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ABSTRACT

Power inverters, regardless of size, are typically constructed of a DC-AC
converter. A pure sine wave output will be obtained through the use of a
microcontroller and high frequency switching. The microcontroller will be used to
digitally drive the transistors on the inverter side of the circuit. This will result in
pulses at precise time intervals. The slope and magnitude of the output signal will be
exact, as opposed to the unstable signal generated by other power inverters that use
analog technology. Implementing the use of a microcontroller also allows for the
different alarms and to ensure safety of the user. This power inverter will operate
using high frequency switching technology. The harmonics that are produced using
high frequency switching will include those near the range of the switching
frequency, and those that are of a relatively higher order than the 50 Hz frequency.
These harmonics can be isolated using a small low-pass filter. This translates into a
much cleaner output signal. Also, the use of high frequency switching will minimize
the size of parts used for the construction of the inverter. Future work could be done
to further improve efficiency, total harmonic distortion, and size of the power
inverter. With these additional improvements, the standard could be raised for

future DC/AC power supplies.
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ABSTRAK

Penyongsang kuasa, tanpa mengira saiz, adalah terdiri daripada penukar DC-AC.
Gelombang sinus yang tulen akan diperoleh dengan mengunakan mikropengawal dan
frekuensi pensuisan tinggi. Mikropengawal akan digunakan untuk menghidupkan
transistor di dalam bahagian litar penyongsang. Ini akan menghasilkan denyut pada sela
masa yang jitu. Maka terhasil kecerunan dan magnitude signal yang tepat, berbeza
dengan signal keluaran tidak stabil yang dihasilkan oleh penyongsang kuasa lain dengan
menggunakan teknologi analog. Penggunaan mikropengawal juga boleh menghasilkan
perbezaan gera dan memastikan keselamatan pengguna. Operasi penyongsang kuasa ini
menggunakan teknologi frekuensi pensuisan tinggi. Harmonik yang diperoleh dari
frekuensi pensuisan tinggi adalah lebih tinngi dari 50 HZ frequency. Harmonik ini dapat
dipencil dengan menggunakan penapis lepasan rendah. Ini akan manghasilkan signal
keluaran yang jelas. Dengan mengunakan frekuensi pensuisan tinggi juga dapat
minimum saiz penyongsang kuasa tersebut. Penbaik pulihkan dapat dijalankan pada
masa depan terhadap kecekapan, herotan harmonic seluruh dan saiz penyongsang kuasa.
Dengan pembaik pulihkan ini, piawai untuk penjana kuasa DC/AC dapat dinaikan pada

masa depan.
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CHAPTER 1

INTRODUCTION

1.1 Background

Mobility and versatility have become bigger issues with the
advancement of technology. A person should not be limited to use an
electronic tool or gadget at a fixed location due to power limitations.
Overcoming the obstacle of having a mobile AC power source has led to the
invention of DC/AC power inverters. In the market, inexpensive inverters are
very inefficient due to a high harmonic content of the output signal and pure

sine wave inverters have a high cost per watt ratio

In order to overcome the problem, a power inverter is develop so that
it can produce a near perfect sine wave output. A power inverter of DC to
AC type will be needed to convert 12 VDC to 230 VAC. The DC/AC
inverter circuit will use a microprocessor to digitally pulse the transistors.

This will allow it to produce a pure sine wave output.



1.2 Objective

The objective of this project is the development power inverter that
can convert 12VDC into 230VAC and the development of power inverter
will use of high frequency switching and implementation of a microprocessor

to digitally pulse to the transistors.

1.3 Scope of Project

This project involves determining the characteristic of power inverter.
The development the source code for microcontroller so that it can
implementation of a microprocessor to digitally pulse to the power
electronic. The development low pass filter for isolate the harmonic so that

the inverter retain a 50 Hz fundamental frequency.

1.4 Problem Statement

Electronic mobility has always been an issue when it comes to our
mobile environment. Therefore, a mobile means of providing AC voltage is
needed. When these devices need to be used in a remote or mobile setting
there is a problem. A power inverter of DC to AC type will be needed to
convert 12 VVDC to 230 VAC.



1.5 Methodology

In this project, the two main parts that are evaluated are the
PIC18F452 and inverter. The testing includes the evaluation board before
writing the software and developed the full-bridge inverter circuit that will

convert DC voltage to AC voltage.

Overall steps taken to achieve the objectives are testing the PIC
functionality by checking the program in the MPLAB. Simulate the power
inverter circuit by using PSIM. The output signals from PIC and output
voltage from power inverter are checked after the hardware is complete.



1.6 Thesis Outline

Chapter 1 discuss on the background of the project, objectives, scope

of the project, problem statement, methodology and also the thesis outline.

Chapter 2 focuses on literature reviews of this project based on

journals and other references.

Chapter 3 mainly discuss on the system design of the project. Details

on the progress of the project are explained in this chapter.

Chapter 4 presents the results of the project. The discussion focused

on the result based on the experiment.

Chapter 5 concludes overall about the project. Obstacle faces and

future recommendation are also discussed in this chapter.



CHAPTER 2

LITERATURE REVIEW

2.1 DC and AC Current

In the world today there are currently two forms of electrical
transmission, Direct Current (DC) and Alternating Current (AC), each with
its own advantages and disadvantages. DC power is simply the application of
a steady constant voltage across a circuit resulting in a constant current. A
battery is the most common source of DC transmission as current flows from
one end of a circuit to the other. Most digital circuitry today is run off of DC
power as it carries the ability to provide either a constant high or constant
low voltage, enabling digital logic to process code executions. Historically,
electricity was first commercially transmitted by Thomas Edison, and was a
DC power line. However, this electricity was low voltage, due to the inability
to step up DC voltage at the time, and thus it was not capable of transmitting

power over long distances [1].



V=IR
P=IV=IR (1)

As can be seen in the equations above, power loss can be derived
from the electrical current squared and the resistance of a transmission line.
When the voltage is increased, the current decreases and concurrently the
power loss decreases exponentially; therefore high voltage transmission
reduces power loss. For this reasoning electricity was generated at power
stations and delivered to homes and businesses through AC power.
Alternating current, unlike DC, oscillates between two voltage values at a
specified frequency, and it’s ever changing current and voltage makes it easy
to step up or down the voltage. For high voltage and long distance
transmission situations all that is needed to step up or down the voltage is a
transformer. Developed in 1886 by William Stanley Jr., the transformer

made long distance electrical transmission using AC power possible [2].

Electrical transmission has therefore been mainly based upon AC
power, supplying most American homes with a 120 volt AC source. It should
be noted that since 1954 there have been many high voltage DC transmission
systems implemented around the globe with the advent of DC/DC converters,

allowing the easy stepping up and down of DC voltages [3].

Like DC power, there exist many devices such as power tools, radios
and TV’s that run off of AC power. It is therefore crucial that both forms of
electricity transmission exist; the world cannot be powered with one simple
form. It then becomes a vital matter for there to exist easy ways to transform
DC to AC power and vice versa in an efficient manner. Without this ability

people will be restricted to what electronic devices they use depending on the



electricity source available. Electrical AC/DC converters and DC/AC
inverters allow people this freedom in transferring electrical power between

the two.

2.2 Inverters and Applications

Power inverters are devices which can convert electrical energy of
DC form into that of AC. They come in all shapes and sizes, from low power
functions such as powering a car radio to that of backing up a building in
case of power outage. Inverters can come in many different varieties,
differing in price, power, efficiency and purpose. The purpose of a DC/AC
power inverter is typically to take DC power supplied by a battery, such as a
12 volt car battery, and transform it into a 230 volt AC power source
operating at 50 Hz, emulating the power available at an ordinary household

electrical outlet.

Figure 2.1: Commercial 200 Watt Inverter



Figure 2.1 provides an idea of what a small power inverter looks like.
Power inverters are used today for many tasks like powering appliances in a
car such as cell phones, radios and televisions. They also come in handy for
consumers who own camping vehicles, boats and at construction sites where
an electric grid may not be as accessible to hook into. Inverters allow the
user to provide AC power in areas where only batteries can be made
available, allowing portability and freeing the user of long power cords. On
the market today are two different types of power inverters, modified sine
wave and pure sine wave generators. These inverters differ in their outputs,
providing varying levels of efficiency and distortion that can affect electronic

devices in different ways.

A modified sine wave is similar to a square wave but instead has a
“stepping” look to it that relates more in shape to a sine wave. This can be
seen in Figure 2.2, which displays how a modified sine wave tries to emulate
the sine wave itself. The waveform is easy to produce because it is just the
product of switching between 3 values at set frequencies, thereby leaving out
the more complicated circuitry needed for a pure sine wave. The modified
sine wave inverter provides a cheap and easy solution to powering devices
that need AC power. It does have some drawbacks as not all devices work
properly on a modified sine wave, products such as computers and medical
equipment are not resistant to the distortion of the signal and must be run off

of a pure sine wave power source.
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Figure 2.2: Square, Modified, and Pure Sine Wave

Pure sine wave inverters are able to simulate precisely the AC power
that is delivered by a wall outlet. Usually sine wave inverters are more
expensive then modified sine wave generators due to the added circuitry.
This cost, however, is made up for in its ability to provide power to all AC
electronic devices, allow inductive loads to run faster and quieter, and reduce

the audible and electric noise in audio equipment, TV’s and fluorescent lights.

3]
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2.3 Microcontroller

A PIC18F452 would be able to do various task. It has 512 bytes of
EEPROM and RAM while the ROM is disabled. This is a 8-bit
microcontroller that have 5 ports that are Port A, Port B, Port C, Port D and
Port E. Several of features are built-in in the PIC18F452 that contain high
performance RISC CPU, power saving STOP and WAIT modes, wide
operating voltage rate (2.0 — 5.5 Vdc), 1538 bytes of on-chip RAM, data
retained during standby, 256 bytes of on-chip EEPROM with block protect
for security, asynchronous non-return to zero (NRZ) serial communications
interface (SCI), synchronous serial peripheral interface (SPI), 10-bit analog-
to-digital (A/D) converter, 16-bit timer system, PWM output resolution is 1-
to 10-bit, 8-bit pulse accumulator, real-time interrupt circuit, computer

operating properly (COP) , 35 general-purpose input/output (1/0) pins.

