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CHAPTER 1

INTRODUCTION

1.1 INTRODUTION TO EMBEDDED SYSTEM

1.1.1 DEFINITION

Combination of Software and hardware, designed to perform a particular task .Eg: Printer, Timers, Remote controls, Digital locks, Lighting control, Keyboard. An embedded controller is a controller (or computer) that is embedded into some device for some purpose other than to provide general purpose computing. Perform a single set of functions. Works in a time constrained environment. Provides high-performance and reliability Mostly Embedded systems have low cost because they are mass produced in millions. Some Embedded systems have mechanical moving parts like disk drives as they are less reliable as compared to solid state parts such as Flash memory.
1.1.2 WHAT IS EMBEDDED TECHNOLOGY

July 12, 2001 Simply,embedded technology is software or hardware that is hidden embedded in a large device or system. It typically refers to a fixed function device, as compared with a PC, which runs general-purpose applications. Embedded technology is nothing new. It's all around us and has been for years. An early example of embedded technology is the engine control unit in a car, which measures what settings to give the engine. Your coffeemaker has embedded technology in the form of a microcontroller, which is what tells it to make the coffee at 6 a.m. The vending machine has it too. Overall, billions of devices woven into everyday life use embedded technology.  

In the past, embedded technology existed in standalone devices—vending machines and copiers—that did their jobs with little regard for what went on around them. But as technology has learned to connect devices (mobile phones, PDAs and so on) to the 

Internet and to each other, embedded technology's potential has grown. Suddenly it's not so much about what devices do on their own, but about what they're connected to and what actions those connections let them perform. Cell phone companies figured that out a long time ago, which is why cell phones are cheap and the service, plans are expensive. It's not the phone 

Itself that matters, but the connectivity to a vast network of other phones, other people and the Internet. Similarly, your PDA is just a PDA; until you download software that lets you find a local restaurant or manage your finances. 

Embedded technology has the ability to affect the way you do business and the way you interact with your customers, no matter what your industry. Let's say you make freezers—the big, expensive kind that grocery stores buy. You sell one and you're done with that customer. When it breaks, the customer calls a service person, who probably comes from somewhere other than your company. But let's say the freezer knows (because embedded technology had been programmed to discover) that it's about to go on the fritz. Let's say the refrigerator alerts the customer before it breaks (the technological equivalent of taking aspirin at the hint of a headache). Better yet, let's say the freezer alerts the manufacturer (you), and you are able to send a service person to do preventative work and save a lot of Haagen-Dazs from melting. Embedded technology allows all of that to happen. You, the freezer company, have transformed yourself from a product company to a product and services company.

The possibilities go beyond that. Programming devices to communicate with businesses (as in the freezer example above) can eliminate the need for costly call centers. Copy machines that can order their own replacement cartridges will save businesses time and money. Remember, the fact that the technology is embedded isn't what's important, and neither is the device. The devices are merely vessels. Embedded technology, if it's connected to the enterprise, makes sure information gets to the right place.

1.2 APPLICATION 

Telecom 

Mobile phone systems (handsets and base stations), Modems, Routers

 Automotive applications

 Braking systems, Traction control, Airbag release systems, Engine-management units, Steer-by-wire systems, Cruise control applications

 Domestic appliances

 Dishwashers, Televisions, Washing machines, Microwave ovens, Video recorders, Security systems, Garage door controllers,Calculators, Digital watches, VCRs, Digital cameras, Remote Controls, Treadmills.

 Robotic

 Fire fighting robo, Automatic floor cleaner, Robotic arm

Aerospace applications

Flight control systems, Engine controller system, Auto-pilots, Passenger in-flight      entertainment systems

Medical equipment  

An aesthesia monitoring systems, ECG monitors, Pacemakers, Drug delivery systems, MRI scanners

Defence systems 

Radar systems, Fighter aircraft flight control systems, Radio systems,Missile guidance systems

Office Automation Laser printers, Fax machines, Pagers, Cash registers, Gas pumps, Credit/Debit card readers, Thermostats, Grain analyzers
1.3 APPLICATION AREA
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                                      Fig.1.1    Application Area.

