PROGRAMMING & INTERFACING THE 8051 MICROCONTROLLER

PROGRAMMING & INTERFACING THE 8051 MICRCONTROLLER


PROGRAMMING & INTERFACING THE 8051 MICROCONTROLLER

A PROJECT REPORT SUBMITTED IN PARTIAL FULFILLMENT OF THE REQUIREMENT FOR THE AWARD OF DEGREE OF

BACHELOR OF TECHNOLOGY

IN

ELECTRONICS & COMMUNICATION ENGINEERING

SUBMITTED BY

D.R.ESESVE                                                            Ch.JAYAKAR

R.N.KUMAR                                                    B.RAVICHANDRA

UNDER THE ESTEEMED GUIDANCE OF

Mr. G.THIAGARAJAN, B.Tech.

ASSOCIATE PROFESSOR, DEPT OF ECE.

[image: image1.jpg]P4 Fe4
N
PES PO
a0 PE2
pcs PB4 PES PBT PE3 PC1 PBL FC7
w E
res P43 PAT PAS PAd #es
i rc2
s
PC3PAL PAD PAS
PEDESTRAINS
res

Pos




DEPARTMENT OF ELECTRONICS & COMMUNICATION ENGINEERING

VITAM COLLEGE OF ENGINEERING

(AFFILIATED TO J.N.T.UNIVERSITY)

PARVATHIPURAM

CERTIFICATE


This is to certify that the project report entitled PROGRAMMING & INTERFACING THE 8051 MICROCONTROLLER submitted by Mr.D.R.Esesve bearing the registration numbers 98521A0429, in partial fulfillment of the requirements for the award of the degree of Bachelor of Technology in Electronics & Communication Engineering, is a bonafide work carried out by him under my guidance and supervision. 


The result embodied in this project report has not been submitted to any other University or Institute for the award of any degree of diploma. 

Project Guide:
     


     Head of the Dept:

Mr. G.Thiagarajan, B.E
               Mr. Deepak Kumar Sahoo, M.Tech

Assistant Professor                                                 Assistant Professor

External Examiner:

Date of Exam:

ACKNOWLEDGEMENTS 


We are highly indebted to Mr. G. Thiagarajan, Associate Professor, Dept Of Electronics & Communication Engineering, who has suggested us to carry out our project work in the highly enterprising field of Microcontrollers. Further, it would be obvious to say that it would be impossible, without his assistance, to complete this project.  His assistance as the project guide has made us complete the project efficiently. We would like to thank him for all the pains he has taken to make this project a success and made us acquire good knowledge of the subject.


We also would like to thank our Head Of the Dept, Mr. Deepak Kumar Sahoo, without whose cooperation this project would not have been completed. We are indebted to him for the valuable guidance and encouragement he has given to us. 


We also like to extend our thanks to all the faculty members of the dept for their kind cooperation. 

D.R.ESESVE

CONTENTS

1. ABSTRACT…………………………………………….…1

2. INTRODUCTION ………………………………………..2

3. THE 8051 ………………………………………………...7

4. MEMORY ORGANISATION ………………………….15

5. CPU TIMINGS ………………………………………….23

6. PROGRAMMING & INTERFACING …………………30

7. CONCLUSION ………………………………………….43

8. BIBLIOGRAPHY ……………………………………….44
ABSTRACT

In this ever changing world of engineering technology, where each day sees a spate of new concepts and applications and each passing day makes them obsolete, the concept of Microcontrollers, which is the need for many industrial and general needs attracts every ones attention and has a wide scope in the near future and so is today. 

Microprocessors brought the concept of programmable devices and made many applications of intelligent equipment. Most applications that do not need large amount of data and Program Memory tended to be very costly, bulky and it is very tough to debug. However, the Microcontrollers are a special type of chips in which all the peripherals devices are embedded onto a single chip. Thus, the propagation delay between components is reduced by many folds. 


Hence, we chose to study the architectural and programming part of a Microcontroller. The below project is a study about the architecture  & programming of Microcontroller 8051.

INTRODUCTION

M

icrocontroller or an embedded Microcontroller is a chip, which has a processor with all its supporting functions, (clocking & reset), memory (both programme storage and RAM) and I/O (including bus interface) built into the device. 

Features of a Microcontroller:

COST: The microprocessor system (microcomputer) had to satisfy the data and program requirements so sufficient RAM and ROM were used to satisfy most applications. The peripheral control requirement also had to be satisfied. Therefore, almost all peripheral chips were used in design. 

An example: 8085 chip needs an address latch for separating address from multiplexed address and data. 32KB ROM and RAM to be able to satisfy most applications. 

· Timer and counter

· Parallel programmable port

· Serial port

· Interrupt controller

In comparison a typical Microcontroller 

8051 chip has all the 8085 board except a reducing memory as follows.

· 4KB of ROM as compared to 32KB

· 128 bytes of RAM as compared to 32KB.

SIZE: Compare a board full of chips (microprocessor) to one chip with all components in it (Microcontroller).

DEBUGGING: Lots of microprocessor circuitry program to debug. In Microcontrollers, there is no microprocessor circuitry to debug.  

DEVELOPMENT TIME: microprocessors needed lot of debugging at board level and at program level, where as Microcontroller do not have the excessive circuitry and the built in peripheral chips are easier to program for operation. 