MCLRM=ze —=[1 p— 40 [ =-— RETIFGD
RANAND w—e]2 30 [T =—= REAPGC
RATANT =——[] 3 38 [T =— RBSFGM
RAZANINVREF- - [] 4 37 [J =—= REZ
RANAMIVREF: -—[]5 3 [J =— RBACCP2
RASTICK] «—[] 6 35 [ =— RBIINTZ
?.-%'ﬁ.‘ﬂ.-ﬁi'u't M =+—[]7 o o 34 [T =—-= REVINTI
RENRLVANS =—[]8 =+ Wn 33 [ =—= REWINTD
RE1WR/ANE =—=[] 0 F o 2 RQ=—"Vo
REXNTEANT ——] 10 0o W 3 [ =——ss
VoD ——e [ 11 G E 30 [ «=— ROTPSPT
Ves — [ 12 L o 20 [ =— RDEPSPE
QSCUCLEl —— 113 25 [J =—= RDEPSPI
OECHCLKORAD ——] 14 77 [ =— RO4PEP4
RCDTIOSOTICK] ——e[] 15 26 [T =+—e RCTRNDOT
RCUTIOSNCCRYY a—s ] 16 25 [ =— RCETXCK
RCZCCA! a—e[] 17 24 [T *+—-e RCESDO
RCHICKSCL =—s[] 18 23 [T =— RC4SOVSDA
ROWPEAD -—— 10 27 [T =—e ROAPSP2
RO1/PSP1 =—s[] 20 21 [] =— RO2PSP2

Figure 2.3 Architecture of PIC18F452 Series Port Functionality
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A microcontroller is a highly integrated chip which performs
controlling functions. A microcontroller, or embedded controller, is similar
to a microprocessor as used in a personal computer, but with a great deal of
additional functionality combined onto the same monolithic semiconductor
substrate.  Microcontrollers, sometimes referred to as one-chip
microcomputers, are used to control a wide range of electrical and
mechanical appliances. Since they were first introduced, microcontrollers
have evolved to the point where they can use for increasing complex
applications. Some microcontrollers in use today are also programmable,
expanding the number of application in which they can be used. [4]

In this article, the use of a microcontroller is essential in a project of
this nature. The microcontroller will be used to digitally drive the transistors
on the inverter side of the circuit. This will result in pulses at precise time
intervals. The slope and magnitude of the output signal will be exact, as
opposed to the unstable signal generated by other power inverters that use
analog technology. Implementing the use of a microprocessor also allows for

the different alarms and tests which deal with the health and safety concerns.



12

2.4 Pulse Width Modulation (PWM)

In electronic power converters and motors, PWM is used extensively
as a means of powering alternating current (AC) devices with an available
direct current (DC) source or for advanced DC/AC conversion. Variation of
duty cycle in the PWM signal to provide a DC voltage across the load in a
specific pattern will appear to the load as an AC signal, or can control the
speed of motors that would otherwise run only at full speed or off. This is
further explained in this section. The pattern at which the duty cycle of a
PWM signal varies can be created through simple analog components, a

digital microcontroller, or specific PWM integrated circuits.

Analog PWM control requires the generation of both reference and
carrier signals that feed into a comparator which creates output signals based
on the difference between the signals. The reference signal is sinusoidal and
at the frequency of the desired output signal, while the carrier signal is often
either a sawtooth or triangular wave at a frequency significantly greater than
the reference. When the carrier signal exceeds the reference, the comparator
output signal is at one state, and when the reference is at a higher voltage, the
output is at its second state. This process is shown in Figure 2.4 with the
triangular carrier wave in red, sinusoidal reference wave in blue, and

modulated and unmodulated sine pulses. [5]
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ik

Figure 2.4: Pulse Width Modulation

In order to source an output with a PWM signal, transistor or other
switching technologies are used to connect the source to the load when the
signal is high or low. Full or half bridge configurations are common
switching schemes used in power electronics. Full bridge configurations
require the use of four switching devices and are often referred to as H-

Bridges or full-bridge due to their orientation with respect to a load.
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2.5 Driver Circuit

A driver circuit is use to interface between control (low power
electronics) and (high power) switch. It main functions are amplifies control
signal to a level required to drive power switch and provides electrical

isolation between power switch and logic level. [6]

When utilizing N-Channel MOSFETS to switch a DC voltage across
a load, the drain terminals of the high side MOSFETS are often connected to
the highest voltage in the system. This creates a difficulty, as the gate
terminal must be approximately 10V higher than the drain terminal for the
MOSFET to conduct. Often, integrated circuit devices known as MOSFET
drivers are utilized to achieve this difference through charge pumps or
bootstrapping techniques. These chips are capable of quickly charging the
input capacitance of the MOSFET (Cgiss) quickly before the potential
difference is reached, causing the gate to source voltage to be the highest
system voltage plus the capacitor voltage, allowing it to conduct. A diagram
of an N-Channel MOSFET with gate, drain, and source terminals is shown in

Figure 2.5.

Drain

Gate
o—‘

Soutce

Figure 2.5: N-Channel MOSFET
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There are many MOSFET drivers available to power N-Channel
MOSFETSs through level translation of low voltage control signals into
voltages capable of supplying sufficient gate voltage. Advanced drivers
contain circuitry for powering high and low side devices as well as N and P-
Channel MOSFETSs. In this design, two sets of MOSFET both P and N-

Channel are used and are controlled by the antiphase.

2.6 Full-Bridge Inverter

An H-Bridge or full-bridge converter is a switching configuration
composed of four switches in an arrangement that resembles an H. By
controlling different switches in the bridge, a positive, negative, or zero
potential voltage can be placed across a load. When this load is a motor,
these states correspond to forward, reverse, and off. The use of an H-Bridge

configuration to drive a motor is shown in Figure 2.6. [7]

— ol

— -

Load

e

Figure 2.6: H-Bridge Configuration using
N-Channel MOSFET
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As shown in Figure 2.6 the H-Bridge circuit consists of four switches
corresponding to high side left, high side right, low side left, and low side
right. There are four possible switch positions that can be used to obtain
voltages across the load. These positions are outlined in Table 1. Note that all
other possibilities are omitted, as they would short circuit power to ground,

potentially causing damage to the device or rapidly depleting the power

supply.

Table 2.1: H-Bridge Switch States

High Side High Side Low Side Left Low Side Voltage Across Load
Left Right Right
On Off Off On Positive
Off On On Off Negative
On On Off Off Zero Potential
Off Off On On Zero Potential

The switches used to implement an H-Bridge can be mechanical or
built from solid state transistors. Selection of the proper switches varies
greatly. The use of P-Channel MOSFETSs on the high side and N-Channel
MOSFETSs on the low side is easier, but using all N-Channel MOSFETSs and
a FET driver, lower “on” resistance can be obtained resulting in reduced
power loss. The use of all N-Channel MOSFET’s requires a driver, since in
order to turn on a high side N-Channel MOSFET, there must be a voltage
higher than the switching voltage (in the case of a power inverter, 170V).
This difficulty is often overcome by driver circuits capable of charging an

external capacitor to create additional potential.
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2.7 Circuit Protection and Snubbers

One of the major factors in any electronic device is its ability to
protect itself from surges that could damage the circuitry. In the case of the
inverter, inductive loads can cause special problems because an inductor
cannot instantly stop conducting current, it must be dampened or diverted so
that the current does not try to flow through the open switch. If not
dampened the surges can cause trouble in the MOSFETS used to produce the
output sine wave; when a MOSFET is turned off the inductive load still
wants to push current through the switch, as it has no where else to go. This
action can cause the switch to be put under considerable stress, the high
dV/dt, di/dt, V and I associated with this problem can cause the MOSFETS to
malfunction and break. [7]

To combat this problem snubber circuits can reduce or eliminate any
severe voltages and currents. Composed of simply a resistor and capacitor
placed across each switch it allows any current or voltage spikes to be
suppressed by critically dampening the surge and protecting the switch from
damage. The snubber can become more effective by the addition of a zener
diode so that any large current surge the resistor-capacitor snubber cannot
handle gets passed through to ground by the zener diode. The diagram in
Figure 2.7 shows a simple representation of an inductive load (L) over a
switch representation, Figure 2.8 and Figure 2.9 show how snubbers can be

implemented so that a surge will be suppressed.
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Figure 2.7: Inductive Load Circuit
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Figure 2.9: Inductive Load Circuit with Snubber and Zener Diode
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2.8 Transformer

The transformer is the part of the circuit that is responsible for
boosting the voltage. It does this by means of a ferrite core, primary, and
secondary windings. It is important to note that the transformer does not
create power; it merely transforms or transfers it. Ideally, power in is equal to
power out, but in a real world case there is some power loss in the device.
The transformer operates by inducing a magnetic flux on the core from the
current flowing through the primary winding. This flux passing through the
core is induced onto the secondary winding and current flows out of the
device. [8]

The transformer used in this project is used to step up the voltage
from the half-bridge converter to provide an approximate voltage of 240

VAC with an approximate frequency of 50 kHz.
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2.9 Low-Pass Filter

This power inverter will operate using high frequency switching
technology. The harmonics that are produced using high frequency switching
will include those near the range of the switching frequency, and those that
are of a relatively higher order than the 50 Hz frequency. Most of the
harmonics will be the ones that are higher in order than the 50 Hz frequency.
These harmonics can be isolated using a small low-pass filter. This translates

into a much cleaner output signal. [9]

In order to eliminate the switching frequency and all multiples of the
switching frequency, a low-pass filter had to be inserted after the output of
the full-bridge inverter. A low-pass filter only allows frequencies below the
cutoff-frequency to pass. The filter will reject any frequency above the cutoff

frequency. The cutoff frequency can be set by the following formula:

1
FCUO = 2
ot =5 iC @)

Filters come in many different packages, with many different
advantages — and disadvantages. For example, a digital filter is easily
reconfigurable and can have almost any frequency response desired. If the
response is simply low-pass/ high-pass/ band-pass behavior with a set
frequency, an active filter can be made to have a very sharp edge at the cutoff,
resulting in enormous reductions in noise and very little attenuation of the
signal. These, however, require op-amps. Op-amps capable of filtering a

240V RMS sine wave exist, but are expensive, since the op-amp must be
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able to source hundreds of watts, and must be very large to do so without
burning. Digital filters have a similar drawback and, designed with TTL and
CMOS technology, can only work with small signals. Lastly we come to a
passive filter. Generally large in size and very resistive at low frequencies,
these filters often seem to have more of a prototyping application, or perhaps

use in a device where low cost is important, and efficiency is not. [9]

Given these choices, an application such as a high power sine inverter
is left with only one viable option: the passive filter. This makes the design
slightly more difficult to accomplish. Noting that passive filters introduce
higher resistance at lower frequencies (due to the larger inductances, which
require longer wires), the obvious choice is to switch at the highest possible
frequency. The problem with this choice, however, is that the switching
MOSFETSs introduce more switching losses at higher frequencies. This
would imply that we should switch slower to improve our switching

efficiency, which contradicts the filter's need for a higher frequency.
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CHAPTER 3

SYSTEM DESIGN

3.1 Overall System Design

One of the most important considerations in building a power inverter
is the output signal. A block diagram of the power inverter is shown in
Figure 3.1 below.

