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1. LIN TR B @EETH
1.1 LINTR2BEFEAEH

RK7T)r—2320/ —bTHBATSH LN IR BEOHEREFHEEZUTICRLET,

& 1.1 LIN Master Mode Usage Conditions

ltem Description
CPU/peripheral hardware clock frequency (fcik) 32 MHz
LIN clock source (fuiN) fek
LTXDO P13
LRXDO P14
Baud rate 19200 bps
Mode LIN master mode
Noise filter Enabled

LIN interrupts

INTLINOTRM, INTLINORVC, INTLINOSTA, INTLINOWUP

Checksum type

Classic checksum or Enhanced checksum (User selected)

Error detection Bit error

Enabled

Physical bus error Enabled
Timeout error Enabled
Framing error Enabled
Checksum error Enabled
Response preparation error Enabled
Number of bytes in frame's data field 0 to 8 bytes
Response space 0 Thit
Inter-byte space 1 Tbit

RO1AN5664JJ0100 Rev.1.00
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1.2 LIN =y kT —2 il
LINTR%H - AL—T@EORy T —0 #&#GHIZLUTITRLET,

I
: RL78/F1x RLIN3 |
| Master : Slave 1
: LTXDO > ) I LIN bus . ¢— TXD
Transceiver m= Transceiver
: LRXDO [¢— | —» RXD
| |
l I
L ___
RL78/F1x RLIN3
(Fixed baud rate mode)
Slave 2
. <+— LTXDO
Transceiver
—» LRXDO
RL78/F1x RLIN3
(Auto baud rate mode)
Slave 3
. <+— LTXDO
Transceiver
—» LRXDO
]
'
1.1 LIN Master - Slaves Network Connection (example)
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1.3 {#H9Y % SFR

LINYR 2 BIETHERAT S SFROFEXLUTIZRLET,
#% 1.2 SFRs Used for LIN Communication in Master Mode (1/2)

configuration register 0

Register ) o
Setting Value Conditions
Name Symbol
Peripheral enable register 2 PER2 LINOEN =0 or 1 | O: Stop LINO clock supply, 1: LINO clock supply
. LINOMCK=0 (LINO communication clock = fcik)
LIN clock select register LINCKSEL 10H LINOMCKE=1 (LINO communication clock supply)
LIN channel select register LCHSEL 00H LSELO0=0 (Enable LINO register access)
’ LWBRO0=1 (Wake-up signal: LIN2.x specification)
';'e';'e‘é"tar';e i‘;f;g“d rate LWBRO 01H LPRS[2:0]=0008 (LINO prescaler clock: 1/1)
9 NSPB[3:0]=0000B (Bit sampling: 16 sampling)
LINJUART baud rate LBRPOO 67H fa = 19200bps, fb = 9600bps, fc = 2400bps
prescaler O register 0
LINUART baud rate LBRPO1 5FH fd = 10417bps
prescaler 1 register 0
B'N seifftest controlregister || s7co 00H LSTM=0 (LIN self-test mode is disabled)
LMDI[1:0]=00B (LIN master mode)
. LCKS[1:0]=00B (LIN system clock: fa (19200bps))
LINJUART mode register 0 LMDO 10H LIOS=1 (Enable LINO transmission/reception/status interrupt)
LRDNFS=0 (LRXDO noise filter enabled)
LIN/UART break field LBFCO 00H BLT[3:0]=0000B (Transmission break-low width: 13 Tbit)
configuration register 0 BDT[1:0]=00B (Transmission break delimiter width: 1 Tbit)
LIN/UART space LSCOo 10H IBSH[2:0]=000B (Inter-byte space (header) / Response space: 0 Tbit)
configuration register 0 IBS[1:0]=01B (Inter-byte space: 1 Thit)
rL;';ié’t”::‘g'“p configuration LWUPO 40H WUTL[3:0]=0100B (Wake-up transmission low width: 5 Tbit)
FTCIE=1 (Frame / Wake-up transmission completion interrupt: Enabled)
LIN interrupt enable register LIEO OFH FRCIE=1 (Frame / Wake-up reception completion interrupt: Enabled)
0 ERRIE=1 (Error detection interrupt: Enabled)
SHIE=1 (Header transmission completion interrupt: Enabled)
BERE=1 (Bit error detection: Enabled)
. PBERE=1 (Physical bus error detection: Enabled)
:L’:ﬁﬁz—r iz;;c;rodetectlon LEDEO 8FH FTERE=1 (Response timeout error detection: Enabled)
9 FERE=1 (Framing error detection: Enabled)
LTES=1 (Timeout selection bit: Response timeout)
LCUCO0=00H (LIN reset mode transition)
LIN/UART control register 0 LCUCO 00H, 01H, 03H | LCUC0=01H (LIN wake-up mode transition)
LCUCO0=03H (LIN operation mode transition)
LIN/UART transmission LTRCO 01H. 02H LTRCO=01H (Start Header transmission / Wake-up transmission)
control register 0 ’ LTRCO0=02H (Start response transmission/reception)
LINJUART mode status Read LMSTO0=00H (LIN reset mode status)
reqister 0 LMSTO (O0H, 01H, 03H) LMST0=01H (LIN wake-up mode status)
9 ’ ’ LMST0=03H (LIN operation mode status)
Read status flag
Bit 0: FTC (1: Frame / Wake-up transmission completion)
Read Bit 1: FRC (1: Response reception completion)
LIN/UART status register 0 LSTO 00'1|$t|—a)tus Bit 3: ERR (1: Status error detection)
Bit 6: D1RC (1: Data[1] reception completion)
Bit 7: HTRC (1: Header transmission completion)
Read error status flag
Bit 0: BER (1: Bit error detection)
LINJUART error status Read B!t 1: PBER (1: Physical bu‘s error detection) .
reqister 0 LESTO 00H (Error clear) Bit 2: FTER (1: Response timeout error detection)
9 Bit 3: FER (1: Framing error detection)
Bit 5: CSER (1: Checksum error detection)
Bit 7: RPER (1: Response preparation error detection)
RFDL[3:0]: Response data length (0 to 8)
) RFT: Response direction (0: Reception, 1: Transmission)
LINJUART data field LDFCO xxH CSM: Checksum type (0: Classic checksum, 1: Enhanced checksum)

FSM=1 (Select frame separate mode)
LSS=0 (Next transmission/reception data group is the last one)

RO1AN5664JJ0100 Rev.1.00
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& 1.2 SFRs Used for LIN Communication in Master Mode (2/2)

Register . "
Setting Value Conditions
Name Symbol
SIN/UART I buffer register LIDBO xxH Set transmission ID and parity bit
I(')IN checksum buffer register LCBRO xxH Read reception checksum Note
LIN/UART data buffer [1-8] LDBO1 - . .
registers LDBO8 xxH Set transmission data[n], or read reception data[n]

Note: LCBRO register is not used in this application note. Check for checksum error detection.

