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Text Book:





The 8051 Microcontroller by Kenneth J. Ayala





Reference Books:





The 8051 Microcontroller & Embedded System by M.A. Mazidi & J. G. Mazidi
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Microprocessors vs. Microcontrollers





•    Microprocessors are single-chip CPU used in microcomputers





•    Microcontrollers and microprocessors are different in three main aspects:





hardware architecture, applications and instruction set features





•    Hardware architecture: A microprocessor is a single chip CPU while microcontroller in a single IC contains a CPU and much of remaining circuitry of a complete computer (e.g., RAM, ROM, serial interface, parallel interface, timer, interrupt handling circuit)





•    Applications: Microprocessors are commonly used as CPU in computers while microcontrollers are found in small, minimum component designs performing control oriented activates
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Microprocessors vs. Microcontrollers





•Instruction set:





•Microprocessor instruction sets are processing intensive.


•Their instructions operate on nibbles, bytes, words, or even double words.


•Addressing modes provide access to large arrays of data using pointers and offsets





•Microcontroller instruction sets cater to control of input and outputs.





•They have instructions to set and clear individual bits and perform





bit operations


•Have instructions for input/output operations, event timing, enabling and setting priority levels for interrupts caused by external stimuli.





•Processing power of a microcontroller is much less than a Microprocessor
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Microprocessors vs. Microcontrollers





Microcontroller = Microprocessor + ROM + RAM + Parallel I/O + Serial I/O + Counters + Clock Circuit





The prime use of Microcontroller 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.
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MCS-51





•    8051 belongs to MCS-51 family of microcontrollers


•    MCS-51 was developed by Intel but other manufacturers (e.g., Siemens, Philips, Atmel) are second source of this family.





•    Summary of features of 8051:





  Eight-bit CPU with registers A (Accumulator) and B





  16 bit program counter (PC) and 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 (00 to 1F)





 Sixteen bytes, which may be addressed at the bit level (20 to 2F)





 Eighty bytes of general purpose data memory (30 to 7F)
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MCS-51





   Four 8-bit I/O ports (32 pins) (P0 - P3)





   Two 16 bit timers/counters: T0 and T1





   Full duplex serial interface: SBUF





   Control registers: TCON, TMOD, SCON, PCON, IP, IE





   Two external and three internal interrupt sources





   64K external code memory space





   64K external data memory space





   Oscillator and clock circuit
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8051 DIP Pin


Assignment





1 P 1.0





2 P1.1





3 P1.2





4 P1.3





5 P1.4





6 P1.5





7 P1.6





8 P1.7





9  RST





10 P3.0 (RXD)





11 P3.1 (TXD)





12 P3.2 (INTO)





13 P3.3 (INT1)





14 P3.4 (T0)





15 P3.5 (T1)





16 P3.6 (WR)





17 P3.7 (RD)





18 XTAL1





19 XTAL2





20 Vss





40





39





38





37





36





35





34





33





32





31





30





29





28





27





26





25





24





23





22





21





Vcc +5 V





(AD0) P0.0





(AD1) P0.1





(AD2) P0.2





(AD3) P0.3





(AD4) P0.4





(AD5) P0.5





(AD6) P0.6





(AD7) P0.7





(Vpp)/EA


(PROG)ALE PSEN





(A15) P2.7





(A14) P2.6





(A13) P2.5





(A12) P2.4





(A11) P2.3





(A10) P2.2





(A9) P2.1





(A8) P2.0
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Oscillator & Clock
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OscillatorCircuit


And Timing





C1





18 XTAL2





Crystal or Ceramic


Oscillator





8051 DIP





C2





19 XTAL1





Oscillator Frequency f





P1     P2





P1     P2     P1     P2





P1     P2     P1     P2     P1     P2





State 1             State 2             State 3              State 4             State 5             State 6








One Machine Cycle





ALE
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Oscillator Circuit And Timing





Time taken by any instruction to be executed





C * 12d





Tinst =





Crystal Frequency





C = number of cycles required by the instructions see Appendix A





Two bytes of a single instruction may thus be fetched, and executed, in one machine cycle. However single byte instruction can not be executed in a half cycle.


 Frequency Range : 1MHz to 16 MHz. Minimum frequencies imply that some internal memories are dynamics and must always operate above a mini freq or data will be lost.
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Program Counter and Data Pointer:





• The 8051 contain two 16-bit registers: the program counter (PC) and the data pointer (DPTR). Each is used to hold the address of a byte in a memory.





•  Program instruction bytes are fetched  from locations in memory that are addressed by the PC. Program ROM may be on the chip at addresses 0000h to


0FFFh, external to the chip or addresses that exceed 0FFFh, or totally external from all addresses from 0000h to FFFFh. The PC is automatically incremented after  every  instruction  byte  is  fetched  and  may  also  be  altered  by  certain instructions. The PC is the only register that does not have an internal address.





