8255 Programmable Peripheral  Interface (PPI)
Data Bus Buffer
This three-state bi-directional 8-bit buffer is used to interface the 8255 to the system data bus. Data is transmitted or received by the buffer upon execution of input or output instructions by the CPU. Control words and status informa-tion are also transferred through the data bus buffer.
Read/Write and Control Logic
The function of this block is to manage all of the internal and external transfers of both Data and Control or Status words. It accepts inputs from the CPU Address and Control busses and in turn, issues commands to both of the Control Groups.
(CS) Chip Select. A "low" on this input pin enables the communcation between the 8255 and the CPU.
(RD) Read. A "low" on this input pin enables 8255 to send the data or status information to the CPU on the data bus. In essence, it allows the CPU to "read from" the 8255.
(WR) Write. A "low" on this input pin enables the CPU to write data or control words into the 8255.
(A0 and A1) Port Select 0 and Port Select 1. These input signals, in conjunction with the RD and WR inputs, control the selection of one of the three ports or the control word register. They are normally connected to the least significant bits of the address bus (A0 and A1).
(RESET) Reset. A "high" on this input initializes the control register to 9Bh and all ports (A, B, C) are set to the input mode.
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Group A and Group B Controls
The functional configuration of each port is programmed by the systems software. In essence, the CPU "outputs" a control word to the 8255. The control word contains information such as "mode", "bit set", "bit reset", etc., that initializes the functional configuration of the 8255. Each of the Control blocks (Group A and Group B) accepts "commands" from the Read/Write Control logic, receives "control words" from the internal data bus and issues the proper commands to its associated ports.
Ports A, B, and C
The 8255 contains three 8-bit ports (A, B, and C). All can be configured to a wide variety of functional characteristics by the system software but each has its own special features or "personality" to further enhance the power and flexibility of the 8255.
Port A One 8-bit data output latch/buffer and one 8-bit data input latch. Both "pull-up" and "pull-down" bus-hold devices are present on Port A.
Port B One 8-bit data input/output latch/buffer and one 8-bit data input buffer.
Port C One 8-bit data output latch/buffer and one 8-bit data input buffer (no latch for input). This port can be divided into two 4-bit ports under the mode control. Each 4-bit port contains a 4-bit latch and it can be used for the control signal output and status signal inputs in conjunction with ports A and B.
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Block Diagram of the 8255 Programmable Peripheral  Interface (PPI)
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Mode Definition Format
 

Examples of IN/OUT instructions and 8086 assembly language programmes.
8255 Programmable Peripheral Interface

(Dated: pre-2000)
· Features
· Pinout
· Block diagram
· BSR mode
· I/O mode
· Mode 1
· Mode 2


Features:

· 3 8-bit IO ports PA, PB, PC

· PA can be set for Modes 0, 1, 2. PB for 0,1 and PC for mode 0 and for BSR. Modes 1 and 2 are interrupt driven.

· PC has 2 4-bit parts: PC upper (PCU) and PC lower (PCL), each can be set independently for I or O. Each PC bit can be set/reset individually in BSR mode.

· PA and PCU are Group A (GA) and PB and PCL are Group B (GB)

· Address/data bus must be externally demux'd.

· TTL compatible.

· Improved dc driving capability



Pinout
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Block diagram





BSR mode

Bit set/reset, applicable to PC only. One bit is S/R at a time. Control word:

	D7
	D6
	D5
	D4
	D3
	D2
	D1
	D0

	0 (0=BSR)
	X
	X
	X
	B2
	B1
	B0
	S/R (1=S,0=R)


Bit select: (Taking Don't care's as 0)

	B2
	B1
	B0
	PC bit
	Control word (Set)
	Control word (reset)

	0
	0
	0
	0
	0000 0001 = 01h
	0000 0000 = 00h

	0
	0
	1
	1
	0000 0011 = 03h
	0000 0010 = 02h

	0
	1
	0
	2
	0000 0101 = 05h
	0000 0100 = 04h

	0
	1
	1
	3
	0000 0111 = 07h
	0000 0110 = 06h

	1
	0
	0
	4
	0000 1001 = 09h
	0000 1000 = 08h

	1
	0
	1
	5
	0000 1011 = 0Bh
	0000 1010 = 0Ah

	1
	1
	0
	6
	0000 1101 = 0Dh
	0000 1100 = 0Ch

	1
	1
	1
	7
	0000 1111 = 0Fh
	0000 1110 = 0Eh




I/O mode

	D7
	D6
	D5
	D4
	D3
	D2
	D1
	D0

	1 (1=I/O)
	GA mode select
	PA
	PCU
	GB mode select
	PB
	PCL


· D6, D5: GA mode select:

· 00 = mode0

· 01 = mode1

· 1X = mode2

· D4(PA), D3(PCU): 1=input 0=output

· D2: GB mode select: 0=mode0, 1=mode1

· D1(PB), D0(PCL): 1=input 0=output

Mode 0: No interrupts. Plain I/O. Two 8 bit ports PA, PB. Two 4 bit ports PCU and PCL. Outputs latched, inputs buffered.



