IZEN ESAS Application Note
RL78/F13, F14, F15

Setup Procedure for LIN Communication in Slave Mode (Guidance)

Introduction
This application note describes setup procedures for LIN communication, in which a device operates in slave
mode of the UART/LIN module (hereinafter, RLIN3) in the RL78/F13, F14, F15.

Under certain use conditions, the operations of the microcontroller might be different from examples that this
document provides. Customers are required to sufficiently evaluate the use of the RLIN3 in their environment.
Customers are also required to refer to the user's manual corresponding to their products for detailed functions
of the RLIN3, clock generator, and interrupts.

Target Devices
e RL78/F13, F14, F15 products
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RL78/F13, F14, F15

Setup Procedure for LIN Communication in Slave Mode (Guidance)

1. Specifications of LIN Communication in Slave Mode

1.1 LIN Slave Mode Usage Conditions

The conditions for use of LIN communication in slave mode that this application note describes are shown

below.

Table 1-1 LIN Slave Mode Usage Conditions

ltem Description

CPU/peripheral hardware clock frequency (fcik) 32 MHz
LIN clock source (fuin) felk
LTXDO P13
LRXDO P14
Baud rate 19200 bps
Mode Slave mode (Fixed baud rate or auto baud rate)
Noise filter Enabled
LIN interrupts INTLINOTRM, INTLINORVC, INTLINOSTA, INTLINOWUP
Checksum type Classic checksum or Enhanced checksum (User selected)
Error detection Bit error Enabled

Frame/Response timeout error Auto baud rate mode: Disabled

Fixed baud rate mode: Enabled

Framing error Enabled

Sync field error Enabled

Checksum error Enabled

ID parity error Enabled

Response preparation error Enabled
Number of bytes in frame's data field 0 to 8 bytes
Response space 1 Thit
Inter-byte space 1 Thit
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1.2 LIN Network Connection Example
The LIN network connection is shown below.

Master Slave 1

TXD ) LIN bus . +— TXD
Transceiver Transceiver
RXD (€ RXD

'

v

———— —— — ————— — — — ——— — —

RL78/F1x RLIN3 I
(Auto baud rate mode)

Slave 2

I

I

I

. <+— LTXDO I
Transceiver I
I

I

|

| —» LRXDO

RL78/F1x RLIN3
(Fixed baud rate mode)

Slave 3

Transceiver

—» LRXDO

I
I
I
I
I
<—{ LTXDO |
I
I
I
I

Figure 1-1 LIN Master - Slaves Network Connection (example)
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1.3 SFR

The setting of the SFR used for LIN slave communication is shown below.
Table 1-2 SFRs Used for LIN Communication in Slave Mode (1/2)

0OH (Status clear)

Register . .
Setting Value Conditions
Name Symbol
Peripheral enable register 2 PER2 LINOEN =0or 1 0: Stop LINO clock supply, 1: LINO clock supply
) LINOMCK=0 (LINO communication clock = fcLk Note)
LIN clock select register LINCKSEL 10H LINOMCKE=1 (LINO communication clock supply)
LIN channel select register LCHSEL 00H LSELO0=0 (Enable LINO register access)
Auto baud rate mode: | LPRS[2:0]=010B (LINO prescaler clock: 1/4 (8MHz))
LIN wake-up baud rate 74H NSPB[3:0]=0111B (Bit sampling: 8 sampling)
select register 0 LWBRO Fixed baud rate mode: | LPRS[2:0]=000B (LINO prescaler clock: 1/1 (32MHz))
00H NSPB[3:0]=0000B (Bit sampling: 16 sampling)
LIN/UART baud rate 0067H 19200bps
prescaler register 0 LBRPO In auto baud rate mode: Updated with sync field reception
(L)'N self-test control register LSTCO 00H LSTM=0 (LIN self-test mode is disabled)
Auto ba“fzﬁte mode: || \p[1:0=108 (LIN slave mode [auto baud rate])
13H (Wake-u LIOS=1 (Enable LINO transmission/reception/status interrupt)
. aKe-up LRDNFS=0 (LRXDO noise filter enabled)
LIN/UART mode register 0 LMDO transmission)
Fixed baud rate mode: LMD[1:0]=11B (LIN slave mode [fixed baud rate])
13H " | LIOS=1 (Enable LINO transmission/reception/status interrupt)
LRDNFS=0 (LRXDO noise filter enabled)
LIN/UART break field _ ) . .
configuration register 0 LBFCO 00H BLT=0 (Break (low width) detection: 10 Tbit)
LIN/UART space 11H RS[2:0]=001B (Response space: 1 Thit)
configuration register 0 LSCO IBS[1:0]=01B (Inter-byte space: 1 Thit)
'r';';igg‘g'“p configuration LWUPO 70H WUTL[3:0]=0111B (Wake-up transmission low width: 8 Tbit)
FTCIE=1 (Frame / Wake-up transmission completion interrupt:
Enabled)
LIN interrupt enable register FRCIE=1 (Frame / Wake-up reception completion interrupt:
LIEO OFH
0 Enabled)
ERRIE=1 (Error detection interrupt: Enabled)
SHIE=1 (Header reception completion interrupt: Enabled)
BERE=1 (Bit error detection: Enabled)
TERE=0 (Response timeout error detection: Disabled)
Auto baud rate mode: | FERE=1 (Framing error detection: Enabled)
D9H SFERE=1 (Sync field error detection: Enabled)
IPERE=1 (ID parity error detection: Enabled)
LIN/UART error detection LTES=1 (Timeout selection bit: Response timeout)
enable register 0 LEDEO BERE=1 (Bit error detection: Enabled)
TERE=1 (Response timeout error detection: Enabled)
Fixed baud rate mode: | FERE=1 (Framing error detection: Enabled)
DDH SFERE=1 (Sync field error detection: Enabled)
IPERE=1 (ID parity error detection: Enabled)
LTES=1 (Timeout selection bit: Response timeout)
LCUCO0=00H (LIN reset mode transition)
LIN/UART control register O LCUCO 00H, 01H, 03H LCUCO0=01H (LIN wake-up mode transition)
LCUCO0=03H (LIN operation mode transition)
. LTRCO0=01H (Start Header reception / Wake-up transmission)
Iég:l]/ttﬁ‘rReT itsrta(lar;s(;n Ission LTRCO 01H, 02H, 04H LTRCO=02H (Start response transmission/reception)
9 LTRC0=04H (No response request)
LMSTO0=00H (LIN reset mode status)
te";’s L:QFE)T mode status LMSTO (ooH %91?_"’ oaH) | LMSTO=OTH (LIN wake-up mode status)
’ ’ LMSTO0=03H (LIN operation mode status)
Read status flag
Bit 0: FTC (1: Frame / Wake-up transmission completion)
LIN/JUART status register 0 LSTO Read Bit 1: FRC (1: Response reception completion)