1.4
MARKET REQUIREMENT: - 

Embedded Market Globally
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                                          Fig.1.2 Market Reqirement

The world market for embedded systems development is around $250 billion and is expected to grow at a CAGR of 26%

Cisco, Wind River Systems, Sun Microsystems, Integrated Systems, Microware Systems, and QNX Software Systems are among the prominent developers of embedded systems. 
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According to a study, for future of Embedded Systems  Technologies, the market for embedded systems is expected to grow at an average annual growth rate (AAGR) of 16% over the period

 SHAPE 



                         Fig.1.3 Market Distribution of Embedded Systems

1.5 FUTURE OF EMBEDDED SYSTEMS IN INDIA

At present India exports embedded systems worth to the tune of $10 billion and this could grow to $50 billion within two to three years. India has a bright future in embedded systems as the availability of skilled manpower is in abundance.

Embedded system requires considerable domain knowledge, say in automotive, telecom or medical for which the system has to be designed.

1.6
EMBEDDED SYSTEM VS. GENERAL COMPUTING SYSTEM

Embedded Systems (ES) usually run out of ROM

ES have resource constraints.

ES are infrequently reprogrammed

ES often work in reactive mode

ES have hard reliability and correctness constraints

CHAPTER II

MICROCONTROLLER

2.1 MICROCONTROLLER

Microprocessors are  intended to be general purpose digital computers .Micro controllers are intended to be special purpose digital controllers .It has a fixed program stored in ROM and doesn’t change over the life time of system. Eight bit CPU with registers A and B

Sixteen bit program counter and data pointer. Eight bit program status word. Eight bit stack pointer. Internal ROM of 4K.Internal RAM of 128 bytes:

-Four register banks, each containing eight registers

-Sixteen bytes, which may be addressed at bit level

-Eighty bytes of general-purpose data memory

 Thirty two input/output pins arranged as four 8-bit ports: P0-P3.Two 16-bit timer/counters: T0 and T1.Full duplex serial data receiver/Transmitter: SBUF.Control register:TCON, TMOD,SCON,PCON,IP,and One-Two external and three internal interrupt sources. Oscillator and clock circuits

Microcontroller is a single chip computer. 
 SHAPE 



                                         Fig.2.1 Types Of Microcontroller

2.1.1 History of the 8051

Developed by Intel Corporation in the year 1981.First 8-bit microcontroller called as 8051.It was called as a “System on a chip”.Intel refers to it as MCS-51

2.2 MICROCONTROLLER CAN BE :

4 – bit microcontroller

8 – bit microcontroller

16 – bit microcontroller

32 – bit microcontroller

2.2.1 4 – BIT MICROCONTROLLERS:

• Most popular microcontroller made in terms of production numbers

• Economical

• Application: appliances and toys

2.2.2 8 – BIT MICROCONTROLLERS:

• Represent a transition zone between dedicated, high-volume, 4-bit micro-controllers and the high performance 16 bit microcontrollers

• 8 – bit word size adequate for many computing tasks and control or monitoring applications.

• Application: simple appliance control, high-speed machine control, data collection

2.2.3 16 –BIT MICROCONTROLLERS:

• Provide faster response and more sophisticated calculations

• Applications: control of servomechanism like robot arms

2.2.4 32 – BIT MICROCONTROLLERS:

•Design emphasis is more on high speed computation features and not on chip features like RAM, ROM, Timers, etc

• Applications: robotics, highly intelligent instrumentation, avionics,image processing , telecommunications, automobiles, etc

2.3 PIN DIAGRAM OF 8051
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 Fig.2.2 Pin Diagram Of 8051
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                                 Fig.2.3  Inbuilt structure of microcontroller 

2.3.1 Difference between microprocessor and microcontroller

	Microprocessor
	Micro-controller

	1. contain no on chip ram,rom,i/o, timer, serial port.
	1. Contain on chip ram, rom,i/o,timer,serial port.

	2. used in general purpose application
	2. used in specific purpose application

	3. don’t provide data storage facilty.
	3. provides data storage facility.

	4. the structure of µp is given below
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	4. the structure of µp is given below
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2.4 8051 MICROCONTROLLER

FEATURES OF THE 8051

• 8 Bit data path and ALU.

• On chip flash memory.

• 4K X 8 ROM - Program memory.

• 128 x 8 RAM - Data memory.

• Multiple 16-bit Timer/Counter.

• Full duplex UART (Serial port).

• On chip clock oscillator.

• 32 I/O pins

• Six Interrupt sources

8052 MICROCONTROLLER

• Has all the features of 8051 along with extra 128 bytes of RAM, a timer and an extra 4K bytes of on chip ROM

• 8051 is upward compatible to 8052

8031 MICROCONTROLLER

• ROM-less 8051 i.e. contains 0 K bytes of on chip ROM

• An external ROM must be added to make it functional

2.5 VERSIONS OF 8051 μC

• 8751 microcontroller: 4K bytes of on chip UV-EPROM, requires PROM burner,as well as UV-EPROM to erase its contents and takes 20 min erase cycle.

