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1 Introduction

This application note is meant to be used as a launching point for software engineers, as a complement or as a
substitute for NXP’s software drivers.

This document gives guidance on the implementation of SPI or I2C communication protocol between the MCU
and the FS23.

This document explains the initialization procedure of the FS23 device and provides an example of start-up
sequence.

1.1 General description

The FS23 SBC offers an expandable family of devices that is pin-to-pin and software compatible. The devices
are scalable from the LDO version to the DC-DC version, as well as from QM to ASIL B. The FS23 SBC
includes CAN and LIN transceivers, along with a number of system and safety features for the latest generation
of automotive electronic control units (ECUs).

The flexibility of the FS23 SBC makes it suitable for S32K processor-based applications, as well as multivendor
processors.

Several device versions are available, offering a choice of output voltage settings, operating frequency, power-
up sequencing, and input/output configuration to address multiple applications.

1.2 Reference documents

Reference documents and various material are available on the FS23 device webpage. The webpage provides
more detailed information about specific topics:

FS23 data sheet: Information, such as features, functional description, parametric description, register mapping.

FS23 Design Guidelines application note: Information such as application schematics, bill of materials,
placement and layout guidelines, application validation data including 1ISO/non-ISO pulses, Electromagnetic
Compatibility (EMC).

The low-level software driver components are provided as part of the basic enablement for the device, and do
not incur an additional charge:

FS23 AUTOSAR software drivers: AUTOSAR and ISO 26262-compliant basic start-up drivers for low-level
interfaces. Technical documentation is available as part of the software driver package, detailing supported
features such as:

» SPI access register function and events handling (SBC_FS23)
* CAN/LIN function (CANTRCV_FS23 and LINTRCV_FS23)
* Watchdog function (WDG_FS23)
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2 FS23 initialization flow chart example

Figure 1 gives an example of FS23 software initialization. After MCU reset is released (RSTB state is high), the
MCU can start FS23 initialization. The initialization must be done within the dedicated 256 ms INIT window.

Running the ABIST is optional, though it is recommended for ASIL B applications. ABIST can be run multiple
times in a row. In this example, the MCU checks the cause of the MCU reset (POR, LPOFF, fail-safe) and takes
action accordingly. Then the MCU writes INIT safety registers, ending with INIT cyclic redundancy check (CRC).
The next step is watchdog configuration, and unlocking the INIT CRC cyclic check, followed by watchdog
refreshes to clear the fault error counter. The first watchdog refresh closes the INIT phase.

Therefore, the subsequent watchdog refreshes must be sent according to watchdog timing configuration. Once
the fault error counter is cleared, safety pins FSOB and LIMPO can be released.
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Figure 1. FS23 initialization flow chart example
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3 Start-up I>C/SPI sequence example (based on flow chart)

Table 1. Start-up I?*C/SPI sequence example

Register Read Write Comment
Optional: recommended for ASIL B applications.
1 Launch ABIST FS_ABIST (0x3D) 0x4000 Full ABIST launch by writing LAUNCH_ABIST bit.
Specific ABIST can be launched using appropriate bits.
2 Check ABIST FS_ABIST (0x3D) 0x07C0 85:2:31;;?2:;1?; fb°|: :S”‘ B applications.
Optional: recommended for ASIL B applications.
3 Launch ABIST FS_ABIST (0x3D) 0x4000 Full ABIST launch by writing LAUNCH_ABIST bit.
Specific ABIST can be launched using appropriate bits.
4 Check ABIST FS_ABIST (0x3D) 0x07C0 85:2:31;;?2:;1?; fb°|: :S”‘ B applications.
5 MCU reset from FS? M_WU1_FLG (0x17) 0x0200 Check FS_EVT bit: 0x0200 if wake-up from fail-safe.
Read diagnostic FS_SAFETY_OUTPUTS (0x3F) 0x3804 Default value: RSTB released, FSOB asserted, LIMPO released
6 registers and clear FS_SAFETY_FLG (0x40) 0x0002 Default value: FCCU1 sensed high
all bits M_REG_FLG (0x0A) 0x0000 Default value
7 N yeset from M_SYS_CONFIG (0x05) 0x5000 Check BAT_FAIL and POR bits: 0x5000 if wake-up from POR
8 Check WU source M_WU1_FLG (0x17) 0x0000 Check wake-up sources if wake-up from LPOFF: 0x0000 if wake-up from
M_IOWU_FLG (0x15) 0x0000 POR
FS_I_OVUV_CFG1 (0x32) 0x1F98 | Default value
FS_I_OVUV_CFG2 (0x33) 0x0C18 | Default value
10 INIT FS_I_FCCU_CFG (0x34) 0x103F | Default value
FS_I_FSSM_CFG (0x36) 0X0AF1 | Default value, FLT_ERR_CNT =1 and FLT_ERR_LIMIT=6
FS_I_WD_CFG (0x37) 0x7080 | Default value
1 Send INIT CRC FS_CRC (0x41) 0x06B4 INIT CRC to be computed to match INIT registers content
12 Configure Watchdog FS_WDW_CFG (0x38) 0x01AB Default value
13 CRquv“:ﬁsfti;':t'Ln FS_CRC (0x41) 0x46B4 | Optional: INIT CRC to be computed to match INIT registers content
14 ”“c';gl';C"iLTegfc M_SYS_CONFIG (0x05) 0x0400 | Clearing LOCK_INIT bit unlocks INIT CRC cyclic check
15 Read watchdog FS_I_WD_CFG (0x37) 0x7080 Default value, with watchdog error limit = 6
current counter value FS_| FSSM_CFG (0x36) 0x0AF1 Default value, with fault error counter = 1
FS_WD_TOKEN (0x39) 0x5AB2 Read watchdog token
FS_WD_ANSWER (0x3A) 0x5AB2 Watchdog answer is 0x5A2B (default value)
FS_WD_TOKEN (0x39) 0xD564 Read watchdog token
FS_WD_ANSWER (0x3A) 0xD564 Watchdog answer is 0xD564
FS_WD_TOKEN (0x39) 0x5AB2 Read watchdog token
FS_WD_ANSWER (0x3A) 0x5AB2 Watchdog answer is 0x5A2B
Send 7x good WD refresh FS_WD_TOKEN (0x39) 0xD564 Read watchdog token
16 (if WD_ERR_LIMIT = 6
and FLT_ERR_CNT =1) FS_WD_ANSWER (0x3A) 0xD564 Watchdog answer is 0xD564
FS_WD_TOKEN (0x39) 0x5AB2 Read watchdog token
FS_WD_ANSWER (0x3A) 0x5AB2 Watchdog answer is 0x5A2B
FS_WD_TOKEN (0x39) 0xD564 Read watchdog token
FS_WD_ANSWER (0x3A) 0xD564 Watchdog answer is 0xD564
FS_WD_TOKEN (0x39) 0x5AB2 Read watchdog token
FS_WD_ANSWER (0x3A) 0x5AB2 Watchdog answer is 0x5A2B
FS_WD_TOKEN (0x39) 0xD564 Read watchdog token
17 Release FS0B
FS_FSO0B_LIMPO_REL 0x7B2A Compute FSOB and LIMPO release register value
18 Configure CAN, M_CAN (0x2A) 0x02A0 CAN in Normal operation mode
LIN, LDT, l/Os... M_LIN (0x2B) 0x4400 LIN in Normal operation mode
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4 |1>C/SPI register mapping of main logic

