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Implementation of Single Phase Multimode
Matrix AC-DC Converter
Sanjay Mohite, Suchitra Khoje
Abstract: This paper proposes a novel topology of multimode
matrix AC-DC converter which gives multiple DC outputs using a
single AC input. The generated multiple outputs appearing across
load has both polarity (Positive and negative DC voltages). The
control scheme developed for this converter is consisting of
Op_Amps and AND gates and IGBTs are used as power devices.
The multiple dc output are synthesized using sinusoidal pulse
width modulation technique. A prototype model of proposed
converter has been implemented and resultant voltage and current
waveforms are analyzed. It has been observed that experimental
and simulation results are promising for industrial applications
with variable voltage.
Keywords: Multimode matrix AC-DC converter, Multiple
output, power factor, SPWM,

I. INTRODUCTION
Traditionally, AC-DC converters are widely used in power
supplies. AC–DC converters can be used as stand-alone
application or can be used in multiple applications by
connecting them in parallel. The cost and complexity could
be more, when they are used in parallel combination for
multiple applications. Multimode matrix AC-DC converter is
developed for Multiple DC outputs with a single AC input.
This system is cheaper as compared to traditional converters.
The main feature of this converter is that it gives positive as
well as negative DC voltage across loads as per the
requirement. Due to the properties, characteristics and better
performance of multimode matrix AC - DC converter, they
are now useful in industries because of. They have been well
established as required by industry standard. Single stage,
single switch AC-DC converters with isolated electrical
output are available. As current state of art, lot many
publications based Matrix Conversion are available.
Performance of converter is improved using the utilization of
switched-capacitor network [1]. By inverting the reference of
AC current, reversible step up or step down AC-DC
converter and DC-AC converters are implemented [2]. An
AC-DC pulse width modulation PWM converter performing
isolated dc-dc conversion are presented [3] which improves
power factor. Transformer less AC-DC and DC-AC
converter with
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diode capacitor voltage multiplier is developed [4], where
the overall voltage gain of the converter is decided by number
of capacitors connected in circuit. a single-stage power factor
corrected (PFC) AC-DC converter is presented. To increase
efficiency of this converter, energy storage capacitor is [5].
Sliding mode control algorithm which increases efficiency
and power factor [6] is developed for the boost three phase
AC-DC converter. The converter performing input power
factor correction using auxiliary winding of the main power
transformer is developed and named as single stage AC-DC
voltage fed full bridge converter [7]. Single stage input
current shaping AC-DC converter is developed [8] for
universal application which is based on an active clamp fly
back forward topology and it requires boost inductor. An
interleaved AC-DC converter is implemented [9] based on
current tracking. A modulation strategy for a matrix AC-DC
buck converter is discussed [10]. For power factor correction,
a new bridgeless single stage half bridge AC-DC converter is
developed to improve efficiency and power factor with
minimum cost [11]. A three-phase unity-power-factor
single-stage AC-DC converter is presented [12]. It is based
on the interleaved fly back topology operated in DCM and
increases overall efficiency and reduces harmonics [12].
With galvanic isolation, full bridge AC-DC converter
operating at high frequency is presented. It performs
sinusoidal input current wave shaping and output voltage
regulation simultaneously without adding auxiliary
transistors [13]. Single stage AC-DC converter is developed
[14] to supply power for the plasma display panel This
converter has achieved Low conduction loss, low switching
losses and low line current harmonics. A control method is
developed to control the input power of the PFC for the
AC-DC converter which is used in electrical vehicle. In this
control method, DC bus voltage of electrical vehicle is
adaptively controlled based on the power demand from the
battery charging curve of a battery [15]. To regulate the
output voltage of an AC-DC Matrix Converter (MC), model
predictive control methods are developed which efficiently
controls the dc output voltage and the three-phase supply
currents simultaneously [16]. The performance of two stage
power conversion system with high frequency isolated
AC-DC converter is analyzed [17].
The traditional single-stageAC-DC converters have
following disadvantages.
1) Classical voltage-fed single-stage converters are pulse
width-modulation (PWM) converters where large
energy-storage capacitor is connected across the load.
The basic role of this capacitor is to prevent overshoots
and ringing effect which appears across the load voltage.
Apart from that is also filters out the ac component.
2) These converters has very less power factor and less
efficiency also.
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The presented literature review is focused on study of single
stage AC-DC converter with respect to parameters like
modulation strategy, power factor correction, total harmonic
distortion (THD) reduction and efficiency of converters. The
system proposed in this paper consists of a single AC input
and multiple DC outputs which overcomes some
disadvantages of other systems.
We introduce novel structure of ac-dc converter which
generate multiple outputs using single AC supply. The
proposed converter overcome the disadvantages of classical
systems.
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3) They also have higher input current harmonic content.
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II. BASIC FULL CONTROLLED CONVERTER
TOPOLOGY

Fig. 2. Controlled Converter using Transistor (IGBT)

Fig. 1 shows thyristerized power circuitry of controlled
bridge converter in which output voltage is controlled by the
corresponding firing pulses with certain firing angle.

