drive system
with six-phase motor and two DC energy sources such
as battery and fuel cell system [1]. Another example is
hybrid energy sources such as solar energy and wind
energy, connected to a grid and also feeding a local load
[2]. Such energy conversion systems conventionally
require two DC/DC and two DC/AC converters (Fig. 1).
This configuration requires at least one switch for each
DC/DC converter and 6 switches for each DC/AC
converter which add up to total 14 switches.
In this paper a novel converter is proposed that
performs the same power conversion goal with only 9
semiconductor switches. Compared to the conventional
method, this configuration reduces the volume and
requires only one controller (Digital Signal Processor)
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for the system. The drawback is more complex
switching algorithm and increased rating of the
semiconductor switches.
As the title of the paper suggests, this converter is a
modified nine-switch inverter with two z-source
networks in front. The z-source network including two
inductors, two capacitors and one diode was first used
as front-end boost converter of a conventional inverter
in [3] (Fig. 2). This inverter called z-source inverter is
used as an efficient power conditioner in DG systems
[4] and electric vehicle [5].
Nine-switch inverter is a converter with two AC
outputs but with only one DC input [6]. The nine-switch
inverter is used as an AC/AC converter in [7, 8]. In [9],
a z-source nine-switch inverter is proposed (Fig. 3).

Fig. 1 Conventional power conversion architecture with two
DC input and two AC outputs.
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Fig. 2 Z-source inverter [3].
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Fig. 3 Z-source nine-switch inverter [9].

Fig. 4 Single z-source network dual-input dual-output inverter
(SZSN-DIDOI) [10].
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A single z-source network dual-input dual-output
inverter (SZSN- DIDOI) has been proposed by the
authors in [10] (Fig. 4). This inverter is composed of a
modified nine switch inverter and a dual-input dualoutput z-source network. As shown in Fig. 4, nineswitch inverter is modified with six extra diodes. Dualinput dual-output z-source network was first used in zsource three-level NPC inverter in [11].
In a single-input single-output z-source network,
capacitors' voltages can be controlled and consequently
input DC source is controllable. Since in Fig. 4,
capacitors' voltages are related to both input DC
sources; it is difficult to control the input voltages
independently. However current control of input DC
sources is possible [10]. As a solution a new nineswitch inverter is proposed in this paper (Fig. 5). In fact,
dual-input dual-output z-source network is replaced by
two single-input single output z-source networks. Using
new topology, input voltages can be controlled
independently.
This paper is organized as follows. Section 2
describes the modified nine-switch inverter. Section 3
describes operation of z-source networks in the
proposed inverter. In sections 4, 5 and 6, space vector
modulation, control strategy and PWM modulation are
proposed for the new converter. Section 7 presents a
comparison between the proposed inverter and SZSNDIDOI. Finally, Section 8 describes simulation and
experimental results.
2 Modified Nine-Switch Inverter
The modified nine-switch inverter is shown in Fig.
5. Extra Six diodes (DAU, DBU, DCU, DAL, DBL and DCL)
are the difference between the nine-switch inverter and
the modified nine-switch inverter. The modified nineswitch inverter is composed of two upper and lower
inverters. Three upper switches, three mid switches and
three lower extra diodes (DAL, DBL & DCL) form the
upper inverter. The output of the upper inverter is
connected to the positive terminal of ViU via upper
switches and is connected to the negative terminal of
ViU via mid switches and lower extra diodes. The lower
inverter includes three mid switches, three lower
switches and three upper extra diodes (DAU, DBU &
DCU). The output of the inverter is connected to the
positive terminal of ViL via mid switches and upper
extra diodes and connected to the negative terminal of
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Fig. 5 Proposed dual z-source network dual-input dual-output
inverter (DZSN-DIDOI).