Mode 1

(Input and output data are latched)

	PC bits in input mode:

	D7
	D6
	D5
	D4
	D3
	D2
	D1
	D0

	PC7
	PC6
	IBF-A
	INTE-A / STB-A-bar
	INTR-A
	INTE-B / STB-B-bar
	IBF-B
	INTR-B

	PC bits in output mode:

	D7
	D6
	D5
	D4
	D3
	D2
	D1
	D0

	OBF-A-bar
	INTE-A / ACK-A-bar
	PC5
	PC4
	INTR-A
	INTE-B / ACK-B-bar
	OBF-B-bar
	INTR-B


Input mode:

· D4, D2: Set/Reset INTE using BSR. STB-bar input is connected to external peripheral's strobe output (i.e. PC2, PC4 pin to external strobe).

· INTE is internal connection. STB-bar is external connection.

Output mode:

· D6, D2: Set/Reset INTE using BSR. ACK-bar input is connected to external peripheral's acknowledge output (i.e. PC2, PC6 pin to external ack).

· INTE is internal connection. ACK-bar is external connection.



Mode 2

Only for PA

Status:
	D7
	D6
	D5
	D4
	D3
	D2
	D1
	D0

	OBF-A-bar
	INTE1(O/P) /
ACK-A-BAR
	IBF-A
	INTE2(I/P) /
STB-A-bAR
	INTR-A
	X
	X
	X




Comunicación serial
Universal Asynchronous Receiver-Transmitter

UART son las siglas de "Universal Asynchronous Receiver-Transmitter" ( en español, Transmisor-Receptor Asíncrono Universal ). Éste controla los puertos y dispositivos serie. Se encuentra integrado en la placa base o en la tarjeta adaptadora del dispositivo. Un UART dual, o DUART, combina dos UARTs en un solo chip. Existe un dispositivo electrónico encargado de generar la UART en cada puerto serie. La mayoria de los ordenadores modernos utilizan el chip UART 16550, que soporta velocidades de transmisión de hasta 921,6 Kbps (Kilobits por segundo).

Las funciones principales de chip UART son de manejar las interrupciones de los dispositivos conectados al puerto serie y de convertir los datos en formato paralelo, transmitidos al bus de sistema, a datos en formato serie, para que puedan ser transmitidos a través de los puertos y viceversa.

Transmisión y recepción de datos serie

El controlador del UART es el componente clave del subsistema de comunicaciones series de una computadora. El UART toma bytes de datos y transmite los bits individuales de forma secuencial. En el destino, un segundo UART reensambla los bits en bytes completos. La transmisión serie de la información digital (bits) a través de un cable único u otros medios es mucho más efectiva en cuanto a costo que la transmisión en paralelo a través de múltiples cables. Se utiliza un UART para convertir la información transmitida entre su forma secuencial y paralela en cada terminal de enlace. Cada UART contiene un registro de desplazamiento que es el método fundamental de conversión entre las forma serie y paralelo.

El UART normalmente no genera directamente o recibe las señales externas entre los diferentes módulos del equipo. Usualmente se usan dispositivos de interfaz separados para convertir las señales de nivel lógico del UART hacia y desde los niveles de señalización externos.

Las señales externas pueden ser de variada índole. Ejemplos de estándares para señalización por voltaje son RS-232, RS-422 y RS-485 de la EIA. Históricamente, se usó la presencia o ausencia de corriente en circuitos telegráficos. Algunos esquemas de señalización no usan cables eléctricos. Ejemplo de esto son la fibra óptica, infrarrojo y Bluetooth (inalámbrico). Algunos esquemas de señalización emplean una modulación de señal portadora (con o sin cables). Ejemplos son la modulación de señales de audio con módems de línea telefónica, modulación en radio frecuencia (RF) en radios de datos y la DC-LIN para la comunicación de línea eléctrica. Pk
UART test program for 16F628