III. PROPOSED MULTIMODE MATRIX AC-DC CONVERTER

T1

Fig. 3 shows structure of multimode matrix ac-dc converter.
It contains eight switches for three loads. Desired output
depends on switch condition whether it is ON or OFF.
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Fig. 3. Structure of Multimode matrix AC-DC
converter

Fig. 1. Controlled Converter using Thyristor
Thyristors T1 and T2 are fired together for first half cycle of
input while T3 and T4 are fired for second half cycle of input
supply. But T1, T4 or T2, T3 cannot conduct simultaneously.
Fig. 2 shows transistorized power circuitry of controlled
bridge converter. Transistors T1 and T2 are turn on together
for first half cycle of input while Transistor T3 and T4 are
turn on for second half cycle of input supply. Transistors T1,
T4 or T2, T3 cannot conduct simultaneously. For switching
of transistors, Pulse Width Modulation (PWM) technique is
used in which output voltage is controlled by changing
modulation index. In basic full controlled converter topology,
only one load is connected and only positive DC voltage
appears across load. But in proposed topology, even when
multiple loads are connected, positive as well as negative DC
output voltages appears across load.
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S6

Single AC input supply is connected as input to the converter.
It is a new concept presented in converter family. In
Multimode matrix AC-DC converter, input is directly
connected to output and one more column of two switches is
added to build one more converter which has wide
applications in various industries.
IV. PROPOSED MULTIMODE MATRIX AC-DC
CONVERTER OPERATION
The overall working operation of proposed multimode matrix
AC-DC converter is divided into two states as below.
A. State 1(0- π)
In this state switches S1, S3, S6 and S8 are conducting
simultaneously. A positive voltage appears across Load_1
which is connected between switch S1 and S6, as current
flowing across it is positive to negative (A to B). Load_2 is
connected between switch S3and S6 and current flowing
across load_2 is negative to positive (C to B) which produces
negative voltage across load_2. A positive voltage appears
across Load_3 which is connected between switch S3 and S8,
as current flowing across it is positive to negative(C to D).
The equivalent circuit of state 1 is depicted in Fig.4.
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State 2 Working :During state 2, as four switches namely S2, S4, S5 & S7 are
turned ON, the output voltage appears across all three loads
as below.
(𝑆2 + 𝑆4 + 𝑆5 + 𝑆7)𝑉𝑖− = 𝑉0+ + 𝑉0− + 𝑉0+
(2)
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State 1 Working :During state 1, total four switches namely S1, S3, S6 & S8
are turned ON and the output voltage appears across all three
loads as below.
(𝑆1 + 𝑆3 + 𝑆6 + 𝑆8)𝑉𝑖+ = 𝑉0+ + 𝑉0− + 𝑉0+
(1)
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Fig. 4. Operation of Multiple Matrix AC-DC
Converter in State 1
B. State 2(π -2 π):
In this state switch S2, S4, S5 and S7 are conducting
simultaneously. A positive voltage appears across Load_1
which is connected between switch S5 and S2, as current
flowing across it is positive to negative (A to B). Load_2 is
connected between switch S7and S2 and current flowing
across load_2 is negative to positive (C to B) which produces
negative voltage across load_2. A positive voltage appears
across Load_3 which is connected between switch S7 and S4,
as current flowing across it is positive to negative(C to D).
The equivalent circuit of state 2 is depicted in Figure 5.
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Vo+

2√2
𝜋

𝑉𝑖𝑛 𝐶𝑜𝑠 𝛼,

1
∫ 𝑣𝑜 cos 2n⍵ 𝑡𝑑⍵
𝜋
=

2√2
𝐶𝑜𝑠(2𝑛 + 1)𝛼 𝐶𝑜𝑠(2𝑛 − 1)𝛼
𝑉𝑖𝑛 (
−
)
𝜋
2𝑛 + 1
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𝜋

𝑉𝑏𝑛 =

1
2√2
𝑠𝑖𝑛(2𝑛 + 1)𝛼 𝑠𝑖𝑛(2𝑛 − 1𝛼)
∫ 𝑣𝑜 sin 2n⍵ 𝑡𝑑⍵𝑡 =
𝑉𝑖 (
−
)
𝜋
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2𝑛 + 1
2𝑛 − 1
0

