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1 General description

The FS23 SBC offers an expandable family of devices that is pin-to-pin and software compatible. The FS23
SBC is scalable from the linear voltage regulator version to the DC-DC regulator 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 (ECU).

The FS23 SBC provides a high level of integration in order to optimize the bill of material (BOM) cost for the
body and comfort market.

The FS23 device is highly flexible. It is suitable for S32K processor-based applications, as well as multi-vendor
processors because of its high level of flexibility.

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

FS23 Functional block diagram

HVBUCK - 3.3 Vor5V -upto 400 mA
or HVLDO1 - 3.3V or 5V - up to 100 mA or 250 mA (ext. PNP)

HVLDO2-3.3Vor5V -upto 100 mA (protection optional)

HVLDO3-3.3Vor5V-upto 150 mA

2x Wake pins Voltage supervisor
SPI/12C
Main logic Watchdog (SW)
2x HVIOs, 4x LVIOs Re.g contr-ol FCCU (HW)
Diagnostic
LP mgt
Safety monitoring
4x HSDs (< 150 mA) Fit for ASIL B ABIST on demand
OTP
AMUX Safety outputs
(Vbat, 1/Os, temp, ...) RSTB, FSO0B, LIMP0/1/2
CAN FD 2M
LIN

aaa-052686

Figure 1. Functional block diagram 400 mA alternative
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2 Features and benefits

Operating modes

* Normal mode with all power management and functional safety features available
» Stop mode: Low-power OFF mode with multiple wake-up sources (LPOFF)
» Standby mode: Low-power ON mode with HYBUCK or HVLDO1 active and multiple wake-up sources (LPON)

Power management

* HVBUCK: Synchronous buck converter with integrated FETs. Configurable Normal mode output voltage and
LPON mode output voltage (3.3 V or 5.5 V). Output DC current capability of 400 mA in Normal mode, and 100
mA current capability in Low-power ON mode

* HVLDO1: High-voltage LDO instead of the HVBUCK for MCU supply with selectable output voltage (3.3 V or
5.5 V) and up to 100 mA DC current capability with internal PMOS and 250 mA with external PNP

* HVLDO2: High-voltage LDO regulator for system loads, with optional external protection for off-board sensors,
selectable output voltage (3.3 V or 5.0 V) and up to 100 mA DC current capability

* HVLDO3: High-voltage LDO regulator for CAN FD block supply or other with selectable output voltage (3.3 V
or 5.0 V) and up to 150 mA current capability

System features

* One CAN FD supporting up to 2 Mbps communication following ISO 11898-2:2016 and SAE J2284 standards

* One LIN following LIN 2.2, ISO 17987-4 and SAE-J2602-2 standards

» Two wake-up inputs (40 V capable)

» Two high-voltage I/Os with wake-up capability (40 V capable)

» Up to four low-voltage I/Os with wake-up capability

* Four configurable high-side drivers with 150 mA drive capability, to supply LEDs or enable external devices
(INH), and cyclic-sense capability

* Multiple wake-up sources: WAKE pins, HVIO pins, LVIO pins, CAN FD, LIN or dedicated SPI/ I°C command

« Device control via 32 bits SPI interface or via I°C interface, with CRC

* Integrated long duration timer (LDT) for system shutdown and wake-up control, programmable up to 194 days

* 16-channel analog multiplexer (AMUX) for system monitoring (temperature, battery voltage, internal voltages)

Functional safety

* Developed following ISO 26262:2018 standard to fit for ASIL B applications

* Internal monitoring circuitry with its own reference

» Additional input for external voltage monitoring

* Window or timeout watchdog function to monitor the MCU failures by software

e FCCU inputs to monitor MCU failures by hardware

* Analog built-in self-test (ABIST) on demand

» Safety outputs (RSTB, FSOB, LIMPO and LIMP1/2 with 1.25 Hz or 100 Hz PWM capability)

EMC compliance

* The FS23 EMC tests are performed according to ZVEI Generic IC EMC Test Specification version 2.1
(2017) and FMC1278 Electromagnetic Compatibility Specification for Electrical/Electronic Components and
subsystems version 3.0 (2018).

Configuration and enablement

* QFN48EP: QFN 48 pins with exposed pad for optimized thermal management, wettable flanks, 7 x 7 x 0.85
mm, 0.5 mm pitch, 48 pins

* One-time programmable (OTP) memory for scalability, expandability and device customization

e OTP emulation mode for system development and evaluation
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3 Simplified application diagram

vsup Fs23
NI HVBUCK V1 To MCU core
VBAT>——1 HVLDO1
v R
| f | To system load
HVLDO2 V2_FB Lo_pﬁo_na_lJ (sensors ..)
HvLDO3 |3
To external CAN
transceiver
CANH, CANL CAN FD 5M CANRXD, CANTXD
LIN
LINRXD, LINTXD McU
VSHS LIN
—>]
PI/12
SPI/12C eec
INTB INTB
AMUX AMUX
FCCU1/2 from MCU
FAILSAFE RSTB
VMON_EXT UVv/OV MON FSOB
From external WD, FCCU,
regulator safe outputs LIMPO/1/2 }System safe state
VSH
VBAT —>} T SHP
g LEDs HS1 HS3
L
N T yiSx Hs4
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Door 10s
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aaa-051402
Figure 2. Typical application diagram
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4 Ordering information

This section describes the part numbers available to be purchased, along with their main differences. It also
describes how the part number reference is built.

4.1 Part numbers definition

Two FS23 part numbering types can be found: a full part number reference and a simplified part number.

Figure 3 and Figure 4 describe how the FS23 part numbers are built.

FS23
Product numbering scheme
M FS 23XY B M z zz EP
Release type Family Family Release version Release type ASIL level OTP version Package
M Production High voltage 2300- Initial -40 °C to Not
7S power management 2323 Cerd & release M 125°C o e 40 programmed EP  QFN48EP
B Pre-release
B Second B ASIL Al- Other
S Custorper release B level zz versions
special
c-z Further

release
aaa-051429

Figure 3. Full FS23 part numbers breakdown

MFS 23 X YBEM Z AOEP

4 ASIL level
M QM level (timeout WD, OV/UV, VMON)
B Fit for ASIL B (window WD, OV/UV, ABIST, VMON, FCCU)
0 Yes No No Base
1 Yes Yes No LIN
2 Yes No Yes LDT
3 Yes Yes Yes LIN and LDT
X Power management solution
0 3 x HVLDOs
2 1 HVBUCK, 2 HVLDOs
aaa-051430
Figure 4. Simplified FS23 part numbers breakdown
Figure 5 maps FS23 part numbers versus the selectable product features.
V1 regulator HVLDO HVBUCK
ASIL level Qm ASIL B Qm ASILB

Base FS2300M FS2300B FS2320M FS2320B

LIN FS2301M FS2301B FS2321M FS2321B

LDT FS2302M FS2302B FS2322M FS2322B

LIN + LDT FS2303M FS2303B FS2323M FS2323B
aaa-051431

N

Figure 5. Part numbers mapping versus base feature sets

FS23 data sheet © 2023 NXP B.V. All rights reserved.

Product data sheet
CONFIDENTIAL

All information provided in this document is subject to legal disclaimers.

Rev. 4 — 15 September 2023

5/229



NXP Semiconductors

FS23 data sheet

Safety system basis chip (SBC) with power management, CAN FD and LIN transceivers

4.2 Part numbers list

Table 1. Device segmentation

Generic High- | _. Cyclic | RSTB | ABIST
part | Vitype | Y | HY oA | LN | LoT [SPY | Amux | Hvios | Lvios |28 | side |Fitfor Iksom |Limpx [VMON-| Fccu \watchdog| CRC | 8's on
LDO2|LDO3 I’C pins | .~ ASIL EXT .
number drivers check | timer |demand
FS2300M | HVLDO | Yes | Yes | Yes | No No | Yes Yes Yes Yes Yes Yes QM No Yes No No Opt. Opt. No No
FS2301M | HVLDO | Yes | Yes | Yes | Yes | No | Yes Yes Yes Yes Yes Yes QM No Yes No No Opt. Opt. No No
FS2302M | HVLDO | Yes | Yes | Yes | No | Yes | Yes Yes Yes Yes Yes Yes QM No Yes No No Opt. Opt. No No
FS2303M | HVLDO | Yes | Yes | Yes | Yes | Yes | Yes Yes Yes Yes Yes Yes QM No Yes No No Opt. Opt. No No
FS2300B | HVLDO | Yes | Yes | Yes | No No | Yes Yes Yes Yes Yes Yes Ag”‘ Yes | Yes Yes Yes Yes Yes Yes Yes
FS2301B | HVLDO | Yes | Yes | Yes | Yes | No | Yes Yes Yes Yes Yes Yes Agl L Yes | Yes Yes Yes Yes Yes Yes Yes
FS2302B | HVLDO | Yes | Yes | Yes | No | Yes | Yes Yes Yes Yes Yes Yes Ag”‘ Yes | Yes Yes Yes Yes Yes Yes Yes
FS2303B | HVLDO | Yes | Yes | Yes | Yes | Yes | Yes Yes Yes Yes Yes Yes Ag”‘ Yes | Yes Yes Yes Yes Yes Yes Yes
FS2320M |HVBUCK | Yes | Yes | Yes | No No | Yes Yes Yes Yes Yes Yes QM No Yes No No Opt. Opt. No No
FS2321M |HVBUCK | Yes | Yes | Yes | Yes | No | Yes Yes Yes Yes Yes Yes QM No Yes No No Opt. Opt. No No
FS2322M |HVBUCK | Yes | Yes | Yes | No | Yes | Yes Yes Yes Yes Yes Yes QM No Yes No No Opt. Opt. No No
FS2323M |HVBUCK | Yes | Yes | Yes | Yes | Yes | Yes Yes Yes Yes Yes Yes QM No Yes No No Opt. Opt. No No
FS2320B |[HVBUCK | Yes | Yes | Yes | No No | Yes Yes Yes Yes Yes Yes Ag“‘ Yes | Yes Yes Yes Yes Yes Yes Yes
FS2321B |[HVBUCK | Yes | Yes | Yes | Yes | No | Yes Yes Yes Yes Yes Yes Agl y Yes | Yes Yes Yes Yes Yes Yes Yes
FS2322B |[HVBUCK | Yes | Yes | Yes | No | Yes | Yes Yes Yes Yes Yes Yes AEIL Yes | Yes Yes Yes Yes Yes Yes Yes
FS2323B |[HVBUCK | Yes | Yes | Yes | Yes | Yes | Yes Yes Yes Yes Yes Yes Ag”‘ Yes | Yes Yes Yes Yes Yes Yes Yes
Note: Additional part numbers will exist with different features and parametric settings. The device

segmentation is also available on nxp.com.
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Table 2 is an example of orderable part number list.

Table 2. Orderable parts numbers

Part number!"! Description Package
MFS2300BMBAOEP Superset covering FS2300B devices.
MFS2303BMBA3EP BASIC OTP configuration given as

example for FS2303B devices.
MFS2320BMBB1EP Configuration given as example for

S32K312 MCU, CAN enabled, LIN and

LDT disabled.

QFN48EP

MFS2321BMBB2EP Configuration given as example for

S32K324 MCU, CAN and LIN enabled,

LDT disabled.
MFS2323BMBASEP S32K311 + FS23 EVB ASIL B, S32K31

X-Q100
MFS2323BMMAOEP!?! Superset covering FS2323M devices.

[1]1  To order parts in tape and reel, add the R2 suffix to the full part number reference.
[2] AO parts are non-programmed OTP configurations. Preprogrammed OTP configurations are managed through part number extension. For a custom OTP
configuration, please contact a local NXP sales representative.
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5 Applications

* Body control module
* HVAC

* Lighting

* Steering column lock
» Seat module

* Roof module

* Door control module
e Car access

* Gearshift

* Seat belt pre-tension
* Tail gate

e Alarm

FS23 data sheet

All information provided in this document is subject to legal disclaimers.

© 2023 NXP B.V. All rights reserved.

Product data sheet
CONFIDENTIAL

Rev. 4 — 15 September 2023

81/229



NXP Semiconductors

FS23 data sheet

Safety system basis chip (SBC) with power management, CAN FD and LIN transceivers

6 Internal block diagram
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Figure 6. FS2320 Block diagram (HVBUCK)
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Figure 7. FS2300 Block diagram (HVLDO1)
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7 Pinout information

7.1 Pinout

Figure 9. FS2300 Pin configuration (HVLDO1)
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Figure 8. FS2320 Pin configuration (HVBUCK)
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7.2 Pin description

Safety system basis chip (SBC) with power management, CAN FD and LIN transceivers

Table 3. Pin description
Pin Pin name Type Description
1 HVIO1 Digital input/output High-voltage 1/0 1, with wake-up capability
2 HS2 Analog output High-side driver 2
3 HS1 Analog output High-side driver 1
4 V3_IN Analog input V3 regulator input voltage
5 FSOB Digital output Fail-safe output O - Active low (low by default)
6 V3 Analog output V3 regulator output voltage
7 CANH Analog input/output | CAN bus - CAN high
8 CANL Analog input/output | CAN bus - CAN low
9 GNDCAN Ground CAN bus - ground
10 LIN Analog input/output LIN single-wire bus transmitter and receiver
11 GNDLIN Ground LIN bus - ground
12 LIMPO Digital output LIMP Home mode output O - Active low (high by default)
13 FCCU1 Digital Input MCU error monitoring input 1
14 AMUX Analog output Multiplexed output to be connected to an MCU ADC with selection of the analog
parameter through 12C/SPI.
15 DEBUG Analog input Debug mode entry and OTP input supply (development only)
16 VDIG Analog output Internal supply decoupling capacitor
17 GND_IO Ground I/0Os ground connection
18 LVIO4 Digital input/output Low-voltage 10 4, with wake-up capability
19 LVIO3 Digital input/output Low-voltage 10 3, with wake-up capability
20 LINTXD Digital input Transmitter input from the MCU, which controls the state of the LIN bus
21 LINRXD Digital output Receiver output, which reports the state of the LIN bus to the MCU
22 VDDIO Analog input Input voltage for SPI, 12C, LVIOs and AMUX
23 CANRXD Digital output Receiver output, which reports the state of the CAN bus to the MCU
24 CANTXD Digital input Transmitter input from the MCU, which controls the state of the CAN bus
25 MISO/LVO6 Digital output SPI bus - Master input slave output(MISO)/Low-voltage output 6
26 MOSI/LVI5 Digital input SPI bus - Master output slave input(MOSI)/Low-voltage input 5
27 SCK/SCL Digital input/output SPI bus - Clock input / 12C bus - clock input
28 CSB/SDA Digital input/output SPI bus - Chip select (active low) / 12C bus - bidirectional data line
29 RSTB Digital input/output Reset in_put/ou_tput. A_ctive low. The main function is to reset the MC_Q. Reset input
voltage is monitored in order to detect external reset and fault condition.
30 INTB Digital output Interrupt output
PGND Ground (FS2320) Power ground connection
3 NC NC (FS2300) Not connected. This pin must be left open.
V1_SW Analog input/output | (FS2320) Switching node
% V1_B Analog output (FS2300) V1 external PNP base signal. This pin must be left open if no PNP.
33 V1_IN Analog input V1 regulator input voltage
BOOT Analog input/output (FS2320) V1 bootstrap capacitor
34 V1_E Analog output (FS2300) V1 external PNP emitter signal. This pin must be left open if no PNP.
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Table 3. Pin description...continued

Safety system basis chip (SBC) with power management, CAN FD and LIN transceivers

Pin Pin name Type Description

35 WAKEZ2 Analog input Wake up input 2

36 WAKE1 Analog input Wake up input 1

37 VMON_EXT Analog input External-voltage monitoring input

38 VBOS Analog output Best of supply output voltage

39 V1 Analog output V1 regulator output voltage

40 NC NC Not connected. This pin must be left open.
41 VSUP Analog input Power supply of the device

42 V2_IN Analog input V2 regulator input voltage

43 V2 Analog output V2 regulator output voltage

44 V2_FB Analog input V2 regulator voltage feedback

45 HS4 Analog output High-side driver 4

46 HS3 Analog output High-side driver 3

47 VSHS Analog input High-side drivers and LIN supply

48 HVIO2 Digital input/output High-voltage 1/0O 2, with wake-up capability

7.3 Connection of unused pins

Table 4. Connection of unused pins

Pin Pin name Type Description

1 HVIO1 Digital input/output Open (HVIO1PUPD_OTP = 01)

2 HS2 Analog output Open

3 HS1 Analog output Open

4 V3_IN Analog input VSUP

5 FSO0B Digital output Open

6 V3 Analog output Open

7 CANH Analog input/output | Open

8 CANL Analog input/output | Open

9 GNDCAN Ground Connection mandatory

10 LIN Analog input/output | Open

11 GNDLIN Ground Connection mandatory

12 LIMPO Digital output Open

13 FCCU1 Digital Input GND

14 AMUX Analog output Open

15 DEBUG Analog input Connection mandatory to GND in production (5 V or 8 V authorized for development
only)

16 VDIG Analog output Connection mandatory

17 GND_IO Ground Connection mandatory

18 LVIO4 Digital input/output Open (LVIO4PUPD_OTP = 01)

19 LVIO3 Digital input/output Open (LVIO3PUPD_OTP = 01)

20 LINTXD Digital input Open (200 kQ internal pull up to VDDIO)

21 LINRXD Digital output Open (push-pull structure)
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Table 4. Connection of unused pins...continued
Pin Pin name Type Description
22 VDDIO Analog input Connection mandatory
23 CANRXD Digital output Open (push-pull structure)
24 CANTXD Digital input Open (200 kQ internal pull up to VDDIO)
25 MISO/LVO6 Digital output Open
26 MOSI/LVI5 Digital input Open (200 kQ internal pull up to VDDIO)
27 SCK/SCL Digital input/output Connection mandatory
28 CSB/SDA Digital input/output Connection mandatory
29 RSTB Digital input/output Connection mandatory
30 INTB Digital output Open
PGND Ground Connection mandatory
3 NC NC Open
V1_SW Analog input/output | Connection mandatory
%2 V1 B Analog output Open
33 V1_IN Analog input Connection mandatory
BOOT Analog input/output | Connection mandatory
% V1_E Analog output Open
35 WAKE2 Analog input Open (WK2PUPD_OTP = 01)
36 WAKE1 Analog input Open (WK1PUPD_OTP = 01)
37 VMON_EXT Analog input GND
38 VBOS Analog output Connection mandatory
39 V1 Analog output Connection mandatory
40 NC NC Open
41 VSUP Analog input Connection mandatory
42 V2_IN Analog input Open
43 V2 Analog output Open
44 V2_FB Analog input Open (internal pull down)
45 HS4 Analog output Open
46 HS3 Analog output Open
47 VSHS Analog input Connection mandatory
48 HVIO2 Digital input/output Open (HVIO2PUPD_OTP = 01)
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8 Limiting values

Table 5. Limiting values

Ta =-40 °C to 125 °C, unless otherwise specified. All voltages referenced to ground, unless otherwise specified. Exceeding these ratings
may cause a malfunction or permanent damage to the device.