• The DPTR register is made up of two 8-bit registers named DPH and DPL, which are used to furnish memory addresses for internal  and  external  code access and external data access. The DPTR is under the control of program instructions  and  can  be  specified  by  its  16-bit  name,  DPTR,  or  by  each individual byte name, DPH and DPL.  DPTR  does  not have a single internal address; DPH and DPL are each assigned an address.
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A and B CPU Registers:





• The 8051 contain 34 general-purpose or working registers. Two of these, registers A and B, hold results of many instructions, particularly math and logical operations of the 8051 Central Processing Unit (CPU). The other 32 are arranged as part of internal RAM in 4 banks, B0-B3, of 8 registers and comprises the mathematical core.





•  The A (accumulator) register is used for many  operations,  including  addition, subtraction, integer multiplication and division, and Boolean bit manipulations. The A register is also used for all data transfers between the 8051 and any external memory. The B register is used with A register  for  multiplication  and  division operations and has no other functions other than as a location where data may be stored.
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Flags and the Program Status Word (PSW):





Flags are one-bit registers provided to store the results of certain instructions. Other instructions can test the condition of flags and  make  decisions  based  on  the flag states. In order that the flags may be  conveniently addressed, they are grouped inside the program status word (PSW) and the power control (PCON) registers.








PSW








CY      AC      F0     RS1     RS0     OV        -       P





The program status word is shown in fig. The PSW contains the math flags, user program flag F0, and the register select bits that identify which of the four general- purpose register banks is currently in use by the program. The remaining user flags GF0 and GF1, are stored in PCON.








PCON





SMOD      -        -        -       GF1     GF0     PD    IDL         
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Internal RAM:








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





1) 32 bytes from address 00h to 1Fh that make up 32 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 used 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.). Internal RAM is in short supply as it is, so why use a byte when a bit will do?





3) A general-purpose RAM area above the bit area, from 30h  to  7Fh,  addressable  as bytes.
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Internal RAM organization:
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Program Memory





Data Memory
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The Stack and 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 (CALL/PUSH/POP).








• 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 SP is set to 07h when the 8051 is reset and can be changed to any internal RAM


address by the programmer, using a data move command.
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Stack operation
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7F   General


Purpose





FFF





Internal


RAM





30


2F














20


1F





18


17








10


0F








08


07





06





Area





Bit Address Area





Register


Bank   3





Register


Bank   2





Register


Bank   1





R7





R6





7F














00





Internal


ROM





05        R5





04        R4           Register





03





02





01





R3





R2





R1





Bank


0





00        R0
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Von Neumann arch. uses a single memory address for either program code or data, but not for both.





8051 has a Harvard architecture,


which uses the same address in different memories, for code and data.
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8051 Programming Model





8      E0*              8      F0*





A Register





B Register





Math Registers





B register is used with the A register for multiplication and division operations
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8051 Programming Model





8      E0*





8      F0*





8      B8*





8      A8*





8        89            8       88*





A Register





B Register





IP Register





IE Register





TMOD Register





TCON Register





Math Registers





Interrupt Registers





Timer Control Registers





8        81





Stack


Pointer





8        8C





THO Counter





8        8A





TL0


Counter





8        8D





TH1


Counter





8        8B





TL1


Counter





8        83        8        82





Timer/Counter Registers





DPH





DPL





8       98*





SCON





8        99





SBUF





8        87





PCON





8      D0*





PSW





Data Pointer





Register





Register





Register





Register





Serial Data Registers





Flags





16             No Addr.





Program Counter





8      80*





Port 0


Latch





8       90*





Port 1


Latch





8       A0*





Port 2


Latch





8       B0*





Port 3


Latch
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PROGRAM STATUS WORD (PSW)





CY           AC           F0          RS1         RS0          OV            -              P





7                                                                                                              0








F0 = User Flag 0                          GF0 and GF1 are stored in





P     : 1=  Odd Parity


0 = Even Parity





PCON





RS1   RS0





0        0     Select Register Bank 0





Select Register Bank 10        1        





Select Register Bank 21        0        





Select Register Bank 31        1        





PSW.0 to PSW.7
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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) bytes. 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.





•  TMOD is dedicated solely to the two timers and can be considered to be two duplicate  4-bit  registers,  each  of  which  controls the action of one of the timers. TCON has control bits and flags for the timers in the upper nibble, and control bits and flags for the external interrupts in the lower nibble.
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Timer/Counter selection
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TMOD





Gate        C/T’             M1            M0            Gate          C/T’            M1            M0





{                         Timer   1                          }   {                                Timer  0                      } Bit                                                                     Function


7/3       Gate        OR gate enable bit   which  controls  RUN/STOP of timer 1/0. set to  1 by program to Enable timer to run if bit TR1/0 in TCON is set and signal on external interrupt INT1/0 Pin is high. Cleared to 0 by program to enable timer to run if bit TR1/0 is TCON is set.