12vDC Sinusoidal Full-bridge
Input » PWM »| inverter
(battery) controller
A\ 4
240VAC, Transformer
50Hz, <
Output

Figure 3.1: Power Inverter Block Diagram
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3.2 Sinusoidal PWM Controller

Various PWM techniques have been used to create transistor drive
circuits. Before microcontrollers became popular, varying PWM circuits
usually consisted of analog-to-digital comparator circuits. These circuits
compared a small voltage sinusoidal wave (reference signal) to a small
voltage saw-tooth wave (control frequency signal). At each point where the
sinusoidal and saw-tooth signals intersect, the output of the comparator
toggles from a high state to a low state. To illustrate the theory behind
sinusoidal PWM, Figure 3.2 shows the expected output of a sine wave
compared to a saw-tooth wave. The duty cycle actually varies according to

the time between sampling the reference sine wave.

Reference sine wave

Comparator PWM output

Control Frequency

Figure 3.2: Theory of PWM Components
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A schematic of the sinusoidal PWM controller circuit is shown in
Figure 3.3 below. The major components for this circuit include a
microcontroller, and an oscillator. This circuit produces two output pulses

with varying duty cycles in order to drive the full-bridge inverter circuit.

+5 J

]
]
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3L 22 32 34 3 35 37 20 30 40

HHHHH.*H‘ LIl

Figure 3.3: Sinusoidal PWM Controller Circuit

The microcontroller is utilized for storing pre-programmed duty
cycles with its memory. This eliminated the need for large analog
components which often have a tendency to become unstable. The
microcontroller of choice for this project was Microchip’s PIC18F252. The
PIC18F252 was chosen primarily because it had enough on-board memory to
store all of the necessary duty cycles values. Sufficient program memory
will allow us to increase the number of duty cycles that make up one cycle of
a 50 Hz sine wave. In turn, an increase number of duty cycles allows for a
more precise resolution in the final output signal of the packaged product.
Other advantages of the PIC18F252 were reflected by the low cost, fast
processing speed, flash memory, and the ability to add extra features (such as

low voltage alarms, extra phases, temperature sensors, etc.) in the future.
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The following equations were used to calculate the modulation

amplitude and modulation frequency for the PWM signal:

. . . Vv
Amplitude Modulation Ratio = —<orel (3)

tri
. : f
Frequency Modulation Ratio = 1 (4)
1

where, Vcontrol is the peak amplitude of the reference sine wave with
frequency of f; and Vtri is the peak amplitude of the saw-tooth wave with
frequency of f;. By equations 3 and 4 the amplitude of the PWM pulse is
directly proportional to Vcontrol and the frequency of the PWM pulse is
directly proportional to fs. A thorough discussion of the programming
process involved in this project is located in the Software Design section of

this document.

The amplitude ratio could not be changed in this case since the
microcontroller was only capable of outputting a 5 volt logic signal. The
frequency modulation ratio for this project came out to be approximately 400,
which means that there were 400 completely different duty cycle values that
make up a single half-cycle of the final output waveform. The frequency
modulation was calculated by equation 4, where the reference sine wave (f;)
was set to 50 Hz and the saw-tooth wave (fs) was set to 20 kHz. The
switching frequency was set to 20 kHz in order to achieve a high resolution

of the final output waveform.
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3.3 The FET (field-effect transistor) Drive Circuit

The FET driver circuit plays two vital roles in creating drive pulses
suitable for operation of a full-bridge inverter circuit. First of all, the
transistor 2SC1815°s amplify the 5-volt logic signals output by the
microcontroller to obtain a 12 volt signal necessary to fully turn on the
MOSFET of the full-bridge circuit. A transistor drive pulse of less than 12
volts could result in excessive heating which occurs when the transistors
being driven are operating in the linear mode of operation, which by the
physical transistor construction, happens to be the most resistive regions of

operation.

+12Y

i i j—lﬂl‘”

Figure 3.4: FET Drive Circuit
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3.4 Full-Bridge Inverter

The full-bridge inverter circuit, as shown in Figure 3.5, is very simple
to construct because it only consists of four switches. The function of the
full-bridge inverter is to convert the 12 VVDC link voltage supplied into a 240
VAC, 50 Hz sine wave. The transistors chosen for the full-bridge inverter
circuit were the IRFP9140 and IRFP9150N. The IRFP9140 P-Channel
Power MOSFET were chosen because they have the appropriate voltage and
current ratings (Vdss = -100V, Id = -23A). The IRFP9150N N-Channel
Power MOSFET were chosen because they have the appropriate voltage and
current ratings (Vdss = 100V, Id = 44A).

»
TR5
Gate 1 ‘-{ ETR3 Gate 2 *—{ E
» >
load
AN
Gate 1 '—{ TR4 Gate 2 ‘—{ TR6
»

Figure 3.5: Full-Bridge Inverter Circuit
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Figure 3.6: Function of Full-Bridge Inverter Circuit

In case of the input of TR3 and TR4 are L level and the input of TR5
and TR6 are H level, TR3 and TR6 become ON condition and TR4 and TR5
become OFF condition. Therefore, the electric current flows through the
direction of A to B to the secondary coil(12V side) of the transformer.

When the input level is opposite, TR3 and TR6 become OFF
condition and TR4 and TR5 become ON condition. Therefore, the electric
current which flows through the transformer becomes contrary to the case of

the above.

Either above-mentioned condition is continued when the oscillator
stops. Therefore, the big electric current flows on the secondary side of the

transformer. The fuse must be put to protect.



30

3.5 RCD Snubbers

In general, snubbers are used for minimize large over-currents
through the device at turn-on and to minimize large over-voltages across the
device during turn-off. The other function is stress reduction to shape the
device switching waveform such that the voltage and current associated with

the device are not high simultaneously.

The role of RCD snubber is to provide electrical isolation between
the upper control pulses and the upper transistors of the full-bridge inverter
circuit. Electrical isolation is extremely important in biasing the upper full-
bridge transistors with the appropriate drive signal voltages.

Let the minimum switching time constant isT = = 50usec.

Hz

Hence the RC should satisfy this time constant i.e RC = 50usec.

Let C = 0.01uF, then R = 5000hm.

= +

-

Figure 3.7: Snubber Circuit
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3.6 Transformer

The transformer is the part of the circuit that is responsible for
boosting the voltage. It does this by means of a ferrite core, primary, and
secondary windings. It is important to note that the transformer does not
create power; it merely transforms or transfers it. Ideally, power in is equal
to power out, but in a real world case there is some power loss in the device.
The transformer operates by inducing a magnetic flux on the core from the
current flowing through the primary winding. This flux passing through the
core is induced onto the secondary winding and current flows out of the

device.

The transformer used in this project, which is also illustrated in
Figure 3.8 below, is used to step up the voltage from the full-bridge

converter to provide an approximate voltage of 240 VAC.

S00v

160V

Figure 3.8: Simulation of Rectified Transformer Output (Before Filtering)
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The output signal of the full-bridge inverter circuit will be a pulse
waveform which contains the desired output waveform along with frequency
components at or around harmonics of the switching frequency. This can be
seen in Figure 3.9, which compares the unfiltered output of the final product
to a simulation. The darker areas in Figure 3.9 represent the actual sine wave.
A low-pass filter can be utilized to extract the desired output signal (50 Hz

fundamental frequency) by separating it from the switching frequency.

VR

300.00

160.00

]

~-300.00

Wﬁ
|

~J.00 4500 50.00 55.00 60.00

Figure 3.9: Unfiltered Output of the Power Inverter (Simulation)
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3.7 Low-Pass Filter

In order to eliminate the switching frequency and all multiples of the
switching frequency, a low-pass filter had to be inserted after the output of
the full-bridge inverter. A low-pass filter only allows frequencies below the
cutoff-frequency to pass. The filter will reject any frequency above the

cutoff frequency. The cutoff frequency can be set by the following formula:

cutoff — - — 5
ot = IiC ®)

Figure 3.8 shows the switching harmonics that resulted from a 20
kHz switching frequency. It should be noted that the harmonics are located
at the switching frequency and multiples of the switching frequency. The
switching frequency was intentionally set at 20 kHz so it would be rather
distant from the 50 Hz fundamental frequency. This would allow for a high
cutoff frequency, by using LC components. The large distance between the
unwanted harmonics and the fundamental frequency is also beneficial

because it allows for a large margin of error in the filter values.
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0000 -

4000

Figure 3.10: Frequency Spectrum of Unfiltered Full-Bridge Inverter Output

An L-C low-pass filter was chosen for the power inverter. This
topology, as shown in Figure 3.10, is simple to build, contains few

components, and can handle high currents.

20,26 uH

50 uF

Figure 3.11: Low-Pass Filter Schematic
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3.8 Software Design

Figure 3.10 illustrates the software flow diagram for PIC18F452
program. Basically the program uses pre-calculated duty cycle values which

are stored in tables at the end of the program.

Initialize
all variables

Count0 =400 (400 duty cycle)

no

400 duty cycle e

value?