• AT89C51 from Atmel Corporation: On chip ROM flash memory, erase cycle in seconds, furnish fast development.

• DS5000 from Dallas Semiconductor:

On chip ROM in form of NV-RAM form. In NV-RAM has ability to change the ROM contents one byte at a time.

• OTP(one time programmable) version of the 8051:For mass production, low cost.

• 8051 family from Philips: One of the largest selections of 8051 microcontrollers, various features like ADC, DAC, extended I/O, both OTP and flash

2.6 8051 ARCHITECTURE

2.6.1 HARDWARE DETAILS

2.6.1.1 PIN DIAGRAM
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                          Fig. 2.4. Pin and Block Diagram Of 8051

2.7 PIN DESCRIPTION

• Port 1- pins (1-8):

• Input/output pins

• Contains internal pull-ups.

• Port 3- pins (10-17)

• Input/output pins.

• Contains internal pull-ups.

• Alternate functions to provide signals such as interrupts.

• Port 2- pins (21-28):

• Input/output port.

• Contains internal pull-ups.

• Used both as I/O port and higher address byte

• Port 0- pins (32-39):

 input/output pins.

 Required external Pull- up resisters of 10 k.

• Used both as I/O port and higher address byte

• PSEN- (pin 29): Program store enable

• Active low input

• Used while accessing external memory.

 Connected to OE pin of external ROM.

• ALE- (pin 30): Address Latch Enable

Active high.

Used for de-multiplexing the address and data by connecting G pin of the 74LS373.

• EA - (pin 31):

• Active low input.

• To access external ROM, it must be GND.

• XTAL1and XTAL2 - (pin 19 and pin 18):

 Provides clock to quartz crystal oscillator.

• RST- (pin 9): Reset

• Active high input.

• Terminate all activities of us.

• Sets PC to 0.

• Requires minimum 2 machine cycles.

• VCC - (pin 40)

• GND – (pin 20)

2.8 CRYSTAL STRUCTURE OF 8051:

 C1, C2 = 30 pF 10 pF for CrystalS = 40 pF 10 pF for Ceramic Resonators GND

GND at 20

XTAL 1 pin19 and XTAL at pin 18 

[image: image15.png]



               Fig. 2.5 Reset Circuit

RESET CIRCUIT OF 8051


RESET pin

· Active high. On applying a high pulse to this pin, micro Controller will reset and terminate all activities.

· INPUT pin

· Minimum 2 machine cycles  required to make RESET

· Value of registers after RESET

[image: image16.png]



                                                     Fig.  2.6   Reset Switch

2.9 MEMORY ORGANISATION

2.9.1 PROGRAM MEMORY

2.9.2 DATA MEMORY

2.9.1 DATA MEMORY

• 00-7FH: Direct /indirect addressable.

• 80H-FFH: Direct addressable

• 28 bytes are used for SFR’s .

• SFR’s lie between 80H-FFH.

• The unused locations are reserved & must not be used by programmer.

• 32 locations are bit addressable including 16 SFR’s.

• External RAM-up to 64k can be attached.

[image: image17.emf]
                         Fig. 2.7  Data Memory Description Of 8051

2.9.1.2 INTERNAL DATA MEMEORY

• Lower 128 bytes: 00H- 7FH

• Four register banks: 00H to 1FH

• Bit addressable area: 20H to 2FH

• General purpose area: 30H to 7FH

• SFR address space: 80H to FFH

2.10 8051 REGISTERS

2.10.1 General purpose register

            2.10.2 Special Function register

2.10.1 GENERAL PURPOSE REGISTER

•Registers (R0-R7): Set of 8 auxiliary registers, namely R0, R1, and R7.

•There are 4 such banks in lower RAM.

•Data Pointer (DPTR): Made of two 8-bit registers, namely DPH and DPL,  Used to furnish memory address for internal and external code access and external data access.

•Program Counter (PC): 16-bit register holds the address of the next  program instruction to be executed, automatically  incremented after each instruction fetch.

•Stack Pointer (SP): 8-bit register, used to hold an internal RAM  address called the top of the stack.

2.10.2 SPECIAL FUNCTION REGISTER

• SFR lies between 80 to FF hex.

