MICRO CONTROLLER 8051

               BLOCK DIAGRAM



A micro controller is a general-purpose device, but one that is meant to read data, perform limited calculations on that data, and control its environment based on those calculations. The prime use of a micro controller is to control the operation of a machine using a fixed program that is stored in ROM and that does not change over the lifetime of the system.

The design approach of the micro controller mirrors that of the microprocessor. The micro controller design uses a much more limited set of single and double-byte instructions that are used to move code and data from internal memory to the ALU. Many instructions are coupled with pins on the integrated circuit package; the pins are “programmable”- that is, capable of having several different functions depending on the wishes of the programmer.

The micro controller is concerned with getting data from and to its own pins; the architecture and instruction set are optimized to handle data in bit and byte size.

UNIQUE FEATURES OF MICRO CONTROLLERS

· Internal ROM and RAM

· I/O ports with programmable pins

· Timers and counters

· Serial data communication

THE 8051 CONSIST OF THESE SPECIFIC FEATURES

· Eight-bit CPU with registers A (the accumulator) and B

· Sixteen-bit program counter (PC) and the data pointer (DPTR)

· Eight-bit program status word (PSW)

· Eight-bit stack pointer (SP)

· Internal ROM or EPROM (8751) of 0 (8031) to 4K (8051)

· Internal RAM of 128 bytes:

· Four register banks, each containing eight registers

· Sixteen bytes, which may be addressed at the 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 registers: TCON, TMOD, SCON, PCON, IP, and IE

· Two external and three internal interrupt sources

· Oscillator and clock circuits

MEMORY ORGANIZATION IN 8051

INTERNAL MEMORY
A functioning computer must have memory for program code bytes, commonly in ROM, and RAM memory for variable data that can be altered as the program runs. The 8051 have internal RAM and ROM memory for these functions. Additional memory can be added externally using suitable circuits.

INTERNAL RAM

The 128-byte internal RAM, which is shown in figures, 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. The four register banks are numbered 0 to 3 and are made up of eight registers named R0 to R7. Each register can be addressed by name (when its bank is selected) or by its RAM address. Thus R0 of bank 3 is R0 (if bank 3 is currently selected) or address 18h (whether bank 3 is selected or not). Bits RS0 and RS1 in the PSW determine which bank of registers is currently in use at any time when the program is running. Register banks not selected can be used as general-purpose RAM. Bank 0 is selected on reset.

2. A bit-addressable area of 16 bytes occupies RAM byte addresses 20h to 2Fh, forming a total of 128 addressable bits. An addressable bit may be specified by its bit address of 00h to 7Fh, or 8 bits may form any byte address from 20h to 2Fh. Thus, for example, bit address 4Fh is also bit 7 of byte address 29h. Addressable bits are useful when the program need only remember a binary event (switch on, light off, etc.). 

3. A general-purpose RAM area above the bit area, from 30h to 7Fh, addressable as bytes.

                                                                                

THE STACK AND THE STACK POINTER

The stack refers to an area of internal RAM that is used in conjunction with certain opcodes to store and retrieve data quickly. The 8-bit Stack Pointer (SP) register is used by the 8051 to hold an internal RAM address that is called the top of the stack. The address held in the SP register is the location in internal RAM where the last byte of data was stored by a stack operation.

When data is to be placed on the stack, the SP increments before storing data on the stack so that the stack grows up, as data is stored. As data is retrieved from the stack, the byte is read from the stack, and then the SP decrements to point to the next available byte of stored data.

The stack is limited in height to the size of the internal RAM. The stack has the potential to overwrite valuable data in the register banks, bit-addressable RAM, and scratch-pad RAM areas. 

SPECIAL FUNCTION REGISTERS


The 8051operations that do not use the internal 128-byte RAM addresses from 00h to 7Fh are done by a group of specific internal registers, each called a Special-Function register (SFR), which may be addressed much like internal RAM, using addresses from 80h to FFh.