Symbol Description (Rating) Min Max Unit
Voltage ratings

\AVGEE?'FLSIP)ABPO, WAKE1, RVIO2, Global pins -0.3 40 \

V1_IN, VSUP, V2_IN, VSHS, V3_IN Global supply input pins -1 40 \%

V2_FB, HS4, HS3, HS2, HS1 Global pins -2 40 \Y

CANH, CANL!" Global CAN bus pins -33 40 v

LIN Global LIN bus pins -40 40 \%

BOOT High-voltage pin/Local pin -0.3 455 \Y

V1_SW, V1_B, VMON_EXT High-voltage pins/Local pins -0.3 40 \Y

V2 High-voltage pin/Local pin -0.3 V2_IN+0.3 \Y

V1_E High-voltage PNP pin/Local pin V1_IN -0.075 V1_IN + 0.075 Vv
Debug pin to enter in Debug mode.

DEBUG Should be grounded in the -0.3 10 \Y,
application.

V1, V3 Local regulator outputs -0.3 5.6 \Y

VDDIO, VBOS Local pins -0.3 55 \

FCCU1, LVIO4, LVIO3, LINTXD,

V06, MOSILVIS, SCKISCL, Cs8/ | 0% Pns 03 VDDIO + 03 v

SDA, RSTB, INTB, AMUX

VDIG Local pin -0.3 2 \%

GND_|O, PGND, GDNCAN, GNDLIN |Ground pins -0.3 0.3 \

[1]1  Min value is the worst case value at cold temperature (Tp =—40 °C).
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9 Electrostatic discharge

All voltages referenced to ground, unless otherwise specified. Exceeding these ratings may cause a malfunction
or permanent damage to the device.

Table 6. ESD ratings

Symbol Description (Rating) ‘ Min ‘ Max ‘ Unit

ESD ratings

Human body model: AEC-Q100 Rev H.

VESD_HBM All pins -2 2 kV

VEsp_cLoBaL_HBM | Global pins (VSUP, VSHS, Vx_IN, V2_FB, LIMPO, FS0B, WAKEX, HVIOx, HSx) -4 4 kV

VESD_CAN_HBM CAN bus interface pins (CANH, CANL) -8 8 kV

VESD_LIN_HBM LIN bus interface pln (LlN) -8 8 kV

Charged device model: AEC-Q100 Rev H

Vesp_com All pins ‘ -500 ‘ 500 ‘ Y

Gun discharged contact Test

v 330 Q/150 pF unpowered according to IEC 61000-4-2 8 8 KV
ESD_GUNT Global pins and bus interface pins

v 2 kQ/150 pF unpowered according to ISO 10605.2008 8 8 KV
ESD_GUN2 Global pins and bus interface pins

v 2 kQ/330 pF powered, GND connected, according to ISO 10605.2008 8 8 KV
ESD_GUN3 Global pins and bus interface pins

v 330 Q/150 pF unpowered, GND connected, according to ISO 10605.2008 8 8 KV
ESD_GUN4 Global pins and bus interface pins
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10 Thermal characteristics

Table 7. Thermal characteristics

Symbol Description (Rating) Min Max Unit
Thermal ratings

Ta Ambient temperature (Grade 1) -40 125 °C
Ty Junction temperature (Grade 1) —40 150 °C
Tste Storage temperature -55 150 °C

Thermal resistance (per JEDEC JESD51-2 and JESD51-8)

Rgia Thermal resistance junction to ambient (2s2p) - 32 °C/W

R Thermal resistance junction to case bottom 7 /W
8JC_BoT (between the die and the solder pad on the bottom of the package)

R Thermal resistance junction to case top 14 °C/W
84C_TOP (between package top and the junction temperature)
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11 Operating range and current consumption

11.1 Supply voltage

Table 8. Supply voltage
Tp =-40 °C to 125 °C, unless otherwise specified. VSUP = 5.5 V to 40 V, unless otherwise specified. All voltages referenced to ground.

Symbol ‘ Parameter ‘ Min ‘ Typ ‘ Max ’ Unit
Device power supply

Vsup Device input supply voltage Vsup_uv - 36 \Y
Vsup_ovt! VSUP overvoltage threshold 20 - 22 v
Vsup v VSUP undervoltage threshold 48 5.0 5.2 v
Tsup_ov Vsup_ov filtering time 6 10 20 us
Tsup_uv Vsup_uv filtering time 6 10 20 us
Vsus LIN and high-side drivers input supply voltage VsHs_uv - 36 \
Vshs_ov VSHS overvoltage threshold 20 - 22 \Y
VsHs_uv VSHS undervoltage threshold 4.8 5.0 5.2 \%
TsHs_ov Vshs_ov filtering time 10 15 25 us
TsHs_uv Vsns_uv filtering time 10 15 25 us

Internal digital supply

Vpic Device digital supply voltage - 1.6 -

Vbic_ov VDIG overvoltage threshold 1.85 2.00 2.15 \%
Toic_ov Vpig_ov filtering time 0.13 1.00 3.10 us
Vpig_PoR VDIG power-on reset (POR) threshold 1.35 1.44 1.55 \%
Toic_POR Vpig_por filtering time 0.13 1.00 3.10 us

Interface supply pins

Vppio VDDIO supply voltage range ‘ 3.0 ‘ - ‘ 5.5 ’ \

[1]  The Vsyp_ov comparator will trigger a flag in the SPI / 1’c mapping for MCU diagnostic to indicate a load dump happened, but will have no direct action to
the safety pins (FSOB, RSTB, LIMPO).

[2]  The Vsyp_uv comparator will trigger a flag in the SPI / 1’c mapping for MCU diagnostic to indicate a cranking event happened, but will have no direct
action to the safety pins (FSOB, RSTB, LIMPO). It is also used at power up to start the device.
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11.2 Current consumption

Table 9. Current consumption
Ta =-40 °C to 125 °C, unless otherwise specified. VSUP = 5.5 V to 40 V, unless otherwise specified. All voltages referenced to ground.

Symbol ‘ Parameter Min Typ Max Unit

Quiescent current

Current in Normal mode,
INORMAL all regulators ON, no load (Ioyt = 0) - 8 15 mA
all high side switched ON (lgyt = 0)

Current in Low-power ON mode,

- V1 = HVBUCK =33V, ]
ILrON_25 V1 ON (lour = 0), 20 36 pA
Ta=25°C

Current in Low-power ON mode,
V1=HVBUCK =3.3V,

| yl ’ - 4 A

LPON_85 V1 ON (lour = 0), 30 0 M

To=85°C

Current in Low-power ON mode,
V1 =HVLDO1=3.3YV,
ILPON 25 V1 ON (lour = 0), - 40 60 pA

Ta=25°C

Current in Low-power ON mode,
V1 =HVLDO1 =33V,
ILroN_85 V1 ON (lour = 0). - 50 70 pA

To=85°C

Current in Low-power OFF mode,
ILPOFF 25 all regulators OFF, - 30 50 A
Ta=25°C

Current in Low-power OFF mode,
ILPOFF 85 all regulators OFF, - 40 60 uA
Tao=85°C

[11  In LPON mode, when V1 is a HVBUCK, the quiescent current can be reduced by supplying VBOS from V1 (closing VBOS2V1 switch, if configured by
OTP). This way, the current consumption beneficiates from the ratio between VBAT and V1 output.
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12 Functional description

The FS23 device has one main state machine. The main state machine manages the power management, the

Low-Power modes, and the wake-up s
power management, the monitoring of

In parallel, an INIT state machine is im

ources. The main state machine also manages the monitoring of the
the MCU, and the monitoring of an external IC.

plemented to manage the INIT state of the device. This state is used for

the configuration of the device per SPI/°C.

The safety pins RSTB, FS0B, and LIMPO are managed independently from each other, in parallel of the main

state machine.

12.1 Simplified state machine

Wake-up event:
CAN, LIN, LDT, WAKEX,
HVIOx, LVIOx, SPI/12C

Figure 10. Simplified state machine

Go2LPON Go2LPOFF
LPON LPOFF
VBOS_UV, VxOV, TSDx
detected .
Fault error counter = max . tlmgout iy
automatic restart
l FS timeout and no
V1UVLP automatic restart
detected

POR

VBOS > VBOS_ por
VDIG > VDIG_por
VDIG < VDIG_ov

Start-up of

internal
circuitry

VBOS > VBOS_UV

Power-up
sequence
of the
regulators

Wake-up event:
CAN, LIN, LDT,
WAKEX, HVIOx, SPI/12C

Regulators started

VBOS_UV,
V10V, VIUVLP
detected

Normal
mode

Fail-safe

aaa-052135
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12.2 Operation and power modes

The FS23 provides three main operating modes:

Normal mode is intended to be the fully functional mode. All power supplies are enabled as required by the
system, and all system functionalities provided by the FS23 are available. In Normal mode, the monitoring is
available and all safety features operate in the device.

LPON mode is the Low-power ON mode, providing support to the minimum system requirements with low
current consumption from the battery. During the LPON mode, only V1 regulator (HVBUCK or HVLDO1)
remains enabled, by default, to supply the microcontroller rail. For V1 HVBUCK configuration, an LPON-
specific output voltage can be configured by OTP, and the regulator operates in PFM mode. For V1 HVLDO1
configuration, only the internal PMOS can be used in LPON mode, and the external PNP is turned OFF.
HVLDO2 and HVLDOS3 can remain in the same state as in Normal mode, depending on the SPI / Ke
configuration. HVIOx and LVIOx only stay active in LPON mode when used as wake-up sources. LPON mode
is assumed to be a safe state with no critical activity. Therefore, only monitoring of undervoltage on V1 power
rail and MCU watchdog are active to achieve minimum current consumption by the system and FSOB is
asserted low.

LPOFF mode is the Low-power OFF mode, with no active system supplies. Logic circuitry is internally
supplied to allow proper wake up from any of the available wake-up mechanisms, with the minimum current
consumption possible.

The system can wake up from any of the Low-power modes via any of the following wake-up mechanisms
available in the device:

WAKE1 and WAKE2 pins

HVIOx pins

LVIOx pins (from LPON only)

Long duration timer (LDT) expiration

CAN via wake-up pattern

LIN via wake-up pattern

GO2NORMAL SPI or I2C command via M_SYS_CFG register (from LPON only)

The FS23 will also wake up from LPON ...

... in case of repeated watchdog error (WD_ERR_CNT = max)
... in case of pending interrupt for more than TNt _T0
... in case of external reset event.

Fail-safe mode is intended to be the safe state of the device. It is used to bring the application in a safe state
and to protect the FS23, the MCU and the full system in case of failure of the FS23 or the MCU itself. In this
mode, all regulators, safety features and systems features are disabled and the safety pins are asserted.
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Table 10 summarizes the operating modes and available features:

Green: Not configurable functions. Orange: Configurable functions

Table 10. Operating modes summary

Operating mode
Function Fail-safe
Normal LPON LPOFF

Power management

HVBUCK OFF OFF
or HVLDO1 OFF OFF
HVLDO?2 OFF OFF
HVLDO3 OFF OFF
System features OFF
CAN transceiver OFF
LIN transceiver OFF
WAKEX pins OFF
HVIOx pins OFF
LVIOx pins OFF
High-side drivers OFF
SPI/I°C interface OFF
Long duration timer (LDT) OFF
AMUX OFF
Functional safety OFF
Voltage monitoring OFF
Watchdog monitoring OFF
FCCU monitoring OFF
ABIST on demand OFF
INIT CRC check OFF
Clock monitoring OFF
RSTB pin Asserted
FSOB pin Asserted
LIMPO pin (and LIMP1/2) Asserted

[11  In Normal mode, V2 and V3 regulators can be enabled and disabled by SPI / 1’c
[2] In LPON mode, V2 and V3 regulators are considered OFF by default but can be kept ON if previously configured by SPI/’C. The watchdog can also be
kept active (timeout) in LPON, if previously configured by SPI/ I%c.
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12.3 Main state machine description

Power-on reset and power-up sequence

The FS23 starts when VBOS > Vgog por and VDIG > Vpg_por. VBOS is the first supply to start. The internal
1.6 V supply of the digital circuitry, VDIG, is generated from VBOS. When VBOS > Vgos yy, the high-power
(HP) analog circuitry is enabled and the OTP registers content is loaded into mirror registers. When VSUP >
Vsup uv » the power-up sequence starts in Slot 0, with at least V1 regulator. The remaining regulators start
according to the power-up sequencing configured by OTP.

Transition to fail-safe during the power up

During the power-up sequence, if VBOS < Vgos yy, the device goes to Fail-Safe mode and all regulators are
disabled. If an overvoltage or an overtemperature is detected, the device goes to fail-safe, depending on the
OTP configuration.

Normal mode

When the power up is finished, the main state machine is in Normal mode, which is the application running
mode. If VSUP < VSUP_UV, an interrupt is generated but it has no effect on the state machine. If VBOS <
VBos_uv, the device goes to Fail-Safe mode.

Transitions to low-power modes

The device can go to Low-power modes via an SPI/I°C command from the MCU. A GO2LPOFF command will
start the power-down sequence to go in LPOFF mode, and a GO2LPON command will start the power-down
sequence to go in LPON mode. The device goes into Low-power mode after the power-down sequence to stop
all the regulators in the reverse order of the power-up sequence. In case the device goes in LPON, V1 regulator
is not shut down and is kept ON.

Transition to Fail-Safe from Normal mode

In case of loss of VBOS (VBOS < Vgos uy), the device goes directly to Fail-Safe mode without power-down
sequence.

In case of overvoltage detection, or TSD detection on a regulator, depending on OTP configuration, or when
the fault error counter reaches its maximum value, the device stops and goes directly to Fail-Safe mode without
power-down sequence.

Fail-Safe state exit
Three behaviors are configurable by OTP to exit the Fail-Safe state :

* Automatic restart after Trs pyr (autoretry feature, configurable by OTP at 100 ms or 4 s)

» Semi-automatic restart after Trg pyr, the device exits Fail-Safe state and enters LPOFF states, then waits for
a wake-up source to transition to M2 and restart (FS_LPOFF = 1 and KEY_OFFON_EN_OTP = 0).

* Restart on Key OFF — Key ON event: Key OFF — Key ON feature is meant to be used when the ignition
signal is connected to WAKE1. When enabled, the car driver must turn OFF then ON the ignition signal
to restart the device from fail-safe. In this case, the device will only exit fail-safe when WAKE1 = 0 and
KEY_OFFON_EN_OTP = 1, and will transition to LPOFF. There, the device will wait for a wake-up event (that
is, WAKE1 = 1) to transition to M2 and restart.

* This feature requires WAKE1 to be configured as a direct wake-up source.

Waking up from Low-power modes

When waking up from Low-power modes, it is possible to reduce the startup time by bypassing the M3 state
(OTP content loaded in the mirror register) using LOAD_OTP_BYP SPI/I?C bit. This is also valid when exiting
fail-safe.