•Not all address space of 80 to FF is used by SFR.

•The unused locations 80H to FFH are reserved & must not be used by the programmer.

• 16 addresses are bit addressable.

• Special function registers.

• Full instruction set including

• Variety of addressing modes.

•Arithmetic Instruction

•Logical Instruction

•Branching Instruction

•Data movement Instruction

• 6 interrupt sources.

2.11 SPECIAL FUNCTION REGISTERS

SFR registers can be seen as a sort of control panel for managing and monitoring the microcontroller. Every register and each of the belonging bits has its name, specified address in RAM and strictly defined role (e.g. controlling the timer, interrupt, serial connection, etc). Although there are 128 available memory slots for allocating SFR registers, the basic core shared by 8051 MCUs has but 22 registers. The rest has been left open intentionally to allow future upgrades while retaining the compatibility with earlier models. This fact makes possible to use programs developed for obsolete models long ago.
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                                 Fig. 2.8  Address Description Of Special Function Registers 

2.11.1 CPU REGISTER:

• ACC: Accumulator.

• B: B registers.

• PSW: Program Status Word.

• SP: Stack Pointer.

• DPTR: Data Pointer (DPH, DPL).

•INTERRUPT CONTROL:

•IE: Interrupt Enable.

•IP : Interrupt Priority.

2.11.2 I/O PORT:

• P0: Port 0.

Port 0 is an 8-bit open-drain bi-directional I/O port. As an output port, each pin can sink eight TTL inputs. When 1s are written to port 0 pins, the pins can be used as high impedance inputs. Port 0 may also be configured to be the multiplexed low order address/data bus during accesses to external program and data memory. In this mode P0 has internal pull-ups. Port 0 also receives the code bytes during Flash programming, and outputs the code bytes during program verification. External pull-ups are required during program verification.

• P1: Port 1.

Port 1 is an 8-bit bi-directional I/O port with internal pullups.The Port 1 output buffers can  sink/source four TTL inputs. When 1s are written to Port 1 pins they are pulled high by the internal pull-ups and can be used as inputs. As inputs,Port 1 pins that are externally being pulled low will source current (IIL) because of the internal pullups.Port 3 also receives some control signals for Flash programming and verification.

• P2: Port 2.

Port 2 is an 8-bit bi-directional I/O port with internal pullups.The Port 2 output buffers can sink/source four TTL inputs. When 1s are written to Port 2 pins they are pulled high by the internal pull-ups and can be used as inputs. As inputs, Port 2 pins that are externally being pulled low will source current (IIL) because of the internal pullups.Port 2 emits the high-order address byte during fetches from external program memory and during accesses to external data memory that use 16-bit addresses (MOVX @ DPTR). In this application, it uses strong internal pull-ups when emitting 1s. During accesses to external data memory that uses 8-bit addresses (MOVX @ RI), Port 2 emits the contents of the P2 Special Function Register. Port 2 also receives the high-order address bits and some control signals during Flash programming and verification.

• P3: Port 3.

Port 3 is an 8-bit bi-directional I/O port with internal pull-ups. The Port 3 output buffers can sink/source four TTL inputs. When 1s are written to Port 3 pins they are pulled high by the internal pull-ups and can be used as inputs. As inputs, Port 3 pins that are externally being pulled low will source current (IIL) because of the pull-ups. Port 3 also serves the functions of various special features of the AT89S52 as listed below:
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                                Fig.2.9  Port Pins Of 8051

ALE/PROG

Address Latch Enable output pulse for latching the low byte of the address during accesses to external memory. This pin is also the program pulse input (PROG) during Flash programming. In normal operation ALE is emitted at a constant rate of 1/6 the oscillator frequency, and may be used for external timing or clocking purposes. Note, however, that one ALE pulse is skipped during each access to external Data Memory. If desired, ALE operation can be disabled by setting bit 0 of SFR location 8EH. With the bit set, ALE is active only during a MOVX or MOVC instruction. Otherwise, the pin is weakly pulled high. Setting the ALE-disable bit has no effect if the microcontroller is in external execution mode.

.

PSEN

Program Store Enable is the read strobe to external program memory. When the AT89S52 is executing code from external program memory, PSEN is activated twice each machine

Cycle, except that two PSEN activations are skipped during each access to external data memory.

EA/VPP

External Access Enable. EA must be strapped to GND in order to enable the device to fetch code from external program memory locations starting at 0000H up to FFFFH. Note, however, that if lock bit 1 is programmed, EA will be internally latched on reset. EA should be strapped to VCC for internal program executions.

