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ABSTRACT

The primary objective of this project is to design a PIC Trainer. This PIC
Trainer is build in with testing feature, programmer feature and in-circuit debugger
socket ready for ICSP downloading feature. It is a 3 in 1 combination PIC
Educational Development Board. It comes with a PIC16F877A Microcontroller,
Programmer software which can support PIC Microcontroller for testing and
development. Users only need a PIC Trainer and a PC without purchase programmer
or other accessories and can start learning how to program the PICs. This board is
suitable for beginner needs, with it's development and programmer features and also
others extra features can be easily to arrange and program. It's ICSP feature is

suitable to beginners for product developments needs.
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ABSTRAK

Objektif utama projek ini adalah untuk merekabentuk sebuah “PIC
TRAINER”. Projek ini lengkap dengan ciri pengujian, ciri pengaturcaraan dan soket
di dalam litar bersedia untuk ciri muat turun “ICSP” (pengaturcaraan secara siri di
dalam litar). Ia gabungan 3 dalam 1 litar pembelajaran pembangunan
mikropemproses. Ia datang dengan satu mikropemproses PIC16F877A, perisian
pengaturcaraan yang boleh menyokong mikropemproses “PIC” untuk pengujian dan
pembangunan. Pengguna-pengguna hanya memerlukan “PIC TRAINER” ini dan
sebuah komputer tanpa pembelian litar pengatucaraan atau aksesori lain dan boleh
mula belajar bagaimana untuk memprogram mikropemproses tersebut. Litar ini
adalah sesuai untuk keperluan pengguna-pengguna, dengan ciri-ciri pengaturcaraan
dan juga ciri-ciri tambahan, ia memudahkan pengguna untuk memprogram. Ciri

ICSP adalah sesuai untuk pengguna baru untuk pembangunan produk.
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CHAPTER 1

INTRODUCTION

1.1 Background

Microcontrollers - "computers on a chip" as they are often termed - are
among the most widespread, varied and flexible electronic control devices around.
The number of applications they fulfilled is vast and increasing daily. They can be
found in household appliances of all sorts, vehicle subsystems, a huge array of
electronic devices and instrumentation, and also within larger electronic products

such as personal computers.

The PIC trainer is composed of enhanced board for Microchip’s 40-pin PIC
micro controllers (PIC 18F877A series). The trainer is targeted to facilitate the
developers by providing exclusive and futuristic enhancements. The PIC trainer is
put into practice with enormous features and it allows the PIC micro controller to be
interfaced with external circuits to a broad range of the peripheral devices, allowing
the user to concentrate on just the software. All the interfacing circuits are optional,

and this allows the designer to works on it.

The PIC trainer is designed to offer an easy to start platform for PIC
microcontroller users. This board comes with basic components for the user to begin
the project development. It also includes the sample of programs for each of the

experiment. So this PIC trainer enables the user who does not have any experience to
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have a basic knowledge about PIC microcontroller programming. This project scope
shall include a PIC Programmer and trainer which consist of 7 segments, LCD,

simple switches, keypad and LM35 temperature sensor.

1.2 Objective

The objectives of this project are to explore the applications of PIC
microcontrollers, being familiar with C languages, designed to offer an easy to start
platform for PIC microcontroller beginners to begin with the experiment and to
research all information about PIC microcontrollers includes their characteristics

and working principles.

1.3 Scope of the project

Scope of project is divided into two sections. The first one is software
development and the second one focusing on hardware. For software development,

the focusing area is:

a) To program the PIC by using C language.
b) Build sample of programs for each of the experiment and the difficulties of the

sample programs are gradually increase from simple to complex.

For hardware section, the focusing area is:

a) PIC Trainer is targeted to be operated by using PIC 16f877a as a Microcontroller.
Keypad, simple switch and temperature sensor are used as an input, while LCD,
LED and 7 segments as an output. The idea of the project is as illustrated in

Figure 1.1.
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Figure 1.1: Block diagram of the system

b) Design the circuit that includes all the necessary components to make sure that
the system completely functioning.
¢) To design PCB using Orcad and produce commercial standard of PCB in form of

Gerber file and ready to fabricate by PCB manufacturer.

1.4 Problem Statement

Students are less exposed to the concept of PIC microcontroller application.
Basically, students have their basic knowledge on programming, but they don’t know
how to apply their knowledge on PIC microcontroller. To overcome the problem, the
objective of this project is to build a trainer consists of PIC programmer and

necessary components as an input and output for users to begin with the experiment.
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CHAPTER 11

LITERATURE REVIEW OF PROJECT

2.1 Similar Commercial Products

There are commercial products available, which focus only on certain
functions and others offer too much of functions. This first kit which is produced by
Kitsrus only teaches how to use a microcontroller for measuring temperature (in
either degrees Fahrenheit or degrees Celsius), humidity, as a counter, as a timer and
for analog to digital conversion. The disadvantages of this kit is not includes the
built-in programmer. That mean users have to download the program into
microcontroller in other programmer circuit and then plug in the microcontroller into

the kit. Another disadvantage of this kit is the functions are very limited.

The second kit which is produced by Bizchip offers too much of function.
This kit has too many features such as serial programmer, Dual DC motor controller,
10A DC motor driver, stepper motor driver, Dual 10A relay module and many more.
The disadvantage of this kit is offers too many functions and the circuit much more
complex for beginners to begin with the experiment. Another disadvantage of this kit

is the cost to build it is very high.
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Table 2.1: The comparison between similar products on the market.

1. KIT 75 PIC TRAINER by kitsrus.com | 2. Mini40 PIC Microcontroller Training
Kit by bizchip.com

Figure 2.3: Mini40 PIC MCU Trainer

Figure 2.2: Counter/timer

Features: Features:
- Temperature/humidity sensor - Serial programmer
- Timer - Dual DC motor controller
- Counter - 10A DC motor driver
- Analog to digital conversion - Stepper motor driver

- Dual 10A relay module
- Light sensor

- Temperature sensor

- 8-bit LED

- 2*16 LCD

The target for this project is to build the PIC trainer with built-in programmer

circuit and wide range of functionality. The project will use common components
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such as simple switches, keypad and temperature sensor for input device. While for

output device, it will use 16x2 LCD, 7 segment and LED.

2.2 Overview Of Major Component Involved

This is an overview of major component involved in the project. There are
several major components such as PIC microcontroller, 16*2 liquid crystal display

(LCD), LM35 temperature sensor and seven-segment display.