Output voltage rms value of nth harmonic is given as,

1

0

𝜋

1

𝑉𝑎𝑣 = ∫0 𝑣𝑜 𝑑⍵𝑡 =
𝜋

𝛼

Table 1 Switching State of Multiple Matrix AC-DC

State
1 (0π)
State
2 (π
-2π)

(6)

𝑉𝑜𝑢𝑡𝑝𝑢𝑡 = 𝑉𝑎𝑣 + ∑𝛼𝑛=1(𝑉𝑎𝑛 cos 2n⍵ 𝑡 + 𝑉𝑏𝑛 sin 2n⍵t) (7)

A different switching arrangement is demanded by the
multimode matrix AC-DC converter based on the desired
multiple output voltages. A sinusoidal Pulse width
modulation technique controls the output voltage of the
converter. Operation of the proposed converter is divided in
to two states.
Table 1 shows switching strategy of multiple matrix AC-DC
converter in state 1 and state 2.

Input

(4)

As the DC voltage waveform is periodic over half cycle of the
input voltage, it can be mathematically expressed as Fourier
series as follows.

V. SWITCHING STRATEGIES
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VI. ANALYSIS OF VOLTAGE AND CURRENT
WAVEFORM OF PROPOSED CONVERTER
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Fig. 5. Operation of Multimode matrix AC-DC
Converter in State 2
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First State Input interval (0- π):
During first state, for positive half cycle oif input, output
appears across Load_1 is positive, Load_2 is Negative and
Load_3 is positive as below,
𝑉𝑖+ = 𝑉0+ + 𝑉0− + 𝑉0+
(5)
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C
-

+
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1

Second State Input interval (π -2 π):
During second state, for negative half cycle of input, output
appears across Load_1 is positive, Load_2 is Negative and
Load_3 is positive as below,

S4

Input AC Voltage

The input-output voltage relation for two intervals is given
as,
𝑉0 = 𝑉𝑖𝑛
(3)

Vo-

Vo+

𝑉𝑂 𝑟𝑚𝑠 =

1
√2

√𝑉𝑎𝑛 2 + 𝑉𝑏𝑛 2

(8)

The positive DC output voltage appearing across Load _1 and
Load_3 can be mathematically expressed as,
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𝜋+𝛼

1

+𝑉𝑂 𝑟𝑚𝑠 = √ ∫𝛼
𝜋

𝑉𝑜 2 𝑑⍵𝑡 = 𝑉𝑖

(9)

The voltage and current waveform of the converter are shown
in Fig. 6

Fig. 7. Simulation Model of Multi_out AC-DC converter
Simulation model of multimode matrix converter is shown in
Fig.7. The Switching algorithm for desired output of
multimode matrix AC-DC converter is developed in
MATLAB SIMULINK software. Sine wave blocks are
produced and Vrefl and Vref2 (Vm) is compared with
triangular Wave using relational operator block. The
repeating sequence block is used to generate triangular
carrier signal 'Vc'. Output of Relational operator block is
SPWM signal which is multiplied with square wave.
Fig. 6. Waveforms of voltage and current of converter

Pulse generator block generates square wave. The resultant of
multiply block is final switching pattern which is used to turn
ON and turn OFF switches. By changing modulation index of
sine wave block, the magnitude of output is changed.

The output voltage appearing across Load_2 (negative DC
output) is mathematically expressed as,
𝜋+𝛼

1

-𝑉𝑜𝑟𝑚𝑠 = √ ∫𝛼
𝜋

𝑉𝑜 2 𝑑⍵𝑡 = 𝑉𝑖

(10)

The output current Io waveform is periodic over an interval
o-𝜋 and it is expressed over interval of length 𝛼 < ⍵𝑡 < 𝜋 +
𝛼
𝑑𝑖𝑜
L
+ Rio + E = √2 Vi sin⍵𝑡 (11)
𝑑𝑡

The general solution of equation is given by,
𝑖0 = 𝐼𝑒

(⍵𝑡−𝛼)
𝑖 𝑎𝑚𝑝

−

+

√2 Vi
𝑍

[sin(⍵𝑡 − 𝜎) −

𝑠𝑖𝑛𝜃
𝑐𝑜𝑠𝜎

] (12)

Where
⍵𝐿
Z=√R2 + ⍵2 𝐿2 , tan 𝜎 =
,
𝑅

E = = √2 Vi sin𝜃 , R= Z cos 𝜎 and 𝑖0 is periodic over the
interval of α and π + α .

