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Abstract

The research paper deals with design and development of Soft
Intellectual Property (IP) Core to generate electrical signals for
interfacing unit of three phase inverter. The Field Programmable
Gate Array (FPGA) was hardwired with the Soft IP Core. It
produces the necessary square-wave signals to drive the
interfacing module between MOSFET based three phase inverter
and low power digital circuit. A square-wave cycle of 360 degree
was divided in three phases of 120 degree. During each phase, an
appropriate bus-signal was generated from FPGA core, so that
the interfacing circuit would fire a pair of MOSFETSs connected
in three phase inverter. For that, the source code was developed
in Very High Speed Integrated Circuit Hardware Description
Language (VHDL). The finite state machines (FSM) were coded
in two processes of VHDL architecture to produce necessary
timing signals for three phase inverter driver.

Keywords: Three-phase inverter, FPGA, VHDL, MOSFET,
phase shift.

1. Introduction

The basic three-phase inverter bridge can be
controlled with each switch conducting for 120°. As a
result, at any instant only two switches conduct. A 60°
(Ysm), dead time exists between two series switches
conducting, thereby providing a safety margin against
simultaneous conduction of the two series devices across
the dc supply rail [1]. The step of process of generating
Pulse Width Modulation (PWM) has been reported in [2]
and was implemented by using a microcontroller 89c51
and using personal computer (PC). In that the unipolar
modulation technique is presented. The generated pulses
fed to a bridge inverter consist of six Metal Oxide

Semiconductor Field Effect Transistor (MOSFET) devices.

The research work reported in [3] wuses PIC
microcontroller based PWM inverter controlled four
switch three phase inverter (FSTPI) fed Induction Motor
drive. Simulation and experimental work are carried out
and results presented to demonstrate the feasibility of the

proposed approach. Simulation is carried out using
MATLAB SIMULINK and in the experimental work a
prototype model is built to verify the simulation results.
Another researcher reported [4] a microcontroller based
advanced technique of generating sine wave with lowest
harmonics is designed and implemented. The main
objective of the proposed technique was to design a low
cost, low harmonics voltage source inverter. The project
uses PIC16F73 microcontroller to generate 4 KHz PWM
switching signal. The design is essentially focused upon
low power electronic appliances such as light, fan,
chargers, television etc.

Taking various ideas of three phase inverter
mentioned in above paragraph, the present paper deals
with design and FPGA implementation of soft Intellectual
Property (IP) core produce three signal-lines; each of it
having a phase difference of 120° to drives a pair of
MOSFETs and deliver the power to the load. Most of the
electrical devices in India are operated on 50Hz. Therefore,
the square-wave frequency of the order of around 50 Hz
was fed to the inverter driving circuit. The complete cycle
of 20 ms was divided equally in three time-spans of 6.7ms.
Each of the signals produces the ‘on-time’ of 4ms, and the
‘off-time’ of the interval of 2.7ms. In other words, each
pair of the MOSFETs (connected in inverter circuit) was
turned on for 4ms, and it was commutated 2.7ms earlier to
firing next pair of the power devices.

The main reason behind selecting FPGA platform to drive
a MOSFETs based three-phase inverter is that, this
hardware technology is enough capable to execute all the
processes in a concurrent manner, instead of using routine
practices of microcontroller based systems; which are
sequential in nature. The Xilinx FPGA Virtex-5 was the
target device for implementation of the soft IP core. The
design flow was accomplished by EDA tool Xilinx ISE
14.6. The process of simulation was carried out using the
integrated tool ‘ISim’. Following to the design process, the
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core was synthesized, implemented and finally the tool
generated bit-file was downloaded in the said device
memory, using ‘Adept’ tool from the Digilent technology.

2. VHDL FSM and Soft IP Core Development

The finite state machine (FSM) shown in Fig.1 illustrates
six states, namely sO through s5. The state transition takes
place only when a desired condition for specific delay is
satisfied; otherwise it remains in its current state and
produces predefined the three-bit signal. The FSM waits
for either 4ms or 2.7ms in its specific state; before taking
progresses towards the next state. It was necessary that,
each pair of the MOSFETs connected in three phase
inverter circuit stay fired (i.e. ON) for 4ms, and therefore,
only one output (out of thee bit vector) from FPGA may be
asserted high. On the other hand, the FPGA provides low
signals at its all inverter-driving lines and wait for 2.7ms;
before the next pair of MOSFETs would turn on. The
firing of subsequent MOSFETSs pair takes place at every
120°.

The VHDL source code deployed here contains a clock
divider module as given in [5]. It is a divide by 1000
counter-module that accepts the clock source of 100 MHz
available on the Virtex-5 FPGA board and produces the
100 KHz output signal. This clock divider module was
instantiated in the top level entity and the clock of 100
KHz was used for generating necessary delays of 4ms and
2.7ms.

Fig. 1 Finite State Machine to design FPGA based three phase inverter
driver Proposed beam former.

It was tested on oscilloscope that, the 100 KHz clock
signal generated from FPGA output line shows the
frequency signal of 10 ps. To provide the delay of 2.7ms,
it may count 270 (10D in hexadecimal) clock pulses of 10
ps. Similarly to produce a delay of 4ms, the 10 ps clock
travels through 400 (190 in hexadecimal) pulses.

During an initial delay of 2.7ms, the FPGA core
produces “000” output which was fed to the input of three
phase inverter driver, so that none of the MOSFETs would
be fired. This state in FSM (as shown in Fig.1) is referred
to as ‘sO’ and the signal in VHDL lines of source code
given below is named as ‘TO’. In the architecture
declaration part of VHDL code, there are six internal
signals (TO through T5) initialized with necessary values
applicable to generate delays in each states, ‘sO’ to ‘s5’:

TO0<= X"10D"; -- for s0,
Ti<=X"29D"; -- for s1,
T2<= X"3AA"; -- for s2,
T3<= X"53A"; -- for s3,
T4<= X"647"; -- for s4,
T5<=X"7D7"; -- for s5.