When waking up from LPON only, it is possible to bypass slots 1 and 2 if all of the regulators are configured to
start in Slot 0. This can be configured by OTP (SLOT_BYP_OTP) or later by SPI/I?)C (SLOT_BYP).
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12.4 Detailed functional state diagram

TN
7 N VBOS < VBOS_por
| From any ) Or VDIG < VDIG_por
/

\ Mx state OrVDIG > VDIG_ov
N~
Power down | Al regulators OFF
Reset Go2 PON/Go2LPOFF _latch
VBOS > VBOS_por
And VDIG > VDIG_por
And VDIG < VDIG_ov
1 MHz oscillator enabled
UVx, OVx, TSDx masked
Start 1 ms timer
1 ms timeout
20 MHz oscillator enabled
M2 HP analog enabled
Start 20 ps timer (1 ms timeout and Go2LPON_latch = 1)
Start HP Or (VIUV_LP = 1 and Go2LPON_latch = 1)
analog
20 ps timeout
And VBOS > VBOS_uv
And LOAD_OTP_BYP =0
M3 OTP programming and/or OTP -
Loadand \emulation possible in this state VAUV_LP =1 and
20 s timeout oadan Go2LPON_latch = 1
And VBOS > VBOS_uv emulate [ pepug mode detection
And LOAD_OTP_BYP = 1 oTP
OTP_MODE =
OrOTP_EXIT =1
V1 FPWMor PNP enabled  oTp ERROR = 1 or
OVx, TSDx unmasked (VAUV_LP = 1 and Go2LPON_latch = 1)
Start 20 ps timer.
20 ps timeout FLT_ERR_CNT > = max or
And VSUP > VSUP_uv (VIUV_LP = 1 and Go2LPON_latch = 1)
And VBOS > VBOS_uv OrVI OV 2ps=1
And OTP_ERROR =0 Or VEOS < VBOS. uv

Or (VXTSD_I = 1 and CONF_TSD_Vx_OTP = 1)
Or (VXOV_I = 1 and CONF_OV_Vx_OTP = 1)
Or 100 ms timeout

V1 ON (soft start)
Vx ON if configured (soft start)
HVIOX/LVIOX ON if configured
FLT_ERR_CNT enabled
Start 100 ms timer

V1 >VIUV_LP and

TSOFT_START V1 completed FLT_ERR_CNT >= max

OrVIUV_LP =1
OrVi_OV_2us=1

Or VBOS < VBOS_uv

Or (VXTSD_I = 1and CONF_TSD_Vx_OTP = 1)
Or (VXOV_I = 1 and CONF_OV_Vx_OTP = 1)

Vx ON if configured (soft start)
HVIOX/LVIOX ON if configured

TsLoTxcompleted  FLT_ERR_CNT > = max
Or VBOS < VBOS_uv
Or (VXTSD_I = 1 and CONF_TSD_Vx_OTP = 1)
Or (VXOV_I = 1 and CONF_OV_Vx_OTP = 1)
Or (V1_OCLS_land V1_OCLS_EN_OTP = 1)
Or (V10C_I and TLDO1_ILIM_TO and V1_PNP_EN_OTP)

SLOT_BYP = 1and
Go2LPON_latch = 1

UVx unmasked
Reset Go2LPON/Go2LPOFF_latch

Go2LPON_latch =1 <- Go2LPON =1 or
Go2LPOFF_latch = 1 <- Go2LPOFF =1

(VIUV_LP = 1 and Go2LPON_latch = 1)
Or (VBOS < VBOS_uv and Go2LPOFF_latch)
Or (VXTSD_I = 1 and CONF_TSD_Vx_OTP =1)
Or (VXOV_I = 1and CONF_OV_Vx_OTP = 1)

Vx OFF if configured and Vx_LPON =0
Start TSLOT_DOWN_Vx timer(s)
HVIOX/LVIOX to defailt if configured
FLT_ERR_CNT disabled
UVx masked

TSLOT_DOWN_Vx completed
And GG2LPON atch = 1

TSLOT_DOWN_Vx completed
And Go2LPOFF_latch = 1
V1 rampto V1_LP

Vx OFF if Vx_LPON =0
HVIOX/LVIOX to default

All regulators OFF
if configured

All lOs OFF
OVx, TSDx masked

Start 20 ps timer VIUV_LP =1

Or (VxTSD_I =1 and
CONF_TSD_Vx_OTP = 1)
Or (VxOV_I =1 and

CONF_OV_Vx_OTP = 1)

Wake-up
event LPON

TRAMP_DOWN_V1 completed

Wake-up 20 ps timeout

event LPOFF VIUV_LP =1

->V1_UVLP_WU =1

20 MHz oscillator disabled
HP analog disabled

V1 FPWM or PNP disabled
OVx, TSDx masked

20 MHz oscillator disabled
HP analog disabled
V1 FPWM or PNP disabled

Legend: Blue: Device action, GREEN: Safety related device action, BLACK: Device state

Figure 11. Detailed functional state diagram

TFS_DUR timeout

FAIL SAFE And (FS_LPOFF_OTP =0

Or VAUV_LP_WU = 1)

And KEY_OFFON_EN_OTP =0

All regulators OFF

HP analog enabled

20 MHz oscillator enabled

V1 FPWM or PNP enabled

Reset Go2LPON/Go2LPOFF_latch
UVx, OVx, TSDx unmasked
FLT_ERR_CNT disabled

Start TES_DUR timer

>FS_EVT =1

TES DUR timeout
And FS_LPOFF_OTP = 1

And VIUV_LP_WU =0

And KEY_OFFON_EN_OTP = 0)
or

(KEY_OFFON_EN_OTP =1

And WAKET = 0)
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12.5 INIT state machine

- -~
/ N VBOS <VBOS_por
1 Fromany}  orvDIG < VDIG_por
\ Mx state/' Or VDIG > VDIG_ov
N

~_
Power down
VBOS >VBOS_por
And VDIG > VDIG_por
And VDIG < VDIG_ov
Periodic CRC disabled
INIT registers unlocked
Go2INIT =1 WD infinite period writing possible
And Mode = NORMAL (M7) LOCK_INIT set to 1
Or
Wake-up from LP mode (M2) LOCK_INIT =0
And LOAD_OTP_BYP =0 And WD_OK
Or
Restart from Fail-Safe state
And LOAD_OTP_BYP =0 Periodic CRC enabled

INIT registers locked
WD infinite period writing locked

Legend: BLUE: Device action, GREEN: Safety related device action, BLACK: Device state
aaa-051438

Figure 12. Simplified INIT state diagram

At power-on reset, the device is automatically in INIT state. In this mode, the INIT registers (FS_|_xxxxx) are
available for writing and configure the device safety features and reactions. When the device enters INIT state,
LOCK_INIT bit is set to 1. The cyclic CRC check that protects these registers is disabled. Also in this mode,
the watchdog period can be configured as infinite, which is equivalent to disabling the watchdog. For an MCU
programming example, see Section 12.8.

To exit the INIT state, LOCK_INIT is cleared by writing 1, and then a good watchdog refresh must be sent.
The INIT registers, as well as the possibility to select infinite watchdog period configuration, are then protected
against write access. The cyclic CRC check on the INIT registers is activated, and occurs every 5 ms.

At power-on reset, the first good watchdog refresh must be sent in less than 256 ms, which is the default
watchdog period. If not, the watchdog error counter will be incremented, see Section 19.2.2.

In Normal mode, the INIT state can be accessed again by sending a GO2INIT request by SPI / I°C. In this case,
if the watchdog is enabled, it must be refreshed every watchdog period.

The device will also enter the INIT state when waking up from LPON or LPOFF states, or when restarting from
Fail-Safe state, in case the OTP register loading is not bypassed. This allows the MCU to reconfigure the safety
features if needed.

Note: If the device goes into LPON, LPOFF, or Fail-Safe mode while in INIT state, it stays in INIT state,
which can lead to misconfiguration of the device. Therefore, it is recommended to read the INIT_S status bit
in M_STATUS register before going to LPON or LPOFF mode, and to go only if the device is no longer in INIT
state.
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12.6 Power sequencing

V1 is the first regulator to start automatically in Slot 0, then the other regulators start following the OTP
power sequencing configuration. Three slots are available, from SLOT_0 to SLOT_2, to program the start-up
sequence of V2 and V3 regulators, as well as |/Os release or assertion.

The power-up sequence starts at SLOT_0 towards SLOT_2. The power-down sequence is executed in reverse
order, starting at SLOT_2 toward SLOT _0.

All regulators not assigned in any slot are not started during the power-up sequence. These regulators can be
started (or not) later when the main state machine is in NORMAL mode with an SPI/I°C command to write in
M_REG_CTRL register if they were enabled by OTP.

Slot 0 duration depends on the device version. In the HVBUCK version (FS232x), Slot 0 lasts at least 500 us
and until the soft start of the DC-DC is done, which depends on the OTP configuration. In the HVLDO1 version
(FS230x), it lasts 500 s (fixed duration).

Slot 1 and Slot 2 always last 500 ps.

When waking up from LPON, it is possible to reduce the start-up time by bypassing Slot 1 and Slot 2. In this
case, the V2 and V3 regulators must be configured to start in Slot 0, or later by SPI/I? C as their correct soft
start will not be guaranteed otherwise. Bypassing Slot 1 and Slot 2 is enabled by SPI/I 2C with SLOT_BYP bit. It
can also be preconfigured by OTP using SLOT_BYP_OTP bit.

Power up Power down

From From
WAIT VSUP NORMAL

+VSUP > Vgup v 1 Go2LPON = 1 or Go2LPOFF = 1

> >

TsoFT_sTART v1and (TsLoTt_up
—+ or (SLOT_BYP =1 and
Go2LPON_latch = 1))

el

T TsLoT_DOwWN

SLO:>

T TsLOT_DOwWN

/\

T TsLoT_up

SLOE_2>

T TsLoT_up

SLOT_0

a

T TRAMP_DOWN_v1 + 10 ps

To
LPON

To

NORMAL SLOT_BYP =1 and

Go2LPON_latch =1

aaa-051439

Figure 13. Power sequencing
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Power-up sequence NORMAL mode
7 Vsup > Vsup_uv
VBAT
VBOS J
VDIG —/
Slot 0 —/
(V1)
=Tslot |
Slot 1
==Tslot ™|
Slot 2
Tslot ™ |«—— 256 ms for INIT phase —J
RSTB
Trstb_dur aaa-051440

Figure 14. Power-up sequence example

12.7 Debug and OTP modes

OTP mode and Debug mode are intended for use during the development process, not in production
applications or vehicles. OTP mode is intended for OTP emulation and OTP programming.

The FS23 enters Debug mode in M3 state of the main state machine when Vpgg (DBG pin voltage) >

Vpec mope- NXP recommend's connecting the DBG pin to the VBOS pin through a diode (Vpgg = Veos — Vd =
4.1 V). The Debug mode disables the watchdog (period configured as infinite), the RSTB 8 s timer, the Fail-Safe
mode entry via the fault error counter, and locks FSOB low. In Debug mode, CAN and LIN transceivers are set
in Active mode by default. The Debug mode status is reported by the DBG_MODE bitin M_SYS1_CFG. To exit
Debug mode, write 1 in the DBG_EXIT bit in the M_SYS1_CFG register.

| | | | |
VA \ | \ \ |
DBG | 1 | | 1
DBG | } \ | ! !
L
| >Vsup uv | 1 1 1 1
\ ‘ | |
| | | | | |
_’_, |
| | ‘ } > WAKEXxyH 1
\
| .
T T T T | ‘
| | LP_req | ‘ | \
| | v \ :::I
allira 1 1 SPI/12C f | SPI/I2C
\ \ \ |
| | | \ \
L i L L
% OFfF | PWRUP |  ON  [PwRDWN| OFF | PWRUP oN |
b | | | |
aaa-052137
Figure 15. Debug mode
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The FS23 enters OTP mode in M3 state of the main state machine, when Vpgg > Votp_mope. NXP
recommends applying Votp_mope With an external power supply at DBG pin before applying Vsyp. In this case,
the diode protects VBOS pin. For OTP programming process, VDBG shall be equal to Votp_mope-

| | | | | | | |
| | | \
‘VOTP | | | ‘VOTP | |
\ \ \ \
DBG | | 1 1 1
|1 >Vsup_uv | | | | | |
\ \ ! ! \ \ !
VSUP ‘ ‘
o } \ \ } > WAKEXyH } \
| | f
WAKEx || | | | | } ‘
T ‘ T ‘ ‘ T ‘
| | | LPreq, N | |
spiiac || | ¢ | |
—O—'—lSPI/IZC OTP emulate or pgm SPI/12C SPI1/I2C OTP emulate or pgm SPI/12C
| \ [ \ [ \ \
[ \ | | [ \ \
% OFF [ PwruP |  ON  [PwWRDWN]| OFF [ PwrUP [ ON |
‘ ‘ ‘ ‘ b ‘ ‘ aaa-052138
Figure 16. OTP mode time chart
VBOS
\V4
Vorp =7.95V T DBG FS23
% 10 uF HWO kQ
aaa-051441
Figure 17. Debug pin (DBG) circuitry

12.7.1 Electrical characteristics

Table 11. Electrical characteristics
Ta =-40 °C to 125 °C, unless otherwise specified. VSUP = 5.5 V to 40 V, unless otherwise specified. All voltages referenced to ground.

Symbol Parameter Min Typ Max Unit
Debug mode

VpBG_MODE Voltage to apply at DBG pin to enter Debug mode 3.5 45 5.5 \%
ToBc_MoDE Debug mode entry filtering time 4 6 15 us
VoTp_MODE Voltage to apply at DBG pin to program the OTP 7.75 7.95 8.15 \%
TotP_MoDE OTP mode entry filtering time 4.0 5.5 7.0 us
oG DBG pin input current consumption - - 60 HA
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12.8 MCU programming

MCU programming can be done at any time. When the watchdog functionality is enabled by OTP
(WD_INF_OTP = 0), NXP recommends extending the watchdog period (up to 1024 ms) or to set it as infinite
(window is fully opened) during INIT phase. This will prevent any watchdog error detection and RSTB pin
assertion while programming. If the watchdog is not “disabled” (window set as infinite), the user will have to
refresh it during the MCU programming.

The advised procedure to change the watchdog period to infinite is the following:

1. Make sure the FS23 is in Normal mode by reading M_STATUS register.

2. Send a GO2INIT request by writing in M_SYS_CFG register.

3. Make sure the FS23 is in INIT mode by reading M_STATUS register.

4. Set the infinite watchdog period by writing 46’0000 in the WDW_PERIOD and WDW_RECOVERY fields in
FS_WDW register.

5. Exit INIT mode by clearing the LOCK_INIT bit, then sending a good WD refresh.

12.9 Best of supply

12.9.1 Functional description

The VBOS regulator manages the best of supply from VSUP or V1 (in case V1 is an HYBUCK) to efficiently
generate the internal biasing of the device, in every Device mode. VBOS is also the supply of V1 high-side and
low-side gate drivers in HYBUCK use case.

VBOS undervoltage may not guarantee the full functionality of the device. Consequently, VBOS_UV detection
powers down the device by going into Fail-Safe state.

VBOS is composed of two regulators implemented in parallel: VBOS_HP used to supply the HP analog
internal biasing, and VBOS_LP used to supply the internal biasing in Low-Power modes. Both VBOS_LP and
VBOS_HP are generated from VSUP.

At power up, VBOS_LP is automatically enabled, and VBOS_HP is enabled later when the HP analog circuitry
is enabled.

In HYBUCK use case only:

* In Normal mode, VBOS can be connected to V1 if V1 = 5 V (configurable by OTP + SPI/I°C, using
VBOS2V1_SW_ALWAYS_EN bit). In this case, VBOS will stay connected to V1 in LPON mode.

* In LPON mode, VBOS can be connected to V1 using VBOS2V1_SW _LP_EN _OTP bit. This feature allows
the user to optimize the efficiency, as the current consumption benefits from the VBAT to V1 ratio.

* When waking-up from LPON mode, VBOS will stay connected to V1 if VBOS2V1_SW_ALWAYS_EN = 1.
In HVLDO1 use case, VBOS is always supplied from VSUP.

In LPOFF mode, only VBOS_LP is enabled.

The behavior of VBOS regulator is summarized in Figure 18.
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P -~
/ N VBOS < VBOS_por
1 Fromany V' orypIG < VDIG_por
\ Mx state /’ Or VDIG > VDIG_ov

N\ - P

VBOS_LP enabled

FOR VBOS_HP disabled

And VDIG > VDIG_por

VBOS > VBOS_por
And VDIG < VDIG_ov

VBOS_LP enabled
VBOS_HP disabled

HP analog enabled
And Mode != (Slot0 to
LPOFF or LPOFF or LPON)

(M9 or M11 or M12)

BOS_2 ) vBOS LP enabled
VBOS_HP/ vBOS HP disabled

(Mode = NORMAL (M7) and VBOS2V1SW_ALWAYS_EN = 1)
Or (Mode = M8 and Go2LPON_latch = 1 and
VBOS2V1_SW_LP_EN_OTP = 1)

Mode = Slot0 to LPOFF or LPOFF (M9 or M11)
Or (Mode = LPON (M12) and VBOS2V1_SW_LP_EN_OTP = 0)
Or (Mode = M2 and VBOS2V1SW_ALWAYS_EN = 0)

Mode = Slot0 to LPOFF or LPOFF (M9 or M11)
Or (Mode = M2 and VBOS2V1SW_ALWAYS_EN = 0)

VBOS_HP disabled

|
|
|
|
VBOS_LP disabled |
|
VBOS = V1 (switch closed) :

|

|
|
|
|
|
|
|
|
|
!_ In HVYBUCK configuration only

Legend: BLEU: Device action, BLACK: Device state aaa-051442

Figure 18. Simplified VBOS state diagram
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12.9.2 BOS electrical characteristics

Table 12. Best of supply electrical characteristics
Ta =-40 °C to 125 °C, unless otherwise specified. VSUP = 4 V to 40 V, unless otherwise specified. All voltages referenced to ground.

Symbol Parameter ‘ Min ‘ Typ ‘ Max ‘ Unit
Static electrical characteristics

VBoS_HP Best of supply high-power output voltage 34 4.7 5.2 \Y
VBos_LP Best of supply low-power output voltage 3.4 4.3 5.2 \
VBos_uv Vgos undervoltage threshold 2.95 3.04 3.13 \%
VBos_POR Vgos power on reset threshold 245 2.6 2.7 \Y

Maximum Vgos_np dropout voltage

Veos_te_oRop (VSUP =4V, Igos = 5 mA, VBOS = 3.3 V) ) / 650 mv

Vgos to V1 switch dropout voltage
Y - - 50 \Y,
BOS_SW_v1 (V1=33V, Igos = 5 mA) m

IBos_HP_LIM Best of supply high-power current limitation - - 50 mA

Igos_LP LIM Best of supply low-power current limitation - - 35 mA

Dynamic electrical characteristics

TBOS_UV VBOS_UVH and VBOS_UVL filtering time 6 10 20 MS

TBOSfF’OR VBOSfF’OR filtering time 0.13 1.00 3.10 us

Vgos low-power starting time

Teos_sTaRT (VSUP = 5.2V, Cour pos = 1 F, VBOS = 2.6V) - - 500 He

External components

Cout _Bos Effective output capacitor ‘ - ‘ 1 ‘ - ‘ uF
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13 Power management

Table 13. FS23 regulators list (400 mA)

Regulator Type Input Supply Output Range Max DC current
V1_IN
HV Buck regulator (Veuck / DCrmax_drop * ((RHs_Buck * Rocr_ 400 mA
V1 Leuck) X Isuck X DCrax_drop) to 36 V) 33Vor50V
HV Linear regulator VIIN 100 mA/250 mA
9 (4 V or V1 + 500 mV to 40 V)
V2 HV Linear regulator V2N 3.3Vor50V 100 mA
9 (4 V or V2 + 500 mV to 40 V) : :
. V3_IN
V3 HV Linear regulator 3.3Vor50V 150 mA

(4 VorV3+500mVto40V)

The FS23 includes three regulators, all supplied in parallel from the battery line. Depending on the part number,
the V1 regulator can be a BUCK regulator or a linear regulator.

The FS23 starts when VSUP > Vgyp yy, with VBOS first, followed by V1, then the power-up sequencing
configured by OTP for the remaining regulators (LDO2, LDO3).

13.1 HVBUCK: High-voltage buck regulator

13.1.1 Functional description

HVBUCK block is a high-voltage integrated synchronous buck. It can be used to supply the ECU MCU and
other local loads inside the ECU.