2.2.1 PIC microcontroller

PIC microcontroller is a device that functions as brain of the system. Every
signal from input devices will be sent to a microcontroller to performing various
mathematical operations and it will send back the signal to the output devices to
perform the task as programmed. PIC16F877A microcontroller is chosen because it
is a suitable microcontroller for this project. These are the features of PIC

microcontroller:

a) Memory unit
- For data storage in microcontroller.
b) Central processing unit
- Registers are therefore memory locations whose role is to help with
performing various mathematical operations or any other operations with data
wherever data can be found.
c) Bus
- The way that data goes from one block to one another.
e Address bus: Consists of as many lines as the amount of memory that
wishes to address. Transmit address from CPU memory.
e Data bus: To connect all blocks inside the microcontroller.
d) Input-output unit

- Send and receive data from controller.
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e) Timer unit
- Give information about duration, time and protocol.
f) Watchdog
- Free run counter where the program needs to write zero in every time it
executes correctly.
g) Analog to digital converter
- Converting information about some analog value to a binary number and for

follow it through to a CPU block so that CPU block can further process it.

2.2.2 Temperature Sensor (LM35)

The LM35 is an integrated circuit sensor that can be used to measure
temperature with an electrical output proportional to the temperature in degrees
Celsius (°C). Measured temperature from LM35 is more accurately than a using a
thermistor. The sensor circuitry is sealed and not subject to oxidation. The LM35
generates a higher output voltage than thermocouples and may not require that the

output voltage be amplified.

It has an output voltage that is proportional to the Celsius temperature. The
scale factor is 0.01V/°C. The LM35 does not require any external calibration or
trimming and maintains an accuracy of +/-0.4 °C at room temperature and +/- 0.8 °C
over a range of 0 °C to +100 °C. Another important characteristic of the LM35 is that
it draws only 60 micro amps from its supply and possesses a low self-heating

capability. The sensor self-heating causes less than 0.1 °C temperature rise in still air.

The output voltage is converted to temperature by a simple conversion factor.
The sensor has a sensitivity of 10mV / °C. The output voltage varies linearly with
temperature. By using a conversion factor that is the reciprocal, that is 100 °C / V.

The general equation used to convert output voltage to temperature is:
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Temperature (°C) = Vout * (100 °C/ V)
So if Vout is 1V, then, Temperature = 100 °C

Figure 2.4: LM35 Temperature Sensor

2.2.3 16x2 Liquid Crystal Display (LCD)

More microcontroller devices are using 'smart LCD' displays to output visual
information. The following discussion covers the connection of a Hitachi LCD
display to a PIC microcontroller. LCD displays designed around Hitachi's LCD
HD44780 module, are inexpensive, easy to use, and it is even possible to produce a
readout using the 8 x 80 pixels of the display. Hitachi LCD displays have a standard

ASCII set of characters plus Japanese, Greek and mathematical symbols [7].

For a 8-bit data bus, the display requires a +5V supply plus 11 I/O lines. For a
4-bit data bus it only requires the supply lines plus seven extra lines. When the LCD
display is not enabled, data lines are tri-state which means they are in a state of high
impendance (as though they are disconnected) and this means they do not interfere

with the operation of the microcontroller when the display is not being addressed.
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The LCD also requires 3 "control" lines from the microcontroller.

Enable (E) This line allows access to the display through R/W and RS lines.
When this line is low, the LCD is disabled and ignores signals from
R/W and RS. When (E) line is high, the LCD checks the state of the

two control lines and responds accordingly.

Read/Write This line determines the direction of data between the LCD and
(R/'W) microcontroller. When it is low, data is written to the LCD. When it
is high, data is read from the LCD.

Register select With the help of this line, the LCD interprets the type of data on
(RS) data lines. When it is low, an instruction is being written to the

LCD. When it is high, a character is being written to the LCD.

Logic status on control lines:

E 0 Access to LCD disabled
1 Access to LCD enabled

R/W 0 Writing data to LCD
1 Reading data from LCD

RS 0 Instruction
1 Character

Writing data to the LCD is done in several steps:

Set R/W bit to low

Set RS bit to logic 0 or 1 (instruction or character)
Set data to data lines (if it is writing)

Set E line to high

Set E line to low
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Objektif utama projek ini adalah untuk merekabentuk sebuah “PIC TRAINER”. Projek ini lengkap dengan ciri pengujian, ciri pengaturcaraan dan soket di dalam litar bersedia untuk ciri muat turun “ICSP” (pengaturcaraan secara siri di dalam litar). Ia gabungan 3 dalam 1 litar pembelajaran pembangunan mikropemproses. Ia datang dengan satu mikropemproses PIC16F877A, perisian pengaturcaraan yang boleh menyokong mikropemproses “PIC” untuk pengujian dan pembangunan. Pengguna-pengguna hanya memerlukan “PIC TRAINER” ini dan sebuah komputer tanpa pembelian litar pengatucaraan atau aksesori lain dan boleh mula belajar bagaimana untuk memprogram mikropemproses tersebut. Litar ini adalah sesuai untuk keperluan pengguna-pengguna, dengan ciri-ciri pengaturcaraan dan juga ciri-ciri tambahan, ia memudahkan pengguna untuk memprogram. Ciri ICSP adalah sesuai untuk pengguna baru untuk pembangunan produk.
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CHAPTER I









INTRODUCTION









1.1 Background



Microcontrollers - "computers on a chip" as they are often termed - are among the most widespread, varied and flexible electronic control devices around. The number of applications they fulfilled is vast and increasing daily. They can be found in household appliances of all sorts, vehicle subsystems, a huge array of electronic devices and instrumentation, and also within larger electronic products such as personal computers.



	The PIC trainer is composed of enhanced board for Microchip’s 40-pin PIC micro controllers (PIC 18F877A series). The trainer is targeted to facilitate the developers by providing exclusive and futuristic enhancements. The PIC trainer is put into practice with enormous features and it allows the PIC micro controller to be interfaced with external circuits to a broad range of the peripheral devices, allowing the user to concentrate on just the software. All the interfacing circuits are optional, and this allows the designer to works on it. 



	The PIC trainer is designed to offer an easy to start platform for PIC microcontroller users. This board comes with basic components for the user to begin the project development. It also includes the sample of programs for each of the experiment. So this PIC trainer enables the user who does not have any experience to have a basic knowledge about PIC microcontroller programming. This project scope shall include a PIC Programmer and trainer which consist of 7 segments, LCD, simple switches, keypad and LM35 temperature sensor.





