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INTEL 8051I/O INTERFACING
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INTEL 8051
 PLCC 44
 PDIP 40
 TQFP 44
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INTEL 8051 FEATURES
 • The Intel 8051 is usedin embedded systems– 8-bit CPU– 4k bytes ROM for the
 program– 128 BYTES of RAM for
 variables– 32 I/O lines ( 4 PORTS
 WITH 8 BIT EACH )– 2 timers– 1 Serial port– 2 interrupt sources
 • The Intel 8051 is usedin embedded systems– 8-bit CPU– 4k bytes ROM for the
 program– 128 BYTES of RAM for
 variables– 32 I/O lines ( 4 PORTS
 WITH 8 BIT EACH )– 2 timers– 1 Serial port– 2 interrupt sources
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INTEL 8051 PINOUT
 RST = RESETXTAL1 & XTAL2 = OSCILLATOREA = EXTERNAL ACCESSALE = ADDRESS LATCH ENABLEPSEN = PROGRAM STORE ENABLERXD & TXD = SERIAL COMINT0 & INT1 = INTERRUPTT0 & T1 = TIMERWR = WRITERD = READP1, P2, P3, P4 = 8 BIT I/O PORTS
 RST = RESETXTAL1 & XTAL2 = OSCILLATOREA = EXTERNAL ACCESSALE = ADDRESS LATCH ENABLEPSEN = PROGRAM STORE ENABLERXD & TXD = SERIAL COMINT0 & INT1 = INTERRUPTT0 & T1 = TIMERWR = WRITERD = READP1, P2, P3, P4 = 8 BIT I/O PORTS
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Block Diagram
 CPU
 InterruptControl
 4kROM
 Timer 1Timer 2
 128 bytesRAM
 External Interrupts
 CPU
 OSC BusControl Serial4 I/O Ports
 TXD RXDP0 P2 P1 P3Addr/Data
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8051 contains four I/O ports (P0 - P3)Each port can be used as input or output (bi-direction)
 PORT 0
 88--bit R/Wbit R/WGeneral PurposeGeneral Purpose
 I/OI/O
 PORT 1 PORT 2
 88--bit R/Wbit R/WGeneral PurposeGeneral Purpose
 I/OI/O
 PORT 3
 88--bit R/Wbit R/WGeneral PurposeGeneral Purpose
 I/OI/O
 88--bit R/Wbit R/WGeneral PurposeGeneral Purpose
 I/OI/O
 Or acts as aOr acts as amultiplexed lowmultiplexed lowbyte address andbyte address and
 data bus fordata bus forexternal memoryexternal memory
 designdesign
 88--bit R/Wbit R/WGeneral PurposeGeneral Purpose
 I/OI/O
 88--bit R/Wbit R/WGeneral PurposeGeneral Purpose
 I/OI/O
 Or high byte ofOr high byte ofthe address busthe address bus
 for externalfor externalmemory designmemory design
 88--bit R/Wbit R/WGeneral PurposeGeneral Purpose
 I/OI/O
 if not using anyif not using anyof the internalof the internal
 peripheralsperipherals(timers) or(timers) or
 externalexternalinterrupts.interrupts.
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PORT3 – MULTIPLE FUNCTION
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IMPORTANT PINS
 •• PSENPSEN (out):(out): PProgramrogram SStoretore EnEnable, the read signalable, the read signalfor external program memory (active low).for external program memory (active low).
 •• ALEALE (out):(out): AAddressddress LLatchatch EEnable, to latch addressnable, to latch addressoutputs at Port0 and Port2outputs at Port0 and Port2
 •• EAEA (in):(in): EExternalxternal AAccess Enable, active low to accessccess Enable, active low to accessexternal program memory locations 0 to 4Kexternal program memory locations 0 to 4K
 •• RXDRXD,,TXDTXD: UART pins for serial I/O on Port 3: UART pins for serial I/O on Port 3
 •• XTAL1XTAL1 && XTAL2XTAL2: Crystal inputs for internal: Crystal inputs for internaloscillator.oscillator.
 •• PSENPSEN (out):(out): PProgramrogram SStoretore EnEnable, the read signalable, the read signalfor external program memory (active low).for external program memory (active low).
