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ABSTRACT

The matrix converter is devised to achieve sinusoidal input current and output
voltage, and high power density. The typical matrix converter gives voltage
gain less than unity using a significantly large number of switches. To reduce
the number of switches an ultra sparse matrix converter (USMC) is introduced
whose voltage gain is still less than unity. Researchers also introduced many
modified versions of these matrix converters including quasi-Z-source, series Z-
source, switched inductor, and switched capacitor USMCs. Although all of these
matrix converters have their relative advantages and disadvantages in terms of
the number of switches and passive elements, the voltage gain is still marginal.
This paper focused on achieving higher voltage gain using minimal switches and
passive elements. We proposed a doubler boost impedance network based ultra
sparse matrix converter (DB-USMC). The doubler boost impedance network
consists of a boost stage and doubler stage where the boost stage enhances the
voltage and the doubler stage makes it double. The voltage gain of the proposed
DB-USMC converter is 4.00 at a 50% duty cycle. The obtained results of the
proposed DB-USMC converter show a path to get superior voltage gain using
minimal switches and passive elements in a cost-effective manner.
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1. INTRODUCTION
High voltage gain is an essential requirement in power systems and renewable energy systems. The

generated base voltages are not enough for effective power transmission due to the i2R losses which cause low
power efficiency. Currently, a step-up transformer with high voltage alternating current (HVAC) transmission
solves this issue. However, the transformer is not always suitable because of its bulkier size, large space
requirement, and high cost. Also, the transformer cannot vary the frequency to meet the grid requirement.
Besides, high-voltage direct current (HVDC) transmission is more advantageous compared to the HVAC [1].
So if we substitute the transformer with the power converters then we get two benefits. Firstly, we can use the
high direct current (DC) voltage in HVDC transmission. Secondly, make the output voltage and frequency of
renewable energy systems suitable for the grid system. We can also convert the output of the renewable energy
systems at a suitable voltage and frequency to direct use in industry and households with minimum cost.

The matrix converters [2], a class of power converters, have attracted much attention due to their abil-
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ity to convert poly-phase alternating current (AC) to poly-phase AC at variable voltage and frequency with
aiming to achieve higher voltage gain. It has sinusoidal input and output with a unity power factor, regenerative
capability, and less harmonic distortion [2]-[4] that makes it suitable for various applications. Although matrix
converters have many applications, the major drawback is the necessity of a large number of switches and low
voltage gain [5], [6]. For example, a typical sparse matrix converter is designed by using fifteen or twelve
switches [7], [8] with voltage gain less than unity. The ultra sparse matrix converter (USMC) is designed by
modifying the sparse matrix converter to reduce the number of switches. The typical USMC requires nine
switches [9], [10] which is still higher in number. On the other hand, the USMC does not have any interme-
diate topologies and therefore charge storage is not possible since there have no passive elements. Therefore,
the voltage gain of USMC is very low which is 0.866. The USMC is currently used in renewable energy
and photovoltaic (PV) applications [11], [12], wind energy integration in microgrids [13], feeding permanent
magnet synchronous motors (PMSMs) in applications with field-oriented control (FOC) [14], [15] and as a
power-transferring device [16]. But the low voltage gain reduces their efficiency and also limits applicability
in industries. The voltage gain can be improved by using a step-up transformer, but this is costly and require
more space.

To overcome the limitations of conventional sparse matrix converters researchers proposed the
Z-source matrix converter by introducing the Z-source impedance network [17]. The Z-source matrix con-
verter aims to enhance voltage gain using four passive elements (two capacitors and two inductors) [18]. The
Z-source impedance network is integrated with an ultra sparse matrix converter and the resulting matrix con-
verter is called ZS-USMC [19]. The ZS-USMC gives a voltage gain of 1.5 employing the same number of
switches as USMC and four passive elements, which is still low. Besides, this converter has no common
ground in the impedance network [20]. To circumvent this drawback series Z-source ultra sparse matrix con-
verter (SZS-USMC) is introduced [21], [22]. The advantage of SZS-USMC is that it has common ground, with
all elements the same as ZS-USMC, but it requires additional diode [23], and voltage gain drops to 0.5. On
the other hand, the SZS-USMC produces discontinuous rectifier output current which is a serious issue that
increases the ripple.