Bit 3: ERR (1: Status error detection)
Bit 6: D1RC (1: Data[1] reception completion)
Bit 7: HTRC (1: Header reception completion)

Note: For fixed baud rate mode, select X1 oscillator or PLL clock (source=X1) for communication clock (fcLk).

RO1AN5663EJ0100 Rev.1.00

Sep.30.21

Page 5 of 41

RENESAS




RL78/F13, F14, F15 Setup Procedure for LIN Communication in Slave Mode (Guidance)

Table 1-2 SFRs Used for LIN Communication in Slave Mode (2/2)

Register . o
Setting Value Conditions
Name Symbol
Read error status flag
Bit 0: BER (1: Bit error detection)
Bit 2: TER (1: Response timeout error detection in fixed baud rate
mode)
:,‘;Ni/SLfQ%T error status LESTO 00H (Eﬁg?clear) Bit 3: FER (1: Framing error detection)
9 Bit 4: SFER (1: Sync field error detection
Bit 5: CSER (1: Checksum error detection)
Bit 6: IPER (1: ID parity error detection)
Bit 7: RPER (1: Response preparation error detection)
RFDL[3:0]: Response data length (0 to 8)
) RCDS: Response direction (0: Reception, 1: Transmission)
LlN/.UART. data f|_e|d LDFCO xxH LCS: Checksum type (0: Classic checksum, 1: Enhanced
configuration register 0
checksum)
LSS=0 (Next transmission/reception data group is the last one)
I6IN/UART ID buffer register LIDBO Read Received ID + ID parity
I6|N checksum buffer register LCBRO xxH Read reception checksum Nete
LIN'UART data buffer [1-8] LDBO1 - xxH Set transmit DATA[n], or read reception DATA[N]
registers LDBO8

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

Table 1-3 SFRs Used for LIN Communication in Slave Mode (Port related registers)

Register ) o
Setting Value Conditions
Name Symbol
Input switch control register ISC 1ISC2=1 LRXDO input pin interrupt enabled
Peripheral I/O 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 PM13=0, PM14=1 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 PITHL1 PITHL14=0 Port P1.4: Schmitt1 input type selected
register 1
Pull-up resistor option _ . ) .
register 1 PU1 PU14=0 Port P1.4: Internal pull-up disabled
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Table 1-4 SFRs Used for LIN Communication in Slave Mode (Interrupt related registers)

Register
L Setting Value Conditions
Name Symbol
External interrupt rising edge _
enable register 1 EGP1 EGP11=0 ) .
- - LRXDO: Falling edge detection enabled
External interrupt falling EGN11=1
edge enable register 1 EGN1
1)n|_t|errupt 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
Interrupt request flag register IF2L LINOWUPIF=0 Clear the LRXDO falling edge detection interrupt request flag
Interrupt mask flag register _ LINO transmission interrupt mask flag (0: Interrupt enabled, 1:
OH MKOH LINOTRMMK=0,1 Interrupt mask)
‘ LINORVCMK=0,1 LINO reception interrupt mask flag (O: Interrupt enabled, 1:
Interrupt mask flag register MKAL Interrupt mask)
1L _ LINO status interrupt mask flag (0: Interrupt enabled, 1: Interrupt
LINOSTAMK=0,1 mask)
Interrupt mask flag register _ LRXDO falling edge detection interrupt mask flag
2L MK2L LINOWUPMK=0,1 (0: Interrupt enabled, 1: Interrupt mask)
Priority specification flag PR10H, LINOTRMPR=01B | LINO transmission interrupt priority level flag 0, 1 (01B: Level-1)
registers 10H/00H PROOH
Priority specification flag PR11L, LINORVCPR=01B LINO reception interrupt priority level flag 0, 1 (01B: Level-1)
registers 11L/01L PRO1L LINOSTAPR=01B | LINO status interrupt priority level flag 0, 1 (01B: Level-1)
Priority specification flag PR12L, _ LRXDO falling edge detection interrupt priority level flag 0, 1 (01B:
registers 12L/02L ProoL | INOWUPPROTB 1) o gl 1)
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2. Overview of LIN Slave Communication