Output 1 = high, Output 2 =low

Read duty cycle table (increment pointer) Quipit L, = low. OhtpuL2 — igh

Decrement Count0 by 1

Duty cyele and sampling period timer

10 One Sampling A

Period?

119 Has duty cycle yes

been reached?

Figure 3.12: Software Flow Diagram for Full-Bridge Inverter

Microcontroller
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CHAPTER 4

RESULT

4.1 Software

4.1.1 MPLAB

MPLAB is emulation software that allows for compiling programs
that are specifically written for MicroChip microcontrollers. MPLAB will be
used to test that the assembly language code written for the microcontroller
will execute properly. Once the code executes properly, it can be
programmed into the PWM microcontroller. Since MPLAB supports flash
memory, the program sent to the microcontroller can be erased by the click
of a button. The following steps were taken to program the microcontroller.
Firstly the microcontroller program is downloading to the MPLAB
workspace. Then it will compile the program using the built-in compiler and
check the program for any errors in syntax or parameterization. After
successfully compiling the program, load it onto the microcontroller using

the PICKIT v2 programmer.
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4.1.2 Software Verification

To test the operation of the microcontroller, an oscilloscope will be
used to observe the output waveforms of the microcontroller. The following
step is the procedure of the test. Firstly, the circuit is connecting as shown in
Figure 4.1. Secondly, power the microcontroller with 5Vdc from the bench
power supply to pin 1, pin 11 and pin 32. Then connect pin 35 of the
microcontroller to channel 1 of the oscilloscope and connect pin 36 of the
microcontroller to channel 2 of the oscilloscope. Lastly, line the output
waveforms one on top of the other and confirm that they are complement of

one another as shown in Figure 4.2.

+5 J
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' y

CMND D

Figure 4.1: Software Testing Setup
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Channel 1

Channel 2

Figure 4.2: Output Waveforms of Microcontroller

4.2 Hardware

All individual hardware design is tested using an oscilloscope and a
digital multi-meter. The key components of the overall power inverter are a
PWM control circuit, a transformer, a sinusoidal PWM controller, a full-
bridge inverter, and a low-pass filter. Each component was tested for the
desired voltages, currents, efficiencies, and frequencies. The following sub-
sections demonstrate the tests that were performed on the power inverter

hardware.
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4.2.1 The FET (field-effect transistor) Drive Circuit

The test setup for the FET drive circuit is illustrated in Figure 4.3.
The following step is the procedure of the test. Firstly, setup the control
circuit as shown in Figure 4.3. Then connect channel 1 of the oscilloscope
across gate 1 and channel 2 across gate 2. Oscilloscope is use to verify the
waveforms of the voltages are square pulses complimentary to each other

with frequencies of 20 KHz and amplitudes of 12 V.

12vDC

Gate 1

T_ + Channell - j
-3

Gate 2 GND

PWM 2 |
| + Channel 2 -

N

PWM 1

GND

Figure 4.3: FET Drive Circuit Test Setup
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4.2.2 Full Bridge Inverter

The test setup for the full bridge inverter is illustrated in Figure 4.4.
The following step is the procedure of the test. Firstly, the circuit is
connecting as shown in Figure 4.4. The voltage across the resistor is measure
by using the oscilloscope. The 10X probes must be used when measuring
voltages over 100 VAC. The output of the power inverter must verify that the
voltage across the resistor is a PWM pulse that is 340V peak-to-peak with a
frequency of 20 kHz and the output is 3A.

'—{ + Channel 1 - ’—H;

BE -

’_{ GND ’_{

Figure 4.4: Full-Bridge Inverter Test Setup



41

4.2.3 Transformer

The test setup for the transformer is shown in Figure 18. Beneath the
figure are the instructions for verifying proper transformer operation. The
function generator is use to emulate the output square pulse of the full-bridge
converter. The voltage is set to 12 V, the waveform to square wave, and the
frequency to 100 kHz. The output of the function generator is feed into the
primary side of the transformer. Channel 1 of the oscilloscope is connect to
the secondary side of the transformer and verify that the output is a 240 V

square wave with a 100 kHz frequency.

~® .o 'j
. ] +
Function Drimary secondory | Chanel
Generator _
> & ®

Figure 4.5: Transformer Test Setup
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4.2.4 Low Pass Filter

The test setup for the low-pass filter is illustrated in Figure 4.5. The
following step is the procedure of the test. Firstly, the circuit is connecting as
shown in Figure 4.6. The 240 V peak-to-peak PWM pulse from the full-
bridge inverter is feed to the LC filter. The voltages across the load are
measured by using oscilloscope and verify that the output voltage is 240 V
peak-to-peak with a frequency of 50 Hz.

GND €= - Channel 1 +

‘_FYWW’W’\
>
el <
>
=t 3 load
‘ ]

Figure 4.6: Low-Pass Filter Test Setup
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4.3 Test Certification — Hardware

4.3.1 Sinusoidal PWM Inverter Control Circuit

The outputs of the sinusoidal PWM inverter control circuit are shown
in Figure 4.7. The control circuit is expected to output two pulses with
varying duty cycles that are 180° out of phase with a 20 kHz switching
frequency. The oscilloscope probes were used in making the measurements.
The results are very close to the expected values, which it produce 5V (peak-

to-peak) and duty cycle 26.83%.

|- ® e
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«
H ————— — - ——
L

Figure 4.7: Sinusoidal PWM Inverter Control Circuit Pulses
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4.3.2 The FET Drive Circuit

The outputs of the FET drive circuit are shown in Figure 4.8. The
control circuit is expected to output two pulses with varying duty cycles that
are 180° out of phase with a 20 kHz switching frequency. The oscilloscope
probes were used in making the measurements. The results are very close to
the expected values, which it produce 12V (peak-to-peak) and duty cycle
26.83%.

Figure 4.8: FET Drive Circuit Pulses
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4.3.3 Low Pass Filter

Figure 4.9 illustrates the filtered version of the final power inverter
output. The expected output after the low pass filter is a 240 VAC (peak-to-
peak). The voltage amplitude is 245 VAC using the oscilloscope probes,
which is at a desirable level. By closer examination, excessive voltage
spikes are present and the waveform has much distortion. This shows that
with properly matched filter components a low-pass filter will function
properly.

L mam At AT T

Todge N YV oy =3

Figure 4.9: Filtered Low-Pass Filter Voltage Output Waveform
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4.4 Test Certification — Simulation

The DC/AC power inverter was simulated in the PSIM environment.
The entire project, the full-bridge sinusoidal PWM control circuit, was
simulated using ideal parts in PSIM. The complexity of the PWM circuits
was such that they could not be simulated effectively or exactly implemented
using the available parts in PSIM. The test procedures written in the test
specification section of this document were followed step by step in order to
ensure that the power inverter worked according to theory. The major

circuits tested in PSIM were the DC/AC inverter, which are discussed below.

4.4.1 DC/AC Inverter

Figure 4.10 shows the PSIM schematic that was used to simulate the
output of the DC/AC inverter. The expected output of the DC/AC inverter is
a 240 VAC, 50 Hz sine wave. Figure 4.11 shows the unfiltered 240 VAC
(peak-to-peak) waveform that will be filtered to create the expected output.
Figure 4.12 shows the filtered output and proves that DC/AC inverter should
function properly. Figure 4.13 is an added simulation test result showing
that only the 50 Hz fundamental frequency remains after filtering with a low-

pass filter.
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Figure 4.10: PSIM Schematic of DC/AC Inverter
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Figure 4.11: Simulation of Unfiltered DC/AC Inverter Output VVoltage
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Figure 4.12: Simulation of Filtered DC/AC Inverter Output Voltage
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Figure 4.13: Simulation of Filtered DC/AC Inverter Frequency Spectrum
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CHAPTER 5

CONCLUSION AND RECOMMEDATIONS

5.1 Conclusion

The goals for this project were to produce a pure sine wave
DC/AC inverter that would output at 50 Hz, 230 VAC. The DC/AC
inverter circuit will use a microprocessor to digitally pulse the transistors.

This will allow it to produce a pure sine wave output.

In looking at how efficient this project is, there is no hard data
that can be referred to as not enough time was available to collect it. In
looking at the components selected and the simulations created before the
actual construction of the inverter, everything was built in mind for the

purpose of efficiency and keeping power losses to a minimum.
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5.2 Recommendation

This project has successfully demonstrated a convert 12VDC to

230VAC. Future work on this project may include:

e PWM program that was used by microcontroller to digitally pulse
MOSFETS of the full bridge inverter could be modified to more

efficiently operate.

o Better layout the PCB. Some of the traces for the MOSFETS
were longer than the others. This would lead to longer transit
times and could be the cause of some of the voltage “spikes” that

are present in output waveform.

e Add LCD for display the input and output voltage. By using ADC
to convert any required readings to 0-5V DC (using the 5V as a
reference). The microcontroller will receive input from the ADC
and after convert it, it will sent to LCD for display the input and

output voltage.

e Add alarm and auto shutdown program when the car battery is
weak. By using LM399N (voltage comparator), it will compare
the current voltage input and 12VDC as reference. When the
inputs at 10.5VDC the alarm will be ON indicate the battery is
weak. When the inputs at 10VDC the power inverter will
automatically OFF.



o1

Introduce a closed loop monitoring system. This system would
look at the output of the inverter and check to ensure that this is
the correct output, if this output is not what it should be then this
system has the power to go back and adjust the settings in the
control circuit so that the output is the desired 230 VAC sine
wave. A simple diagram shown below demonstrates the basic idea
of a closed loop control system. The output would be scaled and
compared to an ideal output reference, perhaps the sine wave
reference in the microcontroller (control circuit), so that the
change in voltage output can be accounted for. When this change
is detected the amplification factor of the non-inverting amplifier
for the sine wave reference could be adjusted thereby changing

the PWM signal and effectively adjusting the output.

