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ABSTRACT 

 

 

 

 

The alarm triggered multiple display thermometer is a digital thermometer using 

microcontroller MC68HC11 and the output will display through LCD and Visual Basic. 

This project consist the design, programming development, and evaluation of the digital 

thermometer. It consist the module of the temperature sensor, LCD, control switch, 

buzzer which integrated with 8-bits microcontroller MC68HC11. The temperature 

sensor will measure the temperature in range from 0°C to 100°C and the buzzer will 

triggered if temperature is equal or higher than set temperature. Besides that, the system 

can store the maximum and minimum temperature in RAM. From Visual Basic, user can 

save all the data displayed. 
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ABSTRAK 

 

 

 

 

Termometer digital pelbagai paparan dan berpenggera adalah termometer digital 

yang menggunakan pengawal mikro MC68HC11 dan bacaan suhu akan di paparkan 

melalui LCD dan Visual Basic. Projek ini melibatkan proses reka bentuk, 

pengaturcaraan, dan penilaian termometer digital. Ia terdiri daripada beberapa modul 

seperti sensor, LCD, suis kawalan, penggera yang mana bersepadu dengan 8-bit 

pengawal mikro MC68HC11. Sensor suhu boleh mengukur suhu dalam julat dari 0°C 

hingga 100°C dan penggera akan aktif jika suhu bacaan sama atau lebih besar daripada 

suhu set. Di samping itu, sistem ini berkebolehan untuk menyimpan maksimum dan 

minimum suhu dalam RAM. Melalui Visual Basic juga, pengguna juga dapat 

menyimpan semua bacaan suhu. 
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CHAPTER 1 

 

 

 

 

INTRODUCTION 

 

 

 

 

1.1 Background 

 

 

A thermometer is a device that functions to measure the temperature or 

temperature gradient. Thermometer was developed in early 11th century, and there are a 

research and development (R&D) year by year and century by century to improve this 

invention from various aspects like size and material to design the thermometer, scale 

and calibration, range, accuracy and precision of measurement and type of thermometer. 

Now in technology era, the digital thermometer was developed to replace the analog 

thermometer. Digital thermometer is function like old thermometer which to measure 

the temperature but in digital version, they are more sophisticated and advanced 

compare to common mercury thermometer or analog thermometer.  

 

Digital thermometers usually design by using integrated circuit (IC) like 

temperature sensor, analog-to-digital converter (ADC) and microcontroller. So it size is 

small compare to the analog thermometer and we can get the size as small as our thumb. 

It is very useful device, multi-purpose, portable, and user friendly. It can use to monitor 
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and measure the temperature accurately at any place like a home, office, industrial, 

hospital and so on. At the laboratory, digital thermometer uses as the scientific tool to 

measure the temperature with minimum error of reading and the data can be analyze 

precisely.  

 

However, most digital thermometers available at the market today can only 

display the temperature reading on the LCD or 7-segment display and it will be problem 

if users want to keep track their data in computer. For example is the greenhouse, if the 

owner uses the common digital thermometer, he need write the temperature reading on 

the paper and then put the data in the computer. This situation is unacceptable and 

wasting at time. So, we need to develop the digital thermometer which can communicate 

with the computer and can save the data directly from the digital thermometer. 

 

In this project, I will overcome the problem above by developing a triggered 

alarm multiple display thermometer using MC68HC11 microcontroller. This 

thermometer is digital type which functions to sense the temperature and display the 

reading on 2 display devices, LCD and computer. For the computer, the Visual Basic 

program will be use as graphical user interface (GUI) to display the temperature reading. 

The buzzer also will use for set temperature as security element. 

 

 

 

 

1.2 Project Objective 

 

 

In this project, there are two main objectives. First objective of this project is to 

design a prototype of alarm triggered multiple displays thermometer. This prototype will 

develop by using 8-bit microcontroller MC68HC11 manufacture by Motorola which one 

of most popular microcontroller in the world. 
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The second objective is to display the temperature reading on the LCD and Visual 

Basic program. So, the thermometer will communicate with the computer through serial 

communication interface with RS232. The data from the thermometer will transmit to 

the computer in real time and display in graphical user interface (GUI) which develops 

by using Microsoft Visual Basic 6. 

 

 

 

 

1.3 Project Scopes 

 

 

In order to achieve the objectives of the project like mention before, there are 3 

scopes must be follow: 

 

i. Interface the microcontroller MC68HC11 with the I/O devices like temperature 

sensor, LCD, buzzer, and computer. 

ii. Develop a microcontroller program by using the assembly language. 

iii. Design the Visual Basic program which able to receive the data from serial port 

and store the data in log file. 

 

 

 

 

1.4 Problem Statement 

 

 

In the background, it is already state the problem statement which will overcome. 

The thermometer at the market usually only for measure the temperature and not for data 

logging or in other word cannot store the temperature values in the computer. It is a big 

problem for users who want to keep track their data in computer and will waste their 
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time if they record the data manually by write in the book. So, this project will develop 

to overcome and solve that problem by designing the digital thermometer which can 

communicate with the computer and at the same time can store the temperature data. 

 

 

 

 

1.5 Thesis Outline 

 

 

The thesis of this project can be divided into 5 chapters. Chapter 1 is introduction 

which introduces the background, objective, and scope of the project. It also discusses 

about the problem statement of the project and summarizes the content of each of 

chapters. 

 

 Chapter 2 is about the literature reviews that mean it will discuss the researches, 

facts, and information which important in process to develop this project. 

 

 The methodology of the project will explain in the Chapter 3. It elaborates in 

details on the project block diagram, flow diagram, hardware design, programming 

development, and Visual Basic program. 

 

 Chapter 4 will shows the result of the project and some discussion about this 

project. All the result involves the entire system like hardware, programming, and visual 

basic. 

 

 The last chapter is Chapter 5 which discusses the conclusion and the outcome of 

project. It also have some recommendations are proposed to enhance the digital 

thermometer for future development. 

 



 

 

 

 

CHAPTER 2 

 

 

 

 

LITERATURE REVIEWS 

 

 

 

 

2.1 Introduction 

 

 

This chapter will discuss about the researches from various source like journals, 

thesis, books, internet, and so on. It is consists the facts and important information which 

important in process to develop this project.  