Table 2. Main register mapping
Refer to Table 70 from the FS23 data sheet.

Register # Address R/W SPI RIW I’C Read/Write
Adr_6 Adr_5 Adr_4 Adr_3 Adr_2 Adr_1 Adr_0
M_DEV_CFG 0 0 0 0 0 0 0 0 0/1 1/0 Read only
M_DEV_PROG_ID 1 0 0 0 0 0 0 1 0/1 1/0 Read only
M_GEN_FLAG 2 0 0 0 0 0 1 0 0/1 1/0 Read only
M_STATUS 3 0 0 0 0 0 1 1 0/1 1/0 Read only
Reserved 4 0 0 0 0 1 0 0 0/1 1/0 Reserved
M_SYS_CFG 5 0 0 0 0 1 0 1 0/1 1/0 Read/Write
M_SYS1_CFG 6 0 0 0 0 1 1 0 0/1 1/0 Read/Write
M_REG_CTRL 7 0 0 0 0 1 1 1 0/1 1/0 Read/Write
Reserved 8 0 0 0 1 0 0 0 0/1 1/0 Reserved
Reserved 9 0 0 0 1 0 0 1 0/1 1/0 Reserved
M_REG_FLG 10 0 0 0 1 0 1 0 0/1 1/0 Read/Write
M_REG_MSK 1 0 0 0 1 0 1 1 0/1 1/0 Read/Write
M_REG1_FLG 12 0 0 0 1 1 0 0 0/1 1/0 Read/Write
M_REG1_MSK 13 0 0 0 1 1 0 1 0/1 1/0 Read/Write
M_IO_CTRL 14 0 0 0 1 1 1 0 0/1 1/0 Write
M_IO_TIMER_FLG 15 0 0 0 1 1 1 1 0/1 1/0 Read/Write
M_IO_TIMER_MSK 16 0 0 1 0 0 0 0 0/1 1/0 Read/Write
M_VSUP_COM_FLG 17 0 0 1 0 0 0 1 0/1 1/0 Read/Write
M_VSUP_COM_MSK 18 0 0 1 0 0 1 0 0/1 1/0 Read/Write
M_IOWU_CFG 19 0 0 1 0 0 1 1 0/1 1/0 Read/Write
M_IOWU_EN 20 0 0 1 0 1 0 0 0/1 1/0 Read/Write
M_IOWU_FLG 21 0 0 1 0 1 0 1 0/1 1/0 Read/Write
M_WU1_EN 22 0 0 1 0 1 1 0 0/1 1/0 Read/Write
M_WU1_FLG 23 0 0 1 0 1 1 1 0/1 1/0 Read/Write
M_TIMER1_CFG 24 0 0 1 1 0 0 0 0/1 1/0 Read/Write
M_TIMER2_CFG 25 0 0 1 1 0 0 1 0/1 1/0 Read/Write
M_TIMER3_CFG 26 0 0 1 1 0 1 0 0/1 1/0 Read/Write
M_PWM1_CFG 27 0 0 1 1 0 1 1 0/1 1/0 Read/Write
M_PWM2_CFG 28 0 0 1 1 1 0 0 0/1 1/0 Read/Write
M_PWM3_CFG 29 0 0 1 1 1 0 1 0/1 1/0 Read/Write
M_TIMER_PWM_CTRL 30 0 0 1 1 1 1 0 0/1 1/0 Read/Write
M_CS_CFG 31 0 0 1 1 1 1 1 0/1 1/0 Read/Write
M_CS_FLG_MSK 32 0 1 0 0 0 0 0 0/1 1/0 Read/Write
M_HSx_SRC_CFG 33 0 1 0 0 0 0 1 0/1 1/0 Read/Write
M_HSx_CTRL 34 0 1 0 0 0 1 0 0/1 1/0 Read/Write
M_HSx_FLG 35 0 1 0 0 0 1 1 0/1 1/0 Read/Write
M_HSx_MSK 36 0 1 0 0 1 0 0 0/1 1/0 Read/Write
M_AMUX_CTRL 37 0 1 0 0 1 0 1 0/1 1/0 Read/Write
M_LDT_CFG1 38 0 1 0 0 1 1 0 0/1 1/0 Read/Write
M_LDT_CFG2 39 0 1 0 0 1 1 1 0/1 1/0 Read/Write
M_LDT_CFG3 40 0 1 0 1 0 0 0 0/1 1/0 Read/Write
M_LDT_CTRL 41 0 1 0 1 0 0 1 0/1 1/0 Read/Write
M_CAN 42 0 1 0 1 0 1 0 0/1 1/0 Read/Write
M_LIN 43 0 1 0 1 0 1 1 0/1 1/0 Read/Write
M_CAN_LIN_MSK 44 0 1 0 1 1 0 0 0/1 1/0 Read/Write
M_MEMORYO 45 0 1 0 1 1 0 1 0/1 1/0 Read/Write
M_MEMORY'1 46 0 1 0 1 1 1 0 0/1 1/0 Read/Write
AN14041 All information provided in this document is subject to legal disclaimers. © 2025 NXP B.V. Al rights reserved.
Application note Rev. 2.0 — 23 January 2025