1.2 Objective



The objectives of this project are to explore the applications of PIC microcontrollers, being familiar with C languages, designed to offer an easy to start platform for PIC microcontroller beginners to begin with the experiment and to research all information about PIC microcontrollers includes their 	characteristics and working principles.





1.3 Scope of the project



  	Scope of project is divided into two sections. The first one is software development and the second one focusing on hardware. For software development, the focusing area is:



a) To program the PIC by using C language.

b) Build sample of programs for each of the experiment and the difficulties of the sample programs are gradually increase from simple to complex.



For hardware section, the focusing area is:



a) PIC Trainer is targeted to be operated by using PIC 16f877a as a Microcontroller. Keypad, simple switch and temperature sensor are used as an input, while LCD, LED and 7 segments as an output. The idea of the project is as illustrated in Figure 1.1.







Figure 1.1: Block diagram of the system



b) Design the circuit that includes all the necessary components to make sure that the system completely functioning.

c) To design PCB using Orcad and produce commercial standard of PCB in form of Gerber file and ready to fabricate by PCB manufacturer.





1.4 Problem Statement



Students are less exposed to the concept of PIC microcontroller application.

Basically, students have their basic knowledge on programming, but they don’t know how to apply their knowledge on PIC microcontroller. To overcome the problem, the objective of this project is to build a trainer consists of PIC programmer and necessary components as an input and output for users to begin with the experiment.
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CHAPTER II









LITERATURE REVIEW OF PROJECT









2.1	Similar Commercial Products

2.1 

1. 





There are commercial products available, which focus only on certain functions and others offer too much of functions. This first kit which is produced by Kitsrus only teaches how to use a microcontroller for measuring temperature (in either degrees Fahrenheit or degrees Celsius), humidity, as a counter, as a timer and for analog to digital conversion. The disadvantages of this kit is not includes the built-in programmer. That mean users have to download the program into microcontroller in other programmer circuit and then plug in the microcontroller into the kit. Another disadvantage of this kit is the functions are very limited.



	The second kit which is produced by Bizchip offers too much of function. This kit has too many features such as serial programmer, Dual DC motor controller, 10A DC motor driver, stepper motor driver, Dual 10A relay module and many more. The disadvantage of this kit is offers too many functions and the circuit much more complex for beginners to begin with the experiment. Another disadvantage of this kit is the cost to build it is very high. 









Table 2.1: The comparison between similar products on the market.



		1. KIT 75 PIC TRAINER by kitsrus.com



 [image: ]Figure 2.1: Temperature/humidity sensor
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Figure 2.2: Counter/timer

		2. Mini40 PIC Microcontroller Training 

Kit by bizchip.com

[image: ]

Figure 2.3: Mini40 PIC MCU Trainer



		Features:

· Temperature/humidity sensor

· Timer

· Counter

· Analog to digital conversion

		Features:

· Serial programmer

· Dual DC motor controller

· 10A DC motor driver

· Stepper motor driver

· Dual 10A relay module

· Light sensor

· Temperature sensor

· 8-bit LED 

· 2*16 LCD 







The target for this project is to build the PIC trainer with built-in programmer circuit and wide range of functionality. The project will use common components such as simple switches, keypad and temperature sensor for input device. While for output device, it will use 16x2 LCD, 7 segment and LED.





2.2 	Overview Of Major Component Involved



This is an overview of major component involved in the project. There are several major components such as PIC microcontroller, 16*2 liquid crystal display (LCD), LM35 temperature sensor and seven-segment display. 





2.2.1	PIC microcontroller



PIC microcontroller is a device that functions as brain of the system. Every signal from input devices will be sent to a microcontroller to performing various mathematical operations and it will send back the signal to the output devices to perform the task as programmed. PIC16F877A microcontroller is chosen because it is a suitable microcontroller for this project. These are the features of PIC microcontroller:



a) Memory unit	

· For data storage in microcontroller.

b) Central processing unit

- 	Registers are therefore memory locations whose role is to help with performing various mathematical operations or any other operations with data wherever data can be found.

c) Bus 

· The way that data goes from one block to one another. 

· Address bus: Consists of as many lines as the amount of memory that wishes to address. Transmit address from CPU memory.

· Data bus: To connect all blocks inside the microcontroller.

d) Input-output unit

· Send and receive data from controller.



e) Timer unit 

· Give information about duration, time and protocol.

f) Watchdog

· Free run counter where the program needs to write zero in every time it executes correctly.

g) Analog to digital converter

· Converting information about some analog value to a binary number and for follow it through to a CPU block so that CPU block can further process it.





2.2.2	Temperature Sensor (LM35)



	The LM35 is an integrated circuit sensor that can be used to measure temperature with an electrical output proportional to the temperature in degrees Celsius (°C). Measured temperature from LM35 is more accurately than a using a thermistor. The sensor circuitry is sealed and not subject to oxidation. The LM35 generates a higher output voltage than thermocouples and may not require that the output voltage be amplified.

	

	It has an output voltage that is proportional to the Celsius temperature. The scale factor is 0.01V/oC. The LM35 does not require any external calibration or trimming and maintains an accuracy of +/-0.4 oC at room temperature and +/- 0.8 oC over a range of 0 oC to +100 oC. Another important characteristic of the LM35 is that it draws only 60 micro amps from its supply and possesses a low self-heating capability. The sensor self-heating causes less than 0.1 oC temperature rise in still air.



	The output voltage is converted to temperature by a simple conversion factor. The sensor has a sensitivity of 10mV / °C. The output voltage varies linearly with temperature. By using a conversion factor that is the reciprocal, that is 100 °C / V. The general equation used to convert output voltage to temperature is:

        





		

Temperature (°C) = Vout * (100 °C / V)

So if  Vout  is  1V , then, Temperature = 100 °C
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Figure 2.4: LM35 Temperature Sensor





2.2.3	16x2 Liquid Crystal Display (LCD)



	More microcontroller devices are using 'smart LCD' displays to output visual information. The following discussion covers the connection of a Hitachi LCD display to a PIC microcontroller. LCD displays designed around Hitachi's LCD HD44780 module, are inexpensive, easy to use, and it is even possible to produce a readout using the 8 x 80 pixels of the display. Hitachi LCD displays have a standard ASCII set of characters plus Japanese, Greek and mathematical symbols [7].



	For a 8-bit data bus, the display requires a +5V supply plus 11 I/O lines. For a 4-bit data bus it only requires the supply lines plus seven extra lines. When the LCD display is not enabled, data lines are tri-state which means they are in a state of high impendance (as though they are disconnected) and this means they do not interfere with the operation of the microcontroller when the display is not being addressed. 