 

 

 

 

2.2 Thermometer Using ATMEL AT90S8535 

 

 

 This digital thermometer is driven by ATMEL AT90S8535 microcontroller chip 

which controls and interfaces with different I/O components. The Figure 2.1 shows the 

various I/O components include an array of 7 push buttons which accept user input and 

form the user interface, A 16 X 1 LCD display for easy viewing of temperature values 
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and messages, and a National Semiconductor LM34 Precision Fahrenheit Temperature 

Sensor.  

 

Figure 2.1: Schematic of AT90S8535 Thermometer 

 

 

There are 4 different scales of temperatures can display on the LCD and that is 

Fahrenheit (the base scale), Celsius, Kelvin, and Rankine. This digital thermometer also 

comes equipped with an alarm feature which allows the user to program a specific 

temperature range. This is accomplished by entering lower and upper bound 

temperatures via four push buttons on the user interface. When the temperature recorded 

by this device crosses one of these boundary points, the alarm is triggered by flashing a 

message (HOT or COLD) in the display window. [7] 
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2.3 Overview of Digital Thermometer 

 

 

Digital thermometers are temperature-sensing instruments that are portable, have 

permanent probes, and a digital display. They are typically battery powered.  Digital 

thermometers can have many display scale characteristics.  These include Fahrenheit 

display, display range and scale divisions, Celsius or Centigrade display, display range 

and scale divisions.  Digital thermometers can display temperature in Fahrenheit or 

Celsius, or both in a dual scale thermometer.  The display range is the minimum and 

maximum values of temperature that can be displayed.  The scale division is the smallest 

division of degrees that can be displayed.  Scale division may also be referred to as 

resolution in digital instruments. [8] 

 

 

 

 

2.4 MC68HC11 Microcontroller 

 

 

MC68HC11 is an 8-bit microcontroller manufactured by Motorola. The HCMOS 

MC68HC11 is an advanced 8-bit MCU with highly sophisticated, on chip peripheral 

capabilities. This new design technique is used to achieve a nominal bus speed of 2 

MHz. In addition, the fully static design allows operation at frequencies down to dc, 

further reducing power consumption. The HCMOS technology used on the MC68HC11 

will ensure that it can be operated at higher speeds with the low power consumption and 

high noise immunity of CMOS. The pin configuration of the microcontroller is shown in 

Figure 2.2. [1] 
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Figure 2.2: The Microcontroller MC68HC1l 

 

 

This on-chip memory system includes 8 Kbytes of read-only memory (ROM), 

512 bytes of electrically erasable programmable ROM (EEPROM), and 256 bytes of 

random-access memory (RAM). Major peripheral functions are provided on-chip. An 8-

channel and 8-bit analog-to-digital converter (ADC) is included with 8-bits of 

resolution, but for MC68HC11A which is used for this project, there are only four input 

ports. An asynchronous serial communications interface (SCI) and a separate 

synchronous serial peripheral interface (SPI) are included. The main 16-bit, free-running 

timer system has three input-capture lines, five output-compare lines, and a real-time 

interrupt function. The explanation of the function for every port in the microcontroller 

is shown in Table 2.1. [1] 

 

 



 9 

Table 2.1: The Function of Microcontroller’s Ports 

 

PORT FUNCTION 

A 

- General purpose input / output port 

- Timer function 

- Real-time interrupt 

B 
- General purpose output port 

- High-Order address in expanded mode 

C 

- General purpose input / output port 

- Lower-Order address in expanded mode 

- Data bus (D0-D7) in expended mode 

D 

- General purpose input / output port 

- Serial communication interface (SCI) 

- Serial peripheral interface (SPI) 

E 
- General purpose input port 

- Analog-to-Digital Converter (ADC) 

 

 

An 8-bit pulse accumulator subsystem can count external events or measure 

external periods. Self-monitoring circuitry is included on-chip to protect against system 

errors. A Computer Operating Properly (COP) watchdog system protects against 

software failures. A clock monitor system generates a system reset in case the clock is 

lost or runs too slow. An illegal opcode detection circuit provides a non-maskable 

interrupt if an illegal opcode is detected. 

 

 The actual architecture of microcontroller is shown at Figure 2.3. Based on this 

figure, we can see clearly how the microcontroller actually operates internally starting 

from the input entering the port of the microcontroller until the microcontroller 

processes the data input and produces the output through the other port. 
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Figure 2.3: The Architecture of Microcontroller 

 

 

Figure 2.4 shows the seven CPU registers available to the programmer. There are 

two 8-bit accumulators (ACCA and ACCB) can be used by some instructions as a single 

16-bit accumulator called the ACCD register, which allows a set of 16-bit operations 

even though the CPU is technically an 8-bit processor. The largest group of instructions 

added involves the Y and X index register. These index register are important when the 

program involve index mode operation. The exchange ACCD with X and exchange 

ACCD with Y instructions can be used to quickly get index values into the double 
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accumulator (ACCD) where 16-bit arithmetic can be used. Two 16-bit by 16-bit divide 

instructions are also included.  

 

 

 

Figure 2.4: MC68HC11 Programmer’s Model 

 

 

Program Counter (PC) which is 16-bit is an indicator to display the next address 

of instruction that will be executed. And 8-bit Control Code Register (CCR) shows the 

information result due to execution of instruction where each execution will cause flag 

in the CCR changed. Stack pointer (SP) are commonly used when the program involving 

repeating of sequence of instructions. 

