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» UARTO (Ch.14)
» Code correction

» Controller Area Network
» Local Interconnect Network
» UARTOG

7 ot 2011/02 UH|C|SA|AH 28
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Code for UARTO

#pragma vect INTSRO uartO_rx
__interrupt void uartO_ rx(void)
{
unsigned char ch, er;
ch = RXBO;
er = ASISO; //after read to be cleared
if(er & 0x07) {//check errors

P2 |= er & 0x07;
else //transmit the received char.
TXS0 = ch;

}

void 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; //Irq. Mask flag for INTSRO
EI();
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Controller-Area Network (CAN)

» Sources

» http://en.wikipedia.org/wiki/Controller_Area_Network
» http://www.ni.com/can/
B9l A Yo ARSI B 77
(standard)
» AL
1983¥ =Y BoschAoA AF HEHIZC= 7.
1986¢ T2 €= WY

4
4
» 198749 A9, HHAA] 93] 2% CAN-bus$§ H 7HLE.
4
4

19919 CAN 2.0 specification ¥
19934 ISO 11898= ZA| Ao = XjjeA

4 ounera 2011/02 YH|CIEA A S8
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CAN Overview

» B
» AFs2FoJA 9] ECU (electron control unit) AHE $7}.
(HA 70 o9 ECU ArE. ECM, PCM, trans.,
airbags, ABS, cruise control, EPS, etc.)
» o]gl B= Alojo] AR yoo] H Q33 > CAN 7|2 €&
» CAN-bust LUtAQl ZIF A|o] A|AEHIA S AIE &Y
» Bosch7l £8] £8. E3%]8 CAN Protocol License®] ®
2} Al F3loF &
» Applications
» AlsAL A5, dejdjolg g oA olE T +5 AAY &
» 371, #593871 AsAlol AlA] 5
» 9§ 7171 A|lA®l G

2011/02 LH|C|EAAE 3 &




CAN Overview

» Technology

» CAN i1s a multi-master broadcast serial bus
standard.

y ZF £ YAIA] §/5384 7Hs (SA 87D

» HAIAlO] ID X3

» Zt X E+ host processor, CAN controller,
Transceiver® #44%.

» S5 (bit rate)= 40m °J319] YEQ I ZojojA HY
IMbit/s.

» Priority—based bus arbitration
» ZF X9 ID9 £ A2 £F =2 4 £9]. 00] 1HY =
2 24 29 713. Open collector/wired/logical
AND 9Z u&,
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CAN Overview

» Physical layer

» 713 i, N3 X, Aol dudA, o HE Yo|E F
SEANY 89

» High-speed CAN
» 2 wire A, speed < 1IMbit/s
» Another name: I1SO 11898-2

» Low-speec/Fault-tolerant CAN
» 2 wire, speed < 125kbit/s

» Another name: fault—-tolerant CAN, CAN B, ISO
11898-3

» Maln apps. : door system
» Single—wire CAN
» Use single-wire at rates up to 33.3Kkbits/s.

2011/02 UM C|SA|AE 28




CAN Overview

» Frames (packet)
» Packet: formatted block of data

» 4 types
» Data frame: €4t Hojg Y7 T
» Remote frame: §3 £E9| 1§ 23 =Y
» Error frame: o7} @A4H L tof o3 Y55 =Y
» Overload frame
» Data frame

» Base frame format: with 11 identifier bits
» Extended frame format: with 29 id. bits

11-BIT
ARBITRATION ID

18-BIT r 0.8

S
E ArRBITRATION ID | T |0 |PLC |BYTES DATA | CRC

peip et
O

mom

I
D
E

now|
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LLocal Interconnect Network (LIN)

» LIN-Bus

» A small and slow network as a cheap sub—network
of a CAN

» Network topology

» Broadcast serial network with 1 master and up to 12
slaves.

» All messages are initiated by the master with at most
one slave replying for a given id.

