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ABSTRACT

Photovoltaic or in short term PV is one of the renewable energy resources
that recently has become broader in nowadays technology. The demand or future
work is looking for high efficiency, more reliable and economical price PV charge
controller which is come in portable size has become very popular in PV system. In
general, PV system consists of a PV array, charge controller, rechargeable battery
and dc load. PV charge controller is very important in PV system. In this project, a
PV Charge Controller is designed based on microcontroller (PIC 16F877A) which
reduced complexity in the number of electronic components and increased
monitoring and regulative functions. This project used dc-dc buck converter circuit
which has been simulated using software of OrCAD PSPICE. Pulse width
modulation (PWM) will be implemented on a PIC 16F877A to control duty cycle,
voltage and current in the PV system and is programmed using software of
Microcode Studio. Liquid Crystal Display (LCD) is used to display the voltage and
current from rechargeable battery. The benefit of this project is an improvement of

efficiency depend on duty cycle and voltage change.
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ABSTRAK

Voltan cahaya atau singkatannya PV adalah salah satu daripada
sumber tenaga yang dapat diperbaharui yang baru-baru ini menjadi semakin meluas
dalam teknologi pada masa kini. Permintaan atau projek di masa hadapan bagi
pengawal cas elektrik PV adalah dalam keluaran yang lebih efisien, boleh dipercayai
kegunaannya dan harga yang berpatutan dalam bentuk yang mudah dibawa semakin
popular dalam sistem PV. Secara umumnya, sistem PV mengandungi susunan PV,
pengawal cas elektrik, bateri cas semula dan beban arus elektrik terus. Pengawal
tenaga elektrik sangat berguna dalam system PV. Di dalam projek ini, pengawal cas
elektrik photovoltaic direka berdasarkan pengawal terbenam (PIC 16F877A) di mana
ia mengurangkan kekompleksan dalam penggunaan jumlah komponen elektronik dan
meningkatkan pengawasan dan fungsi pengaturan. Projek ini menggunakan litar
“dc-dc buck converter’” yang telah dihasilkan menggunakan perisian “OrCAD
PSPICE”. Nadi keluasan modulasi (PWM) akan dilaksanakan menggunakan PIC
16F877A untuk mengawasi kitaran duti, voltan dan arus aliran elekrik dalam system
photovoltaic dan seterusnya diprogramkan menggunakan perisian “MicroCode
Studio™. Paparan cecair Kristal (LCD) pula digunakan untuk mempamerkan bacaan
voltan dan arus aliran elektrik daripada bateri caj semula. Kelebihan projek ini adalah

peningkatan kecekapan yang bergantung kepada kitaran duti dan perubahan voltan.
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CHAPTER 1

INTRODUCTION

11 BACKGROUND

Photovoltaic or in short term PV is one of the renewable energy resources
that recently has become broader in nowadays technology. PV has many benefits
especially in environmental, economic and social. In general, a PV system consists of
a PV array which converts sunlight to direct-current electricity, a control system
which regulates battery charging and operation of the load, energy storage in the
form of secondary batteries and loads or appliances. A charge controller is one of
functional and reliable major components in PV systems. A good, solid and reliable
PV charge controller is a key component of any PV battery charging system to
achieve low cost and the benefit that user can get from it. The main function of a
charge controller in a PV system is to regulate the voltage and current from PV solar
panels into a rechargeable battery. The minimum function of a PV charge controller
is to disconnect the array when the battery is fully charged and keep the battery fully
charged without damage. A charge controller is important to prevent battery
overcharging, excessive discharging, reverse current flow at night and to protect the
life of the batteries in a PV system. A power electronics circuit is used in a PV
charge controller to get highest efficiency, availability and reliability. The use of
power electronics circuits such as various dc to dc converters topologies like buck
converter, boost converter, buck-boost converter and others converter topology as
power conditioning circuitry to provide a desired current to charge battery

effectively.
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OBJECTIVES

(i) To design Photovoltaic (PV) Charge Controller by using PIC

microcontroller type.

(if) To monitor voltage and current as the input of the rechargeable battery

and display on the Liquid Crystal Display (LCD).

SCOPE OF PROJECT

(i) The PV charge controller that designed in this project will be implement

PIC microcontroller in it.

(ii) This project concentrates on DC-DC Converter.

(ii))This project will use PIC microcontroller to control the voltage and
current at certain values that have been set which are act as input of the

rechargeable battery and displays all the results of voltage, current, power

and percentage remaining rechargeable battery on the LCD.

PROBLEM STATEMENT

Most of the PV charge controller nowadays just uses LED to indicate the

operating status of the rechargeable battery. It is hard to know the values of the

rechargeable battery that have been used such as voltage, current and others. Besides

most of PV charge controller is expensive depends on the total cost of PV system

that has been used.



15  THESIS OVERVIEW

This Photovoltaic Charge Controller final thesis is arranged into following
chapter:

Chapter 1: Basically is an introduction of the project. In this chapter, provides the
background of the project, objectives, scope of the project, problem

statement, and also the thesis outline.

Chapter 2: Focuses on literature reviews of this project based on journals and

other references.

Chapter 3: Mainly focused on methodologies for the development of Photovoltaic
Charge Controller. Details on the progress of the project are explained in

this chapter.

Chapter 4: Presents the results obtained and the limitation of the project. All
discussions are concentrating on the result and performance of

Photovoltaic Charge Controller.

Chapter 5: Concludes overall about the project. Obstacle faces and future

recommendation are also discussed in this chapter.



CHAPTER 2

LITERATURE REVIEW

2.1 Photovoltaic Charge Controller

A charge controller is needed in photovoltaic system to safely charge sealed
lead acid battery. The most basic function of a charge controller is to prevent battery
overcharging. If battery is allowed to routinely overcharge, their life expectancy will
be dramatically reduced. A charge controller will sense the battery voltage, and
reduce or stop the charging current when the voltage gets high enough. This is
especially important with sealed lead acid battery where we cannot replace the water
that is lost during overcharging. Unlike Wind or Hydro System charge controller, PV
charge controller can open the circuit when the battery is full without any harm to the
modules. Most PV charge controller simply opens or restricts the circuit between the
battery and PV array when the voltage rises to a set point. Then, as the battery
absorbs the excess electrons and voltage begins dropping, the controller will turn
back on. Some charge controllers have these voltage points factory-preset and non

adjustable, other controllers can be adjustable. [1]

2.2 Photovoltaic

Photovoltaic (PV) is the field of technology and research related to the

application of solar cells for energy by converting sun energy (sunlight or sun



ultra violet radiation) directly into electricity. Due to the growing demand for clean
sources of energy, the manufacture of solar cells and PV arrays has expanded
dramatically in recent years.[2] PV production has been doubling every two years,
increasing by an average of 48 percent each year since 2002, making it the world’s
fastest-growing energy technology.[3] At the end of 2008, according to preliminary data,
cumulative global installations reached 15,200 megawatts.[4] PV is best known as a
method for generating electric power by using solar cells packaged in PV modules, often
electrically connected in multiples as solar PV arrays to convert energy from the sun into
electricity. The term PV denotes the unbiased operating mode of a photodiode in which
current through the device is entirely due to the transduced light energy. Virtually all PV
devices are some type of photodiode. Solar cells produce direct current electricity from
light, which can be used to power equipment or to recharge a battery. The first practical
application of PV was to power orbiting satellites and other spacecraft, but today the

majority of PV modules are used for grid connected power generation.

Cells require protection from the environment and are usually packaged tightly
behind a glass sheet. When more power is required than a single cell can deliver, cells
are electrically connected together to form photovoltaic modules, or solar panels. A
single module is enough to power an emergency telephone, but for a house or a power
plant the modules must be arranged in arrays. Although the selling price of modules is
still too high to compete with grid electricity in most places, significant financial
incentives in Japan and then Germany and Italy triggered a huge growth in demand,
followed quickly by production. Perhaps not unexpectedly, a significant market has
emerged in off-grid locations for solar-power-charged storage-battery based solutions.
These often provide the only electricity available. [5] The EPIA/Greenpeace Advanced
Scenario shows that by the year 2030, PV systems could be generating approximately
1,864 GW of electricity around the world. This means that, assuming a serious
commitment is made to energy efficiency, enough solar power would be produced
globally in twenty-five years’ time to satisfy the electricity needs of almost 14% of the

world’s population. [6]



2.3 DC-DC Converters

There are various dc to dc converters topologies like buck converter, boost
converter, buck-boost converter and others converter topology are used in PV charge
controller. Since solar panels are only capable of producing a DC voltage, the DC-DC
converter becomes quite useful by providing the flexibility to adjust the DC voltage or
current at any point in the circuit. DC-DC converters are often preferred in modern
electronics since they are smaller, lightweight, provide a high quality output, and more
efficient. [7]

2.3.1 Buck (Step-Down) Converter

Regarding this project, several reviews were made. One of the researches made
is about buck converter topology which is one of many topologies that were used in PV
charge controller development. A buck converter is called a step-down DC to DC
converter because the output voltage is less than the input. Its design is similar to the
step-up boost converter, and like the boost converter it is a switched-mode power supply
that uses two switches (a transistor and a diode) and an inductor and a capacitor. A buck
converter can be remarkably efficient (easily up to 95% for integrated circuits) and self-
regulating. Most buck converters are designed for continuous-current mode operation
compared to the discontinuous-current mode operation. The continuous-current mode
operation is characterized by inductor current remains positive throughout the switching
period. Conversely, the discontinuous-current mode operation is characterized by
inductor current returning to zero during each period. The Figure 2.1 shows the basic of
buck converter topology circuit. It alternates between connecting the inductor to source
voltage to store energy in the inductor and discharging the inductor into the load.



Figure 2.1: A basic buck converter topology circuit

2.3.2 Basic Operation of Buck Converter

Method 1: During ON state

Refer on Figure 2.2, when the switch is in ON state, diode become as reversed
biased and the inductor will deliver current and switch conducts inductor current. With
the voltage (Vin -Vo) across the inductor, the current rises linearly (current changes,
AiL). The current through the inductor increase, as the source voltage would be greater
then the output voltage and capacitor current may be in either direction depending on the
inductor current and load current. When the current in inductor increase, the energy
stored also increased. In this state, the inductor acquires energy. Capacitor will provides
smooth out of inductor current changes into a stable voltage at output voltage and it’s
big enough such that V out doesn’t change significantly during one switching cycle.

On-5tate
- .

Figure 2.2: Equivalent circuit for switch closed



Method 2: During OFF state

As can see in Figure 2.3, when the switch is in OFF state, the diode is ON and
the inductor will maintains current to load. Because of inductive energy storage, iL will
continues to flow. While inductor releases current storage, it will flow to the load and
provides voltage to the circuit. The diode is forward biased. The current flow through

the diode which is inductor voltage is equal with negative output voltage.

Dﬁ'f’r*‘jﬁi

~y

D T

Figure 2.3: Equivalent circuit for switch open

24 PIC 16F877A Microcontroller

2.4.1 Anoverview

The PIC (Programmable Interface Controller) line of microcontrollers was
originally developed by the semiconductor division of General Instruments Inc (Figure
2.2). The first PIC’s were a major improvement over existing microcontroller because
they were a programmable, high output current, input/output controller built around a
RISC (Reduced Instruction Set Code) architecture. The first PICs ran efficiently at one
instruction per internal clock cycle, and the clock cycle was derived from the oscillator
divided by 4. Early PICs could run with a high oscillator frequency of 20 MHz. This



made them relatively fast for an 8-bit microcontroller, but their main feature was 20 mA
of source and sink current capability on each 1/0O (Input/Output) pin. Typical micros of
the time were advertising high 1/O currents of only 1 milliampere (mA) source and 1.6
mA sink. [8]

Figure 2.4: Types of PIC Microcontroller

2.4.2 PIC 16F877A Microcontroller Implementation

Regarding this project, several reviews were made. PIC 16F877A
microcontroller is selected to monitor voltage and current in PV charge controller. PIC
16F877A is general purpose microprocessor which has additional parts that allow them
to control external devices. Basically, a microcontroller executes a user program which
is loaded in its program memory. PIC16F877A is a small piece of semiconductor
integrated circuits (IC). The package type of these integrated circuits is DIP (Dual Inline
Package) package. This package is very easy to be soldered onto the strip board.
However using a DIP socket is much easier so that this chip can be plugged and
removed from the development board. PIC 16F877A include on-chip PWM units and
has two which has a selectable on-time and period. The duty cycle is the ratio of the on-
time to the period while the modulating frequency is the inverse of the period.
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2.5 Pulse Width Modulation (PWM)

Pulse Width Modulation (PWM) controls adjusts the duty ratio of the switches as
the input changes to produce a constant output voltage. The DC voltage is converted to a
square-wave signal, alternating between fully on and zero. By controlling analog circuits
digitally, system costs and power consumption can be drastically reduced. In nowadays
implementation, many microcontrollers already include on-chip PWM controllers,
making implementation easy. In a nutshell, PWM is a way of digitally encoding analog
signal levels. PWM control can be used in two ways: voltage-mode and current-mode.
In voltage-mode control the output voltage increases and decreases as the duty ratio
increases and decreases. The output voltage is sensed and used for feedback. If it has
two-stage regulation, it will first hold the voltage to a safe maximum for the battery to
reach full charge. Then it will drop the voltage lower to sustain a "finish" or "trickle"
charge. Two-stage regulating is important for a system that may experience many days
or weeks of excess energy (or little use of energy). It maintains a full charge but
minimizes water loss and stress. The voltages at which the controller changes the charge
rate are called set points. When determining the ideal set points, there is some
compromise between charging quickly before the sun goes down, and mildly
overcharging the battery. The determination of set points depends on the anticipated
pattern of use, the type of battery, and to some extent, the experience and philosophy of

the system designer or operator. [9]



CHAPTER 3

METHODOLOGY

3.1 Introduction

This chapter explains about hardware development such as equipments,
procedures and method design for the photovoltaic (PV) charge controller. The relevant
information is gathered through literature review from previous chapter. This chapter
also will cover about designing the buck converter, software interface, 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 photovoltaic (PV) charge controller was designed to protect the rechargeable
battery. To design this PV charge controller, it consists of seven parts where the first part
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is a buck converter circuit, second part is a microcontroller circuit, third part is a driver
circuit, four part is rechargeable battery, five part is voltage sensor, six part is current
sensor and seven part is liquid crystal display, LCD.

BUCK
RECHARGEABLE
/ | CONVERTER R BATTERY
PV 4 12V
MODULE
1Z-gAV CHARGE v
: CONTROLLER VOLTAGE SENSOR
A
CURRENT SENSOR
y A
DRIVER |« PWM ADC ¥
CIRCUIT DCLOAD
OUTPUT
LCD L PIC 16F877A
MICROCONTROLLER

Figure 3.1: System design of Photovoltaic Charge Controller

3.2.2 Buck Converter Circuit Design

For the first part is a buck converter circuit, this circuit is needed in PV charge
controller to control charging voltage from PV module to rechargeable battery. The
circuit included parts of Buck components such as controllable switch (IRFP150N),
diode (1N4148), inductor and capacitor, and load resistor. Some of the designs criteria

as show as follow:
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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 100Vdc 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 D for details specification. The
datasheet provided by manufacturers are given in order to ensure the devices
neither connected in the specified limits nor exceeded.

TO-24TAC

Figure 3.2: IRFP50N terminal pin configuration

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
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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 (5.6
Q) 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).

Design of buck converter circuit will consider as continuous current operation
mode, CCM. The choice of switching frequency and inductance will affect the
continuous current in buck converter design. Just for simple overview about buck
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 converter

design.

Here the calculations method and formulas used in order to determine the values
of the required components in Buck converter design. This buck 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.
p=Yo
Vd (3.1)
Where:

D = Duty cycle
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Vo = Voltage output

vd = Voltage input

p= 12V
17.4V

D=0.7
%D =70%

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

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

consider.

First, we should determine the whole system timing characteristics. The design
of Buck converter input voltage should able to be decrease to 70% of its maximum
value. Thus, the component at hand is POWER MOSFET IRFP150N for the switching
element, IR2109 for the driver and PIC16F877A for the PWM controller. The rise time,
tr, the fall time, tf, the minimum on-time, ton (min) and the minimum off-time, toff(min)
can be found in the datasheet. Table 3.1 lists the rise and fall times and Table 3.2 lists
the on and off times of each components.

Table 3.1: Rise and Fall Time

Bil [ Component | tr( ns) tf(ns)
1 | IRFP150N 56 40
2 | IR2109 150 50

Table 3.2: Minimum On and Off Time
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Bil Component tr( ns) tf(ns)
1 | IRFP150N 11 45
2 | IR2109 750 200

Referring to Table 1, the slowest tr and tf of the components are 150ns and 50ns
respectively. Referring Table 2, it can be seen that both the slowest ton (min) and
toff(min) of all components is at MOSFET driver. With the information, the frequency
range for the de vice can be determined. A summary of data that we obtained are as

follows:

(@) D (min) = 10%

(b) D (max) = 70%

(c) tr (slowest) = 150ns
(d) tf (slowest) = 50ns
(e) ton (min) = 750ns
(f) toff(min) = 200ns

Insert this data in the equation 3.2:

4(1- Dmax) : 4(Dmin )
< fswitch <
3(tr(slowest )+ tf (slowest ))+ 4toff (min) tr(slowest )+ tf (slowest )+ 4ton(min)

4(1-0.7) < fwitch < 4(0.1)
3(150ns +50ns) + 4(200ns) 150ns +50ns + 4(750ns)

...(3.2)

1.2 < fswitch < 0.4
1400ns 3200ns

857.142kHz < fswitch <125kHz

Based on the calculation frequency range, the lowest switching frequency is
about 125 kHz and the maximum is about up to 857.14 kHz. Thus the switching
frequency is set to be 250 kHz. This minimum value is selected in order to minimize

power use in Buck converter.
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Step 3: Determine minimum inductor, Lyin Size. The switching frequency and inductor
size selected for CCM is f = 25 kHz with load resistor, RL=5.6Q/10W

Lmin = (QJR
2f (3.3)

Where:
Lmin = Minimum inductor
D = Duty cycle
f = Frequency
R

= Resistor

. 1-0.7
Lmin =
(2 250kHz }

Lmin = 0.3 .6Q
500kHz

Lmin =3.36uH

Step 4: To ensure CCM let inductor be 25% greater than minimum inductor value

L =1.25Lmin
(3.4)

L =1.25(3.36uH)
L =4.2uH

Step 5: The average current and the change in current

R (3.5)



AiL = Vd-Vvo (DT)

A= 17.4V -12V (0.7) 1
4.2uH 250kHz

AiL =3.6A

Step 6: The maximum inductor current

AiL
ImaX = IL+T

Imax =

5A +

3.6A

Imax=5A+1.8A
Imax=6.8A

Step 7: The minimum inductor current

] AiL
Imin =1L ———
2

Imin :5A—¥

Imin=5A-1.8A
Imin=3.2A

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

C:

1-D
AVo

o

Vo

2

= Inductor
= Duty cycle

= Frequency

J

18

(3.6)

(3.7)

(3.8)

(3.9)



19

Vo Ripple factor
Vo

1-07
8(4.2uH)(0.02)(250kHz?
o 03

42k
C=7.2uF

Figure 3.3 shows the basic construction of buck converter circuit using software
OrCAD PSPICE based on calculations.

M2

IRFP150 L1
~Y Y
1Yl 4.2uH
\Y
V1i=0 § R2
V2=5 V2 - c1
TD = 5.6
L Ve TR = 10ns N b1 7.1u
17.4vdc —— TF = 10ns
- PW = 2u D1N4148
PER =4u
§ R1
1000k

-0

Figure 3.3: OrCAD PSPICE Schematic of Buck Converter.

Once the above schematic is designed, the simulation can be run. Figure 3.4 and
3.5 shows the waveforms generated by PSPICE simulation of the buck converter circuit.
The waveform in Figure 3.3 shows the output voltage rising to 12V. We can also see the
voltage across the diode during the switch off time is near -3 volts and during the switch
on time is near the input voltage. The waveform in Figure 3.4 shows the converter is
operating in the continuous conduction mode with an average operating current of about

5A and a peak in-rush current of about 15A.
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3.2.3 PIC 16F877A Circuit Design

The second part is a microcontroller circuit. PIC 16F877A microcontroller is
used in this PV charge controller to control POWER MOSFET switching duty cycle on
the buck converter circuit. PIC 16F877A 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 3.6 show 40 pin PDIP of PIC 16F877A microcontroller.

40-Pin PDIP
MCLR V= —=[ 1 /4D [ | =+— RET/PGL
RATANT =—s[T23 3B []=—» RE&H
RANANINVReEr-CVREF w—s [T 4 37 [Q =— RE4
RAIBMINVREF: —[]5 36 [ =— REIPGM
A4 TOCENCIOUT a—e [T 8 35 [] =—= REBZ2
RASANAES/CI20UT =—= 7 E_ H[]=—— RE1
?EDE.‘ANE - []3 b~ 33 [ == RBNINT
RE1AWRIANE —=—= [ o == 32 [ =— oo
REZCSIANT == 10 & 310 =— Vss
Voo— =11 5  30[] = RDTIPSPT
WeEs . [J12 7 2B [] == RDAPSPE
DECICLEl ——[T 13 — 2B [ = RDSPSPS
OSCAHCLED w [T 14 2 27 [] - EDUFERY
RONTIOSOMICK] e—=[1 15 o 26 [ =+—= RCTRX/DT
RCUTIOSICCP? e—e[J 18 25 [] =—= RCATXICK
RCZICCP! w—ae [ 17 24 [ = RCEEDC
RCASCHSCL =—=[T 13 23 [ =—= RC&EDISCA
ROODPSPO =—=[] 10 72 [ =—= RDOAFPSFPI
RO1PEP! =—[J 20 21 ] =—= ROXNFEFPZ

Figure 3.6: 40-Pin PDIP Diagram of PIC 16F887A

Before generate PWM signal from PIC16F877A, 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 3.7) is needed in the basic
PIC16F877A circuitry because 7805 regulator need to regulate the voltage supply of
(>6V to 12V) so that the suitable voltage supply will drop at the PIC16F877A Vdd
pinl12 and make the PIC to functioned.
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7805
(1.5A) B 5V
2
= 1uf = 100uf
GND

Figure 3.7: PIC 16F877A power supply circuit

A simple RC circuit (Figure 3.8) is used to produce action-synchronizing clock

pulses. 20-MHz resonator is used for the operation clock oscillation by PIC 16F877A.

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 pin13 (OSC1) and pinl4 (OSC?2).

22pF

(0]

c1i
22pF

Figure 3.8: PIC 16F877A clock circuit

Meanwhile, the reset circuit (Figure 3.9) is used so that the program from a

known state. It will be reset when the Master Clear (/MCLR) pin is connected to the 0V

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
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having a capacitor, at switch on, the capacitor will discharges. The PIC will be held reset
until the voltage /MCLR is above threshold value.

+5V

§ 10k

Swi
O o

SW PUSHBUTTON

RESET

—— 4.7uF

0

Figure 3.9: PIC 16F877A reset circuit

Since the PWM for Buck converter is sourced by PIC 16F877A in order to
maintain the output voltage, the PWM function pin at port RB6 (bit 7 of PORTB) is set
to be PWM output and it connecting to IN pin in the IR2109 half bridge driver.

3.2.4 Driver Circuit Design

The third part is a driver circuit. This circuit is really important in this PV charge
controller in order to amplify and translate the PWM signal from PIC 16F877A
microcontroller to trigger POWER MOSFET (IRFP150N) gate and the high output, HO.
HO of driver circuit is connected to the MOSFET IRFP150N gates through resistor and
switching diode (IN4148) that is oriented to bypass the resistor during turn-off, to ensure
that MOSFET IRFP150N in one leg are fully off by the time another leg is turn on. The
resistance is used value 20 Q which allow a maximum gate turn-on current on the high
side. Figure 3.10 show the MOSFET driver circuit.
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Figure 3.10: Circuit connection for IR2109 half-bridge

Basically, the driver circuit is receives controlled duty cycle signals from the PIC
microcontroller at IN pin. The duty cycle signal from microcontroller is small in range
about 0Vdc up to 5Vdc maximum. This duty cycle signal received then used for control
the power MOSFET switching to the Buck converter. If the output voltage of Buck
converter is higher, then the driver will drive a small duty cycle to POWER MOSFET
and vise versa. Refer details about high —side driver operation in result discussion.