So peripheral devices like timer/counter, parallel ports, interrupt controllers, serial communication ports and so on, which were most often used were integrated with the microprocessor to present the Microcontroller. RAM and ROM also were integrated in the same chip. The ROM size was anything from 256 bytes to 32Kbytes or more. RAM was optimized to a minimum of 64bytes to 256 or more. The reason for optimizing drastically on RAM were two:

1. The RAM’s are costlier than ROM’s.

2. The applications were not for heavy data processing, mostly control applications were the stack is important and not much data is processed simultaneously in RAM.

Typical Microcontrollers may have all or some of the following features…

· 8/16/32 CPU.

· Instruction set rich in I/O & bit (Boolean) operations.

· 128bytes of RAM to 64 KB (Data Memory)

· 512bytes to 64KB of ROM (Program Memory)

· One or more Input Output ports.

· One or more timer/ counter.

· One or more interrupt inputs and an interrupt controller

· One or more serial communication ports.

· Analog to Digital/ Digital to Analog converter.

· One or more PWM output

· Network control interface (minimum).

Types of Microcontrollers

1. Embedded Microcontrollers: When all the hardware required to run the application is provided on the chip, it is referred to as an Embedded Microcontroller. All that is typically required to operate the device is power, reset and a clock. Digital I/O pins are provided to allow interfacing with external devices. This complete hardware on a chip is extremely used for some applications.
2. External memory Microcontroller: Sometimes the Program Memory is insufficient for an application or during debugging a separate ROM or even RAM may make the work easier. Some Microcontrollers allow the connection of external memory. When you get into higher end Microcontrollers (16 or 32 bit processors) it can be discovered that they typically only have external memory and these types of Microcontrollers are named so.
PROCESSOR ARCHITECHTURES:
Many years ago United States government asked Harvard and Princeton universities to come up with computer architecture to be used in computing tables of naval artillery shell distances for varying elevations and environmental conditions. 

HARVARD vs. PRINCETON


Princeton architecture, also called as Von Neumann architecture, named after the scientist, has a common memory space for storing the control program, variables and data structures. Prefetching is done in Princeton architecture i.e. while instruction is being executed the next will be fetched. The greatness of this is the compatibility of the ROM, which can be used for both variable and instruction storage. 
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Harvard architecture used separate memory banks for program storage, processor stack and variable RAM. It executes instructions in fewer instruction cycles than its counterpart. This is possible because of the greater amount of instruction parallelism in Harvard architecture i.e. prefetch etc.
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The Princeton architecture won the competition because it was better suited to the technology of the time. Using one memory was preferable because of the unreliability of current electronics (this was before transistors were in widespread use). The single memory interface would have fewer things that could go wrong.  

THE 8051
Along with developing the first microprocessor in the 1970’s, the Intel was involved right from the beginning with developing Microcontrollers. The Microcontroller development effort resulted in the 8051 architecture, which was first introduced in 1980 and has gone onto be arguably the most popular Microcontroller architecture available. The 8051 is a very complete Microcontroller with a large amount of built in Program Memory (ROM & EPROM) and RAM, enhanced I/O ports and the ability to access external memory. The original 8051 was also quite fast with a 20 MHz maximum clock speed. 

Features of 8051:

· 24MHz clock speed.
· 12-clock cycle per instruction cycle.
· 4kbytes of control store.

· 128bytes of RAM.

· 32 I/O LINES.

· Two 8/16-bit timers.

· Multiple internal and external interrupt sources.

· Programmable serial port.

· Interface for up to 128KB of external memory.

8051 ARCHITECTURE

The 8051 architecture is as depicted in the page below. 
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OSCILLATOR:

The heart of 8051 is the circuitry that generates the clock pulses by which all-internal operations take place the 8051 IC has pin number 18 and 19 labeled as XTAL1 & XTAL2 that are provided to connect a resonant network like a quartz crystal. The frequency of the crystal is the internal clock of the Microcontroller. The oscillator needs just to capacitors (22pf) to form a complete oscillator. The clock must always be present and has to operate above a minimum frequency or the data is lost. Also serial data transmission bit rates are to be set accurately so that this clock comes in handy, provided it is divisible to that needed by the serial data transmission rate. A 12MHz crystal is expected for a typical 8051 system, which gives a micro second, machine cycle referred to as cycle in the instruction set description. However, the 11.0592 crystal gives very good baud rate 19200, 9600, ……… 1200, 300 baud through the one cycle instruction frequency is 921KHz instead of 1MHz. 

The number of cycles is thus calculated …

12 oscillator clock pulses for one instruction cycle

If C is the number of cycles/instruction 

Then T instruction = (12 x C) / (crystal clock frequency).

TIMING & CONTROL:


This block takes input from the oscillator and generates the following signals. 

· ALE: address latch enable signal in the presence of address on the AD0 to AD7 lines (port 0). It is present all the time even if EA is at logic 0 or 1. It occurs in the middle of S1P2 and S4P2 states. It’s helpful in checking if 8051 is operating or not.
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PSEN: program store enable. When the device is executing code from the external memory this is activated. Twice during each machine cycle. Not emitted when external Data Memory accessed. 

     ___

· EA: External access. When low, 8051 emit AD0 to AD7 on port 0 and A8 to A15 on port2.

· RESET: high on this pin resets 8051. It should be having for two machine cycles while clock is running.

ARITHMETIC AND LOGIC UNIT: 


This is an 8-bit unit. Functions like typical 8-bit ALU’s. It has a special function-Boolean processing. While performing as a Boolean processor, it works as 1-bit ALU. 

8051 REGISTERS

INSTRUCTION REGISTER: Holds the instruction, which is to be decoded. It is also used for power down mode of operation. 

