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RL78/F23, F24 BAL4<T-TLA 2=y & DTC ZALV- SENT BIEDEH

1. RL78/F2x A SENT BIEEXDHE
AETIL, RL78/F2x D SENT BIEREFDEHBMELZHBALET,

1.1 SENT®{ETHEAYT S RL78/F2x /N\— b+ 7 V—X

% 1-1 12 SENT E#ED=HIZFERT S RL78/F2x N\— K T PHEeE R LET, 247 -7 LA 1=
b TAUOO/O1 2R LT PWMIESZERMLET, 24 INEREET—F IS LI/ NILRIBIEFERET
2Bl T—2 FS A T77arb0—3 (DTC) #EALET . COREH T, KBIESIL P30/ TO01
R—rhbHALET,

#F 1-1 Used RL78/F2x Resources for SENT Transmission

Item Description
CPU/peripheral hardware clock frequency (fcLk) 40 MHz
Used hardware resources TAUOQ0/01+DTC: PWM generation

* TAUOO: PWM mode (Master: Interval timer mode)
* TAUO1: PWM mode (Slave: One-count mode)

* DTC: Source: RAM, Destination: TDROO, Trigger:
INTTMO1

CRC: “SENT” mode, J2716 standard.
Output port P30/ TOO01
TAUO operation clock frequency | TAUOQ0/01 fck/8 = 5 MHz

AE SENT ZEICHERATHIREIOV I ELTEERAVFY T AL L—2ZFHALTWET, BIEHE
FlEA—H AT 3> /34 F(000C2H)THITWLVET , REDFHEMIE., 11— —AT =TI ESHE
LTF&ELY,

& 1-2 12 SENT ZIEDT=HIZFERT S RL78/F2x N— F Oz 7HEEE R LET, 247 -FLA4 -1y
b TAUO2 T SENT ZEEBDAN/NIILABERELZELET—2ELZHARYET. COEREFTIE,
P16 /TI02 R— MZTRBEBTEANLET,

% 1-2 Used RL78/F2x Resources for SENT Reception

ltem Description
CPU/peripheral hardware clock frequency (fcLk) 40 MHz
Used hardware resources TAUO2: Input pulse interval measurement

* TAUO2: Input pulse capture mode, falling edge to
next falling edge.

CRC: “SENT” mode, J2716 standard.

Input port P16/ T102

TAUO count clock frequency | TAUOQ2 fcik = 40 MHz

FE SENT REICHERAIHIREIOVIELTEEA VF YT - AV L—22FALTVET., BIREH

ElF1—H - FT 3> - /34 FO00C2H)TITVWET, [REDFHMIE. 11— —XI =27 ILESHE
LTTF&ELY,
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RL78/F23, F24 BAL4<T-TLA 2=y & DTC ZALV- SENT BIEDEH

1.2 SENT @{EEEH DTH

F 1-3 12 SENT BIEREMOHEHERLET, AREFITIL. T—4 nibble H(L 6 BICEAELTLET,
F71-. SENT ZEBE®D nibble ¥+ 1) TL—L 3 v HHR—FLET, —DD SENT Ay t—I T L—A[F 32
Ewv k (818D nibble) ¥—% %&#&. Sync #ifE. Status nibble. 6 M F—% nibble, CRC nibble, # &
U Pause /NILADSRYET, £-. CRCIS—HBMEYR—FLZET,

% 1-3 Specification of SENT Communication Example

Item

Setting

1 Tick

3 s (typically)

Low level width of each pulse

5 ticks (15 ps typically)

Width of Sync period

56 ticks (168 s typically)
*Allowed within 160 to 216 us (-5 to +29%).
Calibrate tick width with the detected Sync width.

Width of each nibble

12 to 27 ticks (36 to 81 s typically)

Status nibble

Open for users.

Number of data nibbles

6 data nibbles (fixed).

CRC nibble J2716 standard.
Width of a frame 284 to 920 ticks (852 to 2760 us typically)
Pause pulse Supported: 12 to 768 ticks (36 to 2304 us typically)

*Calculate Pause pulse width for each frame transmission
based on “Def SENT_FrameWidth” which is defined at
r_sent tx_user.h.

Error detections during execution

e CRC error

RO1AN6623JJ0100 Rev.1.00
2022.09.30
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RL78/F23, F24

BAT - TFLA 1=y k&DTC ALV SENT BIEQOEH

1.3 SENT E5 DK

11 [CEARBL SENTEEDER &. 12 [CAEREFTHALEEBROERAZRLET, CDORKERE
BT, Pause /NILARIZE D TIL—LEBEZ—FICHABLTWLET,

Used for tick calibration.