D2 input AC Output
»>

» Control System > H-Bridge and Filter > Cutput

A

Companison and
Adjustment control

A

Ideal Output
Reference

Figure 5.1: Closed Loop Flow Chart
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Power Inverter Code Listings

55



; Power Inverter Group
;PWM Program

list_p=18c452, n=48, t=ON, St=OFF
#include "pl8c452.1inc"

ScratchpadRam EQU 0x20

countl EQU scratchpradRam+0

count2 EQU SscratchpPadrRam+1

count2a EQU scratchpPadram+11
count3 EQU scratchrPadram+2

count4 EQU scratchpadram+3

DUTYA EQU Scratchpadram+4

DUTYB EQU ScratchPadRam+5

DUTYC EQU ScratchPadram+6

check EQU ScratchpPadram+7

TBLPTR EQU ScratchpadrRam+8°
TABLADDR EQU 0x0003000

TABL1 EQU 0x0004000

TABL2 EQU 0x0005000

TABL3 EQU 0x0006000

four EQU Scratchpadram+9

DCDUTY EQU Scratchpadram+10

org 0x000000

bra START
org H'50'
START
CLRF check
CLRF TRISA
clrf PORTB
clrf DDRB
moviw  Ox04
movwf  four
INFIN
CLRF countl
CLRF count2
CLRF count2a
CLRF count3
CLRF count4
moviw  Ox3C
movwf  countl
LooPl

INCF check

moviw  UPPER(TABLADDR)
movwf  TBLPTRU

moviw  HIGH(TABLADDR)
movwf  TBLPTRH

movlw  LOW(TABLADDR)
movwf  TBLPTRL



LOOP2

LOOP3

NEXT1

NEXT2

NEXT3

moviw
movwf
movlw
movwf
movlw
movwf

mov 1w
movwf

tblrd*+
movff

mov 1w
movwf

bsf
moviw

ADDWF
CPFSEQ
GOTO
bcf
bsf

CPFSEQ
GOTO
bcf
bsf

CPFSEQ
GOTO
bcf
bsf

moviw
ADDWF
ADDWF
movwf
mov 1w
CPFSEQ
GOTO

DECFSZ

0x00
DUTYA
0x00
DUTYB
0x00
DUTYC

Ox4A
count2

PORTB, 1
PORTB, 3
PORTB, 5
PORTB, 0
PORTB, 2
PORTB, 4

TABLAT,DUTYA

0x00
count3

PORTB, 6
0x00

count3,0
DUTYA
NEXT1
PORTB, 0
PORTB, 1

DUTYB
NEXT2
PORTB, 2
PORTB, 3

DUTYC
NEXT3
PORTB, 4
PORTB, 5

0x00
count3,0
four,0
count3
0x64
count3
LooP3

count?2
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LOOP2A

LOOP3A

NEXTI1A

NEXT2A

NEXT3A

GOTO

moviw
movwf
moviw
movwf
moviw
movwf

moviw
movwf

bsf
moviw

ADDWF
CPFSEQ
GOTO
bcf
bsf

CPFSEQ
GOTO
bcf
bsf

CPFSEQ
GOTO
bcf
bsf

mov 1w
ADDWF
ADDWF
movwf
moviw
CPFSEQ
GOTO

DECFSzZ
GOTO
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LOOP2

UPPER(TABL1)
TBLPTRU
HIGH(TABL1)
TBLPTRH
LOW(TABL1)
TBLPTRL

Ox4A
count2

PORTB, 1
PORTB, 3
PORTB, 5
PORTB, 0
PORTB, 2
PORTB, 4

TABLAT,DUTYA

0x00
count3

PORTB, 6
0x00

count3,0
DUTYA
NEXT1A
PORTB, 0
PORTB, 1

DUTYB

NEXT2A
PORTB, 2
PORTB, 3

DUTYC

NEXT3A
PORTB, 4
PORTB, 5

0x00
count3,0
four,0
count3
0Ox64
count3
LOOP3A

count2
LOOP2A



LOOP2B

LOOP3B

NEXT1B

NEXT2B

NEXT3B

moviw
movwf
moviw
movwf
movlw
movwf

moviw
movwf

CPFSEQ
GOTO
bcf
bsf

CPFSEQ
GOTO
bcf
bsf

mov 1w
ADDWF
ADDWF
movwf
moviw
CPFSEQ
GOTO

DECFSZ
GOTO

moviw

UPPER(TABL2)
TBLPTRU
HIGH(TABL2)
TBLPTRH
LOW(TABL2)
TBLPTRL

0x4C
count2

PORTB, 1
PORTB, 3
PORTB, 5
PORTB, 0
PORTB, 2
PORTB, 4

TABLAT,DUTYA

0x00
count3

PORTB, 6
0x00

count3,0
DUTYA
NEXT1B
PORTB, 0
PORTB, 1

DUTYB

NEXT2B
PORTB, 2
PORTB, 3

DUTYC

NEXT3B
PORTB, 4
PORTB, 5

0x00
count3,0
four,0
count3
0x64
count3
LOOP3B

count2
LOOP2B

UPPER(TABL3)
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LooP2C

LOOP3C

NEXT1C

NEXT2C

NEXT3C

movwf
movlw
movwf
moviw
movwf

moviw
movwf

bsf
moviw

ADDWF
CPFSEQ
GOTO
bcf
bsf

CPFSEQ
GOTO
bcf
bsf

CPFSEQ
GOTO
bcf
bsf

mov 1w
ADDWF

ADDWF
movwf
moviw
CPFSEQ
GOTO

DECFSZ
GOTO

DECFSZ
GOTO

org

TBLPTRU
HIGH(TABL3)
TBLPTRH
LOW(TABL3)
TBLPTRL

0x49
count2

PORTB, 1
PORTB, 3
PORTB, 5
PORTB, 0
PORTB, 2
PORTB, 4

TABLAT,DUTYA

0x00
count3

PORTB, 6
0x00

count3,0
DUTYA
NEXTI1C
PORTB, 0
PORTB, 1

DUTYB
NEXT2C
PORTB, 2
PORTB, 3

DUTYC

NEXT3C
PORTB, 4
PORTB, 5

0x00
count3,0
four,0
count3
0x64
count3
LOOP3C

count2
LOOP2C

countl
Loorl

TABLADDR

60



TABAEND

TABLEND
END

DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA

org

DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
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0x1434,0x3450,0x5014,0x1434,0x3450,0x5014,0x1434,0x3850
0x5010,0x1038,0x384C,0x4¢C10,0x1038, 0x384C,0x4C10,0x1038
0x3c4c,0x4c10,0x103c,0x3c4cC,0x4Cc10,0x103C,0x3C48,0x4810
0x1040,0x4048,0x4810,0x1040,0x4048,0x4810,0x1040,0x4048
0x4410,0x1044,0x4444,0x4410,0x1044,0x4444,0x4410,0x1044
0x4444,0x4010,0x1048,0x4840,0x4010,0x1048,0x4840,0x4010
0x1048,0x4840,0x3C10,0x1048,0x4C3C,0x3C10,0x104C,0x4C3C
0x3c10,0x104cC,0x4c3c,0x3810,0x104C,0x4C38,0x3810,0x104C
0x5038,0x3810,0x1050,0x5034,0x3414,0x1450,0x5034,0x3414
0x1450,0x5034,0x3014,0x1450,0x5030,0x3014,0x1450,0x5030
0x3014,0x1454,0x5430,0x2C14,0x1854,0x542C,0x2C18,0x1854
0x542C,0x2C18,0x1854,0x5428,0x2818,0x1854,0x5428,0x2818
0x1c54,0x5428,0x281C,0x1C54,0x5424,0x241C,0x1C54,0x5424
0x241C,0x1C54,0x5424,0x2420,0x2054,0x5420,0x2020

TABL1

0x2054,0x5420,0x2020,0x2054,0x5420,0x2024,0x2454,0x541C
0x1c24,0x2454,0x541C,0x1C24,0x2454,0x541C,0x1C28,0x2854
0x541C,0x1828,0x2854,0x5418,0x1828,0x2C54,0x5418,0x182C
0x2C54,0x5418,0x182C,0x2C54,0x5418,0x142C,0x3050,0x5014
0x1430,0x3050,0x5014,0x1430,0x3050,0x5014,0x1434,0x3450
0x5014,0x1434,0x3450,0x5014,0x1434,0x3850,0x4C10,0x1038
0x384C,0x4c10,0x1038,0x384C,0x4Cc10,0x1038,0x3C4C,0x4C10
0x103c,0x3c4C,0x4810,0x103C, 0x3C48,0x4810,0x1040,0x4048
0x4810,0x1040,0x4048,0x4810,0x1040,0x4044,0x4410,0x1044
0x4444,0x4410,0x1044,0x4444,0x4410,0x1044,0x4440,0x4010
0x1048,0x4840,0x4010,0x1048,0x4840,0x4010,0x1048,0x483C
0x3¢10,0x1048,0x4C3C,0x3C10,0x104C,0x4C3C,0x3C10,0x104C
0x4c38,0x3810,0x104C,0x4c38,0x3810,0x104C,0x5038,0x3410
0x1050,0x5034,0x3414,0x1450,0x5034,0x3414,0x1450
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MICROCHIP PIC18F XX%

28/40-pin High Performance, Enhanced FLASH
Microcontrollers with 10-Bit A/D

High Performance RISC CPU:

- C compiler optimized architecture/instruction set
- Source code compatible with the PIC16 and
PIC17 instruction sets
+ Linear program memory addressing to 32 Kbytes
- Linear data memory addressing to 1.5 Kbytes

Peripheral Features (Continued):

« Addressable USART module:
- Supports RS-485 and RS-232
= Parallel Slave Port (FSP) module

Analog Features:

= Compatible 10-bit Analog-to-Digital Converter
module (A/D) with:
- Fast sampling rate

On-Chip Program
Memory On-Chip| Data

Device RAM [(EEPROM

FLASH | # Single Word | (pytes) | (bytes)

(bytes) | Instructions

PIC18F242 | 16K 8162 763 256
PIC18F252 | 32K 16334 1536 256
PIC13F442 | 16K g182 768 256
PIC18F452 | 32K 16324 1536 256

» Up to 10 MIPs operation:
- DC - 40 MHz osc./clock input
- 4 MHz - 10 MHz osc./clock input with PLL active
+ 16-bit wide instructions, 8-bit wide data path
= Priority levels for interrupts
» 8 x 8 Single Cycle Hardware Multiplier

Peripheral Features:

= High current sink/source 25 mA/25 mA
= Three external interrupt pins
= TimerD module: 8-bit/16-bit timer/counter with
8-bit programmable prescaler
= Timer1 module: 16-bit timer/counter
= Timer2 module: 8-bit timer/counter with 8-bit
period register (time-base for PWM)
= Timer3 module: 16-bit timer/counter
- Secondary oscillator clock option - Timer1/Timer3
+ Two Capture/Compare/PWM (CCF) modules.
CCFP pins that can be configured as:
- Capture input: capture is 16-bit,
max. resolution 6.25 ns (Tcv/16)
- Compare is 16-bit, max. resolution 100 ns (Tcy)
- PWM output: PWM resolution is 1- to 10-bit,
max. PWM freq. @: 8-bit resolution = 156 kHz
10-bit resolution = 39 kHz
= Master Synchronous Serial Port (MSSP) module,
Two modes of operation:
- 3-wire SPI™ (supports all 4 SP1 modes)
- 12Cc™ Master and Slave mode

- Conversion available during SLEEP
- Linearity = 1LSb

- Programmable Low Voltage Detection (PLVD)

- Supports interrupt on-Low Voltage Detection

- Programmable Brown-out Reset (BOR)

Special Microcontroller Features:
= 100,000 erase/write cycle Enhanced FLASH

program memory typical

- 1,000,000 erase/write cycle Data EEPROM

memaory

- FLASH/Data EEPROM Retention: = 40 years
= Self-reprogrammable under software control
- Power-on Reset (POR), Power-up Timer (PWRT)

and Oscillator Start-up Timer (OST)

= Watchdog Timer (WDT) with its own On-Chip RC

Oscillator for reliable operation

= Programmable code protection
- Power saving SLEEP mode
- Selectable oscillator options including:

- 4X Phase Lock Loop (of primary oscillator)
- Secondary Oscillator (32 kHz) clock input

= Single supply 5V In-Circuit Serial Programming™

(ICSP™) via two pins

= In-Circuit Debug {ICD) via two pins
CMOS Technology:
= Low power, high speed FLASH/EEPROM

technology

= Fully static design

- Wide operating voltage range (2.0V to 5.5V)
= Industrial and Extended temperature ranges
- Low power consumption:

- < 1.6 mA typical @ 5V, 4 MHz
- 25 uA typical @ 3V, 32 kHz
- < 0.2 pA typical standby current
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PIC18FXX2

Pin Diagrams (Cont.’d)

DIP - J
MCLRAVPF —= T 1 - 40 [ =— RET/PGD
RADIAND =[] 2 39 [] =—= REGPGC
RATAN] w—=[| 3 38 [] =—= RESPGM
RAZIAMZNVREF- - = | 4 37 [J =—= RB4
RAMMNINVAEF+ == T| 5 36 [] =—= RB3ICCPZ*
RA4TOCK] == [ & 35 [ «—= RB2INT2
RAS/AN4SS/ILVDIN =—=T|7 34 [J =—= RBUINT1
REDRDIANS —=T|8 S {3 330 =— RBOANTO
REVWRIANS =—=T|8  § 5 a2J-—wmo
RE2/CSIANT =—=T|10 ©© e  31[] =———Vss
VO ——T|11 5y ¢ 30 J-=—= ROTPSFT
VEs — T |12 & g mj ROGFSPE
OSCUCLKl — =[] 13 26 [] =——= RDS/IPSPS
OSCHCLKORAS =[] 14 57 [] =—= RO4PSP4
RCOM10SOMICK] -] 15 26 [] =—= RCT/RXODT
RC1T10SICCP2* == [ 16 55 [ =—= RCETXICK
RC2/CCP1 =[] 17 24 [T =—e RCSISDO
RCISCKISCL =—[| 18 23 [ =—= RC4/SDISDA
RDOPSP0 = | 18 29 [T «—= RO3PSP3
RD1/PSP1 =[] 20 91 [] == RD2IPSP2
Mote: Pin compatible with 40-pin PIC18CTX devices.
DIR, SOIC
MR —=[]° 1 e 28] ] == RBTIPGD
RaanD =—=[] 2 27[J = RBSIPGC
Ratiant =—=[] 2 26[ ] =— RBSIPGM
RAIANZAVREF- =—=[| 4 25/ ] =— RB4
RAMANINVREF+ =[] 5 o o 24[] = RBACCP2"
Ragmocki =L 6 & 8§ 23 == rB2mNT2
RASIAN4SSILVDIN =—= [] 7 Loow 22[ ] = RBUINT1
vss—=[ 8 « &  21[] == RBOINTO
oscucltk —[ &8 £ ©  z[J=—voo
OSCUCLKORAE =—[J10 & @ 19 ] =—wss
RCOT10SQIMICKI =—= []11 18[] =—= RCT/RXDT
RCUTIOSHCCR2Y =—= 12 17[J = RCEMHCK
RC2ICCPT =—=[]12 16[] =—= RC5/SDO
RCHSCKISCL =—=[]14 15[ =—= RC4/SDISDA

* RB3 is the allemate pin for the CCP2 pin multiplexing.
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PIC18FXX2

FIGURE 1-2: PIC18F4X2 BLOCK DIAGRAM
Diata Bus=5>
r——— /- "
| | ) ” | PORTA |
— 57 +—=[] RaDiAMD
29 able Pomter Diata Latch | i RATANT |
—— ' 3 s 3 Data RAM +—=[{] RA2IAN2IVREF-
L . (up to 4 | L ; b RAJANIVREF+ |
2] inc/dec logic address reach) | . i RAHTOCKI |
I — Rfiress Laich | TS
. e y
Address Lateh I “L:’““ POLAT Y 12® | |
Frogram Memory Y Addrese<12=
{5 10 2 Mbytes] PCU PCL o |l | porTe |
Data Latch Program L ounter SIS . | REONTD
E: £ 7 -— i
—r 1k FSRO || [Bankd. ] | +—=[X| RE1/INT1 |
L[ | 41| RE2INT2 |
|| FSR2 12 i} +—= | RE3CCp2I |
r i —+— | RB4
16 JL | [+—=[x] RESIPGM |
+— RBE/FPCG
L rereee |
H 8 | |
| porTe |
|| RCOMIOSOTICEK]
| H reumiosticerz! |
Instruction | +—=[x] RC2ICCP
Register | 4= RCHSCKISCL |
- T —= ] RC4/SDISDA |
Instruction I il
Decode & | B y |
Contro | — RCT/IRXDT |
OSC2ICLKD
OSC1CLEKI * } 4‘ * *‘ | |
e Power-up PORTD
Xk Timer | RDO/PSPO |
T105C! i Timin - Oscillator RD1/PSP1
T105C0O -—| Generafion [~ Shrt.up'ﬁma' - | ROMPSE2 |
- Foweron L ROPSE |
ese HPS
— | RDSIPSPS |
4% PLL Watehdog | RDE/PSPE |
ROTIPSPT
Precision Brown-out & | |
Voltage Resst || | 2CRTE |
_ Reference Low ‘oliage _
I*-‘LLR[E Programming | +—=[x] REQANSRD |
VoD, VES 'D”B-EL‘ITC“; ——L 4+—=[<] RE1/ANSWR |
o | l+—=[<] RE2ANTICS |
| |
L - _ _ _ _ 4
r—-—""—_--—--—_-—---—- —-——--__--y - - - —_-—_ - !
: TimerD Timer1 Timer2 Timer3 A/D Converter :
I I il il 1 |
| I I ] Il I 1 |
| Master |
o Addressable
CCP1 CCP2 Synchronous ; pf’"' Parallel Slave Port Data EEPROM
I Serial Port USART |
L e e e e e e e e e e M|
MNote 1: Optional multiplexing of CCP2 input/output with RB2 iz enabled by selection of configuration bit.

2: The high order bits of the Direct Address for the RaM are from the BSR register {except for the MOVEF instruction).

3 Many of the general purpose /O ping are mulfiplexed with one or more perigheral meduls functions. The multiplexing combinations
are device dependent.
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TOSHIBA 25C1815

TOSHIBA TRANSISTOR SILICON NPN EPITAXIAL TYPE (PCT PROCESS)

25C1815

AUDIO FREQUENCY GENERAL PURPOSE AMPLIFIER APPLICATIONS. Unit in mm
DRIVER STAGE AMPLIFIER APPLICATIONS.

+  High Voltage and High Current
: VeEo =50V (Min.), Ip =150mA (Max.)
. Excellent hpp, Linearity
: hpg(2)=100(Typ.) at Vo =6V, Ig=150mA
: hpg (Ig=0.1mA)/ hpg (Ig=2mA)=0.95 (Typ.)
« Low Noise : NF=1dB(Typ.) at f=1kHz
. Complementary to 25A1015(0, Y, GR class)

4TMAK,

L% MIN.