PROGRAM ADDRESS REGISTER: This is 16-bit register. Holds the address of the code to be accessed. The PC holds the address for application to the address bus pins. The PC could be outputting address for code or data. Therefore, this program address register finds use during MOV instructions. 

PROGRAM INCREMENTER: This 16-bit register keeps incrementing the address in accordance to the program flow. This is used to facilitate PC to be used for addressing modes. 

PROGRAM COUNTER (PC): The 16-bit register is used for the accessing the next instruction and helps in generating the effective address. 
RAM ADDRESSING REGISTER: like the program address register this holds the address of data reference. This is used while MOV instruction is executing. . 

TEMPORARY REGISTER: Temp1 & Temp2: comparisons and certain other operations use the contents of registers but do not alter that content. This is during these operations that Temp1 and Temp2 find use. 

GENRAL PURPOSE REGISTERS

The CPU
 has 8-bit bus and is based on the Harvard architecture. Typically, most computers follow the VonNeuman architecture. The Harvard architecture has separate data paths for Program Memory (ROM) and   Data Memory (RAM). THE 8051 CPU supports 4k BYTE ROM and 128 bytes of RAM. The address for the first 128 bytes of the ROM and RAM are the same even then the data from RAM or ROM can be accessed with out a mix-up. This is because of separate data bus for internal RAM and ROM. the first 32 bytes from location 00H to 1FH are usable as register banks. There are eight general-purpose registers defined for the 8051 namely RO, R1 to R7 registers. These eight registers could be selected as of from 4 banks of the memory 00H to 1FH. The banks are selected by using two bits in the program status word (PSW) register. These bits are RS1&RS0 in the PSW. If RS1=0 & RS0=0 then bank 0 is selected, so on RS1=1& RS0=1 selects bank three (memory location 18H to 1FH).

The CPU has 34 eight bit registers and 2 16 bit registers, which are addressable as Data Memory location. 32 of these registers are divided into 4 registers banks. Each bank has registers R0 to R7. The other two 8 bit registers are A and B which hold result of many arithmetic and logical instructions. The A, called the accumulator, is used for arithmetic operations like addition, subtraction etc. It is also for logical operation including Boolean operation. Data transfer between internal and external Data Memory is handled through A. The B register is used along with a register for multiplication and division only. Apart from this, the B register can hold data. A register is addressed as internal memory location. 0E0H and the B register as 0F0H as its addresses. 

DATA POINTER REGISTER (DPTR):
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This is a 16-bit register, which is used for reading from Program Memory. It accesses internal ROM EA pin is at logic 1 and the addresses are less than four KB. For addresses greater than 4KB it reads from external ROM, even if EA is at logic 1. When EA is at logic 0 then it is used to read from external ROM only. The DPTR is also used for the writing and reading from external RAM when external buses are generated (i.e. EA is at logic 0). In the SFR features as two 1byte registers DPH and DPL. 

PROGRAM STATUS REGISTER:

Flag holds 1-bit status of CPU and grouped in the register called Program Status Word (PSW). This contains the arithmetic status flags and general purpose flags which can be modified by user program. 

CY    Carry flag   PSW.7 

FO GP flag PSW.5

AC   Auxiliary carry flag PSW.6 

P Parity flag PSW.0

OV overflow flag PSW.2 

-   Unused   PSW.1

	RS1
	RS0
	Register Bank
	Address

	0
	0
	0
	00H – 07J

	0
	1
	1
	08H – 0FH

	1
	0
	2
	10H – 17H

	1
	1
	3
	18H – 1FH


The PSW flags are addressable as PSW.0 to PSW.7. 16 bit registers are program counter (PC) and Data Pointer (DPTR). The PC keeps the location address of the next instruction to be executed. The PC is automatically incremented to location of next instruction. While current instruction is under execution. The DPTR is used for accessing a byte from an external (16-bit) address. The DPTR is made of two 8-bit registers DPH and DPL holding the high byte and low byte of the DPTR respectively. The PC is forced with the RESET vector address on the CPU being RESET. The RESET vector of the 8051 is 000H. 

PROGRAM COUNTER REGISTER: 

This keeps track of the current code of from the PC address and is used for the accumulator indirect addressing of the MOV A, @ A + PC.

STACK POINT REGISTER: 

This register points to next stack location where the next data to stack is going to be stored. Unlike most microprocessors, the stack pointer is incremented when a push instruction or subroutine call is made. It is decremented when a POP or a return from a subroutine instruction is executed.

8051 INTERNAL MEMORY

The 8051 is a single chip microcomputer with built in timers, counters, I/O ports and optimized for control applications. It has internal memory, which is accessed directly by the 8051. It consists of internal RAM and ROM.

Internal RAM: 128bytes of internal RAM is available for data. 

· 00H – 1FH: register banks 0 to 3 consisting of register R0 to R7.

· 20H – 2FH: each byte addressable as 20H to 2FH or bit addressable as bit 00 to 7FH starting from byte location 20H. 

Stack Pointer and Stack: Instructions like LCALL, ACALL, PUSH & POP use this area in internal data RAM for storing return addresses and saving register values. The stack location is referred through the pointer register Stack Pointer. Initially on Reset the SP is forced with 07H assuming that only one bank of registers is going to be used. Therefore, the SP has to be reinitialized by the programmer keeping sufficient range for it. Whenever a stack store operation takes place the SP is incremented and a byte is stored. The SP can also be addressed by its byte address, which is 81H.

Internal ROM: 


The 8051 has internal ROM of 4KB starting from 0000H to 0FFFH. The ROM shares the same addresses with the internal RAM but the data paths are different for both, following the Harvard Architecture.  