INTERNAL ROM

The structure of the internal RAM is discussed previously. A corresponding block of internal program code, contained in an internal ROM, occupies code address space 0000h to 0FFFh. The PC is ordinarily used to address program code bytes from addresses 0000h to FFFFh, Program addresses higher than 0FFFh, which exceed the internal ROM capacity, will cause the 8051 to automatically fetch code bytes from external program memory. Code bytes can also be fetched exclusively from an external memory, addresses 0000h to FFFFh, by connecting the external access pin (EA pin 31 on the DIP) to ground. The PC does not care where the code is; the circuit designer decides whether the code is found totally in internal ROM, totally in external ROM, or in a combination of internal and external ROM.

EXTERNAL MEMORY

The system designer is not limited by the amount of internal RAM and ROM available on chip. Two separate external memory spaces are accessed using the 16-bit PC and DPTR. Different control pins are used for enabling external ROM and RAM chips. Internal circuitry accesses the correct physical memory, depending on the machine cycle state and the opcode being executed.

The 8051 accesses external RAM whenever the EA (external access) pin is connected to ground or when the PC contains an address higher than the last address in the internal 4K ROM (0FFh). During any memory cycle access, port 0 is time multiplexed. It provides the lower byte of the 16-bit memory address, and port 2 provides the high byte of the memory address during the entire read/write memory cycle. If the memory access is for a byte of program code in the ROM, the PSEN (program store enable) pin will go low to enable the ROM to place a byte of program code on the data bus. If the access is for a RAM byte, the WR (write) or RD (read) pins will go low, enabling data to flow between the RAM and the data bus. The ROM may be expanded to 64K by using a 27512 type EPROM and connecting the remaining port 2 upper address lines A14-A15 to the chip.

SRAM capacity may be expanded to 64K by using a 62864-type chip. Note that the WR and RD signals are alternate uses for port 3 pins 16 and 17. The use of external memory consumes many of the port pins, leaving only port 1 and parts of port 3 for general I/O.

INPUT/OUTPUT PINS, PORTS, AND CIRCUITS

One major feature of a micro controller is the versatility built into the input/output (I/O) circuits that connect the 8051 to the outside world. To be commercially viable, the 8051 had to incorporate as many functions as were technically and economically feasible. The main constraint that limits numerous functions is the number of pins available to the 8051 circuit designers. The DIP has 40 pins, and the success of the design in the marketplace was determined by the flexibility built into the use of these pins.


For this reason, 24 of the pins may each be used for one of two entirely different functions, yielding a total pin configuration of 64. The function a pin performs at any given instant depends, first, on what is physically connected to it and, then, on what software commands are used to “program” the pin. Both of these factors are under the complete control of the 8051 programmers and circuit designers. Given this pin flexibility, the 8051 may be applied simply as a single component with I/O only, or it may be expanded to include additional memory, parallel ports, and serial data communication by using the alternate pin assignments. Each port has a D-type output latch for each pin. The SFR for each port is made up of these eight latches, which can be addressed at the SFR address for that port. For instance, the eight latches for port 0 are addressed at location 80h; port 0 pin 3 is bit 2 of the P0 SFR. The data on the latches does not have to be the same as that on the pins.

PORT 0

Port 0 pins may serve as inputs, outputs, or, when used together, as a bi-directional low-order address and data bus for external memory. For example, when a pin is to be used as an input, a 1 must be written to the corresponding port 0 latch by the program, thus turning both of the output transistors off, which in turn causes the pin to “float” in a high-impedance state, and the pin is essentially connected to the input buffer.

PORT 1

The output latch of the port 0 pin is connected to the gate of the lower FET, which has an FET circuit labeled Internal FET pullup as an active pullup load. A ‘1’ is written to the latch for using it as an input and a ‘0’ for using it as an output. 

PORT 2

Port 2 may be used as an input/output port similar in operation to port 1. The alternate use of port 2 is to supply a high-order address byte in conjunction with the port 0 low-order byte to address external memory. Port 2 pins are momentarily changed by the address control signals when supplying the high byte of a 16-bit address. Port 2 latches remain stable when external memory is addressed.