3.2.4 Rechargeable Battery

The four part is rechargeable battery. This rechargeable battery will be used in
PV charge controller is 12V Sealed Lead Acid battery which is stored electrical energy
in chemical form to operates dc load at night or bad weather and also requires lower
maintenances, has longer life and gives better performance compared to normal battery.
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3.2.6 Voltage Sensor Circuit Design

The five part is voltage sensor. This voltage sensor is used in PV charge
controller to detect the voltage from rechargeable battery. First of all, the components in
the strip board need to be supplied by 5V output. So the voltage sensor is designed to
have 5V output by using supply from 12V rechargeable battery which is fed to port RAl
(bit 2 of PORTA). Here is the calculations method and formulas used in order to
determine the values of the required components in voltage sensor circuit design. Figure
3.11 show the construction of voltage sensor circuit using software OrCAD PSPICE

based on calculations.

R2 )
Vo=| —=— \Vin
R1+R2

Let R, = 1kiloohm

12V = 1k—Q vV
1kQ+R2

5kQ+5R2 =12R2
5kQ = 7R2
R2 =714.29Q

(3.10)

The standard value of resistor is used in this voltage sensor circuit is 715 ohm.



26

R1
1.8k
V1

12Vde —— ' <__Ivo=5v

™
R2

3 § POT

|

Figure 3.11: OrCAD PSPICE Schematic of VVoltage Sensor.

3.2.7 Current Sensor

The six part is current sensor. The current sensor is used in PV charge controller
to read the current from rechargeable battery. The current sensor used is LEM HXO05-
P/SP2.

3.2.8 Liquid Crystal Display (LCD)

The seven part is liquid crystal display (LCD). This LCD will be used in PV
charge controller to display the operating status of rechargeable battery, output voltage,
current value and also duty cycle of PWM from PIC 16F877A microcontroller. LCD is
used in this project is 2X16 VCM162A. Table 3.3 shows the description connection of
LCD.
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Table 3.3: The description connection of LCD

Pin No | Symbol Description
1 VSS Ground terminal of module
2 VDD Supply terminal of module
3 VO Power supply for Liquid Crystal Drive
4 Register Select:
RS RS =0 .... Instruction Register
RS =1 .... Data Register
S) Read/Write:
R/W High = Read
Low = Write
6 E Enable
7-14 Bi-directional Data Bus. Data Transfer is
DOto D7 | performed once, thru DO to D7, in the case of
interface data length is 8-bits.
15 (BL-) LED power supply terminals
16 (BL +) LED power supply terminals

As defined in the following structure, Table 3.4 show the pin connection from
PIC16F877A microcontroller to the LCD pin while Figure 3.12 show the schematic of

LCD circuit using software Proteus 7 Professional.

Table 3.4: The pin connection from PIC 16F877A to the LCD pin

Pin From PIC 16F877A | Pin From LCD
RBO DB4
RB1 DB5
RB2 DB6
RB3 RB7
RB4 E
RB5 RS
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LCD2
LMO16L

VDD | of o <| 1] © ~ ol ol of gl §f @l
R3
10k
.
VDD DD VDD VDD VDD
R2 R4 R5 R6 R7
10k 10k 10k 10k 10k
Ul
22 1 oscuciki RBO/INT [—33
14 osca/cLkouT RB1
RB2 |32
2 36
2 RAO/ANO RB3/PGM |—22
-2 RAV/ANL RB4 (3L
—2—{ RA2/AN2/VREF-ICVREF RBS (—32
-5 RA3/AN3/VREF+ RB6/PGC
-5 RA4/TOCKIC1OUT RB7/PGD |—22
—L— RA5/AN4/SS/C20UT 15
s __ RCOTIOSO/TICKI |2
—2{ REO/ANS/RD RC1/T10SI/CCP2 (18
2| RE1/ANGIWR RC2/CCP1
10 ) Re2/ANT7/CS RC3/SCK/SCL g
. RC4/SDI/SDA (—22
—=— MCLR/Vpp/THV RC5/SDO o /e
RCOITX/CK [—23 q °o—
RC7/RX/DT
9 /e
RDO/PSPO [—27 O O—
RD1/PSPL [—22 l <
RD2/PSP2 [—2%
2 [
RD3/PSP3 = P s B ) P s B )
RD4/PSP4 [—2 —O o—¢
RD5/PSPS |22
RD6/PSP6 [—22
RD7/PSP7 —| —
PICI6F877A ‘=Lo. — =

Figure 3.12: Schematic of LCD circuit with push button switches.
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3.3  Software Implementation

3.3.1 PICBASIC PRO (PBP)

PICBASIC PRO allows us to use assembly language code mixed together with
our BASIC code. The PICBASIC PRO Compiler (or PBP) makes it even quicker and
easier to program Microchip Technology’s powerful PICmicro microcontrollers
(MCUs). The English-like BASIC language is much easier to read and write than the
quirky Microchip assembly language. PBP Compiler produce code that can be
programmed into a wide variety of PICmicro microcontroller which having from 8 until
84 pins and various on-chip features including A/D converters, hardware timers and
serial ports. The PBP Compiler files are compressed into the self-extracting file on the
included disk. They must be uncompressed before use. In general, PICBASIC language
provides understood language, a widely standardized language and very productive
language. Features like bit manipulation, bit field manipulation, direct memory
addressing, and the ability to manipulate function addresses pointers have included in
PICBASIC language. In other words, PICBASIC language is the only popular high level
language that can be conveniently used for a microcontroller device such as for PIC
16F877A microcontroller to perform specific task in Photovoltaic (PV) Charge
Controller. PIC 16F877A device contain between 64 and 1024 bytes of non-volatile data
memory that can be used to store program and data and others parameters even when the
power is turned off.

3.3.2 MicroCode Studio (PBP Compiler)

MicroCode Studio is one of the PBP Compiler that available for the Microchip
PIC Controllers which is in this project, PIC 16F877A. MicroCode Studio is a powerful,
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visual Integrated Development Environment (IDE) with In Circuit Debugging (ICD)
capability designed specifically for PICBASIC PRO™ compiler that allows users to
build projects, add source code files to the projects, set compiler options for the objects
and compile projects into executable program files. MicroCode Studio has its own
database to track the properties of each Microchip PIC Microcontroller that it supports
which is in this project is the PIC 16F877A. The data base can be update through
Device Editor Menu item and new devices may be added or change the entries for a
device for a special application. MicroCode Studio now includes EasyHID Wizard, a
free code generation tool that enables a user to quickly implement bi-directional
communication between an embedded PIC™ microcontroller and a PC. The compiler,
assembler and programmer options is easy to setup. Compilation and assembler errors
can easily be identified and corrected using the error results window. Just click on a
compilation error and MicroCode Studio will automatically take to the error line.
MicroCode Studio even comes with a serial communications window, allowing the
debugging and view serial output from your microcontroller. Each line of source code is
animated in the main editor window, showing which program line is currently being
executed by the host microcontroller. User also can even toggle multiple breakpoints and
step through your PICBASIC PRO™ code line by line. Figure 3.12 show the example

programming which is written in Microcode Studio.
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Figure 3.13: MicroCode Studio Screenshots

3.3.3 UPOOA PIC USB Programmer

UPOOA PIC USB Programmer is driven and powered from a single USB port on
any personal computer. UPOOA PIC USB Programmer allows programming of PIC
microcontrollers in DIP, PLCC or surface mount packages on the programmer pin demo
board which available for 8, 18, 28 and 40 pin of PIC microcontrollers. UPOOA PIC
USB Programmer also included easy-to-understand tutorials software that allows users
to learn at their own pace. Refer APPENDIX for detail specification. Figure 3.13 show
the hardware of UPOOA PIC USB Programmer.
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Figure 3.14: UPOOA PIC USB Programmmer

3.3.4 Programming the PIC 16F877A Microcontroller

It is really important to check either the program is working or not. The easiest
way to find it out is trying and testing the code again and again using UPOOA PIC USB
Programmer. It does take a long time to develop a program that really satisfies the
project objective and scope. The flash memory technology of the PIC 16F877A
microcontroller permits the microcontroller to be programmed, erase and programmed

again repeatedly and it saves us more time to construct ideal program.

3.3.5 Photovoltaic Charge Controller System Operational Flow

The overall operation of the whole system is simplified and indicated by the
flowchart in Figure 3.11 as shown below.
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Figure 3.15: Flow chart of the whole system
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From the flow chart above, the PV charge controller algorithm is being

summarized. Everyday charging cycle of rechargeable battery is based on photovoltaic
energy and maintained by using PWM techniques. First check the battery voltage. If
battery is overly discharged (below than 11.2V) then the load is disconnect. After that,
loop to start to check the battery voltage is more than 11.2V. Then check if load is really
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disconnected. If load is disconnected, check if reconnection voltage of the load criteria is
met which is equal to 12V. If criteria are met reconnect the load then loop to check the
battery voltage. If battery is overcharged (more than 13.2V) then the panel is disconnect.
After that, loop to check the battery voltage is reaches voltage limit (13.2V). Then check
if panel is really disconnected. If panel is disconnected, check if reconnection voltage of
the panel criteria is met. If criteria are met reconnect the panel then loop to start to check
the battery voltage.



CHAPTER 4

RESULT & DISCUSSION

4.1 INTRODUCTION

In this chapter, all results of hardware testing and circuit troubleshooting of the
PV charge controller will be discussed. All discussions will focus on the result obtained
and performance of the project.

4.2 PIC 16F877A Microcontroller Circuit

Before complete PIC 16F877A microcontroller circuit is implementing on driver
circuit, the constructed PIC 16F877A microcontroller circuit needs to be check first.
There are two steps to check PIC 16F877A microcontroller circuit is function properly.
Figure 4.1 shows the complete PIC 16F877A microcontroller circuit.



36

Figure 4.1: The complete PIC 16F877A microcontroller circuit.

Step 1: Check the voltage supply, VVdd at pin 11 of PIC 16F877A

The voltage drop at pin 11 of PIC 16F877A microcontroller will be measured by
using digital multimeter and the result is 5V. This value ensured that the PIC 16F877A
microcontroller is well function and this value also were produced by the regulating
voltage supply through the power supply circuitry mentioned in Chapter 3. Figure 4.2

show the value of voltage drop is measured by digital multimeter.

Figure 4.2: The digital multimeter show the value of voltage drop near to 5V.
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Step 2: Led is ON

A red LED is connect to port RA2 (bit 3 of PORTA) of a PIC 16F877A
microcontroller and then write a program to continuously flash the red LED with 1s
intervals. When a red LED is ON, it shows the PIC 16F877A microcontroller is function
properly. Figure 4.3 show the red LED is ON from PIC 16F877A microcontroller

circuit.

Figure 4.3: The red LED is ON.

After checking the status function of PIC 16F877A microcontroller circuit, we
can move on to test the pulse width modulation (PWM) which is signal by PIC 16F877A

microcontroller.

4.2.1 Pulse Width Modulation (PWM)

The pulse width modulation (PWM) is required in PV charge controller for
control switching frequency in order to obtain the desired output voltage. The controlled
duty cycle from PIC 16F877A microcontroller enter to high side MOSFET driver before
control POWER MOSFET gate terminal for switching scheme. The switching frequency
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required for this Buck converter is about 250 kHz. The selection of switching frequency
can refer to component determination in chapter three together with simple
microcontroller program use to generate desired PWM. From previous calculation in
equation 3.2, PWM used to determine the duty cycle, D ratio between inputs to output of
Buck converter. The desire duty cycle for switching scheme is about 70% by operating
on CCM mode. There are two methods to control duty cycle. First method using variable
resistor or potentiometer and second method using switches which is connected to 4 pin
of PORTB of PIC 16F877A microcontroller. Figure 4.4 show the duty cycle of PWM

from PIC 16F877A microcontroller to meet the project requirement.

Figure 4.4: Duty cycle 70% of PWM output waveform from PIC 16F877A

4.2.2 Discussion

4.2.2.1 PIC 16F877A microcontroller circuit

Make sure the connection of power supply circuit, clock circuit and reset circuit
is connected properly to PIC 16F877A microcontroller to ensure this circuit functions

appropriately.
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4.2.2.2 Pulse Width Modulation (PWM)

Make sure duty cycle of PWM which is generated by PIC 16F877A microcontroller
for buck converter circuit is not less or more than range assigned because it will affect
the buck converter circuit to function inappropriately. The chance of buck converter
circuit to damage is high due to rating of component determination based on duty cycle

calculation are not supported.

4.3  Driver Circuit

Before the complete circuit of MOSFET driver is applies on Buck converter, the
constructed driver circuit needs to test first. There are 2 steps to test this driver circuit.
First step without POWER MOSFET at high output (HO) of MOSFET driver while
second step with POWER MOSFET at source (S) pin of it. This step is really important
to perform because to ensure the output from MOSFET driver is function in order to
control switching frequency of POWER MOSFET on buck converter. Figure 4.5 shows
the complete driver circuit.

Figure 4.5: The complete MOSFET driver circuit.
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4.3.1 MOSFET Driver Circuit without POWER MOSFET Output
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Figure 4.6: The test probe at HO pin of MOSFET driver.

Figure 4.6 show the probe point to test and measure is placed while another
probe point is tab to the Vs pin. The output point is test by varied the duty cycle coming
from PIC 16F877A at IN pin of MOSFET driver. Figure 4.7 show the result of duty

cycle at oscilloscope.

Figure 4.7: The output waveforms of HO MOSFET driver with D = 70%.
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MOSFET Driver Circuit with POWER MOSFET Output
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Figure 4.8: The test point at POWER MOSFET switching output

Figure 4.8 show the joint of gate terminal of POWER MOSFET with HO of

MOSFET driver, the need of voltage supply at drain voltage, Vdd of POWER MOSFET
terminal and the place of probe point to test and measure. The high output, HO pin is act
as a PWM signal for the POWER MOSFET. The output result at probe point is get by
varied the VVdd which is coming from POWER MOSFET terminal. Figure 4.9 show the

result of VVdd output at oscilloscope.

Figure 4.9: The output waveforms of HO MOSFET driver with Vdd = 14V.
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4.3.3 Discussion of Driver Circuit

During construct the driver circuit, there is a major problem especially when
construct high side driver circuit. The wrong connection of high side ground caused the
signal from PIC 16F877A not read by MOSFET driver. This circuit is an important part
because to ensure the output from MOSFET driver is well function as triggered
switching function of POWER MOSFET. So make sure the connection of high side
MOSFET driver in right connection.

4.4  Buck Converter Circuit

Now the buck converter circuit construction can be test after all parts for PWM
of PIC 16F877A microcontroller and driver circuit is tested and verifies. In this circuit,
the output voltage will be measured. Figure 4.10 show the complete buck converter
circuit while Table 4.1 shows the testing data for Buck converter circuit construction

which is applied the range of duty cycle ratio.
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Figure 4.10: The complete buck converter circuit

Table 4.1: The output voltage from buck converter

vdd (V) Duty Cycle (%D) Vout (mV) Frequency (kHz)
10 50.00 1.82 215.25
11 52.04 2.92 220.49
12 57.07 3.10 225.08
13 57.50 4.02 230.00
14 58.59 5.27 235.17
15 62.06 6.42 240.51
16 69.75 7.53 245.45
17.4 70.00 8.90 250.00
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441 Discussion of Buck Converter Circuit

From the Table 4.1, it show the maximum input supply voltage, Vdd can
varied is about 17.4Vdc and the output voltage of buck converter circuit is about
8.90mVdc at desired 70% of duty cycle. Basically to design of Buck converter is
achieved but it not meets the requirement of to produce 12Vdc output voltage. As we
can see on duty cycle ratio in Table 4.1, the increasing range of duty ratio may cause
the higher ratio of output voltage of buck converter circuit. The buck converter
circuit may in risk and possibility malfunction if this range of duty cycle constantly
use. The buck circuit has face with many problems especially due to rating of
components selection so to get the right rating of components selection, the try error
method is applied. To avoid an over voltage or over current flow through the Buck
converter system, the best way is to use variable power supply unit to perform the

step down dc-to-dc converter system.

45 Voltage Sensor Circuit

Before the complete voltage sensor circuit is implementing on PIC 16F877A
microcontroller, the voltage sensor circuit is test to make sure the output voltage
from voltage sensor circuit is fixed 5V. This value will be measured by using digital

multimeter. Figure 4.11 show the complete voltage sensor circuit.

Figure 4.11: The complete voltage sensor circuit
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45.1 Discussion of Voltage Sensor Circuit

The voltage output from voltage sensor circuit is fixed 5V after have been
tested. This show the voltage sensor circuit is well function. Then, the output voltage
of voltage sensor circuit is sent to port RAO (bit 1 of PORT A) on PIC 16F877A

microcontroller to control the voltage output from rechargeable battery.

46  Liquid Crystal Display (LCD) Circuit

Before the liquid crystal display (LCD) display the information of duty cycle
and voltage and current from rechargeable battery to the user, LCD circuit is check to
make sure it can be display. The LCD circuit is tune with potentiometer 10kilooh to
get the contrast of the display which is in function of the voltage on the LCD pin.
After the LCD circuit is checked, the command is given to PIC 16F877A
microcontroller in order to display the information on the LCD. Figure 4.12 show the
complete circuit of LCD circuit while Figure 4.13 show the information of duty cycle
on the LCD.

Figure 4.12: The complete circuit of LCD circuit
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Figure 4.13: The information of duty cycle on the LCD

46.1 Discussion of LCD Circuit

From the Figure 4.13, we can see only information of duty cycle is displayed
while information of voltage and current of rechargeable battery cannot be display.
This happen due to unstable board because of lots of changing variations like voltage
changing. The importance of achieving a high order of stability still remains a
significant problem at the end of the day and the final circuit exhibits a high degree
of stability. It is recommended in the solution that LCD circuit will need to orderly
adjusted the be preset the potentiometers due to changes variation by using analysis
method when configuring the effect of ranges in potentiometer and the contact

connections related to external circuit



CHAPTER 5

CONCLUSION AND FUTURE DEVELOPMENT

5.1 INTRODUCTION

This chapter discuss about the conclusion and project development in the
future. This project has two major parts which is hardware description and software
implementation. Both topics integrate with each other to develop Photovoltaic (PV)
Charge Controller as a working product that can be applied to perform effective PV

system.

5.2  CONCLUSION

As a conclusion, there are five chapters which are introduction, literature
review, methodology, result and discussion, and conclusion and future development
that has been discuss in this thesis for the development of PV Charge Controller
project. At the end of this project, the implementation of this project with PIC
16F877A microcontroller was successful since the main objective has been achieved
but with certain limit of the buck converter system. The design of Buck converter is
to step down input voltage from 17.4Vdc to 12Vdc. But unfortunately, after circuit
constructs and testing, the Buck converter has been to step down output voltage
about 8.90mVdc only. Basically, the main reason of why system only able to step

down about 8.90mVdc of voltage output is because due to ratings of components
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selection are not supported in terms of large flow of current through the circuit. The
noise like higher switching frequency is one of causes and affects that produced
higher current and carried it through the components. Besides, the LCD only can

display the information of duty cycle to the users due to unstable board.

5.3 FUTURE DEVELOPMENT

For the future development, it is better to combine this project with maximum
power-point tracking (MPPT) to get a maximum efficiency output. More or less for
the Photovoltaic (PV) Charge Controller construction, using Printed Circuit Board
(PCB) will be much likely saving the risk of stability. By having PCB in PV Charge
Controller construction, the probability of gaining high stability is positive. Fuse also
is installed in the load to prevent PCB from short circuit or overload current. Besides,
PCB makes the circuit become smaller and looks compact, this way, will increasing
the thought to make this PV Charge Controller becomes a portable device. In
addition, for future design, student should be exposed with several of types of
microcontroller for well-use programming language in the system for firmware and

hardware implementation.

54  COSTING AND COMMERLIZATION

At a time of reduced budget resulting in many electrical appliances need to
used, one way to increase efficiency and productivity of photovoltaic system is by
using Photovoltaic (PV) Charge Controller. Total estimation cost to build the PV
Charge Controller is about RM94.07; see APPENDIX B for details price and
components items. This project can be commercialized due to several reasons which
are:

i) The selling prices will be lower than RM 100.00
i) Portable PV charge controller

iii) Small in size and weight
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iv) High efficiency

Based on the reasons, this project actually quite simple compare to other similar
project concept (PV Charge Controller) available in marketplace. Thus, it is
impossible to compete with another advance project readily available but this PV

Charge Controller would be the best portable PV system that people want most.
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* Name :CONTROLLER.BAS *

* Author : [select VIEW...EDITOR OPTIONS] *

* Notice : Copyright (c) 2009 [select VIEW...EDITOR OPTIONS] *
* . All Rights Reserved *

* Date :4/7/2009 *

* Version : 1.0 *

Notes : *

*

ThkkArkhkrkrhkArrAAkAkAhkkAkhkrAhkhkrhkhkrhhkhkrAhkrrAhkrrhhkkhkhkhkhhkikhkhhhkrhhkrhhkkihhkkihkhkkihkikikik

" Display Microcontroller pin

‘'DB4RB0 -0
"‘DB5RB1 -0
‘'DB6 RB2 -0
"RB7RB3 -0
'"ERB4 -0
"RSRB5 -1

"RB6 -PWM OUTPUT
"rangeH button RD4
"rangeL button RD5
" cycleH button RD6
"cycleL button RD7

START:
DEFINE LCD_DREG PORTB ' LCD Data bits on PORTB
DEFINE LCD_DBIT 0 ' PORTB starting address

DEFINE LCD_RSREG PORTB "LCD RS bit on PORTB
DEFINE LCD_RSBIT 5 "LCD RS bit address

DEFINE LCD_EREG PORTB "LCD E bit on PORTB
DEFINE LCD_EBIT 4 "LCD E bit address
DEFINE LCD_BITS 4 "LCD in 4-bit mode

DEFINE LCD_LINES 2 "LCD has 2 rows

DEFINE ADC_BITS 10 '‘A/ID NUMBER OF BITS
DEFINE ADC_CLOCK 3 'USE A/D INTERNAL RC CLOCK
DEFINE ADC_SAMPLEUS 50 'SET SAMPLING TIME IN uS

‘VARIABLES

RES VAR WORD 'A/ID CONVERTER RESULT
VOLTS1 VAR WORD

VOLTS2 VAR WORD

PWMCYC VAR BYTE

CYCVARBYTE

DELAY VAR BYTE

53
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DUTY VAR WORD

DISP VAR BYTE

PLO VAR WORD 'PULS_LOW

PHI VAR WORD 'PULS_HIGH

PWIDTH VAR WORD 'ADD TWO RESULT (PULS_LOW+PULS_HIGH)

'‘CONSTANS

CONV1 CON 19 '5000/256=19.53,THIS IS THE DECIMAL PART
CONV2 CON 626 THIS IS THE FRACTIONAL PART
TRISA.0=1 'RAO(ANO) IS INPUT

TRISB = %00100000
TRISD = %11111000

Symbol CYCLEL = PORTD.5 "How many cycle in PWM

Symbol CYCLEH = PORTD.4 "PWMcycle from 0 to 255 : will determine
dutycycle

Symbol RANGEL = PORTD.7 "How many cycle in PWM

Symbol RANGEH = PORTD.6 "PWMcycle from 0 to 255 : will determine
dutycycle

SYMBOL BTN =PORTD.3

OPTION_REG = $05 ' Set prescaler = 64

ON INTERRUPT GOTO ISR "ISR routine

INTCON = $A0 " Enable TMRO interrupt and global interrupts

ADCON1=0 'MAKE ANO TO AN4 AS ANALOG INPUTS,
'MAKE REFERRENCE VOLTAGE=VDD

pause 500 "Wait 0.5sec for LCD to initialize

LCDOUT $FE,1 "Clear LCD

DEFAULT:

PWMCYC=179

CYC=20

rangeL=1

cycleL=1

rangeH=0

cycleH=1

disp=1

PWM PORTB.6,PWMCYC,CYC 'Send a XX% duty cycle PWM signal out PB1 for
XX cycle

MAIN:
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DUTY=(PWMCYC*100)/255

IF DUTY=100 THEN DUTY=0

PWM PORTB.6,PWMCYC,CYC  'Send a XX% duty cycle PWM signal out PB1 for
XX cycles

GOSUB DISPLAY

GOSUB PRESS

DUTY=(PWMCYC*100)/255
IF DUTY=100 THEN DUTY=0

GOTO MAIN

PRESS:

if CYCLEH=0 THEN
CYC=CYC+1
IF CYC=100 then cyc=0
GOSUB debounce

endif

if RANGEH=0 THEN
PWMCYC=PWMCYC+1
IF PWMCYC=255 then PWMCYC=0
GOSUB debounce

endif

if CYCLEL=0 THEN
CYC=CYC-1
IF CYC=100 then cyc=0
GOSUB debounce

endif

if RANGEL=0 THEN
PWMCYC=PWMCYC-1
IF PWMCYC=255 then PWMCYC=0
GOSUB debounce

endif

if BTN=1 THEN AGAIN
ADCIN 0,RES 'READ CHANNEL 0 DATA
VOLTS1=RES*CONV1 'MULTIPLY BY 53
VOLTS2=RES*CONV?2
VOLTS2=VOLTS2/100
VOLTS1=VOLTS1+VOLTS2
LCDOUT $FE,2,"VDC=",DEC4 VOLTS1 'DISPLAY RESULT
GOTO MAIN
pause 1000
gosub debounce



endif
RETURN

DEBOUNCE:

FOR Delay =1 To 100

Pause 1 ' Delay 1ms inside a loop. This way,
NEXT Delay ' timer interrupts are not stopped
DISP = 1" Set display flag to 1

RETURN

DISABLE

ISR:

IF cycleL=1 THEN NoUpdate
if rangeL=1 then noupdate

IF cycleH=1 THEN NoUpdate
if rangeH=1 then noupdate

if BTN=1 then Noupdate
disp=1

NoUpdate:

INTCON.2 = 0' Re-enable TMRO interrupts
Resume

ENABLE ' Re-enable interrupts

end

DISPLAY:

IF DISP=1 THEN

LCDOut $fe, 2

'LCDOUT "L",DEC3 plo ,"H",DEC3 phi
LCDOUT "DUTY CYCLE:", DEC2 DUTY ,"%"
LCDOut $fe, $CO

LCDOUT "CYC:",DEC3 cyc," PWM:",DEC3 pwmcyc
disp=0

ENDIF

RETURN

end
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NO. ITEMS Quantity | Price per Unit Price (RM)
1. PIC16F877A + BASE 1 22.00 22.00
2. LM 7805 Voltage 1 1.00 1.00
Regulator
3. Crystal 20Mhz 1 2.00 2.00
4, Heat Sink (Silver) 1 0.40 0.40
5. Resistor 10kQ 5 0.05 0.25
6. Resistor 1.8k Q 1 0.05 0.05
7. Resistor 1kQ 1 0.05 0.05
8. Resistor 330Q 1 0.05 0.05
0. Resistor 20 Q 1 0.05 0.05
10. Resistor 5.6 Q/10W 1 1.00 1.00
11. | Switch 5 0.60 3.00
12. | Capacitor 100 pF 1 4.50 4.50
13. | Capacitor 22pF 2 0.06 0.12
14. | Capacitor 10puF 1 0.06 0.06
15. | Capacitor 4.7 pF 2 0.06 0.12
16. | Capacitor 1uF 2 0.06 0.12
17. | Capacitor 0.1 uF 1 0.30 0.30
(Ceramic)
18. | LED 1 0.20 0.20
19. | Potentiometer 10kQ 1 2.50 2.50
20. | Potentiometer 25kQ 1 2.50 2.50
21. | Power MOSFET 1 4.00 4.00
IRFP150N
22. | MOSFET Driver IR2109 1 2.00 2.00
23. | Inductor 10 pH 1 5.00 5.00
24. | Diode 1N4148 2 0.10 0.20
25. | Diode 1N4005 1 0.20 0.20
26. | Liquid Crsytal Display 1 30.00 30.00
27. Connector 4 0.60 2.40
28. Independent Board 2 8.00 8.00
29. | Stand-off pillar 10 0.20 2.00
TOTAL RM 94.07
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MICROCHIP

PIC16F87XA

28/40/44-Pin Enhanced Flash Microcontrollers

Devices Included in this Data Sheet:

+ PIC16FE73A + PIC16F8TEA
» PIC16FE74A « PIC1GFETTA

High-Performance RISC CPU:

+ Only 35 single-word instructions to lzam

+ Al single-cycle instructions except for program
branches, which are two-cycle

+ Operating speed: DC — 20 MHz clock input

DC - 200 ns instruction cycle

+ Upto 8K x 14 words of Flash Program Memaory,
IUp to 368 x 8 hytes of Data Memory (RAM),
p to 256 x 8 bytes of EEPROM Data Memory

+ Pinout compatible to other 28-pin or 40/44-pin
PICA18CXXX and PICASFXXCK microcontrollers

Peripheral Features:

« Timerl: &-bit timer/counter with 8-hit prescaler

+ Timeri: 16-bit timer/counter with prescaler,
can be incremented during Sleep via external
crystal'clock

+ Timer2: &-bit imer/counter with 8-hit period
register, prescaler and postscaler

+ Two Capiure, Compare, PWM modules
- Capture is 16-hit, max_ resolution is 12.5 ns
- Compare is 16-hit, max. resclution is 200 ns
- P'WIM max. resolution is 10-bit

« Synchronous Serial Port (SSP) with SPI™
(Master mode) and I°C™ (Master/Slave)

+ Universal Synchronous Asynchronous Receiver
Transmitter (USART/SCI) with 9-bit address
detection

+ Parallel Slave Port (PSP) — 8 bits wide with
external RD, WR and CS controls {40/44-pin only)

+ Brown-out detection circuitry for
Brown-out Reset (BOR)

Analog Features:

+ 10-hit, up to &-channel Analog-to-Digital
Converter (A/D)
+ Brown-out Reset (BOR)
* Analog Comparator module with:
- Two analog comparators
- Programmable on-chip voltage reference
(VReF) module
- Programmakle input muliiplexing from device
inputs and internal voltage reference
- Comparator outputs are externally accessible

Special Microcontroller Features:

+ 100,000 erase’wnte cycle Enhanced Flash
program memory typical

1,000,000 erasefwrite cycle Data EEPROM
memory typical

Data EEPROM Retention = 40 years
Self-reprogrammable under software contral
In-Circuit Senal Programming™ (ICSP™)

via two pins

Single-supply 5 In-Circuit Serial Programming
Watchdog Timer (WDT) with its own on-chip RC
oscillator for reliable operation

Programmahle code proteciion

Power saving Sleep mode

Selectable oscillator options

In-Circuit Debug (ICD) via two pins

CMOS Technology:

« Low-power, high-speed Flash/EEPROM
technology

+ Fully stafic design

+ Wide operating voltage range (2.0V to 5.5V)

« Commercial and Industrial temperature ranges

* Low-powsr consumption

Program Memory Data MESP
. EEFROM 10-bit | CCP Timers
Device Bte # Single Word SRAM (Bytes) 1o AID (ch)| (PW) - Master USART 811 6-bit Comparators
¥ Instructions | (Bytes] C
PIC18FBTIA | 7.2K 4028 182 128 22 5 2 Yes| es s an 2
PIC18FET4A | 7.2K 4028 182 128 33 | 2 Yes| ‘fes fes n 2
PIC18FBTEA | 14 3K 2192 368 258 22 5 2 Yas| Yes Yesg n 2
PIC18FBTTA | 14.3K 2182 388 256 33 8 2 Yes| es s N1 2

& 2003 Microchip Technology Inc.
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PIC16F87XA

Pin Diagrams (Continued)

40-Pin PDIP
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PIC16F87XA

1.0 DEVICE OVERVIEW

This document contains device specific information
about the following devices:

+ PIC16F3T3A

« PIC16FE744

+ PIC16F3T6A

+ PIC16FBTTA

PIC1GFETIABTEA devices are available only in 28-pin
rackages, while PIC1GFET4A/BTTA devices are avail-
able in 40-pin and 44-pin packages. All devices in the
PICAGFETXA family share common architecture with
the following differences:

+ The PIC16FE7T3A and PIC18FET4A have one-half
of the total on-chip memory of the PIC16F3TEA
and PIC16FATTA

The 28-pin devices have three VO ports, while the
40/44-pin devices have five

The 28-pin devices have fourteen interrupts, whils
the 40/44-pin devices have fifteen

+ The 28-pin devices have five AD input channels,
while the 40/44-pin devices have eight

The Farallel Slave Port is implemented only on
the 40/44-pin devices

The available features are summarized in Table 1-1.
Block diagrams of the PICIGFETIAETEA and
PIC16FET4ABTTA devices are provided in Figure 1-1
and Figure 1-2, respectively The pinouts for these
device families are listed in Table 1-2 and Table 1-2.

Additional information may be found in the PICmicro®
Mid-Range Reference Manual (DS33023), which may
he obtained from your local Microchip Sales Represen-
talive or downloaded from the Microchip web site. The
Reference Manual should be considered a complemen-
tary document to this data sheet and is highly recom-
mended reading for a befter understanding of the device

architeciurs and operation of the peripheral modules.

TABLE 1-1: PIC16F87XA DEVICE FEATURES
Key Features PIC16FET3A PIC16FBT4A PIC1GFBTGA PIC16FBTTA
Operating Fraquency DC—20 MHz DC—20 MHz DC — 20 MHz DC—20 MHz
Resels (and Delays) POR, BOR POR, BOR FOR, BOR FOR, BOR
(PWRT, OST) (PWRT, OST) (PWRT, OST) (PWRT, OST)
Flash Program Memaory 4K 4K aK aK
{14-hit wiords)
Diata Memory (bytes) 192 192 368 368
EEPROM Data Memory (hytes) 128 128 256 256
Interrupts 14 15 14 15
/O Ports Ports A, B, C Ports A, B,C, D, E Pots A,B,C |(PortsA,B,C.,DE
Timers 3 3 3 3
Captura/Compare/PWh modules 2 2 2 2
Serial Communications MSSPF, USART MSS2, USART MSSP, USART MSSF, USART
Farallel Communications — PSP — PSP
10-hit Analog-to-Digital Module 5input channels | &input channels | 5input channels | & input channels
Analog Comparators 2 2 2 2
Instruction Set 35 Instructions 35 Instructions 35 Instructions 35 Insiructions
Packages 28-pin FOIP 40-pin FDIP 26-pin POIP 40-pin POIP
28-pin 3QIC 44-pin FLCC 28-pin SOIC 44-pin PLCC
28-pin S30P 44-pin TQFP 28-pin SSOP 44-pin TQFP
28-pin QFN 44-pin QFN 28-pin QFM 44-pin QFN

& 2003 Microchip Technology Inc.
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PIC16F87XA

8.0 CAPTURE/COMPARE/PWM
MODULES

Each Capture/Compare/PWM (CCP) module contains
a 16-hit register which can operate as a:

« 16-hit Capture register
+ 16-hit Compare register
+ PWM Master/Slave Duty Cycle register

Both the CCP1 and CCP2 modules are identical in
operation, with the exception being the operation of the
special event rigger. Table 2-1 and Tahle 8-2 show the
resources and interactions of the CCP module(s). In
the following sections, the operation of a CCF module
Is described with respect to CCP1. CCPZ operaies the
same as CCP1 except where noted.

CCP1 Module:

Capture/Compare/FWM Regisier 1 (CCPR1) is com-
prised of two 8-bit registers: CCPRIL (low byte) and
CCPR1H (high byie). The CCP1CON register conirols

the operation of CCP1. The special event trigger is
generaied by a compare match and will reset Timer1.

CCPZ Module:

Captura/Compare/PWh Register 2 (CCPR2) is com-
prised of two 8-hit registers: CCPR2L (low byie) and
CCPR2H (high byte). The CCP2CON register controls
the operation of CCP2. The special event trigger is
generated by 3 compare match and will reset Timer1
and start an A/D conversion {if the A/D module is
enabled).

Additional information on CCP modules is available in
the PICmicro® Mid-Range MCU Family Refersnce
Manual {D333023) and in application note AN394,
‘Using the CCP Moduie(s)” (DS00554).

TABLE 8-1: CCP MODE - TIMER
RESOURCES REQUIRED
CCP Mode Timer Resource
Capture Timeri
Compare Timer1
P Timer2

TABLE 8-2: INTERACTION OF TWO CCP MODULES
CCPx Mode | CCPy Mode Interaction
Capture Capture | Same TMR1 time base
Capture Compare | The compare should be configured for the special event trigger which clears TMR1
Compare Compare | The compare(s) should be configured for the special event frigger which clears TMRA
P FWM The P\WMs will have the same frequency and update rate (TMRZ inferrupt)
WM Capture | Mone
PWM Compare | None

& 2003 Mizrochip Technology Inc.
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PIC16F87XA

11.0 ANALOG-TO-DIGITAL
CONVERTER (A/D) MODULE

The Analog-to-Digital (A/D) Converter module has five
inputs for the 28-pin devices and eight for the 40/44-pin
davices.

The conversion of an analog input signal results in a
comesponding 10-bit digital number. The AD moduls
has high and low-voltage reference input that is sofi-
ware selectable to some combination of Voo, Vss, RAZ
or RA3.

The A/D converter has a unique feature of being able
to operate while the device is in Sleep mode. To
operate in Sleep, the A/D clock must be derived from
the A/D's intemal RC oscillator.

REGISTER 11-1:

The A'D module has four registers. These registers are:

« A/D Resuli High Register (ADRESH)
* AD Result Low Reqister (ADRESL)
+ AD Control Register 0 (ADCCOMD)
« AD Control Register 1 (ADCOMN1)

The ADCOND register, shown in Register 11-1, con-
frols the operation of the A'D module. The ADCON1
register, shown in Register 11-2, configures the func-
tions of the port pins. The port pins can be configured
as analog inpuis (RA3 can also be the wvoliage
reference) or as digital [/O.

Additional infarmation on wsing the A/D module can be

found in the PICmicro® Mid-Range MCU Family
Reference Manual (D533023).

ADCONO REGISTER (ADDRESS 1Fh}

RA-0 RAN-0 RAw-0 R0 RAN-0 RAN-D U-0 RAW-0
| ADCs1 | aDcsD | cHSZ | cHs1 | cHSD [GODONE| — | ADON
bit 7 hit 0
hit 7-6  ADCS1:ADCS0: A'D Conversion Clock Select hits (ADCOMNO bits in bold)
ADCON1 ADCOND )
<ADCSZ= | <ADCS1:ADCS0> Clock Conversion
0 oo Fosci2
o o1 Fosc/8
[u} 10 FosCi32
1] 11 FRC (clock derived from the internal A'D RC oscillator)
1 oo Fosc/4
1 o1 FoscHE
1 10 FosciGd
1 11 FRC (clock derved from the internal AD RC oscillator)
hit 53 CHS2:CHSD: Analog Channel Select bits
ooo = Channel 0 {AMNO)
001 = Channel 1 (ANT)
010 = Channel 2 (AN2Z)
011 = Channel 3 {AMN3)
100 = Channel 4 (AN4)
101 = Channel & {AMN5)
110 = Channel 6 {AMNEG)
111 = Channel 7 (ANT)

Mote:  The PIC1GFET3IAMETEA devices only implement A'D channels 0 through 4; the
unimplemented selections are reserved. Do not select any unimplemented
channels with these devices.

hit 2 GO/DONE: A/D Conversion Status bit
1 = A/D corversion in progress (setting this bit stars the A/D conversion which is automatically
cleared by hardware when the A/D conversion is complete)
o = A/D conversion not in progress
hit 1 Unimplemented; Read as ‘o’
hit © ADON: A/D On bit

1 =A/D converter module is powered up
o = A/D converter module is shui-off and consumes no operating cument

Legend:
R = Readable kit W="Writahle hit ) = Unimplemented hit, read as ‘0’
-n=%alue ai POR 1" =Bitis set ‘0" = Bit is cleared x = Bit is unknown

E 2002 Microchip Technology Inc.
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International
IGR Rectifier

Advanced Process Technology
Dynamic dv/dt Rating

175°C Operating Temperature
Fast Switching

Fully Avalanche Rated

Description

Fifth Generation HEXFETs fram International Rectifier
utilize advanced processing techniques to achisve
gxtremely 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, pravides the designer
with an extremely efficient and reliable device for use
in & wide variety of applications.

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

[yl

PD- 91503C

IRFP150N

HEXFET Power MOSFET
" 1| Voss = 100v

RDS{,;.”] =0.036w

Ip = 42A

similar but superior fo the earlier TO-218 package TO-24740
because of its isolated mounting hole.
Absolute Maximum Ratings
Parameter Max, Units
Ig @ T =25°C Confinuous Drain Current, Ves & 10V 42
Ig @ T =100°C|  Confinuous Drain Current, Ves @& 10V 0 A
lopa Pulsad Drain Current 140
Po@T.=25°C Power Dissipation 160 W
Lingar Derating Factor 11 Wi C
Vs Gate-to-Source Voltage 2
Eis Single Pulze Avalanche Energy 420 m.
™ Avalanche Curmrent i A
Eiwr Repetitive Avalanche Energy 16 mJ
didt Peak Diode Recovery dvidt a0 Ying
Ty Operafing Junction and 55 to+ 175
Tete Storage Temperature Rangs C
Soldering Temperature, for 10 seconds 300 {1.6mm from case )
Maurting torque, 6-32 or M3 srew 10 lbfein (1. 10#m)
Thermal Resistance
Parameter Typ. Max. Units
Raic Junction-io-Case — 055
Racs Caze-to-Sink, Flat, Greased Surface 0.24 “CIW
Rala Junction-to-Ambient — 40

wwwirf.com
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IRFP150N Internationa

IR Rectifier
Electrical Characteristics @ T, = 25°C (unless otherwise specified)
Parameter Min. | Typ. | Max. | Units Conditions

VBRiDSE Drain-to-Source Breakdown Voltage 100 | — | — | V | Vgz=0V Ip=250pA
DVjzrpss07, | Breakdown Voltage Temp. Coeficient | — | 0.11) — | V°C | Reference to 25°C, Ip = TmA
Rosiom) Static Drain-to-Source On-Resistance | — | — 0036 W | Ve =10V, Ip=234 &

Vaaih) Gate Threshold Voltage 20 | — | 40 | ¥ | Vos=Vas, In=250p4

0% Forward Transconduciance 4 | —| — | & | Vps=25V, lp=224

loss Drain-o-Source Leakage Cument — =& uh D8 = 100V, Vs = D

— | —| 230 Vos = 80V, Vgz =0V, Ty = 130°C

- Gate-to-Source Forward Leakags — [ — 100 oA Wigs = 20V

i Gate-to-Source Reverse Leakags — | —|-100 | Ve =20V

Gy Total Gate Charge — | —| 10 Ip =224

Qs Gate-to-Source Charge — | —| 15 | nC | Vpg =80V

Qg Gate-to-Orain ("Miller”) Charge — | —] 58 Yz =10V, See Fig. 6and 13 4
taian) Tum-Cn Diday Time —_ | — Voo = 50V

tr Rise Time — | 6| — s Ip =224

tajor) Turm-Cff Delay Time — | 45| — Rg=36W

t Fall Time — | 40| — Ro =250 SeeFig. 10 @

L intemal Drain Inductance — | 50| — Between lead,

oH Emn‘ i..ZHS n.} 5
rom package

Ls Intemal Source Inductance — 13 | — and canter of die contact

Cigs Input Capacitancs — 1900 — Vigs =0V

Coez Cufput Capacitance — | 450 — | pF | Vpg =25V

Cres Reverse Transfer Capacitance — | 23| — F=1.0MHz, See Fig. 5

Source-Drain Ratings and Characteristics

Parameter Min. | Typ.| Max. | Units Conditicns
Is Continuous Source Current 4 MOSFET zymbo 8
{Body Diode) - s | showing the
Iz Pulsed Source Current N O T integral reverse E
{Baody Diode) [-n junction diode.
Vap Diode Forward Valtage — | —] 13| V | T;=25C, Iz =234 Ve =0V &
tr Reverze Recovery Time — | 180 270 | ns | T,;=25°C, |z = 224
Qi Reverze RecoveryCharge — | 12| 18 | pC | difdt=1004/=s
ton Forward Tum-Cn Time Intrinzic: tum-an time is negligitée {fum-on is dominated by L+g)
Notes:
(1) Repetitive rating; pulse width limited by @ Pulse width £ 300ps; duty cycle £ 2%.
max. junction temperature. | See fig. 11 )
) Starting T, = 25°C, L = 1.7TmH Teze IFFLS10N cata and teast oarlitions

Rig = 25W, lag = 224, (See Figure 12)

) Ty £ 224, difdt £ 180AMs, Vo £ Vigrjpss,
T)E175°C

P wwwirf.com
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_— 1N4148.1N4448

" Vishay Semicenductors

Fast Switching Diodes

Featuras

= Ellicon Epfaxal Planar Diodes

+ Eleciicalty equivaient dodes: 1N4148 - 1H314
Thdd4B - 1MN14E

Applications
Extreme fast swhichss

Machanical Dala

Case: D0-35 Glass Case

Welght: spprox. 125 mg

Packaging Codes/Options:

TR/ 10k per 12 * real (52 mm tape), 50 Wbox
TAP { 100 k per Ammopack (52 mm tapa), 50 kbox

Parts Table

Part Typa dfemniiation Droaring coda Famaria
1H4148 Vo= 100V, V; @ | 10MA =1V [INEMETAF o tH414B-TR mmopac | Tane and Resl
1H&L48 Vg = 100N, Ve @ b 100 mA = 1 V| 1HAHETAF or THA4E-TR Ammopack | Taos and Rasl

Absolute Maximum Ratings
Tty = 35 °C, Lnilass céharwiss spocfiad

Aaramater Taest pondiion Symbol Vilo Unk
Fiapaifivs pek reverss woitago W fox L
Faseraa wolngs ¥ -] ¥
Peak forward surgs cuman 1, =1us I 2 A
Rapaifive posh fonsend cumant b EOC ma
Forward ousment k a0 ma
Ayurage lorward oomant Vp=0 ki e i
Power dissipation I=d mm, T =45"*C Py 430 i)

Iz4dmm, T sZE°C Py E] W

Thermal Characteristics
Tamb = 25 "0, uniess cihorwisg spechad

Faramaiar Toe pondion B Wim i
Jurction ambier =4 mm, Ty, = onstanl P 5] (]
Jumction lemparatira T om0 T
Eloraga |ampemiars mnge Tag E5 10 = 200 G

Cooumant Kumber 8521 LR
Aaw. 1.8, 22-Apr-0d |
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&Nﬂliﬂna! Semiconductor

LM78XX
Series Voltage Regulators

General Description
The LMTEXX z2nzs of three tzmvnal rzgulators 15 availablz

with saveral fived output voltages making them useful in a
wide ranoe of applications. One of these is local on card
requlztion, eliminating the distribution problems associated
with single poinl regulation. The voltages avalable allow
these regulaters to be used in logic systems, instrumenta-
fion, HiFi, and other solid stste electronic equipment. Al-
though designed primarily as fized voltage regulztors thess
devices can ba used with axternal components to obtain ad-
jusiable voltages and currents.

The LMPEXX serias s avallable in an aluminum TO-2 pack-
age which will allow over 1.04 load current if adequate heat
sinking is provided. Current limiting i included to limit the
peak autput current o a safe velue. Safe arsa protechon for
the output transistor i provided 10 limit internal power dissi-
pation. If internal power dissipation becomes too high for the
heat smking provided, the thermal shutdown circuit takes
over preventing the 12 from overheatng.

Considerable effort was expanded to make the LM78XX se-
res of requiators easy to uze and minimize the number of
extemal components. It is nof necessary to bypass the out-

May 2000

put, although this does improve transient responsa. Input by-
passing is needed only if the regulater is located far from the
fiter capacitor of the power supply.