» History
y 19904 8 57] A5t AT 5 7
» 2002.11€ LIN v1.3, 200399€ v2.0 &=

*source:
http://en.wikipedia.org/wiki/Local Interconnect Net
work#Network topology

9 N e 2011/02 YH|CIEAIAE S8
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LIN-Bus

» Features of protocol

4
>

v v v VvV Vv

Single master, up to 16 slaves

Single wire communications up to 19.2kbit/s @
40m bus length

Guaranteed latency time

Variable length of data frame (2/4/8 bytes)
Data checksum and error detection
Detection of defective nodes

Low cost silicon implementation based on
standard UART/SCI hardware

Operating voltage of 12V

10
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LIN-Bus

» LIN network configuration

40m -
+ Return ‘ o
I
I_|."|| - LIN bus
/
1KE2
\J’E,ﬁ.T—H—"‘.‘,-""-,,-’\.;—"
LIN bus LIM bus LIN bus LIN bus
MCP201 MCP201 MCP201 MCP201
Slave 1 Slave 2 Slave n <16
HC uc HC
Master
pc
o oltage .
» LIN transcelver
| Ratiometric
VREG - Wake-Up Reference
Internal Circuits Logic
RXD s I ¢ -
CS/WAKE T = aﬁﬂ{o_x.
= = Ly
XD ES + oCc>e | LIN
— 1 ]
FAULT/SLPS
Vss
__| Slope Thermal
POR
Control Protection 1
\/ 2011/02 QH|C|EA|AEH 22
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LIN-Bus

» Frame format

— Message Header - Message Response ———— |

Break Sync |dentifier | Data Checksum

» Break: 13 dominant bits, serve as a start—of-
frame (SOF)

» Sync:0x55, slave devices9] A5 2= baud rate2 7
AI8HA o171 1.

» ID:SE9}17] 9ol & AA. 0~59;data frame,
60,61;carry/diagnostic data, 62;user—-defined
extensions, 63:future protocol enhancement.

12 L amnta 2011/02 AH|C|EAI2E S8
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UARTO

» Features

Maximum transfer rate: 625kbps

Data length:7 or 8bits

8-bit baud rate generator

Full duplex operation

MSB- or LSB-first comm. Selectable

Sync Break Field (SBF) transmission from 13 to 20 bits

v Vv VvV VvV Vv Vv

Figure 15-1. LIN Transmission Operation

Wakeup Sync Syne field ldentifier  Data field Data field Checksum
signal frame break field field field
| | | | | | |
LIN Bus
13-hithe*2 SBF 55H Data Data Data Data
8 hitgMote 1 transmission transmission transmission transmission transmission transmission
- - || || | | |
TX6
(output)

INTSTgtees | I I I I I L

13 -@@qum 2011/02 QH|C|ZA|
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UARTG: LIN reception operation

<1>UART6ZA3} &

= O
spr Al A
<3>SBF =4l
QEFE|H INTSR6 Figure 15-2. LIN Reception Operation
24, EfO|Hoo
SEMTIA|7] HA Wakeup Syne Syne field ldentifier Data field Data field Checksum
= =7 signal frame break field field field
= 33, baud - - - - ~ - |——~| |——~|
rate 29 LIN Bus
<4>BRGC6 AAH -
lIl
<5>Checksum | 13-bit SF ID Data Data Data
[—||O|E-|E SW7|' | SEF reception reception reception  reception reception  reception
AAb. checksum <25 S <5>
AN S
T4l 2 UART6 i.ia’{ﬁﬁ Disable | Enable
X7|3}, SBE =4l | VP : 5
NEER [ /
| { <3 {
Reception interrupt ' {
(INTSRE) |., ' I T I I I | L
| ‘ \\1
\ !
"I j 1]
'\{1::-- {
Edge detection | _
(INTPO) \ )
\ <4> /I
Capture timer Disable Enable
14 L amnta 2011/02 YHICIEA2H S8
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Configuration Hl¥ UARTO0/6

r O A
» 471 reg. ¥7t: TXB6, ASIF6, CKSR6,ASICL6

Table 14-1. Configuration of Serial Interface UARTO

ltem

Configuration

Reqisters

Receive buffer register 0 (RXBO)
Receive shift register 0 (RXS0)
Transmit shift register 0 (TXS0)