6/2





_ C/ T





Set to 1 by program to  make  timer 1/0 act as  a counter by pulses  from external  input Pins 3.5(T1)or 3.4(T0). Cleared to 0 by  program to make timer act as a timer by counting internal frequency.





5/1       M1           Timer/counter operating mode select bit 1. Set/ cleared by program to select mode.





4/0       M0           Timer/counter operating mode select bit 0. Set/cleared by program to select mode.


M1          M0          Mode


0              0            0


0              1            1


1              0            2


1              1            3


TMOD is not bit addressable.
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TCON





TF1            TR1         TF0         TR0          IE1             IT1           IE0                IT0





Bit                                           Function





7/5      TF1/ TF0





Timer 1/0 Overflow flag. Set when timer rolls from all 1s to 0. Cleared when processor Vectors to execute interrupt service routine located at program address 001Bh / 000Bh.





6/4      TR1/ TR0





3/1      IE1/ IE0





Timer 1/0 run control bit. Set to 1 by program to enable timer to count;


cleared to 0 by Program to halt timer.








External interrupt 1/0 Edge flag. Set to 1 when a high-to-low  edge signal is received on port 3  pin 3.3  (INT1) /pin 3.2 (INT 0). Cleared when processor vectors to interrupt service routine located at program address 0013h / 0003h. not related to timer operations





2/0      IT1/ IT0





External interrupt 1/0 signal type control  bit.  Set to 1 by program to enable External Interrupt 1/0 to be triggered by a falling edge signal. Set to 0 by program to enable a Low-level signal on external interrupt


1/0 to generate an interrupt.
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Timer Modes of Operation
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Timer Mode 0


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.


As an example, the 6 MHz oscillator frequency would result in a final frequency to


TH  of 15625 hertz. The timer flag is set whenever THX goes from FFh to 00h, or in


0.0164 seconds for a 6 MHz crystal if THX starts at 00h.





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 timer flag would be set in 0.1311 seconds using a 6 MHz crystal.
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Timer Mode 2





Setting the modes 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  mode  exhibits  an  auto-reload  feature:  TLX  will  count  up  from  the number in THX, overflow  and be initialized again with the contents of THX. For  example, placing  9Ch in THX will  result in a delay of exactly 0.0002 seconds before the Overflow flag is set if a 6MHz crystal is used.
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Timer Mode 3





• Timers 0 and 1 may be programmed to be in mode 0,1or 2 independently of a similar mode for the other timer. This is not true for mode 3; the timers do not operate independently if mode 3 is chosen for timer 0. Placing timer 1 in


mode 3 causes it to stop counting; the control bit TR1 and the timer 1 flag TF1


are then used by timer 0.





•  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.





• Timer1 may still be used in modes 0,1 and 2 while timer 0 is in mode 3 with one other  important  exception:  No interrupts will be generated  by timer 1


while timer 0 is using the TF1 overflow flag.





• Switching timer 1 to mode 3 will stop it (and hold whatever count is in timer1). Timer 1 can be used for baud rate generated for the serial port, or any


other mode 0,1,or 2 function that does not depend on an interrupt for proper operation.
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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.





The input pulse on TX  is  sampled  during  P2 of state 5 every machine cycle. A change on the input from high to low between samples will increment the counter. Each high and low state of the input pulse must thus be held constant for at least one machine cycle to ensure reliable counting. Since this takes 24 pulses, the maximum input  frequency  divided  by  24.  For  our  6MHz  crystal,  the  calculation  yields  a maximum external frequency of 250KHz.
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Serial Data Input/Output








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 hold 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.
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Serial Data Interrupts








Serial data communication is a  relatively slow process, occupying many milliseconds per data byte to accomplish. In order not to tie up valuable processor time, serial data flags are included in SCON to aid in efficient data transmission  and reception. Notice that data transmission  is  under  the  complete  control  of  the  program,  but reception  of  data  is  unpredictable  and  at  random  times  that  are beyond the control of the program.





The serial data flags TI and RI are set whenever a data byte is transmitted (TI) or received(RI). These flags are ORed   together to produce an interrupt to the program. The program must read these flags to determine which caused the interrupt and then clear the flag. This is unlike the timer flags that are cleared automatically; it is the responsibility of the programmer to write routines that handle the serial data flags.
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SCON 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





5       SM2             Multiprocessor  communications  bit.  Set/cleared  by  program  to  enable Multiprocessor communication in modes 2 & 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 is a 0. If set to 1 for mode 1, no interrupt will be generated unless a valid stop bit is received. Cleared 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 & 3.