The LCD also requires 3 "control" lines from the microcontroller.



		Enable (E)

		This  line allows access to the display through R/W and RS lines. When this line is low, the LCD is disabled and ignores signals from R/W and RS. When (E) line is high, the LCD checks the state of the two control lines and responds accordingly.





		Read/Write (R/W)

		This line determines the direction of data between the LCD and microcontroller. When it is low, data is written to the LCD. When it is high, data is read from the LCD.





		Register select (RS)

		With the help of this line, the LCD interprets the type of data on data lines. When it is low, an instruction is being written to the LCD. When it is high, a character is being written to the LCD.







Logic status on control lines:

E	0 Access to LCD disabled
       	1 Access to LCD enabled

R/W 	0 Writing data to LCD
       	1 Reading data from LCD


RS    	0 Instruction
       	1 Character

Writing data to the LCD is done in several steps:

Set R/W bit to low 
Set RS bit to logic 0 or 1 (instruction or character)
Set data to data lines (if it is writing)
Set E line to high 
Set E line to low 
Read data from data lines (if it is reading)

	Reading data from the LCD is done in the same way, but control line R/W has to be high. When we send a high to the LCD, it will reset and wait for instructions. Typical instructions sent to LCD display after a reset are: turning on a display, turning on a cursor and writing characters from left to right. When the LCD is initialized, it is ready to continue receiving data or instructions. If it receives a character, it will write it on the display and move the cursor one space to the right. The Cursor marks the next location where a character will be written. When we want to write a string of characters, first we need to set up the starting address, and then send one character at a time. Characters that can be shown on the display are stored in data display (DD) RAM. The size of DDRAM is 80 bytes.



	The LCD display also possesses 64 bytes of Character-Generator (CG) RAM [7]. This memory is used for characters defined by the user. Data in CG RAM is represented as an 8-bit character bit-map. Each character takes up 8 bytes of CG RAM, so the total number of characters, which the user can define is eight. In order to read in the character bit-map to the LCD display, we must first set the CG RAM address to starting point (usually 0), and then write data to the display. The definition of a 'special' character is given in the figure 2.5.
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Figure 2.5: The definition of a 'special' character



	Before we access DD RAM after defining a special character, the program must set the DD RAM address. Writing and reading data from any LCD memory is done from the last address which was set up using set-address instruction. Once the address of DD RAM is set, a new written character will be displayed at the appropriate place on the screen. Until now we discussed the operation of writing and reading to an LCD as if it were an ordinary memory. But this is not so. The LCD controller needs 40 to 120 microseconds (uS) for writing and reading. Other operations can take up to 5 mS. During that time, the microcontroller can not access the LCD, so a program needs to know when the LCD is busy. We can solve this in two ways.
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Figure 2.6: Instructions for writing to and reading from an LCD memory



	One way is to check the BUSY bit found on data line D7. This is not the best method because LCD's can get stuck, and program will then stay forever in a loop checking the BUSY bit. The other way is to introduce a delay in the program. The delay has to be long enough for the LCD to finish the operation in process. Instructions for writing to and reading from an LCD memory are shown in the Figure 2.6.

	At the beginning we mentioned that we needed 11 I/O lines to communicate with an LCD. However, we can communicate with an LCD through a 4-bit data bus. Thus we can reduce the total number of communication lines to seven.



	

2.2.4 	Seven-Segment Display (multiplexing)



The segments in a 7-segment display are arranged to form a single digit from 0 to F. We can display a multi-digit number by connecting additional displays. Even though LCD displays are more comfortable to work with, 7-segment displays are still standard in the industry. This is due to their temperature robustness, visibility and wide viewing angle. Segments are marked with non-capital letters: a, b, c, d, e, f, g and dp, where dp is the decimal point. The 8 LEDs inside each display can be arranged with a common cathode or common anode. With a common cathode display, the common cathode must be connected to the 0V rail  and the LEDs are turned on with a logic one. Common anode displays must have the common anode connected to the +5V rail. The segments are turned on with a logic zero. The size of a display is measured in millimeters, the height of the digit itself (not the housing, but the digit) [7]. Displays are available with a digit height of 7,10, 13.5, 20, or 25 millimeters. They come in different colors, including: red, orange, and green.



	The simplest way to drive a display is via a display driver. These are available for up to 4 displays. Alternatively displays can be driven by a microcontroller and if more than one display is required, the method of driving them is called “multiplexing.”

	

	The main difference between the two methods is the number of “drive lines.” A special driver may need only a single “clock” line and the driver chip will access all the segments and increment the display. If a single display is to be driven from a microcontroller, 7 lines will be needed plus one for the decimal point. For each additional display, only one extra line is needed. To produce a 4, 5 or 6 digit display, all the 7-segment displays are connected in parallel. The common line (the common-cathode line) is taken out separately and this line is taken low for a short period of time to turn on the display. Each display is turned on  at a rate above 100 times per second, and it will appear that all the displays are turned on at the same time. As each display is turned on, the appropriate information must be delivered to it so that it will give the correct reading. Up to 6 displays can be accessed like this without the brightness of each display being affected. Each display is turned on very hard for one-sixth the time and the POV (persistence of vision) of our eye thinks the display is turned on the whole time. Therefore, the program has to ensure the proper timing, else the unpleasant blinking of display will occur.







































































CHAPTER III









RESEARCH METHODOLOGY









3.1	Introduction



	This chapter will cover the methodology of the project flow and the methods that have been used to make this project success. The methodology covered up the theoretical and experimental research of this project. The initial method is research any related literature review by using others journal.





3.2 	Methodology



The project began with the process of project identification and literature review. This is then followed by the design of PIC Trainer board block diagram. The related circuits were then designed based on block diagrams. A schematic for the designed circuit was later produced and then converted to a layout drawing. A PCB of for the layout is then produced and assembled. After a working and successful coding is achieved, it will be integrated within the actual PIC Trainer system.
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Figure 3.1: Flow chart for PSM

















3.3	Milestone table



 (
Milestone 1: Build and simulate the program and circuit to operate switches and 7 segment
)

									Date: 30/11/09





 (
Milestone 2: Build and simulate the program and circuit to operate LM35 and LCD
)

									Date: 30/11/09





 (
Milestone 3: Build and simulate the program and circuit to operate keypad and LCD
)

									Date: 30/11/09





 (
Milestone 4: Find necessary component and construct on breadboard 
)

									Date: 15/02/10





 (
Milestone 5: C
onstruct
 design
 on breadboard
 and test the functionality
)

 (
Milestone 6: Build PCB layout, etching process and soldering
)									Date: 15/02/10







									Date: 1/03/10





Figure 3.2: Milestone table















3.4	Hardware Development



	The PIC Trainer contains a microcontroller, built-in programmer circuit, 8-bit LEDs, 16*2 LCD, 7 segments, LM35 temperature sensor, keypad and DIP switch. Figure 3.3 shows the block diagram that contains the major components of this hardware design.