5/21


https://www.nxp.com/webapp/sd/collateral/1679584324564739737226?version=2.0

NXP Semiconductors

AN14041

5 Register mapping of fail-safe logic

FS23 quick start guide

Table 3. Safety-related register mapping
Refer to Table 71 from the FS23 data sheet.

Address

Register # R/W SPI RIW I°C Read/Write
Adr_6 Adr_5 Adr_4 Adr_3 Adr_2 Adr_1 Adr_0
FS_| OVUV_CFG1 50 0 1 1 0 0 1 0 0 110 Write during INIT,
—= - then read only
FS_|_OVUV_CFG2 51 0 1 1 0 0 1 1 0 110 Write during INIT,
then read only
FS_| FCCU_CFG 52 0 1 1 0 1 0 0 0 110 Write during INIT,
—= - then read only
Reserved 53 0 1 1 0 1 0 1 on 1/0 Reserved
FS | FSSM_CFG 54 0 1 1 0 1 1 0 0 110 Write during INIT,
—= - thenr ead only
FS | WD_CFG 55 0 1 1 0 1 1 1 0 110 Write during INIT,
- = then read only
FS_WDW_CFG 56 0 1 1 1 0 0 0 0 110 Read/Write
FS_WD_TOKEN 57 0 1 1 1 0 0 1 0 110 Read only
FS_WD_ANSWER 58 0 1 1 1 0 1 0 0 110 Write only
FS LIMP12_CFG 59 0 1 1 1 0 1 1 0 110 Read/Write
FS_FSOB_LIMPO_REL 60 0 1 1 1 1 0 0 0 110 Read/Write
FS_ABIST 61 0 1 1 1 1 0 1 0 110 Read/Write
Reserved 62 0 1 1 1 1 1 0 on 1/0 Reserved
FS_SAFETY_OUTPUTS 63 0 1 1 1 1 1 1 0 110 Read/Write
FS_SAFETY FLG 64 1 0 0 0 0 0 0 0 110 Read/Write
FS CRC 65 1 0 0 0 0 0 1 0 110 Read/Write
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Table 4. Readable registers