STACK POINTER

The Stack Pointer register is 8 bits wide. It is incremented before data is stored during PUSH and CALL executions. While the stack may reside anywhere in on-chip RAM, the Stack Pointer is initialized to 07H after a reset. This causes the stack to begin at locations 08H.

INTERNAL RAM:

The 128-byte internal RAM, is organized into three distinct areas:

1. Thirty-two bytes from address 00h to 1Fh that make up 32 working registers organized as four banks of eight registers each.

2 .A bit addressable area of 16 bytes occupies RAM byte addresses 2oh to 2fh, forming a total of 128 addressable bits.   

3. A general purpose RAM area above the bit area, from 30h to 7Fh, adressable as bytes.
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                          Fig. 2.10  Register Bank

INTERNAL ROM:

In 8051 data memory and program code memory are two different entities.Internal ROM occupies code addresses 0000h to 0FFFh  . If program address exceeds 0FFFh then 8051 automatically fetches code from external program memory.Code bytes could also be fetched exclusively from external memory 0000h to FFFFh ,by connecting the EA pin to ground. 

•TIMERS:

• TMOD: Timer mode.

• TCON: Timer control.

• TH0: Timer 0 high byte.

• TL0: Timer 0 low byte.

• TH1: Timer 1 high byte.

• TL1: Timer 1 low byte.

•SERIAL I/O:

• SCON: SERIAL PORT CONTROL.

•SCON (Serial Port Control Register)

[image: image21.png]SCON Bit name




                                        Fig. 2.11  SCON Description

Bit NameBit AddressPurposeSM09FhMode of workSM19EhMode of workSM29DhEnables connecting multiple MCU'sREM9ChWhen set, enables receiving dataTB89Bh9th bit for sending data in modes 2 and 3RB89Ah9th bit for sending data in modes 2 and 3TI99hBit is automatically set when the whole byte is sentRI98hBit is automatically set when the whole byte is received
As shown in the table, combination of bits SM0 and SM1 determines the mode of work for serial port:
[image: image31.jpg]


Obviously, baud rate in modes 0 and 2 is fixed, and can be adjusted in modes 1 and 3 (details can be found in the chapter on timers). In addition, baud rate in modes 1, 2, and 3 is doubled if bit SMOD in register PCON is set (see below).

Mode 0

Mode 0 is not used for standard serial communication, but serves to provide additional I/O pins. External shift registers convert the data into binary sequence, which is then serially transferred to the controller. Although there is no limit on the number of I/O ports that can be gained in this manner, the existing 32 I/O lines are sufficient for most of the tasks, making this mode rarely used.

Mode 1

This is the standard RS-232 mode for serial transfer of 8-bit data. Sequence of ten bits is sent via pin TXD or received via pin RXD in the following order: one start bit (always 0), followed by 8 data bits (LSB bit is first), and one stop bit (always 1). Start bit is not registered anywhere as its sole purpose is to start the mechanism for receiving data. When data is received, stop bit is automatically copied to bit RB8 in register SCON. In order to connect the controller to RS-232 line, this "raw" serial data needs to be inverted - this is carried out automatically by the designated drivers.

Modes 2 and 3

These modes are frequently used for speedy transfers at short range (Mode 2) and for standard RS-232 transfers with parity bit (Mode 3). Both modes transfer 9-bit data in the following order: one start bit (always 0), followed by 8 data bits (LSB bit is first), 9th bit which is copied from the bit TB8 before transfer, and to the bit RB8 after transfer, and finally one stop bit (always 1).Other bits of register SCON have following roles:

BitPurposeSM2This bit is used if multiple microcontrollers exchange data using the same line. Otherwise, it needs to be cleared to provide normal functioning of the communication REN Needs to be set to enable receiving data via serial communicationTB8Auxiliary 9th bit in 9-bit transfer (modes 2 and 3)RB8Similar to TB8, but on receiving. When accepting 9-bit data, it stores value of the ninth bit.TIThis bit is automatically set when the last bit of one byte has been proceeded to the line. In this way, processor "knows" that the line is free for sending another byte.RISimilar to TI, but on receiving. It is a "doorbell" of a kind, which indicates that one byte has been received, and that it should be read before another one arrives.

• SBUF: SERIAL DATA REGISTERS.

•Setting the Baud Rate

Once you have selected the mode of UART, you need to set the Baud Rate.