ViL via lower switches. In a conventional nine-switch
inverter one of the outputs is in a zero switching vector
state when the other output is in an active vector.
However for the modified nine-switch inverter, in a
similar situation, the DC input of the inverter in the zero
vector state will be shorted. Therefore the modified
nine-switch inverter requires necessarily a z-source
network as front-end stage.
3 Operation of Z-Source Networks
In the proposed dual z-source network dual-input
dual-output inverter (DZSN-DIDOI), two z-source
networks are connected to the modified nine-switch
inverter. The z-source networks can boost input DC
voltages, as:
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ViU = BU VoU

(1)

ViL = BL VoL

(2)

(a)

where VoU and VoL are input DC voltages and ViU and
ViL are outputs of z-source networks. BU and BL are
known as boost factors and are given by following
equation [12]:
BU =

1
1 − 2 ( TSCU T )

(3)

BL =

1
1 − 2 ( TSCL T )

(4)
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4 Switching Method
A space vector modulation (SVM) method has been
proposed for SZSN-DIDOI in [10] (Fig. 6). This SVM
method can also used for the proposed DZSN-DIDOI.
There are three types of switching vectors in one
switching period: The active vectors for the upper
inverter (V1-V6), the active vectors for the lower inverter
(V7-V12), and the zero vectors (V13-V16). Regarding the
reference signals the upper and lower active vectors are
determined via diagrams of (b) and (c) in Fig. 6,
respectively. All switching vectors for the proposed
inverter are listed in Table 1. A leg may be in position
{1}, {0}, {-1} or {2}. The states of the switches in these
positions are illustrated by Table 2. Where, J could be
A, B or C. The sign X indicates ON state of the diode
over the active vectors and OFF state otherwise. The
interval of switching vectors can be calculated as:

Table 1 Switching vectors of the presented inverter.
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where TSCU and TSCL are the time intervals of shorting
upper and lower z-source networks, respectively. The
upper z-source network can be shorted across upper and
mid switches and lower diode in a leg. However the
lower z-source network can be shorted across lower and
mid switches and upper diode in a leg.

D

Fig. 6 SVM method for the presented inverter.
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Table 2 State of semiconductor devices in vectors defined by
Table 1.

(9)

From Table 1, it is obvious that ViL and ViU are
shorted over the upper and lower active vectors,
respectively. For example during upper active vector of
V2, input ViL is shorted across diode DCU and switches
SCM and SCL. This is not a problem, since over the upper
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active vectors; the lower inverter is in zero state and is
not connected to its DC input and vice versa.
During time intervals of zero vectors both the upper
and lower inverter are in the zero state. The zero vectors
are divided to four groups depending on shoot-through
state. V13 does not create any shoot-through state. V14
and V15 create shoot-through states for upper inverter

Dehghan et al: Dual Z-Source Network Dual-Input Dual-Output Inverter

207
www.SID.ir

GU = 2

(10)

VrefL
= m L BL
VoL

(11)

mL =

(

G U 1 − 3 G L − 2TEXU / T + 2 3 G L TEXL / T

ive

Figure 7 shows the switching vectors used in this
strategy. TZN, TZL and TZU are time intervals of V13, V14
and V15, respectively. In the proposed control strategy,
the zero vectors V13, V14 and V15 are used and vector
V16 is disregarded. Therefore TSCU and TSCL are
expressed by:
TSCU = T3 + T4 + TZU

(12)

TSCL = T1 + T2 + TZL

ch

(13)
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The aim of the control strategy is to determine time
intervals of vectors in Fig. 7 based on given voltage
gains. In the proposed control strategy, TSCU and TSCL
are defined based on the modulation indices as:
TSCU =

3
m L T + TEXU
2

(14)

TSCL =

3
m U T + TEXL
2

(15)

where TEXU and TEXL are called extra shoot-through
times. Thus using equations (3), (4), (10) and (11), the
gains can be expressed by:
GU =
GL =

mU

(16)

1 − 3 m L − 2(TEXU / T)
mL

(17)

1 − 3 m U − 2(TEXL / T)

Solving (16) and (17) for mU and mL, yields:
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)

1 − 3G U G L

(

G L 1 − 3 G U − 2TEXL / T + 2 3 G U TEXU / T
1 − 3G U G L

)

(18)

(19)

If TEXU and TEXL are given, the modulation indices
would be determined. The denominator of equations
(18) and (19) should be positive; satisfying the
following constrains leads to:
0 < mU <
0 < mL <