Sync = 56 ticks

User’s data CRC:
“07- “15” J2716 standard
12 — 27 ticks “0— “15”
12— 27 ticks
Calculated with
Data#t1-6.

Adjustment
for constant
frame width

/.

-

K A

-

~N

: 1 1 1 | 1 1 1
Sync period | Status|Data#1!Data#2! Data#3! Data#4, Data#5, Data#6! CRC

i nibble | nibble | nibble | nibble | nibble | nibble | nibble; nibble
1 ] 1

Pause pulse

]

2} 12} 2} (] 2} (] 2} (] 1] 2]
x £ x 4 x 4 x 4 X E4
Q [*3 Q o Q o Q o Q o
k-] k-] k-] = k-] = s & = B =
w w w w w w w w w w
I 1 | I 1 1 1 1 1
. o 12727 1 12~27 | A2~~27 ) 12~ 27 ) 12~ 27 1 12~27 ) 12~27 ! 12~27 ! 12~768
56 ticks ; : : : ks
I 1
1 1

ticks <~ ticks 7~ ticks 7|~ ticks 7, ~ fticks 7~ ticks 7~ ticks 7| ticks
1 1 1 1

Frame width of a SENT transmission unit

284~-920ticks

[ SR A

1-1 SENT Waveform

A transmission unit frame Example
I when “framewidth™= 300 ticks (900us) l

1-2 Real SENT Waveforms Generated by this Example

R0O1AN6623JJ0100 Rev.1.00
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RL78/F23, F24 BAL4<T-TLA 2=y & DTC ZALV- SENT BIEDEH

1.4 SENT &{E®M CRC &

RL78/F2x [& SENT @ CRC #tHZ/\— KDz 7 THR—FLTWLFET, KEEHITIE. CRC EEEREZE
AWTN—FDz7IZ&SH CRCEHEZITVET,

1-3 [ SENTBER CRCEHEDN YV —R Y R MMITT EHEFIRIF J2716 AHICHEML FF .CRCIEF,
T—A#~T—3#6 D nibble flEZAHNELT, 4EY FRTHELZET, 1-1 3BEEESLY,

static const uint8_t __near SENT_CRC4_tbI[16] = {
/' 01 2 3 45 6 7 8 9101112131415

-
0,13,7,10,14, 3,9, 4,1,12,6,11,15, 2, 8,5
h

// SIW: Basic model
uint8_t sent_crc4(uint8_t* pdata, uint16_t ndata)

{

uint8 t crc;

uint16_t i

crc =5; // Seed.

for(i=0; i<ndata; i++){

crc = *pdata++ * SENT_CRC4_tbl[crc]; /I Data[#1 to #6]

}

/lcrc = 0 A crcdsent_tbl[crc]; // Post-process.

/Ireturn crc; /I Return the CRC result.

return SENT_CRC4_tbl[crc];

1-3 Basic Procedure for CRC Calculation (J2716 standard)

R01AN6623JJ0100 Rev.1.00 Page 6 of 23




RL78/F23, F24 BAL4<T-TLA 2=y & DTC ZALV- SENT BIEDEH

1-4 [£ RL78/F2x M CRC EE[EIIR % AL /- CRC #tEFIETY ., CRCEHEE— F% SENT AHICEREL
T. T—A#~T—42#6 D nibble EX AN L CHEHKREBET .

1-5 (%, SSICERIELEHEFIEY X FTY, loop-unrolling FETEEIELTWET,

/I HW#0: Normal.
uint8_t sent_crc4(uint8_t* pdata, uint16_t ndata)

{

uint16_t i;

CRCMD = 0x01; /l CRC mode: For SENT (X4+X3+X2+1)
CRCD =5; /I Seed.

for(i=0; i<ndata; i++){

CRCIN = *pdata++; // Data[#1 to #6]

}

CRCIN = 0x0000; I/l Post-process.

NOP(); // Wait for 1 clock.

return CRCD; /I Return the CRC result.

1-4 CRC Calculation Procedure using RL78/F2x CRC Operation Function

[l HIW#1: Optimized: loop-unrolling.
uint8_t sent_crc4_data6(uint8_t* pdata)

{

CRCMD = 0x01; /I CRC mode: For SENT (X4+X3+X2+1)
CRCD =5; /I Seed.

CRCIN = *pdata++; /I Data#1

CRCIN = *pdata++; /I Data#2

CRCIN = *pdata++; // Data#3

CRCIN = *pdata++; /l Data#4

CRCIN = *pdata++; // Data#5

CRCIN = *pdata++; /l Data#6

CRCIN = 0x0000; I/l Post-process.