To address these limitations, a quasi-Z-source impedance network is integrated into USMC (QZ-
USMC) [24], [25]. The QZ-USMC has a voltage gain of 1.5 using the same number of switches and passive
elements as ZS-USMC. In QZ-USMC, common mode voltage, the same voltage present at two or more nodes
of a circuit with respect to a reference point, is also increased which can increase the leakage current that may
damage the insulation. Finally, although the Z-source impedance network integrated USMCs has relative ad-
vantages and disadvantages the noticeable point is that the voltage gain is still low. To overcome the limitations
of the Z-source impedance network integrated USMCs and improve voltage gain, an active zero-state switched
network is integrated with ZS-USMC [26]. One version of it is switched capacitor ZS-USMC (SCZ-USMC)
[27], [28] that requires seven passive elements and ten switches. It has a voltage gain of 3.0, which is marginal,
and a wide load range regarding power factor. The limitation of SCZ-USMC is the limited voltage conver-
sion ratio due to using capacitors to transfer energy between different voltage levels. To transcend this barrier,
switched inductor ZS-USMC (SIZ-USMC) is reported in [29], [30]. The SIZ-USMC has the same voltage gain
of 3.0 using six passive elements and nine switches which are slightly lower than the SCZ-USMC. It also has
higher voltage stress [31] which is the amount of voltage that is applied across the switching devices in the
converter, which can cause them to break down or fail due to excessive voltage. Both SCZ-USMC and SIZ-
USMC have the same voltage gain but require a large number of passive elements which is costly. To reduce
the number of passive elements the switched boost USMC (SB-USMC) is introduced [32]. In SB-USMC, only
two passive elements are required and it has lower inductor current stress. The required number of diodes is
also reduced but the voltage gain drops to 2.0. On the other hand, it has higher voltage stress.

All existing matrix converters have their relative advantages and disadvantages but the most noticeable
drawback of all matrix converters is that the voltage gain is low and marginal. Therefore, we need more voltage
gain to meet the requirements of power systems and renewable energy systems. However, the question arises,
how we can achieve higher voltage gain using a small number of switches and passive elements?

To answer this question, we proposed a doubler boost ultra sparse matrix converter (DB-USMC) by
integrating a novel ‘doubler boost impedance network’ into the ultra sparse matrix converter. The proposed
DB-USMC uses the doubler boost concept that comes from the voltage doubler circuit and boost converter.
The doubler boost impedance network has two stages that are boost and doubler stages. We simulated the
proposed DB-USMC using matlab simulink software. Finally, the results show that the proposed DB-USMC
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converter has a voltage gain of 4.00 at 50% duty ratio. It also requires only three passive elements which are
less than the other reported converters except for SB-USMC. The obtained results show a path to design a
matrix converter to meet the requirements of power systems and renewable systems with superior voltage gain
using minimal passive elements that reduce cost.

We organized the paper as follow: i) Section 2, we described the proposed DB-USMC topology with
an elaborate description of the doubler boost network which is the heart of the proposed DB-USMC topology,
formulation of the mathematical background, and development of the employed switching pattern; ii) Section
3, we included the methodology of how the proposed DB-USMC topology has been tested and validated with
a summary of the used value of all parameters; iii) Section 4, we summarized the findings, with the aim of
meeting the demand for high voltage gain, including a comparative analysis; and iv) Section 5, we concluded
with the future directions.

2. PROPOSED TOPOLOGY
The proposed DB-USMC topology, as shown in Figure 1, is consist of three stages: the rectifier stage

on the left, the doubler boost stage in the middle, and the inverter stage on the right. The main function of the
rectifier stage is to convert AC-DC. Three-phase AC-DC rectifier act as a boost rectifier where output rectified
voltage is 1.5 times the input AC voltage [33]. This stage consists of three unidirectional switches that are SX ,
SY , and SZ , and twelve power diodes that are connected to the 3-phase supply. Three phase supply sources are
connected in X , Y , and Z points where each line contains an inductor and a capacitor that constitute a filter.
The output of the rectifier stage is DC denoted by Vro that is directly coupled to the doubler boost stage. The
main function of the doubler booster stage is to boost the input DC that is shown separately in Figure 2. The
doubler booster stage is divided into two substages; booster stage and doubler stage. The booster stage consist
of an inductor denoted by L and a switch denoted by S. On the other hand, the doubler stage consist of two
capacitors denoted by C where both capacitors have the same value and two diodes denoted by D1 and D2.

The output of the doubler boost stage is also DC, denoted by Vdb in Figure 1, which is directly con-
nected to the input of the inverter stage, and the main function of this stage is to convert input DC into AC. The
inverter stage consists of six switches that are denoted by SAX , SAY , SBX , SBY , SCX , and SCY . The outputs
are taken as uA, uB , and uC .