VIII. POWER CIRCUIT OF MULTIPLE MATRIX
AC-DC CONVERTER
A schematic diagram of multimode matrix AC-DC converter
with inductive load is shown in Fig 8. The proposed
multimode AC-DC converter generates a fully controlled
output voltage across load and IGBTs are used as power
devices. IGBTs S1, S3, S6 and S8 are turned ON for positive
half cycle while S2, S4, S5 and S7 are turned ON for negative
half cycle. From the Fig 8., it is clear that for any load current
conduction, at least two transistors from each group that is
from top and bottom (S1, S3, S6 &S8) must conduct to 0- π
(positive half cycle) and two transistors from each group of
the top and bottom (S2, S4, S5 and S7) must conduct to π -2 π
(negative half cycle). It is important to note that neither S1,
S2, S3 and S4 nor S5, S6, S7 and S8 conduct simultaneously.

VII. SIMULATION MODEL OF MULTIMODE
MATRIX AC-DC CONVERTER
D1
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S1

D2
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D6

S6

S3

D4
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Simulation model is developed in Matlab-Simulink with
following specifications.

220 Volt 50 Hz supply

100V
15 Ω
R=15.44 Ω
L=1.2mH

D5

SPWM Technique is used for Controlling Switches for the
Operation of multiple AC-AC converter. The simulation
model describing the multiple AC-AC converter is shown in
Figure.7.
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IX. CONTROL CIRCUIT
Figure 9 shows schematics of control circuitry of multimode
matrix AC-DC converter. The control circuit is consist of
sensing transformer, two Op_Amps, and AND Gates.
Square Wave Input

3

+

V+

4

Triangullar Wave Input

1 T1 5
SensingSingle Phase Input Voltage
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11

-

7

V-

OUT
6

Fig. 9. Multimode AC-DC converter’s control circuitry
Op-Amp based comparator is designed to compare Sine wave
with triangular wave and it generates sinusoidal Pulse Width
Modulation (SPWM) signal. By changing modulation index
of sine wave block, the magnitude of load voltage is
controlled. SPWM outputs are multiplied with square wave
using AND gate. AND gate outputs are connected to IGBT.
The frequency of output voltage across load is controlled by
square wave. In the practical circuitry, Op_Amp IC LM 339
and AND gate IC 4081 are used. Transformer is used for
input reference signal.

Fig11. Simulated output across Multiple Loads without
Filter

X. RESULTS AND DISCUSSION
The proposed topology of multimode matrix AC-DC
converter is initially simulated and later test experimentally
A. Simulated results
Simulation model is used to study the concept of Multimode
matrix AC-DC Converter. Fig. 10 shows simulated SPWM
output across both Op_Amps alongwith sine wave and
triangular wave. The simulated output across Multiple Loads
without Filter and with filter is presented in Fig. 11 and Fig.
12 respectively.

Fig 12 Simulated output across Multiple Loads with
Filter
Fig 10. Simulated Sinusoidal Pulse Width Modulation
(SPWM) output
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B. Experimental Results
The concept of multimode matrix AC-DC converter has been
verified experimentally in the laboratory. It is observed that
there is best agreement between the experimental and
simulated results.
Fig.13 shows experimental Sinusoidal Pulse width
Modulation (SPWM) Output. The experimental DC Output
Voltage across Load_1, Load_2 and Load_3 without filter is
presented in Fig. 14, 15, and 16 respectively. It is clear that
high frequency PWM signal appears across all three loads.
The experimental DC Output Voltage across Load_1,
Load_2and Load_3 with filter is presented in Fig. 17, 18, and
19 respectively. It is clear from these figures that there is no
distortion across the load and thus harmonics are also
reduced.
Experimental results of input and output voltage waveform
for resistive load is shown in Fig 20. It is observed that
voltage and current waveforms are in phase and there is unity
power factor for resistive load.

Fig. 16 Experimental DC Output Voltage across Load_3
without filter

Fig. 17 Experimental DC Output Voltage across
Load_1 with filter

Fig 13 Experimental Sinusoidal Pulse width Modulation
(SPWM) output

Fig. 18 Experimental DC Output Voltage across Load_2
with filter

Fig. 14 Experimental DC Output Voltage across Load_1
without filter

Fig. 19 Experimental DC Output Voltage across
Load_3 with filter
Fig. 15 Experimental DC Output Voltage across Load_2
without filter
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XIII. CONCLUSION
A multimode matrix topology for AC-DC converter is
proposed which generates multiple DC outputs from single
AC input. In the proposed converter, variable DC voltage
appears across multiple loads. To synthesize desired output
of multiple converter, SPWM technique is used. Control
scheme is implemented with passive loads. Simulation
results shows good agreement with practical results.
The proposed multimode AC-DC converter can be used in
industrial applications with variable voltage. It could be first
choice for high speed, low/high applications such as traction,
DC motor drives, and HVDC systems.
Fig 20 Experimental Input voltage and current
waveforms for resistive load
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