PORT 3

Port 3 is an input/output port similar to port 1. The input and output functions can be programmed under the control of the P3 latches or under the control of various other special function registers. The port 3 alternate uses are shown in the following table:





Unlike ports 0 and 2, which can have external addressing functions and change all eight port bits when in alternate use, each pin of port 3 may be individually programmed to either as I/O or as one of the alternate functions.

COUNTERS AND TIMERS

Many micro controller applications require the counting of external events, such as the frequency of a pulse train, or the generation of precise internal time delays between computer actions. Both of these tasks can be accomplished using software techniques, but software loops for counting or timing keep the processor occupied so that other, perhaps more important, functions are not done. To relieve the processor of this burden, two 16-bit up counters, named T0 and T1, are provided for the general use of the programmer. Each counter may be programmed to count internal clock pulses, acting as a timer, or programmed to count external pulses as a counter. The counters are divided into two 8-bit registers called the timer low (TL0, TL1) and high (TH0, TH1). All counter action is controlled by bit states in the timer mode control register (TMOD), the timer/counter control register (TCON), and certain program instructions.

TCON:  TIMER/COUNTER CONTROL REGISTER

TCON register is used to control the entire operation of the timer/counters of 8051. This register can also be bit addressed.

                       D7
 D6
 D5
 D4
 D3
 D2      D1      D0


TF1
TCON.7      -

Timer 1 over flow flag. Set by hardware when the Timer/ Counter 





Overflows. Cleared by hardware as the processor vectors to the 


Interrupt  service routine.

TR1
TCON.6      -

Timer 1 run control bit. Set/Cleared by software to turn




Timer/Counter 1 ON/OFF.

TF0
TCON.5      -

Timer 0 overflow flag. Set by hardware when the 




Timer/Counter 0 overflows. Cleared by hardware as the 





processor vectors to the service routine.

TR0
TCON.4
-
Timer 0 run control bit. Set/cleared by software to turn





Timer/Counter 0 ON/OFF.

IE1
TCON.3
-
External Interrupt 1 edge flag. Set by hardware when 





External Interrupt edge is detected. Cleared by hardware





when interrupt is processed.

IT1
TCON.2
-
Interrupt 1 type control bit. Set/Cleared by software to 




             specify falling edge/low level triggered External Interrupt.

IE0
TCON.1
-
External Interrupt 0 edge flag. Set by hardware when 





External Interrupt edge detected. Cleared by hardware 

                                                    when  interrupt is processed.   

 IT0
TCON.0
-
Interrupt 0 type control bit. Set/cleared by software to specify





falling edge/low level triggered External Interrupt.

TMOD: TIMER / COUNTER MODE CONTROL REGISTER. 

TMOD
 register is used to specify the mode of operation of 

Timer / Counter of 8051.



D7
D6
D5
D4
D3
D2
D1
D0


                  

TIMER 1


TIMER 0

GATE

-
When TRx (in TCON) is set and GATE = 1, TIMER/COUNTERx




will run only while INTx pin is high (hardware control). When 




GATE = 0, TIMER/COUNTERx will run only while TRx = 1




(software control).

C/T*

-
Timer or Counter selector. Cleared for Timer operation (input from 




internal system clock). Set for Counter operation (input from Tx




input pin).

M1, M0
-
             Mode selector bit.

TIMER COUNTER INTERRUPTS

The counters have been included on the chip to relieve the processor of timing and counting processes. When the program is to count a certain number of internal pulses or external events, a number is placed in one of the counters. The number represents the maximum count less the desired count, plus 1. The counter increments from the initial number to the maximum and then rolls over to 0 on the final pulse and also sets a timer flag. The program may check the flag status.

If a counter is programmed to be a timer, it will count the internal clock frequency of the 8051 oscillator divided by 12d. As an example, if the crystal frequency is 6.0 megahertz, then the timer clock will have a frequency of 500 kilohertz.

TIMER MODES OF OPERATION

The timers may operate in any one of four modes that are determined by the mode bits, M1 and M0, in the TMOD register. 