For output voliage other than 5Y 12V and 15V the LM117
sefies provides an output vollage range from 1.2V to &7V,

Features

Dutput current in excess of 1A

Internal thermal overload protection

Mo extenal components required
Output transistor safe area protection
Internal shor crcut curent linut
Available in the aluminum TO-3 package

Voltage Range

Connection Diagrams

Meatal Can Package
T0-3 (K)
Aluminum

DPUT =, D

WFUT =
DS00TTas-T
Bottom View
Order Number LMT303CK,
LM7B12CK or LMTB15CK
See NS Package Number KC02A

LMTBOLC B
LMTB12C 12
LMTBI16C 15
Plastic Package
T0-220 (1)
T =Bu1|'ul
N O ;:. [
——
DorTT4Ed
Top View

Order Number LM7805CT,
LMT812CT or LM7E1SCT
See NS Package Mumber TO38

@ 2000 National Semiconducior Corporation

C=00TT46

Wi nalional com
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Absolute Maximum Ratings (nee 3 Masimum Junction Temperature
If MilltarglAerospace specified devices are reqguined, (¥ Packape) 150°C
Mease contact the Matienal Semiconductor Sales Offical (T Packags] 150'C
Distributors for availability and specifications. Storage Temperature Range —BE' ko 4180
Input Veltage Lead Temperature (Soldering, 10 ssc.)
¥z = BY, 12V and 15v] HY TO-3 Packags K WG
Intemal Power Diasipaton (Note 1) inemally Limited T0-220 Packaga T 4
Oiperatng Temperature Rangs (T,) 0'C to +70°C
Electrical Characteristics LM7B8XXC (nois 2
WG s T, s 125'C unleas otherwise neded
Crutput Voltage 1) 12v 13
Input Voltage [unlkess otherwise notad| 1oy iEL £ Linits
Symbol Farameter LConditions Ilinl Typ |I||u: Min | Typ |Hu: Min | Typ |H'Ia.1:
Yo Crutput Veltage Tj=28C SmAs s 1A 48 & B} |15 1} 126|144 15 4RE| W
Fo£ 18W, bmA = |, £ 14 475 525 |14 126 14.25 1BTE( W
Viain = ¥ig £ Vi (FHeVu 220 | (ME=2V, = 7.6 £V = v
m A0
AV Line Requiation lg =600 |Tj=25'C 3 & 4 120 4 10| mV
m#A
AV, [TV, £28) | 452, £30) [ (175, < v
EY)
G 2T 1250 i 120 150 mV
AV BLVL220) | (152 £27) | (IBS2Y, = v
30
I = 14 Tj = 25'C 50 120 150  mb
Ay (Fh=Vo ) | (MB2V, = 1T =V, = v
)| 305
I'C=Tj< HET 25 L1 TR | mV
AV, BLVL£12) | B2V, <23) | (2D £V, £26) v
AV Load Reguiation | Tj=25C [5mA<l, <154 1 5D 12120 12 150 mV
260 mh =g = 5 L) | mV
TED mé
EmAzlp 2 1A 0CET): L] 120 150 mV
125G
lg Chmazcend Curmant | 15 < 14 Tj= 25'C f B ] mi
IC£Tj« 41250 B5 a5 B5| mA
Al Chpeseend Current | & mA s |, s 1A LY 0% 05| mA
Changa Tj=25C. 1= 1A 10 10 13| ma
Viam = Yin £ Vi (PHEVg =20} | (M4BEY,=2T) [ (T3 < ¥
30)
I < 500 mA, 0°C = Tj< +128°C 10 10 10| m
Viain =¥ % Y (TeVu=28) | 45V =30 [ NTELY, < ¥
in
YW Curtput Mome T. =25'C, 10 Hz =< 100 kHz 40 75 a0 u
Woltage
Ripple Rejaction o214, Tj=25C | 62 @0 B T2 = dB
Ay o
oyt f=120Hz | I = B00 maA 62 Eh £ dB
I'CaTj< +125°C
Vo = Vin = Vi [BaVus18) | [15sWy,s26) | (IBE<Y,= v
A 5)
Ry Dropout Vaoltage | Tj= 25°C, 15, = 1A el 20 20 v
Cnput Resistance | f= 1 kHz ! 18 1% mil

wa
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Electrical Characteristics LMT8XXC (nce= 21 (continued)
0°C = T, = 125°C unlesa otherwize notked.

Crutput Voltage v 1Y 15V
Input Voltage (unless otherwise noted) 1 13 23V Units
Symbol | Parameter Condliions Wlin | Typ | Max | Min | Typ [Max [ Min | Typ [Max
Sheet-Cireuit = 250 21 15 1.2 A
Currant
Peak (udput T =25C 24 24 24 A
Currant
Byerage TC of CaTj<4128°C, I, = EmA D& 15 18 myi"C
l"Irl:lLI'I'
Vo nput Valtage
Raqiprod t =36, lg = 14 FAT 145 I Y
Mainian
Line Regulation

Wate 1: Themal resistancs of the T0-3 package (K. K G = trpoaly &' CA junoSon tn case ard 350 case ‘o ambent. Tharmat resistangs of fre TO-220 packnge
(T} I= nymicalty €' 0 pmoicn o caze ond B0'CAN e moambieni

Hete I: Al che e

el Crarapmnsis

wilh capacior scrpys fre input of .12 uF. snd 2 capaciior scrmss the ourput od 0. VpF. Al charactemiboy mapepl nose vollage
and rpple repoion roto o mesured using palae feonmiques fty S 0ome. duty oyele £ 5% L Owipud wolisge shanges dus to changes m niemal samparatums must
b taken o aooount seperateh.

Woke I Ab=olyte Masimurs Aaings mdicate lmis eyond which damage fo the dewios may poour, For guaranbesd spechicedons and the fest condiions, see Eles-

wiie nalinral o
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International
IGR Rectifier

Data Sheet No. PD60163-U

IR2109(4) (S) & (PbF)

Features

# Floating channel designed for bootstrap operation
Fully oparational to +600V
Tolerant to negative transient voltage
dVidt immuine
# Gate drive supply range from 10 to 20V
# Undervoltage lockout for both channels
o 3.3V, 5V and 15V input lngic compatible
o« Cross-conduction prevention logic
# Malched propagation delay for both channels
# High gide output in phase with IN input
» Logic and power ground +- 5V offsat
» Intemal 540ns dead-time, and programmahle
up tn 5us with one external FoT resistor (IR21094)
o |Lower difdit gate driver for better noise immunity
& Shut down input wrns off both channels.
® Available in Lead-Free

Description

The IR2109(4)(S) are high voltage, high speed power
MOSFET and IGBT drivers with dependent high and
I sicie referencad output channels. Propristany HYIC
and laich immune CMOS technologies enable rugge-
dized monolithic construction. The logic input is
compaiible with standard CMOS or LSTTL output,
down to 3 3V logic. The output drivers feature a high

HALF-BRIDGE DRIVER

Product Summary

600V max.

120 mA / 250 mA
10 - 20V

tonioff (typ.) 750 & 200 ns

Dead Time 540 ns

VOFFSET
[+l
Vour

{programimable up to 5uS for IR21084)

Packages

Q 14 Lsal SOIC «
)

b Lead S2IC

14 Lead POIP

i Lead POIF

pulse current butfer stage designed for minimum driver cross-conduction. The floating channel can be used to
drive an N-channel power MOSFET or I1GET in the high side configuration which operates up to 600 volts.

Typical Connection

0
oAz

o B
: - ]
! o=
oo ¥, |
L oo B -1
s m HOl T
= 0 Vy - — =k
oM Lo i
—l—w»—q)u
IR2109 e 7
h ]
o= ik
S - =
{Rter o Lead Assigniments for aormeal e
mondigurafion). This/Thesa diagram(s) show e i— v
alacirical ponnections only. Pieasa refer o our Far
Application Motes and DezignTips for propsr
pirrait bar ey

www irf.com
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IR2109(4) (S) & (PbF) Inlernational

ToR Rectifier

Absolute Maximum Ratings

Ahaolute maximum ratings indicate sustained limits beyond which damage to the device may occur. All voltage param-

eters are absolule voltages referencad to COM. The thermal resistance and power dissipation sfings are measured
under board mounted and =il air conditionz

Symbaol Definition Min. Max. Units
Ve High =ide flnating absolute voltage 03 625
Vs High zide floating supply offsel voltage YWg-25 Vg + 0.2
VHO High side foating output voltages Vg-03 Ve + 0.3
Veo Low zide and logic flved supply voltage 0.3 25
Vo Low side output voltage 03 Voo +03 Y
or Programmable dead-time pin vollage (IR21094 only) Weon-02 Yoo+ 03
iy Logic input voltage (IN & 50) Vag-03 | Vgg+0O3
Ves Logic ground (IF21024/R21854 anly) Voo -2 | Vpo+03
dW /i Allowable oifzet aupply vollage franaient — ] Vina
Fo Fackage power dissipation @ Ta < +25°C (8 Lead POIF) = i0
{8 Lead SOIC) - 0625
(14 lead PDIP) — 16 W
114 lead SOIC) — 10
Rihyg, Thermal resistance, junciion o ambient (8 Lead PDIF} — 125
{8 Lead SOIC) - 200
(14 Ioed PDIP) = o L
(14 lgad 5010 — 120
T4 Junclion temperature — 150
T= Storage temperalune -l 150 o0
T Lead temperature {aoldaning, 10 ssconds) — 300

2 v irf com



International |R2109(4) (S) & (PbF)

TR Rectifier

Recommended Operating Conditions

The input'output logic timing diagram is shown in figure 1. For proper operation the device should be used within the
recommended conditiona. The Vg and Voo offzet rating are tested with all supplies biazed at 15V differential.

Symbol Definition Min. Max. Unils

VE High side floating supply abaolute vollage Vg + 10 Vg + 20

Ve High side foating 2upply offast vollage Mote 1 a00
Vo High side floating outpul voltage Vs Ve

Voo Lo sicde and Iogic fixed supply voltage 10 20

Vig Low side outpul voltage 0 Vor v
Vin Logic input voltage (IM & SO) Von Voo

ot Pmgrammable dead-time pin voltage (IR21094 only) Ves Voo

VES: Logic ground {IR21094 only} -5 L

Ta Ambient temparature -40 125 G

Mote 1. Logic operational for Vs of -5 to +600Y. Logic state held for Vs of -5V 10 -Ves. (Please refer to the Design Tip
OTY97-3 for more details).

Dynamic Electrical Characteristics
Veias Voo, Vgs) = 15V, Vag = COM, © = 1000 pF, Tp = 26°C, DT = VSS unleaa oherwias specitied

Symbol Definition Min. | Typ. | Max. | Units| Test Conditions
ton Tum-on propagation delay — Fa0 950 V=10V
foff Tum-off propagation delay = 200 280 Vg = OV or 600V
tad Shut-down propagation delay = 200 280
MT Delay matching, HS & LS tum-on/off - 0 70 | nsec
1 Tum-ar rise time — 150 220 Vg=0OV
l Turm-off fall time - &0 a0 Vg=0V
oT Ceadtime: LO twm-off to HO wm-on(DTLoH0y 5| 400 | 540 Ga0 ROT=D
HO tum-off 1o LO um-on {OTHO-LO) 4 L B uzec | ROT = 200k (Re10a4
MOT Deadtime matching = DTLo - HO - DTHOLO — 0 a0 o ROT=0
= 0 500 ROT = 200k iRziosd)

wyw irf com 3




niemnational
IGR fectifier

Functional Block Diagrams

IR2109(4) (S) & (PbF)

IR2109

__| aEsamue

— e o, wrT
i s |5 SLLIE oy
L ) BENTATIR | L=

Ve

-4 HO

W33

OT f—rhdy SELTTIHE

IR21094

wiwvyirf .com




IR2109(4) (S) & (PbF) Infernationc

TR Pectifier

Lead Definitions

Symbol | Description
N Logic input for high and low side gate driver outputs (HO and LO), in phase with HO {referenced to COM
fior IR2109 and WSS for IR210594)
0 Logic input fior shutdown (referencec to COM for IRZ109 and V5SS for IR21094)
oT Programmable dead-time lead, referenced to VS5 (IH21094 only)
V55 Logic Ground (21094 anly)
Ve High side floating aupply
HO High side gate drive output
Vg High side floating supply retun
Voo Low sice and logic fixed supply
LO Low gicke gate drive output
COM Low side raturn
Lead Assignments
o S
[+] veo Va8 | [1] ves Val 8]
Gl [ Zlw v
o e Glw wle
[ 4] com (s [4] com 1o[s |
8 Lead POIP 8 Lead 50IC
IR2109 IR21098
\/
E Voo E YOG E
[2]m Vg [2] m Vg [ 13]
Gls  ofe Gls wE
o ) o w@]
(5] ws (3] ves )
[ 6] com B [ 6] coM 9]
[7] w0 [ & | [7] 10 8]
14 Lead POIF 14 Lead S0IC
IR21094 IR21094S
G www.rf.com
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Model P160

16mm Rotary Potentiometer
Conductive Plastic Element

100,000 Cycle Life

Metal shaft / Bushing

Multi - Gﬂl’lgEﬂ available

RoHS Compliant

Si0a Adjust . Soider Lugs FEDENP
Sida Adjust, PC ping EDKN
Siga Adjust , PC Pins, Long pins PGIRNE
Faar Agusl PC pins P1EJENFD
Fasktance Range, Chms BO0-1M
SiEnderd Aesislance ToaEncs T %
Bazidual Reskiance 20 ohiTeE mEL
Power rating Input "ul'E"El_:E. [FEEIMLIM 200V ac mex
Power Baled, Walls 0.2 - B faper, 0.1W-othars
[eedeciric Sirength B0V aC, | minule
IrEuiEtian BesiEtance. Minimum 1008 ahme &t 250voc
Sliding Molse 100mY mEx
Acheal Elecincal Trewed, Nominal 260
Toe Mechanical Traval 3004 10#
Static Siop Srangth 30 @z-in
Roleional Torgue, Medimum 2.5 m-in

ENVIRONMENTAL
Cparsiing Temperalurs Aange -20°C o +70°C
Fotedmal Lifks 100,000 cycles

' Spooiraions subjen! fo change withou? nofica

81



Model P160

ORDERING INFORMATION

_,_,--""--F -____.-' II,- |
= o "
hooal Serias - g .a-"/fll.'" "n, \ \\\ Toial Rasitance
i~ | S -
s i, e

Datent o / A g : J’rlJ're-IaI
0 - Na Datan / - Rt
1 — Canter Daten / II".,I \'\ T
2-11 Deflants 1
| Shalt Langt 1" =88 balow
3- 21 Detents / \ oy
4 - 41 Detents Shatt Type Full CCW Shaft Position: sae balow
Shatt Types
E-T1VE F-TvFE = TYPE
; e, %
| Lt +'E | |L 3
u i ]
g = 4 |
; i1
|
NEEEEEERNNEEELEEE
R R EEDEEEE

Shatt Poslilon (FType Shaft)
Diashied Inas on Type “C7 and Typa “A" shows posiion of adjustment siot tor E-Type and G-Type shalls

Ty
Full CCW Poarmz

500 1K 2K EK 10K 2K BOK 100K 200K 600K 1MEG
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4 HARDWARE (Programmer)
Compecting the Programmer to the Computer

Use tha USE Cable provided.

Commact one side of the cabla to the programmer and the other side to e 5B port of the
oM

Plugzing the Microcontroller
40-pm Microconmaller

& Tz m the nococontrodler at the socket (indicated on the board) and push forward
the teggle switch 25 shonm

_' L TP O, mij

€ Jiron. com. my

]

e Jld

L ISR

L
u
[]
L]
i
L]
u
i
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S SOFIMWARE INSTALTATION

BE_{l"E POLA PTC 175 B programmer Can be msed. thve driver mynst be mmstalled (1™ dome Tlser]).
Copy Oy ron Prermemymer”” folder froeon the O o 3our PO

b

'SE port. Yoo will see the “loadims" red light ilhamyinases.

The window will now show “Foumd MNMew Hardwars".

ta

'i:.,..- Fosared! Mewy Herdvear=
SR TR TOODFIC- LSS Sumniess SO0

4. Choose mo T Iomstall froe a list of specific lecadon CAdveanced)™ wiven the “Wizand™

window app=ar.
Fommd Mew Hardware Wizard

wWhabcome 1o The Found Maw

Has gy are Wi anrd

Thiz wvirasd bl pr poea i nadell oo ke Fox
ERAABADDA TODOFICLES = remer 20005

=1 IF pome hardvmares comes with e iostalaboe T
LRSS i Bboapeye ol Emsesrn iL Eelees

et o poas weed the recerd o do™

&0 Ineted I th e poilessys o streresticosll p T sscormes sn de d)
= Il & kst or gpeciic ocation [ dwarosd)

Chok Meast o carnbresa

[0

Click Bronese and browss to “USE Dnver™ falder in “Cytron Programmer” folder that
vou copied Click Next to proceed the mstallafion

LR TR L FLN

T e FRA pe aeesft o pr ek splam Talact: 1 bollay gt ot airs: th s e v s

B G
= L
1 St b e bt e i e e ion i {2 iy Decwmsats
LS I 'l:d':m.'l"l‘ﬂl“w1rlh||.wl el o el LS O Py Corepie
¥ 1
ol ool reroropbiy mepde T e bl cemgnina sl b il £ % iy i i
18 march sl ks e, I PR | J Cobran Frogramss
[ e i et sl saenh _‘: L
u bl'-’\.'
A0 et e | il e e chowr o ol T o iy Wby, lick s b ks AL
Elmep e gy b oot s ciomaeom chomgy e i, o o ol Cwanarion Ll
el et o e el B i et sl o o B I ae ITI

R A (]

Fiug ome end of tha TT5E cable 1o the 17538 Progmapmesr and the other end o the PC7s
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Fleaes Choose ol i anck andl et oo mo g oo s

I5) Semamnch For B bk difeer n Hiese koossion s

Db B o bl e B et beia bows Boe Bl ood cmisaec] B d el ssaench . Hide b i choades | oec 2d
pad e ard rennoatds meadis The beck deesr fowrd wall b= nista e

[ S=sschinsancreshie media (oppee. COADM.
[=] § ez i M=z ol i o D Sanainsi
Do e e o e S s o ichrreirs s B bow s D ems by U e |_Eh:n-m=- |

{1 Dont cmach ol chooos e deve oo el

Choorse i oplcen bo cedec b Hoes o e e clipess roem e b= WYindo s doss nol pu serd ees Hhst
B oo e L e Wl b e s Bt realdodn ol G0l haddhi e

| cBack "__ Hests | I Camcel |

&, Ifthe window s fznre beloww pops ap. clck Coneirss dmasaay

The zolbve=1e o s inskaling for b hendvesie:

]:;

GTHF-LISE simnmeer 2005 HO

b= rood pacesd Wiradoes s Logo bezireg (o wenlp e Cornpeat bl i
sty rdo e P (el ores by e 1800 & i ookl | /]
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ABSTRACT

Photovoltaic or in short term PV is one of the renewable energy resources
that recently has become broader in nowadays technology. The demand or future
work is looking for high efficiency, more reliable and economical price PV charge
controller which is come in portable size has become very popular in PV system. In
general, PV system consists of a PV array, charge controller, rechargeable battery
and dc load. PV charge controller is very important in PV system. In this project, a
PV Charge Controller is designed based on microcontroller (PIC 16F877A) which
reduced complexity in the number of electronic components and increased
monitoring and regulative functions. This project used dc-dc buck converter circuit
which has been simulated using software of OrCAD PSPICE. Pulse width
modulation (PWM) will be implemented on a PIC 16F877A to control duty cycle,
voltage and current in the PV system and is programmed using software of
Microcode Studio. Liquid Crystal Display (LCD) is used to display the voltage and
current from rechargeable battery. The benefit of this project is an improvement of

efficiency depend on duty cycle and voltage change.
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ABSTRAK

Voltan cahaya atau singkatannya PV adalah salah satu daripada
sumber tenaga yang dapat diperbaharui yang baru-baru ini menjadi semakin meluas
dalam teknologi pada masa kini. Permintaan atau projek di masa hadapan bagi
pengawal cas elektrik PV adalah dalam keluaran yang lebih efisien, boleh dipercayai
kegunaannya dan harga yang berpatutan dalam bentuk yang mudah dibawa semakin
popular dalam sistem PV. Secara umumnya, sistem PV mengandungi susunan PV,
pengawal cas elektrik, bateri cas semula dan beban arus elektrik terus. Pengawal
tenaga elektrik sangat berguna dalam system PV. Di dalam projek ini, pengawal cas
elektrik photovoltaic direka berdasarkan pengawal terbenam (PIC 16F877A) di mana
ia mengurangkan kekompleksan dalam penggunaan jumlah komponen elektronik dan
meningkatkan pengawasan dan fungsi pengaturan. Projek ini menggunakan litar
“dc-dc buck converter’” yang telah dihasilkan menggunakan perisian “OrCAD
PSPICE”. Nadi keluasan modulasi (PWM) akan dilaksanakan menggunakan PIC
16F877A untuk mengawasi kitaran duti, voltan dan arus aliran elekrik dalam system
photovoltaic dan seterusnya diprogramkan menggunakan perisian “MicroCode
Studio™. Paparan cecair Kristal (LCD) pula digunakan untuk mempamerkan bacaan
voltan dan arus aliran elektrik daripada bateri caj semula. Kelebihan projek ini adalah

peningkatan kecekapan yang bergantung kepada kitaran duti dan perubahan voltan.
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CHAPTER 1

INTRODUCTION

11 BACKGROUND

Photovoltaic or in short term PV is one of the renewable energy resources
that recently has become broader in nowadays technology. PV has many benefits
especially in environmental, economic and social. In general, a PV system consists of
a PV array which converts sunlight to direct-current electricity, a control system
which regulates battery charging and operation of the load, energy storage in the
form of secondary batteries and loads or appliances. A charge controller is one of
functional and reliable major components in PV systems. A good, solid and reliable
PV charge controller is a key component of any PV battery charging system to
achieve low cost and the benefit that user can get from it. The main function of a
charge controller in a PV system is to regulate the voltage and current from PV solar
panels into a rechargeable battery. The minimum function of a PV charge controller
is to disconnect the array when the battery is fully charged and keep the battery fully
charged without damage. A charge controller is important to prevent battery
overcharging, excessive discharging, reverse current flow at night and to protect the
life of the batteries in a PV system. A power electronics circuit is used in a PV
charge controller to get highest efficiency, availability and reliability. The use of
power electronics circuits such as various dc to dc converters topologies like buck
converter, boost converter, buck-boost converter and others converter topology as
power conditioning circuitry to provide a desired current to charge battery

effectively.
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OBJECTIVES

(i) To design Photovoltaic (PV) Charge Controller by using PIC

microcontroller type.

(if) To monitor voltage and current as the input of the rechargeable battery

and display on the Liquid Crystal Display (LCD).

SCOPE OF PROJECT

(i) The PV charge controller that designed in this project will be implement

PIC microcontroller in it.

(ii) This project concentrates on DC-DC Converter.

(ii))This project will use PIC microcontroller to control the voltage and
current at certain values that have been set which are act as input of the

rechargeable battery and displays all the results of voltage, current, power

and percentage remaining rechargeable battery on the LCD.

PROBLEM STATEMENT

Most of the PV charge controller nowadays just uses LED to indicate the

operating status of the rechargeable battery. It is hard to know the values of the

rechargeable battery that have been used such as voltage, current and others. Besides

most of PV charge controller is expensive depends on the total cost of PV system

that has been used.



15  THESIS OVERVIEW

This Photovoltaic Charge Controller final thesis is arranged into following
chapter:

Chapter 1: Basically is an introduction of the project. In this chapter, provides the
background of the project, objectives, scope of the project, problem

statement, and also the thesis outline.

Chapter 2: Focuses on literature reviews of this project based on journals and

other references.

Chapter 3: Mainly focused on methodologies for the development of Photovoltaic
Charge Controller. Details on the progress of the project are explained in

this chapter.

Chapter 4: Presents the results obtained and the limitation of the project. All
discussions are concentrating on the result and performance of

Photovoltaic Charge Controller.

Chapter 5: Concludes overall about the project. Obstacle faces and future

recommendation are also discussed in this chapter.