General operation

The HVBUCK operates in force PWM or PFM modes and uses internal N-type FETs. The output voltage is
configurable by OTP. Compensation is ensured by internal circuitry.

The current in the inductor is sensed via the internal FETs. This information is used to compute an average
value reflecting the output DC current.

Mode-specific operation

HVBUCK operates in force PWM (pulse width modulation) when the FS23 is in Normal mode and in PFM
(pulsed frequency modulation) when the FS23 is in Low-Power ON mode (LPON). HYBUCK output voltage can
be different in Normal mode and in LPON mode. The voltage ramp-up/down between the normal and the LPON
voltages is done in PWM mode.

Switching frequency

HVBUCK switching frequency in force PWM mode is configurable at 450 kHz or 2.25 MHz by OTP, using
BUCK_CLK_OTP bit.

Current limitation

HVBUCK has current limitation protection features. In PWM mode, HVBUCK has both peak and average
current limitations, configurable by OTP. In PFM mode, HVBUCK has a peak current limitation, as well
configurable by OTP.

When HVBUCK current reaches one of these current limitations, V1OC_| flag is set. The regulator stays
enabled, but it induces a duty cycle reduction and therefore an output voltage drop, which could lead to an
undervoltage detection (V1UV_I flag generated).
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An overcurrent detection is also implemented on the low-side MOSFET, to detect high negative current in
case of output short to the battery. In this case, both V1OC_I flag and V1_OCLS_| flag are set and the device
transitions to fail-safe depending on OTP configuration using V1_OCLS_EN_OTP.

Input voltage range

HVBUCK output voltage regulation is guaranteed for a minimum V1_IN, which depends on Igyck current load.
To ensure HVBUCK output voltage regulation, V1_IN should be above Vgyck / DCmax_drop * ((RHs_Buck *+
Rpcr_LBUCK) X lBuck X DCax_drop) With DCax_drop the maximum duty cycle in Dropout mode.

For example, with RDCR_LBUCK =200 mQ at IBUCK =400 mA with VBUCK = 3.3V, the minimal V1_|N is VBUCK +
527 mV.

Thermal shutdown

When a thermal shutdown is detected, the regulator is disabled and VATSD_I flag is generated.

13.1.2 Application schematic

Lv1_BUCK
V1_IN A V1
C1_IN_BUCK I CBOOT_BUCK I C1_ouT_BUCK
z| = =
= Q @,
| O - -
> o > >
V1 - HVBUCK
aaa-051443

Figure 19. HVBUCK schematic with connection to V; |y

13.1.3 Electrical characteristics

Table 14. Electrical characteristics
Ta =—40 °C to 125 °C, unless otherwise specified. V1_IN = Vigyck v (min) to 36 V, unless otherwise specified. All voltages referenced to ground.

Symbol ‘ Description Min Typ Max Unit

Static electrical characteristics

VBUCK_IN_STUP Input-voltage range during startup and softstart time 4.6 - 36 \%

Veuck/
DCmaxﬁdrop +
((RHs_Buck +
Rpcr_LBUCK)

X lguck X
DCmaxﬁdrop

VBUCK_IN Input-voltage range (after start-up)

Output-voltage in Normal mode

Vauck_pwm (VV1_BUCK_OTP configuration, 3.3 V or 5 V) 33 ) 50 v
Vauck pem Output-voltage in Low-Powzlar ON.mode 33 ) 5.0 v
- (VV1_LP_BUCK_OTP configuration, 3.3 V or 5 V)
VBUCK_ACCPWM Output-voltage accuracy in PWM mode -2 - 2 %
VBUCK_ACCPFM Output-voltage accuracy in PFM mode -4 - 4 %
IBuck Output DC current capability - - 400 mA
FS23 data sheet Al information provided in this document is subject to legal disclaimers. © 2023 NXP B.V. All rights reserved.
Product data sheet Rev. 4 — 15 September 2023

CONFIDENTIAL 3317229



NXP Semiconductors

FS23 data sheet

Safety system basis chip (SBC) with power management, CAN FD and LIN transceivers

Table 14. Electrical characteristics...continued
Ta =—40 °C to 125 °C, unless otherwise specified. V1_IN = Vigyck_in (min) to 36 V, unless otherwise specified. All voltages referenced to ground.

Symbol Description Min Typ Max Unit
IBUCK_PFM Current capability in PFM mode (Standby mode only) - - 100 mA
Efficiency in PWM mode
Fsw = 450 kHz
NPEAK_BUCK_450k_3V3 Lv1_suck = 22 pH with DRC = 500 mQ - 89 - %
VSUP =14V
VBUCK= 3.3 V with IBUCK= 400 mA
Efficiency in PWM mode
Fsw = 450 kHz
NPEAK_BUCK_450k_5V Lv1_Buck =22 pH with DRC = 500 mQ - 92.2 - %
VSUP =14V
VBUCK= 5V with IBUCK =400 mA
Efficiency in PWM mode
Fsw = 2.25 MHz
NPEAK_BUCK_2M2_3V3 Lv1_Buck = 4.7 uH with DRC = 500 mQ - 83.4 - %
VSUP =14V
VBUCK= 3.3 V with IBUCK= 400 mA
Efficiency in PWM mode
Fsw = 2.2 MHz
NPEAK_BUCK_2M2_5v Lv1_Buck = 4.7 uH with DRC = 500 mQ - 88 - %
VSUP =14V
VBUCK= 5V with IBUCK =400 mA
High-side MOSFET RDSON
R 1 7 Q
HS_BUGK (VBOS = 5V, including bonding) 50 330 % m
Low-side MOSFET RDSON
R 150 330 735 Q
LS_BUCK (VBOS =5V, including bonding) m
Reuck_pis Discharge resistor (when HVBUCK is disabled — LPOFF) - 60 100 Q
TWARNy/1 Temperature prewarning 125 145 160 °C
TSDy4 Thermal shutdown threshold 175 190 215 °C
TSDv1_HysT Thermal shutdown threshold hysteresis 6 9 16 °C
Average overcurrent threshold in PWM mode 130 200 290
BUCK_AVG_OC_PWM_OTP[2:0] = 000 210 300 400
BUCK_AVG_OC_PWM_OTP[2:0] = 001 300 400 505
loc_ave_pum' BUCK_AVG_OC_PWM_OTP[2:0] = 010 290 500 630 mA
BUCK_AVG_OC_PWM_OTP[2:0] = 011 468 600 735
BUCK_AVG_OC_PWM_OTP[2:0] = 100 546 700 854
BUCK_AVG_OC_PWM_OTP[2:0] = 101
Peak overcurrent threshold in PWM/PFM mode 300 400 500
BUCK_PK_OC_[PWM/PFM]_OTP[2:0] = 010 375 500 635
BUCK_PK_OC_[PWM/PFM]_OTP[2:0] = 011 468 600 732
loc_pK_pwmpEM. BUCK_PK_OC_[PWM/PFM]_OTP[2:0] = 100 a4t 700 050 mA
BUCK_PK_OC_[PWM/PFM]_OTP[2:0] = 101 624 800 1100
BUCK_PK_OC_[PWM/PFM]_OTP[2:0] = 110 702 900 1200
BUCK_PK_OC_[PWM/PFM]_OTP[2:0] = 111
loc_Ls Low-side FET overcurrent threshold 0.3 0.8 1.1 A
Dynamic electrical characteristics
Operating frequency in PWM mode:
Fsw_Buck HVBUCK @ 450kHz 405 450 495 kHz
HVBUCK @ 2.2MHz 2.025 2.250 2.475 MHz
DCrax_drop Maximum duty cycle in Dropout mode - 90.5 - %
tviov_DGLT_STUP Overvoltage deglitch time at startup 1 2 3 us
Overvoltage deglitch time 20 25 30
tV1OV_DGLT V1 MON_OVDGLT_OTP[O] =0 40 45 50 Ms
VIMON_OVDGLT_OTP[0] = 1
tvioc_peLT Overcurrent deglitch time 16 20 24 us
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Table 14. Electrical characteristics...continued
Ta =—40 °C to 125 °C, unless otherwise specified. V1_IN = Vigyck_in (min) to 36 V, unless otherwise specified. All voltages referenced to ground.

Symbol Description Min Typ Max Unit
tviocov_peLT Low-side overcurrent deglitch time 380 - 920 ns
Trsp_v1_FILT Thermal shutdown filtering time 6 10 20 us
Soft-start from 10 % to 90 %
200 269 410
BUCK_SS_OTP[1:0] = 00 431 538 645
tBUCKﬁSS BUCK _SS_OTP[1 0] =01 873 1077 1281 MS
BUCK _SS_OTP[1:0] = 10 1753 2150 2547

BUCK _SS_OTP[1:0] = 11

Transient line in PWM mode @ 450 kHz and 2.2 MHz
VSUP=6V-18V-6Vand14V-35V-14V
VBUCK_LINE_REG_PWM Isuck = 1 mA and 300 mA -3 - 3 %
VBUCK =3.3Vand 50V
dv/dt = 100 mV/ps

Transient line after dropout exit @ 450 kHz and 2.2 MHz
VSUP = Vpgyck - 0.4 Vito 14V

VBUCK_LINE_REG_DO Isuck = 1 mA and 300 mA -3 - 3 %
VBUCK =3.3Vand 5.0V
dv/dt = 200 mV/us

Transient load response in PWM mode @ 450 kHz and 2.2 MHz
50 mA to 350 mA step

1 mA to 150 mA step

di/dt = 300 mA/ps

VBUCK_LOTR_PWM -3 - 3 %

Transient load response in PFM mode
VBUCK_LOTR_PFM mA to 100 mA step -3 - 3 %
di/dt = 100 mA/us

High-side FET rising slew rate

BUCK_SRHSON_OTP[2:0] = 000 18 ;g :::2
BUCK_SRHSON_OTP[2:0] = 001 7 15 23.7
BUCK_SRHSON_OTP[2:0] = 010 41 10 15
tBUCKHS_SLR BUCK_SRHSON_OTP[2:0] = 011 3 6.3 12 ns
BUCK_SRHSON_OTP[2:0] = 100 25 5 10
BUCK_SRHSON_OTP[2:0] = 101 15 3 6
BUCK_SRHSON_OTP[2:0] = 110 05 2 4
BUCK_SRHSON_OTP[2:0] = 111
High-side FET rising slew rate 13 20 29
BUCK_SRHSOFF_OTP[1:0] = 00 10 15 215
tBUCKHSﬁSLF BUCK_SRHSOFF_OTP[1 O] =01 6.5 10 14 ns
BUCK_SRHSOFF_OTP[1:0] = 10 25 5 9
BUCK_SRHSOFF_OTP[1:0] = 11
High-side FET ON time in PFM mode, VBUCK =5V, VBUCKﬁIN =
12V, Fsw = 450 kHz 842 1021 1200
BUCK_PFM_TON_OTPI[1:0] = 00 1050 1272.5 1495
1BUCKHS_ON_450k 5V BUCK_PFM_TON_OTP[1:0] = 01 1255 1632.5 2010 ns
BUCK_PFM_TON_OTP[1:0] = 10 1465 1772.5 2080
BUCK_PFM_TON_OTP[1:0] = 11
High-side FET ON time in PFM mode, Vgyck = 3.3 V, Veuck_IN =
12V, Fgw = 450 kHz 687 820 953
BUCK_PFM_TON_OTPI[1:0] = 00 858 1023 1188
1BUCKHS_ON_450k_3v3 BUCK_PFM_TON_OTP[1:0] = 01 1026 1221 1426 ns
BUCK_PFM_TON_OTP[1:0] = 10 1195 1422.5 1650
BUCK_PFM_TON_OTP[1:0] = 11
High-side FET ON time in PFM mode, Vgyck = 5V, Veuck_IN =
12V, Fgw = 2.2 MHz 160 205 250
BUCK_PFM_TON_OTPI[1:0] = 00 205 263.5 322
1BUCKHS_ON_am2_5V BUCK_PFM_TON_OTP[1:0] = 01 254 3245 395 ns
BUCK_PFM_TON_OTP[1:0] = 10 303 386 469
BUCK_PFM_TON_OTP[1:0] = 11
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Table 14. Electrical characteristics...continued
Ta =—40 °C to 125 °C, unless otherwise specified. V1_IN = Vigyck_in (min) to 36 V, unless otherwise specified. All voltages referenced to ground.

Symbol Description Min Typ Max Unit
High-side FET ON time in PFM mode, VBUCK =33V, VBUCKﬁIN =
12V, Fsw =2.2 MHz 129 162.5 196
; BUCK_PFM_TON_OTPI[1:0] = 00 165 209 253
BUCKHS_ON_2M2_3V3 BUCK_PFM_TON_OTP[1:0] = 01 204 57 310 ns
BUCK_PFM_TON_OTPI[1:0] = 10 243 305 367
BUCK_PFM_TON_OTP[1:0] = 11
High-side FET OFF time in PFM mode, Vgyck_in = 12V, Fgw =
450 kHz 380 605 890
; BUCK_PFM_TOFF_OTP[1:0] = 00 730 1170 1700
BUCKHS_OFF_450k BUCK_PFM_TOFF_OTP[1:0] = 01 1070 1725 2520 ns
BUCK_PFM_TOFF_OTP[1:0] = 10 1420 2285 3340
BUCK_PFM_TOFF_OTP[1:0] = 11
High-side FET OFF time in PFM mode, Vgyck_in = 12V, Fgw =
2.2 MHz 85 130 195
‘ BUCK_PFM_TOFF_OTP[1:0] = 00 160 250 360
BUCKHS_OFF_2Mm2 BUCK_PFM_TOFF_OTP[1:0] = 01 230 360 525 ns
BUCK_PFM_TOFF_OTP[1:0] = 10 300 475 695
BUCK_PFM_TOFF_OTP[1:0] = 11
External components
C1_IN_BUCK Nominal® input capacitor Fsw guck = 450 kHz 47 10 - uF
CgooT BUCK Effective® bootstrap capacitor 10 22 33 nF
Lv1_BUCK_450k Nominal inductor for Fsw guck = 450 kHz (+30 % tolerance) 15 22 29 uH
Lv1_Buck_2m2 Nominal inductor for Fsw puck = 2.2 MHz (30 % tolerance) 3.3 4.7 55 uH
Effective™™ output capacitor for F. =450 kHz, V, =
C1_ouT BUCK_450k_3v3 33V P P SW_BUCK BUCK 25 50 100 uF
Effective’® output capacitor for F = 450 kHz, Vgyck = 5
C1_ouT_BUCK_450k_5V v P P SW_BUCK BUCK 25 40 100 uF
Effective’™ output capacitor for F. =2.2 MHz, V, =
C1_ouT BUCK_2M2_3v3 33V P P SW_BUCK BUCK 6.5 10 30 uF
Effective™™ output capacitor for F. =2.2 MHz, V, =5
C1_ouT_BUCK_2M2_5v v P P SW_BZCK BUCK 13 20 40 uF
[11  Average and peak current limits shall be set dependently, taking into account the inductor value.
[2] For all regulators, the nominal capacitor value is the capacitor value normalized.
[3] For all regulators, the effective capacitor value is the capacitor value after Tolerance, DC bias and Aging removal.
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13.2 HVBUCK clock management

13.2.1 Description
The HVBUCK 450 kHz or 2.2 MHz clock is generated from a 20 MHz internal oscillator.

A triangular and a pseudo-random spread spectrum feature can be activated and configured by OTP and SPI/
I°C to reduce the emission of the oscillator fundamental frequency.

13.2.2 Spread spectrum

The internal oscnlator can be modulated around the oscillator frequency. The spread spectrum feature can
be activated by SPI/I 2C with the MOD_EN bit and the carrier frequency can be selected by SPI/I 2C with the
MOD_CONF bit. By default, the spread spectrum is disabled, unless configured differently by OTP.

The main purpose of the spread spectrum is to improve the EMC performance by spreading the energy of the
internal oscillator and HVBUCK frequency on VBAT frequency spectrum.

It is recommended to select the triangular spread spectrum for the best performance.

Table 15. Spread spectrum configuration

MOD_EN MOD_CONF Spread spectrum
0 X Disabled
1 0 Triangular (19 kHz)
1 1 Pseudo-random triangular

13.2.2.1 Triangular spread spectrum

The triangular spread spectrum is activated in M_SYS_CFG SPI/’C register by setting MOD_EN bit high and
MOD_CONF bit low. In this configuration, the internal oscillator is modulated with a triangular carrier frequency
of 19 kHz with -10 %/0 % deviation range of the nominal oscillator frequency.

r—19 kHz (52.6 ps)

No modulation —=- —

aaa-051444

Figure 20. Triangular spread spectrum

13.2.2.2 Pseudo-random triangular spread spectrum

The pseudo-random triangular spread spectrum is activated in M_SYS_CFG SPI / 1°c register by setting
MOD_EN bit high and MOD_CONF bit high. In this configuration, the internal oscillator is modulated with a
triangular carrier frequency of 19 kHz with -10 %/0 % deviation range of the nominal oscillator frequency, but
two random commutations on the carrier slope are added in each half period to increase the spectrum content.
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(0 %)

Same slope as triangle —

Af=10%

0%
2 pseudo random values
10 % Pseudo random

Sequence: value between 0 and -10 %

2 pseudo random values
0%

2 pseudo random values
-10 % aaa-051445

Figure 21. Pseudo-random triangular spread spectrum

13.2.3 Electrical characteristics

Table 16. Clock management electrical characteristics
Ta =—-40 °C to 125 °C, unless otherwise specified. V1_IN = VBUCK_IN (min) to 36 V, unless otherwise specified. All voltages referenced to
ground.

Symbol Parameter Min Typ Max Unit
Internal oscillator
HVBUCK oscillator
FaomHz nominal frequency 19 J 21 MHz
HVBUCK oscillator o
F2omHz_acc accuracy -10 - +10 %
Spread spectrum
Spread spectrum
FSSmop frequency modulation ) 9 . kHz
Spread spectrum o
FSSranGE Range - -10 0 %

13.3 HVLDO1: High-voltage linear regulator 1

13.3.1 Functional description

The HVLDO1 is a high-voltage linear-voltage regulator. The HVLDO1 is supplied from the battery. The HVLDO1
is meant to supply the MCU and other loads on the ECU, as an alternative to the HYBUCK (only one of the two
options is available by part number). The HVLDO1 is low-power capable and stays enabled in LPON mode.

