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#7. Serial communication: UART
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» Serial communication review

» UARTO (Ch.14)
» Overview
» Registers
» Example code
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Parallel vs. Serial

Communication channel
or Computer bus

T stop \ Start /Do)(m)(nlena)(m)(psanx_m/swp

8 Bits of Data or 7 Bits of Data
and Optional Even Parity Bit

|< 10-Bit Frame

Signal D3

D2
D1
DO

D OO -
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Examples of serial communications

» http://en.wikipedia.org/wiki/Serial communication
» Morse code telegraphy
» RS-232 (low-speed, implemented by serial ports) *

» RS-423
» RS-485
» I’C *

» Serial Peripheral Interface Bus (SPI) *
» Universal Serial Bus (moderate-speed, for connecting peripherals to

computers)
» FireWire
» Ethernet

» Fibre Channel (high-speed, for connecting computers to mass storage devices)
» InfiniBand (very high speed, broadly comparable in scope to PCI)

» MIDI control of electronic musical instruments

» DMX512 control of theatrical lighting

» SDI-12 industrial sensor protocol

» Serial Attached SCSI

» Serial ATA
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Asynchronous vs. Synchronous

» Asynchronous (H%7]) 54l
b *"‘Z}Q} SRR A5 o]F %7l§} e 71 A% ¥
AT 8 93,
» A & A]x}‘— HIC A]| S U3 S
= (start/stop bit ) £A3jlo
SEE ZA] % BAl, 9= 7|EE, nf¢A 5o Ay

il

O.>,‘.. °|'|1

l
s 151 ,
» YIEEAQl T F9: RS- 2320 USB &
» Synchronous (£7]) 54
» HE712} 29] t1101151 A °l Qo] s 9] F7]|E % AT A
(29 signal) 22
» 32 B AL oY 29 50 43 s
y ERQE I2C (¥”]A), SPI(Motorola) §

_|




T8KO0/KF2 Serial Interface

» Serial interfaces

3-wire serial I/O/UART
3-wire serial 1I/0

v v Vv Vv Vv

I2C bus

UART supporting LIN-bus

1 channel (UART®6)
1 channel (UARTO0/CSI10)
1 channel (CSI11)

3-wire serial I/0 w auto. Tx/Rx 1 channel (CSIAOQ)

1 channel (IICO)

Figure 14-6. Format of Normal UART Transmit/Receive Data

1 data frame

Figure 14-7. Example of Normal UART Transmit/Receive Data Waveform

1. Data length: 8 bits, Parity: Even parity, Stop bit: 1 bit, Communication data: 55H

1 data frame

Start

DO DA D2 D3 D4 D5 D& D7 | Party | Stop !

St oo | ot | o2 | o3| pa | os | oe | o7 [P

bit bit Stop bi

Character bits

One data frame consists of the following bits.

« Start bit ... 1 bit

» Character bits ... 7 or 8 bits (LSB first)

* Parity bit ... Even parity, odd parity, O parity, or no parity
+ Stop bit ... 1 or 2 bits

2. Data length: 7 bits, Parity: Odd parity, Stop bit: 2 bits, Communication data: 36H

1 data frame

——————

! Do DI | D2 D3 D4 | D5 D6 Parity | Stop | Stop !
' ' ' : : |

3. Data length: 8 bits, Parity: None, Stop bit: 1 bit, Communication data: 87H

1 data frame

Start

______________________
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UARTO (Ch.14)

» Overview
» Maximum transfer rate: 625kbps
» TxDO, RxDO
» Data length :7,8bit €715
» Full-duplex 5% 7I's
» LSB-first 4l 1%
» Configuration

» Registers

» Receive buffer reg.0 (RXB0), Rec./Tra. shift reg.
RXS0, TXSO

» Control reg.
» ASIMO, ASISO, BRGCO, PM1, PI1
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Operations

» Stop mode
» UART 7] AHEOA] &2 v AHE. A9 AH] doF &3t P11, P10 port 7]
s A 71s.

» Setting

» ASIMO<7:POWERO0><6:TXE0><5:RXE0> =0 (clear)

» UART mode

» AR &4

L.
2.
3.
4,

BRGCO 23 (boad rate clock 2%)
ASIMO<1~4> bit A% (Rx/Tx pin A7)
ASIMO<7>=1, TXEO=1, RXEO=1
TXS0<data 271 > Holg AE A&

Table 14-2. Relationship Between Register Settings and Pins

POWERD| TXED | RXED | PM{D P10 PM11 P11 UARTO Pin Function
Operation | Typo/SCKI0/P10 | RxDO/SIHO/P1
0 0 0 e et S e Stop SCK10/P10 SHO/P11
1 0 1 e e 1 x Reception 'SCK10/P10 RxDO0
1 0 0 1 8 e Transmission TxD0O SHO/P11
1 1 0 1 i % Transmission/ TxD0 RxD0
reception
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Tx/Rx IRQ Timing

