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ABSTRACT

In the current century, DC motors plays a vital role in industrial areas. The
efficient motor, are motor that be able to control the speed. Motor speed is controller by
signal representing from microcontroller, in this project, the power converter for DC
motor application is developed. One type of common method is by using Pulse Width
Modulation (PWM), to control the speed of DC motor. Rectifiers which converted AC
to DC supply and buck/boost converter are used to step up/step down a voltage or
current while DC motor used as a load. Supplies to the DC motor are developed and the
output is controlled by using PWM. PIC microcontroller is used to generate the PWM
wave which can be varied in duty ratio, in order to create another level of DC voltage.
This project starts with design circuit of a buck-boost converter using Orcad software
and also Proteus 7.6 professional. In addition, hardware prototype has been developed
based on the circuit designed. The system performance are evaluated and analyzed in
comparison with a simulation results, at the end of this project the motor speed will
satisfied the desired speed.



ABSTRAK

Pada abad ini, motor DC memainkan peranan penting dalam industri. Motor
yang cekap, adalah motor yang boleh mengendalikan kelajuan. Kelajuan Motor kawalan
oleh isyarat yang mewakili dari mikrokontroler, dalam projek ini, penukar kuasa untuk
aplikasi motor DC dibangunkan. Salah satu jenis kaedah yang umum adalah dengan
menggunakan kaedah Pulse Width Modulation (PWM), untuk mengawal kelajuan motor
DC. Rectifier digunakan untuk menukar AC kepada DC dan buck / boost konverter
digunakan untuk meningkatkan atau menurungkan voltan atau arus semasa motor DC
digunakan sebagai beban. Perlengkapan untuk motor DC dibangunkan dan output
dikawal dengan menggunakan PWM. PIC mikrokontroler digunakan untuk
menghasilkan gelombang PWM yang boleh berubah-ubah nisbah, dalam rangka
mencipta tahap voltan DC yang berbeza. Projek ini bermula dengan rangkaian
mewujudkan sebuah konverter buck-boost menggunakan software Orcad dan juga
Proteus 7.6 profesional. Selain itu, prototaip peranti keras telah dibangunkan
berdasarkan pada rangkaian yang dirancang. Prestasi sistem dinilai dan dianalisis
dibandingkan dengan hasil simulasi, pada akhir projek ini kelajuan motor akan
memenuhi kelajuan yang dikehendaki.
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CHAPTER 1

INTRODUCTION

1.1  Project Background

This chapter briefly explain about Development of Buck-Boost Converter for DC
Motor Speed Control application and its operation. This chapter also will explain the

overview of project, objectives, scope of project, problem statement.

1.2 Overview of Project

Motor find the most practical use in our every day life in form of modern gadget
device and application. Basically the core of electrical motor is to convert current into
mechanical force. Motor have many type even in AC or DC type. Focus on DC motor, to
control DC motor, are directly proportional to the supply voltage, so if we reduce the
supply voltage from 12 Volts to 6 Volts, the motor will run at half the speed.



In this project, the design of adjustable SMPS regulator voltage is used to supply
electrical energy. According to the research made by power supply designer, SMPS is

better compare to linear power supply in term of efficiency, size and weight [1]

because the SMPS will regulate the voltage using Pulse-Width Modulation (PWM)
technique. For linear power supply, it regulates the voltage or current by wasting excess

voltage or current as heat which is very inefficient.

In this project the output voltage of this SMPS used to control the speed of a DC
motor with specification 24V and 25W. The switching element in this SMPS will be
connected to PIC microcontroller. Various output voltage will be regulated by changing

the duty cycles of switching element [3].

1.3 Project Objective

The objective of this project is to;

i.  Develop SMPS regulator voltage driving by Pulse Width Modulation (PWM)
technique using PIC microcontroller type.

ii.  To design SMPS where can be adjustable DC output voltage using Buck-Boost
converter that regulate voltage using switching element driven by PWM
technique using PIC microcontroller.

a. Transistor used as switching element in this SMPS, where PWM
technique is applied to switch the transistor fully on and fully off.
b. PIC microcontroller can be programmed to generate various duty cycle
based on desired value.
iii.  To build a circuit that can control the output voltage which is can step up the

voltage or can step down the output voltage.



1.4

1.5

Scope Project

Analyzing the applications of power electronic in the circuit of DC power supply

such as rectifier, snubber circuit, and Dc-Dc buck/boost converter.

PWM is generated using PIC microcontroller.
» PIC microcontroller can be used to generate PWM, and the programming
control duty cycle to be set, than the voltage output can be achieve based

value desired.

This project is to develop an adjustable output DC voltage.

» This SMPS will use PIC microcontroller to generate PWM where it will
control the duty cycle of switching. By using this PIC microcontroller, the
duty cycle can be adjusted to produce variable output voltage using the Buck-
Boost converter topology formula.

Problem Statement

In the current century, DC motors plays a vital role in industrial areas. DC motors are

used widely to a machine, conveyer to produce a production.

Each day DC motor are popular widely used to a certain equipment, to make this motor

more reliable:

DC-DC converters are required to supply various levels of voltages.



ii.  Power supply that can provide energy for long duration usage is needed, in order
to extend the lifetime, it is very important to optimize the efficiency of the DC-
DC converter, especially the light load efficiency.

iii.  The efficiency variation of a PWM synchronous buck-boost converter, are made
to minimize the power loss.

iv.  Using buck-boost converter also can improve the control speed of DC motor in
order to step up or step down the speed desired.

v.  Power supply that can be control the output voltage is less in market.

1.6 Thesis Outline

Chapter 1 explains the background of the project, the project objectives, scopes
and the problem statement for Buck/boost converter for DC motor speed control
application.

The concept of Pulse Width Modulation (PWM) is the major element for the
development of

the system.

Chapter 2 is the theory on the key component used in this project. This includes
the Power Mosfet, buckboost circuit, and DC motor. It also covers the literature review

of these components.

Chapter 3 focuses on the methodologies for the development of the electrical
structures and the implementations of microcontroller programming. It gives a brief
review on the concept of PWM controller, the electronics structure for hardware
development, the calculation involve and the programming for the operation of the

systems.



Chapter 4 discusses on the results obtained of throughout the progress. All
discussions are concentrating on the result and performance of the Buckboost converter
for DC moter speed control application. The discussion is valuable for future

development of any system similar to this project.

Chapter 5 is the conclusion for the project. It also discusses the future
recommendation to improve the effectiveness, function, application and accuracy of
the system. In addition, cost and commercialization sections are elaborated.



CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

These chapters review the study of DC motors, and explain in detail the
operation of Pulse Width Modulation (PWM) control, switching mood power supply
(SMPS), rectifier and buck-boost converter. Besides, all the circuit diagram and element

that had been used to develop this project will be review in detail.

2.2 DC-DC Converter

221 Definition

DC to DC converter is an electronic circuit which converts a source of direct

current (DC) from one voltage level to another [4].


http://en.wikipedia.org/wiki/Electronic_circuit
http://en.wikipedia.org/wiki/Direct_current
http://en.wikipedia.org/wiki/Direct_current
http://en.wikipedia.org/wiki/Voltage

DC to DC converters are important in portable electronic devices such as cellular
phones and laptop computers, which are supplied with power from batteries primarily.
Such electronic devices often contain several sub-circuits, each with its own voltage
level requirement different from that supplied by the battery or an external supply.
Additionally, the battery voltage declines as its stored power is drained. Switched DC to
DC converters offer a method to increase voltage from a partially lowered battery
voltage thereby saving space instead of using multiple batteries to accomplish the same

thing. Most DC to DC converters also regulate the output voltage.