2.1 LIN Slave Communication Processing Overview
LIN slave communication example flow is shown below.

C

N
>

LIN_ResetMode ()

LINs_Slavelnit()
‘ ‘ ‘ (Transition to LIN reset mode)

(LINO slave mode initialization)

LINO_port_init()
(LINO port register initialization)

(LINO interrupt register initialization)

LIN_OperationMode ()
(Transition to LIN operation mode)

‘ LINO_interrupt_init() ‘ ‘

LINs_HeaderEnable()
(Enable header reception)

LIN slave communication

B, R R R R R R R —————
When header reception:
LINs_IntLINORVC() g_uBLINs_RxBUFF[0]—Received ID data
(LINO header reception interrupt) (Store received ID data)

g_uBLINs_RxBUFF[0]

Judge the received ID
y = Response transmission = Response reception = No response request

g_u8LINs_TxBUFF[1:8]<Response Tx data LDFC_value«xxH LINs_NoResponse()
(Set response transmission data) (Configuration of response reception) (No response processing)

LDFC_value«—xxH LINs_RxResponse(LDFC_value)
(Configuration of response transmission) (Start response reception)

LINs_TxResponse(LDFC_value)
(Start response transmission)

LINs_IntLINOTRM() User processing (Response transmission
(LINO response transmission interrupt) completion)

When response reception:

LINs_IntLINORVC() g_uBLINs_RxBUFF[1:8]<Response Rx data User processing (Response reception
(LINO response reception interrupt) (Store response reception data) completion)

When LIN communication error is occurred:

LINs_IntLINOSTA()
(LINO status error interrupt)

}—{ ‘ User processing (Emror detection) ‘ ‘

Header reception: Framing error, Sync field error, ID parity error
Response transmission: Bit error, Response timeout error (only fixed baud rate mode), Response preparation error
Response reception:  Response timeout error (only fixed baud rate mode), Framing error, Response preparation emror

I
I
I
I
I
I
I
I
I
I
I
I
I When response transmission:
I
I
I
I
I
I
I
I
I
I
I

Figure 2-1 LIN Communication Process in Slave Mode (1/2)
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®

LIN_PreSleep() LIN_Delnit()
(Enable LRXDO falling edge detection) (Disable LIN module)
\ STOP |
i
I_______L_________________.
LINs_IntLINOWUP() User processing |
I (LRXDO falling edge detection interrupt) (LRXDO falling edge detection)

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

LINs_TxWUPSig() LIN_ResetMode()
(Wake-up signal transmission) (Transition to LIN reset mode)
‘ ( LIN_WakeupMode() ‘ }—{ Start wake-up signal transmission

Transition to LIN wake-up mode)

| (Wake-up signal transmission completion) I
‘ ‘ LINs_IntLINOTRM() ‘ ‘ User processing _ ‘ ‘ I

| (LINO wake-up transmission interrupt) (Wake-up transmission completion)

I (Error occurred when wake-up transmission) I

| ‘ ‘ LINs_IntLINOSTA() ‘ ‘ User processing ‘ ‘ |

| (LINO status error interrupt) (Emor detection) I

Wake-up transmission: Bit error

Figure 2-1 LIN Communication Process in Slave Mode (2/2)
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2.2 LIN Frame Timings

The timing diagram for response transmission and reception in the LIN slave are shown below for each of
the Auto baud rate and Fixed baud rate.

Frame
Header RS Response
Break field Sync field 18| ID field 18| 18|

] I ID + Parity Data 1 Data 2 Q Data n Checksum

el (sLLLL DL el [ DRRL LD [ LR L L L] Wl LERD bl (I TETTET L
T J:L Ar / A

Sync field

M@ detection.| (3) (4) (5)

Baud rate value before synchronization >< New baud rate value after synchronization

S : Start bit

E : Stop bit (End bit)
RS : Response space
IB :Inter-byte space

(1) Initialize the LIN slave module.

(2) Enable the device to receive a header (LTRCO<—01H).

(3) If Sync field data can be correctly, automatically sets the baud rate correction results in the LBRPO
register.

(4) The INTLINORVC interrupt occurs. Make sure the device has received a header (LSTO.HTRC = 1)
and no error has been detected (LSTO.ERR = 0). Read the received ID from the LIDBO register and
make sure the ID requests the device to transmit a response. Configure the response direction as
transmission (LDFC0.RCDS«1), specify the response length with the RFDL[3:0] bits of the LDFCO
register, write the response data into the LDBOx registers (x = 1 to 8), and start to transmit a
response (LTRCO«02H).

(5) The INTLINOTRM interrupt occurs. Make sure no error has been detected.

Figure 2-2 Timing Diagram of LIN Response Transmission in Slave Mode (Auto Baud Rate)

Frame
Header RS Response
Break field Sync field 1B| ID field 18| 1B|
ID + Parity Data 1 Data 2 g Data n Checksum
el S LU LUTEdel A PULUEEge] |l EUUTEE e AT EE Db (LT
T A T / T
Sync field
M@ detection | (3) 4) ®)
Baud rate value before synchronization >< New baud rate value after synchronization

S : Start bit

E :Stop bit (End bit)
RS : Response space
IB :Inter-byte space

(1) Initialize the LIN slave module.