NOP(); / Wait for 1 clock.

return CRCD; // Return the CRC result.

1-5 CRC Calculation Procedure using RL78/F2x CRC Operation Function (Optimized)

R01AN6623JJ0100 Rev.1.00 Page 7 of 23




RL78/F23, F24 BAL4<T-TLA 2=y & DTC ZALV- SENT BIEDEH

2. SENT #{En=EHE
AZTIL. RL78/F2x ) SENT E{E#EEREICDVTHALET .

2.1 SENT EFENBOME

2-112, SENT EXEEEHDUEMEZRLET,

AL -FLA 2=y kTAUOO & TAUO1 ZFLNT, P30/ TOO1 SiHFM SIESEHALEFT, & SENT
BIETIEZ/NILRERD low LAJLEAEIZE 5 ticks EEE LTHEY. S low LAJLEIREZ TAUO1 THERKL
F9, —A. high LRILERBIFRIZETHY . Thiddlow LARJLE high LRI EZHABHOET=/NILRERT
T—REERLFET . REETRFEZRICLIEZZNZTAD/NLRIEE TAUOO [CERIFERET S & T SENT
BEICEMLEAERO/NNILVRAEREERLTLET,

BEET—FITHIE LTz/VLR1EIE RL78/F2x @ DTC ##:% ALV T TDROO (TAUOO @ high L~ L EFfEE%
ELURR)NEETHIET, VIO 7RBEHRELTLET,

SENT Ay =7 L—LDRED/NLR (Pause /8LR) D low LAJLHATET# DTC DERETTEIY
AHDNEELFET, VILIz7REBEFIZDODTCEHERTEIYAATERLET,

SENT F#ERTEMBAHLIOETEYRAATHEUEIN, A—HFIEROEED-HDT—2 EFEEITL
F9,

| R_SENT_TxInit()

sent_tx_tau init"

| R_SENT_TxStart() |

| sent_tx_setdata() |

___________ sent ered() | __________________.

Startoutput - - - - - — - ___

Complete a whole transmission. ‘

TAUO1 int. ,|r_tauo_channel1_intenupt() H R_SENT_TxInthdr()

g_Uu8SENT_TxData: R_SENT_TxHook()
Status,Data#t1-6 00 |emmmmmmeeeeeo o

1 User’s i
}/L TxData preparation |
1
TAU00/01+DTCO |

PWM output

u16SENT_TxBuff
Sync=>56ticks
Status,Data#1-6.

Def_SENT_FrameWidth

sent_tx_setdata()

sent_crc4()

1
2 CRC: Calculated with Data#1-6.
Pause: Calculated with the frame width.

Complete a whole transmission.
| TAUOT Int.

SHOp U - | RseNTmxstopg |
2-1 Process Overview of SENT Transmission
R01AN6623JJ0100 Rev.1.00 Page 8 of 23
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RL78/F23, F24 BAL4<T-TLA 2=y & DTC ZALV- SENT BIEDEH

2.2 SENT X{EFD SFR R E

F 2-1 && 2-2 |12 SENT E{EREHID RL78/F2x SFR &% (TAU00/01 B8E L DTCEAEZTNZEN) FR
LES,

% 2-1 RL78/F2x SFR Settings for SENT Transmission Example: TAU00/01 Settings

Register Name Setting

TDROO TO01 PWM frequency cycle for SENT transmission

Set by DTC.
TDRO1 TO01 PWM on duty cycle for SENT transmission

0x000FU (15 ps)
TPSO 0x3210U

(CK00=40MHz, CK01=20MHz, CK02=10MHz, CK03=5MHz)

TMROO 0xC001U

(CKSO00[1:0]=11B: CK03 (5MHz) selected.
MDO0O0[3:1]=000B: Interval timer mode selected.
MDO000=1: Interrupt occurred when stating the timer count.)

TMRO1 0xC409U

(CKS01[1:0]=11B: CKO03 (5MHz) selected.
STS01[2:0]=100B: Slave channel selected.
MDO01[3:1]=100B: One count mode selected.

MDO010=1: Interrupt occurred when stating the timer count.)