2.3  Switch-Mode Power Supply (SMPS)

A switched-mode power supply (SMPS) is an electronic power supply unit that
incorporates a switching regulator in order to provide the required output voltage. An
SMPS is actually a power converter that transmits power from a source (e.g., a battery or
the electrical power grid) to a load (e.g., a personal computer) with ideally no loss. The
function of the converter is to provide a reliable output voltage often at a different level

than the input voltage.

SMPS is an electronic power supply unit that incorporates a switching regulator
that is an internal control circuit that switches power transistor such as MOSFET rapidly
on and off in order to stabilize the output voltage or current. Switching regulators are
used as a replacement for the linear regulators when higher efficiency, smaller size and
lighter weight are required. This greatly reduces the cooling requirements and allows a
much higher power density. [3]


http://en.wikipedia.org/wiki/Cellular_phone
http://en.wikipedia.org/wiki/Cellular_phone
http://en.wikipedia.org/wiki/Laptop_computer
http://en.wikipedia.org/wiki/Battery_%28electricity%29
http://en.wikipedia.org/wiki/Electrical_network
http://en.wikipedia.org/wiki/Power_supply
http://en.wikipedia.org/wiki/Power_grid

2.4 Pulse-Width Modulation (PWM)

Pulse-Width Modulation (PWM) are use for controlling analog circuits with a
processors digital output. PWM uses a square wave whose duty cycle is modulated
resulting in the variation of the average value of the waveform. PWM can be used to
reduce the total amount of power delivered to a load without losses normally incurred
when a power source is limited by resistive means. This is because the average power
delivered is proportional to the modulation duty cycle. With a sufficiently high
modulation duty cycle (D). With a sufficiently high modulation rate, passive electronic
filters can be used to smooth the pulse train and recover an average analog waveform.
High frequency PWM power control systems are easily realizable with semiconductor
switch. The discrete on/off states of the modulation are used to control the state of the
switch which correspondingly controls the voltage across or current through the load.
The major advantage of this system is the switch are either off and not conducting any
current, or on and have (ideally) no voltage drop across them. The product of the current
and the voltage at any given time defines the power dissipated by the switch, thus no
power is dissipated by the switch. Realistically, semiconductor switches such as
MOSFETs or BJTs are non-ideal switches, but high efficiency controllers can still be
build.

2.5 PIC 18F4550 Microcontroller

Many microcontrollers include on-chip PWM units. PIC 18F4550 has two, each
of which has a selectable on-time and period. The duty cycle is the ratio of the on-time
to the period, the modulating frequency is the inverse of the period. To start PWM

operation, the data sheet suggests the software should:



« Set the period in the on-chip timer/ counter that provides the modulating square
wave.

+ Set the on-time in the PWM control register.

» Set the direction of the PWM output, which is one of the general-purpose 1/O pins.

+ Star the timer.

+ Enable the PWM controller.

The standard P1C18 instruction set adds many enhancements to the previous
PICmicro instruction sets, while maintaining an easy migration from these PICmicro
instruction sets. Most instructions are a single program memory word (16 bits) but there
are four instructions that require two program memory locations.

Each single-word instruction is a 16-bit word divided into an opcode, which specifies
the instruction type and one or more operands, which further specify the operation of the

instruction.

The instruction set is highly orthogonal and is grouped into four basic categories:
« Byte-oriented operations
« Bit-oriented operations
« Literal operations

« Control operations



CHAPTER 3

METHODOLOGY

31 Overview

This chapter explains about hardware development such as equipments,
procedures and method design for a Buck Boost Converter in Motor. The relevant
information is gathered through literature review from previous chapter. This chapter
also will cover about designing the buck boost converter, software, part by part circuits
and complete circuit. Before looking at the details of all methods below, it is best to

begin with brief review of the system design.

3.2 HARDWARE DEVELOPMENT

3.2.1 System Design

The output voltage of the converter is then varied by using pulse width
modulation control which varies the duty cycle of the switch, and then Microcontroller
IS use to generate the PWM that can control switching of the MOSFET and also use to

control the electric energy to operate a variable speed electric motor.
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PWM
CONTROLLER
AC to DC BUCK/BOOTS
RECTIFIER CONVERTER

Figure 3.1: Simple Block Diagram

3.2.2 Buck Boost Converter

For the first part in this project are buck boost converter circuit, this circuit is
needed in this project to control charging voltage from PV module to rechargeable
battery and regulate the output of PV module. The circuit included parts of Buck Boost
components such as Power MOSFET (IRFP150N), diode (1N4148), inductor and

capacitor, and load resistor. Some of the designs criteria as show as follow:

i. POWER MOSFET (IRFP150N)

As illustrate in Figure 3.2, this power MOSFET has limitations operation in
terms of voltage, current and power dissipation. The power absorbed by the gate
drive circuitry should not significantly affect the overall efficiency. The power
MOSFET current rating is related with the heat dissipated in the devices. This rating
will be take in consideration for designing appropriate circuit to protect power
MOSFET against high voltage and current, thus cause heat generation. While
considering protection of power MOSFET against over voltage, a distinction has to
be made between slowly varying over voltage and short time surge. It is about
100Vvdc the minimum rating of drain to source breakdown voltage. Gate voltage
must be 15-20V higher than the drain voltage. Being a high side switch, such gate
voltage would have to be higher than the rail voltage, which is frequently the higher

voltage available in the system. Refer APPENDIX for details specification.
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The datasheet provided by manufacturers are given in order to ensure the devices
neither connected in the specified limits nor exceeded.

TO-247AC S

Figure 3.2: IRFP50N terminal pin configuration

ii. CAPACITOR

Except refer to capacitor value and rating of voltage use in system, the
capacitor also supposed to be choose with minimum loss because switched power
regulators are usually used in high current-performance power supplies. Loss occurs
because of its internal series resistance and inductance. Commonly capacitors for

switched regulators are chosen based on the equivalent series resistance (ESR).

iii. INDUCTOR

The function on inductor is to store energy and the value is selected to
maintain a continuous current mode (CCM) operation as a rated of load (5.6Q) is
decided for this Buck converter. In CCM, current flow continuously in inductor
during the entire switching cycle and output inductance selected to limit the peak to
peak ripple current flowing. The factors to be considered in selecting the inductor are
its peak to peak ripple current (CCM), maximum dc or peak current (not overheat)
and maximum operating frequency (maximum core loss is not exceeded, resulting in

overheating or saturation).
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Design of Buck Boost converter circuit will consider as continuous current
operation mode, CCM. The choice of switching frequency and inductance will affect the
continuous current in Buck Boost converter design. Just for simple overview about buck
boost converter, as the switching frequency increase, it can reduce the size of inductor in
order to produce CCM and reduce capacitor size to limit output ripple in Buck Boost

converter design.

Here the calculations method and formulas used in order to determine the values
of the required components in Buck Boost converter design. This Buck Boost converter

circuit is needed to produce an output voltage of 12Vdc from an input of 17.4Vdc.

Step 1: Determine the duty cycle, D to obtain required output voltage.

D
Vour =-Vin|—— A
ovr=-Vin () (3.)
Where:

D =duty cycle

Vout = Voltage output

VN = Voltage input

D
-12=-174\——
1-D
D
069=|——
1-D

0.69-0.69D=D
D =0.408 @ %D =40.8%
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At 0 duty cycle, there will be 0 volts across the load. At 50% duty cycle, the
output voltage will have the same magnitude as the input voltage but will be inverted.
The maximum duty cycle should be limited to avoid high peak currents and to prevent

instability.

Step 2: Select a particular switching frequency (f) and device

Before Buck Boost converter circuit is design, the pulse width modulation
(PWM) frequency should be determined. Basically, if the frequency increases, the
efficiency of the Buck Boost converter also increases. Thus to choose a suitable PWM
frequency for the Buck Boost converter, both of power consumption and the efficiency

of the system need to be consider.