(2) Enable the device to receive a header (LTRCO0<«-01H).

(3) If Sync field data can be correctly, automatically sets the baud rate correction results in the LBRPO
register.

(4) The INTLINORVC interrupt occurs. Make sure the device has received a header (LSTO.HTRC = 1)
and no error has been detected (LSTO.ERR = 0). Read the received ID from the LIDBO register and
make sure the ID requests the device to receive a response. Configure the response direction as
reception (LDFC0.RCDS+«0), specify the response length with the RFDL[3:0] bits of the LDFCO
register, and enable the device to receive a response (LTRCO«<02H).

(5) The INTLINORVC interrupt occurs. Make sure no error has been detected and read the received
response from the LDBOx registers (x = 1 to 8).

Figure 2-3 Timing Diagram of LIN Response Reception in Slave Mode (Auto Baud Rate)
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Frame
Header RS Response
Break field Sync field |IB ID field 18| 18|

T ID + Parity Data 1 Data 2 g Data n Checksum
el [SELLLEE L] (e R DL L el (L LD UL fe) LA L L UL de DL
4 / 4
i r r
1@ 3) (4)

Baud rate value initially set

S : Start bit

E :Stop bit (End bit)
RS : Response space
IB :Inter-byte space

(1) Initialize the LIN slave module.

(2) Enable the device to receive a header (LTRCO0<01H).

(3) The INTLINORVC interrupt occurs. Make sure the device has received a header (LSTO.HTRC = 1)
and no error has been detected (LSTO.ERR = 0). Read the received ID from the LIDBO register and
make sure the ID requests the device to transmit a response. Configure the response direction as
transmission (LDFC0.RCDS«1), specify the response length with the RFDL[3:0] bits of the LDFCO
register, write the response data into the LDBOXx registers (x = 1 to 8), and start to transmit a
response (LTRCO«—02H).

(4) The INTLINOTRM interrupt occurs. Make sure no error has been detected.

Figure 2-4 Timing Diagram of LIN Response Transmission in Slave Mode (Fixed Baud Rate)

Frame
Header RS Response
Break field Sync field |IB ID field 1B| 18|
ID + Parity Data 1 Data 2 g Data n Checksum
el [SLLLLER U] (e R DL L el (LD UL fe) VAL L L UL de DT T e
f 1 / 1
M@ ) (4)

Baud rate value initially set

S : Start bit

E :Stop bit (End bit)
RS : Response space
IB :Inter-byte space

(1) Initialize the LIN slave module.

(2) Enable the device to receive a header (LTRCO0<«01H).

(3) The INTLINORVC interrupt occurs. Make sure the device has received a header (LSTO.HTRC = 1)
and no error has been detected (LSTO.ERR = 0). Read the received ID from the LIDBO register and
make sure the ID requests the device to receive a response. Configure the response direction as
reception (LDFC0.RCDS<-0), specify the response length with the RFDL[3:0] bits of the LDFCO
register, and enable the device to receive a response (LTRCO«<02H).

(4) The INTLINORVC interrupt occurs. Make sure no error has been detected and read the received
response from the LDBOXx registers (x = 1 to 8).

Figure 2-5 Timing Diagram of LIN Response Reception in Slave Mode (Fixed Baud Rate)
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2.3 LIN Slave Communication Status and SFR

The LIN/UART module (RLIN3) generates LINn successful transmission interrupt, LINn successful reception
interrupt, and LINN reception status interrupt. Also, each interrupt has multiple interrupt factors. For details,
refer to the user's manual of the target products. In this application note, the status register of RLIN3 module
is read to determine the interrupt source. Connections between LIN slave communication status and SFRs are

shown below.

Table 2-1 LIN Communication State and SFRs (LINn successful reception interrupt)

SFRs
LIN Communication State
Reception Lo
bit3(ERR) bit7(HTRC) bit1(FRC)
Communication error 1 i i
* Processed in the LINO status interrupt

Header reception completion 1 -
Response reception completion 0 0 1
lllegal interrupt occurred 0

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

Table 2-2 LIN Communication State and SFRs (LINn successful transmission interrupt)

LIN Communication State
Transmission

SFRs

LSTO

bit3(ERR)

bitO(FTC)

LMSTO

Communication error
* Processed in the LINO status interrupt

1

Response transmission completion

Wake-up transmission completion

lllegal interrupt occurred

01H

#01H

-: Not judged by software.
Remarks: For details, see section 3.4.2.
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RL78/F13, F14, F15 Setup Procedure for LIN Communication in Slave Mode (Guidance)

3. LIN Slave Driver Functions

The LIN slave communication driver program example shown in this application note is explained below.