T1/0 Input Pin



TR1/0 Bit In TCON

Gate Bit in TMOD

  INTI/0 Input Pin



Timer Mode 0 13- Bit Timer / Counter



Timer Mode 1 16- Bit Timer / Counter




                                             Timer Mode 2 Auto-Reload of TL from TH




    f/12


TRI Bit

         In TCON




Timer Mode 3 Two 8-Bit Timers Using Timer 0

TIMER MODE O

Setting timer X mode bits to 00b in the TMOD register results in using the THX register as an 8-bit counter and TLX as a 5-bit counter; the pulse input is divided by 32d in TL so that TH counts the original oscillator frequency reduced by a total 384d. 

TIMER MODE 1

Mode 1 is similar to mode 0 except TLX is configured as a full 8-bit counter when the mode bits are set to 01b in TMOD. The pulse input is divided by 256d at TLX and further divided by 256d  at THX. It is a complete 16 bit timer.

TIMER MODE 2

Setting the mode bits to 10b in TMOD configures the timer to use only the TLX counter as an 8-bit counter. THX is used to hold a value that is loaded into TLX every time TLX overflows from FFh to 00h. The Timer flag is also set when TLX overflows. This is the auto reload mode.

TIMER MODE 3

Timer 0 in mode 3 becomes two completely separate 8-bit counters. TL0 is controlled by the gate arrangement and sets timer flag TF0 whenever it overflows from FFh to 00h. TH0 receives the timer clock (the oscillator divided by 12) under the control of TR1 only and sets the TF1 flag when it overflows. Timer 1 cannot be used in mode 3.

Timer 1 may still be used in modes 0, 1, and 2, while timer 0 is in mode 3 with one exception: No interrupts will be generated by timer 1 while timer 0 is using the TF1 overflow flag.

COUNTING

The only difference between counting and timing is the source of the clock pulses to the counters. When used as a timer, the clock pulses are sourced from the oscillator through the divide-by-12d circuit. When used as a counter, pin T0 (P3.4) supplies pulses to counter 0, and pin T1 (P3.5) to counter 1. The C/(T bit in TMOD must be set to 1 to enable pulses from the TX pin to reach the control circuit.

SERIAL DATA INPUT/OUTPUT

Computers must be able to communicate with each other in modern multiprocessor distributed systems. One cost-effective way to communicate is to send and receive data bits serially. The 8051 has a serial data communication circuit that uses register SBUF to hold data. Register SCON controls data communication, register PCON controls data rates, and pins RXD (P3.0) and TXD (P3.1) connect to the serial data network.

SBUF is physically two registers. One is ‘write’ only and is used to hold data to be transmitted out of the 8051 via TXD. The other is ‘read’ only and holds received data from external sources via RXD. Both mutually exclusive registers use address 99h. There are four programmable modes for serial data communication that are chosen by setting the SMX bits in SCON. Baud rates are determined by the mode chosen.

SCON AND PCON FUNCTION REGISTERS



7
6
5
4
3
2
1
0


THE SERIAL PORT CONTROL (SCON) SPECIAL FUNCTION REGISTER

Bit
Symbol
Function

7
SM0

Serial port mode bit 0. Set/cleared by program to select mode.

6
SM1

Serial port mode bit 1. Set/cleared by program to select mode.




SM0
SM1
Mode

Description




0
0
0

Shift register; baud = (/12




0
1
1

8-bit UART; baud = variable




1
0
2

9-bit UART; baud = (/32 or (/64





1
1
3

9-bit UART; baud = variable

5
SM2

Multiprocessor communications bit. Set/cleared by program to 




enable multiprocessor communication in modes 2 and 3. When 




set to 1 an interrupt is generated if bit 9 of the received data is a 1; 




no interrupt is generated if bit 9 is a 0. If set to 1 for mode 1, no 




interrupt will be generated unless a valid stop bit is received. Clear 




to 0 if mode 0 is in use.

4
REN

Receive enable bit. Set to 1 to enable reception; cleared to 0 to




disable reception.