 

 MC68HC11 can be operated in four modes. They are normal single chip mode, 

normal expended mode, special bootstrap mode and special test mode as shown in Table 

2.2. Mode of the desired operation is determined by inputs of MODA and MODB pins 

during reset operation. 
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Table 2.2: Hardware mode select 

 

Inputs 

MODA MODB 
Mode Description 

0 0    Special Bootstrap 

0 1    Special Test 

1 0    Normal Single Chip 

1 1    Expanded 

 

 

 Normal single chip normally used for mass production because ROM and RAM 

are all both been totally used in order to reduce cost of production. Unlike special 

bootstrap, it is an operation where the program is placed into the RAM where the 

memory has been divided into several sections or locations so that the program and the 

hardware can works. For special test mode, it only can be accessed by the manufacturer 

in testing the functionality of the microcontroller at the factory. Expended-multiplexed is 

used when the program is exceeding the total of the amount available internal memory 

or to increase data and address buses due to use many ports. Port B and port C are used 

as an address and data buses in expanding the external memory and, input and output 

lines. Figure 2.5 shows the memory maps of all modes. 
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Figure 2.5: MC68HC11 Memory Maps 

 

 

 

 

2.5 Temperature Sensor 

 

 

A sensor is a device that detects and converts the physical parameter like the 

pressure, flow, temperature, and more to the electrical signal. Sensor can be classed as 

active and passive. An active or self-generating sensor is one that can generate a signal 

without the need for any external power supply. Examples include photovoltaic cells, 

thermocouples and piezoelectric devices. The more common passive sensors need an 

external source of energy. These operate by modulating the voltage or current of a 

supply. Another point that we need to be clear about is the meaning of resolution as 

applied to a sensor. The resolution of a sensor measures its ability to detect a change in 

the sensed quantity, and is usually quoted in terms of the smallest change that can be 

detected. In some cases, resolution is virtually infinite, meaning that a small change in 
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the sensed quantity will cause a small change in the electrical output, and these changes 

can be detected to be limits of our measuring capabilities. [4] 

 

The temperature sensor is a passive class of sensor. It functions to convert the 

temperature parameter to the electrical signal for further process. There are many types 

of sensors to measure the temperature. Some sensors such as the thermocouples, RTDs, 

and thermistors are the older classical sensors and they are used extensively due to their 

big advantages. The new generation of sensors such as the integrated circuit sensors and 

radiation thermometry devices are popular only for limited applications. The choice of a 

sensor depends on the accuracy, the temperature range, speed of response, thermal 

coupling, the environment (chemical, electrical, or physical), and the cost. As shown in 

Table 2.3, thermocouples are best suited to very low and very high temperature 

measurements. The typical measuring range is -270°C to +2600°C Thermocouples are 

low cost and very robust. They can be used in most chemical and physical environments. 

External power is not required to operate them and the typical accuracy is ±1°C. 

 

 

Table 2.3: Temperature sensor 

Sensor 
Temperature 

Range, °C 

Accuracy,  

±°C 
Cost Robustness 

Thermocouple -270 to +2600 1 Low Very High 

RTD -200 to +600 0.2 Medium High 

Thermistor -50 to +200 0.2 Low Medium 

Integrated Circuit -40 to +125 1 Low Low 

 

 

Semiconductors are low cost and some models offer digital outputs, enabling 

them to be directly connected to computer equipment without the need of A/D 

converters. The advantages and disadvantages of various types of temperature sensors 

are given in Table 2.4. 
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Table 2.4: Comparison of temperature sensor 

Sensor Advantages Disadvantages 

Thermocouple 

- Wide operating temperature 
range 

- Low cost 
- Rugged 
 

- Non-linear 
- Low sensitivity 
- Subject to electrical noise 
- Reference junction 

compensation required 
 

RTD 

- Wide operating temperature 
range 

- Linear 
- High stability 
 

- Slow response time 
- Expensive 
- Current source required 
- Sensitive to shock 
 

Thermistor 

- Fast response time 
- Small size 
- Low cost 
- Large change in resistance vs. 

temperature 
 

- Non-linear 
- Current source required 
- Limited operating temperature 

range 
- Not easily interchangeable 

without re-calibration 

Integrated 
Circuit 

- Highly linear 
- Low cost 
- Digital output sensors can be 

directly connected to 
microcontroller without an 
ADC. 

 

- Limited operating  
- Voltage or current source 

required 
- Self heating errors 
- Not good thermal coupling with 

the environment 

 

 

. There are many type of temperature sensor at the market from variable 

manufacturer and the Figure 2.6 shows the integrated circuit LM35 which was used in 

this project. The LM35 are precision integrated circuit temperature sensor, whose output 

voltage is linearly proportional to the Celsius (Centigrade) temperature. The LM35 thus 

has an advantage over linear temperature sensors calibrated in ° Kelvin, as the user is not 

required to subtract a large constant voltage from its output to obtain convenient 

Centigrade scaling. [5] 

 

The LM35 does not require any external calibration or trimming to provide 

typical accuracies of ±¼°C at room temperature and ±¾°C over a full -55 to +150°C 

temperature range. Low cost is assured by trimming and calibration at the wafer level. 
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The LM35's low output impedance, linear output, and precise inherent calibration make 

interfacing to readout or control circuitry especially easy. It can be used with single 

power supplies, or with plus and minus supplies. As it draws only 60 µA from its 

supply, it has very low self-heating, less than 0.1°C in still air. The LM35 is rated to 

operate over a -55° to +150°C temperature range. [6] 

 

 

        

          

 

 

 

 

 

            Figure 2.6: LM35 sensor.                            Figure 2.7: LM35 diagram 

 

 

 

 

2.6 Analog-to-Digital Converter (ADC) 

 

 

The Motorola MC68HC11 microcontroller has built-in ADC and it architecture 

is shows in Figure 2.8. An analog-to-digital converter (ADC) accepts an analog input, 

which in our case will be between 0 and 5V, and creates a digital output (between 0 and 

255). We will begin by discussing the particular I/O registers used to interface analog 

signals to individual microcomputers. The common features include 8-channel 

operation, 8-bit resolution, and successive approximation conversion technique. In its 

two operation modes, the converter can perform a single sequence of conversions and 

then stop, or it can continuously perform analog-to-digital conversions. It can convert 

the same channel multiple times, or it can perform conversions on a group of channels. 
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For example, it can perform ADC conversions on channels 0,1,2,3 with one action. The 

ADC uses external VRH, VRL analog high/low references. Normally VRH is tied to +5V 

and VRL is tied to ground. In both 6811 and 6812, the software can read the port directly, 

using it as a regular 8-bit digital input port. [2]   

 

 

Figure 2.8: ADC architecture in MC68HC11 

 

 

 

 

2.7 Serial Communication Interface (SCI) 

 

 