 •• ALEALE (out):(out): AAddressddress LLatchatch EEnable, to latch addressnable, to latch addressoutputs at Port0 and Port2outputs at Port0 and Port2
 •• EAEA (in):(in): EExternalxternal AAccess Enable, active low to accessccess Enable, active low to accessexternal program memory locations 0 to 4Kexternal program memory locations 0 to 4K
 •• RXDRXD,,TXDTXD: UART pins for serial I/O on Port 3: UART pins for serial I/O on Port 3
 •• XTAL1XTAL1 && XTAL2XTAL2: Crystal inputs for internal: Crystal inputs for internaloscillator.oscillator.
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SIGNAL – OPERATION PIN
 • Vcc（pin 40）：– Vcc provides supply voltage to the chip.– The voltage source is +5V.
 • GND（pin 20）：ground• XTAL1 and XTAL2（pins 19,18）：
 – These 2 pins provide external clock.– Way 1：using a quartz crystal oscillator– Way 2：using a TTL oscillator
 • Vcc（pin 40）：– Vcc provides supply voltage to the chip.– The voltage source is +5V.
 • GND（pin 20）：ground• XTAL1 and XTAL2（pins 19,18）：
 – These 2 pins provide external clock.– Way 1：using a quartz crystal oscillator– Way 2：using a TTL oscillator
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QUARTZ CRYSTAL OSCILLATOR
 •• Using quartz crystal oscillatorUsing quartz crystal oscillator• We can observe the frequency on the XTAL2
 pin. C2XTAL2
 30pF
 C1
 30pF
 XTAL2
 XTAL1
 GND
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RST – RESET PIN
 • RST（pin 9）：reset– input pin and active high
 • The high pulse must be high at least 2machine cycles.
 – power-on reset.• Upon applying a high pulse to RST, the
 microcontroller will reset and all values inregisters will be lost.
 • Reset values of some 8051 registers
 • RST（pin 9）：reset– input pin and active high
 • The high pulse must be high at least 2machine cycles.
 – power-on reset.• Upon applying a high pulse to RST, the
 microcontroller will reset and all values inregisters will be lost.
 • Reset values of some 8051 registers
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• EA（pin 31）：external access– The EA pin must be connected to GND to
 indicate the code is stored externally.– /PSEN＆ ALE are used for external ROM.
 • /PSEN（pin 29）：program store enable– This is an output pin and is connected to
 the OE pin of the ROM.
 • EA（pin 31）：external access– The EA pin must be connected to GND to
 indicate the code is stored externally.– /PSEN＆ ALE are used for external ROM.
 • /PSEN（pin 29）：program store enable– This is an output pin and is connected to
 the OE pin of the ROM.
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ROM74373
 P0
 P2
 ALE
 D0-D7
 A0-A7
 A8-A15
 8051
 G
 ADDRESS/DATA BUS
 ADDRESS BUS
 ADD BUS
 • ALE（pin 30）：address latch enable
 It is an output pin and is active high.
 8051 port 0 provides both address and data.
 The ALE pin is used for de-multiplexing the address anddata by connecting to the G pin of the 74LS373 latch.
 PSEN OE
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MEMORY MAP
 ROM
 8051
 RAM PPI1
 PPI2
 PPI3
 /CS /CS /CS/CS/E
 A13A14A15
 74138
 /Y0/Y1/Y2/Y3/Y4/Y5/Y6/Y7
 PPI6
 PPI5
 PPI4
 MEMORY DECODER /CS /CS /CS
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A15 A14 A13 Y0 Y1 Y2 Y3 Y4 Y5 Y6 Y7
 0 0 0 0 1 1 1 1 1 1 1
 0 0 1 1 0 1 1 1 1 1 1
 0 1 0 1 1 0 1 1 1 1 1
 0 1 1 1 1 1 0 1 1 1 1
 1 0 0 1 1 1 1 0 1 1 1
 1 0 1 1 1 1 1 1 0 1 1
 1 1 0 1 1 1 1 1 1 0 1
 1 1 1 1 1 1 1 1 1 1 0
 Y ADDRESS DEVICE
 Y0 $0000 ROM
 Y1 $2000 RAM
 Y2 $4000 PPI#B
 Y3 $6000 PPI 82C55A0
 Y4 $8000 PPI 82C55A1
 Y5 $A000 PPI 82C55A2
 Y6 $C000 PPI#A
 Y7 $E000 PPI 82C55A3
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PPI – PROGRAMMABLE PERIPHERALINTERFACE 82C55
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PPI – PROGRAMMABLE PERIPHERAL INTERFACE82C55
 • The 82C55 is a popular interfacing component, that caninterface any TTL-compatible I/O device to themicroprocessor.