# 1.3 SFRs Used for LIN Communication in Master Mode (Port related registers)

register 1

Register ) L
Setting Value Conditions
Name Symbol
Input switch control register ISC 1ISC2=1 LRXDO input pin interrupt enabled
Peripheral I/ redirection PIOR4 PIOR44=0  |LRXDO: P14, LTXDO: P13 selected
register 4
Port register 1 P1 P13=1 Port P1.3 output latch = High
Port mode register 1 PM1 ';':\Aﬂﬁiq Port P1.3: output direction, Port P1.4: input direction
Port output mode register 1 POM1 POM13=0 Port P1.3: CMOS output
Port input mode register 1 PIM1 PIM14=0 Port P1.4: CMOS input
Port input threshold control PITHLA PITHL14=0 | Port P1.4: Schmitt1 input type selected
register 1
Pull-up resistor option PU1 PU14=0  |Port P1.4: Internal pull-up disabled

# 1.4 SFRs Used for LIN Communication in Master Mode (Interrupt related registers)

Register . "
Setting Value Conditions
Name Symbol
External |nFerrupt rising edge EGP1 EGP11=0
enable register 1 . .
Ext int Tl LRXDO: Falling edge detection enabled
ernal interrupt falling EGN1 EGN11=1
edge enable register 1
Ioni_tlerrupt request flag register IFOH LINOTRMIF=0 | Clear the LINO transmission interrupt request flag
Interrupt request flag register 1L LINORVCIF=0 | Clear the LINO reception interrupt request flag
1L LINOSTAIF=0 | Clear the LINO error status interrupt request flag
'2”Lte"“pt request flag register IF2L LINOWUPIF=0 | Clear the LRXDO falling edge detection interrupt request flag
Interrupt mask flag register LINOTRMMK | LINO transmission interrupt mask flag (0: Interrupt enabled, 1: Interrupt
MKOH _

OH =0,1 mask)

LINORVCMK= | LINO reception interrupt mask flag (0: Interrupt enabled, 1: Interrupt
Interrupt mask flag register 0,1 mask)
1L MKIL LINOSTAMK=

01 ~ | LINO status interrupt mask flag (0: Interrupt enabled, 1: Interrupt mask)

Interrupt mask flag register MK2L LINOWUPMK= | LRXDO falling edge detection interrupt mask flag
2L 0,1 (O: Interrupt enabled, 1: Interrupt mask)
Priority specification flag PR10H, LINOTRMPR= T . . )
registers 10H/00H PROOH 01B LINO transmission interrupt priority level flag 0, 1 (01B: Level-1)

LINORVCPR= . .

LINO reception interrupt priority level flag 0, 1 (01B: Level-1
Priority specification flag PR11L, 01B P Pt priority 90.1( )
registers 11L/01L PRO1L =
g L'NogIBAPR LINO status interrupt priority level flag 0, 1 (01B: Level-1)

Priority specification flag PR12L, LINOWUPPR= | LRXDO falling edge detection interrupt priority level flag 0, 1 (01B: Level-
registers 12L/02L PRO2L 01B 1)
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2. LIN T X% @{EHRE

2.1 LIN YRS @IEHEEFIE
LIN ¥R 2 BIEREGI OB FIEZ LU TFISRLET .,

C )

N

|
LINm_MasterInit() LIN_ResetMode ()
(LINO master mode initialization) (Transition to LIN reset mode)
LINO_port_init()
(LINO port register initialization)
LINO_interrupt_init()
(LINO interrupt register initialization)
LIN_OperationMode ()
> (Transition to LIN operation mode)
LDFC_value«xxH(Configuration of response)
g_uBLINm_TxBUFF[0}—Requested ID*
g_u8LINm_TxBUFF[1:8]<Response Tx data
*: 00H to 3FH (excluding parity bit)
(Settings before header transmission)
LINm_TxHeader()
(Start LINO header transmission)
= = = = = LI LI I ___ I I I __ N N ___ |
When response transmission request: I
I (Header fransmission completion)
| LINm_IntLINOTRM() Start resnonse fransmission LINm_IntLINOTRM() |
| (LINO header transmission interrupt) P (LINO response transmission interrupt) I
I When response reception request: I
(Header fransmission completion)
| LINm_IntLINOTRM() Start response reception LINm_IntLINORVC() |
I (LINO header transmission interrupt) artresponse receptiol (LINO response reception interrupt) I
I g_u8LINm_RxBUFF[1:8]—Response Rx data I
I (Store response reception data) I
I ‘ ‘ User processing (Response reception) ‘ ‘ :
I When LIN communication error is occurred: |
LINm_IntLINOSTA() ! )
I ‘ (LINO status errar interrupt) }—{ ‘ User processing (Error detection) ‘ ‘ I
I Header transmission:  Bit error, Physical bus error I
Response transmission: Bit error, Response timeout error
| Response reception:  Response timeout error, Framing error, Checksum error, Response preparation emror I
- - e e
No
System sleep request?
Yes
@
2.1 LIN Communication Process in Master Mode (1/2)
RO1AN5664JJ0100 Rev.1.00 Page 7 of 37
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®

LIN_PreSleep() LIN_Delnit()
(Enable LRXDO falling edge detection) (Disable LIN module)
\ sToP |
i
r-—r———-""“">—-=-=---" - =-=-—-"=-=-—-"===-
LINm_IntLINOWUP() User processing
| (LRXDO falling edge detection interrupt) (LRXDO falling edge detection)

No (Other release factor; wake-up transmission to slave node)

LIN_WakeupMode()
(Transition to LIN wake-up mode)

LINm_TXWUPSig() LIN_ResetMode()
(Wake-up signal transmission) (Transition to LIN reset mode)

(Wake-up signal transmission completion)

LINm_IntLINOTRM() User processing
(LINO wake-up transmission interrupt) (Wake-up transmission completion)

(Emor occurred when wake-up transmission)
LINm_IntLINOSTA() User processing
(LINO status error interrupt)