3.1 Function list
The function list of this driver program and the variables used are shown below.

LIN Slave Driver Functions

Driver API Functions [public]

Initialization
LINs_Slavelnit () LIN_Delnit ()
API functions for user
LINs_HeaderEnable () LIN_PreSleep () LINs_TxWUPSig ()
LINs_NoResponse () LINs_RxResponse () LINs_TxResponse ()

Driver Local Functions [private]
Initialization

LINO_port_init () LINO_interrupt_init ()

Mode transition

LIN_ResetMode () LIN_OperationMode () LIN_WakeupMode ()

Interrupt handlings

LINs_IntLINOTRM () LINs_IntLINORVC () LINs_IntLINOSTA ()

LINs_IntLINOWUP ()

User Application Functions

|

|
N T ar e g X
1L _ UMy LNs ComEmorg) | X
‘}rr ————————————— B o e
| 1 L UMYCHNe Inthesdomx 0 10 i U lNe IniResonseTx ()} [ Lo HINs InWiRSiaTx0 {1 | |
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N main () O ‘
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Figure 3-1 Functions of LIN Communication in Slave Mode
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Setup Procedure for LIN Communication in Slave Mode (Guidance)

Table 3-1 Function List for LIN Communication in Slave Mode

. o Public /
Function Name Description .
Private
void LINs_Slavelnit (void) Initialization for LIN (slave mode) public
void LIN_Delnit (void) Disables LIN module public
void LINs_HeaderEnable (void) Enable header reception public
void LIN_PreSleep (void) Process before transition to sleep mode public
void LINs_TxWUPSig (void) LIN wake-up signal transmission request public
void LINs_TxResponse ( Response transmission request ublic
unsigned char u8a_LDFC_value) P g P
void LINs_RxResponse ( ) .
) Response reception request public
unsigned char u8a_LDFC_value)
void LINs_NoResponse (void) No response request 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
. . This function is the LINO reception completion interrupt processing. .
void LINs_IntLINORVC (void) (Header reception / Response reception / Wake-up reception Note) public
) . This function is the LINO transmission completion interrupt processing. .
void LINs_IntLINOTRM (void) o o public
(Response transmission / Wake-up transmission)
This function is the interrupt processing when LINO status error is occurred.
) ) - Response transmission: Bit error or Response timeout error detection .
void LINs_IntLINOSTA (void) ) ) } public
- Header reception / Response reception: Response timeout error,
Framing error, Sync field error, Checksum error or ID parity error detection
void LINs_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.

Table 3-2 Variables Used for LIN Communication in Slave Mode

Variable Name

Description

unsigned char g_u8LINs_TxBUFF[9]

g_u8LINs_TxBUFF[0]:
g_u8LINs_TxBUFF[1 to 8]:

Not used

Set response transmission data

unsigned char g_u8LINs_RxBUFF[9]

g_u8_LINs_RxBUFF[0]: Store received ID data

g_u8LINs_RxBUFFI[1 to 8]: Store response reception data

Table 3-3 User Notification Function APIs for LIN Slave Driver

Function APl Name

Description

void UNtfy_LINs_ComError (
unsigned short u16a_errorinfo)

User’s processing for error detections.
bit[7:0]:
bit[15:0]:  When INTLINOSTA occurred: 00H

When INTLINORVC occurred: 80H (illegal interrupt)

When INTLINOTRM occurred: 40H (illegal interrupt)

Store the LESTO register value (When INTLINOSTA occurred)

void UNtfy_LINs_IntHeaderRx (void)

User’s processing for header reception completion.

void UNtfy_LINs_IntResponseTx (void)

User’s processing for response transmission completion.

void UNtfy_LINs_IntResponseRx (void)

User’s processing for response reception completion.

void UNtfy_LINs_IntWUPSIigTx (void)

User’s processing for wake-up signal transmission completion.

void UNtfy_LINs_IntWUPSigRx (void)

User’s processing for wake-up signal reception completion.

RO1AN5663EJ0100 Rev.1.00
Sep.30.21
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Setup Procedure for LIN Communication in Slave Mode (Guidance)

3.2 Driver API Functions [Public]

Each public function APIs of the LIN slave communication driver program example shown in this application
note is explained below.

3.2.1 LIN Slave Module Initialization
Table 3-4 LIN Slave Initialization Function (LINs_Slavelnit)
Syntax void LINs_Slavelnit (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 (slave mode), port and interrupt functions.

Note

Call from upper layer with interrupt disabled.

C LINs_Slavelnit ()

)

|

LIN_ResetMode ()

|

] LMDO—12H or 13H

[

] LWBRO—74H or 00H

[

] LBRPO—0067H

[

] LBFCO—00H

[

] LSCO—11H

[

] LWUPO—70H

[

] LSTCO—00H

[

] LIEO—OOH

[

] LEDEO—QOH

|

’ ‘ LINO_port_init ()

[

LINO_interrupt_init ()

|

] LIEO—OFH

|

] LEDEO—S8FH

|

LIN_OperationMode ()

A

C return

)

Transition to LIN reset mode,
LCHSEL—O0O0H (Enable LINO register access)

Select LIN slave mode
- Auto baud rate mode: 12H
- Fixed baud rate mode: 13H

- Auto baud rate mode: 74H (fcik/4, 8-sampling)
- Fixed baud rate mode: 00H (fck/1, 16-sampling)

Fixed baud rate mode: 19200bps

Break (low) detection: 9.5 Tbit (10 Thit)
Response space: 1 Thit, Inter-byte space: 1 Tbit

Wake-up signal width: 8 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

Figure 3-2 LIN Slave Initialization Procedure (LINs_Slavelnit)
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3.2.2 LIN Module De-Initialization
Table 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.