CHAPTER 2

LITERATURE REVIEW

2.1 Photovoltaic Charge Controller

A charge controller is needed in photovoltaic system to safely charge sealed
lead acid battery. The most basic function of a charge controller is to prevent battery
overcharging. If battery is allowed to routinely overcharge, their life expectancy will
be dramatically reduced. A charge controller will sense the battery voltage, and
reduce or stop the charging current when the voltage gets high enough. This is
especially important with sealed lead acid battery where we cannot replace the water
that is lost during overcharging. Unlike Wind or Hydro System charge controller, PV
charge controller can open the circuit when the battery is full without any harm to the
modules. Most PV charge controller simply opens or restricts the circuit between the
battery and PV array when the voltage rises to a set point. Then, as the battery
absorbs the excess electrons and voltage begins dropping, the controller will turn
back on. Some charge controllers have these voltage points factory-preset and non

adjustable, other controllers can be adjustable. [1]

2.2 Photovoltaic

Photovoltaic (PV) is the field of technology and research related to the

application of solar cells for energy by converting sun energy (sunlight or sun



ultra violet radiation) directly into electricity. Due to the growing demand for clean
sources of energy, the manufacture of solar cells and PV arrays has expanded
dramatically in recent years.[2] PV production has been doubling every two years,
increasing by an average of 48 percent each year since 2002, making it the world’s
fastest-growing energy technology.[3] At the end of 2008, according to preliminary data,
cumulative global installations reached 15,200 megawatts.[4] PV is best known as a
method for generating electric power by using solar cells packaged in PV modules, often
electrically connected in multiples as solar PV arrays to convert energy from the sun into
electricity. The term PV denotes the unbiased operating mode of a photodiode in which
current through the device is entirely due to the transduced light energy. Virtually all PV
devices are some type of photodiode. Solar cells produce direct current electricity from
light, which can be used to power equipment or to recharge a battery. The first practical
application of PV was to power orbiting satellites and other spacecraft, but today the

majority of PV modules are used for grid connected power generation.

Cells require protection from the environment and are usually packaged tightly
behind a glass sheet. When more power is required than a single cell can deliver, cells
are electrically connected together to form photovoltaic modules, or solar panels. A
single module is enough to power an emergency telephone, but for a house or a power
plant the modules must be arranged in arrays. Although the selling price of modules is
still too high to compete with grid electricity in most places, significant financial
incentives in Japan and then Germany and Italy triggered a huge growth in demand,
followed quickly by production. Perhaps not unexpectedly, a significant market has
emerged in off-grid locations for solar-power-charged storage-battery based solutions.
These often provide the only electricity available. [5] The EPIA/Greenpeace Advanced
Scenario shows that by the year 2030, PV systems could be generating approximately
1,864 GW of electricity around the world. This means that, assuming a serious
commitment is made to energy efficiency, enough solar power would be produced
globally in twenty-five years’ time to satisfy the electricity needs of almost 14% of the

world’s population. [6]



2.3 DC-DC Converters

There are various dc to dc converters topologies like buck converter, boost
converter, buck-boost converter and others converter topology are used in PV charge
controller. Since solar panels are only capable of producing a DC voltage, the DC-DC
converter becomes quite useful by providing the flexibility to adjust the DC voltage or
current at any point in the circuit. DC-DC converters are often preferred in modern
electronics since they are smaller, lightweight, provide a high quality output, and more
efficient. [7]

2.3.1 Buck (Step-Down) Converter

Regarding this project, several reviews were made. One of the researches made
is about buck converter topology which is one of many topologies that were used in PV
charge controller development. A buck converter is called a step-down DC to DC
converter because the output voltage is less than the input. Its design is similar to the
step-up boost converter, and like the boost converter it is a switched-mode power supply
that uses two switches (a transistor and a diode) and an inductor and a capacitor. A buck
converter can be remarkably efficient (easily up to 95% for integrated circuits) and self-
regulating. Most buck converters are designed for continuous-current mode operation
compared to the discontinuous-current mode operation. The continuous-current mode
operation is characterized by inductor current remains positive throughout the switching
period. Conversely, the discontinuous-current mode operation is characterized by
inductor current returning to zero during each period. The Figure 2.1 shows the basic of
buck converter topology circuit. It alternates between connecting the inductor to source
voltage to store energy in the inductor and discharging the inductor into the load.



Figure 2.1: A basic buck converter topology circuit

2.3.2 Basic Operation of Buck Converter

Method 1: During ON state

Refer on Figure 2.2, when the switch is in ON state, diode become as reversed
biased and the inductor will deliver current and switch conducts inductor current. With
the voltage (Vin -Vo) across the inductor, the current rises linearly (current changes,
AiL). The current through the inductor increase, as the source voltage would be greater
then the output voltage and capacitor current may be in either direction depending on the
inductor current and load current. When the current in inductor increase, the energy
stored also increased. In this state, the inductor acquires energy. Capacitor will provides
smooth out of inductor current changes into a stable voltage at output voltage and it’s
big enough such that V out doesn’t change significantly during one switching cycle.

On-5tate
- .

Figure 2.2: Equivalent circuit for switch closed



Method 2: During OFF state

As can see in Figure 2.3, when the switch is in OFF state, the diode is ON and
the inductor will maintains current to load. Because of inductive energy storage, iL will
continues to flow. While inductor releases current storage, it will flow to the load and
provides voltage to the circuit. The diode is forward biased. The current flow through

the diode which is inductor voltage is equal with negative output voltage.

Dﬁ'f’r*‘jﬁi

~y

D T

Figure 2.3: Equivalent circuit for switch open

24 PIC 16F877A Microcontroller

2.4.1 Anoverview

The PIC (Programmable Interface Controller) line of microcontrollers was
originally developed by the semiconductor division of General Instruments Inc (Figure
2.2). The first PIC’s were a major improvement over existing microcontroller because
they were a programmable, high output current, input/output controller built around a
RISC (Reduced Instruction Set Code) architecture. The first PICs ran efficiently at one
instruction per internal clock cycle, and the clock cycle was derived from the oscillator
divided by 4. Early PICs could run with a high oscillator frequency of 20 MHz. This



made them relatively fast for an 8-bit microcontroller, but their main feature was 20 mA
of source and sink current capability on each 1/0O (Input/Output) pin. Typical micros of
the time were advertising high 1/O currents of only 1 milliampere (mA) source and 1.6
mA sink. [8]

Figure 2.4: Types of PIC Microcontroller

2.4.2 PIC 16F877A Microcontroller Implementation

Regarding this project, several reviews were made. PIC 16F877A
microcontroller is selected to monitor voltage and current in PV charge controller. PIC
16F877A is general purpose microprocessor which has additional parts that allow them
to control external devices. Basically, a microcontroller executes a user program which
is loaded in its program memory. PIC16F877A is a small piece of semiconductor
integrated circuits (IC). The package type of these integrated circuits is DIP (Dual Inline
Package) package. This package is very easy to be soldered onto the strip board.
However using a DIP socket is much easier so that this chip can be plugged and
removed from the development board. PIC 16F877A include on-chip PWM units and
has two which has a selectable on-time and period. The duty cycle is the ratio of the on-
time to the period while the modulating frequency is the inverse of the period.
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2.5 Pulse Width Modulation (PWM)

Pulse Width Modulation (PWM) controls adjusts the duty ratio of the switches as
the input changes to produce a constant output voltage. The DC voltage is converted to a
square-wave signal, alternating between fully on and zero. By controlling analog circuits
digitally, system costs and power consumption can be drastically reduced. In nowadays
implementation, many microcontrollers already include on-chip PWM controllers,
making implementation easy. In a nutshell, PWM is a way of digitally encoding analog
signal levels. PWM control can be used in two ways: voltage-mode and current-mode.
In voltage-mode control the output voltage increases and decreases as the duty ratio
increases and decreases. The output voltage is sensed and used for feedback. If it has
two-stage regulation, it will first hold the voltage to a safe maximum for the battery to
reach full charge. Then it will drop the voltage lower to sustain a "finish" or "trickle"
charge. Two-stage regulating is important for a system that may experience many days
or weeks of excess energy (or little use of energy). It maintains a full charge but
minimizes water loss and stress. The voltages at which the controller changes the charge
rate are called set points. When determining the ideal set points, there is some
compromise between charging quickly before the sun goes down, and mildly
overcharging the battery. The determination of set points depends on the anticipated
pattern of use, the type of battery, and to some extent, the experience and philosophy of

the system designer or operator. [9]



CHAPTER 3

METHODOLOGY

3.1 Introduction

This chapter explains about hardware development such as equipments,
procedures and method design for the photovoltaic (PV) charge controller. The relevant
information is gathered through literature review from previous chapter. This chapter
also will cover about designing the buck converter, software interface, 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 photovoltaic (PV) charge controller was designed to protect the rechargeable
battery. To design this PV charge controller, it consists of seven parts where the first part
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is a buck converter circuit, second part is a microcontroller circuit, third part is a driver
circuit, four part is rechargeable battery, five part is voltage sensor, six part is current
sensor and seven part is liquid crystal display, LCD.

BUCK
RECHARGEABLE
/ | CONVERTER R BATTERY
PV 4 12V
MODULE
1Z-gAV CHARGE v
: CONTROLLER VOLTAGE SENSOR
A
CURRENT SENSOR
y A
DRIVER |« PWM ADC ¥
CIRCUIT DCLOAD
OUTPUT
LCD L PIC 16F877A
MICROCONTROLLER

Figure 3.1: System design of Photovoltaic Charge Controller

3.2.2 Buck Converter Circuit Design

For the first part is a buck converter circuit, this circuit is needed in PV charge
controller to control charging voltage from PV module to rechargeable battery. The
circuit included parts of Buck components such as controllable switch (IRFP150N),
diode (1N4148), inductor and capacitor, and load resistor. Some of the designs criteria

as show as follow:
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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 100Vdc 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 D for details specification. The
datasheet provided by manufacturers are given in order to ensure the devices
neither connected in the specified limits nor exceeded.

TO-24TAC

Figure 3.2: IRFP50N terminal pin configuration

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
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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 (5.6
Q) 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).

Design of buck converter circuit will consider as continuous current operation
mode, CCM. The choice of switching frequency and inductance will affect the
continuous current in buck converter design. Just for simple overview about buck
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 converter

design.

Here the calculations method and formulas used in order to determine the values
of the required components in Buck converter design. This buck 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.
p=Yo
Vd (3.1)
Where:

D = Duty cycle
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Vo = Voltage output

vd = Voltage input

p= 12V
17.4V

D=0.7
%D =70%

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

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

consider.

First, we should determine the whole system timing characteristics. The design
of Buck converter input voltage should able to be decrease to 70% of its maximum
value. Thus, the component at hand is POWER MOSFET IRFP150N for the switching
element, IR2109 for the driver and PIC16F877A for the PWM controller. The rise time,
tr, the fall time, tf, the minimum on-time, ton (min) and the minimum off-time, toff(min)
can be found in the datasheet. Table 3.1 lists the rise and fall times and Table 3.2 lists
the on and off times of each components.

Table 3.1: Rise and Fall Time

Bil [ Component | tr( ns) tf(ns)
1 | IRFP150N 56 40
2 | IR2109 150 50

Table 3.2: Minimum On and Off Time
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Bil Component tr( ns) tf(ns)
1 | IRFP150N 11 45
2 | IR2109 750 200

Referring to Table 1, the slowest tr and tf of the components are 150ns and 50ns
respectively. Referring Table 2, it can be seen that both the slowest ton (min) and
toff(min) of all components is at MOSFET driver. With the information, the frequency
range for the de vice can be determined. A summary of data that we obtained are as

follows:

(@) D (min) = 10%

(b) D (max) = 70%

(c) tr (slowest) = 150ns
(d) tf (slowest) = 50ns
(e) ton (min) = 750ns
(f) toff(min) = 200ns

Insert this data in the equation 3.2:

4(1- Dmax) : 4(Dmin )
< fswitch <
3(tr(slowest )+ tf (slowest ))+ 4toff (min) tr(slowest )+ tf (slowest )+ 4ton(min)

4(1-0.7) < fwitch < 4(0.1)
3(150ns +50ns) + 4(200ns) 150ns +50ns + 4(750ns)

...(3.2)

1.2 < fswitch < 0.4
1400ns 3200ns

857.142kHz < fswitch <125kHz

Based on the calculation frequency range, the lowest switching frequency is
about 125 kHz and the maximum is about up to 857.14 kHz. Thus the switching
frequency is set to be 250 kHz. This minimum value is selected in order to minimize

power use in Buck converter.
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Step 3: Determine minimum inductor, Lyin Size. The switching frequency and inductor
size selected for CCM is f = 25 kHz with load resistor, RL=5.6Q/10W

Lmin = (QJR
2f (3.3)

Where:
Lmin = Minimum inductor
D = Duty cycle
f = Frequency
R

= Resistor

. 1-0.7
Lmin =
(2 250kHz }

Lmin = 0.3 .6Q
500kHz

Lmin =3.36uH

Step 4: To ensure CCM let inductor be 25% greater than minimum inductor value

L =1.25Lmin
(3.4)

L =1.25(3.36uH)
L =4.2uH

Step 5: The average current and the change in current

R (3.5)



AiL = Vd-Vvo (DT)

A= 17.4V -12V (0.7) 1
4.2uH 250kHz

AiL =3.6A

Step 6: The maximum inductor current

AiL
ImaX = IL+T

Imax =

5A +

3.6A

Imax=5A+1.8A
Imax=6.8A

Step 7: The minimum inductor current

] AiL
Imin =1L ———
2

Imin :5A—¥

Imin=5A-1.8A
Imin=3.2A

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

C:

1-D
AVo

o

Vo

2

= Inductor
= Duty cycle

= Frequency

J

18

(3.6)

(3.7)

(3.8)

(3.9)
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Vo Ripple factor
Vo

1-07
8(4.2uH)(0.02)(250kHz?
o 03

42k
C=7.2uF

Figure 3.3 shows the basic construction of buck converter circuit using software
OrCAD PSPICE based on calculations.

M2

IRFP150 L1
~Y Y
1Yl 4.2uH
\Y
V1i=0 § R2
V2=5 V2 - c1
TD = 5.6
L Ve TR = 10ns N b1 7.1u
17.4vdc —— TF = 10ns
- PW = 2u D1N4148
PER =4u
§ R1
1000k

-0

Figure 3.3: OrCAD PSPICE Schematic of Buck Converter.

Once the above schematic is designed, the simulation can be run. Figure 3.4 and
3.5 shows the waveforms generated by PSPICE simulation of the buck converter circuit.
The waveform in Figure 3.3 shows the output voltage rising to 12V. We can also see the
voltage across the diode during the switch off time is near -3 volts and during the switch
on time is near the input voltage. The waveform in Figure 3.4 shows the converter is
operating in the continuous conduction mode with an average operating current of about

5A and a peak in-rush current of about 15A.
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3.2.3 PIC 16F877A Circuit Design

The second part is a microcontroller circuit. PIC 16F877A microcontroller is
used in this PV charge controller to control POWER MOSFET switching duty cycle on
the buck converter circuit. PIC 16F877A 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 3.6 show 40 pin PDIP of PIC 16F877A microcontroller.

40-Pin PDIP
MCLR V= —=[ 1 /4D [ | =+— RET/PGL
RATANT =—s[T23 3B []=—» RE&H
RANANINVReEr-CVREF w—s [T 4 37 [Q =— RE4
RAIBMINVREF: —[]5 36 [ =— REIPGM
A4 TOCENCIOUT a—e [T 8 35 [] =—= REBZ2
RASANAES/CI20UT =—= 7 E_ H[]=—— RE1
?EDE.‘ANE - []3 b~ 33 [ == RBNINT
RE1AWRIANE —=—= [ o == 32 [ =— oo
REZCSIANT == 10 & 310 =— Vss
Voo— =11 5  30[] = RDTIPSPT
WeEs . [J12 7 2B [] == RDAPSPE
DECICLEl ——[T 13 — 2B [ = RDSPSPS
OSCAHCLED w [T 14 2 27 [] - EDUFERY
RONTIOSOMICK] e—=[1 15 o 26 [ =+—= RCTRX/DT
RCUTIOSICCP? e—e[J 18 25 [] =—= RCATXICK
RCZICCP! w—ae [ 17 24 [ = RCEEDC
RCASCHSCL =—=[T 13 23 [ =—= RC&EDISCA
ROODPSPO =—=[] 10 72 [ =—= RDOAFPSFPI
RO1PEP! =—[J 20 21 ] =—= ROXNFEFPZ

Figure 3.6: 40-Pin PDIP Diagram of PIC 16F887A

Before generate PWM signal from PIC16F877A, 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 3.7) is needed in the basic
PIC16F877A circuitry because 7805 regulator need to regulate the voltage supply of
(>6V to 12V) so that the suitable voltage supply will drop at the PIC16F877A Vdd
pinl12 and make the PIC to functioned.



>6V

GND

22

— 1uf

7805
(1.5A) B 5V
2
= 1uf = 100uf
GND

Figure 3.7: PIC 16F877A power supply circuit

A simple RC circuit (Figure 3.8) is used to produce action-synchronizing clock

pulses. 20-MHz resonator is used for the operation clock oscillation by PIC 16F877A.

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 pin13 (OSC1) and pinl4 (OSC?2).

22pF

(0]

c1i
22pF

Figure 3.8: PIC 16F877A clock circuit

Meanwhile, the reset circuit (Figure 3.9) is used so that the program from a

known state. It will be reset when the Master Clear (/MCLR) pin is connected to the 0V

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
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having a capacitor, at switch on, the capacitor will discharges. The PIC will be held reset
until the voltage /MCLR is above threshold value.

+5V

§ 10k

Swi
O o

SW PUSHBUTTON

RESET

—— 4.7uF

0

Figure 3.9: PIC 16F877A reset circuit

Since the PWM for Buck converter is sourced by PIC 16F877A in order to
maintain the output voltage, the PWM function pin at port RB6 (bit 7 of PORTB) is set
to be PWM output and it connecting to IN pin in the IR2109 half bridge driver.

3.2.4 Driver Circuit Design

The third part is a driver circuit. This circuit is really important in this PV charge
controller in order to amplify and translate the PWM signal from PIC 16F877A
microcontroller to trigger POWER MOSFET (IRFP150N) gate and the high output, HO.
HO of driver circuit is connected to the MOSFET IRFP150N gates through resistor and
switching diode (IN4148) that is oriented to bypass the resistor during turn-off, to ensure
that MOSFET IRFP150N in one leg are fully off by the time another leg is turn on. The
resistance is used value 20 Q which allow a maximum gate turn-on current on the high
side. Figure 3.10 show the MOSFET driver circuit.
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Figure 3.10: Circuit connection for IR2109 half-bridge

Basically, the driver circuit is receives controlled duty cycle signals from the PIC
microcontroller at IN pin. The duty cycle signal from microcontroller is small in range
about 0Vdc up to 5Vdc maximum. This duty cycle signal received then used for control
the power MOSFET switching to the Buck converter. If the output voltage of Buck
converter is higher, then the driver will drive a small duty cycle to POWER MOSFET
and vise versa. Refer details about high —side driver operation in result discussion.

3.2.4 Rechargeable Battery

The four part is rechargeable battery. This rechargeable battery will be used in
PV charge controller is 12V Sealed Lead Acid battery which is stored electrical energy
in chemical form to operates dc load at night or bad weather and also requires lower
maintenances, has longer life and gives better performance compared to normal battery.
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3.2.6 Voltage Sensor Circuit Design

The five part is voltage sensor. This voltage sensor is used in PV charge
controller to detect the voltage from rechargeable battery. First of all, the components in
the strip board need to be supplied by 5V output. So the voltage sensor is designed to
have 5V output by using supply from 12V rechargeable battery which is fed to port RAl
(bit 2 of PORTA). Here is the calculations method and formulas used in order to
determine the values of the required components in voltage sensor circuit design. Figure
3.11 show the construction of voltage sensor circuit using software OrCAD PSPICE

based on calculations.

R2 )
Vo=| —=— \Vin
R1+R2

Let R, = 1kiloohm

12V = 1k—Q vV
1kQ+R2

5kQ+5R2 =12R2
5kQ = 7R2
R2 =714.29Q

(3.10)

The standard value of resistor is used in this voltage sensor circuit is 715 ohm.
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Figure 3.11: OrCAD PSPICE Schematic of VVoltage Sensor.

3.2.7 Current Sensor

The six part is current sensor. The current sensor is used in PV charge controller
to read the current from rechargeable battery. The current sensor used is LEM HXO05-
P/SP2.

3.2.8 Liquid Crystal Display (LCD)

The seven part is liquid crystal display (LCD). This LCD will be used in PV
charge controller to display the operating status of rechargeable battery, output voltage,
current value and also duty cycle of PWM from PIC 16F877A microcontroller. LCD is
used in this project is 2X16 VCM162A. Table 3.3 shows the description connection of
LCD.
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Table 3.3: The description connection of LCD

Pin No | Symbol Description
1 VSS Ground terminal of module
2 VDD Supply terminal of module
3 VO Power supply for Liquid Crystal Drive
4 Register Select:
RS RS =0 .... Instruction Register
RS =1 .... Data Register
S) Read/Write:
R/W High = Read
Low = Write
6 E Enable
7-14 Bi-directional Data Bus. Data Transfer is
DOto D7 | performed once, thru DO to D7, in the case of
interface data length is 8-bits.
15 (BL-) LED power supply terminals
16 (BL +) LED power supply terminals

As defined in the following structure, Table 3.4 show the pin connection from
PIC16F877A microcontroller to the LCD pin while Figure 3.12 show the schematic of

LCD circuit using software Proteus 7 Professional.

Table 3.4: The pin connection from PIC 16F877A to the LCD pin

Pin From PIC 16F877A | Pin From LCD
RBO DB4
RB1 DB5
RB2 DB6
RB3 RB7
RB4 E
RB5 RS
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Figure 3.12: Schematic of LCD circuit with push button switches.
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3.3  Software Implementation

3.3.1 PICBASIC PRO (PBP)

PICBASIC PRO allows us to use assembly language code mixed together with
our BASIC code. The PICBASIC PRO Compiler (or PBP) makes it even quicker and
easier to program Microchip Technology’s powerful PICmicro microcontrollers
(MCUs). The English-like BASIC language is much easier to read and write than the
quirky Microchip assembly language. PBP Compiler produce code that can be
programmed into a wide variety of PICmicro microcontroller which having from 8 until
84 pins and various on-chip features including A/D converters, hardware timers and
serial ports. The PBP Compiler files are compressed into the self-extracting file on the
included disk. They must be uncompressed before use. In general, PICBASIC language
provides understood language, a widely standardized language and very productive
language. Features like bit manipulation, bit field manipulation, direct memory
addressing, and the ability to manipulate function addresses pointers have included in
PICBASIC language. In other words, PICBASIC language is the only popular high level
language that can be conveniently used for a microcontroller device such as for PIC
16F877A microcontroller to perform specific task in Photovoltaic (PV) Charge
Controller. PIC 16F877A device contain between 64 and 1024 bytes of non-volatile data
memory that can be used to store program and data and others parameters even when the
power is turned off.