1 + 2TEXU / T
3

1 + 2TEXL / T

of

GL = 2

VrefU
= m U BU
VoU

mU =

D

5 Control Strategy
The proposed inverter has several control variables
(two modulation indices, two boost factors, four
different zero vectors); therefore given output voltages
can be implemented using some different approaches.
Considering similar condition to SZSN-DIDOI, a
simple control strategy based on capacitor voltage is
presented in [10]. However, in this paper, a new control
strategy based on voltage gains is proposed for the
proposed DZSN-DIDOI. The output voltage gains GU
and GL can be defined as [13, 14]:

Fig. 7 Vectors and time intervals for proposed method based
on voltage gains.
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and lower inverter respectively. Vector V16 creates
shoot-through states for both inverters. To create V16,
one of the legs must be in position {2} and other legs
can be in position {1}, {0}, {-1} or {2}. The type of
zero vectors can be selected based on control strategies
and optimizations such as minimum number of
semiconductor switching.

3

(20)

(21)

According to Fig. 7, sum of TSCU and TSCL should be
less than the switching cycle T. Therefore considering
(14) and (15):
⎛ 3 ( mU + mL )
⎞
⎜
T + TEXU + TEXL ⎟ ≤ T
⎜
⎟
2
⎝
⎠

(22)

While TEXL and TEXU are zero, it can be shown if
both voltage gains (GU and GL) are more than 0.577 or
less than 0.577, equations (20-22) are satisfied.
However if one of the gains is more and the other is less
than 0.577, equations (20-22) are not satisfied. If GU is
larger than GL, TEXL can be set to zero and TEXU is
derived by the following value:
⎛
⎞
3 GL
1
TEXU = ⎜⎜ 0.5 −
−
⎟T
4
4 3 G U ⎟⎠
⎝

(23)

Consequently:
mU = 1 2 3

(24)

mL = G L 2

(25)

Finally If GL is the larger one, we can set TEXU to
zero and select TEXL as:
⎛
3 GU
1 ⎞
TEXL = ⎜ 0.5 −
−
⎟T
⎜
4
4 3 G L ⎟⎠
⎝
Thus:
mU = G U 2

(26)

(27)
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mL = 1 2 3
(28)
Table 3 shows how to determine the modulation
parameters using the voltages gains briefly. The
modulation indices (mU and mL) and the extra shootthrough times (TEXU and TEXL) are determined via Table
3 for desired gains (GU and GL). Then time intervals of
active vectors (T1, T2, T3 and T4) are calculated using
equations (5-8). Finally the time intervals TZU, TZL and
TZN are determined by following equations:
TZU = ( 3 2) m L T + TEXU − T3 − T4
(29)

TZL = ( 3 2)m U T + TEXL − T1 − T2

(30)

TZN = T − T1 − T2 − T3 − T4 − TZU − TZL

(31)

GU & GL < 0.577

D

Also TSCU and TSCL can be calculated from (12) and
(13) and consequently BU and BL, from (3) and (4). Fig.
8 shows the curves of the modulation indices for various
gains.
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GU & GL > 0.577

T
Offset U = 1 − min(VaU , VbU , VcU ) − 3m U − 2 EXL
T
TEXU
T

GU > 0.577 & GL <0.577

(32)

ive

Offset L = −1 − max(VaL , VbL , VcL ) + 3m L − 2

of

6 Carrier-Based PWM
The proposed control strategy in the previous
section can also be implemented by a carrier-based
modulation. For this purpose, the following offset
signals should be added to the upper and lower
references signals:

(33)
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Parameters mU, mL, TEXU and TEXL can be
determined using Table 3. Fig. 9 shows the proposed
PWM method. Similar to the conventional nine-switch
inverter [6], by comparing the carrier signal with upper
and lower reference signals, the gate signals are
generated for the upper and lower switches,
respectively.

GU <0.577 & GL >0.577
Fig. 8 The modulation indices in the proposed control strategy
based on voltage gains.