Figure 14-8. Transmission Completion Interrupt Request Timing

1. Stop bit length: 1

o
TxDO (outpuit) \Start / DO X D1 X D2 | I,f",f' | D6 X D7 XF‘arity
INTSTO —l

2. Stop bit length: 2

) |
TxDO (output) \Start/ Do X D1 X p2 ) // } De X D7 Xpanty/ Stop
(Y

—

Stop |

INTSTO
Figure 14-9. Reception Completion Interrupt Request Timing

. i
R:D0 (input) Stat { D0 | D1 { D2 | D3 | D4 { D5 | D6 | D7 | Parity | Stbp |
Il Il Il Il Il Il 1 Il Il PR |
INTSRO [ ]

RXB0 X
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Control registers

Figure 14-2. Format of Asynchronous Serial Interface Operation Mode Register 0 (ASIMO) (1/2)

Address: FFFOH After reset: 01H R/W

Symbaol <= <6 <h= 4 3 2 1 0
ASIMO POWERD TXED RXEOQ PS01 PS00 CLO SLO 1
PS01 PS00 Transmission operation Reception operation
0 o Does not output parity bit. Reception without parity
0 1 Outputs 0 parity. Reception as 0 parity™"”
a 7 Y_ A - _ty PEO Status flag indicating parity error
1 W] Outputs odd parity. Judges as odd parity.
) ] 0 If POWERD = 0 or RXEQ = 0, or if ASIS0 register is read.
1 1 Outputs even parity. Judges as even parity.
1 If the parity of transmit data does not match the parity bit on completion of reception.
CLO Specifies character length of transmit/receive data
0 Character length of data = 7 bits FEO Status flag indicating framing error
1 Character length of data = 8 bits 0 If POWERO = 0 or RXEQ = 0, or if ASIS0 reqgister is read.
1 If the stop bit is not detected on completion of reception.
SLO Specifies number of stop bits of transmit data
0 Number of stop bits =1 OVED Status flag indicating overrun emor
! Number of stop bits =2 0 It POWERO = 0 and RXEO = 0, or if ASISO register is read.
1 If receive data is set to the RXBO register and the next reception operation is completed before the
data is read.
RX EI'I'OI'S Figure 14-3. Format of Asynchronous Serial Interface Reception Error Status Register 0 (ASIS0)
.
[ ]
Parl t‘} Address: FF73H Adfter reset: 00H R
L]
e Fram Ing Symbol 7 6 g 4 3 2 1 0
ASIS0 0 | 0 | 0 | 0 0 PED FED | OVED
* Overrun
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Baud rate generation

Address: FF71H After reset: 1FH R/W

Figure 14-4. Format of Baud Rate Generator Control Register 0 (BRGCO0)

Baud rate [bps] = fy1xo/2%k

Symbol 7 6 5 4 3 2 1 0
BRGCO TPSO1 TPS00 0 | MDLO4 ‘ MDLO3 | MDLO2 ‘ MDLO1 ‘ MDLOD |
TPS01 TPS00 Base clock (fxcike) selection EX)
fres = 2 MHz | frms = 5 MHz | frrs = 10 MHz | foms = 20 Mz
0 0 | TM50 output™ fXCLKO =2.5MHz
0 1 feas/2 1 MHz 2.5 MHz 5 MHz 10 MHz
1 0 fons/2® 250 kHz 625 kHz 1.25 MHz 2.5 MHz k - 16
1 1 frrs/2* B2.5 kHz 156.25 kHz | 312.5 kHz 825 kHz Baud rate=2.5M/(2*16)=78125
— _ 1)*
MDLO4 MDLO3 MDLO2 MDLO1 MDLOO k Selection of 5-bit counter EI'I'OI' - (78125/76800 1) 100
output clock _ 0,
0 0 x x x « | Setting prohibited 1'725 /0
0 1 Q 0 0 8 | fxcownd8
0 1 0 0 1 9 | fucikn/ ¥* M X"I O‘” |.E — -” | E L O‘” _|
0 1 0 1 0 10 | fecworto = O [ - E—E 0 — C
L] L] - - - L] - 7 Fg 1L — iF X -6-|-
, _ , , N E , U2 H14-5 xS AL
1 1 Q 1 0 26 | fxcuko/268
1 1 4] 1 1 27 | feciknd27
1 1 1 0 0 28 | fxoika/28
1 1 1 0 1 29 | fucikol29
1 1 1 1 0 30 | frcukof30
1 1 1 1 1 31| fecikod3
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Code for UARTO

#pragma vect INTSRO uart0 rx

interrupt void uart0 rx(void) UARTOE Sofl 28 E =X
e - i = serlaIE =S5l =
unsigned char ch; Tz ]
ch = RXSO0; * 7t4: P2.2~00{ 37} LED € 4&.
if (ASISO & 0x07) {//check errors
P2 |= ASISO & 0x07;
else //transmit the received char.
TXS0 = ch;
}
vold main (void)
{
//setup for UARTO
BRGCO = 0b10001011; //TPS=2, k=11-2115200bps
PM1.0 = 0; P1.0 = 1; //for TxDO
PM1.1 = 1; //for RxDO
ASIMO = 0b11100101; //8N1
SRMKO = 0; //Irqg. Mask flag for INTSRO
ET();
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