MAXIMUM RATINGS (Ta = 25°C)

CHARACTERISTIC SYMBOL | RATING | UNIT
Collector-Base Voltage VCBO 60 v
Collector Emitter Voltage VCEO 50 v
Emitter-Base Voltage VEBO 5 v 1. EMITTER

2. COLLECTOR

Collector Current Ig 150 mA 3 BASH
Base Current. — Ip A0 mA JEDEC TO-92
Coller,:tor Power Dissipation Pgo 400 mW EIAJ SC-43
Junetion Temperature T; 125 C TOSHIBA 2.5F1B
Storage Temperature Range Tstg —55~125 °C Weight : 0.21g

ELECTRICAL CHARACTERISTICS (Ta = 25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. | TYP. | MAX. | UNIT
Collector Cut-off Current IcBO Vep =60V, Ig=0 — — 0.1 | eA
Emitter Cut off Current IEBO VEB=5V, Ic=0 — — 0.1 | A

hFE(1)

Ver =6V, Io=2mA 0 | — | 700

DC Current Gain (Note) | "CE=SVIC

hyrg2) | Ver=6V, Ip=150mA 25 100 | —
Collector-Emitter Saturation
Voltage VCE(sat) | Ig=100mA, Ig=10mA — 01 1026 | V
Base-Emitter Saturation Voltage | VBE(gat) | Ic=100mA, Ig=10mA — — 1.0 V
Transition Frequency fr VeE=10V, Ig=1mA 80 —_ MHz
Collector Ouput Capacitance Cobh Vep=10V, Ig=0, {=1MHz — 2.0 3.5 pF
Base Intrinsic Resistance Thb' :Eg;dlg:’ Tg=—1ImA — 50 | — 0
Noise Figure NF Vo =6V, Ig=0.1mA _ 1.0 10| B

f=1kHz, Rg=10k0
Note : hpg Classification 0:70~140 Y : 120~240 GR : 200~400  BL : 350~700
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25C1815

Ig - VCE
240
[ [T I T T Tcomvon emrrrer
E 60 80T T | ma=npre
200 7 .“/'Si—
2 // _l/ 7 20
180 g = .
E /4 A .
g 120 '0,/ e LT
‘__.-"
LE]
= —
E 80 0.5
o I T
3 40 Ig=0.2mA
8 = -
: AEOREENE
o 1 2 8 4 &5 6 T B

COLLECTOR-EMITTER VOLTAGE Vg (V)

VCE(sat) — IC

3
= COMMON EMITTER
2 . Ic/Ig=10
gi
~ 05
ag 0.3
pot .
=
i:::b
) 0.1 ; ;
B " T T
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g — =
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2 100
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1
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] — A | ——— — 11
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TRANSITION FREQUENCY

hpg - I¢
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25C1815

h PARAMETER

COLLECTOR POWER DISSIPATION Pg  (mW)
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International
ISR Rectifier

PRELIMINARY

PD-9.1492A

IRFP9140N

HEXFET® Power MOSFET

* Advanced Process Technology D
e Dynamic dv/dt Rating — Vpss = -100V
¢ 175°C Operating Temperature I/— '
* P-Channel | A4 Rops(on) = 0.117Q
¢ Fast Switching G
¢ Fully Avalanche Rated 5__3 Ip = -23A
Description S
Fifth Generation HEXFETs from International Rectifier
utilize advanced processing technigues to achieve
extremely low on-resistance per silicon area. This
benefit, combined with the fast switching speed and
ruggedized device design that HEXFET Power
MOSFETs are well known for, provides the designer
with an extremely efficient and reliable device for use
in a wide variety of applications.
The TO-247 package is preferred for commercial-
industrial applications where higher power levels
preclude the use of TO-220 devices. The TO-247 is TO24TAC
similar but superior to the earlier TO-218 package
because of its isolated mounting hole.
Absolute Maximum Ratings
Parameter Max. Units
Ip @ Tz =25°C Continuous Drain Current, Ve @ -10V -23
Ip @ T =100"C| Continuous Drain Cumrent, Viz- @ -10V -16 A
lom Pulsed Drain Current @@ -6
Pp @Te =25°C Power Dissipation 140 W
Linear Derating Factor 0.91 WrC
Vas Gate-to-Source Voltage +20 v
Eus Single Pulse Avalanche Energy@@ 430 m.J
lam Avalanche Current® -1 A
Eur Repetitive Avalanche Energy®™ 14 mJ
dv/dt Peak Diode Recovery dvidt @ 50 Vins
T, Operating Junction and 55 o+ 175
Ts7a Storage Temperature Range °C
Soldering Temperature, for 10 seconds 300 (1.6mm from case )
Mounting torque, 6-32 or M3 screw 10 lbfein (1.1N=m)
Thermal Resistance
Parameter Typ. Max. Units
Reic Junction-to-Case — 1.1
Recs Case-to-Sink, Flat, Greased Surface 024 — “CIW
Reaa Junction-to-Ambient —_— 40




IRFP9140N International

IoR Rectifier
Electrical Characteristics @ T, = 25°C (unless otherwise specified)
Parameter Min. | Typ. | Max. | Units Conditions
VigR)oss Drain-to-Source Breakdown Voltage 100 | — | — Voo Ves =0V, Ip = -250pA
AVisrjnss/AT) | Breakdown Voltage Temp. Coefficient | — [-0.11| — | V/"C | Reference to 25°C, Ip =-TmA®
Rosien Static Drain-to-Source On-Resistance | — | — |0L117| @ | VWes =-10V, I =-13A @
Vasih) Gate Threshold Voltage 20| — | 40| V VD.:- =Vas, o = -250pA
Ofs Forward Transconductance 53 | —|— | 8 ps =-50V, Ip = 1A=
. — | — ] 25 ps =-100V, Vgs =0V
lo=s Drain-to-Source Leakage Current N — T pA <= B0V, Vos OV, T, = 150°C
| Gate-to-Source Forward Leakage — | — | 100 nA V._—,g =20V
33 Gate-to-Source Reverse Leakage — | — | -100 Ves = -20V
Cly Total Gate Charge — | —| 97 Io=-11A
Clgs Gate-to-Source Charge — | —] 15 nc | Vps =-80V
Clgy Gate-to-Drain ("Miller") Charge — | —| 51 Was =-10V, See Fig. 6 and 13 &
taion) Turn-On Delay Time — | 15 | — Yoo = -B0V
t- Rise Time — | BT | — ns Io=-11A
tarom Turn-Off Delay Time — | 51 | — Rz =51a
tr Fall Time — | 51 | — Rp = 4.20, See Fig. 10 @@
] Betwesn lead D
— | 50| — ’ —g
Lo Intemal Drain Inductance o Bmm (0.25in ) : P .
Ls Intemnal Source Inductance — 13 | — from package ) - {
and center of die contact 3
Ciss Input Capacitance — [ 1300 — Ves =0V
Coss Output Capacitance — | 400 | — | pF | Vps =-28Y
Crss Reverse Transfer Capacitance — | 240 | — f=1.0MHz, See Fig. 5@
Source-Drain Ratings and Characteristics
Parameter Min. | Typ.| Max. | Units Conditions
I Continucus Source Current MOSFET symbol "
{Body Diode) —|—] % 4 | showing the 7 |—},
Isw Pulsed Source Current 76 integral reverse I FIF—J/
(Body Diode) m@ I R p-n junction diode.
Vep Dicde Forward Vaoltage — | — 13 V [ T;=25°C, I3 =-13A, Vas =
ter Reverse Recovery Time — [ 150 220 [ ns | T;=25°C, l==-11A
Qe Reverse RecoveryCharge — | 830 1200 pC | difdt=-100A/us @
ton Forward Turmn-On Time Infrinsic tum-cn time is negligible (tum-con is dominated by Ls+.p)
Notes:
(I Repetitive rating; pulse width limited by @ Pulse width = 300ps; duty cycle < 2%.
max. junction temperature. { See fig. 11) ’
2 Starting T)=25°C, L = 7. 1mH @ Uses IRF9540N data and test conditions

Rz = 2502, |5 = -11A. (See Figure 12)

@ Igp= -11A, difdt = -470AlS, Vop = Vigriozs.,
T, 175°C
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Advanced Process Technology
Dynamic dv/dt Rating

175°C Operating Temperature
P-Channel

Fast Switching

Fully Avalanche Rated

Description

Fifth Generation HEXFETs from International Rectifier
utilize advanced processing techniques to achieve
extremely low on-resistance per silicon area. This
benefit, combined with the fast switching speed and
ruggedized device design that HEXFET Power
MOSFETs are well known for, provides the designer
with an extremely efficient and reliable device for use
in a wide variety of applications.

The TO-247 package is preferred for commercial-
industrial applications where higher power levels
preclude the use of TO-220 devices. The TO-247 is

HEXFET® Power MOSFET

VDSS = -100V
RDS(on} =0.117Q2

Ip = -23A

similar but superior to the earlier TO-218 package TO-247AC
because of its isolated mounting hole.
Absolute Maximum Ratings
Parameter Max. Units
b @ T =25°C Continuous Drain Current, Wz @ -10V -23
b @ T =100°C| Continuous Drain Current, V- @ -10V -16 A
lom Pulsed Drain Current @@ -6
Pp@Tez =25°C Power Dissipation 140 W
Linear Derating Factor 0.91 Wi°C
Vas Gate-to-Source Voltage +20 W
Eus Single Pulse Avalanche Energy@® 430 m.J
lam Avalanche Current® -1 A
Ear Repetitive Avalanche Energy™ 14 m.J
dv/dt Peak Diode Recovery dvidt @& -5.0 Vins
T, Operating Junction and 55 to + 175
Tare Storage Temperature Range °C
Soldering Temperature, for 10 seconds 300 (1.6mm from case )
Mounting torque, 6-32 or M3 screw 10 lbfen (1.1M=m)
Thermal Resistance
Parameter Typ. Max. Units
Reuc Junction-to-Case -— 1.1
Recs Case-to-Sink, Flat, Greased Surface 0.24 —_— "CIW
Raa Junction-to-Ambient —_— 40
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IR Reciifier
Electrical Characteristics @ T, = 25°C (unless otherwise specified)
Parameter Min. | Typ. | Max. | Units Conditions
Vigripss Drain-to-Source Breakdown Voltage 100 | — | — V| Ves =0V, Ip = -250pA
AVisrinss/AT) | Breakdown Voltage Temp. Coefficient | — [-0.11| — | VI°C | Reference to 25°C, Ip =-TmAS®
Rosion) Static Drain-to-Source On-Resistance | — | — (0117 @ | Ves=-10V, 5 =-13A @
Vash) Gate Threshold Voltage 20| — | 40 V| Vps =Ves, lo =-250pA
s Forward Transconductance 53 | —|— | S | Vos=-80V,Ib=1AT
lpss Drair-to-Source Leakage Current : : '225% pA EEZ ; :QESVVE:SJJ?FVT T
lose Gate-to-Source Forward Leakage — | — | 100 nA Wes = 20V
Gate-to-Source Reverse Leakage — | — | -100 Vag = -20V
Cly Total Gate Charge — | — | 97 Ip=-114
Qgs Gate-to-Source Charge — | —] 15 nC | Vps =-80V
Qg Gate-to-Drain ("Miller”) Charge — | — & Vag =-10V, See Fig. 6 and 13 @@
taron) Turn-On Delay Time — | 15 | — Yoo = -50V
tr Rise Time — | BT | — ns Ip=-11A
tarom Turn-Off Delay Time — | 51| — Rz =510
t Fall Time — | B | — Rp =4.20, See Fig. 10 @®
Lo Intemal Drain Inductance — | 50| — » E:Fr:e(??_lgianc.‘). I- P ‘DI
Le Intemal Source Inductance — | 13 | — from package ) HL _. /
and center of die contact 8
Ciss Input Capacitance — | 1300 — Ves =0V
Coss Output Capacitance — | 400 | — | pF | Vps=-25V
Cree Reverse Transfer Capacitance — | 240 | — f=1.0MHz, See Fig. 5=
Source-Drain Ratings and Characteristics
Parameter Min. | Typ.| Max. | Units Conditions
s Continuous Source Current | MOSFET symboal "
{Body Diode) A showing the I '_ﬁ
Ista Pulsed Soume Current S I integral reverse a |_,/
{Body Diode) @ p-n junction diode. s
Vsp Diode Forward Voltage — | —] -1.3 Vol Ty =25°C, Is =-13A, Ves =0V @
ter Reverse Recovery Time — | 150 220 ns | T,=25°C, I =-11A
Cr Reverse RecoveryCharge —— | 8301|1200 pC | difdt=-100A/us @
tan Forward Tum-On Time Infrinsic fum-on time is negligible (fum-on is dominated by Ls+Lpn)
Notes:

(' Repetitive rating; pulse width limited by

max. junction temperature. { See fig. 11)

@ Starting T, = 25°C, L = 7.1mH

Rg = 250, 5 = -11A. (See Figure 12)

@ lgp=-T1A,
T,= 175°C

difdt = -4T0AJS, Viop = Vigajose.