Baud Rate in modes 0 and 2 depends solely on the frequency of quartz crystal. Crystals designed specifically for this purpose can be found in the market. Although their frequencies might seem a bit exotic at first (e.g. 11.059 MHz), they produce standard rates for serial communication after the clock has been divided by the controller.

Baud Rate in modes 1 and 3 is determined by timers T1 and/or T2. Timer T1 is most commonly used in "Auto-Reload" mode (TMOD = 0010xxxx). In this case, rate is determined by the frequency of overflow occurrence, and can be calculated according to the formula:

                    Quartz oscillator frequency

    Baud Rate =  384 * (256 - TH1)

If bit SMOD in register PCON is set, rate will be doubled:



  Quartz oscillator frequency

  Baud Rate =  192 * (256 - TH1)

Here, bits which are automatically set upon overflow are of no use, and should be cleared to avoid causing an interrupt. If timer T2 is used for setting the Baud Rate, its bits will always have priority, allowing the microcontroller to send and receive data at different rates:

RCLKTCLK Mode of work00Rates of sending and receiving are equal and set by timer T1 only01Receiving rate is set by T1, sending rate is set by T210Receiving rate is set by T2, sending rate is set by T111Rates of sending and receiving are equal and set by timer T2 only

OTHER:

• PCON: Power control & misc.

A, B REGISTERS

A (Accumulator):

•8-bit register & used as working register for The arithmetic, logical instruction.

•Can be used as general purpose register.

•Necessary for some instructions.

B REGISTERS:

•8-bit register and can be used as general purpose  Register.

•Necessary for the instructions MUL and DIV.

SP: STACK POINTER

•8- bit Register used to store the address of the top Of stack.

•As the data is pushed in the stack, the stack pointer will Increment

•As the data id popped from the stack, the stack pointer will Decrement.

•Effected by subroutine call, Interrupt triggering & PUSH,

POP instruction.

DPTR: DATA POINTER

•16- bit Register used to store the address of the

•8-bit data in program memory.

•Consist of a high byte (DPH) and a low byte (DPL).

•May be manipulated as a 16 bit register or as two

•independent 8-bit registers.

•Used in Index addressing mode.

TMOD : TIMER MODE REGISTER

• GATE: Permits INTx pin to enable/disable counter.

• C/T : Set for counter operation, reset for timer operation.

• M1, M0:

•00: Emulate 8048 counter/timer (13-bits).

•01:16-bit counter/timer.

•10: 8-bit auto-reload mode

•11: Timer 0 = two 8-bit timers.

•Timer 1 Counting disabled. Timing function

•allowed. Can be used as Baud Rate generator.

This register sets mode for timers T0 and T1. As shown in the image below, lower 4 bits (bit 0 - bit 3) are associated with T0, while the higher 4 bits (bit4 - bit7) are associated with T1.
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                                Fig.2.12 Tmod Description

The following table gives details on bits 0 - 7:

BitBit NamePurposeTimer7GATE11 Timer works only if INT1 (P3.3) is set
0 Timer works regardless of INT1 (P3.3)T16C/T11 Timer counts impulses on T1 (P3.5)
0 Timer counts impulses of internal oscillatorT15T1M1Timer modeT14T1M0Timer modeT13GATE01 Timer works only if INT0 (P3.2) is set
0 Timer works regardless of INT0 (P3.2)T02C/T01 Timer counts impulses on T0 (P3.4)
0 Timer counts impulses of internal oscillatorT01T0M1Timer modeT00T0M0Timer modeT0

Four bits from the previous table determine the operating mode of timers T0 and T1. There are 4 of these modes, and each will be covered in details.

T0M1T0M0ModeDescription00013-bit Timer01116-bit Timer1028-bit autoreload 113Split mode

TIMER MODE

• Timer Mode 0 : Emulates 8048 counter/timer (13-bits).

•8-bit counter (TL0 or TL1).

•5-bit prescaler (TH0 or TH1).

• Timer Mode 1: Simple 16-bit counter.

• Timer Mode 2: 8-bit auto-reload.

•Counter in TL0 or TL1.

•Reload value in TH0 or TH1.

•Provides a periodic flag or interrupt.

• Timer Mode 2: Split timer mode

TCON: TIMER CONTROL REGISTER

• TF1, TF0: Overflow flags for Timer 1 and Timer 0.

• TR1, TR0: Run control bits for Timer 1 and Timer 0. Set to run Reset to hold.