3
TB8

Transmitted bit 8. Set/cleared by program in modes 2 and 3.

2
RB8

Received bit 8. Bit 8 of received data in modes 2 and 3; stop bit in 




mode 1. Not used in mode 0.

1
T1

Transmit Interrupt flag. Set to one at the end of bit 7 time in mode and  




the beginning of the stop bit for other modes. Must be cleared by the 

program.

0
R1

Receive Interrupt flag. Set to one at the end of bit 7 time in mode ,

and halfway through the stop bit for other modes. Must be cleared by the program.

Bit addressable as SCON.0 to SCON.7



7
6
5
4
3
2
1
0


THE POWER MODE CONTROL (PCON) SPECIAL FUNCTION REGISTER

Bit
Symbol
Function

7
SMOD

Serial baud rate modify bit. Set to 1 by program to double baud rate  




using timer 1 for modes 1, 2, and 3. Cleared to 0 by program to use 




timer 1 baud rate.

6-4
---

Not implemented.

3
GF1

General  purpose user flag bit 1. Set/cleared by program.

2
GF0

General  purpose user flag bit 0. Set/cleared by program.

1
PD

Power down bit. Set to 1 by program to enter power down 




configuration for CHMOS processors

0
IDL

Idle mode bit. Set to 1 by program to enter idle mode configuration




for CHMOS processors. PCON is not bit addressable.

SERIAL DATA INTERRUPTS

Serial data communication is relatively a slow process. Serial Data flags are included in SCON to aid in efficient data transmission and reception. The serial data flags in SCON, T1 and R1, are set whenever a data byte is transmitted (TI) or received (RI). These flags are ORed together to produce an interrupt to the program. These flags need to be checked through the program.

DATA TRANSMISSION AND RECEPTION

Transmission of serial data bits begins whenever data is written to SBUF. TI is set to ‘1’ when the data has been transmitted and signifies that SBUF is empty (for transmission purposes) and that the next data byte can be sent. 

Reception of serial data will begin if the receive enable bit (REN) in SCON is set to ‘1’ for all modes. In addition, for mode 0, R1 must be cleared to 0. Receiver Interrupt flag R1 is set after data has been received in all modes. Setting REN is the only direct program control that limits the reception of unexpected data; the requirement that R1 also be 0 for mode 0 prevents the reception of new data until the program has dealt with the old data and reset R1.


Reception can begin in modes 1, 2, and 3 if RI is set when the serial stream of bits begins. The program must have reset RI before the last bit is received or the incoming data will be lost. Incoming data is not transferred to

SBUF until the last data bit has been received so that the previous transmission can be read from SBUF while new data is being received.

SERIAL DATA TRANSMISSION MODES

The 8051 designers have included four modes of serial data transmission that enable data communication to be done in a variety of ways and multiple baud rates. The programmer selects modes, by setting the mode bits SM0 and SM1 in SCON. Baud rate is fixed for mode 0 and for modes 1,2,3 baud rate can be modified by altering the bit (SMOD) in PCON register.

SERIAL DATA MODE 0 – SHIFT REGISTER MODE

Setting bits SM0 and SM1 in SCON to 00b configures SBUF to receive or transmit eight data bits using pin RXD for both functions. Pin TXD is connected to the internal shift frequency pulse source to supply shift pulses to external circuits. The shift frequency, or baud rate, is fixed at 1/12 of the oscillator frequency. 


When transmitting, data is shifted out of RXD, the data changes on the falling edge of S6P2(machine cycle), or one clock pulse after the rising edge of the output TXD shift clock.
Received data comes in on pin RXD and should be synchronized with the shift clock produced at TXD. Data is sampled on the falling edge of S5P2 and shifted in to SBUF on the rising edge of the shift clock.

SERIAL DATA MODE 1 – STANDARD UART

When SM0 and SM1 are set to 01b, SBUF becomes a 10-bit full-duplex receiver/transmitter that may receive and transmit data at the same time. Pin RXD receives data; and pin TXD transmits data.