Logic | Register name Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit9 Bit 8 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
M_DEV_CFG 0 0 CAN_EN LIN_EN LDTIM_EN  HSD13_EN | HSD24_EN V2_EN VI_PNP_EN | ABIST_EN FCCU_EN FSOB_EN LIMPO_EN | VOMON_EN 0 0
M_DEV_PROG_ID FULL_LAYER_REV METAL_LAYER_REV PROG_IDH PROG_IDL
M_GEN_FLAG 0 0 0 0 0 0 0 0 HSXG SAFETYG PHYG WUG I0TIMG coma VSUPG VxG
M_STATUS VITWARN.S | LPON_S NORMAL_S INIT_S 0 WK2_S WK1_S HVIOZ_S HVIOT1_S LVI5_S LVIO4_S LVIO3_S V1_MODE vis v2_s va_s
M_SYS_CFG 0 BAT_FAIL 0 POR 0 LOCK_INIT 0 0 0 0 - 0 INTB_DUR 0 MOD_CONF | MOD_EN
M_SYS1_CFG 0 0 0 \)ﬁg?vzf 0 o storBYp | oSOl 0 0 0 0 DBG_MODE 0 0 OTP_MODE
ALWAYS_EN ! =
M_REG_CTRL 0 0 0 BUCK_SRHSOFF BUCK_SRHSON 0 0 V20N_LPON 0 0 V3ON_LPON 0 0
M_REG_FLG Vouv_| Voov_| VATWARN_| VATSD_| V2TSD_| V3TSD_I V20L_| VAUV V2uV_| Vauv_I Vi0V_| V20V_| v3ov_ v10C_| v20C_| V30C_
M_REG_MSK VOUV_M VOOV_M | VATWARNM | VITSD_M V2TSD_M V3TSD_M V20L_M VAUV M V2UV_M V3UV_M VIOV_M V20V_M V30V_M V10C_M V20C_M V30C_M
M_REG1_FLG 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 V1_OCLS_|
M_REG1_MSK 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 V1_OCLS_M
M_IO_TIMER_FLG 0 0 0 0 0 0 0 LDT_I LVi5_| LVIO4_| LVIO3_I HVIO2_| HVIOT_| 0 WK2_| WK1_I
TIM’\IIIZE;?I\_/ISK 0 0 0 0 0 0 0 LDT_M LVI5_M LVIO4_M LVIO3_M HVIO2_M HVIO1_M 0 WK2_M WK1_M
gé‘,\gs_‘;fé 0 0 0 \stevs_zs VBOS_UV 0 [2C_CRC_I | I2C_REQ_I | SPLCRC.I | SPLCLK.I | SPI_REQ_I 0 VSHS_OV_I | VSHS_UV_I | VSUPOV_I | VSUPUV_I
IEvic 0 0 0 0 0 0 12C_CRC_.M | I2C_REQ.M | SPI.CRC.M | SPICLKM | SPI_REQM 0 VSHS_OV.M | VSHS_UV.M | VSUPOV_.M | VSUPUV_M
M_IOWU_CFG | LVI5_WUCFG Lvioa_ LVIO3_ 0 HVIO2_DGLT ~ HVIO1_DGLT | WK2_DGLT | WK1_DGLT HVIO2_WUCFG HVIO1_WUCFG WK2_WUCFG WK1_WUCFG
Main WUCFG WUCFG
M_IOWU_EN 0 0 LVI5_WUEN LVIO4_WUEN LVIO3_WUEN HVIO2_WUEN HVIOT_WUEN WK2_WUEN WK1_WUEN
M_IOWU_FLG VIS WU_I | LVIO4 WU_I | LVIO3 WU_I 0 C':\ég%\( Cﬂ‘éﬁ:& HVIO2_CYC_S | HVIO1 CYC_S | HVIO2 WU_I | HVIOT WU_I C\‘(’égfm ‘ C\‘(’gﬂfm WK2_CYC S | WK1 CYC S | wk2 wui ‘ WK1 WU_I
M_WU1_EN 0 0 0 0 0 0 0 0 0 0 LDT_WUEN LIN_WUEN CAN_WUEN
M_WU1_FLG 0 0 0 0 0 0 FS_EVT EXT_ WD_OFL_WU | VI_UVLP_WU | INT_TO_WU 602 0 LDT_WU_I LIN_WU_I ‘ CAN_WU_|
W1 - RSTB_WU _OFL_ _UVLP -To.] NORMAL_WU W _wu_| WU
M_TIMER1_CFG 0 0 0 0 0 0 0 TIMER1_DLY TIMER1_ON TIMER1_PER
M_TIMER2_CFG 0 0 0 0 0 0 0 TIMER2_DLY TIMER2_ON TIMER2_PER
M_TIMER3_CFG 0 0 0 0 0 0 0 TIMER3_DLY TIMER3_ON TIMER3_PER
M_PWM1_CFG 0 0 0 PWM1_DLY PWM1_F PWM1_DC
M_PWM2_CFG 0 0 0 PWM2_DLY PWM2_F PWM2_DC
M_PWM3_CFG 0 0 0 PWM3_DLY PWM3_F PWM3_DC
M_TIMER 0 0 0 0 0 0 0 0 0 TIM1_EN TIM2_EN TIM3_EN 0 PWM1_EN PWM2_EN ‘ PWM3_EN
PWM_CTRL - = — - | |
M_CS_CFG 0 0 0 0 0 0 HS_FLT 0 HVIO2_HS_SEL HVIO1_HS_SEL WK2_HS_SEL WKA1_HS_SEL
CS_ WU_FORCE HS_ RS HS_ HS_
M_CS_FLG_MSK 0 0 0 0 0 0 0 HVIO2_OL M | HVIO1_OL M [ WAKE2_OL M | WAKE1_OL M | 0 HVIo2_OL | | HVIO1_OLI | WaKE2_OLI [ WAKE1OL|
M_HSx_SRC_CFG HS4_SRC_SEL HS3_SRC_SEL HS2_SRC_SEL HS1_SRC_SEL
hs_ HS HS
M_HSx_CTRL 0 VSHSUVOV_ | 56 bis | vsHSOU_bis 0 0 0 0 0 HS4_EN 0 HS3_EN 0 HS2_EN 0 HS1_EN
M_HSx_FLG 0 0 0 HS4_OL_| HS4_0C_| 0 HS3_OL_| HS3_OC_I | HS34_TSD_I 0 HS2_OL_| HS2_0C_| 0 HS1_OL_I HS1.0C_I | HS12_TSD_|
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Logic | Register name Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit9 Bit 8 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
M_HSx_MSK 0 0 0 HS4_OLM | HS4_OC_M 0 HS3_.OLM | HS3_.OCM | HS34_TSD_M 0 HS2.OLM | HS2_.0C_M 0 HS1.OLM | HS1_.OC_M | HS12_TSD_M
M_AMUX_CTRL 0 0 0 0 0 0 AMUX_EN | AMUX_DIV 0 0 0 AMUX
M_LDT_CFG1 LDT_AFTER_RUN
M_LDT_CFG2 LDT_WUP_L
M_LDT_CFG3 0 0 0 0 0 0 0 0 LDT_WUP_H
M_LDT_CTRL 0 0 0 0 0 0 0 0 LDT2LP LDT_FNCT LDT_SEL LDT_MODE LDT_EN LDT_RUN
CAN_ACTIVE_ CAN_
M_CAN 0 0 0 0 0 0 CAN_MODE Mobe 0 CAN_FS_DIS 0 0 0 XD 15 | CANTSD.
LIN_