• IE1, IE0: Edge flag for external interrupts 1 and 0. Set by interrupt edge, cleared when interrupt is processed.

• IT1, IT0: Type bit for external interrupts.Set for falling edge interrupts, reset for 0 level interrupts.

* = not related to counter/timer operation.

TF1 TR1 TF0 TR0 IE1 IT1 IE0 IT0

TCON is another register in direct control of the timers.
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                                           Fig.2.13   Tcon Description

Of the 8 bits, TCON uses only 4 bits for controlling the timers, while the other 4 are associated with interrupts.

BitBit NamePurposeTimer7TF1This bit is automatically set in case of overflow in Timer T1T16TR11 - Timer T1 is on  0 - Timer T1 is offT15TF0This bit is automatically set in case of overflow in Timer T0T04TR01 - Timer T0 is on
0 - Timer T0 is offT0

SCON: SERIAL CONTROL REGISTER

• SM0, SM1 = Serial Mode Specifier:

00 = Mode 0 : Shift register I/O expansion.

01 = Mode 1 : 8-bit UART with variable baud rate.

10 = Mode 2 : 9-bit UART with fixed baud rate.

11 = Mode 3 : 9-bit UART with variable baud rate.

• SM2:

Mode 0: Not used.

Mode 1: 1 = Ignore bytes with no stop bit.

Mode 2, 3: 0 = Set receive interrupt (RI) on all bytes.

: 1 = Set RI on bytes where bit 9 = 1.

• REN = Enables receiver.

• TB8 = Ninth bit transmitted (in modes 2 and 3).

• RB8 = Ninth bit received:

  Mode 0 : Not used.

Mode 1 : Stop bit.

Mode 2,3 : Ninth data bit.

- TI = Transmit interrupt flag.

- RI = Receive interrupt flag.

IE: INTERRUPT ENABLE REGISTER

•EA: Global interrupt enable.

•ES: Serial interface.

•ET1: Timer 1.

•EX1: External interrupts 1.

•ET0: Timer 0.

•EX0: External interrupts 0.

•0 = Disabled.

•1 = Enabled.

IE (INTERRUPT ENABLE)
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                                Fig.2.13   Interrupt Enable Description

Following table describes the bits of register IE 
(same rule applies to all bits - logical state of 1 enables the appropriate interrupt):

Bit Purpose EA Enables/disables all interrupt sourcesET2Timer T2 interrupt ESUART ET1Timer T1 interruptEX1External interrupt: pin INT1ET0Timer T0 interruptEX0External interrupt: pin INT0

INTERRUPT PRIORITIES

It cannot be predicted with absolute certainty when will interrupt request take place. If multiple interrupts are enabled, it's quite possible to have interrupt requests during execution of another interrupt routine. In such cases, controller needs to resolve whether to proceed with the current interrupt routine, or to enter a new one, based on a priority check. Our microcontroller can differentiate between three priority levels:

1. Reset. If there is a request for reset, all processes are halted and the controller behaves as if the power had just been turned on. 

2. Priority 1 interrupts. Can be interrupted only by reset. 

3. Priority 2 interrupts. Can be interrupted by any of above. 

IP (INTERRUPT PRIORITY)
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                      Fig. 2.14     Interrupt Priority Description

SFR register IP determines the priority of existing interrupt sources
(Same rule applies to all bits : logical state of 1 assigns higher priority to the appropriate interrupt):

Bit Purpose PT2Timer T2 interrupt priority PS Serial port interrupt priorityPT1Timer T1 interrupt priorityPX1External interrupt INT1 priorityPT0Timer T0 interrupt priorityPX0External interrupt INT0 priority

If two interrupt requests collide, the one with higher priority has precedence in execution. If both interrupts are of same priority, the one with the later request has to hold one and let the controller handle the first one.

HOW DOES INTERRUPT EXECUTE?

Upon receiving an interrupt request, following scenario takes place:

1. Current instruction is executed first. 

2. Address of the instruction that would be executed next if there was no interrupt request is put away to stack. 

3. Depending on the interrupt in question, program counter will take value of one of possible 6 vectors (addresses) according to the table below.

Interrupt sourceVector (address in hex)IE03hTF0BhIE113hTF11BhRI, TI, SPIF23hTF2, EXF22BhThese addresses should hold the appropriate subroutines for handling the interrupts. In practice, instead of actual routines, they only point to the location of appropriate routines in the code.

4. Upon accomplishing the interrupt routine, address of the next instruction to be executed is retrieved from the stack, and the program proceeds from the location where it was interrupted. 