General operation
The output voltage is configurable by OTP at 3.3V or 5.0 V.

The HVLDO1 can be used without an external power device (internal PMOS only) or with an external PNP
transistor for current sharing. The ratio between the current flowing through the internal PMOS and the external
PNP is a fixed ratio of 4. The HVLDO1 maximum output DC current is 100 mA with internal PMOS only.

Mode-specific operation
In LPON mode, only the internal PMOS can be used, and external PNP is turned OFF.
Current limitation and thermal shutdown

An overcurrent detection and a thermal shutdown are implemented on LDO1 to protect the internal pass device.
The overcurrent detection limits the current in the internal PMOS and by extension in the external PNP, if used.
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The overcurrent threshold is configurable by OTP (CONF_OC_V1_OTP). An additional current limitation is
implemented on the PNP base control pin, V1_B, to protect it.

When the overcurrent is reached on the internal PMOS, the regulator stays enabled and V10OC_| flag is
generated.

In case an external PNP is used, a timeout (configurable by OTP) is implemented and disables the regulator
when an overcurrent is detected for more than T, po1 iLim_To- In this case, the device transitions to Fail-Safe
state and the regulator only restarts when the device restarts.

When a thermal shutdown is detected, the regulator is disabled and V1TSD_I flag is generated. Additionally, the
device can transition to Fail-Safe state if configured by OTP.

13.3.2 Application schematic

re=s=m==== A
| Optional |
V1IN : : l VLDo1
CIN_LDO1 I | | I CouT LDO1
bk e e e - — -l
ZI I-ul ml
> > > >
V1 - HVLDO1
aaa-051446
Figure 22. HVLDO1 application schematic, with optional external PNP

13.3.3 Electrical characteristics

Table 17. LDO1 electrical characteristics

Ta =—40 °C to 125 °C, unless otherwise specified. V1_IN = VSUP =5.5Vto 40 VifV1=5V,or VI_IN=VSUP=4Vto40VifV1=33YV,
unless otherwise specified. All voltages referenced to ground.

Symbol Parameter ‘ Min ‘ Typ ‘ Max ‘ Unit

Static electrical characteristics

Vipo1_IN Input voltage range 4 i 40 v
Output voltage (OTP configurable) 3934 33 3366

V|_D01 VV1_LDO_OTP =0 4 9 5-0 5 1 \%
VV1_LDO_OTP =1 ’ ’ ’

Vibo1_acc Output voltage accuracy 2 - 2 %
Maximum output voltage drop in drop out mode

V - - 500 \Y

LDO1_DROP (Vipo1 =5V, Vipo1 iIn=4.5V, ILpo1 = 100 mA) m

ILbo1_PNP_RATIO Current ratio between int. PMOS and ext. PNP 3.4 4.0 4.6 -

lLbo1_NORMAL_PMOS DC current capability in Normal mode (int. PMOS only) - - 100 mA

ILbo1_NORMAL_PNP DC current capability in Normal mode (with ext. PNP) - - 250 mA

ILpo1_LPON DC current capability in LPON mode (int. PMOS only) - - 100 mA
Internal PMOS current limitation 150 ) 300

ILbo1_1LM_PMOS CONF_OC_V1_OTP =0 75 ) 160 mA
CONF_OC_V1_OTP =1
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Table 17. LDO1 electrical characteristics...continued

Ta =—40 °C to 125 °C, unless otherwise specified. V1_IN = VSUP =55V to 40 VifV1=5V,or VI_IN=VSUP=4Vto40VifV1=33YV,
unless otherwise specified. All voltages referenced to ground.

Symbol Parameter Min Typ Max Unit
ILbo1_ILIM_BASE External PNP base current limitation 10 - 20 mA
TSDy1 Thermal shutdown threshold 175 190 215 °C
TSDv1_HysT Thermal shutdown threshold hysteresis 6 9 16 °C
Dynamic electrical characteristics
TLD01_SOFT_START Soft start (from 10 % to 90 %), with and without ext. PNP 150 300 500 us
TLoo1_POWN Discharge time when disabled - - 2 ms
TLpo1_1Lm Current limit filtering time 16 20 36 us
Trsp_vi1_FILT Thermal shutdown filtering time 6 10 20 us
Current limit timeout (ext. PNP) 8 10 12
TLDO1_ILIM_TO CONF_OC_TO_V1_OTP =0 0.8 10 12 ms
CONF_OC_TO_V1_OTP =1 ' ’ ’
Transient line response in Normal mode, int. PMOS only
Vi VSUP=6V-18V-6Vand14V-35V-14V
LDO1_LINE_REG_NORMAL_ |, 504 = 0.1 mA and 100 mA -3 - 3 %
PMoS Vipor = 3.3V and 5.0 V
dv/dt = 100 mV/us, COUT_LDO1 =47 |JF
Transient line response in Normal mode, with ext. PNP
Vi VSUP=6V-18V-6Vand14V-35V-14V
LDO1_LINE_REG_NORMAL_ ILDO1 =10 mA and 200 mA 3 _ 3 %
PNP Vipor = 3.3V and 5.0 V
dv/dt = 100 mV/us, COUT_LDO1 =47 |JF
Transient load regulation in Normal mode with int. PMOS
only
VLDO1_LTR_NORMAL_PMOS ILDO1 =10m A to 100 mA in 10 us, and from 100 mA to 10 -2 - 2 %
mA in 2us,
Vipo1=3.3Vand 5.0V, COUTﬁLDO1 =4.7 yF
Transient load regulation in Normal mode with ext. PNP
v IL.po1 = 10 mA to 200 mA in 10 ps, and from 200 mA to 10 2 2 %
LDO1_LTR_NORMAL_PNP mAin 2 s, - - ©
Vipo1=3.3Vand 5.0V, COUTﬁLDO1 =4.7 yF
Transient load regulation in LPON mode
llpo1 =1 mAto 50 mAin 1 ps,
Vv -2 - 2 9
LDO1_LTR_LPON and from 50 mA to 1 mA in 10 us. &
VLDO1 =3.3Vand5.0V, COUT_LDO1 =47 }JF
DC PSRR
VLDo1_PSRR IL.po1 = 0.1 mA to 100 mA, Vi po¢ = 3.3 V or 5.0V, Vprop = - -40 -20 dB
500 mV (min), 20 Hz to 500 kHz
External Components
CiN_Lpo1 Input capacitor (close to V1_IN pin) - 1.0 - uF
Cout_Lpo1 Effective output capacitor 2.2 - 4.7 uF
Cout_Lpo1_PNP Effective output capacitor, with external PNP 10 - 22 uF
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13.4 HVLDOZ2: High-voltage linear regulator 2

13.4.1 Functional description

General operation

The HVLDO?2 is a high-voltage linear-voltage regulator. The HVLDO?2 is supplied from the battery. The output
voltage is configurable by OTP at 3.3V or 5.0 V.

The HVLDO?2 is low-power capable and can stay enabled in LPON mode. However, if disabled in LPON mode,
it cannot be enabled again by SPI/I?C in this mode.

This regulator is meant to supply load on the ECU or outside of the module: a dedicated feedback pin is
implemented so a diode can be added between V2_FB pin and V2 pin in order to protect the regulator against
short to the battery. If V2 is used as a local supply, V2_FB is shorted to V2 pin.

Open-feedback detection

A comparator is implemented to detect an open between V2_FB and V2 pins. When the difference between the
two voltages is higher than Vpg 1A v2 to v2_FB threshold, the regulator is turned OFF. It can be enabled again by
SPI/I’C command.

Current limitation and thermal shutdown

An overcurrent detection and a thermal shutdown are implemented on HVLDO2 to protect the internal pass
device. The overcurrent threshold is configurable by OTP (CONF_OC_V2_OTP). When an overcurrent is
detected, V20C _| flag is generated and the regulator remains enabled. It is the MCU's responsibility to disable
the regulator by SPI/I°C using the V2DIS bit, and to decide when to enable the regulator using the V2EN bit.
When a thermal shutdown is detected, the regulator is disabled and V2TSD | flag is generated.

13.4.2 Application schematic

F g = A
V2 IN : Optional ; ViLpo2
CIN_LDO2 ! 4 ! CouT LDO2
I 1y = I
I 1
z| "TTTT r &
| |
S S S
HVLDO2
aaa-051447
Figure 23. HVLDOZ2 application schematic
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13.4.3 Electrical characteristics

Table 18. HVLDO2 electrical characteristics
Ta =-40 °C to 125 °C, unless otherwise specified. V2_IN = VSUP =5.5Vto40VifvV2=5V,or V2 IN=VSUP=4Vto40VifV2=33V,

unless otherwise specified. I, pp, = 0 to 100 mA unless otherwise specified. All voltages referenced to ground.

Symbol Parameter Min Typ Max Unit
Static electrical characteristics
Vipo2_IN Input voltage range 4 - 40 \Y
Output voltage (OTP configurable) 3934 33 3.366
VLDOZ VV2_OTP =0 49 5.0 5.1 \
VV2_OTP =1 ' ' '
Vipo2_Acc Output voltage accuracy -2 - 2 %
Maximum output voltage Drop-in/Drop-out mode
Y - - 500 \Y
LDo2 DROP (Vibo2 =5V, Vipoz_iIN = 4.5V, I po2 = 100 mA) m
VDELTA V2_to_V2_FB Maximum delta voltage between V2 and V2_FB pin - - 21 V
ILpo2 NORMAL DC current capability in Normal mode - - 100 mA
lLbo2_LPON DC current capability in LPON mode - - 100 mA
Internal PMOS current limitation 150 i 300
ILDOZ_ILIM CON F_OC_VZ_OTP =0 75 160 mA
CONF_OC _V2_OTP =1
Quiescent current, no load (typ @25 °C, max @85°C) - 15 20 UA
laLpo2 i - .
%J)lescent current, I po2 = 50 PA (typ @25 °C, max @85 ) 20 25 uA
TSDy; Thermal shutdown threshold 175 190 215 °C
TSDvz_HysT Thermal shutdown threshold hysteresis 6 9 16 °C
Dynamic electrical characteristics
TLDOZfSOFTﬁSTART Soft start (from 10 % to 90 %) 150 300 500 us
TLpo2_PDWN Discharge time when disabled - - 2 ms
ToELTA V2 to_V2_FB Delta voltage between V2 and V2_FB filtering time 3 5 10 us
Tipo2 1Lm Current limit filtering time 16 20 36 us
T1sp_v2_FILT Thermal shutdown filtering time 6 10 20 us
Transient line response in Normal mode
VSUP=6V-18V-6Vand14V-35V-14V
Vipo2_LINE_REG_NORMAL |lLpo2 = 0.1 mA and 70 mA -3 - 3 %
Vipo2 =3.3Vand 5.0V
dv/dt = 100 mV/US, COUT_LDOZ =22 |JF
Transient Load Regulation in Normal mode
Vv ILpo2 = 10 mA to 50 mA in 10us, and from 50 mA to 10 2 ) 2 y
LDO2_LTR_NORMAL mA in 10us, o
Vipoz = 5.0V, Cout_Lpoz = 2.2 uF
DC PSRR
VLDOZ_PSRR ILDOZ =0.1mAto 100mA, VLDO2 =3.3Vor5.0 V, VDROP - -40 -20 dB
=500 mV (min), 20 Hz to 500kHz
External Components
CiN_LDO2 Input capacitor (close to V2_IN pin) - 1.0 - uF
Cout LDO2 Effective output capacitor 2.2 - 4.7 uF
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13.5 HVLDO3: High-voltage linear regulator 3

13.5.1 Functional description

General operation

The HVLDO3 is a high-voltage linear-voltage regulator. The HVLDOS is supplied from the battery. The output
voltage is configurable by OTP at 3.3V or 5.0 V.

The HVLDOS is low-power capable and can stay enabled in LPON mode. However, if disabled in LPON mode,
it cannot be enabled again by SPI/I?C in this mode.

This regulator is meant to supply the integrated CAN transceiver. The connection is made internally. The
HVLDO3 can also supply an additional external transceiver on the module.

Current limitation and thermal shutdown

An overcurrent detection and a thermal shutdown are implemented on the HVLDO3 to protect the internal
pass device. The overcurrent threshold is configurable by OTP (CONF_OC_V3 OTP). When an overcurrent is
detected, V30C _| flag is generated and the regulator remains enabled. It is the MCU's responsibility to disable
the regulator by SPI/I°C using V3DIS bit, and to decide when to enable it using V3EN bit. When a thermal
shutdown is detected, the regulator is disabled and V3TSD _| flag is generated.

13.5.2 Application schematic

V3 IN VLbo3

CIN_LDO3 I I CouT LDO3

V3_IN
V3

V3 -HVLDO3

aaa-051448

Figure 24. HVLDO3 application schematic.

13.5.3 Electrical characteristics

Table 19. HVLDO3 electrical characteristics

Ta =—40 °C to 125 °C, unless otherwise specified. V3_IN = VSUP =5.5Vto 40 VifV3=5V,or V3_IN=VSUP =4 Vto 40 VifV3 =33V,
unless otherwise specified. | poz = 0 to 100 mA unless otherwise specified. All voltages referenced to ground.

Symbol Parameter Min Typ Max Unit

Static electrical characteristics

VLpo3 IN Input voltage range 4 - 40 \%
Output voltage (OTP configurable) 3934 33 3.366

Vi po3 VV3_OTP =0 49 50 51 \Y
VV3_OTP =1 ' ' '

VLpos Acc Output voltage accuracy -2 - 2 %

Maximum output voltage Drop-in/Drop-out mode

Vv - - 500 \
LDO3_DROP (Vipos =5V, Vipos_in = 4.5V, Ipoz = 100 mA) m

ILDO3_NORMAL DC current capability in Normal mode - - ILpo3_iLm | MA
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Table 19. HVLDO3 electrical characteristics...continued

Ta =—40 °C to 125 °C, unless otherwise specified. V3_IN = VSUP =5.5V to 40 Vif V3=5V, or V3_IN=VSUP =4 Vto 40 Vif V3= 3.3V,
unless otherwise specified. I, po3 = 0 to 100 mA unless otherwise specified. All voltages referenced to ground.

Symbol Parameter Min Typ Max Unit
lLbo3_LPON DC current capability in LPON mode - - 100 mA
ILoos_iLim gz)el:ll::a_lggg/siifg):le’nil:)mltatlon 17550 :1328 mA

CONF_OC_V3_OTP =1

Quiescent current, no load (typ @25 °C, max @85 °C) - 15 20 MA
laLpos %J)iescent current, I po3 = 50 pA (typ @25 °C, max @85 ) 20 25 uA
TSDy3 Thermal shutdown threshold 175 190 215 °C
TSDv3 HysT Thermal shutdown threshold hysteresis 6 9 16 °C
Dynamic electrical characteristics
TLDO3_SOFT_START Soft start (from 10 % to 90 %) 150 300 500 V3
TLpo3_PDWN Discharge time when disabled - - 2 ms
TLpo3_ ILm Current limit filtering time 16 20 36 us
Ttsp_v3_FILT Thermal shutdown filtering time 6 10 20 us

Transient Line Response in Normal mode
VSUP=6V-18V-6Vand14V-35V-14V
VLDo3 LINE_ REG_NORMAL |lLDo3 = 0.1 mA and 70 mA -3 - 3 %
VLDO3 =3.3Vand 50V

dv/dt = 100 mV/us, COUT*LDO3 =22 yF

Transient load regulation in Normal mode
lL.ooz = 10 mA to 50 mA in 10 us, and from 50 mA to 10

VLDO3_LTR_NORMAL mA in 10 us, -2 - 2 %
Vipo3 =5.0V, Cout Lpoz = 2.2 uF
DC PSRR

Vpo3_PsrRR lL.po3z = 0.1 mA to 100 mA, Vi po3=3.3V or 5.0V, Vprop - -40 -20 dB
=500 mV (min), 20 Hz to 500 kHz

External Components

CiN_LDO3 Input capacitor (close to V3_IN pin) - 1.0 - uF

Cout _Lbo3 Effective output capacitor 2.2 - 4.7 uF
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14 AMUX: Analog multiplexer

14.1 Functional description

The AMUX pin delivers 32 analog voltage channels to the MCU ADC input. The voltage channels delivered to
the AMUX pin can be selected by SPI/IC. The maximum AMUX output voltage range is VDDIO (3.3 V or 5.0
V). An external output capacitor, Camux_our, is required for the buffer stability.

14.2 Block diagram

Signals /10.5
or /20 Signals /3 Signals

R3 SPI(IZC R1

re

Channels_x

1VDDIO

Channels_y AMUX To MCU ADC
y i,

R5 QRZ I Camux_out
Channels_z [
AMUX[4:0]
aaa-051449
Figure 25. AMUX block diagram.
14.3 Channel selection
Table 20. AMUX output selection
Channel AMUX[4:0] Signal selection for AMUX output AMUX_DIV=0 |AMUX_DIV =1
0 00000 AGND 1 1
1 00001 VDIG: Internal voltage supply (1.6 V) 1 1
2 00010 V1 voltage 3 3
3 00011 V2 voltage 3 3
4 00100 V3 voltage 3 3
5 00101 VBOS internal voltage 3 3
6 00110 VSUP voltage (Divider ratio configurable by SPI/IZC) 10.5 20
7 00111 VSHS voltage (Divider ratio configurable by SPI/IZC) 10.5 20
8 01000 WAKE1 voltage (Divider ratio configurable by SPI/I20) 10.5 20
9 01001 WAKE?2 voltage (Divider ratio configurable by SPI/I20) 10.5 20
10 01010 HVIO1 voltage (Divider ratio configurable by SPI/IZC) 10.5 20
11 01011 HVIO2 voltage (Divider ratio configurable by SPI/IZC) 10.5 20
12 01100 Die temperature sensor 1 1
13 01101 V1 temperature sensor 1 1
14 01110 V2 temperature sensor 1 1
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Table 20. AMUX output selection...continued

Channel AMUX[4:0] Signal selection for AMUX output AMUX_DIV=0 |AMUX_DIV=1
15 01111 V3 temperature sensor 1 1

16 10000 VDDIO voltage 3 3

> 16 TXXXX Reserved N/A N/A

For temperature sensors, the temperature must be calculated from the AMUX output voltage as per the
following formula: T(°C) = (Vamux — V1eEMP25) / VTEMP_COEFF + 25.