MEMORY ORGANISATION IN 8051


All the 8051 devices have separate address spaces for program and Data Memory. This logical separation allows the Data Memory to be accessed by 8-bit addresses, which can be more quickly stored and manipulated by an 8-bit CPU. Nevertheless, 16 bit Data Memory addresses can also be generated through the DPTR register. Program memory can only be read, not written to. There can be up to 64KB of Program Memory. In the ROM less versions, all the Program Memory is external.


The schematic of the memory organization is shown below.

PROGRAM MEMORY:


The Program Memory is just as pictured in the above figure. The diagram below describes the lower part of the Program Memory. After Reset the CPU begins execution from the location 0000H. Each interrupt is assigned a fixed position in the Program Memory. The interrupt causes the CPU to jump to that location, where it commences executing this service routine. If the interrupt is not being used, its service location is available as general-purpose Program Memory. 
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The interrupt service locations are spaced at 8-byte interval 0003H for external interrupt 0, 000BH for timer 0, 0013H for external interrupt 1, 001BH for timer 1 and so on. If an interrupt service routine is short enough, it can reside entirely within that 8-byte interval. Longer service routines can use a jump instruction to skip over to subsequent interrupt locations, if other interrupts are in use. 


Program memory addresses are always 16 bits wide, even though the actual amount of Program Memory used may be less than 64Kbytes. External program execution sacrifices two of the 8-bit ports, P0 and P2. This sacrifice is for addressing the Program Memory external RAM. 
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DATA MEMORY:


The right half of the Microcontroller memory diagram shows the internal and external Data Memory spaces available to the 8051 user. 

Internal Data Memory: the memory space is shown divided into three blocks, which are generally referred to as the lower 128, the upper 128 and SFR space. The internal Data Memory addresses are always 1-byte long, which implies an address space of only 256 bytes. However, the addressing modes for internal RAM can infact accommodate 384 bytes, using a simple trick. The direct addressing memory higher than 7FH accesses one memory space. Indirect addressing higher than 7FH accesses a different memory space. The diagram below the upper 128 and the SFR space occupying the same block of address 80H through FFH, although they are physically separate entities. 
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The lower 128 bytes of RAM are present in all 8051 devices as mapped in above figure. The lowest 32 bytes are grouped into four banks of eight registers. Program instructions call out these registers as R0 through R7. Two bits in the program status word (PSW) select which register bank is used. This allows more efficient use of code space, since register, instructions are shorter than instructions that use direct addressing. The next 16 bytes above the register bank form a block of 16-bit addressable memory space. 


The table below gives Special Function Register (SFR) space. SFR include the port latches, timers, peripheral controls etc. direct addressing only can access the registers. In general, all 8051 family Microcontrollers have the same SFR’s as the 8051, and at the same address in SFR space. However, enhancements to the 8051 have additional SFR’s that are not present in the 8051, or perhaps in other proliferations of the family. Sixteen addresses in SFR space are both bytes and bit addressable. The bit addressable SFR’s are those whose address ends in 0H. The bit addresses in these areas are from 80H to 0FFH. 

ADDRESSING MODES

The 8051 memory addressing modes are as follows…

· Direct Addressing: In this 8-bit address field in the instruction specifies the operand. Only internal data RAM and SFR’s can be directly addressed. 

· Indirect Addressing: In this the instruction specifies a register, which contains the address of the operand. Both internal and external RAM can be indirectly addressed. The address register for 8-bit addresses can be R0 or R1 of the selected register bank, or the Stack Pointer. The address register for 16-bit addresses can only be the 16-bit “data pointer” register, DPTR.

· Register Instructions: The register banks, containing registers R0 through R7 can be accessed by certain instructions, which carry a three bit, register specification within the opcode of the instruction. Instructions that access the registers this way are code efficient, since this mode eliminates an address byte. When the instruction is executed, one of the eight registers in the selected bank is accessed. One of four banks is selected at execution time by the two banks select bits in the PSW. 

· Register-Specific Instructions: Some instructions are specific to a certain register. For example, some instructions always operate on the accumulator, or data pointer etc. so no address byte is needed to point to it. The opcode itself does that. 

· Immediate Constants: The value of a constant can follow the opcode in Program Memory. 

· Indexed Addressing: only the Program Memory can be accessed with indexed addressing, and it can only be read. This addressing mode is intended for reading lookup tables in Program Memory. The 16-bit base register (either DPTR or the PC) points to the base of the table, and the accumulator is setup with the table entry number. Adding the accumulator data to the base pointer forms the address of the table entry in Program Memory. Another type of indexed addressing is used in the “case jump” instruction. 

INSTRUCTION FORMAT


The 8051-instruction format is as follows:

C3 ( C0 (are the opcode bits.

The opcode decides whether it is a single byte instruction of operands 1, 2 & 3 follow it. 

Rg ( whether registers used; 

Rg =0 ( no registers used; Rg =1 ( register used.

	M
	M
	M
	Addressing mode

	 -
	-
	-
	-

	-
	-
	-
	-

	-
	-
	-
	-

	1
	0
	0
	Immediate 

	1
	0
	1
	Direct 

	1
	1
	1
	Indirect 


M M M = which register --? 

	M
	M
	M
	Reg

	0
	0
	0
	R0

	0
	0
	1
	R1

	0
	1
	0
	R2

	0
	1
	1
	R3

	1
	0
	0
	R4

	1
	0
	1
	R5

	1
	1
	0
	R6

	1
	1
	1
	R7


The 8051 has a very vast instruction set which can be used for efficient programming. 