TOEO TOEO |= 0x0002U; (TOEO01=1)

TOO TOO |= 0x0002U;  (TOO01=1)

TOLO TOLO |= 0x0002U;  (TOLO1=1)
TOMO TOMO |= 0x0002U; (TOMO1=1)
PWMDLY1 0x0000U (TOO01[1:0]=00B)

i 2-2 RL78/F2x SFR Settings for SENT Transmission Example: DTC Settings

Register Name Setting

DTCEN2 DTCEN2 |= 0x10U; (DTCEN24=1)

DTCBAR OxFDU

DTCVECT_ADDRI[19] 0x40U

DTCCRO 0x04U (SZ=0, SAMOD=1, DAMOD=0, MODE=0)

DTBLSO 0x01U

DTCCTO 0x0AU

DTSARO u16SENT_TxBuff (Source Address)

DTDARO OxFF18U (Destination Address: TDROO register)
RO1AN6623JJ0100 Rev.1.00 Page 9 of 23
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RL78/F23, F24

BAT-TLA 2=y k& DTC ZHU - SENT @EIEDEIR

2.3 SENT EXEXRZHDEREHR
AETIXSENT ZEREHDFERTAIERDOVWTHBALET, X 2-3ICSENTEEOEH—EH*RLFE

EE

g_Uu8SENT_TxData[8]l% API ZEHEFTY, 1—HFNRDEETEY =LV T—4 % SENT Z{ET T &
BA% R_SENT_TxHook()DH Tt v b LFET, FEERT—2 L Status RUT—2#1~T—42#6 DF nibble
ET."0"~"5"DEHTT, A—FNRERAT—2 %t v bk, SENT ZET— % XTI sent_tx_setdata()
NEERT—4 2T DTCEERD/NILART—TIL u16SENT_TxBUff[10] 24 L £ 3,

Def_SENT_FrameWidth (. —[EI®D SENT E{ERHEORIZEET 5T Fa2L—a VEHMTT,
284~920 ([ticks]) DEHBENTERLFT, & 1-3HLBHEIIZELY,

& 2-3 Variables for SENT Transmission Example

g_u8SENT_TxData[8]

(unsigned char)

Variable Name Definition Specification
Data to be sent by SENT transmission (public):
uint8_t g_UBSENT_TxData[0]: RESERVED

g_U8SENT_TxData[1]: Status nibble data
g_U8SENT_TxData[2:7]:Data[#1 to #6] nibble data

u16SENT_TxBUff[10]

uint16_t
(unsigned short)

Data buffer for SENT transmission (local):
U16SENT_TxBuff[0]:  Sync time length [us]
u16SENT_TxBuff[1]:  Status nibble time length [us]
U16SENT _TxBuff[2:7]: Data[#1 to #6] nibble time length [us]
u16SENT_TxBuff[8]: CRC nibble time length [us]
u16SENT_TxBuff[9]: Pause pulse time length [us]

Def SENT_FrameWidth

Macro definition

Frame width for a SENT transmission waveform
(configuration constant by macro definition):

The constant value should be set within the range of 284 to
920.

R0O1AN6623JJ0100 Rev.1.00
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RL78/F23, F24 BAL4<T-TLA 2=y & DTC ZALV- SENT BIEDEH

24 SENTZEDWEDIO—
2-2 [Z SENT F{EEEH DNIE (B Y AHNIEREE) 2R LET . CDE|YAHMNE (X RL78/F2x () DTC
HEEZFERTEICETOVTIINGHBELLZS>TVWET QAELSEBEELY)
COMEBTHA—YEMNRIZ v IBEBETVHL, A—FFRDEET—2DEREFITNVET . ZFL T,
BRENF-EET—FICHELE/NILART—JILE#FEL T, DTC B8 L FF ., TAUOO/O1 [FEIEL
BHTWEITDT, ROTL—LEEDEDODR A IBEIHIVEHY FH A,

This interrupt function will be called
at TAUO1 completion, when the last

pulse of the transmission, i.e. Pause
R_SENT_TxInthdr() pulse is transferred.

-- _R:f'f:"_vf - f’f"_"fo_k_o_ - Hook function R_SENT_TxHook() is
, User’s ! invoked for user.
| _TxData preparation . User prepares data for the next
transmission and sets TxData.
sent_tx_setdatal
— .;e 7 0 sent_tx_setdata() function sets each
‘ Sync pulse width | pulse widths to sentto TAU00. Sync
pulse width is fixed as 56 ticks and
Set pulse width for set the puilse width. The next pulses
Status and are calculated with Status and
Data#1-#6 nibbles Data#1-#6 nibble values which is
given by the user. CRC is calculated
Calculate CRC and | with Data#1-#6 nibble values and set
‘ set the puise width €3 \/ the pulse width. The last Pause
sent_crc4() length is calculated with
“Def_SENT_FrameWidth” and set.
Calculate Pause
length and
set the pulse width
Restart DTC to setthe next
transmission data to TAU00/01.
| Restart DTC | The timers continue the PWM
generations, so this function just
sets DTC parameters and restarts
DTC to send the next TxData array.