2       RB8             Received bit 8. bit 8 of received data in modes 2 & 3; stop bit in mode1


Not used in mode 0.





1       TI                 Transmit interrupt flag. Set to one at the end of bit 7 time in mode 0, and at the beginning of the stop bit for  other modes. Must be cleared by the program.





0       RI                 Receive interrupt flag. Set to one at the end of bit 7 time  in mode  0,  and halfway  through  the  stop  bit  for  other  modes.  Must  be  cleared  by  the program.





Bit addressable as SCON .0 to SCON.7                                                              38
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PCON Register








Bit     Symbol      Function





7        SMOD       Serial baud rate modify bit. Set by the program to double baud rate Using timer 1 for modes 1,2,3. 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  to1  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.
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Data Transmission/ Data Reception Transmission of serial data bits begins anytime data is written to SBUF. TI is set to a 1 when the data has been transmitted and signifies that SBUF is empty (for transmission purposes) and that another data byte can be sent. If the program fails to wait for the TI flag and overwrites SBUF while a previous data byte is in the process of being transmitted, the  results  will be unpredictable(  a polite term for


‘garbage out’).








Reception of serial data will begin if the receive enable bit(REN) in SCON is set to


1 for all modes. In addition, for modes 0 only, RI must be cleared to 0. Receiver Interrupt flag RI 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 RI also be 0 for mode0 prevents the reception of new data until the program has dealt with the old data and reset RI.





Reception can begin in modes 1,2,3 if RI is  set when the serial stream of bits begins. RI must have been reset by program before the last bit is received or the incoming data will be lost. Incoming data is not transferred to SBUF until the last data has been received so that the previous transmission can be read from SBUF while new data is being received.
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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 a multitude of baud rates.








• Mode 0: Shift register Mode; baud = f/12








• Mode 1: Standard UART; 8-bit UART; baud = variable








• Mode 2: Multiprocessor Mode; 9-bit UART; baud = f/32 or f/64








• Mode 3:Multiprocessor Mode; 9-bit UART; baud = variable





Modes are selected by the programmer by setting the mode bits SM0 and SM1 in SCON. Baud rates are  fixed for mode 0 and variable, using timer 1 and the serial baud rate modify bit (SMOD) in PCON, for modes 1,2,3.





Advance Microprocessor – 8051                 Prof. Utkal Mehta   E&C Dept., CITC





41





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, the same rate used by the timers when in the timer configuration. The TXD shift clock is a square wave that is low for machine cycle states S3-S4-S5 and high for S6-S1-S2. Fig shows the timing for mode 0 shift register data transmission.
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Serial Data Mode 0 - Shift Register Mode





Cont……


•           When transmitting, data is shifted out of RXD; the data changes on the falling edge of S6P2, or one clock pulse after the rising edge of the  output  TXD shift clock. The system  designer must design the external circuitry that receives this transmitted data to receive the data reliably based on this timing.





•           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.





•           Mode  0  is  intended  not  for  data   communication   between computers,  but  as  a  high-speed  serial  data-collection  method  using discrete logic to achieve high data rates. The baud rate used in mode 0 will  be  much  higher  than  standard  for  any  reasonable  oscillator frequency; for a 6MHz crystal, the shift rate will be 500 KHz.                43
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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 all data, and pin TXD transmits all data. Fig  shows the format of a data word.





Transmitted data is sent as a start bit, eight data bits ( least significant bit, LSB, First) and a stop bit. Interrupt flag TI is set once all ten bits have been sent. Each bit interval is the inverse of the baud rate frequency, and each bit is maintained high or low over that  interval.





Received data is obtained in the same order; reception is triggered by the falling edge of the start bit and continues if the stop bit is true (0 level) halfway through the start bit interval. This is an anti-noise measure; if the reception circuit  is triggered  by noise on the transmission line,  the


check for a low after half a bit interval should limit false data reception.
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Cont…..





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 &


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.





If RI is found to be set at the end of the reception, indicating that the previously received data byte has not been read by the program, or if the  other  conditions listed are not true, the new data will not be loaded and will be lost.
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Serial Data Mode 1 – Standard UART Cont….. Mode 1 Baud Rates


Timer  1  is  used  to generate the baud rate for mode1 by using the Overflow  flag  of  timer to determine the baud frequency. Typically, timer 1 is used  in  timer  mode  2  as  an  autoload  8-bit  timer  that  generates  the  baud frequency.








Fbaud   =      2 SMOD  * oscillator frequency





32d * {12d *[256d –(TH1)]}








SMOD is the control bit in PCON and can be 0 or 1, which raises the 2


in the equation to a value of 1 or 2.