Table 3 Determining modulation parameters based on voltage gains.
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Table 4 Simulation and experimental parameters.
Parameter

Value

VoU

36 V

ive
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The gate signals of the mid switches are generated
by the logical XOR of the gate signals of upper and
lower switches. As shown in Fig. 9, using the proposed
offsets, minimum value of upper reference signals and
maximum value of lower reference signals are always
kept constant. In this manner TSCU and TSCL (and
consequently BU and BL) are constant during
fundamental cycle.
The carrier-based PWM can also be implemented
for SZSN-DIDOI based on capacitor voltage control
strategy presented in [10]. For this purpose, the above
offset signals can be used for SZSN-DIDOI. However
TEXU and TEXL are zero in this case.

SI

Fig. 9 Carrier-based PWM modulation for SZSN-DIDOI and
DZSN-DIDOI.

signal processor. Two similar resistance loads with LC
filters were connected to outputs of the proposed
inverter. Simulation and experimental parameters are
listed in Table 4.
For the desired gains in Table 4 (GU=2.15,
GL=1.85), BU and BL are determined using Table 3 as
4.96 and 4.01, respectively. Fig. 10 shows the output
voltages of z-source networks ViU and ViL as 175V and
140V respectively which are slightly less than expected
values from equations (1) and (2), (178 V and 144V).
This is due to voltage drop across DU and DL diodes.
Fig. 11 shows the result of the capacitor voltages equal
to 105V and 88V (less than expected values of 108V
and 90V). The line voltage and phase voltage of the
proposed converter are shown in Fig. 12 and Fig. 13,
respectively. It can be seen that both outputs have
expected frequencies. The load currents are shown in
Fig. 14. It can be seen that the load currents have
nearly sinusoidal waveforms.
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7 Comparison
Both the proposed inverter (DZSN-DIDOI) and the
inverter of Fig. 4 (SZSN-DIDOI) are dual-input dualoutput inverters and can boost input voltages. However
there are some differences between them.
DZSN-DIDOI acts as two independent z-source
inverters. In this converter, upper z-source inverter is
composed of three parts: upper DC input, upper zsource network and upper output, and similarly about
lower z-source inverter. In other word, the power can
be transferred from upper input to upper output and
from lower input to lower output. Therefore if one of
DC inputs disconnects, voltage of relevant output will
be zero, however other output can continue normal
operation.
Contrary to DZSN-DIDOI, SZSN-DIDOI (Fig. 4)
cannot be considered as two independent z-source
inverters. In SZSN-DIDOI, DC inputs form a common
DC bus (capacitors of z-source network), and outputs
are feed via this DC bus. Therefore, the power can be
transferred from inputs to both outputs. However in
SZSN-DIDOI, if one of DC inputs disconnect, none of
the outputs can continue its operation [10].

VoL

36 V

L1 & L2

4 mH

C1 & C2

2 mF

Switching Frequency

3 kH

GU

2.15

GL

1.85

FU

25 Hz

FL

50 Hz

Rload

5.6 Ohm

Lf

4 mH

Cf

20 uF

9 Conclusion
In this paper a novel nine-switch inverter was
presented with two inputs and two outputs. The
proposed inverter is composed of two z-source
networks and a modified nine-switch inverter. The
proposed inverter was compared with single z-source
network dual-input dual-output inverter (SZSNDIDOI) which has already been presented by the
authors. Furthermore, a special control strategy based
on voltage gains was presented to determine the type
and time intervals of the switching vectors. Also a
carrier-based PWM modulation was proposed for both
the proposed inverter (DZSN-DIDOI) and SZSNDIDOI. Simulation and experimental results verified
performance and validity of the proposed inverter.

8 Simulation and Experimental Results
The proposed inverter was simulated and a
prototype of it was also built and controlled by a digital
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a) Simulation

b) Experimental

b) Experimental

Fig. 12 Line-line voltages of the proposed inverter.
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Fig. 10 Outputs voltage of z-source networks (ViU and ViL).

a) Simulation

a) Simulation

b) Experimental

Fig. 11 Capacitors voltage of z-source networks.

b) Experimental

Fig. 13 Phase voltage of the proposed inverter.
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