14.4 Electrical characteristics

Table 21. AMUX electrical characteristics

Tp =-40 °C to 125 °C, unless otherwise specified. VSUP = 5.5 V to 40 V, unless otherwise specified. VDDIO = 3.0 V to 5.5 V, unless
otherwise specified. Iayux = -1 mA to 1 mA, unless otherwise specified. All voltages referenced to ground.

Symbol Parameter ‘ Min ‘ Typ ‘ Max ‘ Unit

AMUX

Input-voltage range for VSUP, VSHS, WAKE1, WAKEZ2, HVIO1, HVIO2 25 29
VAMUX_IN * AMUX_D'V =0 4.2 40 \%

e AMUX_DIV =1 '
Vamux_out AMUX output-voltage range 0.3 - V_D(I)D I20 \Y
Rpp_amux Output pulldown resistance 100 1000 3000 kQ
VAMUX_OFF Offset voltage -7 - +7 mV

AMUX. ratio accuracy 05 ) 05

* Ratio 1 17 ) 17
RAMUXﬁACC * Ratio 3 1 9 _ 1 9 %

¢ Ratio 10.5 (AMUX_DIV =0) 1'5 1'5

* Ratio 20 (AMUX_DIV = 1)
VTEMP25 Temperature sensor voltage at 25 °C 1.31 1.38 1.45 \%
Vtemp_coerr | Temperature sensor coefficient -4.074 |-3.880 | -3.686 mV/°C
T Settling time 10 us

AMUX_SET (from 10 % to 90 % of VDDIO, Rs = 220 Q, Cout = 10 nF)

Camux_out Output capacitor - - 2 nF
Ramux_out Output resistor - 220 - Ohm
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15 1/0O interface pins

15.1 WAKE1, WAKE2

WAKE pins are high-voltage inputs used as wake-up sources for the device. WAKE inputs can be used alone or
in combination with an high-side driver (HSx) for cyclic sensing.

WAKE1 and WAKE2 are wake-up input signals with analog measurement capability through AMUX. For
example, WAKE1 can be connected to a switched VBAT (KL15 line) and WAKE2 to the wake-up output of a
CAN or FlexRay transceiver. When a WAKE pin is used as a global pin, a capacitor-resistor-capacitor filter is
required. See Section 25.

In Normal mode, any event on WAKE1 pin or WAKEZ2 pin generates a flag (WKx_l), when not masked
(WKx_M). In Low-Power modes, a wake-up event can be generated on level (high or low) or on a cyclic sense
event, depending on WKx_WUCFG[1:0] bits.

Wake-up filtering time is configurable by SPI/I’C using WKx_DGLT bits. Internal pulldown and pullup resistors
can be enabled, disabled, or configured as cell repeater as per WKxPUPD_OTP[1:0] bits.

Note: Cell-repeater configuration is used to reduce the current consumption. In this configuration, the pullup or
pulldown selection follows the state of the internal buffer output after filtering. If the buffer output is low, pulldown
resistor is selected. If the buffer output is high, the pullup resistor is selected.

15.1.1 WAKE1 as input for Key OFF — Key ON feature

WAKE1 pin can be connected to the ignition signal of the vehicle to implement the Key OFF — Key ON feature.
The Key OFF — Key ON feature is enabled via OTP using KEY_OFFON_EN_OTP = 1. When this feature is
enabled, the car driver must turn the ignition signal OFF, then ON, to restart the device from fail-safe. As the
ignition signal is connected to WAKE1 pin, the device will only exit fail-safe to transition to LPOFF when WAKE1
= 0. In LPOFF, the device will wait for any wake-up event to restart.

Key OFF Key ON
> WAKE12yH
WAKE1 } }
< WAKE12y
State in Main
) FAIL-SAFE LPOFF (M11) Restart (M2)
state machine
aaa-051450
Figure 26. Key OFF — Key ON feature description.
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15.1.2 Electrical characteristics

Table 22. WAKE12 electrical characteristics
Ta=-40 °C to 125 °C, unless otherwise specified. VSUP = 5.5 V to 40 V, unless otherwise specified. All voltages referenced to ground.

Symbol Parameter Min Typ Max Unit

WAKE1, WAKE2

WAKE 12y, Digital low-input voltage threshold (falling) - - 2.0 \Y

WAKE 12y Digital high-input voltage threshold (rising) 2.97 - - \Y

WAKE124ysT Hysteresis 50 100 400 mV

Rpp_wake12 Pulldown resistance 100 200 400 kQ

Rpu_wake12 Pullup resistance 100 200 400 kQ
Wake-up filtering time

TWAKE12_FLT[1] . WKX_pDGLT =go ;g ;2 :g s
* WKx_DGLT =1

[11  There is no digital filtering when WAKEX input pin is used as a source to control an high-side driver.

15.2 HVIO1, HVIO2

HVIO pins are high-voltage input/output. When these pins are used as input, they can be used as wake-up
sources for the device, alone or in combination with a high-side driver (HSx) for cyclic sense. When configured
as output, the pins provide an open-drain output structure.

15.2.1 HVIO1, HVIO2 used as input

HVIOx pins can be used as simple wake-capable inputs. In this case, when the device is in Normal mode, any
event on the HVIO1 or HVIO2 pins generates a flag (HVIOx_1), when not masked (HVIOx_M). In Low-Power
modes, a wake-up event can be generated on level (high or low) or on a cyclic sense event, depending on
HVIOx_WUCFG[1:0] bits.

When used as a wake-up source, wake-up filtering time is configurable by SPI/’C using HVIOx_DGLT
bits. Internal pulldown and pullup resistors can be enabled, disabled, or configured as cell repeater as per
HVIOxPUPD_OTP[1:0] bits.

Note: Cell repeater configuration is used to reduce the current consumption. In this configuration, the pullup or
pulldown selection follows the state of the internal buffer output after filtering. If the buffer output is low, pulldown
resistor is selected. If the buffer output is high, the pullup resistor is selected.

When a HVIO pin is used as a global input pin, a a capacitor-resistor-capacitor protection is required. See
Section 25.

HVIO1 or HVIO2 can also be configured as FCCU2 input, to provide MCU or external device error detection in
combination or independently of FCCU1 pin. This mechanism is detailed in Section 19.3.

15.2.2 HVIO1, HVIO2 used as output

HVIO1 and HVIOZ2 can be configured as open drain outputs by OTP via HVIOx_OUT_EN_OTP bits. In this
case, the output state can be controlled by SPI/I’C using HVIOxHI and HVIOXLO control bits.

HVIO1 and HVIOZ2 default output state can be configured by OTP using HVIOx_OUT_DFLT_OTP. HVIOx can
also be assigned to one of the slots (SLOT_0/1/2) by OTP using HVIOx_SLOT_OTP. In this case, during power
up, the pin follows the default state as soon as the OTP configuration is loaded in the mirror registers. The pin
state is inverted when the configured slot starts. At power down, the pin goes back to its default value when the
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configured slot starts. See Figure 27 as an example of HVIO pins configuration, with HVIO1 default state low
and assigned to power sequence slot 1, and HVIO2 default state high assigned to power sequence slot 2.

/Ksup > Vsup_uv
VBAT Slot0 | Slot1 | Slot2
HVIO1
(default 0)
HVIO2
(default 1)
= Tslot == Tslot ™= Tslot ™

OoTP
Loaded aaa-051451

Figure 27. Example of HVIO pins configuration in the slots, at power up

HVIO1 and HVIOZ2 pins can also be configured respectively as LIMP1 and LIMP2 pseudo-safety outputs. These
functions come in addition to LIMPO safety output pin, and are described in detail in Section 19.6.6.
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15.2.3 Electrical characteristics

Table 23. HVIO12 electrical characteristics
Ta=-40 °C to 125 °C, unless otherwise specified. VSUP = 5.5 V to 40 V, unless otherwise specified. All voltages referenced to ground.

Symbol Parameter Min Typ Max Unit

HVIO1, HVIO2

HVIO12y, Digital low-input voltage threshold (falling) - - 2.0 \Y

HVIO12y 4 Digital high-input voltage threshold (rising) 2.97 - - \Y

HVIO12yysT Hysteresis 50 100 400 mV

HVIO12yoL Low-output level (Ioyt =2 mA) - - 0.4 \Y

HVIO12).m Current limitation 4 - 22 mA

Rpp_Hvio12 Pulldown resistance 100 200 400 kQ

Rpu_nvio12 Pullup resistance 100 200 400 kQ
Wake-up filtering time

Thviotz fLr HVIOX_DGLT =0 ;5 ;: 2232 us
HVIOx_DGLT =1

Tiviorz FALL :jllcl):izmze1(§);]t§;nal pull up at VUP =14V, Coyt_ ) _ 35 us

THvIOt2_FALL nocap Fall time (external pull up at VUP = 14 V, no : ) 10 us

capacitor)

[11  There is no digital filtering when HVIOx input pin is used as a source to control an high-side driver.

15.3 LVIO3, LVIO4, LVIS5, LVO6

The LVIO3 and LVIO4 pins are low-voltage digital input/output. They can be used as digital input as wake-up
sources for the device, or as digital outputs.

The MOSI/LVI5 pin can only be used as digital input, and MISO/LVOG6 can only be used as digital output.

15.3.1 LVIO3, LVIO4, LVIS5 used as input

The LVIO3, LVIO4, and LVI5 pins can be used as simple wake-capable digital inputs. In this case, when the
device is in Normal mode, any event on the LVIO3, LVIO4, or LVIS pins generates a flag (LVIOx_I), when not
masked (LVIOx_M). In Low-power ON mode, wake-up events are generated on level (high or low), depending
on LVIOx_WUCFG bits.

When used as a wake-up source, internal pulldown and pullup resistors can be enabled or disabled as per
LVIOxPUPD_OTP[1:0] bits.

The LVIO3, LVIO4, or LVIS pins can also be configured as FCCU2 input, to provide MCU or external device
error detection in combination or independently of FCCU1 pin. This mechanism is detailed in Section 19.3.

When the SPI communication interface is used, the MOSI/LVI5 pin, is used a MOSI function. See Section 20.2.

15.3.2 LVIO3, LVIO4, LVO6 used as output

The LVIO3 and LVIO4 pins can be configured as digital outputs by OTP via LVIOx_XX_EN_OTP bits. The
LVIO3 and LVIO4 pins can then be used as high-side driver, low-side driver, push-pull driver or in 3-state,
depending on LVIOx_HS EN_OTP and LVIOx_LS _EN_OTP bits. The LVIO3 and LVIO4 pins' output states can
be controlled by SPI/’C using LVIOxHI and LVIOxLO control bits.
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The LVIO3 and LVIO4 default output states can be configured by OTP using LVIOx_OUT_DFLT_OTP. They

can also be assigned to one of the power sequence slots (SLOT_0/1/2) by OTP using LVIOx_SLOT_OTP. In
this case, during power up, the pin follows the default state as soon as the OTP configuration is loaded in the
mirror registers and the pin state is inverted when the configured slot starts. At power down, the pin goes back
to its default value when the configured slot starts. See Figure 28 as an example of LVIO pins configuration, with
LVIO3 default state low and assigned to SLOT_1, and LVIO4 default state high assigned to SLOT_2.

/Ksup > Vsup_uv
VBAT Slot0 | Slot1 | Slot2
LVIO3
(default 0)
LVIO4
(default 1)
= Tslot == Tslot ™= Tslot ™

OTP
Loaded aaa-051452

Figure 28. Example of LVIO pins configuration in the slots, at power-up.

The LVIO3 and LVIOA4 pins can also be configured respectively as LIMP1 and LIMP2 pseudo-safety outputs, for
a local use case. These functions come in addition to the LIMPO safety output pin, and are described in detail in
Section 19.6.6.

LVOG6 can be used as push-pull driver, with 3-state default condition, when the I°C communication interface is
used. In this case, it can be controlled by 1°C using LVO6HI and LVOG6LO bits.

When SPI communication interface is used, MOSI/LVOG6 pin is used as MISO function. See Section 20.2.
15.3.3 Electrical characteristics

Table 24. LVIOx electrical characteristics
Ta=-40 °C to 125 °C, unless otherwise specified. VSUP = 5.5 V to 40 V, unless otherwise specified. All voltages referenced to ground.

Symbol Parameter Min Typ Max Unit
LVIOx

LVIOy Digital low-input voltage threshold (falling) - - 0.3 x VDDIO \Y
LVIOy 4 Digital high-input voltage threshold (rising) 0.7 x VDDIO - - \%
LVIOnysT Hysteresis 100 - 600 mV
LVIOyoL Low-output level (Iopyt =2 mA) - - 0.4 \Y
LVIOyoH High-output level (loyt = -2 mA) Y%D‘:\? - - \
LVIO|q 3-state leakage current -5 - 5 MA
Rpp_1vio Pulldown resistance 100 200 400 kQ
Rpu_Lvio Pullup resistance 100 200 400 kQ
Twiofr Wake-up filtering time 12 15 25 us

[1]1  There is no digital filtering when LVIOXx input pin is used as a source to control an high-side driver.
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15.4 1/0Os configuration summary
The following table summarizes the available I/Os configurations.

Table 25. 1/0s configurations

Input function Output function
Pin Simple input Cyclic FCCU2 input | MOSI input Simple LIMPx output | MISO output
sense input output
WAKEX Yes Yes No No No No No
HVIO1 Yes Yes Yes No Yes Yes (LIMP1) No
HVIO2 Yes Yes Yes No Yes Yes (LIMP2) No
LVIO3 Yes No Yes No Yes Yes (LIMP1) No
LVIO4 Yes No Yes No Yes Yes (LIMP2) No
LVI5S Yes No Yes Yes No No No
LVO6 No No No No Yes No Yes

15.5 INTB

INTB is an open-drain output pin with internal pullup to VDDIO. This pin generates a pulse when an internal
interrupt occurs to inform the MCU. Each interrupt can be masked by setting the corresponding inhibit interrupt.

An INTB pulse can be required for diagnosis by the MCU setting the SPI/’C INTB_REQ bitin M_SYS_CFG
register.

15.5.1 Interrupts and wake-up events management

Two types of interruptions must be dissociated:

* The “classic” interrupts used to diagnose the device state and to report events
* The wake-up interrupts used to manage the wake-up from the Low-Power modes

The list of all the interrupts is given in Table 26.

The “classic” interrupts are maskable. If the interrupts are not masked, a pulse will be generated on the INTB
pin. Out of Normal mode, most of these interrupt flags will not be generated, because the monitoring functions
associated will be disabled. In addition, the WKx_I, HVIOx_I, LVIOx_I, and LVI5_1 flags are not generated out of
Normal mode.

The I/Os are considered as wake-up sources, with the CAN, LIN, and LDT. A wake-up event on these functions
will generate a non-maskable wake-up flag (xxxx_WU_I). An interrupt pulse will be generated on INTB if the
wake-up source is enabled following SPI/I"C configuration (xxxx_WUEN[1:0] bits). Each wake-up source can be
configured to generate an interrupt, a transition to Normal mode, or both.

In LPON mode, if a wake-up event occurs and the wake-up source is enabled, an interrupt is generated, and/
or the device transitions to Normal mode. If only the interrupt generation is enabled, it is the MCU's decision to
request a transition to Normal mode or not, via GO2NORMAL SPI/I?C bit.

In LPOFF mode, if a wake-up event occurs and the wake-up source is enabled, the device transitions to Normal
mode.
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15.5.2 Electrical characteristics

Ta =-40 °C to 125 °C, unless otherwise specified. VSUP = 5.5 V to 40 V, unless otherwise specified. All
voltages referenced to ground.

Table 26. INTB electrical characteristics

Symbol Parameter Min Typ Max Unit
Interrupt pin
INTBpyLL-up Internal pullup resistor to VDDIO 5 10 20 kQ
INTByoL Low-output level (Ioyt =2 mA) - - 0.4 \Y
INTByon High-output level YE())EZ-,I\? - - \%
INTBi_m INTB current limitation 4.0 - 20 mA
Pulse duration 175 25.0 325
TINTB PULSE INTB_DUR = 0 (short) us
- INTB_DUR = 1 (long) 70 120 130
TinTB_TO INTB timeout for wake-up event 8 10 12 ms
TinTe_ oLy aDne(I’aI);\l ?%tv;ifzsnelgtzg_REQ command reception 36 40 44 us
Table 27. List of interrupts from main logic
Interrupt Description Mask/Enable
Event interrupt
VSUP_UV_I VSUP undervoltage VSUP_UV_M
VSUP_OV_I VSUP overvoltage VSUP_OV_M
VSHS_UV_I VSHS undervoltage VSHS_UV_M
VSHS_OV_| VSHS overvoltage VSHS_OV_M
VATWARN_I V1 high-temperature warning VITWARN_M
VXTSD_I Vx overtemperature (x = 1, 2, 3) VxTSD_M
VxOC_| Vx overcurrent (x =1, 2, 3) VxOC_M
VxOV_| Vx overvoltage (x = 0,1, 2, 3) VxOV_M
VxUV_I Vx undervoltage (x = 0,1, 2, 3) VxUV_M
WKx_| WAKEX state change in Normal mode (x = 1, 2) WKx_M
HVIOx_|I HVIOx state change in Normal mode (x = 1, 2) HVIOx_M
LVIOx_I LVIOx state change in Normal mode (x = 3, 4) LVIOx_M
LVI5 MOSI/LVI5 state change in Normal mode LVI5_M
LDT_I Long duration timer event LDT_M
WAKEx_OL_| WAKEXx open load when used for cyclic sense (x = 1, 2) WAKEx_OL_M
HVIOx_OL_| HVIOx open load when used for cyclic sense (x = 1, 2) HVIOx_OL_M
HS12_TSD_| HS1 or HS2 overtemperature HS12_TSD_M
HS34_TSD | HS3 or HS4 overtemperature HS34_TSD_M
HSx_OC_lI HSx overcurrent (x =1, 2, 3, 4) HSx_OC_M
HSx_OL_I HSx open load (x =1, 2, 3, 4) HSx_OL_M
CAN_TSD | CAN overtemperature CAN_TSD_M
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CAN_TXD_TO_I CAN dominant timeout CAN_TXD_TO_M
LIN_TSD | LIN overtemperature LIN_TSD_M
LIN_TXD_TO_I LIN dominant timeout LIN_TXD_TO_M
LIN_SC_I LIN short circuit timeout LIN_SC_M
FCCU12_I FCCU1 and FCCU2 error in bi-stable protocol FCCU12_M
FCCUx_I FCCUXx error when used independently (x = 1, 2) FCCUx_M
WD_NOK_I Watchdog refresh error WD_NOK_M
INIT_CRC_NOK_I INIT registers CRC error INIT_CRC_NOK_M

Configurable wake-up event interrupt

WKx_WU_I WAKEXx wake-up event (x = 1, 2) WKx_WUEN[1:0]
HVIOx_WU_I HVIOx wake-up event (x = 1, 2) HVIOx_WUENTI1:0]
LVIOx_WU_I LVIOx wake-up event (x = 3, 4) LVIOx_WUEN][1:0]
LVI5S_WU_I MOSI/LVI5 wake-up event (when I2C is used) LVI5_WUENI[1:0]
CAN_WU_|I CAN wake-up event CAN_WUEN[1:0]
LIN_WU_I LIN wake-up event LIN_WUEN][1:0]
LDT_WU_I Long duration timer wake-up event LDT_WUENTI[1:0]

Non-configurable wake-up event interrupt

GO2NORMAL_WU SPI/I°C GO2NORMAL wake-up event None
INT_TO_WU Interrupt timeout wake-up event None
V1_UVLP_WU V1 undervoltage wake-up event in LPON None
WD_OFL_WU Watchdog error counter overflow wake-up event None
EXT_RSTB_WU External reset wake-up event None
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16 High-side drivers

16.1 Functional description

The FS23 provides four high-side drivers, supplied by VSHS supply voltage. Each high-side driver (HSx) can be
used to drive loads, such as LEDs, or to perform cyclic sense in combination with a high-voltage input (WAKEX,
HVIOXx).