(Error detection)

Wake-up transmission: Bit error, Physical bus error

e e e -

J

= 2.1

LIN Communication Process in Master Mode (2/2)
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22 LINZL—LDRAZVYT (FL—L4L - /AL—Fk - E—F)
RK7T)VH5r—232/—bFTRTLNTRABEETIE. AYFELARVRZHRADZEEERIZK YA
TH5IL—L -t/ \Lb—F E—FZFEALTVWET, LINYRZIZETFTE AV TEEFEELE., LRARURERZ
EDEAIVIHEUTIZRLET,

Frame
Header RS Response
Break field Sync field |IB ID field 18| 18|
T ID + Parity Data 1 Data 2 Data n Checksum
e (L LD DL el (S DERL LD [ LR E e Wl LER Db [ TEDTET L

TT Ar / A
@) 3) (4)

S : Start bit

E : Stop bit (End bit)

RS : Response space

IB :Inter-byte space

(1) Initialize the LIN master module.

(2) Enable the device to transmit a header (LTRCO«01H).

- Configure the response direction as reception (LDFC0.RFT«0) or transmission (LDFCO.RFT«1).
- Specify the response length with the RFDL[3:0] bits of the LDFCO register.
- Start transmitting a header (LTRCO<—01H).

(3) The INTLINOTRM interrupt occurs. Make sure the device has transmitted a header (LSTO.HTRC = 1) and no error
has been detected (LSTO.ERR = 0). Subsequently, the following processing is performed for receiving or
transmitting the response.

- When transmitting a response, write data to the LDBOXx registers (x = 1 to 8).
- Start receiving or transmitting a response (LTRC0—02H).

(4) INTLINORVC or INTLINOTRM interrupt occurs. Make sure no error has been detected and read the received

response from the LDBOx registers (x = 1 to 8).

& 2.2 LIN Master Header Transmission and Response Transmission / Reception Timing

R01AN5664JJ0100 Rev.1.00 Page 9 of 37
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2.3 LIN TRAA@EIEIREEL SFR

LINUART €Y a2 —JL (RLIN3) [&. LINn X{EEIY3AH LINNn ZIEFETEIYRAHLINn ZIEERXRT—52 X
BlYRAAZERLET ., Tz, FEVAATERDBENVAAZERZRELFT, FLE, dRELKDI—
YP—X-IZaT7LESBEZSIV, A7 TV5—232/ —bFTlE RLINSED2—)LORT—2 ALY
AR EHZAHL TRV RAABEREZHELTVET, BIEREL SFROBKRZE. £E/ZEZTLTNIZEL

TUTIZRLET,

& 2.1

LIN Communication State and SFRs (LINn successful transmission interrupt)

LIN Communication State
Transmission

SFRs

LSTO

LDFCO

bit3(ERR)

bit7(HTRC)

bitO(FTC)

RFT

LMSTO

Communication error
* Processed in the LINO status interrupt

1

Header transmission completion

Response not requested

Response requested

Response transmission completion

Wake-up transmission completion

lllegal interrupt occurred

03H

#03H

-: Not judged by software.
Remarks: For details, see section 3.4.1.

$+ 2.2 LIN Communication State and SFRs in Master Mode (LINn successful reception interrupt)

LIN Communication State
Reception

SFRs

LSTO

bit3(ERR)

bit1(FRC)

Communication error
* Processed in the LINO status interrupt

1

Response reception completion

lllegal interrupt occurred

1

0

-: Not judged by software.
Remarks: For details, see section 3.4.2.

R0O1AN5664JJ0100 Rev.1.00
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3. LINYRAZBEFZTA/N
AKF7TVr—230/—bTRILUNIREZBEBED RS A/ TOTSLHIZDWTHBALET,

3.1 BEH—FE

AESANDEH—BEFERATIEREUTICRLEY .

LIN Master Driver Functions

Driver API Functions [public]

Initialization
LINm_Masterlnit () LIN_Delnit ()
API functions for user
LINm_TxHeader () LIN_PreSleep () LINm_TxWUPSig ()

Driver Local Functions [private]

Initialization

LINO_port_init ()

LINO_interrupt_init ()

Mode transition

LIN_ResetMode ()

LIN_OperationMode ()

LIN_WakeupMode ()

Interrupt handlings

LINm_IntLINOTRM ()

LINm_IntLINORVC ()

LINm_IntLINOSTA ()

LINm_IntLINOWUP ()

User Application Functions

== 11— 71

| 17,

Ntfy_LINm_IntResponseTx ()_:

P 1—,

|
UNtfy_LINm_IntWUPSigTx () |
L N HINm_IntWUPSIgTx ) | |

B 3.1 Functions of LIN Communication in Master Mode

R0O1AN5664JJ0100 Rev.1.00
Sep.30.21
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% 3.1 Function List for LIN Communication in Master Mode

Function Name Description Pu.b“C/
Private
void LINm_Masterlnit (void) This function initializes LIN (master mode), port and interrupt functions. public
void LIN_Delnit (void) This function disables LIN (master) module. public
VSL?SE?&E?:LZT?J%Z?L(DFC_value) This function is the transmission process of LIN header. public
void LIN_PreSleep (void) This function is process before transition to sleep mode. public
void LINm_TxWUPSig (void) This function transmits the LIN wake-up signal. public
void LINO_port_init (void) Initialization for LIN related port function private
void LINO_interrupt_init (void) Initialization for LIN related interrupt function private
void LIN_ResetMode (void) This function transitions to LIN reset mode. private
void LIN_OperationMode (void) This function transitions to LIN operation mode. private
void LIN_WakeupMode (void) This function transitions to LIN wake-up mode. private
void LINm_IntLINOTRM (void) This function is .the. LINO transmission comp!etion interrupt proces§ing. public
(Header transmission / Response transmission / Wake-up transmission)
void LINm_IntLINORVC (void) This function is the‘LINO response receptionNc;ct)znpletion interrupt processing. public
(Response reception / Wake-up reception)
This function is the interrupt processing when LINO status error is occurred.
- Header transmission: Bit error / Physical bus error detection
void LINm_IntLINOSTA (void) - Response transmls§|on: Bit error_/ Response tlmeou_t error detection public
- Response reception: Response timeout error / Framing error /
Checksum error detection
- Wake-up transmission: Bit error / Physical bus error detection
void LINm_IntLINOWUP (void) This function is the LRXDO falling edge detection interrupt processing. public

Note: In this application note, wake-up detection is detected in LRXDO falling edge. Wake-up reception interrupt is not used.