Function 
This program sends an alive message and then echoes characters received from a terminal via RS232.
Hardware 
The testboard K4 is set up with reset circuit and a MAX232 for RS232 communication. The 4 capacitors connected to MAX232 are 1 uF types; if you use MAX232A or ST232, they can be 100 nF values. The 4 arrows in the circuit diagram indicate signal direction.
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Testboard K4 configured for 628uart.asm
Software in assembler 
;******************************************************************* 
; Function:  Sends alive message, then echoes characters at 9600 bps 
; Processor: PIC16F628 at 4 MHz using internal RC oscillator 
; Hardware:  Testboard K4 
; Filename:  628uart.asm 
; Author:    Lars Petersen, oz1bxm@pobox.com 
; Website:   www.qsl.net/oz1bxm/PIC/pic.htm 
; Credit:    Tony Nixon's test program at 
;            www.piclist.com/techref/microchip/16f877/setup.htm 
;*******************************************************************
        LIST P=16F628, R=DEC    ; Use the PIC16F628 and decimal system
        #include "P16F628.INC"  ; Include header file
        __config  _INTRC_OSC_NOCLKOUT & _LVP_OFF & _WDT_OFF & _PWRTE_ON & _BODEN_ON
        CBLOCK 0x20             ; Declare variable addresses starting at 0x20 
          dataL 
        ENDC
        ORG    0x000            ; Program starts at 0x000 
; 
; -------------------------------- 
; SET ANALOG/DIGITAL INPUTS PORT A 
; -------------------------------- 
; 
        movlw 7 
        movwf CMCON             ; CMCON=7 set comperators off 
; 
; ---------------- 
; INITIALIZE PORTS 
; ---------------- 
; 
        movlw b'00000000'       ; set up portA 
        movwf PORTA
        movlw b'00000100'       ; RB2(TX)=1 others are 0 
        movwf PORTB
        bsf STATUS,RP0          ; RAM PAGE 1
        movlw 0xFF 
        movwf TRISA             ; portA all pins input
        movlw b'11110010'       ; RB7-RB4 and RB1(RX)=input, others output 
        movwf TRISB
; ------------------------------------ 
; SET BAUD RATE TO COMMUNICATE WITH PC 
; ------------------------------------ 
; Boot Baud Rate = 9600, No Parity, 1 Stop Bit 
; 
        movlw 0x19              ; 0x19=9600 bps (0x0C=19200 bps) 
        movwf SPBRG 
        movlw b'00100100'       ; brgh = high (2) 
        movwf TXSTA             ; enable Async Transmission, set brgh
        bcf STATUS,RP0          ; RAM PAGE 0
        movlw b'10010000'       ; enable Async Reception 
        movwf RCSTA 
; 
; ------------------------------------ 
; PROVIDE A SETTLING TIME FOR START UP 
; ------------------------------------ 
; 
        clrf dataL 
settle  decfsz dataL,F 
        goto settle
        movf RCREG,W 
        movf RCREG,W 
        movf RCREG,W            ; flush receive buffer 
; 
; --------- 
; MAIN LOOP 
; --------- 
; 
        call message            ; send "16F628 alive" 
loop    call receive            ; wait for a char 
        call send               ; send the char 
        goto loop 
; 
; ------------------------------------------- 
; RECEIVE CHARACTER FROM RS232 AND STORE IN W 
; ------------------------------------------- 
; This routine does not return until a character is received. 
; 
receive btfss PIR1,RCIF         ; (5) check for received data 
        goto receive
        movf RCREG,W            ; save received data in W 
        return 
; 
; ------------------------------------------------------------- 
; SEND CHARACTER IN W VIA RS232 AND WAIT UNTIL FINISHED SENDING 
; ------------------------------------------------------------- 
; 
send    movwf TXREG             ; send data in W
TransWt bsf STATUS,RP0          ; RAM PAGE 1 
WtHere  btfss TXSTA,TRMT        ; (1) transmission is complete if hi 
        goto WtHere
        bcf STATUS,RP0          ; RAM PAGE 0 
        return 
; 
; ------- 
; MESSAGE 
; ------- 
; 
message movlw  '1' 
        call send 
        movlw  '6' 
        call send 
        movlw  'F' 
        call send 
        movlw  '6' 
        call send 
        movlw  '2' 
        call send 
        movlw  '8' 
        call send 
        movlw  ' ' 
        call send 
        movlw  'a' 
        call send 
        movlw  'l' 
        call send 
        movlw  'i' 
        call send 
        movlw  'v' 
        call send 
        movlw  'e' 
        call send 
        movlw  0x0D ; CR 
        call send 
        movlw  0x0A ; LF 
        call send 
        return
        END 
Remarks 
The ST232 is used for RS232 communication. An MAX232 can also be used. A simpler circuit can be set up using DS275, see the homepage of Wichit Sirichotefrom Thailand. 
A terminal program (HyperTerminal) is set up for 9600 baud with 8 data bits, no parity, no flowcontrol and 1 stop bit.
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Port settings in HyperTerminal
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The alive message displayed in HyperTerminal
The same program written in C is here.

Download 
Download 628art.zip containing the source code in assembler and the hexfile.

Trouble shooting 
You might find this trouble shooting page useful: PIC16F628 UART trouble shooting
Credit 
Tony Nixon's UART test program at http://www.piclist.com/techref/microchip/16f877/setup.htm was my source for the above program. Thanks!

Example application 
Hein Ragas shows on his webpage Buffered USART communications how the UART test program is used as a part of a more advanced application (morse code flasher with 16 byte circular buffer). 