Receiver Samples Data in Center of Bit Time









       

Idle State







      Idle State






Bit Time =








t

Data bits are shifted into the receiver at the programmed baud rate, and the data word will be loaded to SBUF if the following conditions are true: RI must be 0, and mode bit SM2 is 0 or the stop bit is 1 (the normal state of stop bits). RI set to 0 implies that the program has read the previous data byte and is ready to receive the next; a normal stop bit will then complete the transfer of data to SBUF regardless of the state of SM2. SM2 set to 0 enables the reception of a byte with any stop-bit state, a condition that is of limited use in this mode, but very useful in modes 2 and 3. SM2 set to 1 forces reception of only “good” stop bits, an anti-noise safeguard.


Of the original ten bits, the start bit is discarded, the eight data bits go to SBUF, and the stop bit is saved in bit RB8 of SCON. RI is set to 1, indicating a new data byte has been received

MODE 1-BAUD RATES

Timer 1 is used to generate the baud rate for mode 1 by using the overflow flag of the timer to determine the baud frequency. Typically, timer 1 is used in timer mode 2 as an auto load 8-bit timer that generates the baud frequency:



2SMOD  x   Oscillator frequency 


    

  32d
    12d x [256d – (THI)]


If timer 1 is not run in timer mode 2, then the baud rate is


2SMOD  x   


    

  32d


And timer 1 can be run using the internal clock or as a counter that receives clock pulses from any external source via pin TI.

SERIAL DATA MODE 2 – MULTIPROCESSOR MODE

Mode 2 is similar to mode 1 except 11 bits are transmitted: a start bit, nine data bits, and a stop bit. The ninth data bit is copied from bit TB8 in SCON during transmit and stored in bit RB8 of SCON when data is received. Both the start and stop bits are discarded. The baud rate is programmed as follows:



      2SMOD


       64d

Here, as in the case for mode 0, the baud rate is much higher than standard communication rates. This high data rate is needed in many multiprocessor applications. Data can be collected quickly from an extensive network of communicating micro controllers if high baud rates are employed. 

The conditions for setting RI for mode 2 are similar to mode 1. Setting RI based on the state of SM2 in the receiving 8051 and the state of bit 9 in the transmitted message makes multiprocessing possible by enabling some receivers to be interrupted by certain messages, while other receivers ignore those messages. Only those 8051s that have SM2 set to 0 will be interrupted by received data that has the ninth data bit set to 0; those with SM2 set to 1 will not be interrupted by messages with data bit 9 at 0. All receivers will be interrupted by data words that have the ninth data bit set to 1. The state of SM2 will not block reception of such messages.

Receiver Samples Data in Center of Bit Time


Idle state








         Idle State



    Bit Time = 
t

SERIAL DATA MODE 3 

Mode 3 is identical to mode 2 except that the baud rate is determined exactly as in mode 1, using timer 1 to generate communication frequencies.

INTERRUPTS

         An interrupt is some event which interrupts normal program execution. Program flow is always sequential, being altered only by those instructions, which expressly cause program flow to deviate in some way. However, interrupt give us a mechanism to “put on hold” the normal program flow, execute a subroutine, and then resume normal program flow as if we had never left it. This subroutine, called an interrupt handler, is only executed when a certain event (interrupt) occurs. Interrupts may be generated by internal chip operations or provided by external sources. Any interrupt can cause the 8051 to perform a hardware call to an interrupt-handling subroutine that is located at a predetermined (by the 8051 designers) absolute address in program memory. 8051 has 5 interrupt sources: 2 external interrupts, 2 timer interrupts and one serial port interrupt. The External interrupts INT0 and INT1 can each be either level activated or transition activated, depending on bits IT0 and IT1 in register TCON. The flags that actually generate these interrupts are bits IE0 and IE1 in TCON. The Timer 0 and Timer 1 Interrupts are generated by TF0 and TF1, which are set by a rollover in their respective timer/counter registers. When a timer interrupt is generated, the flag that generated it is cleared by the on-chip hardware when the service routine is vectored to. The Serial Port Interrupt is generated by the logical OR of RI and TI. The service routine will have to determine whether it was RI or TI that generated the interrupt and the bit will have to be cleared in software. All the bits that generate interrupts can be set or cleared by software, with the same result as though it had been set or cleared by hardware. That is, interrupts can be generated or pending interrupts can be cancelled by the software.