% 3.2 Variables Used for LIN Communication in Master Mode

Variable Name Description
) g_u8LINm_TxBUFFIO]: Set requested ID data
unsigned char g_uBLINm_TxBUFF[9] g_u8LINm_TxBUFFI[1 to 8]: Set response transmission data
g_u8LINm_RxBUFFI[O0]: Not used

unsigned char g_u8LINm_RxBUFF[9]

g_u8LINm_RxBUSS[1to 8]:  Store response reception data

* 3.3 User Notification Function APIs for LIN Master Driver

Function APl Name Description
User’s processing for error detections.
bit[7:0]: Store the LESTO register value (When INTLINOSTA occurred)

void UNtfy_LINm_ComError (

unsigned short u16a_errorinfo) bit[15:8]: When INTLINOSTA occurred: 00H

When INTLINORVC occurred: 80H (illegal interrupt)
When INTLINOTRM occurred: 40H (illegal interrupt)

void UNtfy_LINm_IntHeaderTx (void) User’s processing for header transmission completion.

void UNtfy_LINm_IntResponseTx (void) User’s processing for response transmission completion.

void UNtfy_LINm_IntResponseRXx (void) User’s processing for response reception completion.

void UNtfy_LINm_IntWUPSIigTx (void) User’s processing for wake-up signal transmission completion.

void UNtfy_LINm_IntWUPSIigRXx (void) User’s processing for wake-up signal reception completion.

RO1AN5664JJ0100 Rev.1.00 Page 12 of 37
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3.2

K>+ /% API B33 [Public]
A7TVr—32/—FTRYT LINIREZERE

FSA4 /8 API I D WNVTERBAL T,

321 LINYRAZ - EDa—/L¥HME
& 3.4 LIN Master Initialization Function (LINm_Masterlnit)
Syntax void LINm_Masterlnit (void)
Parameters |In None
Out None
Local variables None
Return value None

Call functions

LIN_ResetMode ():
LINO_port_init ():
LINO_interrupt_init ():
LIN_OperationMode ():

Transition to LIN reset mode.

LINO port function initialization.
LINO interrupt function initialization.
Transition to LIN operation mode.

Description

This function initializes LIN (master mode), port and interrupt functions.

Note

Call from upper layer with interrupt disabled.

LINm_Masterlnit () )

|

LIN_ResetMode ()

|

LMDO—10H \

[

LWBRO«—01H \

[

LBRPO—5F67H \

[

LBFCO«00H \

[

LSCO—10H \

[

LWUPO—40H \

[

LSTCO«00H \

[

LIEO—QOH \

[

LEDEO—OOH \

|

LINO_port_init () ‘ ‘

[

LINO_interrupt_init ()

|

LIEO—OFH \

|

LEDEO«—8FH \

|

LIN_OperationMode ()

C

return )

Transition to LIN reset mode,
LCHSEL<«00H (Enable LINO register access)

Set LIN master mode

Prescaler clock (fclk/1), 16-sampling

Baud rate: 5F67H (fa=19200bps)

Break (low) width: 13 Tbit

Response space: 0 Thit, Inter-byte space: 1 Thit
Wake-up signal width: 5 Tbit

Disable LIN self-test mode

Disable LIN interrupt

Disable LIN error status detection

Initialize LINO relatered port registers

Initialize LINO related interrupt registers

Enable LIN interrupt

Enable LIN error status detection

Transition to LIN operation mode

B 3.2 LIN Master Initialization Procedure (LINm_Masterlnit)

RO1AN5664JJ0100 Rev.1.00
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3.2.2 LIN E2 a— /LR
# 3.5 LIN De-Initialization Function (LIN_Delnit)

Syntax void LIN_Delnit (void)
Parameters |In None
Out None
Local variables None
Return value None
Call functions None

Description

This function disables LIN module.

Note

Call this function when GCSC and GINT bits of IAWCTL register are 0.

LIN_Delnit ()

MKOH.LINOTRMMK«1
MK1L.LINORVCMK«1
MK1L.LINOSTAMK«—1
MK2L.LINOWUPMK«1

PER2.LINOEN«0O

A

return

)

Mask INTLINOTRM interrupt
Mask INTLINORVC interrupt
Mask INTLINOSTA interrupt

Mask INTLINOWUP interrupt

Stop RLIN3 clock supply

& 3.3 LIN De-Initialization Procedure (LIN_Delnit)

RO1AN5664JJ0100 Rev.1.00
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323 LINTR%E - NyHEE

# 3.6 LIN Master Header Transmission Function (LINm_TxHeader)

Syntax void LINm_TxHeader (unsigned char u8a_LDFC_value)
Parameters |In unsigned char u8a_LDFC_value LDFCO setting value
- bit3-0 (RFDL[3:0]): Response field length [0 to 8]
- bit4 (RFT): Response direction [0: Reception, 1: Transmission]
- bit5 (CSM): Checksum type [0: classic-checksum, 1: enhanced-checksum]
- bité (FSM): 1: Frame separate mode
- bit7 (LSS): 0: Next transmission/reception data group is the last one
unsigned char g_Uu8LINm_TxBUFF[0] Transmission ID setting
unsigned char g_u8LINm_TxBUFF[1:8] Response transmission data setting
Out None

Local variables const unsigned char

(Refer to Chapter. 6)

u8TBL_ParityCalc[0x40u] Parity bit calculation of requested ID

Return value None

Call functions None

Description

This function is the transmission process of LIN header.

Note

Call this function when GINT bit of IAWCTL register is 0.