It is assumed that the design will use some kind of "Soft Switching", and/or "Low
Losses/Non Dissipative Snubbers”. Today, for a new, competitive power supply design,
just using "Hard Switching" is no longer an option. That choosing the switching
frequency must be done at the beginning of a new design, taking in consideration: power

level, cooling method, application specifics.

i.  Power levels 0-50W: any switching frequency between 100 kHz and 1 MHz may
be a good choice, depending of application.

ii.  Power levels 50W-500W: best choice would be between 200 kHz and 500 kHz.
Use 200 kHz for a higher efficiency and 500 kHz for a higher density and easier
filtering.

ii.  Power levels 500W-5kW: best choice would be between 100 kHz and 200 kHz.
Use 100 kHz for a higher efficiency; otherwise 200 kHz is the best choice.

For the project rating power of solar module is 80W so the switching frequency
must in range 200 KHz and 500 KHZ. Assume the switching frequency is 250 KHz for
this project.
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Step 3: Determine minimum inductor, Lyin Size. The switching frequency and inductor

size selected for CCM is f = 250 kHz with load resistor, R =5.6Q

(1-D)?R
min= " 3.2)
Where:
Lmin = Minimum inductor
D = Duty cycle
f = Frequency

R = Resistor

(1-0.632)25.6
2(250K)

Lmin=

= 1.52uH

Step 4: To ensure CCM let inductor be 25% greater than minimum inductor value
L =1.25 Limin (3.3)
=1.25 (1.52pH)
=1.9uH

Step 5: The average current and the change in current

| _Ye 3.4
L=% (3.4)
||_=%

. VinDT

i = (3.5)
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_ (17.4)(0.408)(5557)
B 4.9u

I
o
&
>

Step 6: The maximum inductor current

AiL
Imax = IL + 7 (3.6)

=5+5.8/2
=7.9A

Step 7: The minimum inductor current

AiL
Imin=1L- ~ (3.7)
=5_58/2

=2.1A

Step 8: The capacitor if output ripple not exceed 2%

AVC =2%x-12
=024V
_—VoDT

C= 2AVCR (3.8)

_ —(~12)(0.632) (557)

2(0.24)(5.6)

=11.3pF

Figure 3.3 shows the basic construction of buck boost converter circuit using
software OrCAD PSPICE based on calculations.
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o D1
1 Y I D1N4002
IRF150 :
Llv2 v L1 et
174V— I R1
_[ 1.9uH 12u 56

1

Figure 3.3: OrCAD PSPICE Schematic of Buck Boost Converter.

For this project Buck Boost Converter is use to constant the input voltage of the
PV. The basic circuit is shown in Figure 3.3 that can produce the negative output
voltage. From the circuit, V2 is the photovoltaic cell and V1 is the pulse generator that
use to switching the POWER MOSFETF (M1) for the theoretical, this converter can
operate at two conditions other switch OFF or switch ON. When the switching M1 is
ON condition current will flow to inductor (L1) and increase the inductor current. After
that, if the switching M1 is OFF, the current inductor will be collapse to charge the
capacitor (C1). When the switch is turning on back, the capacitor now discharge and

supply the voltage to resistor (R1).

The PWM of V1 is adjusted to 250KHZ. The duty cycle, D of the pulse
generator V2 will be effect to the output of converter. The output voltage will be same
the input voltage if D is 0.5 or 50% of the time switching. The output voltage will be
increase if the D is greater than 0.5 and the output voltage will be decrease from input
voltage if D is less than 0.5. So, to generate the constant output voltage at variable input
voltage PV that must be use PWM to adjust the D automatically using the PIC18F4550

microcontroller.

For the charging battery, voltage must be greater than the voltage of battery. So

the output of buck boost converter must be up to 13.8 volts to charging the battery 12
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volts. From the simulation PSPICE software, Figure 3.3(a), (b) and (c) showed the graph
output from the Buck Boost Converter. In order to vary the output voltage of converter

some parameter of MOSFET switching at Pulse generator must be constant.
5U

' ' ' ' ' ' ' '
O DU | IO NI |y A
T 1 ' 1 ' 1 v T

__________________________________

' ] ' ] ' ] ' '
F--T- ="~ ~-"r=--1-~-"""~"r~-=1-=-=-r--71- -7

' ' ' ' ' ' ' '
O DU | IO NI |y A
T 1 ' 1 ' 1 v T

au

_________________________________________________________________________________

-180

' '
I _

' ' '

R N R
] I ]

-----------------

' ] ' ] ' ] ' '
F--T1T-=-=---r-- STTTrFTTAT Tt TT T
' ' ' ' ' ' '

15U E— T — —_—
51 1.08ms 2 _8ms 3.08ms 4 _8ms L _Gms
o UW(R1:2})

Time

Figure 3.3(a), PSPICE simulation for Vin=17.4 V; Vout=12 V; D = 0.408

=150

As 1.8Bms 2 _Bms 3 .-8Bms L _Bms 5 - 8ns
o U{R1:2)
Time

Figure 3.3(b), PSPICE simulation for Vin=15.0 V; Vout= 12 V; D = 0.444
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=

R el e e R R e e i i el i R e e e R e s e e

au

-5U

-18uU

_15u : 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
As 1.8ms 2 . 8ms 3 .8ms L . Bms 5 . Bms
o U(R1:2)

Time

Figure 3.3(c), PSPICE simulation for Vin=10.0 V; Vout= 12 V; D = 0.545

3.4  PIC 18F4550 Circuit Design

The second part is a microcontroller circuit. PIC 18F4550 microcontroller is used
in this project to control POWER MOSFET switching duty cycle on the Buck Boost
converter circuit. PIC 18F4550 has 40 pins. This microcontroller offers the advantages
which are very easy to be assembled, can be reprogrammed and erased up to 10,000
times and also an economical price. Therefore it is very good for new product
development phase. Figure 3.4 show 40 pin PDIP of PIC 18F4550 microcontroller.
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MCLRAPPIRE3 —= [ 1 40
RADIAMD = w2 19

RATANT =+—=[]3 38
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RA4TOCKICIOUT/IRCY =——=[] & a5
RAS/ANGSSHLVDINCZOUT =—[]7 34
REDANSICK1SPP w—[] 8 - 33
RE1ANE/CK2SPP =——=[] 9 0 0 32
REZANTIOESPP =—[] 10 v 31

VDD ——= [ 11 e oo an
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OSCUCLKl ——=] 13 o 28
OSCUCLKO/RAE - 14 77
RCOM10OSOMI2CK! =—=[] 15 26
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RCCCPIPIA w—w[] 17 24

YUSE =—=[] 18 23
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[T «—= RB7/KBIIPGD

] +— RBEKBIZPGC

] =— RBS/KBI/PGM

[T =—= RB4/AN11/KBIDICSSPP
] = RB¥ANIICCP2ZMVPD
] == RBANSINT2/VMO

[T =+— REVANIDANT 1/SCKISCL
[T =—= RBIVAM12/ANTOFLTOISDISDA
[] =— OO

[T -—"/ss

] =—= RDT/SPET/P1D

] =—= RDS/SPPEF1C

] +— RDS/SPPS/P1B

] == RO4/SPP4

[T =—= RCTIRXDOTISDO

[T == RCEMXCK

[T == RCS/D+VP

[T +—= RC4/D-/\M

] =— ROZISPP3

] +—= RO2ISPP2

Figure 3.4: 40-Pin PDIP Diagram of PIC 18F4455/18F4550

Before generate PWM signal from PIC18F4550, there are several circuits that is

compulsory for the system to function well. It were included the power supply, clock

circuit, and reset circuit. Power supply circuit (Figure 3.5) is needed in the basic

PIC18F4550 circuitry because 7805 regulator need to regulate the voltage supply of
(>6V to 12V) so that the suitable voltage supply will drop at the PIC18F4550 Vg4 pinl2

and make the PIC to functioned.