The serial communications interface (SCI) is a full-duplex UART-type 

asynchronous system, using standard non-return-to-zero (NRZ) format (1 start bit, 8 or 9 

data bits, and a stop bit). An on-chip baud rate generator derives standard baud-rate 

frequencies from the MCU oscillator. Both the transmitter and the receiver are double 

buffered. Thus, back-to-back characters can be handled easily, even if the central 

processing unit (CPU) is delayed in responding to the completion of an individual 

character. The SCI transmitter and receiver are functionally independent but use the 

same data format and baud rate. The Port D1 is used for transmit (TxD) and Port D0 is 
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used for receive (RxD).The user will usually have to provide external level-shifter 

buffers to translate the RS232 or RS422 levels (typically ± 12 V) to the 0 to 5-V logic 

levels used by the microcontroller. [2] 

 

 

 

 

2.8 Liquid Crystal Display (LCD) 

 

 

Liquid crystal display or LCD as shown in Figure 2.9 is one of the most used 

devices for alphanumeric output in microcontroller-based circuits. Their advantages are 

their reduced size and cost and the convenience of mounting the LCD directly on the 

circuit board. LCD is classified according to their interface into serial and parallel. Serial 

LCD requires less I/O resources but execute slower than their parallel counterparts. In 

addition, they are considerably more expensive. In this project, parallel-driven LCD 

devices based on the Hitachi HD44780 character-based controller, which  is  by  far  the  

most  popular  controller  for  microcontroller-driven  LCD. [3] 

 

 

Figure 2.9: LCD  

 

The HD44780 is a dot-matrix liquid crystal display controller and driver. The 

device displays ASCII alphanumeric characters, Japanese kana characters, and some 

symbols like in Figure 2.10. A single HD44780 can display up to two 28-character lines. 
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An available extension diver makes possible addressing up to 80 characters. The 

HD44780U contains a 9,920 bit character-generator ROM that produces a total of 240 

characters: 208 characters with a 5×8 dot resolution and 32 characters at a 5×10 dot 

resolution. The device is capable of storing 64x8-bit character data in its character 

generator RAM. This corresponds to eight custom characters in 5x8-dot resolution or 

four characters in 5x10-dot resolution. The controller is programmable to three different 

duty cycles: 1/8 for one line of 5×8 dots with cursor, 1/11 for one line of 5×10 dots with 

cursor, and 1/16 for two lines of 5×8 dots with cursor. [3] 

 

 

Figure 2.10: HD44780 Character Set 
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The built-in commands include clearing the display, homing the cursor, turning 

the display on and off, turning the cursor on and off, setting display characters to blink, 

shifting the cursor and the display left-to-right or right-to-left, and reading and writing 

data to the character generator and to display data ROM. 

 

 

Table 2.5: Command LCD 
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Figure 2.11: Architecture of LCD HD44780 

 

 

 

 

2.9 Microsoft Visual Basic 6 

 

 

Microsoft Visual Basic 6 (VB) was designed to be easy to learn and use. The 

language not only allows programmers to easily create simple GUI applications, but also 

has the flexibility to develop fairly complex applications as well. Programming in VB is 

a combination of visually arranging components or controls on a form, specifying 

attributes and actions of those components, and writing additional lines of code for more 
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functionality. Since default attributes and actions are defined for the components, a 

simple program can be created without the programmer having to write many lines of 

code. Figure 2.12 shows the Microsoft Visual Basic 6 layout. [9] 

 

 

 

Figure 2.12: Visual Basic 6 layout 

 

 

 



 

 

 

 

CHAPTER 3 

 

 

 

 

METHODOLOGY 

 

 

 

 

3.1 Introduction 

 

 

The Alarm Triggered Multiple Display Thermometer is developing stage by 

stage for easy process to design, install, and troubleshoot the project. The Figure 3.1 

shows the block diagram of the thermometer system which consist some hardware 

modules. Actually, there are programming modules embedded in the microcontroller 

which develop for thermometer system to operate properly and all the hardware and 

programming module will be explained later. The flow chart in Figure 3.2 shows the 

flow of the project process and the integration of all modules must be done properly 

without any mistake or problems for the thermometer system to operate successfully. 

This project is divided to 3 modules that are; 

 

1. Hardware Module 

2. Programming Module 

3. Visual Basic (GUI) Module 
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Figure 3.1: Block diagram of the system 
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Figure 3.2: Flow of project 
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3.2 Hardware Module 

 

 

Hardware module or in the other word is a hardware design which involved the 

process to design and install the circuits. For easy to manage and complete this module, 

it was divided into 6 small modules as below; 

 

 Microcontroller Module 

 LM35 Sensor Module 

 Amplifier Module 

 LCD Module 

 Buzzer Module 

 Control Switch Module 

 

 

 

 

3.2.1 Microcontroller Module   

 

 

The 8-bit microcontroller, MC68HC11A1 will be use in this project and it will 

be the main or brain of the system. The block diagram in Figure 3.3 shows the basic 

circuits that need to be connected with the MC68HC11A1 in order to operate the 

microcontroller. There are power supply circuit, reset circuit, clock circuit, and RS232 

circuit. 
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Figure 3.3: Basic circuit to operate the MC68HC11 

 

 

The microcontroller MC68HC11 can operate in 4 different modes, but only one 

mode can use in one time and mode selection is depend on the connection of pin MODA 

and pin MODB as explanation in Chapter 2. In this project, the MC68HC11 will operate 

in special bootstrap mode, it is that mean the pin MODA and MODB in directly 

connected to the ground. 

 

 

 

 

3.2.1.1 Power Supply Circuit  

  

 

In Figure 3.4 is shows the power supply circuit which will provide power +5V 

for almost all the device in this project especially microcontroller. The LM7805 is a 

voltage regulator which accepts the unregulated voltage supply to produce regulated 

voltage 5V ± 5 %. The unregulated voltage must bigger than 6V for produce stable 

regulated 5V and there are capacitor to filter the unwanted ripple and LED as power 

indicator. 
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Figure 3.4: Power supply circuit 

 

 

 

 

3.2.1.2   Clock Circuit   

 

 

 

Figure 3.5: Clock circuit 

 

The function of a clock circuit above is to provide an accurate and stable periodic 

clock signal to a microcontroller. EXTAL and XTAL are used to connect crystal to 

internal clock circuit to generate clock for the CPU to operate. The internal clock 

frequency is ¼ of that supplied to the crystal pins. A typical system designed for 
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maximum clock frequency uses an 8MHz crystal. Hence the clock speed (frequency) is 

2MHz. This clock is often referred to as the system clock or E clock. When the E clock 

output is low, an internal process is taking place. When it is high, the MCU is writing or 

reading data.  