CPU TIMINGS

CPU Clock Oscillator: 


The 8051 family of Microcontrollers have an on-chip oscillator, which can be used if desired as the clock source for the CPU. Connecting a crystal or ceramic resonator between the XTAL1 and XTAL2 pins of the 8051 Microcontroller uses the on-chip oscillator. Two capacitors are connected to ground from XTAL1 and XTAL2 respectively.

TIMING SIGNALS OF THE CPU


Machine cycles consists a sequence of stats called 'S' states. There are six of these states namely 'S1', 'S2', 'S3', 'S4', 'S5', 'S6'. Each of these states last for two clock periods. Each clock pulse is called 'P' state. Thus, a machine cycle takes 12 Oscillator periods or 'P' states. If the oscillator frequency is 12MHz then a machine cycle would be completed in 1 microsecond. The 2 'P' states in each 'S' state are referred to as phase 1 and phase 2 has states and phases for various kinds of instructions. The fetch/execute sequences in states that make up the 8051-machine cycle are shown below. 


Normally two program fetches are generated during each machine cycle even if the instruction being executed does not require it. If the instruction being executed does not need more code bytes, the CPU simply ignores the extra fetch, and the PC is not incremented. Execution of a one-cycle instruction begins during state 1 of the machine cycle when the opcode is latched into the Instruction register. A second fetch occurs during S4 of the same machine cycle, executor is complete at the end of state 6 of this machine cycle. 


The MOVX instructions take two machine cycles to execute. No program fetch is generated during the second cycle of a MOVX instruction. This is the only time program fetches are skipped. The fetch/execute sequences for MOVX instructions are shown in last block of the above


Figure. The fetch/execute sequences are the same whether the Program Memory is internal or external to the chip. Execution times do not depend on 

whether the memory is internal or external. 


The signals and the timing involved in program fetches when the Program Memory is external, then the Program Memory read strobe PSEN is normally activated twice per machine cycle, which is shown below in the diagram. If an access to external Data Memory occurs, shown below, two PSEN's are skipped because the address and data bus are being used for the Data Memory access. 


Note that a Data Memory bus cycle takes twice as much time as Program Memory bus cycle. The above diagram shows the relative timing of the addresses being emitted at ports 0 and 2, and of ALE and PSEN. ALE is used to latch the low address byte from P0 into the address latch. 


When the CPU is executing from internal Program Memory, PSEN is not activated, and program address are not emitted. However, ALE continues to be activated twice per machine cycle and so is available as a clock output signal. However, that one ALE is skipped during the execution of the MOVX instruction. This is a very useful signal in debugging a single chip based application of the 8051 like in 8751/87C51 and 89C51. 

INTERRUPT STRUCTURE


The 8051 core provides five interrupt sources, two external interrupts, two-timer interrupts, and the serial-port interrupts. Other MCS-51 devices have additional interrupt sources and vectors, shown in the table. 


	Symbol
	Position
	Function

	EA
	IE7
	Disables all the interrupts if the EA=0. If EA=1, all interrupts will be enable.

	
	IE6
	Reserved

	
	IE5
	Reserved

	ES
	IE4
	Enable sof disable the serial port. 

	ET1
	IE3
	Enables of disables timer 1 overflow interrupt. 

	EX1
	IE2
	Enables or disables external interrupt 1.

	ET0
	IE1
	Enables or disables the timer 0 overflow interrupt. 

	EX0
	IE0
	Enables or disables external interrupt 0.



Each of the interrupt sources can be individually enabled or disabled by setting or clearing a bit in the SFR named IE (interrupt enable). This register also contains a global disable bit, which can be cleared to disable all interrupts at once. The above table shows the IE registers for the 8051.

INTERFACING & APPLICATIONS


With the knowledge of the Instruction format and memory types the 8051 can be programmed to fulfill our requirements. For this purpose, we have used the ESA 51 kit. This comes with the following features. 

Features:

· ESA 51 operates on single +5v power supply either in stand-alone mode using PC keyboard and LCD or with host PC through 232C/RS485 interfacing serial mode. 

· Stand-alone and serial monitor programs support the entry of user programs, editing and debugging facilities like break points (128K), single stepping and full speed execution of user programs. 

· Line assembler and disassembler. 

· Total onboard memory is 128Kbytes of which 96 bytes RAM has battery backup provision. 

· Onboard parallel printer port. 

· Onboard 8-bit DAC using 0800.

· Optional onboard 12-bit ADC using AD1674.

· 48 I/O lines and four programmable interval timers.

· 13 port lines of 8031 brought out to the connector including INT1, RXD & TXD pins (6pins are shared for optional ADC).

· Buffered bus signals are available through ribbon cable connector for easy system expansion. 

· Driver software for file upload/download to/from host PC.

Operation Mode Selection:

ESA51 can be operated either in Stand-alone mode using PC keyboard and LCD or in the serial mode through RS232C/RS485 interface. In the serial mode, the trainer is connected to a CRT terminal or to a host computer system (PC) through an RS232C/RS485 interface. In either mode of operation, the system provides a variety of commands for program development/debugging, several features like online assemblers etc. The selection of the desired mode of operations is done as follows.  

	Sl.No


	Mode of Operation


	DIP-switch status

Switch 4   switch 5

	1.
	Serial mode with RS 232C interface
	ON       OFF

	2.
	Serial mode with RS 485 interface
	ON        ON

	3.
	Stand-alone mode
	OFF         X


Most of the programming can be done in Stand-alone mode of operation only. The interfacing done in the project is mainly done in the stand-alone mode of operation only. 