M_LIN 0 LIN_MODE LIN_SLOPE LUNFSDIS | o607 pis LIN_SC LIN_TXD_TO 0 0 0 0 LIN.SC_I | LIN_TXD_TO_I | LIN_TSD_|
M_CAN_LIN_MSK 0 0 LIN_FSM_STATE_S LIN_SC_M HNSIXO- | LN_TsD_m 0 CAN_FSM_STATE_S CANSTXD_ | caN_TSD_M
M_MEMORYO | MEMORYO[15] | MEMORYO[14] | MEMORYO0[13] | MEMORYO[12] | MEMORYO[11] MEMORYO[10] | MEMORY0[9] | MEMORYO[8] | MEMORYO[7] | MEMORYO[] | MEMORYO[5] | MEMORYO[4] | MEMORYO[3] | MEMORYO[2] | MEMORYO[1] | MEMORYO[0]
M_MEMORY1 | MEMORY1[15] | MEMORY1[14] | MEMORY1[13] | MEMORY1(12] | MEMORY1[11] MEMORY1(10] | MEMORY1[9] | MEMORY1(8] | MEMORY1[7] | MEMORY1(6] | MEMORY1[5] | MEMORY1[4] | MEMORY1(3] | MEMORY1[2] | MEMORY1[1] | MEMORY1[0]
FS_I_OVUV_ 0 0 0 o MON- | vimon_ov_ - VIMON RN | vimoN_uv_ | VIMON. o V2MON_OV_ | vaMoN Ov_ | VEMOR-' | vavon_uv_ | vamon uv_ | VEMON

CFG1 voRSTE. | Fsos_impacT  OYobIMPO- VRSB | Fso_iMpacT | UYoENPO- RSTB_IMPACT | FS0BIMPACT | OVobMPO- | rsTe_IMPACT | FsoB_iMPACT | UVoLMPO-
FS | OVUV_ 0 o 0 orMON= | vamoN oV (VAMON DN | vamoN_uv_ | VMO 0 VOMON_OV_ | vomoN ov_ | YOMOR-™ | vomoN_uv_ | vomon_uv_ | VOVON.
CFG2 RoTE | FsoB_iMPACT  OfCLIMPO RSTE | FsoB_MPACT | UYCEIVPO RSTB_IMPACT | FS0B_IMPACT | ©VobMPO- | reTh IMPACT | FsoB_iMPACT | UV UMPO-
Fccuz_ Fccuz_ FCCUt_ FCCut_
FS_|_FCCU_CFG 0 FCCU_CFG FCCU2_ASSIGN Eﬁ?%gf :g?gé[ gg?géi RSTB__ ifﬁ&%ﬁ?? LIMPO_ RSTB_ ifﬁzkiﬁp LIMPO_
- - B IMPACT _ IMPACT IMPACT - IMPACT
LIMPO_ FSOB_SC_ FLT_MID_ FLT_MID_
FS_|_FSSM_CFG 0 remlTic | RSTBESDIS | RSTBDUR | sCRste  EXTRoToFSO RSTB_ FLT_ERR_LIMIT RSTB_ P D rs0 LIMPO_ FLT_ERR_CNT
o IMPACT - IMPACT IMPACT - IMPACT
WD_RSTB_ WD_FSO WD_LIMPO_ | WD_DIS_
FS_I_WD_CFG 0 vk 8 INEAGT . Do WD_RFR_LIMIT WD_ERR_LIMIT WD_RFR_CNT WD_ERR_CNT
Fai- | Fs wDpw_cFG 0 0 0 0 WDW_ WDW_EN 0 WDW_PERIOD 0 WDW_RECOVERY
oo REC_EN
FS_WD_TOKEN WD_TOKEN
FS_LIMP12_CFG 0 0 0 0 0 0 0 LIMP2_DC_CFG LIMP2_CFG 0 0 LIMP1_CFG 0
FS_FSOB_
(Mo, mEL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ABIST_ ABIST_VO ABIST_V1 ABIST_V1 ABIST_V2 ABIST_V3 ABIST_
FS_ABIST | ABIST_READY 0 0 ABISTDONE | oRBSI. MONDIAG | UVib BIAG | MONDIAG | MON DIAs | MON BiAe 0 ABISTVOMON | /BST_ | ABIST_VIMON | ABIST_VZMON | ABIST_V3MON
P AT e~ 0 RSTB EXT | RSTBEVT | RSTB.DRV | RSTB.SNS  RSTB DIAG 0 FSOB_DRV FSOB_SNS | FSOB_DIAG 0 0 LIMPO_DRV | LIMPO_SNS | LIMPO_DIAG 0
FCCUt2_ FCcut_ FCccu2_ INT_CRC_ | INIT_CRC_
FS_SAFETY_FLG g ERR.S R & NGIC M oK WD_NOK_M | WD_NOK_I 0 FCCU12_M FCCU1_M FCCU2_M FCoUt2_ FCCUT_I FCoU2_| FCCU1_S FCCU2_S
INIT_CRC_
FS_CRC 0 0 0 0 0 INTCREESO | Limpo_ 0 CRC_VALUE
- IMPACT
AN14041 All information provided in this document is subject to legal disclaimers. © 2025 NXP B.V. Al rights reserved.
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Table 5. Writable registers

Logic Register name Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit9 Bit 8 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Default value
M_SYS_CFG - . - - . LOCKINIT | GOZNIT | GOZNORMAL | GO2LPON | Goatpork | "WI-TO- | INTB_REQ | INTB_DUR - MOD_CONF | MOD_EN OTP fuse
VBOS2
M_SYS1_CFG . . B VI_SW_ : oA | stoTBYR | ISOT. SO;TEPng . DBG_EXIT . B OTP_EXIT . OTP fuse
ALWAYS_EN & =