( Return )

2-2 Process Flow for SENT Transmission Example
(Interrupt Processing Function: R_SENT_TxInthdr())

R01AN6623JJ0100 Rev.1.00 Page 11 of 23



RL78/F23, F24 BAL4<T-TLA 2=y & DTC ZALV- SENT BIEDEH

2.5 SENT Z{EELEHIDNIERIEL

AETIL SENT ZEREFORZNEREBMICOWTHHALET, & 2-4 [Z SENT ZIEQONEREH—EETRL
ESCIS

% 2-4 Functions for SENT Transmission Example

Function Prototype
SENT transmission initialization (public) void R_SENT_ TxInit(void)
Timer array unit (TAUOO, TAUQ1) initialization for SENT void sent_tx_tau_init(void)
transmission (local)
DTC initialization for SENT transmission (local) void sent_tx_dtc_init(void)
SENT transmission start (public) void R_SENT_TxStart(void)
SENT transmission stop (public) void R_SENT_TxStop(void)
Interrupt processing function for SENT transmission completion void R_SENT_TxInthdr(void)
(public)
Notification function of SENT transmission completion (public) void R_SENT_TxHook(void)
Data setup for SENT transmission (local) void sent_tx_setdata(void)
SENT CRC calculation (local) uint8_t sent_crc4(uint8_t* pdata)

251 SENT Z{E#EE

ZF* 2-5 SENT Transmission Initialization

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

Return Value None

Description Initialize SENT transmission, with setting up timer array unit (TAUOO, TAUO1) and
DTC which are used by SENT transmission.
This function also initializes transmission data uint8_t g u8SENT_TxData[1:7] as
0, which will be used for the first waveform output.

252 SENT#EERZA4<7-7LA4 1=y b (TAUOO. TAUO1) #IEAZRTE

ik 2-6 Timer Array Unit (TAUOO, TAUO1) Initialization for SENT Transmission

Syntax void sent_tx_tau_init(void)
Parameters | In None
Out None
Return Value None
Description Initialize timer array unit (TAUOO, TAUO1) for SENT transmission. This function is
called by R_SENT_TxInit(). Please refer & 2-1 about the settings.

2.5.3 SENT#{EFH DTC #)#i%%E

#& 2-7 DTC Initialization for SENT Transmission

Syntax void sent_tx_dtc_init(void)
Parameters | In None
Out None
Return Value None
Description Initialize DTC for SENT transmission. This function is called by R_SENT_TxInit().
Please refer & 2-2 about the settings.

R01AN6623JJ0100 Rev.1.00 Page 12 of 23



RL78/F23, F24 BAL4<T-TLA 2=y & DTC ZALV- SENT BIEDEH

2.5.4 SENT X{EHmmunE

#& 2-8 SENT Transmission Start

Syntax void R_SENT_TxStart(void)
Parameters | In None
Out None
Return Value None
Description Start SENT transmission, with starting timer array unit (TAUOO, TAUO1) and
DTC.

This function also setup pulse length table uint16_t u16SENT _TxBuff[] using data
setup function sent_tx_setdata() for the first waveform output. User can set
transmission data uint8_t g u8SENT _TxData[1:7] which will be used for the first
waveform output before this function.

2.5.5 SENT #{E{F10E

i 2-9 SENT Transmission Stop

Syntax void R_SENT_TxStop(void)
Parameters | In None
Out None
Return Value None
Description Stop SENT transmission, with stopping timer array unit (TAUOO, TAUO1) and
DTC. P30/TO01 port is initialized as high level.

2.5.6 SENT Z{EETEIY AHNIE

5= 2-10 Interrupt Processing Function for SENT Transmission Completion

Syntax void R_SENT_TxInthdr(void)
Parameters | In None
Out None
Return Value None
Description Interrupt processing function for DTC transfer completion when SENT

transmission is completed. The timing is just after the low level output of the last
Pause pulse of the transmission frame is completed.

This function is called by INTTMO1 (TAUO1 completion interrupt), which calls
notification function of SENT transmission completion for user, prepares pulse
length table for the next transmission based on the user’s requested data, and
restarts DTC. Please refer & 2-2.

R01AN6623JJ0100 Rev.1.00 Page 13 of 23




RL78/F23, F24 BAL4<T-TLA 2=y & DTC ZALV- SENT BIEDEH

2.5.7 SENT Z{E5E T @R

% 2-11 Hook Function for SENT Transmission Completion

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

Return Value None

Description Called by R_SENT_TxInthdr() to notify user of SENT transmission completion.
The user describes the function process to prepare transmission data for the next
frame.
The transmission data are 7-elements of 4-bit data stored in 8-bit data array, i.e.
uint8_t g u8SENT_TxData[1:7]. g u8SENT_TxData[0] is reserved. The data are
consisting of Status nibble and Data[#1 to #6] nibbles. Please refer & 2-3.