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








Fbaud   =          2 SMOD * Timer 1 overflow frequency





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 T1.
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Serial Data Mode 1 – Standard UART Cont….. Mode 1 Baud Rates





The  oscillator  frequency  is  chosen  to help generate both standard  and non- standard  baud  rates.  If  the standard baud rates are desired, then an 11.0592


MHz crystal could be selected. To get a standard rate of 9600Hz then, the setting of TH1 may be found as follows:








TH1   = 256d -  ( 2 0  * 11.0592 *10 6  )  = 253.0000d = 0FDh








( 32d   *12 *9600)





if SMOD is cleared to 0.
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Serial Data Mode 2 – Multiprocessor Mode Mode 2 is similar to mode1 except 11 bits are transmitted: a start bit, nine data bits, and a stop bit, as shown in Fig. 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: F baud      = 2 SMOD * oscillator





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.
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Serial Data Mode 2         Cont…..





The conditions for setting RI for mode 2 are similar to mode 1: RI must be 0 before the last bit is received, and SM2 must be 0 or the ninth data bit must be a 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.





This scheme allows the transmitting computer to ‘talk’  to  selected  receiving  computers without interrupting other receiving computers.  Receiving computers can be controlled by the ‘talker’ to ‘listen’ or ‘deafen’ by transmitting coded byte(s)  with the ninth data bit set to 1. The 1 in data bit 9 interrupts all receivers, instructing those that are programmed to respond to the coded  byte(s) to program the state of SM2 in their respective SCON registers. Selected listeners  then respond to the bit 9  set  to 0  messages, while all other transmitting  bit  9 set to 1 messages that instruct new listeners  to set SM2 to 0, while others are instructed to set SM2 to 1.
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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.


It is also multiprocessor mode. All processors are wired to form a loop. Baud rate is generated by timer 1.
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Interrupts





•  A computer program has  only  two  ways  to determine the conditions  that exist  in internal  and external circuits. One method  used software instructions that jump to subroutines  on  the  states  of  flags  and  port  pins.  The  second  method  responds  to hardware signals, called interrupts, that force the program to call a subroutine.








•  Software techniques use up processor time that  could  be  devoted  to  other tasks;


interrupts take processor time only when action by the program is needed.





•   Most applications of micro controllers involve responding to events quickly enough to  control  the  environment  that  generates  the  events  (generally  termed  real-time programming). Interrupts are often the only way in which real-time programming


can be done successfully.





•  Interrupts may be generated by internal chip operations or provided by external sources. Any interrupts 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.
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Interrupts supported by 8051





•  Five interrupts are provided in the 8051.  Three of these are generated automatically by internal operations. Timer flag 0, timer flag 1, and the serial port interrupt (RI or TI).


Two interrupts are triggered by external signals provided by circuitry  that  is  connected  to pins INT0 and INT1 (port pins P3.2 and P3.3).





External Interrupt





Pin  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 program the INTX pins  for  transition interrupt when set to 1.





Flags IEX will be reset when a transition 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. The external circuit must remove the low level before RET1 is executed. Failure to remove the low will result in an interrupt after RET1, from the same source.
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Interrupts Cont….





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





If a data byte is received, an interrupt bit, RI is set to 1 in the SCON register. When the data byte has been transmitted an interrupt bit, TI, is set in SCON. These are  ORed  together to provide a single interrupt to the processor :  the  serial  port interrupt.





These bits are not cleared when the interrupt-generated program call is made by the processor. The program that handles serial data communication must reset RI or  TI to 0 enable the next data communication operation.
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Interrupts Cont….





• All interrupt functions are under the control of the program. The programmer is able to alter control bits in the interrupt Enable register (IE), the Interrupt Priority register (IP), and the Timer Control register (TCON). The program can block all or any combination of the interrupts from acting on the program by suitably setting or clearing bits in these registers.





• After the interrupt has been handled by the interrupt subroutine, which is placed by the programmer at the interrupt location in program memory, the interrupted program must resume operation at the instruction where the interrupt took place. Program resumption is


done by storing the interrupted PC address on the stack in RAM before changing the PC to the interrupt address in ROM. The PC will be restored from the stack after RET1 instruction is executed at the end of the interrupt subroutine.





Interrupt control: The program that must be able, at critical times, to inhabit 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 should two or more interrupts  occur at the same time.
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IE register





EA            ----               ET2             ES            ET1           EX1        ET0        EX0





Bit                              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 to  1  program to enable INT1bar interrupt;


cleared to 0 to disable INT1 bar 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 INT0bar





Interrupt; cleared to 0 to disable INT0bar interrupt.