3.3.2 MicroCode Studio (PBP Compiler)

MicroCode Studio is one of the PBP Compiler that available for the Microchip
PIC Controllers which is in this project, PIC 16F877A. MicroCode Studio is a powerful,
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visual Integrated Development Environment (IDE) with In Circuit Debugging (ICD)
capability designed specifically for PICBASIC PRO™ compiler that allows users to
build projects, add source code files to the projects, set compiler options for the objects
and compile projects into executable program files. MicroCode Studio has its own
database to track the properties of each Microchip PIC Microcontroller that it supports
which is in this project is the PIC 16F877A. The data base can be update through
Device Editor Menu item and new devices may be added or change the entries for a
device for a special application. MicroCode Studio now includes EasyHID Wizard, a
free code generation tool that enables a user to quickly implement bi-directional
communication between an embedded PIC™ microcontroller and a PC. The compiler,
assembler and programmer options is easy to setup. Compilation and assembler errors
can easily be identified and corrected using the error results window. Just click on a
compilation error and MicroCode Studio will automatically take to the error line.
MicroCode Studio even comes with a serial communications window, allowing the
debugging and view serial output from your microcontroller. Each line of source code is
animated in the main editor window, showing which program line is currently being
executed by the host microcontroller. User also can even toggle multiple breakpoints and
step through your PICBASIC PRO™ code line by line. Figure 3.12 show the example

programming which is written in Microcode Studio.
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Figure 3.13: MicroCode Studio Screenshots

3.3.3 UPOOA PIC USB Programmer

UPOOA PIC USB Programmer is driven and powered from a single USB port on
any personal computer. UPOOA PIC USB Programmer allows programming of PIC
microcontrollers in DIP, PLCC or surface mount packages on the programmer pin demo
board which available for 8, 18, 28 and 40 pin of PIC microcontrollers. UPOOA PIC
USB Programmer also included easy-to-understand tutorials software that allows users
to learn at their own pace. Refer APPENDIX for detail specification. Figure 3.13 show
the hardware of UPOOA PIC USB Programmer.
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Figure 3.14: UPOOA PIC USB Programmmer

3.3.4 Programming the PIC 16F877A Microcontroller

It is really important to check either the program is working or not. The easiest
way to find it out is trying and testing the code again and again using UPOOA PIC USB
Programmer. It does take a long time to develop a program that really satisfies the
project objective and scope. The flash memory technology of the PIC 16F877A
microcontroller permits the microcontroller to be programmed, erase and programmed

again repeatedly and it saves us more time to construct ideal program.

3.3.5 Photovoltaic Charge Controller System Operational Flow

The overall operation of the whole system is simplified and indicated by the
flowchart in Figure 3.11 as shown below.
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Figure 3.15: Flow chart of the whole system
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From the flow chart above, the PV charge controller algorithm is being

summarized. Everyday charging cycle of rechargeable battery is based on photovoltaic
energy and maintained by using PWM techniques. First check the battery voltage. If
battery is overly discharged (below than 11.2V) then the load is disconnect. After that,
loop to start to check the battery voltage is more than 11.2V. Then check if load is really
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disconnected. If load is disconnected, check if reconnection voltage of the load criteria is
met which is equal to 12V. If criteria are met reconnect the load then loop to check the
battery voltage. If battery is overcharged (more than 13.2V) then the panel is disconnect.
After that, loop to check the battery voltage is reaches voltage limit (13.2V). Then check
if panel is really disconnected. If panel is disconnected, check if reconnection voltage of
the panel criteria is met. If criteria are met reconnect the panel then loop to start to check
the battery voltage.



CHAPTER 4

RESULT & DISCUSSION

4.1 INTRODUCTION

In this chapter, all results of hardware testing and circuit troubleshooting of the
PV charge controller will be discussed. All discussions will focus on the result obtained
and performance of the project.

4.2 PIC 16F877A Microcontroller Circuit

Before complete PIC 16F877A microcontroller circuit is implementing on driver
circuit, the constructed PIC 16F877A microcontroller circuit needs to be check first.
There are two steps to check PIC 16F877A microcontroller circuit is function properly.
Figure 4.1 shows the complete PIC 16F877A microcontroller circuit.
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Figure 4.1: The complete PIC 16F877A microcontroller circuit.

Step 1: Check the voltage supply, VVdd at pin 11 of PIC 16F877A

The voltage drop at pin 11 of PIC 16F877A microcontroller will be measured by
using digital multimeter and the result is 5V. This value ensured that the PIC 16F877A
microcontroller is well function and this value also were produced by the regulating
voltage supply through the power supply circuitry mentioned in Chapter 3. Figure 4.2

show the value of voltage drop is measured by digital multimeter.

Figure 4.2: The digital multimeter show the value of voltage drop near to 5V.
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Step 2: Led is ON

A red LED is connect to port RA2 (bit 3 of PORTA) of a PIC 16F877A
microcontroller and then write a program to continuously flash the red LED with 1s
intervals. When a red LED is ON, it shows the PIC 16F877A microcontroller is function
properly. Figure 4.3 show the red LED is ON from PIC 16F877A microcontroller

circuit.

Figure 4.3: The red LED is ON.

After checking the status function of PIC 16F877A microcontroller circuit, we
can move on to test the pulse width modulation (PWM) which is signal by PIC 16F877A

microcontroller.

4.2.1 Pulse Width Modulation (PWM)

The pulse width modulation (PWM) is required in PV charge controller for
control switching frequency in order to obtain the desired output voltage. The controlled
duty cycle from PIC 16F877A microcontroller enter to high side MOSFET driver before
control POWER MOSFET gate terminal for switching scheme. The switching frequency
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required for this Buck converter is about 250 kHz. The selection of switching frequency
can refer to component determination in chapter three together with simple
microcontroller program use to generate desired PWM. From previous calculation in
equation 3.2, PWM used to determine the duty cycle, D ratio between inputs to output of
Buck converter. The desire duty cycle for switching scheme is about 70% by operating
on CCM mode. There are two methods to control duty cycle. First method using variable
resistor or potentiometer and second method using switches which is connected to 4 pin
of PORTB of PIC 16F877A microcontroller. Figure 4.4 show the duty cycle of PWM

from PIC 16F877A microcontroller to meet the project requirement.

Figure 4.4: Duty cycle 70% of PWM output waveform from PIC 16F877A

4.2.2 Discussion

4.2.2.1 PIC 16F877A microcontroller circuit

Make sure the connection of power supply circuit, clock circuit and reset circuit
is connected properly to PIC 16F877A microcontroller to ensure this circuit functions

appropriately.
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4.2.2.2 Pulse Width Modulation (PWM)

Make sure duty cycle of PWM which is generated by PIC 16F877A microcontroller
for buck converter circuit is not less or more than range assigned because it will affect
the buck converter circuit to function inappropriately. The chance of buck converter
circuit to damage is high due to rating of component determination based on duty cycle

calculation are not supported.

4.3  Driver Circuit

Before the complete circuit of MOSFET driver is applies on Buck converter, the
constructed driver circuit needs to test first. There are 2 steps to test this driver circuit.
First step without POWER MOSFET at high output (HO) of MOSFET driver while
second step with POWER MOSFET at source (S) pin of it. This step is really important
to perform because to ensure the output from MOSFET driver is function in order to
control switching frequency of POWER MOSFET on buck converter. Figure 4.5 shows
the complete driver circuit.

Figure 4.5: The complete MOSFET driver circuit.
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4.3.1 MOSFET Driver Circuit without POWER MOSFET Output
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Figure 4.6: The test probe at HO pin of MOSFET driver.

Figure 4.6 show the probe point to test and measure is placed while another
probe point is tab to the Vs pin. The output point is test by varied the duty cycle coming
from PIC 16F877A at IN pin of MOSFET driver. Figure 4.7 show the result of duty

cycle at oscilloscope.

Figure 4.7: The output waveforms of HO MOSFET driver with D = 70%.
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MOSFET Driver Circuit with POWER MOSFET Output
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Figure 4.8: The test point at POWER MOSFET switching output

Figure 4.8 show the joint of gate terminal of POWER MOSFET with HO of

MOSFET driver, the need of voltage supply at drain voltage, Vdd of POWER MOSFET
terminal and the place of probe point to test and measure. The high output, HO pin is act
as a PWM signal for the POWER MOSFET. The output result at probe point is get by
varied the VVdd which is coming from POWER MOSFET terminal. Figure 4.9 show the

result of VVdd output at oscilloscope.

Figure 4.9: The output waveforms of HO MOSFET driver with Vdd = 14V.
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4.3.3 Discussion of Driver Circuit

During construct the driver circuit, there is a major problem especially when
construct high side driver circuit. The wrong connection of high side ground caused the
signal from PIC 16F877A not read by MOSFET driver. This circuit is an important part
because to ensure the output from MOSFET driver is well function as triggered
switching function of POWER MOSFET. So make sure the connection of high side
MOSFET driver in right connection.

4.4  Buck Converter Circuit

Now the buck converter circuit construction can be test after all parts for PWM
of PIC 16F877A microcontroller and driver circuit is tested and verifies. In this circuit,
the output voltage will be measured. Figure 4.10 show the complete buck converter
circuit while Table 4.1 shows the testing data for Buck converter circuit construction

which is applied the range of duty cycle ratio.
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Figure 4.10: The complete buck converter circuit

Table 4.1: The output voltage from buck converter

vdd (V) Duty Cycle (%D) Vout (mV) Frequency (kHz)
10 50.00 1.82 215.25
11 52.04 2.92 220.49
12 57.07 3.10 225.08
13 57.50 4.02 230.00
14 58.59 5.27 235.17
15 62.06 6.42 240.51
16 69.75 7.53 245.45
17.4 70.00 8.90 250.00
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441 Discussion of Buck Converter Circuit

From the Table 4.1, it show the maximum input supply voltage, Vdd can
varied is about 17.4Vdc and the output voltage of buck converter circuit is about
8.90mVdc at desired 70% of duty cycle. Basically to design of Buck converter is
achieved but it not meets the requirement of to produce 12Vdc output voltage. As we
can see on duty cycle ratio in Table 4.1, the increasing range of duty ratio may cause
the higher ratio of output voltage of buck converter circuit. The buck converter
circuit may in risk and possibility malfunction if this range of duty cycle constantly
use. The buck circuit has face with many problems especially due to rating of
components selection so to get the right rating of components selection, the try error
method is applied. To avoid an over voltage or over current flow through the Buck
converter system, the best way is to use variable power supply unit to perform the

step down dc-to-dc converter system.

45 Voltage Sensor Circuit

Before the complete voltage sensor circuit is implementing on PIC 16F877A
microcontroller, the voltage sensor circuit is test to make sure the output voltage
from voltage sensor circuit is fixed 5V. This value will be measured by using digital

multimeter. Figure 4.11 show the complete voltage sensor circuit.

Figure 4.11: The complete voltage sensor circuit
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45.1 Discussion of Voltage Sensor Circuit

The voltage output from voltage sensor circuit is fixed 5V after have been
tested. This show the voltage sensor circuit is well function. Then, the output voltage
of voltage sensor circuit is sent to port RAO (bit 1 of PORT A) on PIC 16F877A

microcontroller to control the voltage output from rechargeable battery.

46  Liquid Crystal Display (LCD) Circuit

Before the liquid crystal display (LCD) display the information of duty cycle
and voltage and current from rechargeable battery to the user, LCD circuit is check to
make sure it can be display. The LCD circuit is tune with potentiometer 10kilooh to
get the contrast of the display which is in function of the voltage on the LCD pin.
After the LCD circuit is checked, the command is given to PIC 16F877A
microcontroller in order to display the information on the LCD. Figure 4.12 show the
complete circuit of LCD circuit while Figure 4.13 show the information of duty cycle
on the LCD.

Figure 4.12: The complete circuit of LCD circuit
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Figure 4.13: The information of duty cycle on the LCD

46.1 Discussion of LCD Circuit

From the Figure 4.13, we can see only information of duty cycle is displayed
while information of voltage and current of rechargeable battery cannot be display.
This happen due to unstable board because of lots of changing variations like voltage
changing. The importance of achieving a high order of stability still remains a
significant problem at the end of the day and the final circuit exhibits a high degree
of stability. It is recommended in the solution that LCD circuit will need to orderly
adjusted the be preset the potentiometers due to changes variation by using analysis
method when configuring the effect of ranges in potentiometer and the contact

connections related to external circuit



CHAPTER 5

CONCLUSION AND FUTURE DEVELOPMENT

5.1 INTRODUCTION

This chapter discuss about the conclusion and project development in the
future. This project has two major parts which is hardware description and software
implementation. Both topics integrate with each other to develop Photovoltaic (PV)
Charge Controller as a working product that can be applied to perform effective PV

system.

5.2  CONCLUSION

As a conclusion, there are five chapters which are introduction, literature
review, methodology, result and discussion, and conclusion and future development
that has been discuss in this thesis for the development of PV Charge Controller
project. At the end of this project, the implementation of this project with PIC
16F877A microcontroller was successful since the main objective has been achieved
but with certain limit of the buck converter system. The design of Buck converter is
to step down input voltage from 17.4Vdc to 12Vdc. But unfortunately, after circuit
constructs and testing, the Buck converter has been to step down output voltage
about 8.90mVdc only. Basically, the main reason of why system only able to step

down about 8.90mVdc of voltage output is because due to ratings of components
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selection are not supported in terms of large flow of current through the circuit. The
noise like higher switching frequency is one of causes and affects that produced
higher current and carried it through the components. Besides, the LCD only can

display the information of duty cycle to the users due to unstable board.

5.3 FUTURE DEVELOPMENT

For the future development, it is better to combine this project with maximum
power-point tracking (MPPT) to get a maximum efficiency output. More or less for
the Photovoltaic (PV) Charge Controller construction, using Printed Circuit Board
(PCB) will be much likely saving the risk of stability. By having PCB in PV Charge
Controller construction, the probability of gaining high stability is positive. Fuse also
is installed in the load to prevent PCB from short circuit or overload current. Besides,
PCB makes the circuit become smaller and looks compact, this way, will increasing
the thought to make this PV Charge Controller becomes a portable device. In
addition, for future design, student should be exposed with several of types of
microcontroller for well-use programming language in the system for firmware and

hardware implementation.

54  COSTING AND COMMERLIZATION

At a time of reduced budget resulting in many electrical appliances need to
used, one way to increase efficiency and productivity of photovoltaic system is by
using Photovoltaic (PV) Charge Controller. Total estimation cost to build the PV
Charge Controller is about RM94.07; see APPENDIX B for details price and
components items. This project can be commercialized due to several reasons which
are:

i) The selling prices will be lower than RM 100.00
i) Portable PV charge controller

iii) Small in size and weight
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iv) High efficiency

Based on the reasons, this project actually quite simple compare to other similar
project concept (PV Charge Controller) available in marketplace. Thus, it is
impossible to compete with another advance project readily available but this PV

Charge Controller would be the best portable PV system that people want most.
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* Name :CONTROLLER.BAS *

* Author : [select VIEW...EDITOR OPTIONS] *

* Notice : Copyright (c) 2009 [select VIEW...EDITOR OPTIONS] *
* . All Rights Reserved *

* Date :4/7/2009 *

* Version : 1.0 *

Notes : *

*

ThkkArkhkrkrhkArrAAkAkAhkkAkhkrAhkhkrhkhkrhhkhkrAhkrrAhkrrhhkkhkhkhkhhkikhkhhhkrhhkrhhkkihhkkihkhkkihkikikik

" Display Microcontroller pin

‘'DB4RB0 -0
"‘DB5RB1 -0
‘'DB6 RB2 -0
"RB7RB3 -0
'"ERB4 -0
"RSRB5 -1

"RB6 -PWM OUTPUT
"rangeH button RD4
"rangeL button RD5
" cycleH button RD6
"cycleL button RD7

START:
DEFINE LCD_DREG PORTB ' LCD Data bits on PORTB
DEFINE LCD_DBIT 0 ' PORTB starting address

DEFINE LCD_RSREG PORTB "LCD RS bit on PORTB
DEFINE LCD_RSBIT 5 "LCD RS bit address

DEFINE LCD_EREG PORTB "LCD E bit on PORTB
DEFINE LCD_EBIT 4 "LCD E bit address
DEFINE LCD_BITS 4 "LCD in 4-bit mode

DEFINE LCD_LINES 2 "LCD has 2 rows

DEFINE ADC_BITS 10 '‘A/ID NUMBER OF BITS
DEFINE ADC_CLOCK 3 'USE A/D INTERNAL RC CLOCK
DEFINE ADC_SAMPLEUS 50 'SET SAMPLING TIME IN uS

‘VARIABLES

RES VAR WORD 'A/ID CONVERTER RESULT
VOLTS1 VAR WORD

VOLTS2 VAR WORD

PWMCYC VAR BYTE

CYCVARBYTE

DELAY VAR BYTE

53



54

DUTY VAR WORD

DISP VAR BYTE

PLO VAR WORD 'PULS_LOW

PHI VAR WORD 'PULS_HIGH

PWIDTH VAR WORD 'ADD TWO RESULT (PULS_LOW+PULS_HIGH)

'‘CONSTANS

CONV1 CON 19 '5000/256=19.53,THIS IS THE DECIMAL PART
CONV2 CON 626 THIS IS THE FRACTIONAL PART
TRISA.0=1 'RAO(ANO) IS INPUT

TRISB = %00100000
TRISD = %11111000

Symbol CYCLEL = PORTD.5 "How many cycle in PWM

Symbol CYCLEH = PORTD.4 "PWMcycle from 0 to 255 : will determine
dutycycle

Symbol RANGEL = PORTD.7 "How many cycle in PWM

Symbol RANGEH = PORTD.6 "PWMcycle from 0 to 255 : will determine
dutycycle

SYMBOL BTN =PORTD.3

OPTION_REG = $05 ' Set prescaler = 64

ON INTERRUPT GOTO ISR "ISR routine

INTCON = $A0 " Enable TMRO interrupt and global interrupts

ADCON1=0 'MAKE ANO TO AN4 AS ANALOG INPUTS,
'MAKE REFERRENCE VOLTAGE=VDD

pause 500 "Wait 0.5sec for LCD to initialize

LCDOUT $FE,1 "Clear LCD

DEFAULT:

PWMCYC=179

CYC=20

rangeL=1

cycleL=1

rangeH=0

cycleH=1

disp=1

PWM PORTB.6,PWMCYC,CYC 'Send a XX% duty cycle PWM signal out PB1 for
XX cycle

MAIN:
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DUTY=(PWMCYC*100)/255

IF DUTY=100 THEN DUTY=0

PWM PORTB.6,PWMCYC,CYC  'Send a XX% duty cycle PWM signal out PB1 for
XX cycles

GOSUB DISPLAY

GOSUB PRESS

DUTY=(PWMCYC*100)/255
IF DUTY=100 THEN DUTY=0

GOTO MAIN

PRESS:

if CYCLEH=0 THEN
CYC=CYC+1
IF CYC=100 then cyc=0
GOSUB debounce

endif

if RANGEH=0 THEN
PWMCYC=PWMCYC+1
IF PWMCYC=255 then PWMCYC=0
GOSUB debounce

endif

if CYCLEL=0 THEN
CYC=CYC-1
IF CYC=100 then cyc=0
GOSUB debounce

endif

if RANGEL=0 THEN
PWMCYC=PWMCYC-1
IF PWMCYC=255 then PWMCYC=0
GOSUB debounce

endif

if BTN=1 THEN AGAIN
ADCIN 0,RES 'READ CHANNEL 0 DATA
VOLTS1=RES*CONV1 'MULTIPLY BY 53
VOLTS2=RES*CONV?2
VOLTS2=VOLTS2/100
VOLTS1=VOLTS1+VOLTS2
LCDOUT $FE,2,"VDC=",DEC4 VOLTS1 'DISPLAY RESULT
GOTO MAIN
pause 1000
gosub debounce



endif
RETURN

DEBOUNCE:

FOR Delay =1 To 100

Pause 1 ' Delay 1ms inside a loop. This way,
NEXT Delay ' timer interrupts are not stopped
DISP = 1" Set display flag to 1

RETURN

DISABLE

ISR:

IF cycleL=1 THEN NoUpdate
if rangeL=1 then noupdate

IF cycleH=1 THEN NoUpdate
if rangeH=1 then noupdate

if BTN=1 then Noupdate
disp=1

NoUpdate:

INTCON.2 = 0' Re-enable TMRO interrupts
Resume

ENABLE ' Re-enable interrupts

end

DISPLAY:

IF DISP=1 THEN

LCDOut $fe, 2

'LCDOUT "L",DEC3 plo ,"H",DEC3 phi
LCDOUT "DUTY CYCLE:", DEC2 DUTY ,"%"
LCDOut $fe, $CO

LCDOUT "CYC:",DEC3 cyc," PWM:",DEC3 pwmcyc
disp=0

ENDIF

RETURN

end
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NO. ITEMS Quantity | Price per Unit Price (RM)
1. PIC16F877A + BASE 1 22.00 22.00
2. LM 7805 Voltage 1 1.00 1.00
Regulator
3. Crystal 20Mhz 1 2.00 2.00
4, Heat Sink (Silver) 1 0.40 0.40
5. Resistor 10kQ 5 0.05 0.25
6. Resistor 1.8k Q 1 0.05 0.05
7. Resistor 1kQ 1 0.05 0.05
8. Resistor 330Q 1 0.05 0.05
0. Resistor 20 Q 1 0.05 0.05
10. Resistor 5.6 Q/10W 1 1.00 1.00
11. | Switch 5 0.60 3.00
12. | Capacitor 100 pF 1 4.50 4.50
13. | Capacitor 22pF 2 0.06 0.12
14. | Capacitor 10puF 1 0.06 0.06
15. | Capacitor 4.7 pF 2 0.06 0.12
16. | Capacitor 1uF 2 0.06 0.12
17. | Capacitor 0.1 uF 1 0.30 0.30
(Ceramic)
18. | LED 1 0.20 0.20
19. | Potentiometer 10kQ 1 2.50 2.50
20. | Potentiometer 25kQ 1 2.50 2.50
21. | Power MOSFET 1 4.00 4.00
IRFP150N
22. | MOSFET Driver IR2109 1 2.00 2.00
23. | Inductor 10 pH 1 5.00 5.00
24. | Diode 1N4148 2 0.10 0.20
25. | Diode 1N4005 1 0.20 0.20
26. | Liquid Crsytal Display 1 30.00 30.00
27. Connector 4 0.60 2.40
28. Independent Board 2 8.00 8.00
29. | Stand-off pillar 10 0.20 2.00
TOTAL RM 94.07
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MICROCHIP

PIC16F87XA

28/40/44-Pin Enhanced Flash Microcontrollers

Devices Included in this Data Sheet:

+ PIC16FE73A + PIC16F8TEA
» PIC16FE74A « PIC1GFETTA

High-Performance RISC CPU:

+ Only 35 single-word instructions to lzam

+ Al single-cycle instructions except for program
branches, which are two-cycle

+ Operating speed: DC — 20 MHz clock input

DC - 200 ns instruction cycle

+ Upto 8K x 14 words of Flash Program Memaory,
IUp to 368 x 8 hytes of Data Memory (RAM),
p to 256 x 8 bytes of EEPROM Data Memory

+ Pinout compatible to other 28-pin or 40/44-pin
PICA18CXXX and PICASFXXCK microcontrollers

Peripheral Features:

« Timerl: &-bit timer/counter with 8-hit prescaler

+ Timeri: 16-bit timer/counter with prescaler,
can be incremented during Sleep via external
crystal'clock

+ Timer2: &-bit imer/counter with 8-hit period
register, prescaler and postscaler

+ Two Capiure, Compare, PWM modules
- Capture is 16-hit, max_ resolution is 12.5 ns
- Compare is 16-hit, max. resclution is 200 ns
- P'WIM max. resolution is 10-bit

« Synchronous Serial Port (SSP) with SPI™
(Master mode) and I°C™ (Master/Slave)

+ Universal Synchronous Asynchronous Receiver
Transmitter (USART/SCI) with 9-bit address
detection

+ Parallel Slave Port (PSP) — 8 bits wide with
external RD, WR and CS controls {40/44-pin only)

+ Brown-out detection circuitry for
Brown-out Reset (BOR)

Analog Features:

+ 10-hit, up to &-channel Analog-to-Digital
Converter (A/D)
+ Brown-out Reset (BOR)
* Analog Comparator module with:
- Two analog comparators
- Programmable on-chip voltage reference
(VReF) module
- Programmakle input muliiplexing from device
inputs and internal voltage reference
- Comparator outputs are externally accessible

Special Microcontroller Features:

+ 100,000 erase’wnte cycle Enhanced Flash
program memory typical

1,000,000 erasefwrite cycle Data EEPROM
memory typical

Data EEPROM Retention = 40 years
Self-reprogrammable under software contral
In-Circuit Senal Programming™ (ICSP™)

via two pins

Single-supply 5 In-Circuit Serial Programming
Watchdog Timer (WDT) with its own on-chip RC
oscillator for reliable operation

Programmahle code proteciion

Power saving Sleep mode

Selectable oscillator options

In-Circuit Debug (ICD) via two pins

CMOS Technology:

« Low-power, high-speed Flash/EEPROM
technology

+ Fully stafic design

+ Wide operating voltage range (2.0V to 5.5V)