 • It is used to interface to the keyboard and a parallelprinter port in PCs (usually as part of an integratedchipset).
 • Requires insertion of wait states if used with amicroprocessor using higher that an 8 MHz clock.
 • PPI has 24 pins for I/O that are programmable ingroups of 12 pins and has three distinct modes ofoperation.
 • The 82C55 is a popular interfacing component, that caninterface any TTL-compatible I/O device to themicroprocessor.
 • It is used to interface to the keyboard and a parallelprinter port in PCs (usually as part of an integratedchipset).
 • Requires insertion of wait states if used with amicroprocessor using higher that an 8 MHz clock.
 • PPI has 24 pins for I/O that are programmable ingroups of 12 pins and has three distinct modes ofoperation.
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PPI – PROGRAMMABLE PERIPHERAL INTERFACE82C55
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PORTA
 PORTB
 /RD/WRA0A1RESET
 P0
 805182C55
 D0-D7A1 A0 I/O ASSIGNMENT
 0 0 PORT A
 0 1 PORT B
 1 0 PORT C
 1 1 CONTROL REGISTER
 GROUP A
 PORT A (PA.0 – PA.7)
 PORT C (PC.4 - PC.7)
 GROUP B
 PORT B (PB.0 – PB.7)
 PORTC/CSMEMORY
 DECODER
 PORT B (PB.0 – PB.7)
 PORT C (PC.0 - PC.3)
 BASE ADDRESS PORTA PORTB PORTC CR
 $4000 $4000 $4001 $4002 $4003
 $8000 $8000 $8001 $8002 $8003
 EXAMPLE
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PROGRAMMING 82C55
 82C55 CONTROL REGISTER
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PROGRAMMING 82C55Mode 0:
 — Ports A, B, and C can be individually programmed as input or output ports— Port C is divided into two 4-bit ports which are independent from each other
 Mode 1:
 — Ports A and B are programmed as input or output ports— Port C is used for handshaking— Ports A and B are programmed as input or output ports— Port C is used for handshaking
 PA[7:0]
 STBAIBFAINTRAPC3
 PC5PC4
 PB[7:0]
 STBBIBFBINTRBPC0
 PC1PC2
 PC6, 7
 8255
 PA[7:0]
 OBFAACKAINTRAPC3
 PC6PC7
 PB[7:0]
 OBFBACKBINTRBPC0
 PC1PC2
 PC4, 5
 8255
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PROGRAMMING 82C55Mode 2:
 — Port A is programmed to be bi-directional— Port C is for handshaking— Port B can be either input or output in mode 0 or mode 1
 PA[7:0]
 OBFAACKA
 PC4
 PC6PC7
 STBA
 INTRA
 PC4 STBA
 IBFA
 PC0
 PC3PC58255
 PC0
 PC0
 PB[7:0]
 In OutIn OutIn Out
 Mode 0
 STBB OBFB
 IBFB ACKB
 INTRB INTRB
 Mode 1
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EXAMPLE #1
 /WR/RD
 /A0
 FROM8051
 D0-D7PORTA
 PORTB
 OUTPUT
 OUTPUT
 82C55
 BASE ADDRESS PORTA PORTB PORTC CR
 $8000 $8000 $8001 $8002 $8003
 CONTROL WORD
 D7 D6 D5 D4 D3 D2 D1 D0
 1 0 0 0 0 0 0 0
 /CSY4FROMMEMORYDECODER
 /WR
 /RST/A1/A0
 PORTC
 PORTB
 OUTPUT
 OUTPUT
 ACTIVE
 MODE = 0
 PORTA = OUTPUT
 PORTB = OUTPUT
 PORTC LOWER = OUTPUT
 PORTC UPPER = OUTPUT
 MODE = 0
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EXAMPLE #2
 /WR/RD
 /A0
 FROM8051
 D0-D7PORTA OUTPUT
 INPUT
 82C55
 BASE ADDRESS PORTA PORTB PORTC CR
 $6000 $6000 $6001 $6002 $6003
 CONTROL WORD