PCON: POWER CONTROL REGISTER

•POWER DOWN OPERATION

•Setting PD bit stops oscillator.

•RAM contents are saved.

•Exit via Reset.

•Some (newer) 80C51 derivatives allow Power-Down

IDLE MODE OPERATION

•Setting IDL gates clocks off, leaves oscillator running.

•All register and RAM contents are saved.

•Interrupt sources remain active:

•Serial interface.

•External interrupts.

•Timers.

•Exit with any enabled interrupt or Reset.

•GF0, GF1 are general purpose software flags.

•SMOD serial interface control bit.

•Doubles baud rate in modes 1,2, and 3.

•Only SMOD available on NMOS parts.

3.2.3HIGH LEVEL LANGUAGE

•The language whose instruction set is more compatible with Human languages and human thought processes.

•HLL offers three significant advantages over machine language(Simplicity, uniformity and portability).

•In HLL the programmer need not to be concern with internal detail of computer.

•E.g. BASIC,PASCAL,C,C++,JAVA and numerous other.

•Compiler is needed to convert it into machine language.

3.3 ASSEMBLY LANGUAGE SYNTAX

[Label:] Mnemonic [Operands] [Comment]

3.3.1 LABEL

• Name of label should be meaningful giving the refection of the code functionality

E.g.. (LED_ON: Label indicates the switch ON the led)

• First character should be an alphabet.

• No. of character should not be more than 8 Character.

• Reserve words must not be used as label.

  3.3.2 MNEMONIC & OPERANDS

• Mnemonics are assembly opcode specific to μC/ μP e.g. MOV All the three opcodes LDI are used to move the STA data/address

• The operand can be data or address.

• Mnemonics can be of 1 byte & operands can be ½ byte.

  3.3.3 COMMENT

• Begin with semicolon comment indicator.

• Comments should be small and meaningful.

• Assembler ignores comments, but they are indispensable to programmer.

3.4 ADRESSING MODES

The various ways of accessing data are

called addressing modes

•Immediate addressing mode

•Register addressing mode

•Direct addressing mode

•Register indirect addressing mode

•Indexed addressing mode

3.4.1 IMMEDIATE ADDRESSING MODE

• The operand comes immediately after the opcode.

• Immediate data must be preceded by the pound sign ( # ).

• Can be used to load information into any of the registers and memory location.

MOV A,#25H

MOV R0,#65H

MOV 30H,#20H

3.4.2 REGISTER ADDRESSING MODE

Involves the use of registers to hold the data to be manipulated.

MOV A,R0

MOV R1,A

ADD A,R6

3.4.3 DIRECT ADDRESSING MODE

• The data is in RAM memory location & whose address is known.

• The address is given as a part of instruction.

MOV 30H, A; Save content of A in RAM location 30h

MOV R0, 40H

MOV A, 2

3.4.4REGISTER INDIRECT ADDRESSING MODE

• A register is used as a pointer to the data.

• As the register hold the address of RAM location

, they must be preceded by “@” sign.

• Only register R0,R1 are used for this purpose

MOV A,@R0

; Move content of RAM location whose address is held by R0 into A.

MOV @R1,B

; Move contents of B into RAM location whose address is held by R1.

3.4.5 INDEXED ADDRESSING MODE

• Used in accessing data elements of look-up table located in ROM space.

• The 16 bit register DPTR and A are used to form the address of data element stored in on chip ROM.

• The instruction used for this purpose is MOVMOVC A,@A+DPTR

3.4.6 To use C-language instead of assembly language:-

The presence of C-language instead of assembly language to prepare the source code gives designers and programmers a better ease to write the source code hence increase the efficiency of the circuit and hence the output.

8051 IDE

• 8051 IDE (Integrated Development Environment) combines a text editor, Assembler and S/W simulator into a single Program.

• All program needed to develop 8051 program are available and controllable from this single IDE running on windows.

KEY FEATURES

• Editor

• Assembler

• Simulator

CONCLUSION
It was realy a great experience to work in the embedded field,one may come to know about various applications used in almost every field of life.8051 is only 8 bit controller, but still not obsolete and used in various applications as like these
1. This can be used in banks for securing the lockers.

2. In computers to avoid the misuse of the system by interloper.

3. In home security to avoid theft.

4. In mobile security, to avoid access by foreigners
16 bit,32 bits controller has also developed and  presently used by industries worldwile, but 8051 also  has its importance and still using for such applications.
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