C LINm_TxHeader (u8a_LDFC_value) )

] LCHSEL—00H \

|

] LDFCO«u8a_LDFC_value \

[

LIDBO«—u8Tbl_ParityCalc
[g_u8LINm_TxBUFF[0]]

[
] LSTO—00H \

|

] LESTO—00H \

|

IFOH.LINOTRMIF—0

Enable LINO register access

Set LDFCO register

Clear status flag

Clear error status flag

Set transmission ID and parity bit

IF1L.LINORVCIF 0
IF1L.LINOSTAIF—0

Clear INTLINOTRM interrupt request flag
Clear INTLINORVC interrupt request flag

Clear INTLINOSTA interrupt request flag

|

MKOH.LINOTRMMK <0
MK1L.LINORVCMK«<0
MK1L.LINOSTAMK«0

Enable INTLINOTRM interrupt
Enable INTLINORVC interrupt
Enable INTLINOSTA interrupt

|

] LTRCO—01H

‘ Start LIN header transmission

A

C return

34

LIN Master Header Transmission Procedure (LINm_TxHeader)

R0O1AN5664JJ0100 Rev.1.00
Sep.30.21
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# 3.7 Before Sleep Mode Transition Processing Function (LIN_PreSleep)

Syntax void LIN_PreSleep (void)
Parameters |In None

Out None
Local variables None
Return value None
Call functions LIN_Delnit (): Disable LIN module function
Description This function is process before transition to sleep mode.
Note Call from upper layer with interrupt disabled.

Call this function when GINT bit of IAWCTL register is 0.

C LIN_PreSleep () )

LIN_Delnit () Disable LIN module
’ IF2L.LINOWUPIF—0 ‘ Clear INTLINOWUP interrupt request flag
’ MK2L.LINOWUPMK 0 ‘ Enable INTLINOWUP interrupt

C e

3.5 Before Sleep Mode Transition Processing Procedure (LIN_PreSleep)
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# 3.8 LIN Master Wake-up Signal Transmission Function (LINm_TxWUPSig)

Syntax void LINm_TxWUPSig (void)
Parameters |In None
Out None
Local variables None
Return value None

Call functions

LIN_ResetMode ():
LIN_WakeupMode ():

LIN reset mode transition function
LIN wake-up mode transition function

Description

This function transmits the LIN wake-up signal.

Note

Call this function when GINT bit of IAWCTL register is 0.

LINm_TXWUPSig () )

MKOH.LINOTRMMK«1
MK1L.LINORVCMK«1
MK1L.LINOSTAMK«—1
MK2L.LINOWUPMK«1

|

LIN_ResetMode ()

|

LMDO—10H \

|

LWBRO—01H \

|

LBRPO—5F67H \

|

LSCO«—10H \

|

LWUPO—40H \

|

LIEO«05H \

|

LEDEO—03H \

|

LIN_WakeupMode ()

IFOH.LINOTRMIF«0
IF1L.LINOSTAIF—0

MKOH.LINOTRMMK«—0
MK1L.LINOSTAMK«0

|

LDFCO—10H \

|

LTRCO—01H \

return )

Mask INTLINOTRM interrupt
Mask INTLINORVC interrupt
Mask INTLINOSTA interrupt

Mask INTLINOWUP interrupt

Transition to LIN reset mode,
LCHSEL«O00H (Enable LINO register access)

Set LIN master mode

Prescaler clock (fclk/1), 16-sampling

Baud rate: 5F67H (fa=19200bps)

Response space: 0 Thit, Inter-byte space: 1 Tbit

Wake-up signal width: 5 Tbit

Enable error detection and wake-up transmission

interrupt

Enable bit error and physical bus error detection

Transition to LIN wake-up mode

Clear INTLINOTRM interrupt request flag
Clear INTLINOSTA interrupt request flag

Enable INTLINOTRM interrupt
Enable INTLINOSTA interrupt

Set transmission direction

Start wake-up signal transmission

B 3.6 LIN Master Wake-up Signal Transmission Procedure (LINm_TxWUPSig)

RO1AN5664JJ0100 Rev.1.00

Sep.30.21
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3.3 KRS A /\NERRE%L [Private]
RXK7TV5—232/ —FTRILUNTREZBERSAA\RABEKI-DLTHALET,

3.3.1 LINO 7/R— ~#DERYE
& 3.9 LINO Port Initialization Function (LINO_port_init)

Syntax void LINO_port_init (void)
Parameters |In None
Out None
Local variables None
Return value None
Call functions None
Description This function initializes LINO related ports.
Note Call this function when GPORT bit of IAWCTL register is 0.
C LINO_port init () )
’ PIOR4.PIOR440 \ LTXDO: P13, LRXDO: P14
P1.P131 P13 output latch: High
PM1.PM13—0 P13 direction: Output mode
POM1.POM13+0 P13 output mode: Nomal (C-MOS)
PM1.PM141 P14 direction: Input mode
PIM1.PIM14+-0 P14 input mode: Normal (C-MOS)
PITHL1.PITHL14+0 P14 threshold level: Schmitt 1
PU1.PU140 P14 internal pull-up: Disabled
’ ISC.ISC21 ‘ Uses the input signal of the LRXDO pin as an external
interrupt input
4
C return )

B 3.7 LINO port Initialization Procedure (LINO_port_init)
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# 3.10 LINO Interrupt Initialization Function (LINO_interrupt_init)

Syntax void LINO_interrupt_init (void)
Parameters |In None
Out None
Local variables None
Return value None
Call functions None
Description This function initializes LINO related interrupts.
Note Call this function when GINT bit of IAWCTL register is 0.
C LINO_interrupt_init () )
EGP1.EGP110 Enable LRXDO falling edge detection
EGN1.EGN11—1
MKOH.LINOTRMMK 1 Mask INTLINOTRM interrupt
MK1L.LINORVCMK«1 Mask INTLINORVC interrupt
MK1L.LINOSTAMK—1 Mask INTLINOSTA interrupt
MK2L.LINOWUPMK—1 Mask INTLINOWUP interrupt
LINOTRM[PR1,PR0]—01B Set INTLINOTRM interrupt priority level to 1
LINORVCI[PR1,PR(]«01B Set INTLINORV C interrupt priority level to 1
LINOSTA[PR1,PR0]—01B Set INTLINOSTA interrupt priority level to 1
LINOWUP[PR1,PRO]—01B Set INTLINOWUP interrupt priority level to 1
IFOH.LINOTRMIF—0 Clear INTLINOTRM interrupt request flag
IF1L.LINORVCIF -0 Clear INTLINORVC interrupt request flag
IF1L.LINOSTAIF—0 Clear INTLINOSTA interrupt request flag
IF2L.LINOWUPIF—0 Clear INTLINOWUP interrupt request flag

4

C

return )

3.8 LINO Interrupt Initialization Procedure (LINO_interrupt_init)

R0O1AN5664JJ0100 Rev.1.00
Sep.30.21
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# 3.11 Transition to LIN Reset Mode Function (LIN_ResetMode)

Syntax void LIN_ResetMode (void)
Parameters |In None
Out None
Local variables None
Return value None
Call functions None

Description

This function transitions to LIN reset mode.