M_REG_CTRL - - - BUCK_SRHSOFF BUCK_SRHSON - - V20N_LPON V2EN V2DIS | V3ON_LPON V3EN v3DIs OTP fuse
M_REG_MSK VOUV_M VOOV_M | VITWARN_M | VATSD.M | V2TSD.M | V3TSD_M V20L_M VIUV_M V2UV_M V3UV_M VIOV_M V20V_M V30V_M V10C_M V20C_M V30C_M 0x0000
M_REG1_CTRL - - - - - - - - - - - - - - - V1_OCLS_| 00000
NLREGT_MSK _ _ _ _ B _ . : . . ] R R R . V1_OCLS_M |  0x0000
M_IO_CTRL - - - - - - HVIOTHI HVIO1LO HVIO2HI HVIO2LO LVIO3HI LVIO3LO LVIO4HI LVIOALO LVOBHI LVO6LO 0x0000
M_IO_TIMER_MSK - - - - - - - LDT_M LVI5_M LVIO4_M LVIO3_M HVIO2_M HVIO1_M - WK2_M WK1_M 00000
M_VSUP_COM_MSK - - - - - - 12C_CRC_M | I12C_REQ_M | SP_CRC_M | SPICLK M | SPI_REQ_M - VSHS_OV_M | VSHS_UV_M | VSUPOV_M | VSUPUV_M |  0x0000
M_IOWU_CFG | Lvis wuckG | Ot o Reserved | HVIO2_DGLT | HVIO1_DGLT | WK2_DGLT | WK1_DGLT HVIO2_WUCFG HVIO1_WUCFG WK2_WUCFG WK1_WUCFG 0x0005
M_IOWU_EN - - LVI5_WUEN LVIO4_WUEN LVIO3_WUEN HVIO2_WUEN HVIO1_WUEN WK2_WUEN WK1_WUEN OX00FF
M_WU1_EN - - - - - - - - - - LDT_WUEN LIN_WUEN CAN_WUEN 0x000F
M_TIMER1_CFG - - - - - - - TIMER1_DLY TIMER1_ON TIMER1_PER 0x0000
M_TIMER2_CFG - - - - - - - TIMER2_DLY TIMER2_ON TIMER2_PER 00000
M_TIMER3_CFG - - - - - - - TIMER3_DLY TIMER3_ON TIMER3_PER 0x0000
M_PWM1_CFG - - - PWM1_DLY PWM1_F PWM1_DC 0x0000
M_PWM2_CFG - - - PWM2_DLY PWM2_F PWM2_DC 00000
Main M_PWM3_CFG - - - PWM3_DLY PWM3_F PWM3_DC 0x0000
M_TIMER - . - - . - - ; - TIM1_EN TIM2_EN TIM3_EN - PWM1_EN | PWM2_EN | PWM3_EN 00000

PWM_CTRL - - - - - - X
M_CS_CFG . . : . ; : HS_FLT_ ; HVIO2_HS_SEL HVIO1_HS_SEL WK2_HS_SEL WK1_HS_SEL 00000

CS_ WU_FORGE _HS HS_ S HS_
WAKE2_ WAKET_
M_CS_FLG_MSK - - - - - - - HVIO2_OL_M | HVIO1_OL_M ‘ AT oL ‘ - - ‘ - - ‘ - 0x0000
M_HSx_SRC_CFG HS4_SRC_SEL HS3_SRC_SEL HS2_SRC_SEL HS1_SRC_SEL 0x0000
hs_ HS HS
M_HSx_CTRL - VSHSUVOV_ | \5yicly pis | vsHSOY_Dis - - - - - HS4_EN - HS3_EN - HS2_EN - HS1_EN 00000
HS34 HS12
M_HSx_MSK - - - HS4 OLM | HS4. OC_M - HssoLM | Hssocm | M - HS2_OLM | HS2_OC_M - Hs1OLM | Hsiocm | HSte 0x0000
M_AMUX_CTRL - - - - - - AMUX_EN | AMUX_DIV - - ; AMUX 0x0000
M_LDT_CFG1 LDT_AFTER_RUN 00000
M_LDT_CFG2 LDT_WUP_L 0x0000
M_LDT_CFG3 - - - - ; - - ; LDT_WUP_H 0x0000
M_LDT_CTRL - - - - - - - - LDT2LP LDT_FNCT LDT_SEL | LDT_MODE | LDT_EN - 00000
M_CAN - - - - - - CAN_MODE - - CAN_FS_DIS - - - CAN_ CAN_TSD_ 0x0000
a a _Fs. TXD_TO_I TSD |
LIN_ LIN_TXD_
M_LIN - LIN_MODE LIN_SLOPE LNFSDIS | g 6 pyg | LIN.SC | LIN_TXD_TO - . - - LIN_SC_I o LIN_TSD_I 00000
M_CAN_LIN_MSK . . LIN_FSM_STATE_S unscm | HNSO- | N TsD_m ; CAN_FSM_STATE_S CANSTXD- | can_TsD_M | 0x0000
AN14041 All information provided in this document is subject to legal disclaimers. © 2025 NXP B.V. Al rights reserved.
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Table 5. Writable registers...continued
Logic Register name Bit15 | Bit 14 Bit13 Bit 12 Bit 11 Bit 10 Bit9 Bit8 Bit7 Bit 6 Bit5 Bit 4 Bit3 Bit2 ‘ Bit 1 | Bit 0 Default value

M_MEMORY0 MEMORY0 0x0000
M_MEMORY1 MEMORY1 0x0000

VIMON_ VIMON_ VIMON_ VIMON_ VIMON_ VIMON_ V2MON_ V2MON_ V2MON_ V2MON_ V2MON_ V2MON_
FS_I_OVUV_CFG1 - - - OV_RSTB_ OV_FSO | OV_LIMPO_ | UV_RSTB_ UV_FS0 UV_LIMPO_ - OV_RSTB_ OV_FS0 OV_LIMPO_ | UV_RSTB_ UV_FS0 UV_LIMPO_ | OTP fuse