>Bv

10uF

LM7805

3y

c2
10uF

Figure 3.5: PIC 18F4550 power supply circuit
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A simple RC circuit (Figure 3.6) is used to produce action-synchronizing clock
pulses. 20-MHz resonator is used for the operation clock oscillation by PIC 18F4550.
The precision of this oscillation frequency doesn't influence the precision of the clock.
The precision of the clock is decided by the precision of the frequency which is inputted
to pinl13 (OSC1) and pin14 (OSC2).

CRYSTAL

= C2 = Ci1

22pF 22pF

Figure 3.6: PIC 18F4550 clock circuit

Meanwhile, the reset circuit (Figure 3.7) is used so that the program from a
known state. It will be reset when the Master Clear (/MCLR) pin is connected to the OV
supply (ground). The PIC has internal circuits to perform this function at power on and
the simplest design involve merely connecting the /MCLR pin directly to the positive
voltage supply through a resistor to the positive voltage supply. When the power supply
IS connected, the voltage rise too slowly then this reset function may not work. By
having a capacitor, at switch on, the capacitor will discharges. The PIC will be held reset

until the voltage /MCLR is above threshold value.
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g 10k

SW1
_H_ RESET

O (e
SW PUSHBUTTON

= 4.7uF

Figure 3.7: PIC 18F4550 reset circuit

35 SOFTWARE DEVELOPMENT

3.5.1 Proteus 7 Professional

The Proteus Design Suite is wholly unique in offering the ability to co-simulate
both high and low-level micro-controller code in the context of a mixed-mode SPICE
circuit simulation. With this Virtual System modeling facility, you can transform your
product design cycle, reaping huge rewards in terms of reduced time to market and

lower costs of development.
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Figure 3.8, Proteus Virtual System Modeling (VSM)

The Figure 3.8 above shown the Proteus Virtual System Modeling (VSM)
combines mixed mode SPICE circuit simulation, animated components and
microprocessor models to facilitate co-simulation of complete microcontroller based
designs. For the first time ever, it is possible to develop and test such designs before a

physical prototype is constructed.

3.3 LIST OF COMPONENT

Table 3.1 shows list component that used in this project.



Table 3.1; List of Component
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No Component Specification Quantity Price
1 | Microcontroller PIC18F4550 1 Rm 25.00
2 | Crystal 20MHz 1 Rm 2.50
3 | Voltage regulator LM7805 1 Rm 1.80
4 | Power Mosfet IRF150 1 Rm 5.00
5 | Heat Sink - 3 Rm 1.80
6 | Zipper IC 40PIN 1 Rm 2.80
7 | Stripe Board Independent 1 Rm 5.00
8 | Reset Button small 1 Rm 0.50
9 | Diode IN4001 5 Rm 2.50
10 | DC motor 12 volts dc motor 1 Rm 85.00
11 | Resistor 3k 2 Rm 0.20
12 | Resistor 1k 2 Rm 0.20
13 | Resistor 10k 2 Rm 0.20
14 | Inductor 100mH 2 Rm 1.20
15 | Capacitor 4700uF 2 Rm 0.40
Total Price Rm134.10




CHAPTER 4

RESULT AND DISCUSSION

4.1 Introduction

This chapter discuss about the result obtained and the limitation of the project.
These results include from hardware, software and also the analysis the wave PWM that

are be produced. All related result will be show in this chapter.

4.2  Software Implementation

For software implementation, MicroCode Studio is software was selected to
program microcontroller in assembly language. Besides, Proteus is used to design the

circuit and simulate the program that had been created by using Microcode Studio.
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4.2.1 MicroCode Studio Software

MicroCode Studio is a powerful, visual Integrated Development Environment
(IDE) with In Circuit Debugging (ICD) capability designed specifically for
microEngineering Labs PICBASIC and PICBASIC PRO Compiler.

The main editor provides full syntax highlighting of your code with context sensitive
keyword help and syntax hints. The code explorer allows to automatically jump to
include files, defines, constants, variables, aliases and modifiers, symbols and labels that
are contained within source code. Full cut, copy, paste and undo are provided, together

with search and replace features.

@ MicroCode Studio - PICBASIC PRO (program sebenar.pbp)

¢ File Edit View Project Help
DPE%» BYEIIEE ==
Fas] v R - |Lerass v :
Code Explorer -8 |5 program sebenar
53 Inchides Fatat s ob b sb st o sk b ot sb st ob ok oh ot oo b sb 3t S E b s st b oE b b s s bR sb 3t o Sh b 3t ot st ob b b st ot shob b ob st o s bt sb st ook bt ~
= I3 Defines r#d Name : CONVERTER.EBAS *
[B] osc & Author ¢ [AEGIS DENT...EDITOR OPTTONS] *
|B] ADC_bits '# Notice @ Coppright (c) Z010 [select VIEW...EDITOR OPTIONS] #
[B] ADC_CLOCK " : All Rights Reserved *
[B] ADC_SAMPLEUS '+ Date p FAEBSZ0I0 *
|B] CCP1_REG 'H Version : 1.0 *
|B] CCPi_BIT "H Notes *
|3 Constants ra : *
- [ varizbles Foatat s ob b sb st o sk b st st st ob ok oh st s o ob b3t S b b s s aEoE b sh s s bR sb 3t o SE b 3t ot st ob b b st ot shob b ob st o sh b st st st o ah bt
[¥] advall DEFINE 03C 2
|3 Alias and Modifiers
=5 Symbols DEFINE ADC hits 10
[8] Pwma_m1 DEFINE ADC CLOCE 3
=[5 Labels DEFINE ADC RAMPLEUS 50
[B] loop DEFINE CCP1 REG PORTC
DEFINE ccPl EBIT 2
SYMBOL PWM M1 = Z ' pwm output at ccpf
advall VAR BYTE
v
< ¥
(0) Ready =l tn30: Col 10

Figure 4.10: The window of MicroCode Studio.
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Figure 4.10 shows the window of MicroCode Studio software. It's easy to set up
compiler, assembler and programmer options or can let MicroCode Studio do it built in
auto search feature. Compilation and assembler errors can easily be identified and
corrected using the error results window. Just click on a compilation error and
MicroCode Studio had been automatically take the error line. MicroCode Studio even
comes with a serial communications window, allowing debugging and viewing serial

output from the microcontroller.
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UA(REVICTRIYF P

Figure 4.11: Overview by using Proteus software.
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4.3 Hardware Development

Figure 4.12: Complete Hardware is developed.

4.3.1 Expected Result

Analysis of Duty cycle before fabricating hardware, thus analysis is done by using
Proteus software, after hardware finalized, the complete of adjustable PWM be analysis

using oscilloscope.

» In the end of the project, SMPS can be controller by PWM technique using PIC
controller, where we can get adjustable DC output at the same time control the

speed of DC motor.

» Converter have advantages of low voltage stresses, low switch and inductor
conduction losses, potential for small inductor size, and the ability to set the

output dc voltage arbitrarily.
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Figure 4.13: Pulse Width Modulation within 80% duty cycle

Figure 4.14: Pulse Width Modulation within 60% duty cycle

The complete circuit has been design in Proteus software to determine whether it
functions or not using those programming are correct. Hex file from Microcode studio
are loaded into PIC 18F4550, and simple drawing has be design like figure 4.11 to
generate PWM. The output of the PWM automatically display after running this
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software, by using potential resistor that use as the analog digital converter, ADC to
adjust the voltage detect from the microcontroller.

There are some different PWM that are generate with a different duty cycle, the
voltage output will be increase when duty cycle is increase

on
| : B ]

| - -

: i v

. .

bk — W X i : :
+ E’:‘: 1
‘ - 0 Oty
. o
Y =
H | ’ e S
! -
!

|

Figure 4.16: Pulse Width Modulation within 40% duty cycle



CHAPTER 5

CONCLUSION

Various tests and experiments are conducted on these modules. The result of these tests

have revealed that the system have substance achievement.

