Serial Commmunication

Serial Communication

Asynchronous Communication
Simple Interface
No clock sent
Requires Start and Stop bits

Synchronous Communication
More complex interface

Clock sent with data
Higher Rate
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UART (Universal Asynchronous
Recelver Transmitter)

Interface between CPU and Serial Port

Converts the bytes it receives from parallel circuits into
a single serial bit stream for outbound transmission

On inbound transmission, converts the serial bit stream
Into the bytes that the computer handles

Adds a parity bit (if it's been selected) on outbound
transmissions and checks the parity of incoming bytes (if
selected) and discards the parity bit

Adds start and stop delineators on outbound and strips
them from inbound transmissions

Handles interrupts from the keyboard and mouse
(which are serial devices with special ports)



Most Popular UART
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Typical Interface
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USART Block of PIC
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Registers for RX/TX

RAN-O RAW-0 RAN-O RAN-0 U-0 RAN-O R-1 RAN-D
| C5RC | TX8 TEEM SYHC — BRGH TEMT Tx8D
bit7 bit O

CSRC: Clock Source Select bit
Asgynchranous mods
Don't care

TX9: S-bit Transmit Enable bit
1 = Selectz 9-hit transmission
¢ 0 = Selects 8-hit transmiszicn

TXEMN: Transmit Enable hit
1 = Tran=mit enabled
¢ 0 = Transmit disabled

SYNC: USART Mode Select bit
1 = Synchronous mods
y 0= Asynchronous mode

Unimplemented: Read as "I

BRizH: High Baud Rate Sslzct bit

Asynchronous mods

1 = High zpesd

¢ 0= Low speed

TRMT: Tranamit Shift Register Statug bit
1 =T5R emply
0 =TSR full

TXSTA:00100000 TX9D: Sth bit of transmit data.



Registers for TX/TX

RCSTA: Receive Status and Control Register

RIW-0 RAN-0 RIW-0 R/W-0 U-0 R-0 R-0 R-0
SPEN RxG SREM CREN — FERR DERR RX3D
bit 7 kit O

SPEM: Serial Port Enable hit

¥ 1 = Serial port enakled
0 = Serial port dizabled

RX9: 3-bit Receive Enzable bit
= Zelectz 3-bit receplion
y 0 = Selects 8-bit reception

SREN: Single Receive Enable bit
Asynchronous mode

Dot care
CREM: Continuous Receive Enakle bit
Asynchronous mode
v 1 = Enables confinuous receive
0 = Disables continuous receive
Unimplemented: Read az"0"
FERR: Framing Error bit
1 = Framing error
0 = No framing srror
QOERR: Cwverrun Ermor bit
RCSTA: 10010000 1 = Overrun error

0 = Mo averrun error

RXa9D: Sth bit of received data,
can be parity bit.



Registers for RX/TX

SPBRG: Baud Rate Generator

bit 7

Baud Rate Formula

it O

BERGH =0 (Low Speed)

BRGH = 1 (High Speed)

{Asynchronous) Baud Rate = Fosc/(ed(X+1))

Baud Rate= Fosc/(16(X+1))

X =value in SPBRG (0 to 255)

Baud Calculation and Error

1. Desired Baud Rate: 19200(B)

F
2. x-_95C g _ 200000000 4 _iso7 —dp X=15
64=B i64) (19200)
] 20,000,000
3. Calculated Baud rate with X: 9531
(64) (15+1)

19531 - 19200
4. Error= =1.7 %
19200




Registers for RX/TX

PIR1: Peripheral Interrupt Reqg

RAN-0 RAN-0 R-0 R-0 RAN-0 RAN-0 RAN-0 RAN-0
PSPIFiY ADIF RCIF THIF 33PIF CCP1IF | TMR2IF | TMRIIF
bit 7 bit O

RCIF: USART Feceive Interrupt Flag bit
1 = The USART receive huffer is full
o = The LSART receive buffer is empty

TXIF: USART Transmit Interrupt Flag hit

1 = The LISART transmit buffer is empty
o = The LISART transmit buffer is full
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PIC16F877 TX Block
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PIC 16F877 RX Block

RX BOLCE DIAGREAM {(Asynchronous Mode)

x64 Baud Rate CLK
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Registers

REGISTERS ASSOCIATED WITH ASYNCHRONOQUS RECEPTION

Value on: Value aon
Address] Name Bit 7 Bit & Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, all other
BOR Hesets
oCh FIH1 PSP ADIF RCIF TXEIF | 55PIF | CCP1IF | TMREZIF | TMR1IF
18h FElEN SPEM HX4 SHEM | CREMN — FERH DERR Hxs0 % %
1Ah SICHES | USART Hecsive Registar
BCh FIE* pspIEM|  aDIE RCIE TEIE | SSPIE] CCP1IE| TMRZIE | TMR1IE
HHh ST LSRG 1) TEEM | SYMC — BRGH THMT TABD
S9h SPERGS | Baud Rate Ganerator Register
Legend: x=unknown, - = unimplemeantad locations read as '0°
Shaded cells are nolt used for asynchronous recaplion.
REGISTERS ASSOCIATED WITH ASYNCHRONOUS TRANSMISSION
Value on: Walue on
Address | MWame Bit 7 Bit & Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 FOR, all other
BOR Resets
DCh FPIH1 pseir | aniE RCIF [AIF | S5PIF [ CCPIIF | TMEZIF | TME1IE
18h ACETA SPEM Hx89 SREM | CREM — FERR DERR RxED 1 1%
Hh [XREG |USART Transmil Register
BCh FIE* PspIEM | ADIE RCIE TXIE | SSPIE | CCP1IE| TMRZIE | TMR1IE
BHh [XSTA LSRG TXS TXEM | SYMC — BRGH THMT [ A80
Hah SPBRG | Baud Hale Genarator Hegistar
Legend: x=unknown, - = unimplementad localions read as '0f

Shaded cells ara not used for asynchronous fransmission
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RX/TX PROGRAMMING

INITIALIZATION BAUD RATE ----» SPBRG
TXMODE --->TXSTA% CREN & SPEN
RXMODE ---->RXSTA € TXEN

RX POLLING {RXREG ---» W)

RCIF
RX BUFFER FULL? <--- PIR1<5>

TX POLLING {W ---= TXREG])

TXIF
TX BUFFER EMPTY? <--- PIR1<4>
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call

TX

RX

ASYNC

hanksel
hifss
fjoto
hanksel
movlw
mowvwf

banksel
htfss
fjoto
banksel
movf

JInitialization

PIR1

PIR1, TXIF ;TX buffer empty?
TX

TXREG

oy

TXREG

PIR1

PIR1, RCIF  ;RX huffer full
RX

RXREG

RXREG,D :move the data to W

:Subroutine ASYNC

ASYNC

hanksel
movlw
mowvwf
hanksel
movlw
mowvwf
hanksel

moviw
movwi

return

SPBRG
HOF
SPBRG
TXSTA
B00100000°
TXSTA
RCSTA

B*10010000°
RCSTA
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