For example, to generate a delay of 6.7ms (i.e.
2.7ms+4ms) the count value stored in signal ‘T1’ becomes
29D in hexadecimal. The state variable in this case is ‘s1’.
During this state the FSM produces “001” output at the
FPGA output pins to fire only one pair of the MOSFETs.
The VHDL based FSM has two processes working in
parallel with a common clock of 100 KH. The process
named as ‘N_State’ travels from its current-state to the
next-state after the particular condition of delay is fulfilled.
Another process produces only three-bit output; which is
necessary to drive one pair of MOSFETS at a time.

3. Simulation Results

The simulation process was accomplished using Xilinx
Simulation tool: ISim which is provided in the Xilinx ISE
EDA tool itself. The top level module of the system
consists of reset input, global clock and a 3-bit output for
driving three phase inverter system. The Fig.2 illustrates
the simulation results with different states through which
the FSM travels. It also shows that, three phase driver lines
are asserted high one at a time, whereas other two lines are
idle to low

The Fig.2 shows a simulation result obtained using Xilinx
ISE simulator: ISim. The simulation window depicts
various inputs and output as well as some internal signals
of VHDL architecture; designed for three phase inverter
driver. The reset input ‘rst’, global clock signal ‘clk’ and
three phase driver signal named as ‘phase[2:0]" are shown
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on the left pane of simulation window. The prime goal of
designing such soft IP core was to generate a three-bit
vector signal.
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Fig. 2 Simulation results for three phase inverter driver observed using
Xilinx ISE Isim Simulator.

The Fig.2 illustrates two pairs of vertical markers to note
the time difference; related to 4ms and 2.7ms. The ON
time of each three phase inverter driver line is 4ms. In
present case the ‘phase[0]” signal is marked at two time-
axes; first for 2.706 and next for 6.710. Thus a time
difference results to 4.01ms; during the state ‘sl’ of the
FSM. Similarly, another pair of time scale pointers (during
state ‘s4’) indicates the time difference of 2.7ms; which
reveals that, the state machine stays for said time-delay;
before the next phase signal is asserted HIGH to turns on
another pair of MOSFETs in the inverter circuit. Other
internal signals like ‘t0’ through ‘t5’ are also seen in the
screen-shot of simulation window, but these signals are
initialized with individual values used to generate different
time delays according to states ‘sQ’ through ‘s5’.
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Fig. 3 Waveforms on oscilloscope showing different phase shift signals
to drive three phase inverter.

4. Hardware Testing of the Complete Setup

For final testing of the FPGA based three phase inverter
driver, the printer circuit board (PCB) was developed
according to the circuit described in [6]. And the base
drive unit was also assembled with the help of circuit
diagram reported in [7]. The Fig.3 shows two waveforms
tested for three phase inverter. There are three such signals
generated from FPGA output lines; however limitations of
a dual channel oscilloscope confines it to visualize
maximum two waveforms, therefore only two signals are
seen on the display unit. To drive a MOSFET based three
phase inverter, it is necessary to provide a three-bit signal
at the input of its interfacing unit; as shown in Fig.4. Each
consecutive signal has a phase shift of 120 degree. And
Fig.3 illustrates two signals having the same phase shift
between them. To drive the electrical appliances that work
on 50 Hz, the complete cycle of 20 ms was divided into
three time-spans of 4ms and 2.7ms. The Fig.3 shows both
waveforms have 0.8 divisions on time scale, and the
TIME/DIV knob of the oscilloscope was set to Sms. This
results to 4ms delay for ‘High’ time. The moment when
first signal goes high to low, there is similar transition of
another signal; but after the time interval of 2.7ms, as
shown in Fig.3.

The Fig.4 shows the Xilinx FPGA Virtex-5 board
manufactured by Digilent Inc [8]. There is a three bit
signal given to the interfacing module; playing the role of
isolation between high-power MOSFETs inverter and low-
power operated FPGA device; hosted on the ‘Genesys’
board. This interfacing unit comprises of the Darlington
pair by integrated circuit, IC: MCT2E device at the input
side. The collector output of this chip is fed to a MOSFET
driver IC IR2110 [9]. The three-phase inverter is also
shown connected to the MOSFET driver. From the view
point of prototype development a DC motor was
connected as a load for the inverter.
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Fig. 4 FPGA based Three Phase inverter system with dc motor as a Load.

www.ljreat.org
Published by: PIONEER RESEARCH & DEVELOPMENT GROUP (www.prdg.org) 49



IJREAT International Journal of Research in Engineering & Advanced Technology, Volume 3, Issue 4, Aug-Sept, 2015

ISSN: 2320 — 8791 (Impact Factor: 2.317)

www.ijreat.org
5. Conclusions

The prime objective behind this research work is to portray
the idea of implementing an FPGA based development and
implementation of soft IP core to generate three different
signals with an equal phase shift of 120 degree. Such
signal engendering from a reconfigurable device like
Xilinx FPGA drive a three-phase MOSFET based inverters
efficiently. The HDL based source code comprises of a
clock divider module; instantiated in the top level entity
consisting of VHDL architecture body with two
concurrently executing processes. One process was to test
the necessary time delays for taking state transition and the
latter was to produce three-bit signal driving the inverter
interfacing unit. There is future scope for this work by
generating Pulse Width Modulations during the ON times
of each phase signal and control the speed of the DC motor
which was connected as a load in this research work..
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