Note

Call this function when GCSC bit of IAWCTL register is 0.

C LIN_ResetMode ()

PER2.LINOEN«0
PER2.LINOEN 1

LINCKSEL.LINOMCK«0
LINCKSEL.LINOMCKE 1

|

] LCHSEL—00H

|

] LCUCO0—00H

»|

P

Yes (Mode transition completion)

C return

)

Stop RLIN3 clock supply
RLIN3 clock supply and initialize

LINO communication clock: fcik
LINO communication clock supply

Enable LINO register access

LINO reset mode transition

Check that the mode transition is complete.

3.9 Transition to LIN Reset Mode Procedure (LIN_ResetMode)

RO1AN5664JJ0100 Rev.1.00

Sep.30.21
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# 3.12 Transition to LIN Operation Mode Function (LIN_OperationMode)

Syntax void LIN_OperationMode (void)
Parameters |In None
Out None
Local variables None
Return value None
Call functions None
Description This function transitions to LIN operation mode.
C LIN_OperationMode () )
’ LCHSEL«<00H ‘ Enable LINO register access
’ LCUCO0+03H ‘ LINO operation mode transition
>l
Check that the mode transition is complete.
Yes (Mode transition completion)
C return )
X 3.10 Transition to LIN Operation Mode Procedure (LIN_OperationMode)
R01AN5664JJ0100 Rev.1.00 Page 21 of 37
Sep.30.21
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# 3.13 Transition to LIN Wake-up Mode Function (LIN_WakeupMode)

Syntax void LIN_WakeupMode (void)
Parameters |In None
Out None
Local variables None
Return value None
Call functions None
Description This function transitions to LIN wake-up mode.

C LIN_WakeupMode () )

’ LCHSEL«00H ‘ Enable LINO register access
’ LCUCO—01H ‘ LINO wake-up mode transition
>l

L

Yes (Mode transition completion)

e

Check that the mode transition is complete.

& 3.11 Transition to LIN Wake-up Mode Procedure (LIN_WakeupMode)

RO1AN5664JJ0100 Rev.1.00
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% 3.14 LIN Master Transmission Completion Interrupt Processing Function (LINm_IntLINOTRM)

Syntax void LINm_IntLINOTRM (void)

Parameters |In unsigned char g_u8LINm_TxBUFF[1:8]: Response transmission data setting*
*: Set before call LINm_TxHeader () function

Out None

Local variables unsigned char u8a_RD_LSTO: Store LSTO register
- bit0 (FTC): Response / Wake-up transmission completion
- bit3 (ERR): LIN communication error detection
- bit7 (HTRC): Header transmission completion
unsigned short u16a_errorinfo: 4000H (lllegal interrupt has occurred)

Return value None

Call functions UNtfy_LINm_IntHeaderTx (): Header transmission completion processing
UNTfy_LINm_IntResponseTx (): Response transmission completion processing
UNtfy_LINm_IntWUPSIigTx (): Wake-up transmission completion processing
UNtfy_LINm_ComError (u16a_errorinfo): lllegal interrupt processing

Description This function is the LINO transmission completion interrupt processing.
- LINO header transmission completion
- LINO response transmission completion
- LINO wake-up signal transmission completion

RO1AN5664JJ0100 Rev.1.00 Page 23 of 37
Sep.30.21 RENESAS
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C LINm_IntLINOTRM () )
’ LCHSEL«00H ‘ Enable LINO register access
I
l u8a_RD_LIST0<—LST0 ‘ Store the LSTO register
] LSTO—00H | Clearthe LSTO register to 00H

Check for error bit

(LSTO.ERR Yes (Error processing in LINO status interrupt)

usa_RD_LSTO.bit3(ERR)=1?

Check the header No (no error)

transmission No

u8a_RD_LSTO.bit7(HTRC)=1?

Yes (Header transmission

completion)
UNtfy_LINm_IntHeaderTx()

(LIN header transmission completion)

No (Response rx

request)
LDFCO.RFT=1?

Yes (Response tx request)

LDBO1«—g_u8LINm_TxBUFF[1]
LDBO02«+g_u8LINm_TxBUFF[2]
LDB03«g_u8LINm_TxBUFF[3]
LDBO04«—g_u8LINm_TxBUFF[4]
LDBO05«—g_u8LINm_TxBUFF[5]
LDB06«—g_u8LINm_TxBUFF[6]
LDBO07«g_u8LINm_TxBUFF[7]
LDBO08«—g_u8LINm_TxBUFF[8]
(Set response transmission data)
»l

V]

LTRCO«+02H

(Start response communication) Check the response
transmission

N
u8a_RD_LSTO.bitO(FTC)=1? °

Error processing
in the LINO status interrupt

LMSTO=03H? No (Wake-up mode)

(LIN operation mode?)

Yes (Response or wake-up transmission completion)

Yes (LIN operation mode)

u16a_ermorinfo < 4000H

|

(Response transmission completion)

UNtfy_LINm_IntResponseTx() UNtfy_LINm_ComError(u16a_errorinfo)

(lllegal interrupt occurred)

UNtfy_LINm_IntWUPSIgTx()

(Wake-up transmission completion)

. v

C return )

3.12 LIN Master Transmission Completion Interrupt Processing Procedure (LINm_IntLINOTRM)

RO1AN5664JJ0100 Rev.1.00
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% 3.15 LIN Master Reception Completion Interrupt Processing Function (LINm_IntLINORVC)

Syntax void LINm_IntLINORVC (void)
Parameters |In None
Out unsigned char g_u8LINm_RxBUFF[1:8]: Response reception data

Local variables unsigned char u8a_RD_LSTO: Store LSTO register

- bit1 (FRC): Response reception completion

- bit3 (ERR): LIN communication error detection

unsigned short u16a_errorinfo: 8000H (lllegal interrupt has occurred)
Return value None
Call functions UNtfy_LINm_IntResponseRx (): Response reception completion processing

UNtfy_LINm_ComError (u16a_errorinfo): lllegal interrupt processing
Description This function is the LINO response reception completion interrupt processing.

C LINm_IntLINORVC () )

’ LCHSEL«00H ‘ Enable LINO register access
l u8a_RD_LSTO~LSTO ‘ Store the LSTO register
] LSTO—00H \ Clear the LSTO register to 00H

Check for error bit (LSTO.ERR

UBa_RD_LSTO it3(ERR)=17 Yes (Error processing in LINO status interrupt)

Error processing

in the LINO status interrupt

Check the response reception }
No N S L

usa RD_LSTO.bit1(FRC)=1?