	

Figure 3.3: Hardware Block Diagram





3.5	Microcontrollers



	The microcontroller accepts the input signals from the digital inputs and sensors which then computes it. It handles the processing internally and sends the data to be display at output devices. The purpose of the microcontroller is to perform arithmetic logic operation for the system. The chosen microcontroller must have sufficient memory to store large program.



	In this project, a PIC 16F877A microcontroller by Microchip is used as provides all the basic need for this project. The selection of the 16 Series microcontroller is based on the features as stated below.



a) The PIC16F877A support 33 I/O pins from Port A, B, C, D and E which ease future expandability.

b) It support up to 40 MHz clock input for high operating speed but can operate reliably at 20 MHz (200ns instruction cycle). The program is executed faster when the frequency of input clock is high.

c) Self programming under software control.

d) Large memory to store and run software about 65,536 kB.

e) Input/Output flexibility with EUSART, ECAN and SPI.

f) NanoWatt Technology for low power consumption.

g) Enhanced flash memory which can be reprogrammed 100,000 erase/write cycle typical.

h) Supported by different programming software and can be programmed by using programming language like C, C++, BASIC and assembly language.





3.5.1	Pin Diagram of PIC16F877A



[image: ]



Figure 3.4: Pin Diagram of Microcontroller PIC16F877A [1]







3.5.2	Port Assignment



Table 3.1: Port Assignment



		Port Name

		Alternate Function

		Input/Output

		Function



		B6

		PGC

		Input

		In-circuit serial programming



		B7

		PGD

		Input 

		In-circuit serial programming



		D0

		E

		Output

		LCD



		D1

		RS

		Output

		LCD



		D2

		R/W

		Output

		LCD



		D4

		Analog to Digital

		Output

		LCD Bit 4



		D5

		Analog to Digital

		Output

		LCD Bit 5



		D6

		Analog to Digital

		Output

		LCD Bit 6



		D7

		Analog to Digital

		Output

		LCD Bit 7



		B0

		B0

		Output

		LED Bit 0



		B1

		B1

		Output

		LED Bit 1



		B2

		B2

		Output

		LED Bit 2



		B3

		B3

		Output

		LED Bit 3



		B4

		B4

		Output

		LED Bit 4



		B5

		B5

		Output

		LED Bit 5



		B6

		B6

		Output

		LED Bit 6 



		B7

		B7

		Output

		LED Bit 7



		A0 

		Temperature sensor 

		Input 

		Analog Input



		13,14

		Crystal Oscillator

		Input

		To generate clock (for PIC16F877A) 20 MHz.



		11,31

		VDD

		Input

		Voltage input for 5V.



		12,30

		VSS

		Input

		Ground



















3.5.3 	Block Diagram of PIC16F877A



[image: ]

		

Figure 3.5: Block Diagram of Microcontroller PIC16F877A [1]













3.5.4 	Basic Circuit for a Microcontroller 



	The basic setup in order for a microcontroller to work is a regulated +5V power supply, a 20 MHz Resonator, MCLR pin has to be pulled up high through a current limiting resistor. In this case, it was connected through a 10 kOhm resistor. The push button that is connected to pin the MCLR pin to use as a reset button. In the absence f a resonator, a 20 Mhz Crystal with two pieces of 15pF capacitor can be used. The operability of the system depends on the stability of the oscillator circuit.



[image: ]



Figure 3.6: Basic Circuit for a Microcontroller



	In-Circuit Serial Programming (ICSP) a programming technique where a microcontroller is programmed without actually having to remove it from the circuit board. The programming process can be carried out directly by tapping related pins of the microcontroller. Programming pin from Port B, RB6 and RB7, are both used for Clock and Data. During programming, MCLR pin has to be pulled up high to approximately +13.2 V in order for the PIC to enter programming mode. The +5 V power pins, VDD and the common ground pins, VSS, must always to be properly connected.



3.6 	Printed Circuit Board (PCB)



	The integration of various parts needs a properly designed Printed Circuit Board to improve the functionality and operation of the system. Therefore attention has to be given during the first stage PCB design. The schematic and PCB for the PIC Trainer was drawn in OrCAD 10.3. The correct component and its footprint have to be chosen to produce a good PCB. Here are few step and consideration to produce a good PCB layout:



a) Identify type of components will be used and type of packages.

b) Indentify type fixture, need of screw holes, heat sink mountings, and etc.

c) Identify type jack, connectors and terminal blocks which may be used.

d) Set proper gap distance between connector and tracks.

e) More time and effort need to be spent for single layer boards to avoid overlap traces. Jumpers can be used beneath components and ICs to produce tidier and more organized PCB.

f) Double layer and multimeter boards are easier to be routed where traces can be on different layers. Through holes or vias are used to jump from one layer to the other. However, more attention has to be given when producing the PCB.

g) The size of power and ground traces has to control.

h) No sharp angle traces for high frequency signal traces.

i) Data sheet are used to check proper pin out and to create new components.





3.6.1 	PCB Design Rule and Consideration



There are some considerations in choosing the right setting to design a PCB layout. These rules are all based on experience of homemade PCB designs and are not subject to any design standards. However, these values may be varied to obtain the desired PCB design.









Table 3.2: Common Design Rules of PCB Layout Design



		Description

		Rules



		Signal Trace

		Min = 20 Mil



		Power Trace

		Min = 30 Mil

Min = 50 Mil



		Trace Distance

		Min = 20 Mil



		Pad Hole 

		Diameter = 70 Mil

Hole = 30 Mil



		Power and Signal Via Pad

		Diameter = 60 Mil

Hole = 30 Mil



		Keepout Layer

		Approximate = 20 Mil 



		Text

		Height = 45 Mil

Width = 6 Mil









3.7 	Software Development



	In order for the completed hardware to function, the firmware for the system has to be written. Theoretically, software that resides in the non-volatile memory and handles the operation as well as function of a system is known as firmware. The firmware holds the information that the Microcontroller needs to operate or run. Thus, it needs to be free of bugs and errors for a successful application or product. There are various types of software that could be used to program a PIC microcontroller. Program can be written in a variety of languages such as C, Basic, Pascal or even Assembler. In this project, the program would be written in C language to generate the required firmware for the system.