258 SENT#ERT—2HRXENE

3= 2-12 Data Setup for SENT Transmission

Syntax void sent_tx_setdata(void)
Parameters | In None
Out None
Return Value None
Description Setup transmission data for the next frame.

This function is called after transmission completion notification function
R_SENT_TxHook() by R_SENT_TxInthdr(), which prepares pulse length table
uint16_t u16SENT_TxBuff[] for the next transmission based on the user's
requested data uint8_t g u8SENT_TxDatal].

2,59 SENT A CRC st& 3

#F& 2-13 SENT CRC Calculation Function

Syntax uint8_t sent_crc4(uint8_t* pdata)
Parameters | In uint8_t* pdata | Input data array.
Out None
Return Value uint8_t crc | Calculation result for CRC.
Description Calculate 4-bit CRC for SENT, J2716 standard.

The input data are 6-elements of 4-bit data stored in 8-bit data array, i.e. uint8_t
data[6]. The data are consisting of Data[#1 to #6] nibbles.

This function uses RL78/F2x operation function for SENT CRC calculation to
optimize the speed.

R01AN6623JJ0100 Rev.1.00 Page 14 of 23
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3. SENT ZH{En=EH
AZTIE. RL78/F2x ) SENT Z{S#EEREICDVTHALET .

3.1 SENT ZENEDHE

3-1I2.SENT 2EEEFONEBEHMELFRLET . 2/ TLA 1=y k TAUO2 ZFHLVT.P16/TI02
WEFICADESNB/INILRAESORSZAELET, INTTM02 (TAUO2 52T | Y AH) (£ /8L R{ES (Pause,
Sync, Status, Data[#1to #6], CRC) DR IBIERTEICHEELEFT., CRCT—FDZEKLRTH. SENT 25
ETEMEHETFVCE L TCA—HIZBHLET,

| R_SENT_RxInit() |

sent_rx_tau_init()

Startinput - - - — - - & o -

TAUO02: Wave length

‘=\' Sync measurements

‘—l‘—| = R_SENT_RxInthdr Sync calibration
R_SENT -

— = <=SENTRXmIUTaT

— = R—SENT—RxmmaT Store Status and

—1 R_SENT_ K. Data#1-6 nibbles.

— = R=SENT=RXITTITAT

‘—l :J\ R_SENT_RXIunar

4

= crC

st d check CRC,
R_SENT_Rxinthdr() |— rai ooes

invoke user’s hook function.
sent_crcd()

Data#1-6,
CRC
'

R_SENT_RxHook()

O

TAUO02 Ints:

Y
! RxData process
g_u16SENT_RxErrorNo = @ b—
Sync A 1
I — oy 1
— = '
C ——— = | 1
‘—| X 1
e— < H
1
1
I—l 1
1
1
1
1

‘—| CRC

Stopinput -==--=-===-~-——-~-~—~—-----

3-1 Process Overview of SENT Reception
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BAT-TLA 2=y k& DTC ZHU - SENT @EIEDEIR

3.2 SENT Z{EB® SFR KX E
& 3-1[Z SENT Z{EE%EH|0) RL78/F2x SFR % F (TAU02 B8&E) #r~LFET .

= 3-1 RL78/F2x SFR Settings for SENT Reception Example: TAU02 Settings

Register Name

Setting

TDRO2

T102 pulse width capture time for SENT reception

TPSO 0x3210U
(CK00=40MHz, CKO1=20MHz, CK02=10MHz, CK03=5MHz)
TMRO02 0x0104U
( CKS02[1:0]=008B; CKOO selected.
STS02[2:0]=001B; TI02 input enabled.
CIS02[1:0]=00B; Falling edge selected.
MDO02[3:1]=010B; Input capture mode selected.)
TISO TISO &= ~ 0x40; (T1S06=0)
TOEO TOEO &= ~0x0004U; (TOEO02=0)
TOLO TOLO &= ~0x0004U; (TOL02=0)
TO TOO &= ~0x0004U; (TO02=0)
NFEN1 NFEN1 |= 0x04U; (TNFENO02=1)

3.3 SENT ZEREFIDFERE
AETIL SENT ZIEREHDOERT H2EHICONVTHBALET, X 3-2ICSENTZEDEH—ELRLFE

EE

g_UBSENT_RxData[10]l& APl AZEHEIITY, ZIEET—FZRIFLTHY . 1—HII SENT ZIEZ TEH
B% R_SENT_RxHook()DH THAH LEF ., Z{ET— 4 (X Status. Data[#1 to #6]K% U CRC D% nibble &
T, "0"~"15"D#E TF, g U16SENT_RxErrorNo ¥ APl BZE#THY . SENT ZEMENDIT S —REZE

BLET.