IMPACT B_IMPACT IMPACT IMPACT B_IMPACT IMPACT IMPACT B_IMPACT IMPACT IMPACT B_IMPACT IMPACT

V3MON_ V3MON_ V3MON_ V3MON_ V3MON_ V3MON_ VOMON_ VOMON_ VOMON_ VOMON_ VOMON_ VOMON_
FS_I_OVUV_CFG2 - - - OV_RSTB_ OV_FSO | OV_LIMPO_ | UV_RSTB_ UV_FS0 UV_LIMPO_ - OV_RSTB_ OV_FSO OV_LIMPO_ | UV_RSTB_ UV_FS0 UV_LIMPO_ | OTP fuse

IMPACT B_IMPACT IMPACT IMPACT B_IMPACT IMPACT IMPACT B_IMPACT IMPACT IMPACT B_IMPACT IMPACT

FCcu2_ FCCU2_ FCCUT_ FCCU1_
FS_|_FCCU_CFG . FCCU_CFG FCCU2_ASSIGN Focuiz focuz foeu RSTB_ | FOGUZESO | Lo RSTB_ | FOCULFSO | Lo 0X103F

- - - IMPACT - IMPACT IMPACT - IMPACT

ExT LIMPO_ EXTRSTB_ | FSOB_SC_ FLT_MID_ FLT_MID_ | FLT_MID_
FS_I_FSSM_CFG - RStB Dis | RSTBBS_DIS | RSTB DUR | SC_RSTB_ FS0B_ RSTB_ FLT_ERR_LIMIT RSTB_ FS0B_ LIMPO_ FLT_ERR_CNT OTP fuse
- IMPACT IMPACT IMPACT IMPACT IMPACT IMPACT
WD_RSTB_ | WD_FSO | WD_LIMPO_ | WD_DIS_
FS_I_WD_CFG - et B INFACT AT PoN WD_RFR_LIMIT WD_ERR_LIMIT - - - - - ‘ - ‘ - 0x7080
WDW.

Failsafe | FS_WDW_CFG - - - - e EN WDW_EN ‘ - WDW_PERIOD - WDW_RECOVERY 0x01AB
FS_WD_ANSWER WD_ANSWER 0x0000
FS_LIMP12_CFG - - - - - - ‘ - LIMP2_DC_CFG LIMP2_CFG LIMP2_REQ - LIMP1_CFG | LIMP1_REQ | OTPfuse

FS_FSOB_
LINPO. REL RELEASE_FS0B_LIMPO 0x0000
LAUNCH_ CLEAR_ ABIST_ ABIST_ ABIST_ ABIST_ ABIST_
F8_ABIST - ABIST ABIST - - - - - - - - VOMON VAUVLP VIMON V2MON V3MON 0x0000
FS_SAFETY_
SoTPUTS - - - - - - RSTB_REQ - - - FSO0B_REQ - - - - LIMPO_REQ 0x0000
INIT_CRC
FS_SAFETY_FLG - - - NG M- - WD_NOK_M - - FCCU12M | FCCUI_M | FCCU2M - - - - - 0x0000
NIT INIT_CRC_ | INIT_CRC_
FS_CRC - RO REQ - - - FS0B_ LIMPO_ - CRC_VALUE 0x0000
- IMPACT IMPACT
AN14041 All information provided in this document is subject to legal disclaimers. © 2025 NXP B.V. Al rights reserved.
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8 FSO0B and/or LIMPO release calculation procedure

When the fail-safe output FSOB is asserted low by the device because of a fault, or after a power up, some
conditions must be validated before allowing the FSOB pin to be released by the device.

These conditions are:

v No fault affecting FSOB reported

v Fault error counter equal to zero

v Device in Normal mode

v Device not in Debug mode and not in INIT mode

v FS_FSOB_LIMPO_REL register filled with the correct value, depending on current WD_TOKEN[15:0] value as
per Table 6. Refer to Table 56 from the FS23 data sheet:

Table 6. FSOB and/or LIMPO release commands

FS_FS0B_LIMPO_REL[15:0] B15 | B14 | B13 | B12 ‘ B11 ‘ B10 ‘ B9 ‘ B8 ‘ B7 ‘ B6 ‘ B5 ‘ B4 ‘ B3 ‘ B2 ‘ B1 ‘ BO
Release FSOB 0 1 1 NOT(WD_TOKEN[0:12])
Release LIMPO 1 1 0 NOT(WD_TOKEN[3:15])
Release both FSOB and LIMPO 1 0 1 NOT(WD_TOKEN[0:6]) ‘ NOT(WD_TOKEN[10:15])
AN14041 All information provided in this document is subject to legal disclaimers. © 2025 NXP B.V. All rights reserved.
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9 Watchdog answer procedurem

[l Refer to Section 20.2 from the FS23 data sheet.

The watchdog uses two keys, 0x5AB2 (default value after POR) and 0xD564 to validate the answer. The key is
stored in the WD_TOKEN register, and is changed alternatively after each good WD refresh.

The MCU reads the WD_TOKEN register and writes the correct answer (WD_TOKEN register value) through
the SPI/I2C in WD_ANSWER register, in the right timing. The WD error counter is incremented when the
answer is wrong or not given at the right moment, or not given at all at the end of the watchdog period. Refer to
Table 35 from the FS23 data sheet.

The first good watchdog refresh closes the INIT phase. This first good watchdog refresh is sent by the MCU in
less than 256 ms (default period duration). Then the watchdog window is running and the MCU must refresh the
watchdog every period.