Each of those interrupt sources can be individually enabled or disabled by setting or clearing a bit in the Special Function Register IE. Note that IE also contains a global disable bit, in which disables all interrupts at once.

THE INTERRUPT ENABLE (IE) SPECIAL FUNCTION REGISTER

Bit
Symbol
Function

7
EA

Enable interrupts bit. Cleared to 0 by program to disable all 

interrupts; set to 1 to permit individual interrupts to be enabled by their enable bits.

6
-- 

Not implemented

5
ET2

Reserved for future use.

4
ES

Enable serial port interrupt. Set to 1 by program to enable 

serial port interrupt; cleared to 0 to disable serial port interrupt.

3
ET1

Enable timer 1 overflow interrupt. Set to 1 by program to



                         enable timer 1 overflow interrupt; cleared to 0 to disable timer            

1 overflow interrupt.

2
EX1

Enable external interrupt 1. Set to1by program to enable         


                          INTI   interrupt; cleared to 0 to disable INTI interrupt

1
ET0

Enable timer 0 overflow interrupt. Set to 1 by program to

enable timer 0 overflow interrupt; cleared to 0 to disable timer 

0 overflow interrupt.

0
EX0

Enable external interrupt 0. Set to 1 by program to enable 




INT0 interrupt; cleared to 0 to disable INT0 interrupt. Bit 




addressable as IE.0 to IE.7

THE INTERRUPT PRIORITY (IP) SPECIAL FUNCTION REGISTER



7
6
5
4
3
2
1
0


Bit
Symbol
Function

7
-

Not implemented.

6
-

Not implemented.

5
PT2

Reserved for future use

4
PS

Priority of serial port interrupt. Set/cleared by program.

3
PT1

Priority of timer 1 overflow interrupt. Set/cleared by program.

2
PX1

Priority of external interrupt 1. Set/cleared by program

1
PT0

Priority of timer 0 overflow interrupt. Set/cleared by program.

0
PX0

Priority of external interrupt 0. Set/cleared by program.




Bit addressable as IP.0 to IP.7

TIMER FLAG INTERRUPT

When a timer/counter overflows, the corresponding Timer flag, TF0 or TF1, is set to 1. The flag is cleared to 0 when the resulting interrupt generates a program call to the appropriate timer subroutine in memory.

SERIAL PORT INTERRUPT

When a data byte is received, an interrupt bit RI is set in the SCON register, whereas when a data byte is transmitted, the interrupt bit TI is set. These are ORed together to provide a single interrupt to the processor. These bits are not cleared when the processor makes the interrupt-generated program call. The program that handles serial data communication must reset R1 or TI to 0 to enable the next data communication operation.

EXTERNAL INTERRUPTS

Pins INT0 and INT1 are used by external circuitry. Inputs on these pins can set the Interrupt flags IE0 and IE1 in the TCON register to 1 by two different methods. The IEX flags may be set when the INTX pin signal reaches a low level, or the flags may be set when a high-to-low transition takes place on the INTX pin. Bits IT0 and IT1 in TCON program the INTX pins for low-level interrupt when set to 0 and program the INTX pins for transition interrupt when set to 1.


Flags IEX will be reset when a transition-generated interrupt is accepted by the processor and the interrupt subroutine is accessed. It is the responsibility of the system designer and programmer to reset any level-generated external interrupts when they are serviced by the program. 

RESET

A reset can be considered to be the ultimate interrupt because the program may not block the action of the voltage on the RST pin. This interrupt is a non-maskable one, because no combination of bits in any register can stop, or mask, the reset action. Unlike other interrupts, the PC is not stored for later program resumption; a reset is an absolute command to jump to program address 0000h and commence execution from the start. Internal RAM contents may change during reset; also, the states of the internal RAM bytes when power is first applied to the 8051 are random. Register bank 0 is selected on reset as all bits in PSW are 0.