 

 

 

 

3.2.1.3 Reset Circuit   

 

 

Reset circuit is a circuit that used to reset program in microcontroller. This 

circuit consists of resistor 10K, reset button and capacitor 4.7uF. Reset pin in 

microcontroller is active low that mean when push the reset button is push, the reset pin 

will active and the program will reset. LED is only for reset indicator and the value of 

capacitor must 4.7uF or bigger than 4.7uF in order to properly reset the microcontroller. 

The reset circuit is shows in Figure 3.6. 

 

 

Figure 3.6: Reset circuit 
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3.2.1.4 RS232 Circuit   

 

 

The Figure 3.7 show the RS232 circuit which function for serial communication 

interface (SCI). The IC MAX233 that support the RS232 standard will use in this project 

in order to process the data whether transmit or receive between the computer and 

microcontroller. MAX233 is a line driver for serial communication and function to boost 

the signal from 5 V to 12-15 V. This is important to avoid data losses since data was 

transmit for long distance. DB9 connector also will use to connect the MAX233 to serial 

port of the computer. The Figure 3.8 show the DB9 cable which used to connect the 

MAX233 with the computer. 

 

 

 

Figure 3.7: RS232 circuit 
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Figure 3.8: DB9 (female) 

 

 

 

 

3.2.2   LM35 Sensor Module 

 

 

Temperature sensor is a device that converts the temperature parameter to 

electrical signal. In this project, the LM35 was used to convert the temperature into 

voltage signal which 10mV for 1°C. That means if the temperature is 30°C, so the 

voltage from sensor output is 0.3 V. Conversion process from temperature (physical 

parameter) to electrical signal is important for analog-to-digital conversion because the 

Analog-to-Digital Converter (ADC) only can accept the electrical voltage as input. The 

Figure 3.9 below shows the LM35 circuit connection. 
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Figure 3.9: LM35 circuit 

 

 

 

 

3.2.3 Amplifier Module 

 

 

The voltage from the sensor may not be appropriate for processing by the ADC 

because the small value of voltage from temperature sensor. Actually it can accept by 

ADC, but the accuracy of conversion is not guarantee. So, we need to amplify this 

voltage into a range that can be handled by the ADC via operational amplifier. The 

Figure 3.10 shows the LM358 that was used to design the non-inverting amplifier in 

order to amplify the voltage from sensor with gain 5. As the result, if the voltage from 

sensor output is 1 V, the op-amp will amplify the voltage to 5 V. 
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Figure 3.10: Non-inverting amplifier circuit 

 

 

 

 

3.2.4 ADC Module 

 

 

 Actually, this project was used the 8-bit ADC which builds embedded in the 

MC68HC11 microcontroller. The MC68HC11 have 1 port for ADC purpose, that port is 

PORT E. However, only 1 channel from 4 channel of PORT E will use in this project. 

The output of amplifier connected to the PORT E0 and the ADC will receive the analog 

input.  
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3.2.5 LCD Module 

 

 

Liquid Crystal Display (LCD) module is one of output device which was used to 

display the temperature value for monitoring purpose. LCD can display not just 

numbers, but also words, letters and symbols, so it make LCD is better than the 7-

segment LED display. Figure 3.11 is shows the LCD circuit connection. The R/S and E 

is a control pin which connected to the PC0 and PC1 of the microcontroller. The data 

pins are D0 until D7 and they are connected to PORT B of microcontroller. 

 

 

 

Figure 3.11: LCD circuit 
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3.2.6 Buzzer Module 

 

 

 The buzzer is function as alarm which triggered when the temperature is equal or 

higher than set temperature. Interface the buzzer with microcontroller is very simple like 

show in Figure 3.12. Active or Inactive of buzzer operation will control by 

microcontroller program which give the input high or low. 

 

 

 

Figure 3.12: Buzzer circuit 

 

 

 

 

3.2.7 Control Switch Module 

 

 

Figure 3.13 is shows the figure of reset switch which will use as control switch 

and the control switch circuit in Figure 3.14. There are array of 4 reset switch 

which interface with microcontroller to control the LCD display. 
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Figure 3.13: Reset switch 

 

 

 

Figure 3.14: Control switch circuit 
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3.3 Programming Module 

 

 

A programming language is an artificial language that can be used to control the 

behavior of a machine, particularly a computer or in other word is to tell machine what 

to do. So, it is means the hardware is useless without programming. There are 3 main 

programming languages which use in the digital world. First is machine language, this 

language only can understand by the computer and it is complex but fast execution. 

Then is an assembly language, it’s much easier to write programming and require the 

assembler to convert to machine code. Third language is high-level language, which 

very easy to write a program even involves floating point calculation and can solve the 

problem without much attention to CPU and configuration. 

 

In this project, the assembly language was use to write a program and it’s refer to 

assembly language which developed by Motorola for MC68HC11 microcontroller and 

consists more than 256 instruction sets. The complete program will be program into 

EEPROM in the microcontroller. There are sub modules of programming was developed 

and will be integrate later to be a complete program. Each sub modules will discuss but 

using the flow chart for easy to see the flow of operation the program.   

 

 

 

 

3.3.1 ADC Module Test 

 

 

Analog-to-Digital Converter (ADC) is function to convert the analog input to 

digital value. As state before, the ADC is on-chip with microcontroller, so it is only 

programming in this project without involve the ADC circuit design. In ADC 

programming, the register which involves is ADCTL, OPTION, and ADR1. Refer to the 

flow chart in Figure 3.15, the initialization of ADC is important to power-up ADC, 
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define the scan process and channel of conversion. The analog input will be used is AN0 

or PORT E0 and finished conversion data will store in ADR1. Below is the important 

things in ADC programming like resolution, step, and so on.  

 

 

100
2

1
8
RESOLUTION  

                          39.0 ٪ 

 

VRH = 5 V and VRL = 0 V 

 

STEP = 82  

          =  256 

 

So, VSTEP = 5 V x 0.39٪ 

                3105.19   V 

 

 

Convert the data from ADR1 to Celsius; 

 

- Maximum temperature is 100°C. 

- Minimum temperature is 0°C. 