3.7.1	C Language



	The C language was development at Bell Labs in the early 1970’s. Since its introduction, it has evolved and has been standardized throughout the computing industry as an established development language. C is a function based language and uses far more functions than other procedural languages. Any C program itself is merely a function. In C, parameters are passed to functions as arguments. A function consists of a name followed by parentheses enclosing arguments, or perhaps an empty pair of parentheses if the function requires no arguments. If there are several to be passed, the arguments are separated by commas. Every C program must have a function named, ‘main’, and this function is the one executed when the program is run. The major difference that can be seen in C and the assembly language is at code efficiency. A program written in assembly is typically 80% the size of a C version. This is not an issue for large program memory sized devices but is not so efficient on smaller devices. However, if C is compared to Basic, C generates more compact sized program and the program is more stable.





3.7.2  	PIC Programmer 



	A PIC programmer is a hardware that is used to program a compiled program which is in he file generated by the compiler and uploads it into the microcontroller. The designed PIC programmer support only PIC 16F877A microcontroller. This is due to the designed PIC Trainer uses that PIC and it has many input/output ports which is 33 I/O ports.  The programming board is connects to the computer RS-232 port via a DB9 cable.



[image: C:\Documents and Settings\nur\Desktop\pic psm\DSC00499.JPG]



Figure 3.7: PIC Programmer Circuit



	Specific programming software has to be used in order for the programming board to work. The designed Programmer Circuit support only one type of software which is IC-Prog. The IC-Prog Programmer can be considered as the universal programmer software as it covers all programming hardware from microEngineering Labs. Figure 3.8 below shows the IC-Prog software that supports the latest PIC microcontrollers. 
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Figure 3.8: IC-Prog Software

















3.7.2.1	Programming a PIC



[image: C:\Documents and Settings\nur\Desktop\pic psm\DSC00498.JPG]



Figure 3.9: PIC Programmer connected to the PIC Trainer



	There is various ways to upload a hex file into a PIC microcontroller. The method that have been chosen for this project is used “Serial Bootloader” firmware which allow the PIC to be able to connect serially with a PC and allows it to write its own programming memory where the desired program is located. The are some free bootloader on the internet which supports PIC microcontroller and the common one is “IC-Prog”.





































CHAPTER IV









ANALYSIS, TESTING AND RESULT 









4.1	Result



The final product from the design part has produced two boards namely the PIC Programmer Board and PIC Trainer Board. These Programmer board will be used to download the hex file into the PIC microcontroller while the PIC Trainer Board will be used for hardware simulation and code testing purpose before actually implementing it to the actual system. The produced circuit and PCB which presented here is able to serve its purposes well.



























4.1.1	PIC Trainer Board
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Figure 4.1: PIC Trainer Board Circuit
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Figure 4.2: PIC Trainer Board Bottom Layer PCB Layout
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Figure 4.3: Complete Assembled PIC Trainer Board
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Figure 4.4: Complete Assembled PIC Trainer Board (rear view)



PIC Trainer Board Specification:



a) Built-in 40 pins IC socket which support for any PIC16F877A microcontroller.

b) Uses 20 MHz Crystal with 2 pieces of 15 pF stabilizing capacitor which is the heart of the microcontroller.

c) Consist +5 V regulated power supply and reset button for PIC.

d) Protection against reverse power supply.

e) Removable 33 I/0 Ports

f) Support a 4-bit LCD with brightness control and RS-232 serial transceiver as well as bootloader capability for programming purpose.





4.1.2	PIC Programmer Board
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Figure 4.5: PIC Programmer Board Circuit
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Figure 4.6: PIC Programmer Board Bottom Layer PCB Layout
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Figure 4.7: Complete Assembled PIC Programmer Board
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Figure 4.8: Complete Assembled PIC Programmer Board (rear view)



PIC Trainer Board Specification:

a) Built-in Programmer Board

b) Connected to the PC through RS-232 (serial port)

c) Built-in ICSP (In Circuit Serial Programmer)



















4.2	 Analysis 



	This section will discuss about the results that be done in this project. This chapter is divided into 2 segments which are:



a) Software analysis

b) Hardware analysis





4.2.1 Software Analysis



In the simulation test, the circuit is designed in ISIS Proteus 7.1.  The function of each component is fully controlled by PIC16F887A microcontroller. For this project, the software PIC C Compiler was used to generates the .hex file that was use to burn in into the PIC microcontroller. 





4.2.1.1	Simulation of lighting the LED



By doing this simulation, the results of lighting LED are exactly same as hardware. This simulation is designed to verify the program is compatible to the circuit or not. So, the first step is to define the output port for lighting the LED. For this example, port B, port C and port D has defined as output port. Then, the value of each port will be inserted. For example, port B will display 10101010. The first bit will represent MSB (LED0) and the last bit will represent LSB (LED7).  The program for lighting the LED is shown in the Appendix A1.
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Figure 4.9: Simulation of lighting the LED

 



4.2.1.2	Simulation of temperature controller



In this section, the software design principles just outlined are applied to a typical application, a temperature control system [1]. The schematic of the demo hardware is shown in Figure 3.2. The TEMP pot represents a temperature sensor that outputs a voltage of 0–5 V. If a scaling of 100 mV/°C is assumed, the range is 0–50°C, with 2.5 V representing 25°C.



The sensor is connected to AN1, the ADC channel 1. A SET pot provides the reference temperature for the system. If the measured temperature is below the set level, a heater, represented by the filament lamp output, is switched on. If it is above the set value, a cooling fan switches on instead, represented by the DC motor. To avoid the outputs “chattering” at the switching point, due to input noise, switching hysteresis should be incorporated into the control sequence, meaning that the switching level when the temperature is rising is higher than when the temperature is falling. The temperature is displayed on the serial LCD as well as the status messages Heater ON or Fan ON. The program structure ensures that the correct message is displayed during the changeover phase. The program for temperature controller is shown in the Appendix A2.
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Figure 4.10: Simulation of temperature controller