51 Conclusion

This project has accomplished the main objective where to control DC speed
motor by using Pulse Width Modulation (PWM). By using variable resistor, Duty cycle

can be control based on PIC programmed.

The converter circuits, rectifier circuits have been discuss in previous chapter
and the result shows everything about this project. Microcontroller PIC are play the most
important role as medium to control DC output voltage, at the same time get the desired

speed motor DC.
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Pulse width Modulation (PWM), in this project acts like a brain to this circuit
where are controlled with various Duty cycle D, by potential meter. By using voltage

divide concept and some coding to PIC 18F4550, it can be done.

5.2 Recommendation

Throughout the development of Buck/boost Converter for DC speed control
application, the author has come across several new ideas that will enhance the system.
Some of the future work proposes are:

e Using DC driver motor to control the application of motor. This provides an
alternative way to point any desired speed motor with interface way.
e Introduced other converter that can be used to forward and reverse the DC motor

and not only focus on variable speed only.



37

REFERENCES

[1].H.W Whittington, B.W Flynn and D.E Macpherson. Switch Mode Power
Supplies, McGraw-Hill, 1989.

[2] D.Zhou, "Synthesis of PWM Dc-to-Dc Power Converters,” Ph.D, thesis,
California Institute of Technology, October 1995.

[3]Severns, R.P, (1985). Modern DC-to-DC Switch Mode Power Converter
Cicuits, Van Nostrand Reindhold.

[4] Dong-Kurl Kwak ; Seung-Ho Lee ; Do-Young Jung ; A new buck-boost
dc/dc converter of high efficiency by soft switching technique, Power Electronics
and Motion Control Conference, 2009. IPEMC '09. IEEE 6th International

[5].Micheal Barr. Embedded System Design: Introduction to pulse Width
Modulation, Aug 31, 2001

[6] Application Report: Understanding Buck-Boost Power. Stages In Switch
mode Power Supplies, Texas Instruments,1999.

[7] F J Borgum and E B G Nijhof. Inverter Circuit For A PWM Motor Speed
Control System. Electronic Components and Application, May 1980


http://ieeexplore.ieee.org.ezproxy.ump.edu.my/search/searchresult.jsp?searchWithin=Authors:.QT.Dong-Kurl%20Kwak.QT.&newsearch=partialPref
http://ieeexplore.ieee.org.ezproxy.ump.edu.my/search/searchresult.jsp?searchWithin=Authors:.QT.%20Seung-Ho%20Lee.QT.&newsearch=partialPref
http://ieeexplore.ieee.org.ezproxy.ump.edu.my/search/searchresult.jsp?searchWithin=Authors:.QT.%20Do-Young%20Jung.QT.&newsearch=partialPref
http://ieeexplore.ieee.org.ezproxy.ump.edu.my/xpl/mostRecentIssue.jsp?punumber=5089256
http://ieeexplore.ieee.org.ezproxy.ump.edu.my/xpl/mostRecentIssue.jsp?punumber=5089256

APPENDIX A

(GANNT CHAT)



Gantt chart

39

Task week

PSM1 briefing

Meeting with SV

Project proposal draft

Learning to use Orcad software

Submitting abstract + slide + evaluation form

Submitting project progress/summary

PSM1 seminar

Submitting proposal report + log book +

evaluation form

Task week

Develop circuit design using Orcad software

Simulating circuit design

Troubleshooting circuit design using Orcad

software

Developing hardware based on the circuit design

Testing circuit using oscilloscope and multimeter

Troubleshooting connections using multimeter

Troubleshooting problems

Submitting project progress/summary

PSM2 seminar

Writing thesis

Submitting thesis
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Define OSC 8

DEFINE ADC_BITS 8
DEFINE ADC_CLOCK 3
DEFINE ADC_SAMPLEUS 50

OUTPUT PORTC.1
PORTC =0

D VAR BYTE

C VAR BYTE

ADCON1=%1100

MAIN:
ADCIN 0,D
ADCIN 1,C

SELECT CASE D
CASE is <51
PORTC.1=1
PAUSE 50
PORTC.1=0
PAUSE 50
goto MAIN
CASE IS <102



PORTC.1=1
PAUSE 40
PORTC.1=0
PAUSE 60
goto MAIN
CASE is <153
PORTC.1=1
PAUSE 30
PORTC.1=0
PAUSE 70
goto MAIN
CASE is <204
PORTC.1=1
PAUSE 20
PORTC.1=0
PAUSE 80
goto MAIN
CASE is <255
PORTC.1=1
PAUSE 10
PORTC.1=0
PAUSE 90
goto MAIN
END SELECT
goto MAIN
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] 7964142 sam&uuaLéEﬁEEQ&DQETOR_fﬁQf e
i 98 peJesuiua ooososy o il N-CHANNEL -~ -
- .- IRF150/151/152/153 POWER MOSFETS

- 98D 05084

[ il 0 b

'FEATURES

Low RDS(OI\)

Improved inductive ruggedness
Fast switching times - '
Rugged polysilicon gate cell structure
Low input capacitance

Extended safe operating area
improved high temperature reliability
TO-3 package (High current)

TO-3

PRODUCT SUMMARY
' Part Number Vbs Rosion) - Ip ) D
IRF160 100v | 0.0s50 | 40A

IRF151 60V 0.0550 40A

IRF1562 * 100V 0.080 33A

IRF153 60V 0.08¢9 33A

MAXIMUM RATINGS

Characteristic Symbol IRF150 IRF151 IRF152 IRF153 Unit
Drain-Source Voltage (1) - Vpss 100 60 100 60 ‘Vde
Drain-Gate Voltage (Rgs=1.0M{l) (1) Voar 100 60 100 60 Vdc
C Gate-Source Voltage . Vas +20 Vvdc
Continuous Drain Current Tc=25°C lo 40 40 33 33 Adc
Continuous Drain Current Tc=100°C lo 25 25 20 20 Adc
Drain Current—Pulsed (3) Iom 160 160 132 132 Adc
éate Current—-Pulsed . lam . +1.5 Adc
Total Power Dissipation @ T¢c=25°C Pp 160 Watts
Derate above 256°C 1.2 w/°C

Operating and Storage
Junction Temperature Range

T, Tstg —55 to 150 °C

Maximum Lead Temp. for Soldering
Purposes, 1/8” from case for 5 seconds

T 300 °C

Notes: {1) Ty=25°C to 150°C
(2) Pulse test: Pulse width<300us, Duty Cycle<2%
(3) Repetitive rating: Pulse width limited by max. junction temperature
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])El 2964142 0005085 Y4 rwuf»?-}' -