 

Temperature = 100
255

1


ADR
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Figure 3.15: Flow chart of ADC module 

 

 

 

 

3.3.2 SCI Module Test 

 

 

The digital data in ADR1 will be sending to the computer via serial 

communication interface (SCI) with RS232 standard. The SCI programming module 

was developed by involving the SCI registers like SCSR, BAUD, SCCR1, SCCR2 and 

SCDR. Like the ADC module, the first process is initialize the SCI and the most 
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important process is set the baud rate which must same with Visual Basic program to 

avoid from received the corrupt data. Figure 3.16 is shows the flow chart of SCI 

programming. 

 

Figure 3.16: Flow chart of SCI module 

 

 

 

 

3.3.3 Control Switch Module Test 

 

 

There are 4 control switches which connected to PORT C3, C4, C5 and C6. This 

switches will be use to display the maximum and minimum value and also to change the 

set temperature. The flow chart in Figure 3.17 shows the simple operation of control 

buttons. 
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Figure 3.17: Flow chart of Control Switch module 
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3.3.4 LCD Module Test 

 

 

The LCD module is more complex than the others programming modules. 

Actually this module is not difficult if the user really understand the LCD operation and 

configuration. Flow chart in Figure 3.18 shows the flow of the LCD program. The 

register select (RS) which set low if want to send the command data and set high to send 

the character data. The LCD also only understand the ASCII value, so we must convert 

the hexadecimal to ASCII value. 

 

 

Figure 3.18: Flow chart of LCD module 
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3.3.5 Integration All Modules 

 

 

After all the programming modules were tested successfully, the last process in 

programming is integration of all modules to be one program which free from error or 

problem in order to sure the system will function properly. 

This project was used special bootstrap mode as explain before. So, the program 

must started at address $B600 and not exceed address $B7FF or the program will be 

error. The subroutine technique will use to reduce the memory of program and each 

programming module will be subroutine of the program like table below. The flow chart 

in Figure 3.19 is shows the complete flow chart of the program and the complete 

assembly program is in appendix B. 

 

Table 3.1: Subroutine of program 

Subroutine Function 

ADC 
- Initialize ADC and analog to digital 

conversion process. 

LCD 
- Initialize LCD and display the data on     

LCD. 

SCI 
- Send the value in ADR1 to computer 

via serial communication interface 
(SCI). 

HEX to ASCII 
- To convert the temperature value in 

hexadecimal to ASCII value for LCD 
display purpose. 
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Scan CCF Flag  
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End 
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Figure 3.19: Flow chart of complete program 
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3.4 Visual Basic Module 

 

 

Visual Basic is an event-driven programming language for creating applications 

that run under Microsoft's Windows operating systems. It is easy and user friendly 

software to create a program because it provide the graphical user interface (GUI) 

method. That mean, user just designs the GUI by drag and drop component, and after 

that, write a simple coding. 

 

In this project, Visual Basic program was developed to receive data from 

microcontroller via serial port and display the temperature using Visual Basic GUI. And 

the most important is to store the temperature history in the log file.  

 

There many elements were used to design the Visual Basic program. For 

example the basic elements are Text Box, Label, Vertical Scroll Bar, Command Button, 

Frame, and more. The advance and important element like Microsoft Comm Control 

(MSComm) also was used. The flow chart the operation of the program is shows in 

Figure 3.20 and the GUI design in Figure 3.21. For Visual Basic program coding, refer 

to Appendix C. 
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Figure 3.20: Flow chart of Visual Basic program 
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Figure 3.21: GUI of the Visual Basic program 

 

 



 

 

 

 

CHAPTER 4  

 

 

 

 

RESULT AND DISCUSSION 

 

 

 

 

4.1 Introduction 

 

 

After integration of all modules was done, the system proceeds to the testing 

process in order to ensure the system can function properly. If there are any problem like 

LCD not display the value or the control switch not functioning, the system need to be 

troubleshoot to find the problem. So, this chapter will review the testing result of the 

system which involved the system functionality, system performance, accuracy of 

measurement, programming performance and so on.    
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4.2 Testing 

 

 

In this project, it was involved the hardware and software modules. So, both of 

modules must be tested to check their functionality and performance. There are 3 

sections or part of test process. 

 

i. Temperature Monitoring 

ii. Alarm 

iii. Visual Basic 

 

 

 

 

4.3 Temperature Monitoring 

 

 

In this project, the LCD was used to display the current, maximum, minimum, 

and set temperature. The system was programmed to display only the current 

temperature on the LCD and there are control switch as shown in Figure 4.2 must be 

press to display the maximum, minimum, or set temperature. The Figure 4.1, Figure 4.3, 

Figure 4.4, and Figure 4.5 are shows the current, maximum, minimum, and set 

temperature on the LCD. 
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Figure 4.1: Current temperature 

 

 

 

 

Figure 4.2: Control switch 
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Figure 4.3: Maximum temperature 

 

 

 

 

Figure 4.4: Minimum temperature 
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Figure 4.5: Adjustable set temperature 

 

 

For accuracy of temperature measurement, refer to the literature review about the 

temperature sensor LM35 which the output voltage of sensor is 10mV per 1°C. That 

means if temperature is 27°C, the voltage output of sensor is 0.27 V. In this project, the 

result is show in Figure 4.6 and Figure 4.7 which at the output voltage is 0.31 V, 

temperature displayed is 30°C  and that means the measurement is error about 1°C. So, 

the system accuracy is ±1°C. 

 

 

Figure 4.6: Temperature at 30°C 
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Figure 4.7: Output voltage of sensor LM35 

 

 

 

 

4.4 Alarm 

 

 

The system also has an alarm feature which trigger when the current temperature 

is equal or higher than set temperature. It is important part in this system and must 

function properly to inform the user about the current temperature have reached the set 

temperature. The test result is successful which alarm was triggered properly according 

to program. 
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4.5 Visual Basic Program 

 

 

The microcontroller was communicating with the computer using serial 

communication interface and the Visual Basic was develop in order to read the serial 

port incoming data and display data in graphical user interface (GUI). The system is 

operates in real time, that means the data or temperature value always transmit to the 

computer and every changed on the LCD also will changed the Visual Basic program. 

Figure 4.8 show the GUI of Visual Basic program. 