4.2.1.3	Simulation of operating keypad



A simple keypad application demonstrates the use of the LCD and a keypad [1]. A matrix keypad provides a simple data entry device for microcontroller systems. The keys are connected in rows and columns, such that pressing a button connects a row to a column. The required connections are shown in Figure 3.3. The rows, labeled A, B, C, and D, are connected as outputs at Port B, avoiding the programming pins. The columns, labeled 1, 2, 3, and 4, are connected as inputs on Port D and are pulled up to +5 V by 10kΩ resistors. A serial LCD, described previously, is driven from pin 7 of Port D. To read the keypad, each row is set low in turn and the state of the inputs tested. If no button is pressed, all the inputs remain high. When a key is operated, a low on that row is detected on the column input for that key, which allows a corresponding code to be generated. This is a binary number or ASCII code, as required by the particular application. The program for operating the keypad is shown in the Appendix A3.
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Figure  4.11: Simulation of operating the keypad





4.2.1.4	Simulation of driving the LCD



In this example, the LCD receives character codes for a 2-row × 16-character display. The LCD has its own controller, which is compatible with the Hitachi 44780 MCU, the standard for this interface. When the system is started, the LCD takes some time to initialize itself; its own MCU needs time to get ready to receive data. A delay of about 500 ms should be allowed in the main controller before attempting to access the LCD. A serial LCD is driven from pin 7 of Port D. A basic program for driving the LCD is shown in the Appendix A4.
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Figure  4.12: Simulation of driving the LCD





4.2.2 Hardware Analysis

	

After finish design circuit and simulation part, now the student should be able to understand whole of the hardware part of this project. For this chapter, the actual hardware part is successfully built. 



	The equipment that the student used to build this hardware are plastic and metal spacer. Figure 4.13 shown the final product that has been done. 
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Figure 4.13: Final product





4.2.2.1 Hardware Testing



Hardware testing at breadbord is the first step after done simulation with software ISIS Proteus 7.1.  This step is important to make sure the hardware design is fully functional as simulation. This also to make sure the components that use is suitable with this circuit.



[image: C:\Documents and Settings\nur\Desktop\pic psm\DSC00510.JPG]



Figure 4.14: Lighting the LEDs.
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Figure 4.15: Functioning the DIP switch and seven segment 





4.2.2.2 Hardware Analysis for Final product



For the final product, there are some problem occured that makes the keypad and temperature sensor fail to operate. The keypad fail to operated due to loss of the connection inside the keypad itself while the tempeature sensor fail to operated due to the temperature sensor is already burn. However, both components functioning well in the simulation. This analysis need to done to make sure the product can work properply. Table 4.1 shown the component that funtioning well on the final product.













Table 4.1: The component that funtioning well on the final product.



		Component/device

		Success

		Fail



		PIC Programmer Board

		· 

		



		PIC Trainer Board

		· 

		



		LED

		· 

		



		LCD

		· 

		



		DIP switch

		· 

		



		Seven-segment display

		· 

		



		Temperature sensor

		

		· 



		Keypad

		

		· 







	The voltage reading at every inputs and outputs port have been measured. The input voltage range for PIC16F877A to make it operate is between 2.0V – 5.5V. When the voltage at input port is in this range, the input signal is “1”,while if the input voltage is below than this range, the input signal is “0”.  



































CHAPTER V









DISCUSSION AND CONCLUSION









5.1	Discussion



The main purpose of this project is to develop a system that offer an easy to start platform for PIC microcontroller beginners to begin with the experiment. It also help users to explore the application of PIC microcontrollers, to research all information about PIC microcontrollers includes their characteristics and working principles and being familiar with C language.



During the design and construction of the project, many problems arise. These obstacles include technical as well as information and components unavailability. However, most of the problems were solved eventually. Some of the major problems are highlighted in the proceeding section.



	Several problems occurred while developing this system such as lack of PIC programming knowledge. However, it was overcome by referring to the PIC tutorials, internet surfing and the help from lecturers and friends.











5.2	Conclusion



At the end of this project, the expected results is a new PIC Trainer will be produced. It comes with sample of programs for each of the experiment and the difficulties of the sample programs are gradually increase from simple to complex. Notes for each topic are also provided. Then, this project can be applied by the student as an overview of PIC microcontroller applications.





5.3 	Project Improvement and Suggestion



	The advantage of this project, we can burn in the microcontroller on board. Traditionally microcontrollers are programmed, using a device called programmer. The microcontroller is taken out of the circuit, and put into the programmer to get it programmed. The processor is then inserted back into the board to run the program. This is however quite cumbersome, to repeatedly take out the processor. Microchip therefore introduced the idea of In Circuit Programming. This is also called ICSP. This board supports In circuit Serial programming.



This project also uses common components for input and output device. This will help users to being familiar with these common components. Beside it, it have been built with low cost but offers wide range of functions.



This system has the potential to be upgraded. Among the ideas that can be proposed is to install more sensors such as ultrasonic sensor and photodiode on the system that are considered potential to be used by the users. Another idea is to install buzzer, stepper motor driver and relay module as an output of the system.
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Appendix A

		

#include <16f877a.h>

#use delay(clock = 20000000)

#fuses hs, noprotect, nowdt

//#device adc=10



#byte porta=5

#byte portb=6

#byte portc=7

#byte portd=8

#byte porte=9



//#use rs232(baud=9600,xmit=pin_c6,rcv=pin_c7, parity=n)

//#use rs232(baud=9600,xmit=pin_c3,rcv=pin_c4, parity=n) 

//# define use_portb_lcd true

//#include <lcd.c>

void main()

{

//to set as input or output : 1 = input, 0 = output

   set_tris_b(0);     //define port B as output

   set_tris_c(0);     //define port C as output

   set_tris_d(0);    //define port D as output

//what ever your program code will be after this

   portb=0b10101010;    //insert value to be display at port B

   delay_ms(1000);

   portc=0b01010101;    //insert value to be display at port C

   delay_ms(1000);

   portd=0b11110000;    ////insert value to be display at port D

   delay_ms(1000);

}





Program A1. The program for lighting the LED























		#include <16F877A.h>

#device ADC= 8 // 8-bit conversion

#use delay(clock = 4000000)

#use rs232(baud = 9600, xmit = PIN_D0, rcv = PIN_D1) // Display output

void main() //*****************************************************

{

float refin, numin, temp;

int1 flag;

setup_adc(ADC_CLOCK_INTERNAL); // Setup ADC

setup_adc_ports(ALL_ANALOG);

for(;;) // Repeat always

{

delay_ms(500);

set_adc_channel(0); // Read ref. volts

refin = read_adc();

set_adc_channel(1); // Read temp. volts

numin = read_adc();

temp = (numin*50)/256; // Calc. temperature

putc(254); putc(1); delay_ms(10);

printf( "Temp = %3.0g" ,temp); // Display temp.