98D DSDBS

x

N-CHANNEL

'3‘7 /3

IRF150/151/152/153 POWER MOSFETS
ELECTRICAL CHARACTERISTICS (1c=25°C unless otherwise specified)
Characterlistic Symboll Type Min| Typ | Max |Units Test Conditions
F . .
RES0 oo — | = | v fvesmov
Drain-Source Breakdown BVpss
Voltage ’ IRF151/ v lo=250
. IRF153 i 0=2504A
Gate Threshold Voltage Vaspn) | ALL 2.0 — | 4.0 | V [Vps=Vgs, Ip=250pA
Gate-Source Leakage Forward| lgss AlL | — | — 100 | nA [Vgs=20V
Gate-Source Leakage Reverse| lgss ALL | — [ — |-100| nA |Vgs=-20V
Zero Gate Voltage Ioss ALL — —_— 250 (| pA |Vps=Max. Rating, Vas=0V _
Drain Current — | = |1000] A |Vps=Max. RatingX0.8, Vas=0V, Tc=125°C
On-State Drain-Soi ::::?1) 0 - - ]A
n-State Drain-Source Ioion) Vs> b(on XRoS(on) max., Vas=10V
Current (2) IRF152
IRF153| 38| — | — | A
IRF160
— | 0.04 |0.055| 0
Static Drain-Source On-State IRF151 _ -
Ros(on) Vas=10V, Ip=20A
Resistance (2) IRF162
. ' RF153| — | 008 0.08| 0
Forward Transconductance (2) grs ALL {9.0/123| — U |Vbs>lpion) X Rosion) max., ID=20A
Input Capacitance Ciss ALL { — |2900|3000| pF
Output Capacitance Coss ALL | — | 1050|1500] pF |Vas=0V, Vps=25V, f=1.0MHz
Reverse Transfer Capacitance| Crsg ALL | — | 450 | 500 | pF ’
Turn-On Delay Time tsomy | ALL | — | — | 35 | ns
Rise Time t | AL | —| — |100 | ns |Vo0=0.5BVoss, Ip=20A, Zo=4.711
(MOSFET switching times are essentially
Turn-Off Delay Time tao | ALL | — | = | 126 | NS |independent of operating temperature. )
Fall Time te ALL | — | — [ 100 | ns .
Total Gate Charge
(Gate-Source Plus Gate- Dram) Q | AL |— 1 721120 | nC Vas=10V, Ip=50A, Vpg=0.8 Max. Rating
(Gate-Source Charge Qe AL | =1 18 _ |'nc (Gate charge is essentially independent of
operating temperature. )
Gate-Drain (“Miller”) Charge | Qg¢ AlL | —| 84| — | nC
THERMAL RESISTANCE
Junction-to-Case Rinc ALL [ — | — |0.83|KW
Case-to-Sink Rmcs | ALL | — [ O.1 — | K/W |Mounting surface flat, smooth, and greased
Junction-to-Ambient ’ RWA ALl | — | — 30 | K/W [Free Air Operation
Notes (1) Ty=25°C to 150°C

(2) Pulse test: Pulse width<300us, Duty Cycle<2% .
(3) Repetitive rating: Pulse width limited by max. junction temperature

ﬂg SAMSUNG SEMICONDUCTOR
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IRF150/151/152/153

_2 SAMSUNG SEMICONDUCTOR INC o

o wgéb_ 05086 _

N-CHANNEL

POWER MOSFETS

_DT-3943

SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS

Characteristic - |Symbol| Type |Min| Typ | Max [Units Test Conditions
RF150| _ | _ | 40 | A
Continuous Source Current Is IRF151
Body Diode
(Body Blode) ieal—| — | 88 | A [Modified MOSFET symbol o
showing the integral G
IRF1§0| _ | _ 160 | A [reverse P-N junction rectifier s
Pulse Source Current lsm IRF151 ~
(Body Diode) (3) IRF162| | _ | 35| A
IRF163
el = | = | 28| Vv [To=25°C, Is=40A, Vas=0V
Diode Forward Voltage (2) Vsp
: :gg gg —| = | 23| v [Te=25°C, Is=33A, Vas=0V
Reverse Recovery Time tr ALL | — | 600 | -~ ns [Ty=150°C, [r=40A, dlg/dt=100A/us

Notes: (1) Ty=

25°C to 150°C (2) Pulse test: Pulse width<300us, Duty Cycle<2%

{3) Repetitive rating: Pulse width limited by max. junction temperature

€0 T 1
vu-wv 80ps Puise Test
Rt ]
50 Ves=8V
g
w4
g Ves=7V
<€
g
& <0
=
3 Vos=6V
z -l
< 20
[
a
3
= Vgs=5V
10
Ves=4v ]
ol ]
V] 10 20 30 40 50 60
Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS)
Typical Output Characteristics
20 T
| Vas=ev
|~ Vos=7V.
—Vgs =BV T
80y Puise Test
[ vermsv
1 ~Vos=10V
a
&
£
T 12 Veam 5V
£ y
& //
2 —
o 8 74
F
E /
&
s
Vos =4V
) 0.4 08 12 16 20

Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS)
Typical Saturation Characteristics

Ip, DRAIN CURRENT (AMPERES)

Ip, DRAIN CURRENT (AMPERES)

2
20
80ys Puise Tes
Ves>loara XRosor
15
10
5
[ 2 3 .
Vs, GATE-TO-SOURCE VOLTAGE (VOLTS)
Typlcal Transfer Characteristics
10° T T
T 1T 1
i
HHH
s OPERATION N THIS ARE
1S LIMITED BY Roson
|
2[-mrig0 H
o == ¢ _.:-;4&———#..
02| FE152.3 SIN
= £ 10ps
sf-mr10, i R 1008
o~ a ~
= WRF152 N
Py e N N il
4 N <
Tc=25°C \ NS
VO E—7=750°C MAX —N 10ms
—Rac=0 B3 KW N
——SNGLE PULSE K 100ms
5 A
N
2
] oC
‘F'I‘r“j] IRF150 2
10 1
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2
Vos. DRAIN-TO-SOURCE VOLTAGE (VOLTS)
Maximum Safe Operating Area
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MICROCHIP PIC18F2455/2550/4455/4550

25/40/44-Pin High-Performance, Enhanced Flash USB
MMicrocontrollers with nanoWatt Technology

Umiversal Senal Hus Features:

US5 V2.0 Compliant

v Low 5pesd [1.5 WDVE) and Full Spesd (12 MIVE)
+ Supports Contral, imtemupd, EEochronous and Bulk
Trans'srs

Supports Up 10 32 endpaints (15 bidrectiznal)
1-#bwte dual access RAM for LIZE

Cn-chip USE Tanscever with on-chlp voliage
requiator

nterface for off-chip USE transcelver

Sireaming Parallel Port (370 for USH streaming
iranstars [£0/44-pin DEvizes only)

Power-Managed Mades:

« Run: CPU on, panpherals on

v Idles P off, peripherals on

v Skaep: CFU off, perpherals off

+ ldle mode currenss down to 5.3 wA typlcal

v Sleep mode cumenls down 1o 0.1 pa typica
+ Timar oscllator: 1.1 pa typical, 32 kHz, 2V
Walchdog Timer: 2.1 A typleal
Tao-Speed Ceclliabor Sar-up

Flexible Oscillator Structure:
« Four Crysial modes Inciuding High Srecislen PLL
for LISB
Two Extemal Clock modes, up i 48 MHz
niemial oscilEsr ook
- 3 ussr-seleclsbie Tequencizs, from

3 kHz o3 MHz
- Uger-unabie o compensate for equency drft
Sezcondary osclliabor using Timer @& 32 kHz
Dual ceciliabar options allow microconinalier and
UES madule tz run at diferens clock speeds
+ Fal-Safe Clock Manlbor

- Allows for =3tz shusdown F any clock Saps

Fenpheral Highhghts:

+ High-cumrant sinkisource 25 MAZS ma

Three axtemal Intemupts

Fiour Timer modules (TImerd ta Tmers)

JUp to 2 CapturaiCompara’PWM (SCP) medules

- Capture ks 160K, max. resolution 625 ns (Tov18)
- Compare Is 16-BE, max. resolution 100 ns [Tov)

- EIN output: YA resaciution 15 1 B 1008
Enhanced Capune/Compars=WK (ECCR] module
- Multipl= ouiput modes

- Sskeciable palarty

- Programmanis mean ime

- Auto-Shusdown and Auto-Reslan

Enhanced USART moguls:

- LIN DUE BUppart

Master Synchroncus Sena Port (MSSP) moduls
supporting 2-wire SPI™ (all 4 modes) and [P0~
Masier and Slave mooas