% 3-2 Variables for SENT Reception Example

Variable Name

Definition Specification

g_UuSSENT_RxData[10]

Data received by SENT reception (public):
g_u8SENT_RxData[0]: RESERVED

uint8_t g_U8SENT_RxData[1]: Status nibble data

(unsigned char) g_U8SENT_RxData[2:7]: Data[#1 to #6] nibble data

g_U8SENT_RxData[8]: CRC nibble data

g_Uu8SENT_RxData[9]: RESERVED

g_U16SENT_RxErrorNo

Error status for SENT reception (public):
0000H: No error
000AH: CRC error

uint16_t
(unsigned short)

RO1AN6623JJ0100 Rev.1.00 Page 16 of 23
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34 SENT REQMNETO—

3-2IC SENT ZEXREHIDME (FIVAANEEH) ZRLFET, COFRNYAAREBFIEAN/NILRAE
HELTERENDORIEETD, ELSRETELT—2Z2RFLET GAIELSRIEZEY)

A—HSRATVIBRIEE. FTIL—LOREDZET—2THH CRC ZUEL-RICFUHSINET,

R_SENT_RxInthdr()

Read a new pulse length measured A
| Read length of a pulse. | by TAUO2.

-
;

I

|

[ Calibration:
ICalculate tick adjustment, [1] Checkthe puise width, and calibrate
T tick adjustment if the puise is Sync

| Start capturing. | candidate.

[0] Skip the pulse, when not capturing

Skip the pulse.
and not a Sync pulse.

[2] Check each nibble ticks within the

Cancel this capturing. I—ﬁ() range during capturing nibbles.
Cancel this capturing, if the nibble
size is incorrect.

Store nibble as a RxData: [8] Store the proper nibble value as a
Status, Data#1-#6 or CRC. RxData.

€ nibble ticks™ars
ithin 12-272

€ nibble is CRC?
astRxData? [9] If the captured nibble is CRC, i.e. the
last nibble, process the nibble as
CRC.
Will not cancel the capturing, even if

CRC error is occurred.

Record CRC error.
Not cancel this capturing

2 5 1
' [1 0] Hook function R_SENT_RxHook{() isi i
1 R_SENT_RxHook() also invoked for user at the last H !
' pmmmmeme-- iatainialt 1 nibble (CRC) process. "
H | User's H User gets the received RxData and ! X
1 ! RxDataprocess processes the data in the hook ! !
: }

function.
____________________________________________________________________________ ;
NI ITIoooor ool eggeeededodedsfoeiefiert il
___________________________________________________________________________________________________ -

( Return )

3-2 Process Flow for SENT Reception Example
(Interrupt Processing Function: R_SENT_RxInthdr())
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3-31Z SENT ZIEMEBDEA IV Fry—rERLET, IFDOEZES (‘[0 -“[10]) XK 3-2 DUNIE

20—-DFBSIZHIGLTWET,

r_tau0_channel2
_interrupt()

SENT Waveform

Sticks

Sync
period
S6ticks

o] mr|| 2| B [ 51| (6 | 71| [8 9]
Pause Sync| | Status | Data#1| Data#2| Data#3| Data#4| Data#5| Data#6 CRC
T T ugr wgr | wgn agr | wgr | wgr | e g
! B S § S S S S § S
! i wygn | wqgu | wqge | wqge | nqgn | g5 | qg» nygm
l' II I' f[ l{ l' l‘ f‘ ! [ 1 a]
] ! User’s
B hook function
1

1 1 1 I
1 1 I 1
Status | Data#1, Data#2, Data#3, Data#4, Data#5, Data#6 |
nibble | nibble | nibble | nibble | nibble | nibble | nibble !
12~271 12~271 12~271 12~27) 12~271 12~271 12~27:
ticks | ticks | ticks , ticks | ticks | ticks , ticks |

CRC
nibble
12~27

ticks

T~

1

1

1

' Pause
H pulse
1
1
1

i Frame of a SENT transmission uniti

3-3 Timing Chart of SENT Reception Example Process

RO1AN6623JJ0100 Rev.1.00
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3.5 SENT ZERLEFIDMNIERIE