Control registers

Asynchronous senal interface operation mode register 0 (ASIMO)
Asynchronous senal interface reception error status register 0 (AS150)
Baud rate generator control register 0 (BRGC0D)

Port mode register 1 (PM1)

Port register 1 (P1)

Table 15-1. Configuration of Serial Interface UART6

Item

Configuration

Registers

Receive buffer register 6 (RXB&)
Receive shift register 6 (RXS6)
Transmit buffer register 6 (TXB6)
Transmit shift register 6 (TXSB6)

Control registers

15

Asynchronous serial interface operation mode register 6 (ASIMB)
Asynchronous senial interface reception error status register 6 (ASIS6)
Asynchronous serial interface transmission status register 6 (ASIF6)
Clock selection register 6 (CKSRE)

Baud rate generator control register 6 (BRGCB)

Asynchronous serial interface control register 6 (ASICLB)

Input switch control register (ISC)

Port mode register 1 (PM1)

Port register 1 (P1)

‘*Z"JEEIIEIEI
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Control registers for baud rate

» Clock selection reqg.6 (CKSRG6)
» Baud rate generator control reqg.6(BRGC6)

Figure 15-8. Format of Clock Selection Register 6 (CKSR6)

56H After reset: 00H R'W

7 -] 5 4 3 2 1 4]
0 0 0 0 TPSE3 TPSE2 TPS61 TPSED |
TPSE3 TPSE2 TPSE1 TPSE0 Base clock (fxcike) selection

frrs = frrs = frrs = frrs =

2 MHz 5 MHz 10 MHz 20 MHz
[4] 0 0 4] frns 2 MHz 5 MHz 10 MHz 20 MHz
0 0 0 1 fras2 | 1 MHz 25MHz |5 MHz 10 MHz
0 0 1 4] fers/?® | 500 kHz 1.25MHz [25MHz |5 MHz
0 0 1 1 fers/2”® | 250 kHz | 625 kHz 1.25 MHz | 2.5 MHz
4] 1 0 0 fersf® | 125 kHz [312.5 kHz | 625 kHz 1.25 MHz
4] 1 0 1 trrs/2® | B2.5 kHz |156.25 kHz| 312.5 kHz | 625 kHz
4] 1 1 0 rrs/2® | 31.25 kHz | 78.13 kHz | 156.25 kHz| 312.5 kHz
0 1 1 1 fere2’ | 15,625 kHz| 39.06 kHz |78.13 kHz | 156.25 kHz
1 0 0 0 fere@® [ 7.813 kHz | 19.53 kHz |39.06 kHz | 78.13 kHz
1 0 0 1 fers/2” | 3.906 kHz |9.77 kHz |19.53 kHz | 39.06 kHz
1 0 1 0 fre2” (1953 kHz |4.88kHz |9.77 kHz | 19.53 kHz
1 0 i 1 TM50 output™®

Other than above Setiing prohibited

Figure 15-9. Format of Baud Rate Generator Control Register 6 (BRGC6)

F57H After reset: FFH R/W

7

6

5

4

3

2 1 0

| MDLE7 | MDLEB | MDLES | MDLE4 | MDLE3 | MDLE2 I MDLE1 [ MDLED |

MDL&E7 | MDLEE | MDLES | MDLE4 | MDLE3 | MDLB2 | MDLET | MDLEOD k Output clock selection of
B8-bit counter

0 0 0 0 0 0 x x % | Setting prohibited

0 0 0 0 0 1 0 0 4 | frowed

0 0 0 0 0 1 0 1 5 | fucwes/S

0 0 0 0 0 1 1 0 B | fucwes/B

1 1 1 1 1 1 0 a 252 | fucike252

1 1 1 1 1 1 0 1 253 | fucike/253

1 1 1 1 1 1 1 0 254 | frowe/254

1 1 1 1 1 1 1 1 255 | fucwkaf255
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Asvync. serial interface control (ASICLG)

Figure 15-10. Format of Asynchronous Serial Interface Control Register 6 (ASICLS) (1/2)