Yes (Response reception completion)
g_u8LINm_RxBUFF[1]—LDB01

g_u8LINm_RxBUFF[2]—LDB02 Store response
g_u8LINm_RxBUFF[3]—LDB03 reception data
g_u8LINm_RxBUFF[4]—LDB04

g_u8LINm_RxBUFF[5]—LDB05
g_u8LINm_RxBUFF[6]—LDB06
g_u8LINm_RxBUFF[7]—LDB07
g_u8LINm_RxBUFF[8]—LDB08
(Store response reception data) ’ u16a_errorinfo < 8000H ‘

|

UNtfy_LINm_IntResponseRXx() UNtfy_LINm_ComError(u16a_errorinfo)

(Response reception completion) (legal interrupt occurred)

B v
C mn

3.13 LIN Master Reception Completion Interrupt Processing Procedure (LINm_IntLINORVC)
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% 3.16 LIN Master Status Error Interrupt Processing Function (LINm_IntLINOSTA)

Syntax void LINm_IntLINOSTA (void)
Parameters |In None
Out None

Local variables

unsigned char

u8a_RD_LESTO: Store LESTO register

- bit0 (BER): Bit error detection in header / response / wake-up transmission
- bit1 (PBER): Physical bus error detection in header / wake-up transmission
- bit2 (FTER): Response timeout error detection in response tx/rx
- bit3 (FER): Framing error detection in response reception
- bits5 (CSER): Checksum error detection in response reception
- bit7 (RPER): Response preparation error detection in response reception
unsigned short u16a_errorinfo: Error information value
- bit[7:0]: u8a_RD_LESTO value
- bit[15:8]: 00H

Return value None

Call functions UNtfy_LINm_ComError (u16a_errorinfo): Error detection processing

Description

This function is the interrupt processing when LINO status error is occurred.

C

LINm_IntLINOSTA ()

)

’ LCHSEL«00H ‘ Enable LINO register access
| u8a_RD_LE‘STO<—LESTO | Store LESTO register
’ LESTO‘<—00H ‘ Clear error status flag
| u16a_errorinfo — 0000H | usa_RD_LESTO | Set eror information

’ ‘ UNtfy_LINm_ComError(u16a_errorinfo)

Error detection processing
(User processing)

C

return

)

3.14 LIN Master Status Error Interrupt Processing Procedure (LINm_IntLINOSTA)

RO1AN5664JJ0100 Rev.1.00
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# 3.17 LIN Master Wake-up Signal Detection Interrupt Processing Function (LINm_IntLINOWUP)

Syntax void LINm_IntLINOWUP (void)
Parameters |In None
Out None
Local variables None
Return value None
Call functions UNtfy_LINm_IntWUPSIigRXx (): LRXDO falling edge detection
Description INTLINOWUP interrupt service routine

C LINm_IntLINOWUP () )

. Wake-up signal (LRXDO falling edge) detection
UNtfy_LINm_IntWUPSigRXx () (Userpr‘(’mgssiné) ng edge)

A

C return )

B 3.15 LIN Master Wake-up Signal Detection Interrupt Processing Procedure (LINm_IntLINOWUP)
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% 3.18 Error Notification Function API (UNtfy_LINm_ComError)

Syntax void UNtfy_LINm_ComError (unsigned short u16a_errorinfo)

Parameters |In unsigned short u16a_errorinfo: Error information value
- 00xxH: Communication error has occurred. “xxH”: LESTO register value
- 4000H: lllegal interrupt (INTLINOTRM) has occurred.
- 8000H: lllegal interrupt (INTLINORVC) has occurred.

Out None

Local variables

- (User processing)

Return value

- (User processing)

Call functions

- (User processing)

Description

This function notifies that an error has occurred.

( UNtfy_LINm_ComError (u16a_ermrorinfo) )

u16a_errorinfo=8000H?

Yes (error at INTLINORVC)

User processing

(llegal interrupt (INTLINORV C)

u16a_errorinfo=4000H?

Yes (error at INTLINOTRM)

Error at INTLINOSTA

u16a_errorinfo.bit0=17?
(LESTO.bit0 (BERY))

User processing
(Bit error has occurred)

¢

u16a_errorinfo.bit1=1?
(LESTO.bit1 (PBERY))

User processing
(Physical bus error has
occurred)

>
il

u16a_errorinfo.bit2=1?
(LESTO.bit2 (FTER))

User processing
(Response timeout error has
occurred)

¢
u16a_errorinfo.bit3=1?
(LESTO.bit3 (FER))
Yes
User processing ‘

(Framing error has occurred)

<
<

®

has occurred)

User processing
(lllegal interrupt (INTLINOTRM)
has occurred)

u16a_errorinfo.bit5=1?
(LESTO.bit5 (CSER))

User processing
(Checksum error has occurred)

<

u16a_errorinfo.bit7=1?
(LESTO.bit7 (RPER))

User processing
(Response preparation error has
occurred)

<

C

return )

3.16 Example of Error Notification Procedure (UNtfy_LINm_ComError)
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% 3.19 Header Transmission Completion Notification Function API (UNtfy_LINm_IntHeaderTx)

Syntax

void UNtfy_LINm_IntHeaderTx (void)

Parameters |In

None

Out

None

Local variables

- (User processing)

Return value

- (User processing)

Call functions

- (User processing)

Description

This function notifies that the header transmission is completed.

C

UNtfy_LINm_IntHeaderTx ()

)

User processing
(Header fransmission completion)

A 4

return

3.17 Example of Header Transmission Completion Notification Procedure

(UNtfy_LINm_IntHeaderTx)
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% 3.20 Response Transmission Completion Notification Function API (UNtfy_LINm_IntResponseTx)

Syntax void UNtfy_LINm_IntResponseTx (void)
Parameters |In None
Out None
Local variables - (User processing)
Return value - (User processing)
Call functions - (User processing)
Description This function notifies that the response transmission is completed.