Each HSx can be controlled by different sources, configurable by SPI/I’C (HSx_SRC_SEL):

« HSx_EN and HSx_DIS SPI/I*C control bits

* Any input (WAKEXx, HVIOx, LVIOx, LVI5)

* One of the TIMERX (x = 1, 2, 3) for cyclic sense
* One of the PWMx (x = 1, 2, 3) for LED driving

Undervoltage and overvoltage is implemented on the HSx supply VSHS. In case of under/overvoltage detection,
all the HSx are kept enabled or disabled depending on SPI/’C configuration via HS_VSHSUV_DIS and
HS_VSHSOV_DIS bits. When the HSx are disabled because of a UV/OV on VSHS, an automatic recovery

of the HSx functions is possible if enabled via HS_VSHSUVOV_REC bit. If not, the MCU will enable the HSx
again.

The HSx are monitored by pair for overtemperature. If the temperature of HS1 or HS2 rises above the
overtemperature threshold, HS12_TSD_| flag is generated. If the temperature of HS3 or HS4 rises above the
overtemperature threshold, HS34_TSD _| flag is generated.

All four HSx are also monitored individually for overcurrent (short-circuit detection) and open load. When an
overcurrent is detected, a flag is generated (HSx_OC 1) and the concerned high-side driver is disabled. When
an open load is detected, a flag is generated (HSx_OL _1).

16.2 LED driving

The high-side drivers can be used to drive LEDs, with one of the three PWMs configured as source. The
frequency of each PWM is configurable between 200 Hz and 400 Hz (PWMx_F), and the duty cycle is
configurable on 10 bits from 0 % to 100 % (PWMx_DCJ9:0]). A configurable delay (PWMx_DLY) can be applied
to both the rising and falling edges of each PWMx in order to limit the inrush current on VSHS supply if multiple
HSx are used with a PWM at the same time. LED driving is controlled by SPI/I ’c using PWMx_EN bits.

16.3 Cyclic sense

The high-side drivers can be used for cyclic sense, with one of the three TIMERs configured as source and one
of the high-voltage inputs among WAKE1, WAKE2, HVIO1, and HVIO2 configured as a sensing input.

Cyclic sense is enabled by SPI/I’C using TIMx_EN bits. Both the period and the ON time of each TIMER
are configurable by SPI/’C using TIMERx_PER][2:0] and TIMERx_ON[3:0] bits. The period is configurable
from 10.24 ms to 2048 ms and the ON time is configurable from 0.128 ms to 204.8 ms. A configurable delay
(TIMERx_DLY) can be added to both the rising and falling edges of each TIMERX in order to limit the inrush
current on the VSHS supply if multiple HSx are used with a TIMER at the same time.

When used for cyclic sense, an HSx is turned ON following the ON time of the associated TIMERX. At the end
of each ON time, at each falling edge, the state of the high-voltage input pin is sampled and stored for one
period. If two successive samples show different states, a flag is generated. See Figure 29.
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Cyclic sense
activation
Sampling Sampling
HS1
(ex: driven by
timer1).
GND Floating
Doorstate  (ex: door switch closed) / (ex: door switch open) \\\
Flag
generated
HVIO1 0 1
LOW level HIGH level
detected detected
aaa-051453
Figure 29. Cyclic sense example with HS1 and HVIO1

External components, a serial resistor, and a capacitor-resistor-capacitor filter, are necessary to limit the current

delivered by the high-side driver and protect the high-voltage input pin, used as a global input. See Section 25
for more details.

1
I Fs23

o 7 L |
={ T 1

Figure 30. Cyclic sense schematic example with HS1 and HVIO1

aaa-051454

A dedicated open-load detection is implemented to detect hardware disconnection between the HSx and the
associated input pin when cyclic sense is enabled. The overtemperature and overcurrent monitoring features

are also active in Cyclic Sense mode. If any of these faults occurs, the functionality is disabled, and depending
on HS_FLT_WU_FORCE bit, the device can be forced to wake up.
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16.4 Electrical characteristics

Table 28. High-Side drivers electrical characteristics

Ta=-40 °C to 125 °C, unless otherwise specified. VSHS = 5.5 V to 40 V, unless otherwise specified. All voltages referenced
to ground.

Symbol Parameter Min Typ Max Unit

HSx static characteristic

Rpson_Hsx Static drain source ON resistance - - 9 Q

Static drain source ON resistance matching o
ARDSON_Hsx between two HSx i 3 10 o

Incremental current consumption when powering

lon_Hsx each HS driver (Tj = 85 °C) - : 60 WA
lq_Hsx High-side leakage current, Tj < 85 °C, VSHS<18V - - 2 A
loc_Hsx Overcurrent shutdown threshold 150 - 380 mA
loL_Hsx Open-load detection threshold 0.4 - 3.0 mA
IMAX_REV_HSx Maximum allowable reverse current -450 - - mA

Cyclic sense current consumption (Tj = 85 °C),
IHsx_cys HS1 used for cyclic sense, 20ms period, 0.1ms - - 30 A
on-time, no load on HS1

HSx dynamic characteristic
Slew rate rising (from HSx = 2 V to VSHS - 2V),

T 3 - 2. V
SRON_HSx VSHS =9V to 18 V, loyr = 60 mA 03 ° fus
Slew rate falling (from HSx =2 V to VSHS - 2 V),
TSROFF_hsx VSHS =9V to 18 V, loyr = 60 mA L ) 08 Vis
Switch ON time (from SPI/1C command to HSx =
TswoN_Hsx VSHS - 1V), 3 - 30 us

VSHS = 9V to 18V, loyt = 60 mA

Switch OFF time (from SPI / I)C command to HSx
TswoFF_Hsx =1V), 3 - 30 us
VSHS =9V to 18V, lopyt = 60 mA

TOC_,:||_T_HSX[1 Overcurrent filtering time 8 12 25 us
Toc_BLK_Hsx Overcurrent blanking time 25 30 35 us
ToL_FILT_Hsx Open-load filtering time 50 70 105 us
ToL_BLK_Hsx Open-load blanking time 25 30 35 us
HSx external component
Court_Hsx Output capacitor for one HSx 10 - 47 nF
TIMERX
TsTART TIMER TIMERX activation delay - - 5 ms
TIMERper acc | TIMERX period accuracy -10 - 10 %
TIMERXx ON time accuracy (TIMERx_ON = 0001) -10 - 35 %
TIMERToN aAcc | TIMERX ON time accuracy (TIMERx_ON = 0010) -10 - 24 %
TIMERx ON time accuracy (TIMERx_ON = 0011) -10 - 15 %
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Table 28. High-Side drivers electrical characteristics...continued

Ta=-40 °C to 125 °C, unless otherwise specified. VSHS = 5.5 V to 40 V, unless otherwise specified. All voltages referenced
to ground.

Symbol Parameter Min Typ Max Unit
TIMERx ON time accuracy (TIMERx_ON > 0001) -10 - 12 %
TIMERpLy acc | TIMERX delay accuracy -10 - 10 %
PWMx
PWMx frequency 180 200 220
FpWM PWMX_F =0 360 400 440 Hz
PWMx_F =1
D PWMx duty cycle 90*(PWMx_ [100*(PWMx_|110*(PWMx_ o
PWM (accuracy valid for duty cycles above 5 %) DC/1000) | DC/1000) | DC/1000) °
PWMpLy acc PWMx delay accuracy -10 - 10 %

[11  On resistive short-circuit.
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17 Long duration timer

The FS23 features a long duration timer (LDT). The timer is configurable by SPI/I’C and can operate in Normal
and in Low-Power modes.

The FS23 provides several functions and offers a wide range of configurable counting periods, as well as a
calibration mechanism for oscillator compensation.

The timer can be activated in Normal mode and all prescaler options can be selected to allow timer circuitry
verification.

The timer is based on a 24-bit counter, with a 1 MHz/64-input clock, allowing a 1.0 second time base.

rr—-—-—=-m=-m="=-m=-m----""""""""""-"=-—"=-—"=-—"=-"=-"-"=-—-"=-—-"=—-—-"=-—-"=-"=-=-= |
I I
| PRESCALER 3 | 128 us |
| (12) ] |
| 1MHz | 1 HS | PRESCALER 1 |64 Us ! |
| OSC (/64) J(cal ration) |
| PRESCALER2 | 1.0s |
| (/15625) |
I I
I I
| | 24-bit COUNTER | |
| 1.05s(cal:128 ps) |
' T
I I
<—|—| READ REGISTER(S) I
.ﬁgr/ff; t t To EXTERNAL INTB
16 bits: AFTER RUN
REGISTER *| COMP. , _
To internal:
| mode change

(LPON, LPOFF, WU)

CONTROL REGISTER |

|

| |
I |
| |
| |
| 24 bits: WAKE UP REGISTER |
| |
| |
| |
| |
| |

aaa-052150

Figure 31. Long duration timer block diagram

In Normal mode operation, the timer can count up to 194 days, with 1 second resolution. In Calibration mode,
the prescaler 2 is bypassed and the timer can count up to 36 minutes, with 128 us resolution.

Table 29. Long duration timer characteristics

Mode Input clggk a1 .CIOCK Prescaler Counter resolution Max count
frequency period
Operation 1 MHz 1 us 64 x 15625 10s 4660 Hrs 194 days
Calibration 1 MHz 1 us 64 x 2 128 us 2160 s 36 min

The LDT has two modes of operation based on the prescaler used during the count.

* When LDT_MODE = 0, the LDT is set in long count mode.
* When LDT_MODE = 1, the LDT is set in short count mode.

The LDT_AFTER_RUN][15:0] bits are used to set or to read the after-run target value in Normal mode.

The LDT_WUP_H]J7:0] and the LDT_WUP_L[15:0] bits is used to set or to read the wakeup target value, in
combination with the LDT_SEL bit:

* LDT_WUP_H][7:0] contains the eight most significant bits of the wake-up target value.
* LDT_WUP_L[15:0] contains the 16 least significant bits of the wake-up target value.

FS23 data sheet
Product data sheet
CONFIDENTIAL

All information provided in this document is subject to legal disclaimers.

Rev. 4 — 15 September 2023

© 2023 NXP B.V. All rights reserved.

59 /229



NXP Semiconductors FS23 data sheet

Safety system basis chip (SBC) with power management, CAN FD and LIN transceivers

The LDT_SEL bit allows the MCU to either set/read the wake-up target value or to read the current value of the
24 bit LDT counter in the LDT_WUP_H[7:0] and the LDT_WUP_L[15:0] bits.

* When LDT_SEL = 0, the MCU can read or write the wake-up target value in the LDT_WUP_H[7:0] and the
LDT_WUP_L[15:0] bits.
* When LDT_SEL = 1, the MCU can read the counter current value (running or not).

The LDT_EN bit is provided to start the LDT timer operation:

* When LDT_EN =0, the LDT is disabled.
* When LDT_EN =1, the LDT starts counting as defined in the M_LDT_CTRL and M_LDT_CFGx registers.

The LDT2LP bit selects which Low-power mode (LPON or LPOFF) it needs to go once the after-run timer is
expired, when timer function 2 or 3 is selected.

* When LDT2LP = 0, the device goes into LPOFF mode when the after-run timer expires.
* When LDT2LP = 1, the device goes into LPON mode when the after-run timer expires.

* When timer function 4 or 5 is selected and the LDT_EN = 1, the LDT does not start any count until the device
enters the corresponding Low-Power mode.

17.1 Calibration procedure

The calibration principle consists of activating the counter for a specific duration and comparing the timing given
by the LDT with the MCU's accurate clock and timing. Once the timer expires, the MCU reads back the final
timer value and compares it that value with its own accurate time of activation to calculate a time offset. It is
recommended to perform the calibration between -20 °C and 85 °C.

Calibration example:

1. Set the Timer mode to short count. Select the timer function 1. Set the after-run value at 65535 (~8.4 s).
2. Start the counter.

3. Read the counter when the MCU RTC reaches 7 s (must be less than 7.5 s with £10.0 % oscillator
accuracy).

4. If the oscillator period is at the exact typical value (absolutely no deviation error), the expected reading is
54688.

5. The exact reading is used to compute the error correction factor ECF = exact_reading/expected_reading.

* ECF < 1 if the oscillator is faster than the exact typical value.
* ECF > 1 if the oscillator is slower than the exact typical value.

After calibration, the new after-run or wake-up values to set the counter are “after run x ECF” and “wake-up x
ECF”.

17.2 Timer functions

Table 30. LDT functions
LDT_FNCT[2:0] LDT Function

000 Function 1: In Normal mode, count and generate a flag or an interrupt when the counter
reaches the after-run value.

001 Function 2: In Normal mode, count until the counter reaches the after-run value and enters
Low-Power mode.

010 Function 3: In Normal mode, count until the counter reaches the after-run value and enters
Low-Power mode. Once in Low-Power mode, count until the counter reaches the wake-up
value and wakes up.
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Table 30. LDT functions...continued

LDT_FNCT[2:0] LDT Function
011 Function 4: In Low-Power mode, count until the counter reaches the wake-up value and
wakes up.
100 Function 5: In Low-Power mode, count and do not wake up unless the counter overflow
occurs or if the device wakes up by wake-up input source.
FUNCTIONS NORMAL MODE ! LOW-POWER MODE (LPON/LPOFF)
Function 1 ;

Timer counts

I No entry in Low Power

SPI: configure timer function 1

SPI: write after run register

SPI: write LDT_EN =1

INTB when after run value reached

After run value reached I
INTB | |

| mode controlled by LDT

Function 2

SPI: configure timer function 2
SPI: write after run register

Timer counts

N

| Entry in Low Power mode
¥ when after run value reached

SPI: write LDT_EN =1
Entry in Low Power mode after
run value reached

After run
value reached

Function 3

SPI: configure timer function 3

Timer counts

A

Entry in Low Power mode
when after run value reached

SPI: write after run register
SPI: write wake-up register
SPI: write LDT_EN =1

Wake-up
After run value reached

value reached

Timer counts

i O N \ A

SPI: write wake-up register
SPI: write LDT_EN =1

SPI: go to Low Power mode
Wake up when wake-up
value reached

Entry in Low Power mode after WAKE-UP
run value reached and wake up Entry in Init mode |
when wake-up value reached after wake up by timer
Function 4

. . . m Entry in Low
SPI: configure timer function 4 Power mode by SPI Wake-up

Entry in Init mode
after wake up by timer

Timer counts value reached

WAKE-UP
|

Function 5

SPI: configure timer function 5
SPI: write LDT_EN =1

SPI: go to Low Power mode
Wake up when other wake-up
event occurs (ex 10s)

Entry in init mode
after wake up by timer

|
|
|
1
|
}
]
|

Entry in Low Power
mode by SPI

Timer counts

i

WAKE-UP (ex 10s)
J

———N —

Figure 32. Long Duration Timer functions
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17.3 Electrical characteristics

Table 31. Long duration timer characteristics

Ta =-40 °C to 125 °C, unless otherwise specified. VSUP = 5.5 V to 18.0 V, unless otherwise specified. All voltages
referenced to ground.

Symbol Description ’ Min ‘ Typ ‘Max ‘ Unit

Electrical characteristics

FIN_cLk_LDT Long duration timer source clock (1 MHz/64) - 15.625 - kHz

Long duration timer time base
TBASEiLDT LDT_MODE =0 (Iong)
LDT_MODE = 1 (short)

0.909 1 1.1 s
116.4 128 1421 us

lo_LDT 85 Long duration timer quiescent current consumption (Tj = 85 °C) - 2 5 MA
lo_LDT 125 Long duration timer quiescent current consumption (Ta = 125 °C) - 5 10 HA
LDTacct Long duration timer accuracy without calibration -10 - 10 %

Long duration timer accuracy with calibration
In LPOFF or LPON states

LDTacc2 Including one month aging drift (max) -5 - 5 %
Including temperature drift
0°C<ATj<85°C

Long duration timer maximum drift per hour after calibration
LDTpRriFT In LPOFF or LPON states -1 - 1 %
Within 20 °C temperature variation.
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18 Physical layers

18.1 CAN FD transceiver

The FS23 device includes a 2 Mbps capable, integrated CAN FD transceiver, developed in compliance with
the ISO 11898-2:2016 and SAE J2284 standards and SAE J2962-2 (2019) and IEC 62228-3 (2019) for EMC
performance. The CAN transceiver is 5 Mbps compatible from electrical point of view. It provides the physical
interface between the CAN protocol controller of an MCU and the physical CAN bus.