We evaluated the performance of the proposed DB-USMC topology, as described above, using matlab
simulink software. Three important steps in evaluating the performance of the proposed DB-USMC topol-
ogy are understanding the operation of the doubler booster impedance network, determining the appropriate
switching strategy, and calculating the proper value of passive elements. We described all three steps in 2.1.

Figure 1. Proposed DB-USMC topology

2.1. Doubler boost impedance network
Doubler boost (DB) converter is a step-up converter and dynamic behavior of DB converter is similar

to the boost converter that is addressed in [34]. The complete operation of the doubler boost converter can be
described in two modes. The first is the shoot-through mode, and the second is the non-shoot-through mode.
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For each cycle of pulses, it is high for a certain period of time and low for the remaining time. The converter
run in shoot-through mode when the pulse is high and runs in non-shoot-through mode when the pulse is low.
In the shoot-through state, switch S is ON, and diodes D1 and D2 are OFF which can visualized in Figures
1 and 2. The switch and diodes both can not be ON in together. So in this mode boost stage is ON and the
doubler stage is OFF in Figure 2. Let apply KVL to the boost stage circuit, as in (1).

Vro − VL = 0 (1)

In the non-shoot-through mode, switch S is OFF and diodes D1 and D2 are ON, as can be visualized
in Figures 1 and 2. In this mode boost stage is OFF and the doubler stage is ON therefore current flows through
the doubler circuit. The operation of the voltage doubler circuit is described in [35]. Let apply KVL in the
doubler circuit, as in (2).

Vro − VL − Vro1 = 0 (2)

Vro1 is the voltage that acts as the input voltage of the doubler circuit as shown in Figure 2, as in (3)-(6).

Vro − VL − VDB

2
= 0 (3)

Vro1 =
VDB

2
(4)

VL = Vro −
VDB

2
(5)∫ T

0

VL = 0 (6)

By solving this equation, as in (7).

VDB =
2Vro

1−D
(7)

The output voltage of the doubler boost represent in (7). It is also clear that the doubler boost impedance
network boost the voltage level from Vro to 2Vro/(1 − D). Now, the maximum phase output voltage of the
rectifier stage is given by (8).

Vabc =
mf√
3
VDB (8)

Figure 2. The doubler boost stage of the proposed DB-USMC topology

Impedance network-based ultra sparse matrix converter with enhanced voltage gain (Zahid Hassan)



2266 ❒ ISSN: 2088-8694

The final AC output voltage represent in (8). The overall gain of the proposed converter including the
power factor is as in (9).

Vabc

Vxyz
=

√
3mf

2
× 2

1−D
cos(α) (9)

Where α is the angle between voltage and current. Boosting factor (BF) of DB-USMC is represented by (10)
and (11).

BF =

√
3mf

2
× 2

1−D
=

√
3mf

1−D
(10)

D =
BF −

√
3mf

BF
(11)

The (11), that represents the required duty ratio to obtain the desired voltage gain in terms of the boosting
factor.

2.2. Switching strategy
The optimization of converter efficiency depends on the switching technique [36]. We use state vector

pulse width modulation (SVPWM) [37] for generating the control signal to control the output current of the
rectifier stage and the voltage of the inverter stage. The pulse width modulation signal is generated by com-
paring the reference voltage with a carrier signal, which has a fixed frequency and amplitude. In SVPWM,
firstly each reference vector, such as IX , IY , and IZ , is converted into a set of three vectors, which is then used
to generate a pulse width modulation (PWM) signal for each phase. In SVPWM, the duty cycle of the PWM
signal is adjusted based on the position of the reference vector in the space vector diagram. In the rectifier
stage, there have three reference vectors, IX , IY , and IZ , and corresponding nine vectors. Among nine vectors
six are active vectors that are Ixy , Iyz , Izx, Iyx, Izy , and Ixz and three are zero vectors that are Ixx, Iyy, and
Izz where Ixy , Iyz , Izx, Iyx, Izy , and Ixz are the line current between the two corresponding lines and Ixx, Iyy,
and Izz are the line current of x, y, and z line, respectively. Similarly, in the inverter stage, there are six active
vectors that are V001, V010, V011, V100, V101, V110, and two zero vectors that are V000 and V111 where V001 (001
is the binary number) means the voltage when SX , Sy are OFF and Sz is ON and similarly switches are ON
and OFF based on other vectors. On the other hand, two zero vectors V000 and V111 indicate the voltage when
all switches are either ON or OFF. To implement SVPWM in the rectifier stage, reference input current Irf is
synthesized by two active vectors. Similar things will happen for the inverter stage. The reference voltage is
synthesized by a combination of active and zero vectors.