Bit addressable as IE.0 to IE.7.
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IP Register





-----                 ------                PT2             PS                PT1             PX1             PT0          PX0





Bit                      Function








7           ----      Not implemented





6           ----      Not implemented





5           PT2            Reserved for future use.





4           PS            Priority for serial port interrupt. Set /cleared by program.





3           PT1           Priority for 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 0. Set/cleared by program,





0           PX0          Priority of external interrupt 0. set/cleared by program. Note: priority may be 1( highest )or (lowest)





Bit addressable as IP.0 to IP.7
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Interrupt Enable / Disable:





Interrupts Cont….





Bits in the IE registers 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, or global, bit that can enable or disable all the interrupts.





Interrupt Priority:





Register IP bits determine if any interrupt is to have a high or low priority. Bits set to one give the accompanying interrupt a high priority; a 0 assigns a low priority. Interrupts with a high priority can interrupt another interrupt with a low priority; the lower priority interrupt continues after the higher is finished.





If two interrupts with the same priority occur at the same time,  then they have the


following ranking:





(1) IE0    (2) TF0    (3) IE1   (4)TF1   (5) Serial = RI OR TI





For example, the serial interrupt could be given the highest priority by setting the PS bit in


IP to 1, and all others to 0.





Software-Generated Interrupts:   When any Interrupt flag is set to 1  by  any  means,  an interrupt  is  generated  unless  blocked.  This  means  that  the  program  itself  can  cause interrupts of any kind to be generated simply by setting desired Interrupt flag to 1 using a





program instruction.
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Interrupts Cont….





Interrupt Destinations:  Each interrupt source causes the program to do a hardware call to one of the dedicated addresses in program memory. It is the responsibility of the programmer to place a routine at the address that will service the interrupt.





The interrupt saves the PC of the program, which  is  running  at  the  time  the  interrupt  is serviced on the stack in internal RAM. A call is then done to the appropriate memory location. These locations are shown in the following list:








Interrupt                                         Address hex





IE0                                                 0003


TF0                                                000B IE1                                                 0013


TF1                                                001B SERIAL                                         0023





A RETI instruction at the end of the routine restores the  PC  to  its  place  in  the  interrupted program and resets the interrupt logic so that another interrupt can be serviced. Interrupts that occur but are ignored because of any blocking condition (IE bit not set  or  a  higher  priority interrupt already in process) must persist until  they are serviced, or they will  be  lost.  This requirement applies primarily to the level-activated INTX interrupts.
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What Happens When an Interrupt





Occurs?





When  an  interrupt  is  triggered,  the  following  actions  are  taken  automatically  by  the microcontroller:


•The current Program Counter is saved on the stack, low-byte first.


•Interrupts of the same and lower priority are blocked.


•In the case of Timer and External interrupts, the corresponding interrupt flag is cleared.


•Program execution transfers to the corresponding interrupt handler vector address.


•The Interrupt Handler Routine executes.











What Happens When an Interrupt Ends?





An  interrupt  ends  when  your  program  executes   the   RETI   (Return   from   Interrupt) instruction. When the RETI instruction is executed the following actions are taken by the microcontroller:


•Two bytes are popped off the stack into the Program Counter to restore normal program execution.


•Interrupt status is restored to its pre-interrupt status.





Advance Microprocessor – 8051                 Prof. Utkal Mehta   E&C Dept., CITC





59





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 type of interrupt is often called non maskable, because no combination of which 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 running from there.





Whenever a high level is applied to the RST pin, the 8051 enters a reset condition. After the reset pin is brought low, the internal register will have the values shown in the following list.





Register          Value(hex)     Register          Value(hex)    Register        Value(hex) PC                  0000               P0-P3              FF                  TLO             00





DPTR             0000               IP                    xxx00000b    TH1              00





A                    00                   IE                    0xx00000b    TL1              00





B                    00                   TCON             00                  SCON





SP                  07                   TMOD            00                  SBUF           xx





PSW               00                   TH0                00                  PCON          0xxxxxxxb





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.
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TCON – Timer Control Register





TF1         TR1         TF0         TR0          IE1          IT1          IE0          IT0





7                                                                                                              0


TF1 = Timer 1 Overflow flag. Set to 1 when timer rolls from all 1s to 0. Cleared when processor vectors to execute ISR at 001Bh


TR1 = Timer 1 run control bit. Set to 1 by programmer to enable timer to count; Cleared to 0 by program to halt the timer. Doesn’t reset the timer.


TF0 = ……….…… Timer 0 Overflow flag. ISR at program address 000Bh


TR0 = ………….…Timer 0 Run Control bit.


IE1 = External Interrupt 1 Edge Flag. Set to 1 when a high-to-low edge signal is received on port 3 pin 3.3(INT1). Cleared when processor vectors to execute ISR located at 0013h. Not related to Timer operation.


IT1 = External Interrupt 1 Signal Type control bit. Set to 1 by program to enable external interrupt 1 to be triggered by a falling edge signal. Set to 0 by program to enable a low-level signal to generate an interrupt.