« Commercial and Industrial temperature ranges

* Low-powsr consumption

Program Memory Data MESP
. EEFROM 10-bit | CCP Timers
Device Bte # Single Word SRAM (Bytes) 1o AID (ch)| (PW) - Master USART 811 6-bit Comparators
¥ Instructions | (Bytes] C
PIC18FBTIA | 7.2K 4028 182 128 22 5 2 Yes| es s an 2
PIC18FET4A | 7.2K 4028 182 128 33 | 2 Yes| ‘fes fes n 2
PIC18FBTEA | 14 3K 2192 368 258 22 5 2 Yas| Yes Yesg n 2
PIC18FBTTA | 14.3K 2182 388 256 33 8 2 Yes| es s N1 2

& 2003 Microchip Technology Inc.
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PIC16F87XA

Pin Diagrams (Continued)

40-Pin PDIP
MCLAN=s —=O1 ' 40[]=— RETPGD
RANAND «—e[T2 3] =— RBAPGC
RATAMT =—=[T3 38 [] == RES
RANANIVRerCVASF w— ] 4 37 [ =— REB4
RANANIVREF+ w—e[]5 36 [] =—= REIPGM
RAATOCKICIOUT a—e[T8 35 [] =— RB2
RASIANSEEICI0UT =—=[]7 g2  M[O=— RE1
REDRINANS -—[] 3 33 [0=— RBOINT
RE1WRIANE =—[] g Z 20— Vo
REZTSIANT =—[J10 <& 31
Voo — [T 11 @ 30
Ve 12 K @
OSCICLK —=[f12 = I8
DSC2CLKO =[] 14 E a7 E
RCHNTIO 15 26 5
RCHTI 18 25 { L
17 24 [ +—» RCHSDO iy
RCHSCHSCL =— [T 12 23 [ =—= RC4SDNSDA 5 8z8 5; B3
ROOPSPT -—[] 12 2 f -_ﬁnsﬂ-_l_i '}%
ROMPEFT =—e[] 20 21 AL e L
q Z233SopEEde
44 Pin PLCC HIH HH
T o
Rt N e e =
RATOCKUCIOUT « o 7+ o T Mg
RASIANSSIICIOUT o o g ; 8
RENRDIANS =[G 7
RE1MRIANG -— [T qp Ll
?EE-ES'f_rfé; HE 11 PIC16FET4A 3.?
vee —- i3 PICIGFSTTA 33
COSCUCLEl —= [0 14 32
OSCHCLKD =—[ 15 A
RCOIT1 SEC."1CNI<£ — 015 a0
UMl sy mwr o o0
4 w= = g R 0 O O
[ 1
od
., 3§ g¢ PEEEEET
RoLPRER YA e Beama0xy
Zoouuanhod s RO et
ErEEEEERERS FAOEaEE50S
Qiammmmﬁ b=
44-Pin TQFP SISRRIRe E g &
.
)
Pt Bl = K A )
Fiwp = w0 CEAE
RCTIRN/DT =—=CI01 Eklane] MC
RO4/PSP4 == 2 0T =—= RINTIOSOTICK
RDEPSPS == IO 3 OO — OSCHCLKD
RDEPSPE =—=CI4 3 =— QSCHCLK
ROTIPSFT =—=XH 5 PIC1GFET4A gg
Ves —=[IO
Vom i PIC1GF87TTA -
REOINT =—=[I0 & 28
RE1 =—-CIO 0 3 ==
RE? =—=1 10 24T =—= RASAN4TEIC20UT
p -— SLTOCEL T
RE3PGEM =—=LT1111 L P ) wﬂa mmm— RA4TOCEICIOU
SRl Tl
ara] u'&t).::] [~
22RB08LEEL)
so5asoz
%ﬁgéécg
£=
==
3 L
3_ &
5]
i

RB3PGM
RBE2

RE1
=—= RBOINT
Voo
Was
ROT/IPSPT
ROG/PSPE
ROS/PSPS
RO4/PSP4
=—+= RCT/RNDT
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PIC16F87XA

1.0 DEVICE OVERVIEW

This document contains device specific information
about the following devices:

+ PIC16F3T3A

« PIC16FE744

+ PIC16F3T6A

+ PIC16FBTTA

PIC1GFETIABTEA devices are available only in 28-pin
rackages, while PIC1GFET4A/BTTA devices are avail-
able in 40-pin and 44-pin packages. All devices in the
PICAGFETXA family share common architecture with
the following differences:

+ The PIC16FE7T3A and PIC18FET4A have one-half
of the total on-chip memory of the PIC16F3TEA
and PIC16FATTA

The 28-pin devices have three VO ports, while the
40/44-pin devices have five

The 28-pin devices have fourteen interrupts, whils
the 40/44-pin devices have fifteen

+ The 28-pin devices have five AD input channels,
while the 40/44-pin devices have eight

The Farallel Slave Port is implemented only on
the 40/44-pin devices

The available features are summarized in Table 1-1.
Block diagrams of the PICIGFETIAETEA and
PIC16FET4ABTTA devices are provided in Figure 1-1
and Figure 1-2, respectively The pinouts for these
device families are listed in Table 1-2 and Table 1-2.

Additional information may be found in the PICmicro®
Mid-Range Reference Manual (DS33023), which may
he obtained from your local Microchip Sales Represen-
talive or downloaded from the Microchip web site. The
Reference Manual should be considered a complemen-
tary document to this data sheet and is highly recom-
mended reading for a befter understanding of the device

architeciurs and operation of the peripheral modules.

TABLE 1-1: PIC16F87XA DEVICE FEATURES
Key Features PIC16FET3A PIC16FBT4A PIC1GFBTGA PIC16FBTTA
Operating Fraquency DC—20 MHz DC—20 MHz DC — 20 MHz DC—20 MHz
Resels (and Delays) POR, BOR POR, BOR FOR, BOR FOR, BOR
(PWRT, OST) (PWRT, OST) (PWRT, OST) (PWRT, OST)
Flash Program Memaory 4K 4K aK aK
{14-hit wiords)
Diata Memory (bytes) 192 192 368 368
EEPROM Data Memory (hytes) 128 128 256 256
Interrupts 14 15 14 15
/O Ports Ports A, B, C Ports A, B,C, D, E Pots A,B,C |(PortsA,B,C.,DE
Timers 3 3 3 3
Captura/Compare/PWh modules 2 2 2 2
Serial Communications MSSPF, USART MSS2, USART MSSP, USART MSSF, USART
Farallel Communications — PSP — PSP
10-hit Analog-to-Digital Module 5input channels | &input channels | 5input channels | & input channels
Analog Comparators 2 2 2 2
Instruction Set 35 Instructions 35 Instructions 35 Instructions 35 Insiructions
Packages 28-pin FOIP 40-pin FDIP 26-pin POIP 40-pin POIP
28-pin 3QIC 44-pin FLCC 28-pin SOIC 44-pin PLCC
28-pin S30P 44-pin TQFP 28-pin SSOP 44-pin TQFP
28-pin QFN 44-pin QFN 28-pin QFM 44-pin QFN

& 2003 Microchip Technology Inc.
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PIC16F87XA

8.0 CAPTURE/COMPARE/PWM
MODULES

Each Capture/Compare/PWM (CCP) module contains
a 16-hit register which can operate as a:

« 16-hit Capture register
+ 16-hit Compare register
+ PWM Master/Slave Duty Cycle register

Both the CCP1 and CCP2 modules are identical in
operation, with the exception being the operation of the
special event rigger. Table 2-1 and Tahle 8-2 show the
resources and interactions of the CCP module(s). In
the following sections, the operation of a CCF module
Is described with respect to CCP1. CCPZ operaies the
same as CCP1 except where noted.

CCP1 Module:

Capture/Compare/FWM Regisier 1 (CCPR1) is com-
prised of two 8-bit registers: CCPRIL (low byte) and
CCPR1H (high byie). The CCP1CON register conirols

the operation of CCP1. The special event trigger is
generaied by a compare match and will reset Timer1.

CCPZ Module:

Captura/Compare/PWh Register 2 (CCPR2) is com-
prised of two 8-hit registers: CCPR2L (low byie) and
CCPR2H (high byte). The CCP2CON register controls
the operation of CCP2. The special event trigger is
generated by 3 compare match and will reset Timer1
and start an A/D conversion {if the A/D module is
enabled).

Additional information on CCP modules is available in
the PICmicro® Mid-Range MCU Family Refersnce
Manual {D333023) and in application note AN394,
‘Using the CCP Moduie(s)” (DS00554).

TABLE 8-1: CCP MODE - TIMER
RESOURCES REQUIRED
CCP Mode Timer Resource
Capture Timeri
Compare Timer1
P Timer2

TABLE 8-2: INTERACTION OF TWO CCP MODULES
CCPx Mode | CCPy Mode Interaction
Capture Capture | Same TMR1 time base
Capture Compare | The compare should be configured for the special event trigger which clears TMR1
Compare Compare | The compare(s) should be configured for the special event frigger which clears TMRA
P FWM The P\WMs will have the same frequency and update rate (TMRZ inferrupt)
WM Capture | Mone
PWM Compare | None

& 2003 Mizrochip Technology Inc.
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PIC16F87XA

11.0 ANALOG-TO-DIGITAL
CONVERTER (A/D) MODULE

The Analog-to-Digital (A/D) Converter module has five
inputs for the 28-pin devices and eight for the 40/44-pin
davices.

The conversion of an analog input signal results in a
comesponding 10-bit digital number. The AD moduls
has high and low-voltage reference input that is sofi-
ware selectable to some combination of Voo, Vss, RAZ
or RA3.

The A/D converter has a unique feature of being able
to operate while the device is in Sleep mode. To
operate in Sleep, the A/D clock must be derived from
the A/D's intemal RC oscillator.

REGISTER 11-1:

The A'D module has four registers. These registers are:

« A/D Resuli High Register (ADRESH)
* AD Result Low Reqister (ADRESL)
+ AD Control Register 0 (ADCCOMD)
« AD Control Register 1 (ADCOMN1)

The ADCOND register, shown in Register 11-1, con-
frols the operation of the A'D module. The ADCON1
register, shown in Register 11-2, configures the func-
tions of the port pins. The port pins can be configured
as analog inpuis (RA3 can also be the wvoliage
reference) or as digital [/O.

Additional infarmation on wsing the A/D module can be

found in the PICmicro® Mid-Range MCU Family
Reference Manual (D533023).

ADCONO REGISTER (ADDRESS 1Fh}

RA-0 RAN-0 RAw-0 R0 RAN-0 RAN-D U-0 RAW-0
| ADCs1 | aDcsD | cHSZ | cHs1 | cHSD [GODONE| — | ADON
bit 7 hit 0
hit 7-6  ADCS1:ADCS0: A'D Conversion Clock Select hits (ADCOMNO bits in bold)
ADCON1 ADCOND )
<ADCSZ= | <ADCS1:ADCS0> Clock Conversion
0 oo Fosci2
o o1 Fosc/8
[u} 10 FosCi32
1] 11 FRC (clock derived from the internal A'D RC oscillator)
1 oo Fosc/4
1 o1 FoscHE
1 10 FosciGd
1 11 FRC (clock derved from the internal AD RC oscillator)
hit 53 CHS2:CHSD: Analog Channel Select bits
ooo = Channel 0 {AMNO)
001 = Channel 1 (ANT)
010 = Channel 2 (AN2Z)
011 = Channel 3 {AMN3)
100 = Channel 4 (AN4)
101 = Channel & {AMN5)
110 = Channel 6 {AMNEG)
111 = Channel 7 (ANT)

Mote:  The PIC1GFET3IAMETEA devices only implement A'D channels 0 through 4; the
unimplemented selections are reserved. Do not select any unimplemented
channels with these devices.

hit 2 GO/DONE: A/D Conversion Status bit
1 = A/D corversion in progress (setting this bit stars the A/D conversion which is automatically
cleared by hardware when the A/D conversion is complete)
o = A/D conversion not in progress
hit 1 Unimplemented; Read as ‘o’
hit © ADON: A/D On bit

1 =A/D converter module is powered up
o = A/D converter module is shui-off and consumes no operating cument

Legend:
R = Readable kit W="Writahle hit ) = Unimplemented hit, read as ‘0’
-n=%alue ai POR 1" =Bitis set ‘0" = Bit is cleared x = Bit is unknown

E 2002 Microchip Technology Inc.
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International
IGR Rectifier

Advanced Process Technology
Dynamic dv/dt Rating

175°C Operating Temperature
Fast Switching

Fully Avalanche Rated

Description

Fifth Generation HEXFETs fram International Rectifier
utilize advanced processing techniques to achisve
gxtremely 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, pravides the designer
with an extremely efficient and reliable device for use
in & wide variety of applications.

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

[yl

PD- 91503C

IRFP150N

HEXFET Power MOSFET
" 1| Voss = 100v

RDS{,;.”] =0.036w

Ip = 42A

similar but superior fo the earlier TO-218 package TO-24740
because of its isolated mounting hole.
Absolute Maximum Ratings
Parameter Max, Units
Ig @ T =25°C Confinuous Drain Current, Ves & 10V 42
Ig @ T =100°C|  Confinuous Drain Current, Ves @& 10V 0 A
lopa Pulsad Drain Current 140
Po@T.=25°C Power Dissipation 160 W
Lingar Derating Factor 11 Wi C
Vs Gate-to-Source Voltage 2
Eis Single Pulze Avalanche Energy 420 m.
™ Avalanche Curmrent i A
Eiwr Repetitive Avalanche Energy 16 mJ
didt Peak Diode Recovery dvidt a0 Ying
Ty Operafing Junction and 55 to+ 175
Tete Storage Temperature Rangs C
Soldering Temperature, for 10 seconds 300 {1.6mm from case )
Maurting torque, 6-32 or M3 srew 10 lbfein (1. 10#m)
Thermal Resistance
Parameter Typ. Max. Units
Raic Junction-io-Case — 055
Racs Caze-to-Sink, Flat, Greased Surface 0.24 “CIW
Rala Junction-to-Ambient — 40

wwwirf.com
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IRFP150N Internationa

IR Rectifier
Electrical Characteristics @ T, = 25°C (unless otherwise specified)
Parameter Min. | Typ. | Max. | Units Conditions

VBRiDSE Drain-to-Source Breakdown Voltage 100 | — | — | V | Vgz=0V Ip=250pA
DVjzrpss07, | Breakdown Voltage Temp. Coeficient | — | 0.11) — | V°C | Reference to 25°C, Ip = TmA
Rosiom) Static Drain-to-Source On-Resistance | — | — 0036 W | Ve =10V, Ip=234 &

Vaaih) Gate Threshold Voltage 20 | — | 40 | ¥ | Vos=Vas, In=250p4

0% Forward Transconduciance 4 | —| — | & | Vps=25V, lp=224

loss Drain-o-Source Leakage Cument — =& uh D8 = 100V, Vs = D

— | —| 230 Vos = 80V, Vgz =0V, Ty = 130°C

- Gate-to-Source Forward Leakags — [ — 100 oA Wigs = 20V

i Gate-to-Source Reverse Leakags — | —|-100 | Ve =20V

Gy Total Gate Charge — | —| 10 Ip =224

Qs Gate-to-Source Charge — | —| 15 | nC | Vpg =80V

Qg Gate-to-Orain ("Miller”) Charge — | —] 58 Yz =10V, See Fig. 6and 13 4
taian) Tum-Cn Diday Time —_ | — Voo = 50V

tr Rise Time — | 6| — s Ip =224

tajor) Turm-Cff Delay Time — | 45| — Rg=36W

t Fall Time — | 40| — Ro =250 SeeFig. 10 @

L intemal Drain Inductance — | 50| — Between lead,

oH Emn‘ i..ZHS n.} 5
rom package

Ls Intemal Source Inductance — 13 | — and canter of die contact

Cigs Input Capacitancs — 1900 — Vigs =0V

Coez Cufput Capacitance — | 450 — | pF | Vpg =25V

Cres Reverse Transfer Capacitance — | 23| — F=1.0MHz, See Fig. 5

Source-Drain Ratings and Characteristics

Parameter Min. | Typ.| Max. | Units Conditicns
Is Continuous Source Current 4 MOSFET zymbo 8
{Body Diode) - s | showing the
Iz Pulsed Source Current N O T integral reverse E
{Baody Diode) [-n junction diode.
Vap Diode Forward Valtage — | —] 13| V | T;=25C, Iz =234 Ve =0V &
tr Reverze Recovery Time — | 180 270 | ns | T,;=25°C, |z = 224
Qi Reverze RecoveryCharge — | 12| 18 | pC | difdt=1004/=s
ton Forward Tum-Cn Time Intrinzic: tum-an time is negligitée {fum-on is dominated by L+g)
Notes:
(1) Repetitive rating; pulse width limited by @ Pulse width £ 300ps; duty cycle £ 2%.
max. junction temperature. | See fig. 11 )
) Starting T, = 25°C, L = 1.7TmH Teze IFFLS10N cata and teast oarlitions

Rig = 25W, lag = 224, (See Figure 12)

) Ty £ 224, difdt £ 180AMs, Vo £ Vigrjpss,
T)E175°C

P wwwirf.com
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_— 1N4148.1N4448

" Vishay Semicenductors

Fast Switching Diodes

Featuras

= Ellicon Epfaxal Planar Diodes

+ Eleciicalty equivaient dodes: 1N4148 - 1H314
Thdd4B - 1MN14E

Applications
Extreme fast swhichss

Machanical Dala

Case: D0-35 Glass Case

Welght: spprox. 125 mg

Packaging Codes/Options:

TR/ 10k per 12 * real (52 mm tape), 50 Wbox
TAP { 100 k per Ammopack (52 mm tapa), 50 kbox

Parts Table

Part Typa dfemniiation Droaring coda Famaria
1H4148 Vo= 100V, V; @ | 10MA =1V [INEMETAF o tH414B-TR mmopac | Tane and Resl
1H&L48 Vg = 100N, Ve @ b 100 mA = 1 V| 1HAHETAF or THA4E-TR Ammopack | Taos and Rasl

Absolute Maximum Ratings
Tty = 35 °C, Lnilass céharwiss spocfiad

Aaramater Taest pondiion Symbol Vilo Unk
Fiapaifivs pek reverss woitago W fox L
Faseraa wolngs ¥ -] ¥
Peak forward surgs cuman 1, =1us I 2 A
Rapaifive posh fonsend cumant b EOC ma
Forward ousment k a0 ma
Ayurage lorward oomant Vp=0 ki e i
Power dissipation I=d mm, T =45"*C Py 430 i)

Iz4dmm, T sZE°C Py E] W

Thermal Characteristics
Tamb = 25 "0, uniess cihorwisg spechad

Faramaiar Toe pondion B Wim i
Jurction ambier =4 mm, Ty, = onstanl P 5] (]
Jumction lemparatira T om0 T
Eloraga |ampemiars mnge Tag E5 10 = 200 G

Cooumant Kumber 8521 LR
Aaw. 1.8, 22-Apr-0d |
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&Nﬂliﬂna! Semiconductor

LM78XX
Series Voltage Regulators

General Description
The LMTEXX z2nzs of three tzmvnal rzgulators 15 availablz

with saveral fived output voltages making them useful in a
wide ranoe of applications. One of these is local on card
requlztion, eliminating the distribution problems associated
with single poinl regulation. The voltages avalable allow
these regulaters to be used in logic systems, instrumenta-
fion, HiFi, and other solid stste electronic equipment. Al-
though designed primarily as fized voltage regulztors thess
devices can ba used with axternal components to obtain ad-
jusiable voltages and currents.

The LMPEXX serias s avallable in an aluminum TO-2 pack-
age which will allow over 1.04 load current if adequate heat
sinking is provided. Current limiting i included to limit the
peak autput current o a safe velue. Safe arsa protechon for
the output transistor i provided 10 limit internal power dissi-
pation. If internal power dissipation becomes too high for the
heat smking provided, the thermal shutdown circuit takes
over preventing the 12 from overheatng.

Considerable effort was expanded to make the LM78XX se-
res of requiators easy to uze and minimize the number of
extemal components. It is nof necessary to bypass the out-

May 2000

put, although this does improve transient responsa. Input by-
passing is needed only if the regulater is located far from the
fiter capacitor of the power supply.

For output voliage other than 5Y 12V and 15V the LM117
sefies provides an output vollage range from 1.2V to &7V,

Features

Dutput current in excess of 1A

Internal thermal overload protection

Mo extenal components required
Output transistor safe area protection
Internal shor crcut curent linut
Available in the aluminum TO-3 package

Voltage Range

Connection Diagrams

Meatal Can Package
T0-3 (K)
Aluminum

DPUT =, D

WFUT =
DS00TTas-T
Bottom View
Order Number LMT303CK,
LM7B12CK or LMTB15CK
See NS Package Number KC02A

LMTBOLC B
LMTB12C 12
LMTBI16C 15
Plastic Package
T0-220 (1)
T =Bu1|'ul
N O ;:. [
——
DorTT4Ed
Top View

Order Number LM7805CT,
LMT812CT or LM7E1SCT
See NS Package Mumber TO38

@ 2000 National Semiconducior Corporation

C=00TT46
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Absolute Maximum Ratings (nee 3 Masimum Junction Temperature
If MilltarglAerospace specified devices are reqguined, (¥ Packape) 150°C
Mease contact the Matienal Semiconductor Sales Offical (T Packags] 150'C
Distributors for availability and specifications. Storage Temperature Range —BE' ko 4180
Input Veltage Lead Temperature (Soldering, 10 ssc.)
¥z = BY, 12V and 15v] HY TO-3 Packags K WG
Intemal Power Diasipaton (Note 1) inemally Limited T0-220 Packaga T 4
Oiperatng Temperature Rangs (T,) 0'C to +70°C
Electrical Characteristics LM7B8XXC (nois 2
WG s T, s 125'C unleas otherwise neded
Crutput Voltage 1) 12v 13
Input Voltage [unlkess otherwise notad| 1oy iEL £ Linits
Symbol Farameter LConditions Ilinl Typ |I||u: Min | Typ |Hu: Min | Typ |H'Ia.1:
Yo Crutput Veltage Tj=28C SmAs s 1A 48 & B} |15 1} 126|144 15 4RE| W
Fo£ 18W, bmA = |, £ 14 475 525 |14 126 14.25 1BTE( W
Viain = ¥ig £ Vi (FHeVu 220 | (ME=2V, = 7.6 £V = v
m A0
AV Line Requiation lg =600 |Tj=25'C 3 & 4 120 4 10| mV
m#A
AV, [TV, £28) | 452, £30) [ (175, < v
EY)
G 2T 1250 i 120 150 mV
AV BLVL220) | (152 £27) | (IBS2Y, = v
30
I = 14 Tj = 25'C 50 120 150  mb
Ay (Fh=Vo ) | (MB2V, = 1T =V, = v
)| 305
I'C=Tj< HET 25 L1 TR | mV
AV, BLVL£12) | B2V, <23) | (2D £V, £26) v
AV Load Reguiation | Tj=25C [5mA<l, <154 1 5D 12120 12 150 mV
260 mh =g = 5 L) | mV
TED mé
EmAzlp 2 1A 0CET): L] 120 150 mV
125G
lg Chmazcend Curmant | 15 < 14 Tj= 25'C f B ] mi
IC£Tj« 41250 B5 a5 B5| mA
Al Chpeseend Current | & mA s |, s 1A LY 0% 05| mA
Changa Tj=25C. 1= 1A 10 10 13| ma
Viam = Yin £ Vi (PHEVg =20} | (M4BEY,=2T) [ (T3 < ¥
30)
I < 500 mA, 0°C = Tj< +128°C 10 10 10| m
Viain =¥ % Y (TeVu=28) | 45V =30 [ NTELY, < ¥
in
YW Curtput Mome T. =25'C, 10 Hz =< 100 kHz 40 75 a0 u
Woltage
Ripple Rejaction o214, Tj=25C | 62 @0 B T2 = dB
Ay o
oyt f=120Hz | I = B00 maA 62 Eh £ dB
I'CaTj< +125°C
Vo = Vin = Vi [BaVus18) | [15sWy,s26) | (IBE<Y,= v
A 5)
Ry Dropout Vaoltage | Tj= 25°C, 15, = 1A el 20 20 v
Cnput Resistance | f= 1 kHz ! 18 1% mil

wa

wanw.naferalcom
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Electrical Characteristics LMT8XXC (nce= 21 (continued)
0°C = T, = 125°C unlesa otherwize notked.