Memory Map of 8051:

	Devices
	Address Range
	Type of Memory

	27256 at U9
	0000-7FFF
	Program Memory

	62256 at U10
	8000-FFFF
	User Program Memory

	62256 at U11
	0000-7FFF
	User Data Memory

	62256 at U12
	8000-DFFF
	User Data Memory


Thereby the above data ranges are used for both the Program memory and the Data Memory. The programs are all addressed in the range above from 8000 and the Data Memory can be used from 0000. Using the command word PM for addressing Program Memory and DM for Data Memory does this classification of both the memories. Thus, the programs are loaded. 

INTERFACING: Interfacing the 8051 with an external device involves in programming the device for the required parameters and device controls. In our project, we have programmed the 8051 for certain interfacing modules. The program specifications and the flow charts required have been designed. 

Two interfaces have been performed. They are …

1. TRAFFIC LIGHTS INTERFACE.

2. ELEVATOR INTERFACE.

Flow charts have been designed and the necessary programmes have been coded and executed. 

TRAFFIC LIGHTS INTERFACE

Introduction:


The interface simulates the control and operation of traffic lights at a junction of four roads. The interface provides a set of six LED indicators at each of four corners. A port line can control each of these LEDs. Thus, this interface allows user to simulate a variety of traffic situations using appropriate software routines. 

[image: image16.jpg]



The 24 LEDs provided indicate the operation to be done and they are assigned the following port structure.

	Direction
	LED
	Port Line

	SOUTH 
	RED
	PA3

	
	AMBER
	PA2

	
	LEFT
	PA0

	
	STRAIGHT
	PC3

	
	RIGHT
	PA1

	
	PEDESTRAIN
	PC6

	EAST
	RED
	PA7

	
	AMBER
	PA6

	
	LEFT
	PA4

	
	STRAIGHT
	PC2

	
	RIGHT
	PA5

	
	PEDESTRAIN
	PC7

	NORTH
	RED
	PB3

	
	AMBER
	PB2

	
	LEFT
	PB0

	
	STRAIGHT
	PC1

	
	RIGHT
	PB1

	
	PEDESTRAIN
	PC4

	WEST
	RED
	PB7

	
	AMBER
	PB6

	
	LEFT
	PB4

	
	STRAIGHT
	PC0

	
	RIGHT
	PB5

	
	PEDESTRAIN
	PC5


FLOWCHART:

The required flow chart has been designed.

Its as shown below.


PROGRAM: 

Assume the interface is connected over connector J2.

ESA-31 can be in KEYBOARD MODE or in Serial mode.

The traffic lights system moves from one state to next state after a fixed time delay.

; PROGRAM MEMORY FROM 8000H TO 804FH

	ADDRESS
	OBJECT 
	LABEL
	MNEMONIC
	COMMENTS

	8000
	90 E8 03 
	
	MOV DPTR, #OE803H
	; Initialize 8255

	8003
	74 80 
	
	MOV A, #80H
	; For Mode 0

	8005
	F0
	
	MOV X@DPTR, A
	; All ports as O/P ports

	8006
	90 00 00
	AGAIN:
	MOV DPTR, #PORTS
	; Table of port

	8009
	E0 
	NEXTST:
	MOV X A, @DPTR
	; Values.

	800A
	CO 82 
	
	PUSH DPL
	

	800C
	CO 83
	
	PUSH DPH
	

	800E
	90 E8 00
	
	MOV DPTR, #E800H
	; Port A value 

	8011
	FO
	
	MOVX @DPTR, A 
	

	8012
	DO 83
	
	POP DPH
	

	8014
	DO 82
	
	POP DPL
	

	8016
	A3
	
	INC DPTR
	

	8017
	EO
	
	MOVX A, @DPTR 
	

	8018
	CO 82
	
	PUSH DPL
	

	801A
	CO 83
	
	PUSH DPH
	

	801C
	90 E8 01
	
	MOV DPTR, #E801H
	; Port B value

	801F
	FO 
	
	MOVX @DPTR, A
	

	8020
	DO 83
	
	POP DPH
	

	8022
	DO 82
	
	POP DPL
	

	8024
	A3
	
	INC DPTR
	

	8025
	EO 
	
	MOVX A, @DPTR
	

	8026
	CO 82
	
	PUSH DPL
	

	8028
	CO 83
	
	PUSH DPH
	

	802A
	90 E8 02
	
	MOV DPTR, #E802H
	; Port C value

	802D
	FO 
	
	MOVX @DPTR, A
	

	802E
	DO 83
	
	POP DPH
	

	8030
	D0 82
	
	POP DPL
	

	8032
	A3
	
	ANC DPTR
	

	8033
	12 80 3D
	
	CALL DELAY
	; Provide delay.

	8036
	E5 82
	
	MOV A, DPL
	

	8038
	B4 1E CE
	
	CJNE A, #01H, NEXTST
	

	803B
	80 C9
	
	SJMP AGAIN
	

	803D
	7A 06
	DELAY:
	MOV R2, #06H
	; Delay routine

	803F
	7C FF
	LOOP 3:
	MOV R4, #OFFH
	

	8041
	7B FF
	LOOP 2:
	MOV R3, #OFFH
	

	8043
	1B 
	LOOP 1:
	DEC R3
	

	8044
	BB 00 FC
	
	CJNE R3, #00, LOOP1
	

	8047
	1C 
	
	DEC R4
	

	8048
	BC 00 F6
	
	CJNE R4, #00, LOOP2
	

	804B
	1A
	
	DEC R2
	

	804C
	BA 00 F0
	
	CJNE R2, #00, LOOP 3
	

	804F
	22
	
	RET
	; Return.