In the DB-USMC control strategy, the duty ratio of SVPWM is continuously varying and also there
have different duty ratios for the rectifier and inverter stages. The duty ratio DIxy and DV001 for the rectifier
and inverter stages, respectively, are defined by (12)-(14).

DIxy =
sin(π3 − γ)

cos(γ)
(12)

DV001 = mf sin(
π

3
− ∂) (13)

DV001 = mf sin(∂) (14)

Here γ is the sector angle of the rectifier stage and ∂ is the vector angle of output voltage in the inverter stage.
Similarly, we can define duty ratio for all other active vectors such as DIXZ and DV010. The overall duty ratio
is defined as the multiplication of corresponding duty ratios in rectifier and inverter stages such as DIxy and
DV001. All overall duty ratios for DB-USMC are given in (15)-(19).

Da = DIxy ×DV001 (15)

Db = DIxy ×DV010 (16)

Dc = DIxz ×DV010 (17)
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Dd = DIxz ×DV001 (18)

D0 = 1−Da −Db −Dc −Dd −D (19)

Here D is the duty ratio in the shoot mode for the doubler boost impedance network where shoot mode is one of
two modes of operation that is described in 2.1. In the rectifier stage, the average output voltage is 1.5× Vxyz

where Vxyz is the input phase voltage.
Finally, based on the above-mentioned duty ratios we defined the switching pattern. We have shown

the switching pattern for the proposed DB-USMC in Table 1. The switching strategy of DB-USMC is designed
to reduce switching losses. For Ixy , vectors of inverter stage V000, V001, and V010 are ON and the duty ratio at
that time will be D0/6, Da/3, and Db/1.5 to make sure that all vector of inverter stage are not ON all together.
Similarly, For Ixz vector of the inverter stage V010, V001, V000, V000, V001, and V010 are ON and the duty ratio
at that time will be Dc/1.5 Dd/3, D0/6, D0/6, Dd/3, Dc/1.5. Again for Ixy , vectors of inverter stage V010, V001,
and V000 are ON and the duty ratio at that time will be Db/1.5, Da/3, and D0/6.

Table 1. The switching pattern for evaluating the proposed DB-USMC topology
Non shoot through Shoot through
V000 D0/6 V000 D0/6
V001 Da/3 V001 Dd/3

V010 Db/1.5 V010 Dc/1.5

V010 Dc/1.5 V010 Db/1.5
V001 Dd/3 V001 Da/3

V000 D0/6 V000 D0/6

2.3. Passive elements
We calculate the value of passive components based on the ripple current across the inductor and the

ripple voltage across the capacitor using the CCM mode. CCM is a continuous-current mode technique that is
addressed [38]. We calculate the value of passive components based on the ripple current across the inductor
and the ripple voltage across the capacitor, as in (20).

Vro = VL = L
di

dt
= L

∆IL
∆t

(20)

Now ∆t = DT where T = 1/f is the time period, as in (21).

∆IL =
DTVro

L
(21)

From (7), we get (22).

∆IL =
D(1−D)VDB

2Lf
(22)

According to the continuous conduction mode, we get (23) and (24).

IL − 1

2
∆IL = 0 (23)

IL =
D(1−D)VDB

4Lf
(24)

Now P0 = VDBIL, as in (25) and (26).

L =
D(1−D)VDB

2

4fP0
(25)

L =
D(1−D)V 2

DB cosα

4f%nPo
(26)
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See (26), this gives the required value of L for %n ripple. On the other hand for capacitor, as in (27)-(31).

IC = C
dVc

dt
= C

∆VDB

∆t
(27)

C =
∆tIC
∆VDB

(28)

C =
DTIC
∆VDB

(29)

C =
DTIC∆VDB

∆V 2
DB

(30)

C =
DTP0

∆V 2
DB

(31)

As VC = VDB , we found (32).

C =
DTPo

∆V 2
DB(1−D)%z cosα

(32)

See (32), that gives the required value of C for %z ripple.