 

 

 

Figure 4.8: GUI of Visual Basic 

 

 

The most important function of Visual Basic program is to record and store the 

data or temperature reading in the computer. It was design to record or log the date, 

time, current, maximum, minimum, and set temperature like in Figure 4.9. 
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Figure 4.9: Data log into the notepad 



 

 

 

 

CHAPTER 5 

 

 

 

 

CONCLUSION AND RECOMMENDATION 

 

 

 

 

5.1 Conclusion 

 

 

This project was finished successfully and achieved the scopes of the project. 

The temperature reading was displayed on the LCD and on the computer by using 

Visual Basic program. The control switch also was functioned properly which the 

maximum, minimum, and set temperature was displayed on the LCD when the switch 

was pressed. When the current temperature is equal or higher than set temperature, the 

buzzer was triggered properly as the assembly program. 

 

Actually, the scope of this project is not easy and the most difficult part is a 

programming module using assembly language. With a limit capacity memory of 

EEPROM, the program was develop must not exceed the EEPROM memory and it can’t 

done if student not have strong knowledge about assembly language. However, this 

project is still need more development because if compare with the sophisticated digital 

thermometer, this project is still lack of accuracy in measurement. 
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5.2 Recommendation 

 

 

For future, there are a few recommendations can be made to improve this project 

and it could be list as follows: 

 

i. The data can transmit to other computer in local area network 

(LAN) or internet. The short messaging system (SMS) also will 

be used to inform the user about temperature status. 

ii. Interface the project with heater or cooler which the system is able 

to control the temperature of environment. 

iii. Use a sensor which capable to measure the temperature in wide 

range with high accuracy. 

iv. Upgrade the Visual Basic program which can control the system 

like can set the set temperature from computer. 

 

 

 

 

5.3 Costing and Commercialization 

 

 

In Appendix D, there are list of the components with price that was used in this 

project. The total cost of the project is about RM 180 roughly. It is cost only for 

hardware module or components of the project. The most expensive components are IC 

MAX233 and microcontroller MC68HC11 which their price is about RM 40 each. 

 

 This project is a prototype of digital thermometer and still need some 

improvement. The measurement accuracy and system stabilization must reach the 

standard level for commercialization purpose in order to compete with other 

manufacturers. 
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APPENDIX B 
 
 

MC68HC11 Assembly Program 
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REG         EQU     $1000 
PORTB       EQU     $4 
PORTC       EQU     $3           
PORTD       EQU     $8 
PORTE       EQU     $A 
DDRC        EQU     $7 
OPTION      EQU     $39 
ADCTL       EQU     $30 
ADR1        EQU     $31 
SCCR1       EQU     $2C 
SCCR2       EQU     $2D 
SCSR        EQU     $2E 
SCDR        EQU     $2F 
BAUD        EQU     $2B 
 
BUFFER      ORG     $12        
            RMB     8 
 
 
MULA        ORG     $B600 
            LDS     #$7F 
            LDX     #REG 
            BSET    DDRC,X    %00000111 
            BCLR    PORTC,X   %11111100 
            CLR     BUFFER+5 
            LDAA    #$99 
            STAA    BUFFER+6 
            LDAA    #$40 
            STAA    BUFFER+7 
 
 
            JSR     INIT_LCD  
            JSR     DISP3                
            JSR     DISP0 
LAGI        JSR     INIT_ADC 
            JSR     DISP1         
            JSR     ADC_DATA 
            JSR     HEX_ASCI 
            JSR     DISP2 
            JSR     TxD_SCI 
            JSR     MAX_MIN 
            JSR     SWITCH 
            JSR     BUZZER 
            BRA     LAGI 
 
 
INIT_LCD    LDY   #INI                ; INITIALIZE LCD 
NEXT       LDAA    $0,Y 
       BEQ   INIT_SCI 
       BSR   COMMAND 
       INY 
       BRA   NEXT 
 
 
INIT_SCI    CLRA                        ; INITIALIZE SCI 
            STAA    SCCR1,X 
            LDAA    #$0C 
            STAA    SCCR2,X 
            LDAA    #$30 
            STAA    BAUD,X 
            RTS 
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INIT_ADC    BSET    OPTION,X  $80       ; INITIALIZE ADC 
            BCLR    OPTION,X  $40 
            JSR     DELAY   
            LDAA    #0 
            STAA    ADCTL,X 
            RTS 
 
 
ADC_DATA    BRCLR   ADCTL,X   $80  ADC_DATA     
            LDAA    ADR1,X 
            STAA    BUFFER              
            LDAB    #100     
            MUL 
            PSHX 
            LDX     #$FF     
            IDIV 
            XGDX 
            LDX     #100      
            IDIV               
       LDX     #10        
       IDIV               
       STAB    BUFFER+1   
       XGDX               
       LSLB              
       LSLB 
       LSLB 
       LSLB 
       ADDB    BUFFER+1 
            SUBA    #2   
       STAB    BUFFER+2   
       LDAA    BUFFER+2 
            PULX   
            RTS 
 
 
HEX_ASCI    TAB                         ; CONVERT HEX to ASCII 
            ROLA  
            ROLA  
            ROLA  
            ROLA  
            ROLA  
            ANDA    #$0F  
            ORAA    #$30  
            ANDB    #$0F  
            ORAB    #$30  
            STAA    BUFFER+3 
            STAB    BUFFER+4 
            RTS 
 
 
COMMAND BCLR    PORTC,X $01       ; R/S = 0, COMMAND MODE 
            BSR     ENABLE 
       RTS 
 
 
CHARAC      BSET    PORTC,X   $01       ; R/S = 1, CHARACTER MODE 
            BSR     ENABLE 
            RTS 
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ENABLE STAA    PORTB,X           ; STORE COMMAND or CHARACTER 
            BSET    PORTC,X   $02 
       BCLR    PORTC,X $02     ; TRIGER ENABLE  
       JSR   DELAY 
            RTS 
 
 
DISP0       LDAA    #$CD                ; DISPLAY SYMBOL CELCIUS 
            BSR     COMMAND 
            LDY   #DATA0           
            JSR     YAYA          
            RTS 
 
 
DISP1       LDAA    #$C1                ; DISPLAY TEMP =  
            BSR     COMMAND 
            LDY   #DATA1          
            JSR     YAYA 
            RTS 
 