 D7 D6 D5 D4 D3 D2 D1 D0
 1 0 0 0 0 0 1 0PORTB
 /CSY3FROMMEMORYDECODER
 /WR
 /RST/A1/A0
 PORTC OUTPUT
 INPUT
 ACTIVE
 MODE = 0
 PORTA = OUTPUT
 PORTB = INPUT
 PORTC LOWER = OUTPUT
 PORTC UPPER = OUTPUT
 MODE = 0
 PORTB
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EXAMPLE #3
 /WR/RD
 /A0
 FROM8051
 D0-D7
 82C55
 BASE ADDRESS PORTA PORTB PORTC CR
 $8000 $8000 $8001 $8002 $8003
 CONTROL WORD
 D7 D6 D5 D4 D3 D2 D1 D0
 1 0 0 0 0 0 0 0
 VCC
 R
 LEDA BPA.0
 /CSY4FROMMEMORYDECODER
 /WR
 /RST/A1/A0
 ACTIVE
 MODE = 0
 PORTA = OUTPUT
 PORTB = OUTPUT
 PORTC LOWER = OUTPUT
 PORTC UPPER = OUTPUT
 MODE = 0
 PA.1
 QUESTION :WRITE A PROGRAM TO PRODUCE BLINKING LED BETWEENLED A AND LED B.
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ORG 0000H
 MOV A,#80H ;control word (port A as output)MOV DPTR,#8003H ;load control reg port addressMOVX @DPTR,A ;issue control word
 AGAIN: MOV A,#02H ;A = 0000 0010 ; led A = on, led B = offMOV DPTR,#8000H ;PC addressMOVX @DPTR,A ;send data to port ALCALL DELAY ;wait
 MOV A,#01H ;A = 0000 0001 ; led A = off, led B = onMOV DPTR,#8000H ;PC addressMOVX @DPTR,A ;send data to port ALCALL DELAY ;wait
 SJMP AGAIN ;continue
 DELAY: MOV R2,#3LOOP3: MOV R1,#255LOOP2: MOV R0,#255LOOP: DJNZ R0,LOOP
 DJNZ R1,LOOP2DJNZ R2,LOOP3RET
 END
 PPI initialize
 Send signalto PortA
 Alternate LEDSend signalto PortA
 EXAMPLE #3 - CODINGORG 0000H
 MOV A,#80H ;control word (port A as output)MOV DPTR,#8003H ;load control reg port addressMOVX @DPTR,A ;issue control word
 AGAIN: MOV A,#02H ;A = 0000 0010 ; led A = on, led B = offMOV DPTR,#8000H ;PC addressMOVX @DPTR,A ;send data to port ALCALL DELAY ;wait
 MOV A,#01H ;A = 0000 0001 ; led A = off, led B = onMOV DPTR,#8000H ;PC addressMOVX @DPTR,A ;send data to port ALCALL DELAY ;wait
 SJMP AGAIN ;continue
 DELAY: MOV R2,#3LOOP3: MOV R1,#255LOOP2: MOV R0,#255LOOP: DJNZ R0,LOOP
 DJNZ R1,LOOP2DJNZ R2,LOOP3RET
 END
 Alternate LEDSend signalto PortA
 DelaySubroutine
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EXAMPLE #4
 /WR/RD
 /A0
 FROM8051
 D0-D7
 82C55
 BASE ADDRESS PORTA PORTB PORTC CR
 $8000 $8000 $8001 $8002 $8003
 CONTROL WORD
 D7 D6 D5 D4 D3 D2 D1 D0
 1 0 0 0 0 0 1 0
 VCC
 R
 LED
 APA.0
 /CSY4FROMMEMORYDECODER
 /WR
 /RST/A1/A0
 ACTIVE
 MODE = 0
 PORTA = OUTPUT
 PORTB = INPUT
 PORTC LOWER = OUTPUT
 PORTC UPPER = OUTPUT
 MODE = 0SW
 PB.0
 QUESTION :WRITE A PROGRAM TO READ INPUT FROM SW. IF SW ISACTIVATED, LED A WILL TURN ON. OTHERWISE, LED ALWAYSOFF
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ORG 0000H
 MOV A,#82H ;control word (port A =output, port B = input)MOV DPTR,#8003H ;load control reg port addressMOVX @DPTR,A ;issue control word
 AGAIN: MOV DPTR,#8001H ;point to port BMOVX A,@DPTR ; read port B, store in AANL A,#01H ; logical AND to port ACJNE A,#00H,OFF ; if sw NOT activated, goto OFF
 ON: MOV A,#00H ;A = 0000 0000 ; led A = ONMOV DPTR,#8000H ;PC addressMOVX @DPTR,A ;send data to port ALCALL DELAY ;waitSJMP AGAIN
 OFF: MOV A,#01H ;A = 0000 0001 ; led A = OFFMOV DPTR,#8000H ;PC addressMOVX @DPTR,A ;send data to port ALCALL DELAY ;waitSJMP AGAIN ;continue