AETIL SENT ZIEREFORZNEREBMICOWTHHALET, & 3-3IZ SENT ZIEONEREH—EETRL
ESCIS

5% 3-3 Functions for SENT Reception Example

Function Prototype
SENT reception initialization (public) void R_SENT_RXxInit(void)
Timer array unit (TAUOQ2) initialization for SENT reception (local) void sent_rx_tau_init(void)
SENT reception start (public) void R_SENT_RxStart(void)
SENT reception stop (public) void R_SENT_RxStop(void)
Interrupt processing function for SENT reception (public) void R_SENT_RxInthdr(void)
Notification function of SENT reception completion (public) void R_SENT_RxHook(void)
SENT CRC calculation (local) uint8_t sent_crc4(uint8_t* pdata)

3.5.1 SENT Z{E#I#A1k

% 3-4 SENT Reception Initialization

Syntax void R_SENT_RxInit(void)
Parameters | In None
Out None
Return Value None
Description Initialize SENT reception, with setting up timer array unit (TAU02) which is used
by SENT reception.

352 SENTZERZAT-7LA -21=v bt (TAU02) #EAZETE

5% 3-5 Timer Array Unit (TAUOQ2) Initialization for SENT Reception

Syntax void sent_rx_tau_init(void)
Parameters | In None
Out None
Return Value None
Description Initialize timer array unit (TAUO2) for SENT reception. This function is called by
R_SENT_RxInit(). Please refer ¥ 3-1 about the settings.

3.5.3 SENT Z{SHita0HE

% 3-6 SENT Reception Start

Syntax void R_SENT_RxStart(void)
Parameters | In None
Out None
Return Value None
Description Start SENT reception, with starting timer array unit (TAU02).
R0O1AN6623JJ0100 Rev.1.00 Page 19 of 23
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3.54 SENT Z{EE1LnE

% 3-7 SENT Reception Stop

Syntax void R_SENT_RxStop(void)
Parameters | In None
Out None
Return Value None
Description Stop SENT reception, with stopping timer array unit (TAU02).

3.5.,5 SENT Z{E3&|YAHNIE

i 3-8 Interrupt Processing Function for SENT Reception

Syntax void R_SENT_RxInthdr(void)
Parameters | In None
Out None
Return Value None
Description Interrupt processing function when SENT reception is completed.

This function is called by INTTMO02 (TAUO2 completion interrupt) which is invoked
when measurement of the each input pulse length is completed. When
Sync/Calibration pulse is received, the 1-tick pulse length is calculated from the
received pulse. After receiving Sync pulse, Status and Data[#1 to #6] and CRC
pulse are received in sequence. The reception of Sync/Calibration pulse is
always judged. The function calls notification function of SENT reception
completion for user, when CRC nibble is captured and checked for the value.
Please refer 3-2.

3.5.6 SENT Z{E5 T @A

3= 3-9 Hook Function for SENT Reception Completion

Syntax void R_SENT_RxHook(void)
Parameters | In None
Out None
Return Value None
Description Called by R_SENT_RxInthdr() to notify user of SENT reception completion. The

user describes the function process to get and process reception data which are
read from uint8 t g U8BSENT_RxData[].

The reception data are 8-elements of 4-bit data stored in 8-bit data array,

i.e. uint8_t g u8SENT_RxData[1:8].

g_U8SENT_RxData[0] and g u8SENT_RxData[9] are reserved. The data are
consisting of Status nibble, Data[#1 to #6] nibbles and CRC nibble. Please refer
® 3-2.

If CRC error is detected during reception, the error code will be set in variable
uint16_t g u16SENT_RxErrorNo. User can confirm the error status by reading
the variable.

0000H: No error

000AH: CRC error

The reception will not be canceled even if the CRC error is occurred, and the
CRC nibble value user will read from the variable is captured one.
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3.5.7 SENT A CRC st&mE
SENT :2{ERA® sent_crc4()BAE R CMERARTYT, 25.9EFSHBLEEELY,
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4. BEEH

RK7T)Vr—230/—bDSEEHEFUTICRLET, SBOEIE. WRAHYRILY FOZY RR—LA
R=UQhORFREAFLTLLESLY,

e RL78/F23,F24 1—H—X<w=a7JL /\— K™Y 74 Rev. 1.00
e RL78 773IYa—H—XI=a27JL YT FYHTT7#H Rev.2.30

Fr=. SENT BEAKICEALFEL T, UTOEHOSRZEZHELFT,

e SAE International, SENT - Single Edge Nibble Transmission for Automotive Applications J2716
APR2016, SAE International, 2016.
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