 
DISP2       LDAA    #$CB                ; DISPLAY TEMPERATURE VALUE 
            BSR     COMMAND 
            LDAA    BUFFER+3 
            BSR     CHARAC 
            JSR     DELAY 
            LDAA    BUFFER+4 
            BSR     CHARAC          
            RTS 
 
 
DISP3       LDAA    #$82                ; DISPLAY LINE 1 
            BSR     COMMAND 
            LDY   #DATA5          
            JSR     YAYA 
            RTS 
 
 
TXD_SCI     LDAA     BUFFER+2           ; TRANSMIT DATA to COMPUTER 
TXD0        BRCLR    SCSR,X   $80    TXD0 
            STAA     SCDR,X  
            JSR      DELAY 
            LDAA     BUFFER+7            
TXD1        BRCLR    SCSR,X   $80    TXD1 
            STAA     SCDR,X  
            JSR      DELAY 
            RTS 
 
 
MAX_MIN     LDAA    BUFFER+2            ; SAVE MAX or MIN TEMP 
            CMPA    BUFFER+5 
            BPL     YEAH 
DOLI        CMPA    BUFFER+6 
            BMI     YEAS 
            BRA     DOLA 
YEAH        STAA    BUFFER+5 
            BRA     DOLI 
YEAS        STAA    BUFFER+6 
DOLA        RTS  
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SWITCH      BRSET   PORTC,X   %00001000    MAX_D 
            BRSET   PORTC,X   %00010000    MIN_D 
            BRSET   PORTC,X   %00100000    SET_INC 
            BRSET   PORTC,X   %01000000    SET_DEC 
            RTS 
    
 
MAX_D       LDY     #DATA2              ; DISPLAY MAX TEMPERATURE 
            BSR     PROCES1 
            LDAA    BUFFER+5 
            BSR     PROCES2 
            BRA     SWITCH 
 
 
MIN_D       LDY     #DATA3              ; DISPLAY MIN TEMPERATURE 
            BSR     PROCES1 
            LDAA    BUFFER+6 
            BSR     PROCES2 
            BRA     SWITCH 
 
 
PROCES1     LDAA    #$C1 
            JSR     COMMAND        
            BSR     YAYA 
            LDAA    #$CB 
            JSR     COMMAND 
            RTS 
 
 
YAYA   LDAA    $0,Y 
            BEQ     YOYO 
            JSR     CHARAC 
            INY 
            BRA   YAYA 
YOYO        RTS 
 
 
PROCES2     JSR     HEX_ASCI 
            JSR     DISP2 
            BSR     DELAY2 
            RTS 
 
 
SET_INC     LDAA    BUFFER+7            ; INCREMENT SET TEMPERATURE 
            CMPA    #$99 
            BEQ     BOLA 
            ADDA    #$1 
            DAA 
            STAA    BUFFER+7 
BOLA        BSR     SET_D 
            BRA     SWITCH 
 
 
SET_DEC     LDAA    BUFFER+7            ; DECREMENT SET TEMPERATURE 
            BEQ     BOLO 
            ADDA    #$99 
            DAA  
            STAA    BUFFER+7 
BOLO        BSR     SET_D 
            BRA     SWITCH 
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SET_D       LDY     #DATA4 
            BSR     PROCES1 
            LDAA    BUFFER+7 
            BSR     PROCES2 
            BSR     SWITCH 
            RTS 
 
 
BUZZER      LDAA    BUFFER+2            ; TRIGGER BUZZER 
            CMPA    BUFFER+7 
            BLO     HABIS 
            BSET    PORTC,X   %00000100 
            BSR     DELAY1 
            BSR     DELAY1 
            BCLR    PORTC,X   %00000100 
HABIS       RTS 
    
 
DELAY       PSHX                        ; SHORT DELAY 
            LDX     #$FFF 
REPEAT      DEX      
            BNE     REPEAT 
            PULX 
            RTS 
 
 
DELAY1      PSHX                        ; SHORT DELAY 
            LDX     #$FFF0 
REPEAT1     DEX      
            BNE     REPEAT1 
            PULX 
            RTS 
 
 
DELAY2      PSHA                        ; LONG DELAY 
       PSHX 
       LDAA    #3 
REPEAT2 LDX   #$FFFF 
LAGI2       DEX 
       BNE   LAGI2 
       DECA 
       BNE   REPEAT2  
       PULX 
       PULA 
       RTS 
 
       ORG   $B7D0 
INI       FCB   $01,$02,$06,$0C,$38,0 
DATA0       FCB     $DF,$43,0 
DATA1       FCC   "NOW   ="  
       FCB   0 
DATA2       FCC   "MAX" 
       FCB   0 
DATA3       FCC   "MIN" 
       FCB   0 
DATA4       FCC   "SET"                                
       FCB   0 
DATA5       FCC   "TEMPERATURE"                                
       FCB   0 
 
            END 
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Visual Basic Code Program 
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APPENDIX D 
 
 

Cost of Project 
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No. Component Specification Price / Unit Quantity Price 

1 PCB Header 40 ways 0.80 5 4.00 

2 IC Base 48 pin 0.65 1 0.65 

3 IC Base 20 pin 0.20 2 0.40 

4 MC68HC11  40.00 1 40.00 

5 Crystal 8 MHz 1.20 1 1.20 

6 Wire wrap  15.00 1 15.00 

7 Strip Board 10” x 4” 5.00 1 5.00 

8 Reset Switch  0.50 6 3.00 

9 Regulator 7805  1.00 1 1.00 

10 MAX 233  39.00 1 39.00 

11 DB9  0.50 1 0.50 

12 Ribbon Cable 1 meter 3.00 1 3.00 

13 Heat Sink  0.90 1 0.90 

14 Resistor 220R 0.06 2 0.12 

15  10 M 0.04 1 0.04 

16  10 K 0.06 1 0.06 

17 Capacitor 22 pF 0.08 2 0.08 

18  4.7 uF 0.07 1 0.07 

19  1 uF 0.07 2 0.14 

20  10 uF 0.07 1 0.07 

21 LED  0.15 4 0.60 

22 LCD 1x16 30.00 1 30.00 

23 Buzzer  3.00 1 3.00 

24 LM358  1.00 1 1.00 

25 LM35  4.80 1 4.80 

  Total 153.63 
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Picture of Project 
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