10-0, up to 13-channels Analog-io-Cigital Converar
moduis (&0 with programmatie acousiion tme
Dual analog comparators with Inpul muliiplexing

Special Microcontroller Features:

+ T complisr optimized archisechure with optional
extenzad Instruction s&

100,000 erasetwrite oyl Enhancad Flash
program memorny typical

1,000,000 erasetwriie cycle Dala EEPROM
memary iyplca

FlasniData EEPROM Retention: = 40 years
Self-programmatle under software contnal
Erioty levels for inbemupts

B3 8 Single-Cycie Haroware Multiplisr
Extended Wabtchdog Timer [WDT)

- Programmatie perlad from 41 ms iz 1316
Programmakie Code Proteciion

Single-Zupply 5V In-Cirzult S2ra
Programming™ (IC3P™) via two pirs
n-Circult Debug (1C0) via two pins

Cptional dedlealed KCDICSD part (44-pin devioes only)
Wide operating voliage range (2.0W to 5.5V)

Program Memory Data Memory MEEP - 5
=
_ _ 1ol |CCRECCR 5 & | Timars
Oevlox | Flach | 2ingleWord | ERAM | EEPROM| 1D 1.5 weml| PR EPF - Iliaulur . | 2 |eens
owiesl | Imctnections | (bvisc) | owdes) i ]
LA
IF‘ IZ18F24585] 24K 2288 2045 256 24 10 250 Mo L L 1 Z 12
FPIC18F2550| 33K 5384 2048 FEE. 24 10 250 o ¥ Y 1 2z 13
PEC18F4455] 24K 2288 2045 256 ES 13 1 Yeg L L 1 Z 12
PICZ18F4550]| 32K 5384 2048 ISR, = 13 11 Vs, L Li 1 2z 13

= 2004 Microchip Technology Inc
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PIC18F2455/2550/4455/4550

Pin Diagrams

Z§-Pin POIP, 800

WOl " ! e '.!-.a:: RETHEEATED
sasapn ] 2 - REARHNTS
avan == [ 4 = REEE
Pt e = ] 4 e REAAHTLEER
et A = [] & 0 s ™= EEvaRmTor T
Feastacae i ourmey —= O & = E = REMAKETT WD
PSR LD MCaUT =] ¥ k% . a: RELANIANT LSCESEL
=[] a ] | FRELAR AN VL TER
earweLe—=[] 9 E ;" w1 v
O KiRaE «— 10 1]
R T Tk e L] 11 18] I—- RCPROLDTADO
REIM G =— 12 1 ROSTHG
A —— 13 1B moises
e =—= 14 [ e i L
40-Pln POIP
WOLRYSEE] e [] ot N e BETEBOAGD

HAZRAH] o ]
AR TAN e ]
RASAN T RIF R ——r [
RSN NGF ¢ o e ]
RALTOCKVCIDUTRCY —
A RAEEHLYTINEOUT =]
HESARSICK 151 ——e ]

RE BARRCKISP P —[] 4
HEDANTOESIP +—s-] 90

VI —= [ 1t

L J—

OBCELK ——e[] 13

UL AUEE a1 14
ROGTHOEGT 130K] =—[] 15
RCUTEOSOCPIMIOE e[ 18
RGP s —e 17

e =[] 18

ROAVEIN ——e 18

RONEIPY =—=[] 20

M w— BEERBLEC
[t FRES A 1T

[ —— BEdaHIEBLCEEre

[ o REMARGDCPINIAS

[ —— REVARET T

[ — BEVARIMNTISCKRSECL

[ —— RMECARNIAIN LTI S0
[ — i

[ +— e

[l —= RENEPPIPLD

[ +— ROSEPPETNC

[ +— ROLEPPSAE

[ — ROy

[l BCOEEDISEED
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(] BTy

[ o= Bl
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[IE R, TR S S

PR 1R85
IS 13R4EED

EHH e S Y S,

Figzla 1:  ME] b T allamae pin o0 Q00 moliplad=p
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PIC18F2455/2550/4455/4550

TABLE 1-1: DEWICE FEATURES
Fealurss FIC1BFZ4EE FIC1BFZEED FIC13F&4B6 FIG1BF46ED

Cpsrafing Frequency Do — 45 MHz oo — 48 MHz Do —4E& MHE OC — 48 MEz
Program Memory {Eyi=s) 24ETE 3ITEE ZdETE 3ITES
Frogram Memaory {Instruchicns] 12288 1E224 1E284
Dafa Memary [(Byies 2048 2045 2048
Data EEPROM Memory {Eyiss) 25k 255 55 25k
Interupt Sources 15 15 Z0 20

1101 Forts Pors & B, C, (E Foris & B, G, |E) |Pors & B, C, D, E| Poris &, B, &, O, E
TImers 4 4 4
CapiureiComparePFWK Modules 2 2 1

Enhanced Caplurei [ o 1

ComparsFIVRM Modules

Seral Communicaiions M2SF, ME23F, WBEF ASF,

Enharced USART

Enbanced UBART

Enhanced USART

Enhanced UEART

Urlverssl 2erlal Bus 2R
Modul=

Sirmaming Farall=l Fort {ZPF)

el

No

Yies

Wieg

100t Analog-to-Dighal Rlocu

13 Izl Charmsis

13 Inpul Chaamrels

13 Input Crannsks

13 Inziul Charmeis

Comparaiors

Resels (and Deays FPOR, BOR, =OR, BOR, FOR, BOR FOR, BOR,
BEEEET Insinacton, | BBSET Imstruction, | RESET nsfrucfion, | EESET Instnzcton,
Sk Ful, Biack Ful, Black Full, Sack Ful,
Back Underfiow Efack Underfiow Siack Underfiow Etack Underfiow
[FWRT, CET] [FWRAT, OET) FWNRT, QT [FW AT, CET)
RCLR (opthoral) MCLR (optionall, MCLR {opHonal}, WTLR joptional),
WOT WOT WoT WOT
Frogrammables Low-Yiollape Wiag Vg Vg Wiag
Defact
Frogrammables Browreoul Regef Wiag Vg k(] Wiy

Instruction et

75 Incsiruciions;
23 with Exi=nde=d
neruciion 3ef

75 Insfruciions;
83 with Exi=nded
Instruchion Bad

75 Instru ctions;
3 whh Exbenced
Insinuction Bad

TS nstruciions;
£3 with Exi=nded
Instruciion Bed

enakbied enakbied EFEDEd enakbied
Fackages Z&-pin FOIF Z&-gin FOIF 40-gin POIFP 4-pin FOIF
2E~pin 201G 2E-pim AT &d-pin &FK 44-pin GFH
44-pin TQAFF 44-pin TQFF

& 2004 Micrnekip Tachaokgy i
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PIC18F2455/2550/4455/4550

TA&BLE 1-2: PICAEF 24552550 FINOUT KO DESCRIPTIONS [CONTINUED])
Fin
Huwmbar | 2p Bufter
Fln Hams roe. | Tvoe | Trpe Cesoription
EOIC
FORTA |5 & bidirecHonal B3 port.
RUAOIAMD 2
St =] TIL Ciligital '
ARD | Analog Arsaliog Input 0.
RLA AN 1 3
CEN ] =] TTL Ciligital VO
AMA | Anaiog Apalag Input 1.
RA AN WVREF-IC\REF 4
AA2 [[j=] TIL Ciligital Vs
A2 | Analog Aralog Input 2.
WHEF- | Anaiog A0 refereno= wollage Jow | input,
CWREF 2 | Analog Aralog comparator reference gutpet
RAININREF= 5
AA3 =] TIL Cligital T
AMZ | Anaiog Apalag Input 3.
WHEF+ | Analog AT refer=nos sollage (Righ) mpast.
RASITOCKEC SUTRCY g
CEE] =] =1 Ciligital VO
TOCKI] | =1 Tirmierd =xt=mal cleck inpet
S CAUT =] — Camparaior 1 oulpet
RV | TTL =xternial LIBE ransosiver RCY Inpat
RASIANATE 7
HLVDINCZOUT
SAS [[i=] TTL Ciligltal V3
Al | Anaiog Apalog Input 4.
a3 | TIL FF1™ slave sedect mpat.
HIL DN | Analog High'Low-voRag= Debect mput.
S0 =] — Comparaior 2 outpuet
FLAE —_— — — Hew fhe JEACATLECYRAS pin.
Lagesnd: TTL = TTL compafbls input CMOE = CMCE compatble Inpuf or outpei
ET = Echmii Trigger gt whn CMOS evels | - [
S = Cuipuet P - Foaer