C LIN_Delnit () )

MKOH.LINOTRMMK 1 Mask INTLINOTRM interrupt

MKAL.LINORVCMK«—1 Mask INTLINORVC interrupt

MK1L.LINOSTAMK«—1 Mask INTLINOSTA interrupt

MK2L.LINOWUPMK 1 Mask INTLINOWUP interrupt
] PER2.LINOEN —0 \ Stop RLIN3 clock supply

Cam

Figure 3-3 LIN De-lnitialization Procedure (LIN_Delnit)

RO1AN5663EJ0100 Rev.1.00 Page 16 of 41
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3.2.3 LIN Slave Header Reception Enable
Table 3-6 LIN Slave Header Reception Enable Function (LINs_HeaderEnable)

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

Description This function is used to enable header reception.
Note Call this function when GINT bit of IAWCTL register is 0.
C LINs_HeaderEnable () )
LIN_OperationMode () Transition to LIN operation mode,
— LCHSEL«O0OH (Enable LINO register access)
’ LEDEO<DSH or DDH ‘ Auto baud rate mode: D9H
(enable all error status detection
except timeout error detection)
Fixed baud rate mode: DDH
(enable all error status detection)
’ LIEO—OFH ‘ Enable LIN interrupt
IFOH.LINOTRMIF<—0 Clear INTLINOTRM interrupt request flag
IF1L.LINORVCIF 0 Clear INTLINORVC interrupt request flag
IF1L.LINOSTAIF0 Clear INTLINOSTA interrupt request flag
MKOH.LINOTRMMK«0 Enable INTLINOTRM interrupt
MK1L.LINORVCMK«—0 Enable INTLINORVC interrupt
MK1L.LINOSTAMK—0 Enable INTLINOSTA interrupt
’ LTRCO+01H ‘ Start LIN header reception
C return )
Figure 3-4 LIN Slave Header Reception Enable Procedure (LINs_HeaderEnable)
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3.2.4 Before Sleep Mode Transition Processing

Table 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_DeInit () Disable LIN module
’ IF2L.LINOWUPIF+0 ‘ Clear INTLINOWUP interrupt request flag
’ MK2L.LINOWUPMK«-0 ‘ Enable INTLINOWUP interrupt

e

Figure 3-5 Before Sleep Mode Transition Processing Procedure (LIN_PreSleep)
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3.2.5 LIN Slave Wake-up Signal Transmission
Table 3-8 LIN Slave Wake-up Signal Transmission Function (LINs_TxWUPSig)

Syntax void LINs_TxWUPSig (void)
Parameters |In None
Out None
Local variables None
Return value None
Call functions LIN_ResetMode (): LIN reset mode transition function
LIN_WakeupMode (): 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.

C LINs_TxWUPSig () )

MKOH.LINOTRMMK 1 Mask INTLINOTRM interrupt
MK1L.LINORVCMK«1 Mask INTLINORVC interrupt
MK1L.LINOSTAMK«—1 Mask INTLINOSTA interrupt
MK2L.LINOWUPMK<«1 Mask INTLINOWUP interrupt
‘ Transition to LIN reset mode,
LIN_ResetMode () LCHSEL«—0OH (Enable LINO register access)
’ LMDO+13H ‘ Set LIN [slave] (fixed baud rate) mode
] LWBRO—00H \ fLk/1, 16-sampling
] LBRPO—0067H \ Baud rate: 19200bps
’ LSCO—11H ‘ Response space: 1 Thit, Inter-byte space: 1 Thit
] LWUPO«—70H \ Wake-up signal width: 8 Tbit
’ LIEO«—05H ‘ Enable error detection and wake-up transmission
‘ interrupt
’ LEDEO—O1H ‘ Enable bit error detection
LIN_WakeupMode () Transition to LIN wake-up mode

IFOH.LINOTRMIF—0

IFIL LINOSTAIF0 Clear INTLINOTRM interrupt request flag

Clear INTLINOSTA interrupt request flag

MKOH.LINOTRMMK<«+0 Enable INTLINOTRM interrupt
MK1 L.LINOISTAMKHO Enable INTLINOSTA interrupt
] LDFCO—10H \

Set transmission direction

|

’ LTRCO—01H ‘ Start wake-up signal transmission

C

Figure 3-6 LIN Slave Wake-up Signal Transmission Procedure (LINs_TxWUPSig)
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Sep.30.21 RENESAS



RL78/F13, F14, F15 Setup Procedure for LIN Communication in Slave Mode (Guidance)

3.2.6 LIN Slave Response Transmission Start

Table 3-9 LIN Slave Response Transmission Start Function (LINs_TxResponse)

Syntax void LINs_TxResponse (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 (RCDS): Response direction [1: Transmission]
- bits (LCS): Checksum type [0: classical-checksum, 1: enhanced-checksum]
- bit6: Setto 0
- bit7 (LSS): 0: Next transmission/reception data group is the last one
unsigned char g_u8LINs_TxBUFF[1:8]: Response transmission data setting

Out None

Local variables None

Return value None

Call functions None

Description LIN response transmission start procedure

C LINs_TxResponse (u8a_LDFC_value) )

’ LCHSEL«—00H ‘ Enable LINO register access
] LDFCO—u8a_LDFC_value \ Set LDFCO register
LDBO1+g_u8LINs_TxBUFF[1] Set response transmission data