 Delay : …..…..END
 PPIinitialize
 Send signalto PortA
 Alternate LEDSend signalto PortA
 EXAMPLE #4 - CODINGORG 0000H
 MOV A,#82H ;control word (port A =output, port B = input)MOV DPTR,#8003H ;load control reg port addressMOVX @DPTR,A ;issue control word
 AGAIN: MOV DPTR,#8001H ;point to port BMOVX A,@DPTR ; read port B, store in AANL A,#01H ; logical AND to port ACJNE A,#00H,OFF ; if sw NOT activated, goto OFF
 ON: MOV A,#00H ;A = 0000 0000 ; led A = ONMOV DPTR,#8000H ;PC addressMOVX @DPTR,A ;send data to port ALCALL DELAY ;waitSJMP AGAIN
 OFF: MOV A,#01H ;A = 0000 0001 ; led A = OFFMOV DPTR,#8000H ;PC addressMOVX @DPTR,A ;send data to port ALCALL DELAY ;waitSJMP AGAIN ;continue
 Delay : …..…..END
 Alternate LEDSend signalto PortA
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UiTM 8051 TRAINER BOARD
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INTEL 8051 PPI#A256K RAM
 PPI#B
 EXTENSIONPORT
 PPI#BRESET
 DB9FSERIALPORT
 256K ROMRS232 LATCH CON #3
 CON #2
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Schematic Diagram
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CONNECTOR PINOUT
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• There are 3 LEDs available onboard connected to P0.0, P0.1 and P0.6respectively.
 • It is a good practice to do simple LED blinking onboard before executingyour actual program.
 • This approach ensure the hardware (8051 trainer board) is workingperfectly.
 • Once the LED start to blink, you can focus on your program.
 • Please refer to your lecturer or Lab Technician on how to download yourprogram into ROM.
 • A simple coding to produce blinking LED as follow.
 • There are 3 LEDs available onboard connected to P0.0, P0.1 and P0.6respectively.
 • It is a good practice to do simple LED blinking onboard before executingyour actual program.
 • This approach ensure the hardware (8051 trainer board) is workingperfectly.
 • Once the LED start to blink, you can focus on your program.
 • Please refer to your lecturer or Lab Technician on how to download yourprogram into ROM.
 • A simple coding to produce blinking LED as follow.
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Blinking ProgramORG 0000H
 MULA: MOV A,#0FEH ; Turn on Led0MOV P1,ALCALL DELAYMOV A,#0FDH ; Turn on Led1MOV P1,ALCALL DELAYMOV A,#0BFH ; Turn on Led6MOV P1,ALCALL DELAYMOV A,#0FFH ; Turn off all LedsMOV P1,ALCALL DELAY
 ; Start your Program here
 ; End of Program
 DELAY: MOV R2,#3LOOP3: MOV R1,#255LOOP2: MOV R0,#255LOOP: DJNZ R0,LOOP
 DJNZ R1,LOOP2DJNZ R2,LOOP3RET
 End
 ORG 0000H
 MULA: MOV A,#0FEH ; Turn on Led0MOV P1,ALCALL DELAYMOV A,#0FDH ; Turn on Led1MOV P1,ALCALL DELAYMOV A,#0BFH ; Turn on Led6MOV P1,ALCALL DELAYMOV A,#0FFH ; Turn off all LedsMOV P1,ALCALL DELAY
 ; Start your Program here
 ; End of Program
 DELAY: MOV R2,#3LOOP3: MOV R1,#255LOOP2: MOV R0,#255LOOP: DJNZ R0,LOOP
 DJNZ R1,LOOP2DJNZ R2,LOOP3RET
 End
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