IE0 = ………….. External Interrupt 0 Edge Flag. Pin 3.2 INT0. ISR at program address 0003h


IT0 = ………….. External Interrupt 0 Signal Type control bit. TCON.0 to TCON.7
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TMOD – Timer Mode Control Register





Gate         C/T          M1           M0         Gate





7





Bit          Symbol  Function





C/T





M1





M0








0





7/3         Gate       OR gate enable bit which controls RUN/STOP of timer 1/0. Set to 1 by program to enable timer to run if bit TR1/0 in TCON is set and signal on external interrupt INT1/0 pin is high. Cleared


to 0 by program to enable timer to run if bit TR1/0 in TCON is set.


6/2         C/T         Set to 1 by program to make timer 1/0 act as a counter by conting pulses from external input pins 3.5 (T1) or 3.4 (T0). Cleared to 0 by program to make timer act as a timer by counting internal freq.


5/1         M1         Timer/counter operating mode select bit 1. Set/Cleared by program to select mode.


4/0         M0         Timer/counter operating mode select bit 1. Set/Cleared by program to select mode.


M1         M0         Mode


0            0            0            


0            1            1            


1            0            2            


1            1            3            
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Input / Output Pins, Ports and Circuits





• 24 pins in 8051 used for one of two entirely different functions, yield total 64 pins.





• Software commands are used to “program” the pin.





• Each port has a D-type output latch for each pin.





• When used as Input, 1 must be written to port 0 latch, Turing OFF both transistors  - cause pin to “float” , high impedance state. Pin is essentially connected to Input Buffer.





• For Output, 0 will turn on lower FET, grounding the pin. External Pull up resistors will be needed to supply a logic high, when Port 0 as Output.
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• Port 1 have no dual functions. So, output of latch is connected directly to the gate of the lower FET
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Port 2 Configuration:





• Port 2 pins are momentarily changed by the address control signals when supplying the high byte of a 16-bit address.
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Port 3 pin configuration





• Input / output port similar to port 1.





• Various SFR control available.
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External Memory:





External


Memory





Access     PSEN\ : Program Strobe Enable, enable to place a byte of program code on the data bus.





Note: For timing diagram: see figure 3.9 from Ayala Textbook
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Software Part – Assembly Programming of 8051
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MOVING DATA





Four addressing modes are used to access data: Immediate Addressing Mode


Register Addressing Mode Direct Addressing Mode Indirect Addressing Mode





MOV opcode involve data transfers within the 8051 memory. Internal RAM


Internal SFR External RAM


Internal and external ROM





MOV MOVX MOVC


PUSH & POP XCH





MOV destination, source


PUSH source


POP destination


XCH destination, source
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MOVING DATA





Immediate addressing Mode





Instruction using #





e.g.


MOV A, #n


MOV Rr, #n


MOV DPTR, #nn





MOV A, #05h MOV A, #0A0h MOV Rr, #12h


MOV DPTR,#0ABCDh
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MOVING DATA





Register addressing Mode





e.g.


MOV A, Rr


MOV Rr, A





MOV A, R1


MOV R4, B MOV A, B





You can’t move data between registers R0-R7 directly


MOV R1,R3       is invalid
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Direct addressing Mode





MOVING DATA





SFR                      Add


A                          0E0


B                          0F0





All 128 bytes and SFRs may be addressed directly using the single-byte address.











e.g.


MOV A, add MOV add, A MOV Rr, add MOV add,#n MOV add1,add2








MOV A, 80h MOV R4, 15h MOV 0A8h, 77h
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DPL                      82


DPH                     83


IE                         0A8


IP                         0B8


P0                        80


P1                        90


P2                        0A0


P3                        0B0


PCON                  87


PSW                     0D0


SBUF                   99


SCON                  98


SP                        81


TCON                   88


TMOD                  89


TH0                      8C TL0                       8A TH1                      8D TL1                       8B
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MOVING DATA





Indirect addressing Mode





Uses a register to hold the actual address that will finally be used in the data move;





Only R0 and R1 are used in Indirect addressing.





e.g.


MOV @Rp, add MOV @Rp, A MOV @Rp, #n MOV add, @Rp MOV A, @Rp





MOV A, @R0


MOV @R1, #20h


MOV add, @R1


MOV @R0, 80h
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External Data Moves





Opcodes that access the external memory always use indirect addressing to specify the external memory.





MOVX is used, where X indicates external memory. R0, R1- to access external RAM from 00h to FFh DPTR – to access external RAM from 0000h to FFFFh





e.g.


MOVX A, @Rp MOVX A, @DPTR MOVX @Rp, A MOVX @DPTR, A





All external data moves must involve the A register
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Code Memory Read-only Data Moves





It is used when we need to access a preprogrammed mass of data,


such as when using tables of predefined bytes i.e. permanent data stored in ROM.