LDB02—g_u8LINs_TxBUFF[2]
LDB03«—g_u8LINs_TxBUFF[3]
LDB04«g_u8LINs_TxBUFF[4]
LDB05«g_u8LINs_TxBUFF[5]
LDB06«g_u8LINs_TxBUFF[6]
LDB07g_u8LINs_TxBUFF[7]
LDB08«—g_u8LINs_TxBUFF[8]

’ LTRCO+02H ‘ Start response transmission

C

Figure 3-7 LIN Slave Response Transmission Start Procedure (LINs_TxResponse)
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3.2.7 LIN Slave Response Reception Start

Table 3-10 LIN Slave Response Reception Start Function (LINs_RxResponse)

Syntax void LINs_RxResponse (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 (RCDS): Response direction [0: Reception]
- bits (LCS): Checksum type [0: classical-checksum, 1: enhanced-checksum]
- bit6: Setto 0
- bit7 (LSS): 0: Next transmission/reception data group is the last one
Out None
Local variables None
Return value None
Call functions None

Description

LIN response reception start procedure

C

LINs_RxResponse (u8a_LDFC_value) )

’ LCHSEL—00H ‘ Enable LINO register access
] LDFCO—u8a_LDFC_value \ Set LDFCO register
’ LTRCO«+02H ‘ Start response reception

return )

Figure 3-8 LIN Slave Response Reception Start Procedure (LINs_RxResponse)
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3.2.8 LIN Slave No Response Request
Table 3-11 LIN Slave No Response Request Function (LINs_NoResponse)

Syntax void LINs_NoResponse (void)
Parameters |In None
Out None
Local variables None
Return value None
Call functions None
Description LIN no response request procedure

C LINs_NoResponse () )

’ LCHSEL«+00H ‘ Enable LINO register access

] LTRCO—04H \ Request no response

A

e

Figure 3-9 LIN Slave No Response Request Procedure (LINs_NoResponse)
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3.3 Driver Local Functions [Private]

Each local functions of the LIN slave communication driver program example shown in this application note
is explained below.

3.3.1  LINO Port Initialization
Table 3-12 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.PIOR44—0 ‘ LTXDO: P13, LRXDO: P14
P1.P131 P13 output latch: High
PM1.PM13—0 P13 direction: Output mode
POM1.POM13—0 P13 output mode: Normal (C-MOS)
PM1.PM141 P14 direction: Input mode
PIM1.PIM14+0 P14 input mode: Normal (C-MOS)
PITHL1.PITHL140 P14 threshold level: Schmitt 1
PU1.PU14+0 P14 internal pull-up: Disabled
’ ISC.ISC21 ‘ Uses the input signal of the LRXDO pin as an external

interrupt input

C

Figure 3-10 LINO port Initialization Procedure (LINO_port_init)
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3.3.2 LINO Interrupt Initialization

Table 3-13 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.EGP11-0 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
LINORVC[PR1,PR0]«01B Set INTLINORVC interrupt priority level to 1
LINOSTA[PR1,PR0O]—01B Set INTLINOSTA interrupt priority level to 1
LINOWUP[PR1,PR0]—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

C

)

Figure 3-11 LINO Interrupt Initialization Procedure (LINO_interrupt_init)
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3.3.3 Transition to LIN Reset Mode
Table 3-14 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«—0O
PER2.LINOEN 1

Stop RLINS clock supply
RLIN3 clock supply and initialize

LINCKSEL.LINOMCK«+0 LINO communication clock: fcik
LINCKSEL.U‘NOMCKEH1 LINO communication clock supply
] LCHSEL—00H \ Enable LINO register access
’ LCUCO0—00H ‘ LINO reset mode transition

»l

Check that the mode transition is complete.

Yes (Mode transition completion)

C e

Figure 3-12 Transition to LIN Reset Mode Procedure (LIN_ResetMode)
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3.3.4 Transition to LIN Operation Mode

Table 3-15 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
N

L

Check that the mode transition is complete.

Yes (Mode transition completion)

C return )

Figure 3-13 Transition to LIN Operation Mode Procedure (LIN_OperationMode)
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3.3.5 Transition to LIN Wake-up Mode

Table 3-16 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

Check that the mode transition is complete.

Yes (Mode transition completion)

C

return

)

Figure 3-14 Transition to LIN Wake-up Mode Procedure (LIN_WakeupMode)
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3.4 Interrupt Processing Functions

Each interrupt processing functions of the LIN slave communication driver program example shown in this
application note is explained below.

3.4.1 LIN Slave Reception Completion Interrupt Processing

Table 3-17 LIN Slave Reception Completion Interrupt Processing Function (LINs_IntLINORVC)

Syntax void LINs_IntLINORVC (void)
Parameters |In None
Out unsigned char  g_u8LINs_RxBUFF[O]: Store the received ID when receiving a header
unsigned char  g_u8LINs_RxBUFF[1:8]:  Store received data when receiving a response
Local variables unsigned char  u8a_RD_LSTO: Store LSTO register

- bit1 (FRC): Response reception completion
- bit3 (ERR): LIN communication error detection
- bit7 (HTRC):  Header reception completion
unsigned short  u16a_errorinfo: 8000H (lllegal interrupt has occurred)
Return value None
Call functions UNtfy_LINs_IntHeaderRx (): Header reception completion processing
UNtfy LINs_IntResponseRx (): Response reception completion processing

UNtfy_LINs_ComError (u16a_errorinfo): lllegal interrupt processing

Description

INTLINORVC interrupt service routine

- LINO header reception completion

- LINO response reception completion

(Also refer to section. 3.5.2 for the UNtfy_LINs_IntHeaderRx () processing)

RO1AN5663EJ0100 Rev.1.00
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RL78/F13, F14, F15
LINs_IntLINORVC ()

C \
] LCHSEL«—00H \

|

| u8a_RD_LSTO0—LSTO |

|

] LSTO—00H \

Check for error bit (LSTO.ERR

ua_RD_LSTO.bit3(ERR)=1?