3. METHODOLOGY

We tested and validated the proposed DB-USMC topology, as described in section 2, using MAT-
LAB/simulink R2018a software as the literature suggested [32], [35]. At first, we designed and constructed the
proposed DB-USMC topology in the MATLAB/Simulink software based on the diagram shown in Figure 1.
After that, we assigned the value of all elements as indicated on the diagram from Table 2. In constructing Table
2, we calculated the value of two important passive elements, the inductor, and capacitor, as L = 0.2198µH
and C = 25µF using (26) and (32), respectively, with taking 1.5625% and 0.3185% ripple factor, respectively.
The value of all other elements is selected by reviewing existing literature [19], [24], [25], [27], [31]. In se-
lecting the input AC supply we tried to keep it close to the North American power supply as shown in Figure
3 with a peak value of 100 V and root mean square (RMS) value of 70.7 V. We selected the duty ratio and
switching frequency as 0.5 and 40 KHz, respectively based on the existing literature [39], [40]. Finally, we set
the switching pattern based on Table 2 and simulate the proposed DB-USMC topology.

Table 2. The used value of parameters for three different stages of the proposed DB-USMC topology
Rectifier stage Doubler boost stage Inverter stage

Parameter Value Parameter Value Parameter Value
Switch rating 3000 V, 1000 A Switch rating 3300 V, 1200 A Switch rating 3000 V, 1000 A
Diode rating 1200 V, 30 A Diode rating 1200 V, 30 A Diode rating 1200 V, 30 A
Input filter (Lin) 1 mH Inductor 0.2198 µH Output filter (Lout) 1mH
Input filter (Cin) 10 µF Capacitor 25 µF Output filter (Cout) 1 µF
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Figure 3. Input waveform to the rectifier stage of the proposed DB-USMC topology

4. RESULTS AND DISCUSSION
We evaluated the performance of the proposed DB-USMC topology in terms of voltage gain and the

required elements to implement it. We obtained an end to end voltage gain of 4.00 with a minimal number of
elements required to implement the proposed DB-USMC topology. The obtained high voltage gain takes us
one step forward to answer the question of how we can achieve higher voltage gain to meet the requirements of
power systems and renewable energy systems. Besides, the minimal number of elements required to implement
the proposed DB-USMC topology enables to distribution of the solution at a reasonable cost. The 4.1 represents
the output obtained at each stage of the proposed DB-USMC topology with an ultimate aim of high voltage
gain and 4.2 represents a comparison of obtained results with the existing solutions for minimizing the cost.

4.1. Results
The output of the rectifier stage is 176V DC voltage (rectified) as shown in Figure 4 whereas the input

AC supply to this stage, as well as for the proposed DB-USMC topology, has a peak value of 100V and an
RMS value of 70.7V as shown in Figure 3. The rectified output voltage is slightly different from the theoretical
value which is theoretically demonstrated as 150V in Section 2 This difference is due to the use of the filter
circuits which also act as the storage elements. Therefore, a voltage gain of 2.49 with respect to the RMS value
of the input AC supply is obtained in this stage. This voltage drives the doubler booster circuit.

Figure 4. Output waveform of the rectifier stage

The rectified 176V DC acts as the input voltage to the doubler boost stage. The duty ratio of the
doubler boost circuit is 0.5. In shoot-through mode, the switch acts as a short circuit, so the doubler circuit
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is OFF and no voltage is produced in this mode. The current across the inductor is shown in Figure 5. In the
non-shoot-through mode, the doubler stage is ON, and voltage stress across diodes (D1 and D2) is shown in
Figure 6. In this mode, we get a maximum voltage that is 680V-690V, which is shown in Figure 7. So in the
doubler boost stage, we get the voltage that is 4 times the input to this stage. So a high voltage gain of 3.92
with respect to the input to this stage and 9.76 with respect to the RMS value of the input AC supply is obtained
in the doubler boost stage.

Figure 5. Waveform of the current across the inductor

Figure 6. Waveform of the voltage across diodes (D1 and D2)

The boosted DC voltage acts as the input of the inverter stage. In the inverter stage, we get the output
AC voltage with a peak value of 400V, which is shown in Figure 8. So the voltage at the output stage is 4 times
the input AC supply. Therefore a high voltage gain of 4.00 with respect to the input AC supply and 0.41 with
respect to the input to this stage is obtained.

The obtained results at different stages are summarized in Table 3. The obtained high gain at different
stages meets the various requirements of the power systems and renewable energy systems. The doubler boost
stage is the main stage to achieve this high voltage gain. By increasing the modulation index or duty cycle,
higher voltage can be achieved where the limit is Mf +D ⩽ 1.