ARernabe assignment for SORP2 when SSPFIND configuraiion bk 1s cl=anea

2:  DCefaull aszignment for COFZ when CCPIMK configurston Bt 1z set

£ 2004 Mirnahip Techeokgy e
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PIC18F2455/2550/4455/4550

FIGURE 2-1:

PIC1BF2455/3550/44 55/4 550 CLOCK DIAGRAM
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PIC18F2455/2550/4455/4550

222 CRYSTAL OECILLATORMERAMIC
RESCHMATORS

m HE, EEPLL, XT and XTFLL Oscliator modes, a
crysial or ceramic resonalor s connected o the OEC1
amd 2552 pies o eshablish oscllabdon. Flgure 2-2
shows the pin conmeciions.

The osoillatar dasign requires the wze of @ paralel cul
crystal

Hofe:  Use of 3 seriss oof crysial may ghie a fe-
guency out of fhe onysial manufactursr's
specHcations.

FHzURE 2-Z: CRYSTALCERAMIC

REFONATOROPERATION
[XT, HS DR HSPLL
CONFIGURATION)

.-\.il'l.' ] =
i I
=" T I
|- : I
CQXTAL i< e, A Lo
- 1" ]Ehnﬂ
FIC1BFEEXX

Mobe 1! Sk Table 2-1 and Tabbe T-3F for initol wlues of
G and C2
21 A EarEE resier (RS) may Do ssduined Tor AT
Finp e crpsials
3! FAF vadii Wit e Checlinner miodie chiikaes

T&BLE 2-1: CAPACITOR SELECTION FOR

CERAMIC RESOMATORS

Treloal Capacitar Valees Usad:

Mode Fraq ak-lig | o -Ler)
L 4.0 MHE I3 pF 3% pF
HZ B0 MHE ITEF T pF

150 MiHz IZpF ZZ pF

Capactor valuse are for design guidance only.

These capasdbors were besied with the rescnsiors
sind beiow for Dasic starf-up and op=rafon. Thecs
values are not optimilzed.

Disrent cageschor vakess may b= reguired o produce
socepable cscllyior operadion. The ussr should test
ihe performance of The oscliaior over the sspecied
WD and temperatune range for the applicadon.

Bes the nol=s folowing Table 2-2 for addEcnal
nformabion.

Reconators Uesd:

4.0 Kbz
5.0 KBz

TABLE 3-Z: CAPACITOR SELECTION FOR
CRYSTAL OSCILLATOR
Trolaal CapaoHor Yaluss
Ooo Typs Dl?r:-? Tasind:
c1 c2
=T 4 MHz 27 pF a7 pF
H3 4 MHz 27 pF a7 pF
& MHz 22 pF 22 pF
20 MHZ 15 pF 15 pF

Capactor values are for design guidance anly.

These capachors were feghed win the crystals Dsied
oebew for basic sistt-un and aperation. Thacs valusc
sre nod cplimizsd.

Ditsrent capacilor vakses may be required 1o produce
acceptable ogscllaior opsradon. The user should best
he periormance of the csdiiaior over the: sxpeci=d
WiD and temperabire mnge for the appllcaiion.

Be=e fhie noles folowing this t=ble for addEona
nformaban.

Cryshbais Used:
4 MHz
5 WMHz
20 MHz

Hode 1: Higher capaciiancs Increases e siabliy
of cscllaior bul 2S00 Increases e
start-up Ame.

Z: When opsrabng below 30 WO0, or when
usEng cerain ceramic resonatbors at any
wollage, | may be necessary o use e
HE mode or swibch b & orysial oscllsior.

¥ Eince each mesonatoricrystal has it own
characierisfics, the user should consul
fhe mesonaloncrystal mamsachirer Tor
A ppropriais values of extennal
oD is

4: Fs may be required io asold overdriving
crystals wish low driee level specfcation.

& Adways vertty oscllyior periomuance over
the VDI and temperalurs range St |s
eypeched for the applicafion.

15.0 MHz

An Internal sostscaier aliows wsers o sslect a chack
frequency ofher than fhat of e oryshal or resonsior,
Freguercy diision Iz determined oy the CFEUDIY
confipuafion bils. Users may sel=ct & clock Trequency
of the oscllaior Tregeency, or 12, 173 or 14 of the
fr=quency.

An exi=mal dock may ako be used when #he miono-
controdler Is In HE Oscllabr mode. Im #his case the
QSCICLED pin ks leftopen (Flguns 2-3]

O 2004 Misoc®ip Techeabgy ino
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PIC18F2455/2550/4455/4550

354 EXIT WITHCOUT AN GECILLATOR

START-UP DELAY

Cerain ex®s from power-managed modes doo nofd

nvake the CET at all. Thers ane bvo Ceses:

v PRI_IOLE mods whers he primary clock source

ks riod shoppesdl; and

v the primary clock source Iz mot mny of The T or

HI miodes.

n h=se Inslances, the primary clock source etther
do=s nol require an csclisior slarf-up deday =Hnos K s
sready running (FRI_IDLE], or mrormally doss nof
mequire an osclabor start-up d=key [EC and any Ink=nna
sscllalor modes). Howeyver, & Teed defay of Inferva
TCED foliowing he wake svent Is s3] reguires when
maving Sl==p and ldi= modes io alow the CPU ko
orepare Tor sxecubon. Instruction spscufon resumes
on he Tirst clock cpcle following s delay.

TABLE 3-2-  EXIT DELAY ON WAKE-UP BY RESET FROM SLEEPF MODE OR ANY IDLE MODE
(BY CLOCK SOURCES)

Miorcsoniroller Clook Zodros ) Clock Raady EH."IJI-
Exit Detay BH (02 CCOM)
Badors Waks-up After Wake.up
XT, M2
Primary Devlos Shock ETFLL, HSPLL - CETE
[FRI_IDLE mode) EC e
INTaschl IoFE
T, HE TagTsl
S ——— XTFLL, HEPLL TORT + O8TE
w Or o EC TeEmial
INTo2Ckl Tizps1™! IoF2
T, HE TagT
- ETPLL, HEPLL ToET + 0aTs
MTOECI .t';
EC Teant
INToECR Mione IoF2
XT. HE Tasr
hiore KTFLL, HEFLL Toat + kY OaTa
[2le=p mode] EC Tisg 2
INTazchl Tizps1™) IoFs

Mot 1  In s irsance, refers spacHically 1o the 31 EHz INTRC Clock sounce.
2. TOHO [perameber 22, Table 2812} 15 a reguirsd delay when saking fom Sleep and all e modes and nues
concumanily wilh any olher requires cefays (se= fesction 3.4 9idis Modsc" ),
. Imcludes bodh the INTOEC & MHZ souree and postscaler derived freguencies.
& TEET s the Osoliator Start-up Timar period (paramster 33, Table 23-132]. L &= the PLL lock Gme-out
parameter F1Z, Table J8-3); I 15 also designabed a5 TPLL.

E: Exzostion condnues during TIOEST {parameler 33, Table 28-12), e INTOSC stabilzafion period

CEEI0EITE g 47
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