@ Pulse width < 300ps; duty cycle < 2%.

@ Uses IRF9540N data and test conditions

74



International
ISR Rectifier

IRFP9140N

100

urce Current (A)

n_Sn
=

—I|3 . Drain-t

100
<
—
=
a
=
3 10
[
a
I
=
=
o
w
o
=
I
—
]

TCP
J’f
-50 }‘/
EOTTOM - LA
d
i
rd
¥
4l
A
=4 5V = 50ps PULSE WIDTH
/1 | || 7c=25¢
1 b 100
Vg . Drain-to-Source Voltage (V)
Fig 1. Typical Output Characteristics
Ty = 25°C e
=]
1= 175°¢
.
7 /
F
Jy
Woz = -25V
20us PULSE WIDTH
‘ 5 B 7 8 : 10

-Vgs , Gate-to-Source Voltage (V)

Fig 3. Typical Transfer Characteristics

urrent (A

o-Source C

urce On Resistance

rmalize

0-3

gien) o Drain-t

Rp

-lp . Drain-t

Q

(No

100

VGE
TOF 15V

-5
SOTTOM - 4.5V

2
d
,_-—

g

-Vpg . Drain-to-Source Veltage (V)

10 100

Fig 2. Typical Output Characteristics

]

=

in

Ip =-194

Ves = -10V

40 -40 -20

T).

0 20 40 &80 a0 100 120 14D 180 180
Junction Temperature (*C)

Fig 4. Normalized On-Resistance

Vs Temperature



IRFP9140N

76

Infernational

apacitance (pF)

el
L

urrent (A)

~
L

o, Reverse Drain

-la

3000
Vs =0V,  [= IMHzZ
Cies = 3;5 = C;j . C4qe SHORTED
2500 cres = cad
z500 \ Lgss = Lds F Cgc
\\ i
AN N
2000 \ Ciss
e
N =
1500 I \\ \"‘\
085
1000 \,\I |
Crss| N
—
P
500 ™ ~
T
"-ll‘-_--
0
1 10 100
-Vpg . Drain-to-Source Voltage (V)
Fig 5. Typical Capacitance Vs.
Drain-to-Source Vaoltage
100
"_- ..
,f
P
o 7 7
1 - 1750 BE i
—T,= 175 -
/ T = 25°C
/f ‘
1 ¥ !
i ]
J i f
1 1
I
1 j i Ves =0V
0z 04  0E 08 10 12 14 8

Vsp , Source-to-Drain Voltage (V)

Fig 7. Typical Source-Drain Diode
Forward Voltage

Current (A)

Jp. Drain

20
= 1T
— .'-'IDS = 'Bl:"\-r"‘-\
= . Vgs = -50V-
= Vps = -20V L
2 77

e Vo
\\
N&
N

e V,
3 ////
[£F]
EN Wi
= ya'74
(U]
o 4
= |/
FOR TEST CIRCUIT
o SEE FIGURE 13
0 20 40 80 20 i
Q. Total Gate Charge (nC)
Fig 6. Typical Gate Charge Vs.
Gate-to-Source Voltage
roc TP
[ OPERATION IN THIS AREA LIMITED
BY Rosian)
100
o I []
4 0y mEIH
Pl » W
¢ " "
2 ¥ hS v .
¥ ~ Odps
N > \\
‘ ims
Tc =25C N
T, =175°C 10ms
Single Pulse |
1 10 100 1000

-Vpg . Drain-to-Source Yoltage (V)

Fig 8. Maximum Safe Operating Area

TSR Reciifier



International
ISR Rectifier

Advanced Process Technology
Dynamic dv/dt Rating

175°C Operating Temperature
Fast Switching

Fully Avalanche Rated

Description

Fifth Generation HEXFETs from International Rectifier
utilize advanced processing techniques to achieve
extremely low on-resistance per silicon area. This
benefit, combined with the fast switching speed and
ruggedized device design that HEXFET Power
MOSFETs are well known for, provides the designer
with an extremely efficient and reliable device for use
in a wide variety of applications.

The TO-247 package is preferred for commercial-
industrial applications where higher power levels
preclude the use of TO-220 devices. The TO-247 is

77

PD - 91503D
IRFP150N

HEXFET® Power MOSFET

D
VDSS =100V

’I’ RDS(OH) =0.036Q

Ip = 42A

w

similar but superior to the earlier TO-218 package TO-247TAC
because of its isolated mounting hole.
Absolute Maximum Ratings
Parameter Max. Units
Ip@ Te =25°C Continuous Drain Current, Vgs @ 10V 42
Ip@ T =100°C| Continuous Drain Current, Vs @ 10V 30 A
Iom Pulsed Drain Current ©® 140
Pp@Tg =25°C Power Dissipation 160 W
Linear Derating Factor 1.1 Wi=C
Vas Gate-to-Source Voltage + 20 v
Eas 420 mJ
lag ) 22 A
Err Repetitive Avalanche Energy® 16 mJ
dv/dt Peak Diode Recovery dv/dt 50 Vins
Ty Operating Junction and -55 to+ 175
Tsta Storage Temperature Range *C
Soldering Temperature, for 10 seconds 300 (1.8mm from case )
Mounting torque, 6-32 or M3 srew 10 Ibfein (1.1N+m)
Thermal Resistance
Parameter Typ. Max. Units
ReJc Junction-to-Case _— 0.95
Recs Case-to-Sink, Flat, Greased Surface 0.24 —_— “CIW
RaJa Junction-to-Ambient — 40
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Electrical Characteristics @ T, = 25°C (unless otherwise specified)
Parameter Min. | Typ. | Max. | Units Conditions
V(BRIDSS Drain-to-Source Breakdown Voltage 100 | — | — \% Vas = 0V, Ip = 250pA
AVigripss/AT, | Breakdown Voltage Temp. Coefficient | — [ 0.11 | — | V/°C | Reference to 25°C, Ip = TmA®
Rps(on) Static Drain-to-Source On-Resistance | — | — [0.036| Q Vieg =10V, Ip = 234 @
Vesith) Gate Threshold Voltage 20 | — | 40 ) Vog = Vs, Ip = 250pA
Ofe Forward Transconductance 14 | —| — S Vps = 25V, Ip = 22AG
Ipss Drain-to-Source Leakage Current —— |2 HA Vps = 100V, Ves = OV .
— | —| 250 Vps = 80V, Vgg = 0V, Ty = 150°C
| Gate-to-Source Forward Leakage — | — | 100 A Vs = 20V
Gss Gate-to-Source Reverse Leakage — | — | 100 Vs = -20V
Qg Total Gate Charge —_— | — | 110 Ip = 22A
Qgs Gate-to-Source Charge —_— | — 15 nC | Vps =80V
Qga Gate-to-Drain ("Miller") Charge — | — | 58 Vs = 10V, See Fig. 6 and 13 @3
t5(on) Turn-On Delay Time — 11 | — Vpp = 50V
tr Rise Time — | 56 | — ns Ip = 22A
td(off) Turn-Off Delay Time _— 45 | — Re = 3.6Q
tf Fall Time J— 40 | — Rp =2.9¢ See Fig. 10 @3
Bet lead, ;
Lp Internal Drain Inductance — | 50| — » B;:;E(Eri?;z_)' l/’ '-'A~=“|
from package =, ﬂ.ﬂz’
L. Int IS Induct: — | 1 —_— —
s niemal souree Inductance 123 and center of die contact H:I
Ciss Input Capacitance — 1800 — Ves = 0V
Coss Output Capacitance — | 450 | — | pF | Vpg=25Y
Crss Reverse Transfer Capacitance — | 230 | — f=1.0MHz, See Fig. 5@
Source-Drain Ratings and Characteristics
Parameter Min.| Typ.| Max. | Units Conditions
Is Caontinuous Source Current MOSFET symbol —.°
(Body Diode) — || * a | showing the ,-/L }-I
| /
I Pulsed Source Current 340 integral reverse el ;J~/
(Body Diode) @® T p-n junction diode. ~l
\Vsp Diode Forward Voltage — | — 1.3 v Ty=25°C, Is =23A, Vs = 0V @
trr Reverse Recovery Time — | 180 270 ns | Ty=25°C, I[g = 22A
Qpr Reverse RecoveryCharge — 12| 18 pC | difdt = 100A/ps @ &
ton Forward Turn-On Time Infrinsic turn-on time is negligible (turn-on is dominated by Lg+Lp)
Notes:
@ Repetitive rating; pulse width limited by @ Pulse width = 300ps; duty cycle = 2%.
max. junction temperature. ( See fig. 11)
@ Starting Ty=25°C, L = 1.7mH ® Uses IRF1310N data and test conditions.

Rg =250, lag= 22A_ (See Figure 12)

® lgp < 22A, difdt < 180A/ps, Vpp < Vigripss,
T,<175°C
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