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ABSTRACT

Dependency on bulky external hardware, high memory bits consumption for
generating digital control signals, and the lack of flexibility to control the SPMC
(Single Phase Matrix Converter) are of major concerns. Thus the focuses of this
research are to further optimize the whole SPMC system to be more compact and
portable with less dependency on external hardware, to design a digital control signal
generator module with much lesser memory bits consumption, and to develop a fully
controllable control signals that can fully control the SPMC for bi-directional
operations which are AC to DC (rectifier) and DC to AC (inverter) operations. Firstly,
literature review on the previous work, as well as studies on FPGA (Field
Programmable Gate Array) and SPMC hardware was done. Followed by simulation
works using ModelSim for digital control signal generator modules’ output
simulations, as well as using Matlab Simulink (MLS) for SPMC’s R-load voltage and
R-load current output simulations. When simulations results are consistent with
theoretical readings, hardware experiments were conducted including the use of Altera
DE2-70 FPGA board and real SPMC hardware. Experiment results were then
compared with simulation results for performance and consistency checking. Major
findings include the use of CORDIC (COmputer Rotation DIgital Computer) to
replace the Look-Up Table (LUT) method for generating one of the control signals,
resulting in much reduced memory bits usage. Also by fully utilization the Altera
DE2-70 FPGA board, control signals can be fully adjusted and controlled without the
need of external hardware equipments.
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CHAPTER ONE
INTRODUCTION

11 INTRODUCTION

Concerned with the need of energy efficient technology or green technology,

lots of research has been made for further optimizations in term of power

ption red Eliminating y hardware components, avoiding the

use of bulky external equipments, and also the use of efficient algorithm for a design,
are some of the keys to optimize for energy efficiency. One of the most critical
research areas for applying the green technology is in power electronics field, with
the power conversion devices such as the Matrix Converter (MC) is of an interest

research.

MC offers an “all silicon” solution [1] p ial for both bi-directional (AC-
DC and DC-AC) conversions. The Single Phase Matrix Converter (SPMC) consists

of a matrix of input and output lines with four bi-directional switches connecting the
single-phase input to the single-phase output at the intersections [2]. SPMCs are
extensively used in various DC driven portable applications supplied from an AC
utility, conventionally AC-DC converters, DC-AC converters, which are also called
rectifiers and inverters. SPMC is developed using diodes and thyristors to provide
controlled and uncontrolled DC/AC power with unidirectional and bidirectional
power flow [3].

There are many switching devices for the SPMC and the Insulated Gate
Bipolar Transistor (IGBT) is the preferred choice for impl ing the four q
switches (4QSWs) in the SPMC [4]. IGBT integrates the features of a Metal-Oxide
Semiconductor Field Effect Transistor (MOSFET) and a Bipolar Junction Transistor
(BJT). In other words, IGBT is a cross between the MOSFET and BJT transistors.

The IGBT has the output switching and conduction characteristics of a BJT, but it is a
voltage-controlled device like MOSFET. In general, IGBT has the advantages of high
current-handling capability of a BJT with the ease of control of a MOSFET [5].

In power electronics system such as the SPMC, control electronics plays an

important role for performance. There are several techniques of controlling the
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