Crutput Voltage v 1Y 15V
Input Voltage (unless otherwise noted) 1 13 23V Units
Symbol | Parameter Condliions Wlin | Typ | Max | Min | Typ [Max [ Min | Typ [Max
Sheet-Cireuit = 250 21 15 1.2 A
Currant
Peak (udput T =25C 24 24 24 A
Currant
Byerage TC of CaTj<4128°C, I, = EmA D& 15 18 myi"C
l"Irl:lLI'I'
Vo nput Valtage
Raqiprod t =36, lg = 14 FAT 145 I Y
Mainian
Line Regulation

Wate 1: Themal resistancs of the T0-3 package (K. K G = trpoaly &' CA junoSon tn case ard 350 case ‘o ambent. Tharmat resistangs of fre TO-220 packnge
(T} I= nymicalty €' 0 pmoicn o caze ond B0'CAN e moambieni

Hete I: Al che e

el Crarapmnsis

wilh capacior scrpys fre input of .12 uF. snd 2 capaciior scrmss the ourput od 0. VpF. Al charactemiboy mapepl nose vollage
and rpple repoion roto o mesured using palae feonmiques fty S 0ome. duty oyele £ 5% L Owipud wolisge shanges dus to changes m niemal samparatums must
b taken o aooount seperateh.

Woke I Ab=olyte Masimurs Aaings mdicate lmis eyond which damage fo the dewios may poour, For guaranbesd spechicedons and the fest condiions, see Eles-

wiie nalinral o
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International
IGR Rectifier

Data Sheet No. PD60163-U

IR2109(4) (S) & (PbF)

Features

# Floating channel designed for bootstrap operation
Fully oparational to +600V
Tolerant to negative transient voltage
dVidt immuine
# Gate drive supply range from 10 to 20V
# Undervoltage lockout for both channels
o 3.3V, 5V and 15V input lngic compatible
o« Cross-conduction prevention logic
# Malched propagation delay for both channels
# High gide output in phase with IN input
» Logic and power ground +- 5V offsat
» Intemal 540ns dead-time, and programmahle
up tn 5us with one external FoT resistor (IR21094)
o |Lower difdit gate driver for better noise immunity
& Shut down input wrns off both channels.
® Available in Lead-Free

Description

The IR2109(4)(S) are high voltage, high speed power
MOSFET and IGBT drivers with dependent high and
I sicie referencad output channels. Propristany HYIC
and laich immune CMOS technologies enable rugge-
dized monolithic construction. The logic input is
compaiible with standard CMOS or LSTTL output,
down to 3 3V logic. The output drivers feature a high

HALF-BRIDGE DRIVER

Product Summary

600V max.

120 mA / 250 mA
10 - 20V

tonioff (typ.) 750 & 200 ns

Dead Time 540 ns

VOFFSET
[+l
Vour

{programimable up to 5uS for IR21084)

Packages

Q 14 Lsal SOIC «
)

b Lead S2IC

14 Lead POIP

i Lead POIF

pulse current butfer stage designed for minimum driver cross-conduction. The floating channel can be used to
drive an N-channel power MOSFET or I1GET in the high side configuration which operates up to 600 volts.

Typical Connection

0
oAz

o B
: - ]
! o=
oo ¥, |
L oo B -1
s m HOl T
= 0 Vy - — =k
oM Lo i
—l—w»—q)u
IR2109 e 7
h ]
o= ik
S - =
{Rter o Lead Assigniments for aormeal e
mondigurafion). This/Thesa diagram(s) show e i— v
alacirical ponnections only. Pieasa refer o our Far
Application Motes and DezignTips for propsr
pirrait bar ey

www irf.com
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IR2109(4) (S) & (PbF) Inlernational

ToR Rectifier

Absolute Maximum Ratings

Ahaolute maximum ratings indicate sustained limits beyond which damage to the device may occur. All voltage param-

eters are absolule voltages referencad to COM. The thermal resistance and power dissipation sfings are measured
under board mounted and =il air conditionz

Symbaol Definition Min. Max. Units
Ve High =ide flnating absolute voltage 03 625
Vs High zide floating supply offsel voltage YWg-25 Vg + 0.2
VHO High side foating output voltages Vg-03 Ve + 0.3
Veo Low zide and logic flved supply voltage 0.3 25
Vo Low side output voltage 03 Voo +03 Y
or Programmable dead-time pin vollage (IR21094 only) Weon-02 Yoo+ 03
iy Logic input voltage (IN & 50) Vag-03 | Vgg+0O3
Ves Logic ground (IF21024/R21854 anly) Voo -2 | Vpo+03
dW /i Allowable oifzet aupply vollage franaient — ] Vina
Fo Fackage power dissipation @ Ta < +25°C (8 Lead POIF) = i0
{8 Lead SOIC) - 0625
(14 lead PDIP) — 16 W
114 lead SOIC) — 10
Rihyg, Thermal resistance, junciion o ambient (8 Lead PDIF} — 125
{8 Lead SOIC) - 200
(14 Ioed PDIP) = o L
(14 lgad 5010 — 120
T4 Junclion temperature — 150
T= Storage temperalune -l 150 o0
T Lead temperature {aoldaning, 10 ssconds) — 300

2 v irf com



International |R2109(4) (S) & (PbF)

TR Rectifier

Recommended Operating Conditions

The input'output logic timing diagram is shown in figure 1. For proper operation the device should be used within the
recommended conditiona. The Vg and Voo offzet rating are tested with all supplies biazed at 15V differential.

Symbol Definition Min. Max. Unils

VE High side floating supply abaolute vollage Vg + 10 Vg + 20

Ve High side foating 2upply offast vollage Mote 1 a00
Vo High side floating outpul voltage Vs Ve

Voo Lo sicde and Iogic fixed supply voltage 10 20

Vig Low side outpul voltage 0 Vor v
Vin Logic input voltage (IM & SO) Von Voo

ot Pmgrammable dead-time pin voltage (IR21094 only) Ves Voo

VES: Logic ground {IR21094 only} -5 L

Ta Ambient temparature -40 125 G

Mote 1. Logic operational for Vs of -5 to +600Y. Logic state held for Vs of -5V 10 -Ves. (Please refer to the Design Tip
OTY97-3 for more details).

Dynamic Electrical Characteristics
Veias Voo, Vgs) = 15V, Vag = COM, © = 1000 pF, Tp = 26°C, DT = VSS unleaa oherwias specitied

Symbol Definition Min. | Typ. | Max. | Units| Test Conditions
ton Tum-on propagation delay — Fa0 950 V=10V
foff Tum-off propagation delay = 200 280 Vg = OV or 600V
tad Shut-down propagation delay = 200 280
MT Delay matching, HS & LS tum-on/off - 0 70 | nsec
1 Tum-ar rise time — 150 220 Vg=0OV
l Turm-off fall time - &0 a0 Vg=0V
oT Ceadtime: LO twm-off to HO wm-on(DTLoH0y 5| 400 | 540 Ga0 ROT=D
HO tum-off 1o LO um-on {OTHO-LO) 4 L B uzec | ROT = 200k (Re10a4
MOT Deadtime matching = DTLo - HO - DTHOLO — 0 a0 o ROT=0
= 0 500 ROT = 200k iRziosd)

wyw irf com 3




niemnational
IGR fectifier

Functional Block Diagrams

IR2109(4) (S) & (PbF)

IR2109

__| aEsamue

— e o, wrT
i s |5 SLLIE oy
L ) BENTATIR | L=

Ve

-4 HO

W33

OT f—rhdy SELTTIHE

IR21094

wiwvyirf .com




IR2109(4) (S) & (PbF) Infernationc

TR Pectifier

Lead Definitions

Symbol | Description
N Logic input for high and low side gate driver outputs (HO and LO), in phase with HO {referenced to COM
fior IR2109 and WSS for IR210594)
0 Logic input fior shutdown (referencec to COM for IRZ109 and V5SS for IR21094)
oT Programmable dead-time lead, referenced to VS5 (IH21094 only)
V55 Logic Ground (21094 anly)
Ve High side floating aupply
HO High side gate drive output
Vg High side floating supply retun
Voo Low sice and logic fixed supply
LO Low gicke gate drive output
COM Low side raturn
Lead Assignments
o S
[+] veo Va8 | [1] ves Val 8]
Gl [ Zlw v
o e Glw wle
[ 4] com (s [4] com 1o[s |
8 Lead POIP 8 Lead 50IC
IR2109 IR21098
\/
E Voo E YOG E
[2]m Vg [2] m Vg [ 13]
Gls  ofe Gls wE
o ) o w@]
(5] ws (3] ves )
[ 6] com B [ 6] coM 9]
[7] w0 [ & | [7] 10 8]
14 Lead POIF 14 Lead S0IC
IR21094 IR21094S
G www.rf.com
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Potentiometer Datasheet
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Model P160

16mm Rotary Potentiometer
Conductive Plastic Element

100,000 Cycle Life

Metal shaft / Bushing

Multi - Gﬂl’lgEﬂ available

RoHS Compliant

Si0a Adjust . Soider Lugs FEDENP
Sida Adjust, PC ping EDKN
Siga Adjust , PC Pins, Long pins PGIRNE
Faar Agusl PC pins P1EJENFD
Fasktance Range, Chms BO0-1M
SiEnderd Aesislance ToaEncs T %
Bazidual Reskiance 20 ohiTeE mEL
Power rating Input "ul'E"El_:E. [FEEIMLIM 200V ac mex
Power Baled, Walls 0.2 - B faper, 0.1W-othars
[eedeciric Sirength B0V aC, | minule
IrEuiEtian BesiEtance. Minimum 1008 ahme &t 250voc
Sliding Molse 100mY mEx
Acheal Elecincal Trewed, Nominal 260
Toe Mechanical Traval 3004 10#
Static Siop Srangth 30 @z-in
Roleional Torgue, Medimum 2.5 m-in

ENVIRONMENTAL
Cparsiing Temperalurs Aange -20°C o +70°C
Fotedmal Lifks 100,000 cycles

' Spooiraions subjen! fo change withou? nofica

81



Model P160

ORDERING INFORMATION

_,_,--""--F -____.-' II,- |
= o "
hooal Serias - g .a-"/fll.'" "n, \ \\\ Toial Rasitance
i~ | S -
s i, e

Datent o / A g : J’rlJ're-IaI
0 - Na Datan / - Rt
1 — Canter Daten / II".,I \'\ T
2-11 Deflants 1
| Shalt Langt 1" =88 balow
3- 21 Detents / \ oy
4 - 41 Detents Shatt Type Full CCW Shaft Position: sae balow
Shatt Types
E-T1VE F-TvFE = TYPE
; e, %
| Lt +'E | |L 3
u i ]
g = 4 |
; i1
|
NEEEEEERNNEEELEEE
R R EEDEEEE

Shatt Poslilon (FType Shaft)
Diashied Inas on Type “C7 and Typa “A" shows posiion of adjustment siot tor E-Type and G-Type shalls

Ty
Full CCW Poarmz

500 1K 2K EK 10K 2K BOK 100K 200K 600K 1MEG
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UPOOA USB PIC Programmer Datasheet
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4 HARDWARE (Programmer)
Compecting the Programmer to the Computer

Use tha USE Cable provided.

Commact one side of the cabla to the programmer and the other side to e 5B port of the
oM

Plugzing the Microcontroller
40-pm Microconmaller

& Tz m the nococontrodler at the socket (indicated on the board) and push forward
the teggle switch 25 shonm

_' L TP O, mij

€ Jiron. com. my

]

e Jld

L ISR

L
u
[]
L]
i
L]
u
i
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S SOFIMWARE INSTALTATION

BE_{l"E POLA PTC 175 B programmer Can be msed. thve driver mynst be mmstalled (1™ dome Tlser]).
Copy Oy ron Prermemymer”” folder froeon the O o 3our PO

b

'SE port. Yoo will see the “loadims" red light ilhamyinases.

The window will now show “Foumd MNMew Hardwars".

ta

'i:.,..- Fosared! Mewy Herdvear=
SR TR TOODFIC- LSS Sumniess SO0

4. Choose mo T Iomstall froe a list of specific lecadon CAdveanced)™ wiven the “Wizand™

window app=ar.
Fommd Mew Hardware Wizard

wWhabcome 1o The Found Maw

Has gy are Wi anrd

Thiz wvirasd bl pr poea i nadell oo ke Fox
ERAABADDA TODOFICLES = remer 20005

=1 IF pome hardvmares comes with e iostalaboe T
LRSS i Bboapeye ol Emsesrn iL Eelees

et o poas weed the recerd o do™

&0 Ineted I th e poilessys o streresticosll p T sscormes sn de d)
= Il & kst or gpeciic ocation [ dwarosd)

Chok Meast o carnbresa

[0

Click Bronese and browss to “USE Dnver™ falder in “Cytron Programmer” folder that
vou copied Click Next to proceed the mstallafion

LR TR L FLN

T e FRA pe aeesft o pr ek splam Talact: 1 bollay gt ot airs: th s e v s

B G
= L
1 St b e bt e i e e ion i {2 iy Decwmsats
LS I 'l:d':m.'l"l‘ﬂl“w1rlh||.wl el o el LS O Py Corepie
¥ 1
ol ool reroropbiy mepde T e bl cemgnina sl b il £ % iy i i
18 march sl ks e, I PR | J Cobran Frogramss
[ e i et sl saenh _‘: L
u bl'-’\.'
A0 et e | il e e chowr o ol T o iy Wby, lick s b ks AL
Elmep e gy b oot s ciomaeom chomgy e i, o o ol Cwanarion Ll
el et o e el B i et sl o o B I ae ITI

R A (]

Fiug ome end of tha TT5E cable 1o the 17538 Progmapmesr and the other end o the PC7s
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Fleaes Choose ol i anck andl et oo mo g oo s

I5) Semamnch For B bk difeer n Hiese koossion s

Db B o bl e B et beia bows Boe Bl ood cmisaec] B d el ssaench . Hide b i choades | oec 2d
pad e ard rennoatds meadis The beck deesr fowrd wall b= nista e

[ S=sschinsancreshie media (oppee. COADM.
[=] § ez i M=z ol i o D Sanainsi
Do e e o e S s o ichrreirs s B bow s D ems by U e |_Eh:n-m=- |

{1 Dont cmach ol chooos e deve oo el

Choorse i oplcen bo cedec b Hoes o e e clipess roem e b= WYindo s doss nol pu serd ees Hhst
B oo e L e Wl b e s Bt realdodn ol G0l haddhi e

| cBack "__ Hests | I Camcel |

&, Ifthe window s fznre beloww pops ap. clck Coneirss dmasaay

The zolbve=1e o s inskaling for b hendvesie:

]:;

GTHF-LISE simnmeer 2005 HO

b= rood pacesd Wiradoes s Logo bezireg (o wenlp e Cornpeat bl i
sty rdo e P (el ores by e 1800 & i ookl | /]

Comfmriuirig your insballeslivon of this soflwars may impar
or adeclabilize= the comect operalson of pour spsiem
=illven manedialsly oo im e fubur=s. MicrosoPfl =homoly
recomaneErndr ihat pow siogs Ehis installasimn moer ol
comntecl the headyware vyendor For solivwware hat has
passscd Windows Logso besiimeg

[ Corbinies Sy eeay | [ STOF lrestel=izn ]

7. When msialistion is complets, click Fauich.

Foaumd Hew Flar deare Wizaerd

Compldeting the Fownd Hewr
Hardweare Wizard

T b i s i i sh el iecd Slllien Hhea Sl mara Bod

% BTFUZE maeres 2100 80

Tk Facd 1o cioend |l selisasl

|

2. Omnre the instailaton of daver 15 completed, the “ready” greem lipht will ilhon=mate



9. Afier drover instalixtion, T75H propracmeer is ready w0 be wsed with WinPecB0. This
sofiware iz a feeware, thus CTyiron will Dot be responsikle for sy aperade or issue
found with thds sofwems.

10, The applicaton or exe fils is mwhedsd m “Cymmon Programmer’” fplder, plesse open
WinPicB00 exe= as showm.

Fils Bk Sae  Fescdiss  Teok Help [
- L B N

e S il e et Sl el s ey el 1 g Al bt ni.'-u
[ o ¥

o LSO N
iy U0 ey

rﬂ""h’:‘lﬂ:uu-l-ﬂi-un oy TR e

A

11. By default, the soffware is in other Lanpeaze, click QF wihen the window below pops
up and then change the lansoape to Enpglich (One time conil goration).

Mo == anconkrg o dechroo ded idiomes

Srchies  Edewei Cepoades  Cornfigaescen ceema W

= - =] % oy % BTN Gic - @ =] | 1eresna =]
I_-."_ Cedigo -q Iwizox -+ Cenkig. J-':' L ]
@O OE- IAFFF AFFT JEFE 3FTE IFET SrET WErT ETT PeaF PaF.F-.T.F.7 -
sl 01 AOFFF OFFF OFFF OFFF OFFET  OFFET OEET  OETT L e i TR
fml.: AFrFF AFFT OFFT FTT AFFT IFTFT T 3FTT ?PFERF . F P F P
=il &5 IFFF AFFFE JFFFE OFFF OFFF OFFF OFFF WFFEF O PP, PRoF . Fop B9
D=ENTH- AFFE AFFE AFFE IFFF AFFF T WEF  IFEF PFEP_FOFPF P
Dl 2 &n IFFF JFFF JEFFF JIFFF 3FFF JFFF FFF WFFF f.F.f.F.F.?.F.7
hlﬂ!.: IAFFF AT IFFE FTT AFFET 3FFT ETT 3FTT ?F P _F.F_PF_P_
el AEs IFFF JFFF JIEFF JIFFF 3FFF JFFF FEF WFF .7, f.F.F.7.F.7
el db= IFFF 3T e IFTT IFFT T ETT 3FTr ?PF P _F.F_PF P
R0 d & AFFF 3IFFF JEFF JFFF 3FFF JFFT 3FFF FEF  F.F . F.F.F.7.F.7
;IIIH:I!P: IFFF AT IFFETE ArTT AFFET T T 3FTr ?F P _F.F_P_F P
i 5Es IFFF JFFF 3IFFF 3JFFF JFFF 3FFF FFF WFF 7.F.F.F.F.F.F.7
Ml GR= TFFFE JIFre TP IFFe IFEF TTEET TR T T FTEFE.F P _FD Y
L ]

12, Correct hardwars must be chosen (ons time configuration) becmese WinPicZ00
SUpPOIt mare than one proprammesr. o do T5etines", choose Hardwarng.

P M NS M e
FFEF B amimim i mi e m e om ]
A et s e L R -
i - 2y, R e L e s W =
Frrr N R R
FFFEE EiErE o E I E A m
FFEF e m EE maE o om o m
H o p N pe e e P e en -
BRI = e O R S T -

HIREG; FFEF FEFF FEFFE FEIF FEFF FEFFT FEFF FFEF R R
BiE; FFFF FEFFF FFPFr FEEF FFFF FEFF FFFF FPET EimI eI e s A AR
5iF FEFE EFEFF EYFE EFFEF FEFEF FEEFE EFEY FFET i Er el == A e =

wNRhGE: FFFF FFFF FFFFE FEFF FFFF FFFF FFFF FFEF . ... _.._._...... =

il : FFFF FFFF FFPFFF FEFF FFRFFF FFFF FFFF TFRFFre e m e e e e e

Har=Ctpon TIFR A - 30




15, A "IWmPicR00 (Hadware Seninps)” window will appesar Choose “Cymon UPOLA™
nndar ":&ar_m:-n-:-f:m:r:lware' Click _dpmiy edis 1o close this windowr

WINE BRI || Fa rdlvesr e Se Hings |

Selactisn of hardwara [AD ElcE ca pors
_____ e . "
cr.‘m HE -_- Blu:l-l. -
(Crbcen STOMA | : . r
Cytren ZOOBL R =
T o = s [
- o T
- =
Z 2
~Fafrlr -

| D lercs
Canoel | Appldy =diTa |

14 Mext is to configas software setomgs. Flsass go w0 “Seitings” and choose Sathware
{one tims configimation).

W ml™ - 50 365

& gsrring

=b: FFFF FFFF FFYF FYEF FEFF FFEFP FFFF FFFF . _ ... ... ....-. -
DxIEE0E: FFFF FEFFr EFFEr FFPW FEFE IFTFEFTF FEFF FFFEF . . . . - e i a = 2= s
<@l|m; Frry Frrr rerr rerry Frrr Frerry rrrr rerr I R L]
IE=N1E; Frry FrrEr FErr rerry FrEr rerr rrrr rerr rrrrrEraEEr R Ay

=Em; FEFF FEFY FEFEF FPOY FEFE FFFY FEFY FEEE rEsmiEaAEmRI Rl AL ES
D=imds; FEFF FFFF FEFF FEIF FEFED FFEF FFFF FEEE R
ikl 3n: FFFF FFFF FFFE FFEF FEFFE FPEFF FFFF FFFF T R R
ilmI®: FFFF FFFF FFFE FFEF FEFFE FPEFF FFFF FFFE rEsm i EmEm TR A m
kifndf; FFFF EFFFF FFFE FFEF FEFE FFFF FFEF FFFF R
FHhd® | FFYE EFEY FEYE EFEE FEFE EFEF FEFEY FETE R TR LR
JrieF | FEFFE EFEY FEFE EFEE EEED EFEF FFEY FEYXE reiEisamaT A=
x=ia5E: FFFF FFFF FEFFF FFFF FEFF FFEF FFEF FFFE . _ .. ... .........
il : FFFF FFFF FFFF FFFF FFFFP FFFF FFFF FFFF

Hoar = phrars TVFDRLA - HO

15 A "WinPucBl0 (Software Setines)” window will appear. Tick the selecton as shown
and click dcoapr.

WP BN [ Solfts are Se=thinags ]

F Wecify sftesr progrmmoing
F hak oy conficmmticon befors scasing or PIcgTammiIug
F TDia urer device selectilob

F Iretect smid select device AT STACGEp

P bpdare”

CoEesa 1 | Aosape |

I':IT:I.- h-ru:--i- -E:.-ng-r.um-.lng-
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& HOW TO FROCEAM THE FIC MICEOCONTROLLER

Tow WinPocEOD i=s ready o poesramr the PIC. This poogammeer is able o detect the
P By clhicking the icon showm the presraapaer will detect the type of PIC on the
DOOETAITST.

= Castmck PTC | -
| e code 228 Decs & Secrcing =" s s B A
=O@HD - FEFF FEFEF FEEF FEEEF FEFF FEFEF FEEE PEEE L ... oamsoa e o a5
OB : FFFE FEFE FEFEE FEEE FEEE FEEE FIEE FEEE B am o mosoammEmEom ==
=Omin- FFFF FEFF FFEF FFEF FESE FEFEF FFEFE FEEE . .o oo
=O0SIN:- FEEF FEEF FEEF FEEF FEFE FEEE FIEE FEEE . oo ime o smm =

om0 - FEFEEF FEFEF OFEREF OFEFEF FEFE FEEE FITE FEREE B omom oo moEm s omomoaom o
=0EH= FEFFF FEFFF FEFF FEFF FEFF FEFF FFFF FEFF . ... .o imeen=n
=030 - FEFF FEFFF FFFF FEFF FEFF FEFF FEFF FEFRFF . - .. _ . .- .. c0c.-.

OESE: FFEF FEFF FEEF FEEF FEFE FFEEF FITEF FEEEF P mom oo moEmoEomom o=
wilddl = FEFFF FFFF FFFF FFFF FEFFF FEFF FFFF FEFF . _ _ . - . - . _ .- - ._.
=048 = FEFFF FEFF FENF FEFF FEFF FEFF FEFF FEFF . - - . _ . .o .. cc.-.
=OP3E0 - FEEFF FEFEFF FEEFF FEFEF FEEFD FEITFDD FEEF FEELDN P om o moamErmoEomomoaomoa

OBFby: FFEE FEFE FFEE FEEE FEEE FEFEEFE FIFEE EEFEE L e R ]
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