The below code is entered in the date memory.

	0000
	10 81 7A 
	PORTS:
	DB 10H, 81H, 7AH
	; State 1

	0003
	44 44 F0
	
	DB 44H, 44H, 0F0H
	; All ambers ON

	0006
	08 11 E5
	
	DB 08H, 11H, 0E5H 
	; State 2

	0009
	44 44 F0
	
	DB 44H, 44H, 0F0H
	; All ambers ON

	000C
	81 10 DA
	
	DB 81H, 10H, 0DAH
	; State 3

	000F
	44 44 FO
	
	DB 44H, 44H, 0F0H
	; All ambers ON

	0012
	11 08 D5
	
	DB 11H, 08H, 0B5H
	; State 4

	0015
	44 44 F0
	
	DB 44H, 44H, 0F0H
	; All ambers ON

	0018
	88 88 00 
	
	DB 88H, 88H, 00H
	; State 5

	001B
	44 44 F0
	
	DB 44H, 44H, 0F0H
	; All ambers ON

	001E
	00
	
	DB 00H
	; DUMMY


TRAFFIC PLANNING

1. Vehicles coming from one direction are controlled by LEDs at the opposite direction.

2. If south red LED is on then vehicles from north cannot move to any direction. 

3. For pedestrians to cross in south north red LED is on and south pedestrian LED is green.  

So accordingly, the traffic situations are analyzed according to the data given in the Data Memory. Tabular forms are made and the particular traffic situation is analyzed using the LED schematic shown above. 

Situation 1:

	
	RED
	AMBER
	LEFT
	STRAIGHT
	RIGHT
	PEDESTRIAN

	
	PA3
	PA2
	PA0
	PC3
	PA7
	PC6

	SOUTH
	OFF
	OFF
	OFF
	ON
	OFF
	ON

	
	PA7
	PA6
	PA4
	PC2
	PA5
	PC7

	EAST
	OFF
	OFF
	ON 
	OFF
	OFF
	OFF

	
	PB3
	PB2
	PB0
	PC1
	PB1
	PC4

	NORTH
	OFF
	OFF
	ON 
	ON
	OFF
	ON

	
	PB7
	PB6
	PB4
	PC0
	PB5
	PC5

	WEST
	ON
	OFF
	OFF
	OFF
	OFF
	ON


1. South vehicles can go west or north

2. North vehicles can go to south.

3. West vehicles can go to north.

4. East vehicles have to stop.

5. Pedestrians can move in east only.

Situation 2:

	
	RED
	AMBER
	LEFT
	STRAIGHT
	RIGHT
	PEDESTRIAN

	
	PA3
	PA2
	PA0
	PC3
	PA7
	PC6

	SOUTH
	ON
	OFF
	OFF
	OFF
	OFF
	ON

	
	PA7
	PA6
	PA4
	PC2
	PA5
	PC7

	EAST
	OFF
	OFF
	ON 
	ON
	OFF
	OFF

	
	PB3
	PB2
	PB0
	PC1
	PB1
	PC4

	NORTH
	ON
	OFF
	OFF
	OFF
	OFF
	OFF

	
	PB7
	PB6
	PB4
	PC0
	PB5
	PC5

	WEST
	OFF
	OFF
	OFF
	ON
	OFF
	OFF


1. West vehicles are allowed to go to north or east.

2. East vehicles are allowed to go to west. 

3. Pedestrians move is allowed in south.

4. No other vehicles movements and pedestrians crossings are allowed.

Situation 3:

	
	RED
	AMBER
	LEFT
	STRAIGHT
	RIGHT
	PEDESTRIAN

	
	PA3
	PA2
	PA0
	PC3
	PA7
	PC6

	SOUTH
	ON
	OFF
	OFF
	OFF
	OFF
	OFF

	
	PA7
	PA6
	PA4
	PC2
	PA5
	PC7

	EAST
	OFF
	OFF
	OFF 
	ON
	OFF
	ON

	
	PB3
	PB2
	PB0
	PC1
	PB1
	PC4

	NORTH
	OFF
	OFF
	ON 
	OFF
	OFF
	OFF

	
	PB7
	PB6
	PB4
	PC0
	PB5
	PC5

	WEST
	OFF
	OFF
	ON
	ON
	OFF
	ON


1. South can go to west.

2. East can go to west or south. 

3. No movements for north vehicles.

4. Pedestrian movements are allowed only in north. 

This way traffic situation is analyzed and the other two situations can be analyzed. Thus if any other situation is given the program can be made with those situations. 

The above program code worked successfully, does simulate the Traffic Control situation, and controls the interface to work in the desired operation. The code has been executed in stand- alone mode of operation in the 8051 Microcontroller. 