Address: FF58H After reset: 16H R/W™™

Symbol <= <B= & 4 3 2 1 0
ASICLE SBRF6 SBRTE SBTTE SBLe2 SBLE1 SBLE0 DIREG TXDLVE
SBRF& SBF reception status flag
0 If POWERE = 0 and RXEE = 0 or if SBF reception has been completed correctly
1 SBF receplion in progress Figure 15-10. Format of Asynchronous Serlal Interface Control Register 6 (ASICLS) (2/2)
SBRTE SBF reception trigger SBL62 SBLE1 SBELB0 SBF transmission output width control
0 1 4] 1 SBF is output with 13-bit length.
— 1 1 0 SBF is output with 14-bit length.
1 SBF reception trigger 1 1 1 SBF is output with 15-bit length.
0 0 0 SBF is output with 16-bit length.
SBTTE SBF transmission trigge 0 0 1 SBF is output with 17-bit length.
0 _ 0 1 0 SBF is output with 18-bit length.
— - 0 1 1 SBF is output with 19-bit length.
1 SBF transmission trigger - ) -
1 0 0 SBF is output with 20-bit length.
DIR6 First-bit specification
0 MSB
1 LSB
TXDLVE Enables/disables inverting TxD& output
0 Normal output of TxD&
1 Inverted output of TxDE
OIH{IC|E A|AH 22
1 N & 2011/02 YHIE|E A2
7 M sragya 2 2 S8

HALLYM UNIVERSITY



Another registers

» Input switch control reg. (ISC)

7 6 8 4 3 2 1 0

0 0 0 0 0 0 1SCH 1SC0
ISCH TI00O input source selection

0 TIODO (POD)

1 Rx«D& (P14)
1SCO INTPO input source selection

0 INTPO (P120)

1 Rx«D& (P14)

» PMI1

» PM13=0, P13=1 for P13/TxD6 pin
» PM14=1 for P14/RxD6 pin

18 "Jﬁg[ﬂg‘m 2011/02 LH|C|EA|AH 28
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Timing of continuous transmission

Figure 15-17. Timing of Starting Continuous Transmission

TxD6 / \Start,” Data(1)  {Party/ Stop \Star, Data(2) ¥ Parity / Stop \Start

INTST6 I\

TXBA FF Data (1) Data ( 2}
. {
) \

Data (3) -
-, |I|'r

TXS6 FF \ X Data(1) \ XN Data (2) X Data(3)
T L )
TXBFE i : g 'I| / i
P!
TXSFB iNote
;_"_____: Figure 15-18. Timing of Ending Continuous Transmission
06 ] stop \ota Data(n-1) iPanty/ stop \Stat, Data(n) i Party) sop
INTSTE I\ N\ v',_\
TXBS  Data(n-1) Data (n) |
4 i
k R |
TXS6 X \  Daap-1) X Data {n) X FF
) . —
TXBF6 ¢,/ \ | /
TXSF6 N /
POWERS or TXES \l
o o
19 \\%qum 2011/02 AW C|EA|AH 22
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SBF operation for LIN-bus

Figure 15-22. SBF Transmission

} SBF tr ansmis Sion - 1 """ rﬂ """ _ """ """ r_ﬂ """ ''''

» Started at | .
SBTT6=1 =
» AE UE .

= 3 Remark TxD6: TxD6 pin (oufput)
x]- O = a] 01 INTSTE: Transmission completion interrupt request

S B T T 6 —_ O SBTTE: Bit & of asynchronous serial interface control register 6 (ASICL6)

Figure 15-23. SBF Reception

1. Normal SBF reception (stop bit is detected with a width of more than 10.5 bits)

} SBF receptiOn F"'DE_H 1 l2isials el 7ie e lwoln][
SBATE E I_
|

ISBRF6

INTSRE

2. SBF reception error (stop bit is detected with a width of 10.5 bits or less)

RxD6 il1iEiSi4iSiBi?iBiQi1U
: !

SBRTE f
/SBRF&

INTSRE "
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