Enable LINO register access

Store the LSTO register

Clear the LSTO register to 00H

Yes (Error processing in LINO status interrupt)

No (no error)
Check the header reception

g
} Error processing

| in the LINO status interrupt

4

ua_RD_LSTO.bit7(HTRC)=1?

Yes (Header reception)

g_u8LINs_RxBUFF[0]LIDBO

UNtfy_LINs_IntHeaderRx()
(Header reception)

Check the response reception

u8a_RD_LSTO.bit1(FRC)=1?

Yes (Response reception)

g_u8LINs_RxBUFF[1
g_u8LINs_RxBUFF[2
g_uBLINs_RxBUFF[3

4

[1]—LDBO1
%
g_u8LINs_RxBUFF.
[
[
[

]

]—LDB02
]—LDB03
]—LDB04
g_Uu8LINs_RxBUFF[5]

g_Uu8LINs_RxBUFF[6]«LDB06
g_Uu8LINs_RxBUFF[7]«LDB07

g_u8LINs_RxBUFF[8]—LDB08

(Store the response reception data)

5]—LDB05
6
7

UNtfy_LINs_IntResponseRx()
(Response reception completion)

u16a_errorinfo — 8000H

[

UNtfy_LINs_ComError (u16a_errorinfo)
(lllegal interrupt occurred)

v

A
return

C )

Figure 3-15 LIN Slave Reception Completion Interrupt Processing Procedure (LINs_IntLINORVC)
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3.4.2 LIN Slave Transmission Completion Interrupt Processing

Table 3-18 LIN Slave Transmission Completion Interrupt Processing Function (LINs_IntLINOTRM)

Syntax void LINs_IntLINOTRM (void)
Parameters |In None
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

unsigned short u16a_errorinfo: 4000H (lllegal interrupt has occurred)
Return value None

Call functions

UNtfy_LINs_IntResponseTx ():
UNtfy_LINs_IntWUPSIigTx ():
UNtfy_LINs_ComError (u16a_errorinfo):

Response transmission completion processing
Wake-up transmission completion processing
lllegal interrupt processing

Description INTLINOTRM interrupt service routine
- LINO response transmission completion

- LINO wake-up signal transmission completion

LINs_IntLINOTRM ()

| )
] LCHSEL—OOH \

|

| u8a_RD_LSTO—LSTO |

|

] LSTO—O00H \

Enable LINO register access

Store the LSTO register

Clear the LSTO register to 00H

Check for error bit (LSTO.ERR
Yes (Error processing in LINO status interrupt)

usa_RD_LSTO.hit3(ERR)=1?

No (no error)
Check the response/wake-up
transmission completi No
u8a_RD_LSTO0.hitO(FTC)=1?

Yes (Transmission u16a_errorinfo < 4000H
completion) |

LMST0=01H?
(LIN operation mode?)

No (=Response
transmission completion)

UNtfy_LINs_ComError(u16a_errorinfo)
(lllegal interrupt occurred)

Yes (Wake-up
transmission completion)

UNtfy_LINs_IntResponseTx()
(Response transmission completion)

UNtfy_LINs_IntWUPSIigTx()
(Wake-up transmission completion)

y

Error processing
in the LINO status interrupt

C )

return

Figure 3-16 LIN Slave Transmission Completion Interrupt Processing Procedure

(LINs_IntLINOTRM)
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3.4.3 LIN Slave Status Error Interrupt Processing

Table 3-19 LIN Slave Status Error Interrupt Processing Function (LINs_IntLINOSTA)
Syntax void LINs_IntLINOSTA (void)
Parameters |In None
Out None
Local variables unsigned char u8a_RD_LESTO: Store LESTO register
- bit0 (BER): Bit error detected during response/wake-up transmission
- bit2 (TER): Response timeout error detected in fixed baud rate mode
- bit3 (FER): Framing error detected during header/response reception
- bit4 (SFER): Sync field error detected during sync field reception
- bits (CSER): Checksum error detected when response reception
- bité (IPER): ID parity error detected when ID field reception
- bit7 (RPER): Response preparation error detected when response data 1 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_LINs_ComError (u16a_errorinfo): Error detection processing
Description This function is the interrupt processing when LINO status error is occurred.

C LINs_IntLINOSTA () )

’ LCHSEL«+00H ‘ Enable LINO register access
l u8a_RD_LESTO+LESTO ‘ Store LESTO register

’ LEST0—00H ‘ Clear error status flag

| ut6a_emorinfo — 0000H | usa_RD_LESTO | Set eror information

Error detection processing

UNtfy_LINs_ComError(u16a_errorinfo) (User processing)

C

return )

Figure 3-17 LIN Slave Status Error In