ELEVATOR INTERFACE

INTRODUCTION:

This interface simulates the control and operation of an elevator. Four floors are assumed and for each floor, a key and corresponding LED indicator are provided to serve as request buttons and request status indicators. A column of 10 LEDs represents the elevator itself. Turning on successive LEDs, one at a time, can simulate the motion of the elevator. The delay between turning off one LED and turning on the next (this delay is programmed in software by user) can simulate the speed of the elevator. User can read the request status information through one port, reset the request indicators through another and control the elevator (LED column) through another port. This interface has four keys, marked 0,1,2 & 3 representing the request buttons at the four floors.
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Flow Chart:
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PROGRAM:

	ADDR
	OPCODE
	LABEL
	MNEMONIC
	COMMENTS

	8000
	75 A0 E8 
	START:
	MOV P2, #SEG
	; Initialize 8255 to mode 0

	8003
	78 03 
	
	MOV R0, #03H
	; Port A as O/P

	8005
	74 82
	
	MOV A, #832H
	; Port B as I/P

	8007
	F2
	
	MOVX @R0, A 
	

	8008
	E4
	
	CLR A
	

	8009
	F8
	
	MOV R0, A
	

	800A
	F9
	
	MOV R1, A
	; Elevator at the ground floor

	800B
	E9
	LOOP 1:
	MOV A, R1
	

	800C
	44 F0
	
	ORL A, #0F0H
	; Clear request

	800E
	78 00 
	
	MOV R0, #00H
	; Only upper 4 bits are used

	8010
	F2
	
	MOVX @R0, A
	

	8011
	90 80 61
	
	MOV DPTR, #FLOOR
	

	8014
	08 
	
	INC R0
	

	8015
	E2
	LOOP 2:
	MOVX A, @R0
	; Get the status

	8016
	44 F0
	
	ORL A, #0F0H
	; Off request keys

	8018
	FA
	
	MOV R2, A
	; Ensure a known value for 

	8019
	04
	
	INC A
	; The unconnected bits any,

	801A
	60 F9
	
	JZ LOOP 2
	; Request? 

	801C
	EA
	LOOP 3:
	MOV A, R2
	; No loop back

	801D
	13
	
	RRC A
	; Determine the 

	801E
	FA
	
	MOV R2, A
	; Floor where

	801F
	50 03
	
	JNC DECIDE
	; Service is 

	8021
	A3
	
	INC DPTR
	; Required

	8022
	80 F8
	
	SJMP LOOP 3
	

	8024
	12 18 4E
	DECIDE:
	LCALL DELAY
	

	8027
	E4 
	
	CLR A
	; Get the floor

	8028
	93
	
	MOVC A, @A+DPTR
	; Number

	8029
	B5 01 02
	
	CJNE A, 1, L1
	; Subtract current floor number

	802C
	80 14
	
	SJMP RESET
	; No moment for the elevator

	802E
	40 09
	L1:
	JC DOWN
	; Elevator goes down

	8030
	09
	UP:
	INC R1
	; Elevator goes up

	8031
	E9
	
	MOV A, R1
	

	8032
	44 F0
	
	ORL A, #0F0H
	; Direction indicator

	8034
	78 00
	
	MOV R0, #00H
	; LEDs turn ON

	8036
	F2
	
	MOVX @RO, L
	

	8037
	80 EB
	
	SJMP DECIDE
	

	8039
	19
	DOWN:
	DEC R1
	; Elevator down

	803A
	E9
	
	MOV A, R1
	

	803B
	44 F0
	
	ORL A, #0F0H
	; Direction indicator

	803D
	78 00 
	
	MOV R0, #00H
	; LEDs turned on

	803F
	F2
	
	MOVX @RO, A
	

	8040
	80 E2
	
	SJMP DECIDE
	

	8042
	74 05
	RESET:
	MOV A, #05H
	; Corresponding

	8044
	25 82
	
	ADD A, DPL
	; Request indicator LED turned OFF

	8046
	F5 82
	
	MOV DPL, A
	

	8048
	E4
	
	CLR A
	

	8049
	F8
	
	MOV R0, A
	

	804A
	93
	
	MOVC A, @A+DPTR
	

	804B
	F2
	
	MOVX @RO, A
	

	804C
	80 BD
	
	SJMP LOOP1
	

	804E 
	C0 83
	DELAY:
	PUSH DPH
	

	8050
	C0 82
	
	PUSH DPL
	

	8052
	90 00 00
	
	MOV DPTR, #00H
	

	8055
	A3 
	DELAY1:
	INC DPTR
	

	8056
	E5 83
	
	MOV A, DPH
	

	8058
	45 82
	
	ORL A, DPL
	

	805A
	70 F9
	
	JNZ DELAY 1
	

	805C
	D0 82
	
	POP DPL
	

	805E
	D0 83
	
	POP DPH
	

	8060
	22
	
	RET
	

	8061
	00 03 06
	FLOOR:
	DB 00H, 03H, 06H
	

	8064
	09 00 E0
	
	DB 09H, 00H, 0E0H
	

	8067
	D3 B6 79
	
	DB OD3H, 0B6H, 79H
	


Thus with the design of the above code the elevator interface has been simulated. The same system can be implemented for a real time Elevator. And the program can be once loaded and stored in the ROM memory, so that the Elevator can be made to work for life. 


There by the above two modules have been interfaced to the 8051 and positive results have been found. Similar applications can be found in real time.  

CONCLUSION


The 8051 is a processor with simple and powerful instruction set with many integrated peripherals built into the same chip. Due to the embedded components in the 8051, the propagation delay between peripherals is considerably reduced and thus the speed of working increases. It is under heavy use for all the minor applications. Some of its applications are …

· It can be used in washing machines for control of time & to control the amount of rotation.

· It may be used in Microwave Ovens. 

· It can replace many existing PLC's.

· It can be used to design applications like Real Time Clock.

All the applications, which can be accomplished with small control storage, and many other applications where controlling is needed and the operation is never under a regular change, can use a Microcontroller. 


It is very easy to program and interface the Microcontroller with all general applications, because of its RISC (Reduced Instruction Set For Computation) based instruction set. As the fore coming future is going to be a world of compact and efficient components, the study of Microcontrollers is a vital topic. Therefore, the above criterion has been met in this project. 
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