putc(254); putc(192); delay_ms(10);

if (numin < (refin-10)) // Temp. too low

{ output_high(PIN_B1); // Heater on

output_low(PIN_B2); // Fan off

flag = 1;

}

if (flag == 1) printf( " Heater ON " ); // Status message

if (numin > (refin + 10)) // Temp. too high

{ output_low(PIN_B1); // Heater off

output_high(PIN_B2); // Fan on

flag = 0;

}

if (flag == 0) printf( " Fan ON " ); // Status message

}

}







Program A2. The program for operating the temperature sensor









		

#include <16F877A.h> 

#use delay(clock= 20000000)

#use rs232(baud = 9600,xmit = PIN_D7,rcv= PIN_D0)

// Declare variables **************************************************

int akey, keynum, opcode, numofdigs, start;

int32 num1, num2, result, rem1, rem2, rem3, rem4;

int32 hunsdig, tensdig, onesdig;

int32 hunthous, tenthous, thous, hunds, tens, ones;

// Declare functions **************************************************

void scankey(); // Read keypad

void makenum(); // Construct input decimal from keys

// MAIN PROGRAM: Get numbers & calculate ********************************

void main()

{

for(;;)

{

// Get numbers ...................................................

delay_ms(500); putc(254); putc(1); delay_ms(10); // Clear display

numofdigs = onesdig = tensdig = hunsdig = 0; akey = 0x30;

do

{ scankey(); // Get first number

putc(akey);

if((akey >= 0x30) && (akey <= 0x39)) makenum();

} while((akey >= 0x30) && (akey <= 0x39));

num1 = (onesdig + (tensdig*10) + (hunsdig*100)); // Calculate it

opcode = akey;

numofdigs = onesdig = tensdig = hunsdig = 0; akey = 0x30; // Get second number

do

{ scankey();

putc(akey);

if((akey >= 0x30)&& (akey <= 0x39)) makenum();

} while((akey<= 0x30)&&(akey <= 0x39));

num2 = (onesdig + (tensdig*10) + (hunsdig*100)); // Calculate it

// Calculate result.............................................

if(opcode == 0x2F) result = num1/num2;

if(opcode == 0x2A) result = num1*num2;

if(opcode == 0x2D) result = num1 - num2;

if(opcode == 0x2B) result = num1 + num2;

//Calc result digits............................................

hunthous = result/100000; rem1 = result - (hunthous*100000);

tenthous = rem1/10000; rem2 = rem1 - (tenthous*10000);

thous = rem2/1000; rem3 = rem2 - (thous*1000);

hunds = rem3/100; rem4 = rem3 - (hunds*100);

tens = rem4/10; ones = rem4 - (tens*10);

// Display digits...............................................

start = 0;

if(hunthous = 0) { putc(hunthous + 0x30);start = 1; }

if((tenthous = 0)||(start == 1)) { putc(tenthous + 0x30); start = 1; }

if((thous = 0) || (start == 1)) { putc(thous + 0x30); start = 1; }

if((hunds = 0) || (start == 1)) { putc(hunds + 0x30); start = 1; }

if((tens = 0) || (start == 1)) { putc(tens + 0x30); start = 1; }

if((ones = 0) || (start == 1)) { putc(ones + 0x30); start = 1; }

while(akey = 0xFF) scankey();

}

}

// PROCEDURE: Derive input digits *********************************

void makenum()

{

keynum = akey - 0x30;

numofdigs ++;

if(numofdigs == 3)

{ hunsdig = tensdig; tensdig = onesdig; onesdig = keynum; }

if(numofdigs == 2)

{ tensdig = onesdig; onesdig = keynum; }

if(numofdigs == 1)

onesdig = keynum;

}

// PROCEDURE: Scans keypad attached to Port D *********************

void scankey()

{

akey = 0;

while(akey ==0)

{

output_b(255); output_low(PIN_B1);

if(!input(PIN_D1))

{ akey = 0x37; delay_ms(50); while(!input(PIN_D1)) { } ; }

if(!input(PIN_D2))

{ akey = 0x38; delay_ms(50); while(!input(PIN_D2)) { } ; }

if(!input(PIN_D3))

{ akey = 0x39; delay_ms(50); while(!input(PIN_D3)) { } ; }

if(!input(PIN_D4))

{ akey = 0x2F; delay_ms(50); while(!input(PIN_D4)) { } ; }

output_b(255); output_low(PIN_B2);

if(!input(PIN_D1))

{ akey = 0x34; delay_ms(50); while(!input(PIN_D1)) { } ; }

if(!input(PIN_D2))

{ akey = 0x35; delay_ms(50); while(!input(PIN_D2)) { } ; }

if(!input(PIN_D3))

{ akey = 0x36; delay_ms(50); while(!input(PIN_D3)) { } ; }

if(!input(PIN_D4))

{ akey = 0x2A; delay_ms(50); while(!input(PIN_D4)) { } ; }

output_b(255); output_low(PIN_B4);

if(!input(PIN_D1))

{ akey = 0x31; delay_ms(50); while(!input(PIN_D1)) { } ; }

if(!input(PIN_D2))

{ akey = 0x32; delay_ms(50); while(!input(PIN_D2)) { } ; }

if(!input(PIN_D3))

{ akey = 0x33; delay_ms(50); while(!input(PIN_D3)) { } ; }

if(!input(PIN_D4))

{ akey = 0x2D; delay_ms(50); while(!input(PIN_D4)) { } ; }

output_b(255); output_low(PIN_B5);

if(!input(PIN_D1))

{ akey = 0xFF; putc(254); putc(1); delay_ms(500); }

if(!input(PIN_D2))

{ akey = 0x30; delay_ms(50); while(!input(PIN_D2)) { } ; }

if(!input(PIN_D3))

{ akey = 0x3D; delay_ms(50); while(!input(PIN_D3)) { } ; }

if(!input(PIN_D4))

{ akey = 0x2B; delay_ms(50); while(!input(PIN_D4)) { } ; }

}

}







Program A3. The program for operating the keypad









































		

//display 16 x 2 LCD



#include <16f877a.h>

#use delay(clock=20000000)

#fuses hs, nowdt, noprotect



#byte PORTA=5

#byte PORTB=6

#include <lcd.c>

void main()

{

lcd_init();

do

   	{



      	lcd_putc("\f   Welcome to: ");

      	lcd_putc("\n      UTEM");

//      delay_ms(1000);

//      lcd_putc(24);

      

   	}while(true);

}







Program A4. The program for driving the LCD
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