Table 7. Watchdog answer and refresh validation

Window watchdog Timeout watchdog
SPI/ I?)C
CLOSED OPEN (always open)
BAD key WD_NOK WD_NOK WD_NOK
GOOD key WD_NOK WD_OK WD_OK
None (timeout) NA WD_NOK WD_NOK
AN14041 All information provided in this document is subject to legal disclaimers. © 2025 NXP B.V. All rights reserved.
Application note Rev. 2.0 — 23 January 2025

12/ 21


https://www.nxp.com/webapp/sd/collateral/1679584324564739737226?version=2.0
https://www.nxp.com/webapp/sd/collateral/1679584324564739737226?version=2.0

NXP Semiconductors AN14041

FS23 quick start guide

10 SPI/I2C CRC calculation procedure

An 8-bit CRC is required for each write and read SPI command. Computation of a CRC is derived from the
mathematics of polynomial division, modulo two.

The CRC parameters are:
* Polynomial: x*8+x*4+x*3+x"2+1 (identified by 0x1D)

» Seed: OxFF.
co ct c2 c3 c4 c5 cé c7
r.—w O~~~ O-[—[—[—L[
+
11 0*X 1*X2 1*X3 1*x4 0*X5 0*X6 0*X7 1*X8
Input data
aaa-052402
Figure 2. CRC encoder example

10.1 For SPI communication

SPI message construction includes the register address, the read/write bit, data, and CRC. Refer to Tables 65
and 66 from the FS23 data sheet. The bit B32 must be set to 1 to execute a write command, and to 0 to execute
a read command.

Table 8. SPI write command message construction

B31 ‘ B30 ‘ B29 ‘ B28 ‘ B27 ‘ B26 ‘ B25 B24 B23 ‘ B22 ‘ B21 ‘ B20 ‘ B19 ‘ B18 ‘ B17 ‘ B16
MOSI Register address [6:0] R/W Write data [15:8]
MISO General status flag Register content before Write [15:8]

B15 ‘ B14 ‘ B13 ‘ B12 ‘ B11 ‘ B10 ‘ B9 ‘ B8 B7 ‘ B6 ‘ B5 ‘ B4 ‘ B3 ‘ B2 ‘ B1 ‘ BO
MosI Write data [7:0] CRC[7:0]
MISO Register content before Write [7:0] CRC[7:0] - response

Table 9. SPI read command message construction

B31 | B30 | B29 ‘ B28 | B27 | B26 ‘ B25 B24 B23 | B22 ‘ B21 ‘ B20 | B19 | B18 ‘ B17 | B16
MOSI Register address [6:0] R/W 0x00
MISO General status flag Read data [15:8]

B15 | B14 | B13 ‘ B12 | B11 | B10 ‘ B9 | B8 B7 | B6 ‘ B5 ‘ B4 | B3 | B2 ‘ B1 | BO
MosI 0x00 CRC[7:0]
MISO Read data [7:0] CRC][7:0] - response

When using SPI communication, the input for CRC calculation is a 24-bit word composed of the register
address, the read/write bit, and data.

AN14041 All information provided in this document is subject to legal disclaimers. © 2025 NXP B.V. All rights reserved.
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10.2 For I2C communication

I2C message construction includes the device address, read/write bit, register address, data, and CRC. Refer
to Table 61 from the FS23 data sheet. The bit B32 must be set to 0 to execute a write command, and to 1 to
execute a read command.

Table 10. I’C message construction

B39 ‘ B38 ’ B37 ‘ B36 ‘ B35 ’ B34 ‘ B33 B32

ID[6:0] RIW

Device address R/W

B31 B30 ‘ B29 ’ B28 ‘ B27 ‘ B26 ‘ B25 ‘ B24 | B23 ‘ B22 ’ B21 ‘ B20 ‘ B19 ’ B18 ‘ B17 | B16
0 ADRI6:0] DATA[15:8]
0 Register address Data MSB

B15 | B14 ‘ B13 ’ B12 ‘ B11 ‘ B10 ‘ B9 ‘ B8 B7 ‘ B6 ’ B5 ‘ B4 ‘ B3 ’ B2 ‘ B1 ‘ BO
DATA[7:0] CRCI[7:0]

Data LSB CRC

When using I?C communication, the input for CRC calculation is a 32-bit word composed of device address,
read/write bit, register address and data.

AN14041 All information provided in this document is subject to legal disclaimers. © 2025 NXP B.V. All rights reserved.
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11 INIT CRC calculation procedure

INIT fail-safe registers are protected by a CRC. The same polynomial and seed used for SPI/I?*C CRC are
necessary to compute this INIT CRC: The polynomial is x"8+x"4+x*3+x"2+1 (identified by 0x1D) with the seed
value of OxFF.

Three steps are required to compute INIT CRC:

1. Read the FS configuration registers and extract the following bits.
Fsiovoveret | [ | [T TITPTTTT]

Psaowvoerez | | | [ [ [T [T TTTT]

Fpsafcoucre | | [ [T TTTTTTTTTT]

Fs_iFssmere | [P ] [ ] ] ]

psawocre [ [ [ [T P[P TI[[[T]]
aaa-052403

2. Create the 58-bit word by concatenating the 58 bits.
|||IIIIR:I(I’_UIﬁJW]V‘IHIHIIIIII [TTTTTTIT T T T T T T e [ [T T[T

FS_I_OVUV_CFG2[5:0] FS_I_FSSM_CFG[14:4] FS_I_WD_CFG[147]

aaa-052404

3. Compute INIT CRC bitwise using 0x1D polynomial. The figure below gives an example for bitwise CRC
computation algorithm.

INIT CRC computation algorithm

crc_result = OxFF

for each of the 58 bits successively (starting with MSB);
msb = crc_results(7) XOR BITVALUE
crc_result(7) = crc_result(6)
crc_result(6) = crc_result(5)
crc_result(5) = crc_result(4)
crc_result(4) = crc_result(3) XOR msb
crc_result(3) = crc_result(2) XOR msb
crc_result(2) = crc_result(1) XOR msb
crc_result(1) = crc_result(0)
crc_result(0) = msb

read result in crc_result

aaa-052405
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