C UNtfy_LINm_IntResponseTx () )

User processing
(Response transmission completion)

A

C e

3.18 Example of Response Transmission Completion Notification Procedure
(UNtfy_LINm_IntResponseTx)
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% 3.21 Response Reception Completion Notification Function API (UNtfy_LINm_IntResponseRx)

Syntax void UNtfy_LINm_IntResponseRx (void)
Parameters |In unsigned char g_u8LINm_RxBUFF[1:8]: Response reception data
Out None

Local variables

- (User processing)

Return value

- (User processing)

Call functions

- (User processing)

Description

This function notifies that the response reception is completed.

C

UNtfy_LINm_IntResponseRx () )

Store response reception data ; rx buffer[n]: User's buffer
rx buffer{1]«—g_u8LINm_RxBUFF[1]
rx buffer{2]«—g_u8LINm_RxBUFF[2]
rx buffer{3]«<—g_u8LINm_RxBUFF[3]
rx buffer{4]«<—g_u8LINm_RxBUF F[4]
rx buffer{5]«<—g_u8LINm_RxBUFF[5]
rx buffer[6]«<—g_u8LINm_RxBUFF[6]
rx buffer{7]«g_u8LINm_RxBUFF[7]
rx buffer[8]«g_u8LINm_RxBUF F[8]

l

User processing
(Response reception completion)

A 4

return )

& 3.19

Example of Response Reception Completion Notification Procedure
(UNtfy_LINm_IntResponseRXx)
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# 3.22 Wake-up Signal Transmission Completion Notification Function API
(UNtfy_LINm_IntWUPSigTx)

Syntax void UNtfy_LINm_IntWUPSIigTx (void)
Parameters |In None

Out None
Local variables - (User processing)
Return value - (User processing)
Call functions - (User processing)
Description This function notifies that the wake-up signal transmission is completed.

C UNtfy_LINm_IntWUPSIgT () )
User processing

(Wake-up transmission completion)

Yy

C

3.20 Example of Wake-up Signal Transmission Completion Notification Procedure
(UNtfy_LINm_IntWUPSigTx)
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% 3.23 Wake-up Signal Reception Notification Function API (UNtfy_LINm_IntWUPSigRXx)

Syntax void UNtfy_LINm_IntWUPSIigRXx (void)
Parameters |In None
Out None
Local variables - (User processing)
Return value - (User processing)
Call functions - (User processing)
Description This function notifies that the LRXDO falling edge is detected.

C UNtfy_LINm_IntWUPSigRx () )

User processing
(LRXDO falling edge detection)

C

3.21 Example of Wake-up Signal Reception Notification Procedure (UNtfy_LINm_IntWUPSigRXx)
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4. LIN/UART £ a—JL (RLIN3) E— F&#
LCUCh L ZX4 M OM1,0MO Ey F TEIMEE— KZEIRL=-ETLMSTn L X4 M OMM1, OMMO
Evbr2RAETET, LINFEE—FOBITEHERITHENTEET,
E—FBITEOLINEEL A ADBREIFINT E— FBITORTEHRLE-HBTIT>TLEELY,
E— FRBITORKEHZUTIZRLES,

%= 4.1

LIN / UART Module (RLIN3) Mode Transition Times

Mode Transition

Transition Conditions

Transition Time Note

LIN reset mode — LIN operation mode

Set: LCUCN.[OM1,0M0]=11B
Check: LMSTn.[OMM1, OMMO0]=11B

LIN reset mode — LIN wake-up mode

Set: LCUCN.[OM1,0M0]=01B
Check: LMSTn.[OMM1, OMMO0]=01B

LIN operation mode — LIN reset mode

LIN wake-up mode — LIN reset mode

Set: LCUCNn.[OM1,0M0]=00B
Check: LMSTn.[OMM1, OMMO0]=00B

(Max.) 3-fcik + 4-LINn

communication clock
source

Note. The time it takes for LMSTn.[OMM1,0MMO0] to change after setting LCUCn.[OM1,0M0].
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* RL78/F13,F14 1 —H—XI=a7J)L N— KOz 7# Rev.2.10
e RL78F15 21— —XI=a7J)L /N—Fxz7# Rev.1.00
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% 6.1 LIN Header ID List

Header ID ACtua\I/tarlzr;s(::::)ted ID Response Header ID Acltlga\i;r:(:(s:::ged Response
- - - data length - - - data length
Decimal Hexadecimal Hexadecimal Decimal Hexadecimal Hexadecimal
0 0x00 0x80 2 32 0x20 0x20 4
1 0x01 0xC1 2 33 0x21 0x61 4
2 0x02 0x42 2 34 0x22 OxE2 4
3 0x03 0x03 2 35 0x23 0xA3 4
4 0x04 0xC4 2 36 0x24 0x64 4
5 0x05 0x85 2 37 0x25 0x25 4
6 0x06 0x06 2 38 0x26 0xAB 4
7 0x07 0x47 2 39 0x27 OxE7 4
8 0x08 0x08 2 40 0x28 0xA8 4
9 0x09 0x49 2 41 0x29 OxE9 4
10 O0x0A 0xCA 2 42 0x2A OxB6A 4
11 0x0B 0x8B 2 43 0x2B 0x2B 4
12 0x0C 0x4C 2 44 0x2C OxEC 4
13 0x0D 0x0D 2 45 0x2D O0xAD 4
14 O0x0E Ox8E 2 46 0x2E 0x2E 4
15 0xOF OxCF 2 47 0x2F Ox6F 4
16 0x10 0x50 2 48 0x30 0xFO 8
17 0x11 0x11 2 49 0x31 0xB1 8
18 0x12 0x92 2 50 0x32 0x32 8
19 0x13 0xD3 2 51 0x33 0x73 8
20 0x14 0x14 2 52 0x34 0xB4 8
21 0x15 0x55 2 53 0x35 OxF5 8
22 0x16 0xD6 2 54 0x36 0x76 8
23 0x17 0x97 2 55 0x37 0x37 8
24 0x18 0xD8 2 56 0x38 0x78 8
25 0x19 0x99 2 57 0x39 0x39 8
26 Ox1A Ox1A 2 58 0x3A OxBA 8
27 0x1B 0x5B 2 59 0x3B OxFB 8
28 0x1C 0x9C 2 60 0x3C 0x3C 8
29 0x1D 0xDD 2 61 0x3D 0x7D 8
30 Ox1E Ox5E 2 (62) (reserved) (reserved) —
31 Ox1F Ox1F 2 (63) (reserved) (reserved) —

Note: PO(bit6) = IDO®ID1@ID2®ID4, P1(bit7) = !(ID1®ID3®ID4®ID5), P: Parity, ®: XOR, !: INV
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