Access to this data is done by using indirect addressing and the A register in conjuction with either the PC or DPTR





In both the cases, the number in A is added to the pointing register to form the address in ROM. The data is fetched from the ROM address so


formed and placed in the A register. The original data is A is lost.





MOVC is used, where C indicates code ROM memory. PC, DPTR are used along with A register.


e.g.


MOVC A, @A + DPTR MOVC A, @A + PC





The PC is incremented by 1 before it is added to A to form the final address
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PUSH & POP





PUSH add            Increment SP; copy the data in add to the internal RAM


address contained in SP





POP add              Copy the data from the internal RAM address contained in SP to add; decrement SP





When started, SP contains 07h as default address, so it will start from


R0 of Bank 1.





e.g.


MOV 81h, #30h MOV SP, #30h MOV R0, #0A0h PUSH 00h


POP 01h


POP 80h
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DATA EXCHANGE





Exchange instructions moves data in two directions.





All addressing mode except immediate may be used.





XCH and XCHD  opcode is used





e.g.


XCH A,Rr XCH A,add XCH A,@Rp





XCHD A,@Rp     ……exchanges lower nibble only





All exchanges are internal to 8051





All exchange use register A
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Examples





A51.exe is the assembler


S51.exe is the simulator


Run it from Command prompt


e.g.


1) Copy the byte in TCON to register R2 using four diff. modes





Eg1.asm


Eg2.asm


Eg3.asm


Eg4.asm


tst.asm





2) Set timer T0 to an initial setting of 1234h


Eg5.asm





Home work: Solve all the unsolved problems given in Chap 5 of Ayala
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LOGICAL OPERATIONS





Byte level AND, OR, XOR and NOT boolean instructions





Bit level AND, OR, and NOT Boolean instructions





Bit level Set, Clear and data moving instructions





8 and 9 bit rotate instructions





A register nibble swapping instruction.
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LOGICAL OPERATIONS





AND -    ANL





RL





OR -       ORL





RLC





XOR -    XRL





RR





NOT -     CPL





RRC





SWAP
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LOGICAL OPERATIONS





BYTE level logical operations





ANL A, #n ANL A, add ANL A, Rr ANL A, @Rr





ORL A, #n ORL A, add ORL A, Rr ORL A, @Rr





XRL A, #n XRL A, add XRL A, Rr XRL A, @Rr





CLR A











CPL A





ANL add, A ANL add, #n





ORL add, A ORL add, #n





XRL add, A XRL add, #n





NOTE: No flags are affected by the byte-level logical operations unless the direct RAM address is the PSW
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LOGICAL OPERATIONS





Bit level logical operations








Byte Address       Bit Addresses


(hex)                    (hex)


20                         00-07


21                         08-0F


22                         10-17


23                         18-1F


24                         20-27


25                         28-2F


26                         30-37


27                         38-3F


28                         40-47


29                         48-4F


2A                        50-57


2B                        58-5F


2C                        60-67


2D                        68-6F


2E                        70-77


2F                         78-7F





SFR       Direct Add.          Bit Addresses


(hex)                     (hex)











A            0E0                      0E0-0E7


B            0F0                       0F0-0F7


IE           0A0                      0A8-0AF IP           0B8                      0B8-0BF P0          80                         80-87


P1          90                         90-97


P2          0A0                      0A0-0A7


P3          0B0                      0B0-0B7


PSW      0D0                      0D0-0D7


TCON    88                         88-8F SCON    98                         98-9F
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LOGICAL OPERATIONS





CLR A          - clears all 8 bits of A CLR ACC.3 – clears bit 3 of A





CLR ACC


CLR ACC.0        This both do same thing I.e. clears Bit 0 of A





PSW.0 – PSW.7


IE.0 – IE.7


IP.0 – IP.7


TCON.0 – TCON.7


SCON.0 – SCON.7
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LOGICAL OPERATIONS





ANL C,b               AND C and the addressed bit; put the result in C ANL C,/b              AND C and the complement of addressed bit. Put


result in C.Addressed bit is not altered.





ORL C,b


ORL C,/b





CPL C                  complement the C flag


CPL b                   complement the addressed bit





CLR C                  Clear the C flag to 0


CLR b





MOV C,b              copy the addressed bit to the C flag


MOV b,C





SETB C                Set the flag to 1


SETB b                Set the addressed bit to 1
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LOGICAL OPERATIONS





ROTATE and SWAP Instructions





RL A





RLC A





RR A





RRC A





SWAP A              Interchange the nibbles of A





Note:      know the state of the Carry flag when using RRC or RLC Rotation and swap operations are limited to the A register.
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