Int J Pow Elec & Dri Syst, Vol. 15, No. 4, December 2024: 2262–2274
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Figure 7. Output waveform of the doubler boost stage

Figure 8. Output waveform of the inverter stage of the proposed DB-USMC topology

Table 3. Voltage gain of the proposed DB-USMC topology
Stage of the proposed DB-
USMC topology

Output Reference voltage Obtained voltage
gain

Applications

Rectifier stage 176 V Input AC supply (100 V
peak and 70.7 V RMS)

2.49 Boosted rectifier

Doubler boost stage 690 V Input AC supply 9.76 HVDC transmission
Input to this stage 3.92 Boosting DC

Inverter stage 400 V(peak) 283
V (RMS)

Input AC supply 4.00 HVAC transmission Direct
industrial usages

Input to this stage 0.41 –

4.2. Comparative analysis
We conducted a comparative analysis among the proposed DB-USMC and existing converters such

as ZS-USMC, SZS-USMC, QZ-USMC, SIZ-USMC, and SB-USMC. We compared the proposed DB-USMC
converter against existing converters considering parameters that are inductor current, capacitor voltage, the
required number of passive elements, and the required number of diodes. The comparative analyses are sum-
marized in Table 4.
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The analysis shows that the required number of passive elements of the proposed DB-USMC is less
than that of the ZS-USMC, SZS-USMC, QZ-USMC, SCZ-USMC, and SIZ-USMC. The required number of
diodes is less than SIZ-USMC and SCZ-USMC but slightly greater than ZS-USMC, SZS-USMC, and QZ-
USMC. The voltage gain is higher compared to all matrix converters. At duty cycle of 0.5, the proposed
DB-USMC topology shows the voltage gain is 4.00, which is better than all other converters.

The proposed DB-USMC has a lower capacitor voltage rating than the SIZ-USMC. In DB-USMC, one
extra switch is needed, and the voltage rating of this switch is the same as the voltage rating of the capacitor and
the current rating of the inductor. Therefore, the proposed DB-USMC topology is able to meet the requirements
of high voltage gain of power systems and renewable systems with minimal cost.

Table 4. Comparative analysis of different types of USMC. Here #PE, #D, #S and V g represent the number of
passive elements, number of diode, number of switches used and voltage gain for 50% duty cycle, respectively

Converter Inductor current Capacitor voltage #PE #D #S V g
USMC − − - 12 9 0.86
ZS-USMC IL =√

3Mf (1−D)Iout

2(1−2D)

VC1 = VC2 =
(1−D)Vro

1−2D
4 13 9 1.5

SZS-USMC IL =√
3Mf (1−D)Iout

2(1−2D)

VC1 = VC2 = DVro
1−2D

4 13 9 0.5

QZ-USMC IL =√
3Mf (1−D)Iout

2(1−2D)

VC1 =
(1−D)Vro

1−2D
VC2 =

DVro
1−2D

4 13 9 1.5

SCZ-USMC IL1 = IL2 =√
3Mf Iout

1−2D

VC1 = VC2 =
(1−D)Vro

3−2D
7 16 10 3.0

SIZ-USMC IL =√
3Mf (1−D)Iout

2(1−3D)

VC1 = VC2 =
(1−D)Vro

1−3D
6 18 9 3.0

SB-USMC IL =√
3Mf (1−D)Iout

2(1−2D)

VC1 = VC2 = Vro
1−2D

2 14 10 2.0

DB-USMC IL =
2
√
3Mf Iout

(1−D)
VC1 = VC2 = 2VRO

(1−D)
3 14 10 4.0

5. CONCLUSION
The matrix converters play an important role in different applications related to power where optimal

voltage gain is a major concern. This paper introduces a novel approach, by proposing a USMC with integrated
DB impedance network consisting of doubler and boost circuits. The proposed DB-USMC has three stages
that are rectifier stage, doubler boost stage, and inverter stage. We simulated the proposed DB-USMC topology
using matlab simulink R2018a software. The results show an end to end voltage gain of 4.00 which is an
excellent enhancement in voltage gain. The obtained results indicate that the voltage gain of the proposed DB-
USMC is higher than that of existing USMCs. The higher voltage gain is obtained by integrating the doubler
boost impedance network. Moreover, the proposed DB-USMC brings out a reduction in the number and value
of required passive elements, leading to cost minimization.

After all, there is a huge drop in voltage gain in the inverter stage. If we can achieve a good voltage
gain or can maintain the same one in this stage then it is possible to obtain a very high the end to end voltage
gain. This makes a future direction. Besides, although, the proposed DB-USMC has better capacitive voltage
stress but, the inductive current stress is higher and can be improved in the future.
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