INTERRUPT CONTROL

The program must be able, at critical times, to inhibit the action of some or all of the interrupts so that crucial operations can be finished. The IE register holds the programmable bits that can enable or disable all the interrupts as a group, or if the group is enabled, each individual interrupt source can be enabled or disabled.

Often, it is desirable to be able to set priorities among competing interrupts that may conceivably occur simultaneously. The IP register bits may be set by the program to assign priorities among the various interrupt sources so that more important interrupts can be serviced first when two or more interrupts occur at the same time.

INTERRUPT ENABLE / DISABLE

Bits in the IE register are set to 1 if the corresponding interrupt source is to be enabled and set to 0 to disable the interrupt source. Bit EA is a master bit that enables or disables all of the interrupts.

INTERRUPT PRIORITY

If two requests of different priority levels are received simultaneously, the request of higher priority level will be serviced first. If requests of the same priority level are received simultaneously, an internal polling sequence determines which request has to be serviced. Thus, within each priority level, there is a second priority structure determined by the polling sequence, as follows:

· External 0 Interrupt

· Timer 0 Interrupt

· External 1 Interrupt

· Timer 1 Interrupt

· Serial Interrupt
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General purpose





Name		Function		Internal RAM Address (HEX)





A		Accumulator				0E0


B		Arithmetic				0F0


DPH		Addressing external memory		83


DPL		Addressing external memory		82


IE		Interrupt enable control		            0A8


IP		Interrupt priority			0B8


P0		Input/output port latch			80


P1		Input/output port latch			90


P2		Input/output port latch			A0


P3		Input/output port latch			0B0


PCON		Power control				87


PSW		Program status word			0D0


SCON		Serial port control			98


SBUF		Serial port data buffer			99


SP		Stack pointer				81


TMOD		Timer/counter mode control		89


TCON		Timer/counter control			88


TL0		Timer 0 low byte			8A


TH0		Timer 0 high byte			8C


TL1		Timer 1 low byte			8B


TH1		Timer 1 high byte			8D 





Pin			Alternate Use				SFR





P3.0-RXD		Serial data input			SBUF


P3.1-TXD		Serial data output			SBUF


P3.2-INT0		External interrupt 0			TCON.1


P3.3-INT1		External interrupt 1			TCON.3


P3.4-T0		External timer 0 input			TMOD


P3.5-T1		External timer 1 input			TMOD


P3.6-WR                       External memories write pulse		----


P3.7-RD		External memory read pulse		----





TF1	TR1	TF0	TR0	IE1	IT1	IE0	IT0





GATE	  C/T*     M1	   M0	 GATE	   C/T*	    M1     M0





C/(T=1(TMOD Counter


                 Operation)





C/(T=0(TMOD Timer


	Operation)





To Timer Stages





Oscillator


Frequency





  (12d





Counter





Pulse


Input





Interrupt





TLX 5 Bits





THX 8 Bits





TFX





Pulse


Input





TLX 8 Bits





THX 8 Bits





TFX





Interrupt





TLX 8 Bits





TFX





THX 8 Bits





Pulse


Input





Interrupt





Reload TLX





Pulse


Input





TLO 8 Bits





TFO





TH0 8 Bits





TF1





Interrupt





Interrupt





 SM0	 SM1	 SM2	 REN	 TB8	 RB8	  T1	 R1





SM0D	     -	     -	      -	      GF1    GF0      PD	     IDL





Minimum of One Stop Bit





  1       2        3      4       5	6      7      8 





Start Bit





Data Bits





 1


 f





fbaud   =





(timer 1 overflow frequency)





fbaud   =





x oscillator frequency





fbaud2 =





  1           2	  3	 4	 5	 6	7      8	       9





Start Bit





Minimum of


One Stop Bit





1


f





Data Bits





  -          -       PT2               PS        PT1          PX1         PT0     PX0     