The CAN FD transceiver bus driver is supplied internally by the V3 regulator.

CANRXD _L
= < I 5]
E

Vpig_tp| 8 | I
[

. T

[ e e e ——— -
| CANFD |
vDDIO | |
Vbic V3 |
I o I
| |
- |
l 5 .
CANTXD ., = . I
[} -
| s s [
| = |
| |
ToMCU | v | System CAN bus
DIG F===== 1
: D | cANH
|: |
|

|
L
|
| C3
1
T —
[T - 1 |
I WAKE 1 I C2 b= a
| «— 1
4 |
A _ X _ A~ 1___|

b - — —

aaa-051456

Figure 33. CAN FD transceiver internal diagram, with external components

18.1.1 CAN operating modes

The CAN transceiver has four modes: Off, Wake Capable, Listen Only, and Active. The Listen Only and Active
modes are only available when the device is in Normal mode. In Low-Power modes, the transceiver can be in
kept in Wake Capable mode in order to be used as a wake-up source for the device and the module.

By default, the CAN FD transceiver is disabled (set to Offline mode) when one of the safety outputs RSTB,
FSOB, or LIMPO is asserted in Normal mode. This can be configured by SPI/I’C using CAN_FS_DIS bit.
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From any state:
POR or CAN_EN_OTP =0
or (CAN_MODE =00 & CAN_WUEN = 00)
or (CAN_WUEN = 00 & FS23_MODE != NORMAL)

l

(CAN_MODE != 00 or
CAN_WUEN !=00)

CAN_WAKE_
CAPABLE

V3_UVv=0
& CANTXD =1

e F§22A36'\tﬂ>g?ig;);\AAL (CAN_MODE = 01 or (CANTXD = 0 & CAN_MODE = 1x ))
- = & FS23_MODE = NORMAL

Y

/ V3_UV=1or V3_UV=1or \
CAN_MODE = 00 or CAN_MODE = 00 or

FS23_MODE ! = NORMAL FS23_MODE ! =NORMAL

V3_UV=0

(CAN_MODE = 01 & F$23_MODE = NORMAL)
or CAN_TSD = 1 /
or CAN_TXD_TO = 1

V3_UV=0
& (CANTXD =1
& CAN_MODE = 1x)
& FS23_MODE = NORMAL
& CAN_TSD =0 aaa-051457

Figure 34. CAN transceiver state machine

18.1.1.1 CAN Off mode

When the CAN mode is set to 2b’00 and the CAN wake-up capability is disabled, or if the device is not in
Normal mode (that is, in LPON or LPOFF modes) and the wake-up capability is disabled, the CAN transceiver is
in Off mode.

In this mode, the normal and low-power receivers and the transmitter of the CAN transceiver are disabled, the
CANH and CANL pins are set high ohmic, and the CANRXD pin is driven high.

18.1.1.2 CAN Wake Capable mode

The CAN transceiver is in Wake Capable mode as soon as the CAN mode is different from 2b’00 or as soon as
the wake-up capability of the CAN is enabled, regardless of the device state once powered-up.

In this mode, the CAN transmitter and the CAN normal receiver are disabled, only the low-power wake-capable
receiver is enabled to allow wake-up pattern detection and device wake-up. The CANH and CANL pins are
biased to ground via the Common mode input resistor Rcan_n_cm @nd the CANRXD pin is driven high.
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18.1.1.3 CAN wake up

When the CAN transceiver is in Wake Capable mode, a valid CAN wake up is detected when a dominant
— recessive — dominant pattern is observed on the CAN bus, where the dominant and recessive phases
are longer than Tcan_wu_riLT- The total pattern is valid only if it is shorter than the wake-up timeout time

Tcan wu_To-

CAN Bus ) Recessive ) \
-——— Dominant - Dominant F=———-

—— ——

Toom > Tean_wu_FILT  TRec > Tcan_wu_FILT — Tpom > TcAN_WU_FILT

Tpattern < TCAN_WU_TO

CAN Wake up |

aaa-051458

Figure 35. CAN Wake-up timing diagram

18.1.1.4 CAN Listen Only mode

The CAN transceiver Listen Only mode is entered from Wake Capable mode when CAN mode is set to 2b’01 or
when CAN mode is set to 2b’10 or 2b’11 and CANTXD is low (bus dominant) for more than Tcan_pom T0- The
device must be in Normal mode and no undervoltage on V3 can be detected.

In this mode, CANH and CANL pins are biased to 0.5 x V3 and CANTXD is maintained high by an internal
pullup resistor Rcantxp_pu connected to VDDIO.

The low-power wake-up receiver and the transmitter are disabled. Only the normal receiver is enabled. The
device is only able to report the bus level to the CANRXD pin. The device is not able to transmit information
from TXD to the bus.

18.1.1.5 CAN Active mode

The CAN transceiver Active mode is entered from Wake Capable or Listen Only mode when CAN mode

is set to 2b’10 or 2b’11 and CANTXD is high (bus recessive). The device must be in Normal mode and no
undervoltage on V3 must be detected. When a TSD or a CAN dominant timeout is detected, the transceiver
goes back to Listen Only mode and the transmitter is disabled.

In this mode, the normal receiver and the transmitter are enabled, and the low-power receiver is disabled. The
device can transmit information from CANTXD to the CAN bus and report the bus level to the CANRXD pin.
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Figure 36. CAN timing definition according to ISO 11898-2:2016
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18.1.2 Electrical

characteristics

Table 32. CAN FD transceiver characteristics

Ta =-40 °C to 125 °C, unless otherwise specified. VSUP = 5.5 V to 40 V, unless otherwise specified. V3 =V3UVto 5V,
unless otherwise specified. VDDIO = 3 V to 5.5V, unless otherwise specified. All voltages referenced to ground.

Symbol Description ’ Min ‘ Typ ‘ Max ‘ Unit

CANTXD

Static characteristics

VCANTXD_ IH , , ) i 0.7 x v
- CANTXD input threshold high VDDIO

VeanTxo_ IL , 03x - - v
- CANTXD input threshold low VDDIO

Rcantxp_pPu CANTXD pullup resistance 100 200 400 kQ

CANRXD

VCANRXD_OH ; ; _ 0.8 x - - \Y
- CANRXD output high level relative to VDDIO, Iyt = -2 mA VDDIO

VeaNRXD_oL , - - - 0.2 \Y
- CANRXD output low level relative to VDDIO, loyt =2 mA VDDIO

CAN Bus

VCAN_DIFF_MAX CAN maximum rating for Vpeg -5 - 10 \Y

VeANH_OUT DOM g/:\l;l ;:lgrglrtl:rétso;tput voltage on pin CANH, Active mode 275 350 450 v

VeanL ouT oom (;,LAI;I ggrglrssrétso;tput voltage on pin CANL, Active mode 0.50 150 295 v
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Table 32. CAN FD transceiver characteristics...continued

Ta =-40 °C to 125 °C, unless otherwise specified. VSUP = 5.5 V to 40 V, unless otherwise specified. V3 =V3UVto 5V,
unless otherwise specified. VDDIO = 3 V to 5.5V, unless otherwise specified. All voltages referenced to ground.

Safety system basis chip (SBC) with power management, CAN FD and LIN transceivers

Symbol Description Min Typ Max Unit
CAN output voltage symmetry (Vcann + Veand), Active mode,
Vean_out_svm Feantxo = 1 MHz (2 Mbps), R, =60 Q, C1 = 4.7 nF 09xV3 ) 1xV3 11.1xV3| V
VCAN_OUT CM_PK CAN Common mode peak-to-peak voltage, Active mode - - 300 mV
CAN bus differential output voltage, Active mode, dominant 15 20 30 Vv
state, V3=4.75Vt055V,R.=50Q1t065Q ’ ’ )
Vv CAN bus differential output voltage, Active mode, dominant 14 20 33 Vv
CAN_OUT_DIFF_DOM | state V3 =475V 1t055V,R =45Qto 75 Q ' : :
CAN bus differential output voltage, Active mode, dominant 15 ) 50 Vv
state, V3=4.75V1t0 5.5V, R =2240 Q ’ )
CAN bus differential output voltage, Active mode and
Recessive state, or Listen Only mode, or Wake Capable
VCAN_OUT DIFF_REC mode, -50 - 50 mV
V3 =475V t05.5V, noload, C1 =C2=CCANRXD =0 pF
Vean_out Rec_acT | CAN recessive output voltage, Active mode, no load 2 - 3 \Y
Vean_out Rec we | CAN recessive output voltage, Wake Capable mode, no load -0.1 0 0.1 \%
Vv CAN bus differential output voltage, Wake Capable mode, 02 0 0.2 Vv
CAN_OUT_DIFF_REC | Racessive state, no load : :
CAN recessive output voltage, Listen Only mode, no load,
VCAN_OUT REC_LO _ P g y 2.0 2.5 3.0 \Y
V3=0V
CAN differential receiver threshold voltage, Active or Listen
VCAN_IN_ DIFF Only mode 9 0.5 0.7 0.9 Vv
CAN differential low-power receiver threshold voltage, Wake
CAN differential receiver hysteresis voltage, Active or Listen
VCAN_IN_DIFF_HYST Only mode y 9 50 200 400 mV
CAN Recessive state differential input voltage range, Active or
Listen Only mode, Veann =-12V 10 12V, Vean, =-12 Vo 12 -4 - 0.5 \%
VCAN_IN_DIFF_REC M
CAN recessive state differential input voltage range, no 4 ) 0.4 Vv
biasing,VCANH=-12Vto 12 V, VCANL='12VtO 12V ’
CAN Dominant state differential input voltage range, Active or
Listen Only mode, Vcann =-12 V10 12V, Vean, =-12 V to 12 0.9 - 9.0 Y
VCAN_IN_DIFF_DOM v
CAN dominant state differential input voltage range, no 11 ) 90 Vv
biasing,VCANH=-12Vto 12 V, VCANL='12VtO 12V ’ ’
R CAN Common mode input resistance, Active mode, Vcany = 6 ) 50 KO
CAN_IN_CM 2Vto7V,Vean  =-2Vto7V
CAN differential input resistance, V =-2Vto7V,V =
RCAN_IN_DIFF V107V p CANH CANL 12 100 KO
ARCAN_IN CAN input resistance deviation, Veann = Veant =5V -3 - 3 %
CcaAN_IN_cMm CAN Common mode input capacitance - - 20 pF
CcAN_IN_DIFF CAN differential input capacitance - - 10 pF
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Table 32. CAN FD transceiver characteristics...continued

Ta =-40 °C to 125 °C, unless otherwise specified. VSUP = 5.5 V to 40 V, unless otherwise specified. V3 =V3UVto 5V,
unless otherwise specified. VDDIO = 3 V to 5.5V, unless otherwise specified. All voltages referenced to ground.

Symbol Description Min Typ Max Unit
CANH short circuit output current, Active mode, Dominant
IcANH_ouT sc state, -115 - - mA
V3=5V,Vcann =-15V to 27V
CANL short circuit output current, Active mode, Dominant
lcanL_ouT_sc state, ) ) 15 mA
V3= 5V, VCANL =-15Vto 27V
| CAN recessive output current, Recessive state, 3 3 mA
CAN_OUT_REC VCANH = VCANL =-27Vto32V
CAN current consumption, Active mode, Dominant state,
| 2 A
CAN_ACT_DOM Tj=150°C, V3 =5V 3 39 60 m
| CAN current consumption, Active mode, Recessive state, 1 4 7 mA
CAN_ACT_REC Tj=150°C,V3=5V
CAN current consumption, wake-up capability,
| 1. 7 A
CAN_WU Tj=85°C, VBOS =5V ° 3 H
| CAN input leakage current, Vecany = 5V, all supply inputs 10 ) 10 A
QCANH connected to GND H
| CAN input leakage current, Vean, = 5V, all supply inputs 10 ) 10 A
QCANL connected to GND H
Dynamic characteristics
Setup time needed when going to Active mode of the
Toan_en transceiver before sending data. 15 7 19 Hs
TCAN_DOM_TO CAN CANTXD dominant timeout time 0.8 - 9.0 ms
CAN loop delay time from CANTXD to CANRXD,
TCAN_LOOP CCANRXD =15 pF, RCAN =45Q1t0 70 Q, CCAN =100 pF, - - 255 ns
Fcantxp < 2.5 MHz
TcAN_TX2BUS_DOM CAN delay time from CANTXD to bus dominant - - 127.5 ns
TCAN_TXZBUS_REC CAN delay time from CANTXD to bus recessive - - 127.5 ns
Tcan_Bus2rx pom | CAN delay time from bus dominant to CANRXD - - 127.5 ns
TcAN_BUS2RX_REC CAN delay time from bus recessive to CANRXD - - 127.5 ns
CAN received recessive bit width @ 2 Mbps, R, =60 Q,
TCAN—BlT—RX—ZM CCANRXD =15 pF, C1 =0nF, Cg =100 pF 400 500 550 ns
CAN received recessive bit width @ 5 Mbps, R =60 Q,
TCAN—BlT—RX—5M CCANRXD =15 pF, C1 =0nF, Cg =100 pF 120 200 220 ns
CAN transmitted recessive bit width @ 2 Mbps, R =60 Q,
TCAN—BlT—BUS—ZM CCANRXD =15 pF, C1 =0nF, Cz =100 pF 435 500 530 ns
CAN transmitted recessive bit width @ 5 Mbps, R =60 Q,
TCAN—BlT—BUS—SM CCANRXD =15 pF, C1 =0nF, Cz =100 pF 155 200 210 ns
CAN receiver timing symmetry @ 2 Mbps, R_ = 60 Q, ) )
ATCAN—BlT—RXBUS—ZM CCANRXD =15 pF, C1 =0nF y Cz =100 pF 65 40 ns
AT CAN receiver timing symmetry @ 5 Mbps, R_ = 60 Q, 45 ) 15 ns
CAN_BIT_RXBUS_5M CCANRXD =15 pF, C1 =0nF y Cz =100 pF
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Table 32. CAN FD transceiver characteristics...continued

Ta =-40 °C to 125 °C, unless otherwise specified. VSUP = 5.5 V to 40 V, unless otherwise specified. V3 =V3UVto 5V,
unless otherwise specified. VDDIO = 3 V to 5.5V, unless otherwise specified. All voltages referenced to ground.

Symbol Description Min Typ Max Unit
Tean_ wu_FILT CAN recessive/dominant filter time for wake-up 0.5 14 1.8 us
Tean_wu_To CAN wake-up timeout time 0.8 - 10.0 ms

18.2 LIN transceiver

The FS23 device includes an integrated LIN transceiver, developed in compliance with the LIN 2.2a (1ISO
17987-4) and SAE-J2602-2 standards, SAE J2962-1 (2019), and IEC 62228-2 (2016) for EMC performance. It
provides the physical interface between the LIN controller of an MCU and the physical LIN bus.

The LIN transceiver bus driver is supplied by VSHS supply input. Depending on the OTP configuration via
VSHS_UV_DIS_OTP bit, the transceiver is deactivated or kept on in case of VSHS_UV (5 V). It can operate up
to VSHS =28 V.

VSHS

LINTXD

LINRXD I ::I
|

VpiG_LP

c—I_]

|
|
|
1! WAKE
|
|

| «—

| B —

aaa-051460

Figure 37. LIN transceiver internal diagram

18.2.1 LIN operating modes

The LIN transceiver has four modes: Off, Wake Capable, Listen Only, and Active. The Listen Only and Active
modes are only available when the device is in Normal mode. In Low-Power modes, the transceiver can be in
kept in Wake Capable mode in order to be used as a wake-up source for the device and the module.

By default, the LIN transceiver is disabled (set to Offline mode) when one of the safety outputs RSTB, FSO0B, or
LIMPO is asserted. This can be configured by SPI/’C using LIN_FS_DIS bit.
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From any state:
POR or LIN_EN_OTP =0
or (VSHS_UV =1 &LIN_VSHS_UV_DIS =1)
or (LIN_MODE = 00 & LIN_WUEN = 00)
or (LIN_WUEN =00 & FS23_MODE != NORMAL)

LIN_EN_OTP=1&
(VSHS_UV =0 or LIN_VSHS_UV_DIS = 0)
& (LIN_MODE != 00 or LIN_WUEN != 00)

LIN_WAKE_
CAPABLE

LINTXD = 1
& LIN_MODE = 1x (LIN_MODE = 01 or (LINTXD = 0 & LIN_MODE = 1x))

& FS23_MODE = NORMAL & FS23_MODE = NORMAL

/ LIN_MODE = 00 or LIN_MODE = 00 or \

FS23_MODE !=NORMAL FS23_MODE !=NORMAL

(LIN_MODE = 01 & F$23_MODE = NORMAL)
or LIN_TSD = 1 /
or LIN_TXD_TO = 1

orLIN_SC =1

(VSHS_UV =0 or LIN_VSHS_UV_DIS = 0)
&LINTXD = 1 & LIN_MODE = 1x
& FS23_MODE = NORMAL & LIN_TSD = 0 naa.051461

Figure 38. LIN transceiver state machine

18.2.1.1 LIN Off mode

When the LIN mode is set to 2b’00 and the LIN wake-up capability is disabled, or if the device is not in Normal
mode (that is, in LPON or LPOFF modes) and the wake-up capability is disabled, the LIN transceiver is in Off
mode.

In this mode, the normal and low-power receivers and the transmitter of the LIN transceiver are disabled, the
LIN pin is set high ohmic, and the LINRXD pin is driven high.

18.2.1.2 LIN Wake Capable mode

The LIN transceiver is in Wake Capable mode as soon as the LIN mode is different from 2b’00 or as soon as
the wake-up capability of the LIN is enabled, regardless of the device state once powered up.

In this mode, the LIN transmitter and the LIN normal receiver are disabled. Only the low-power wake-capable
receiver is enabled to allow wake-up pattern detection and device wake-up. The LINRXD pin is driven high (to
VDDIO).
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18.2.1.3 LIN wake up

A LIN wake-up event is detected when a low level on LIN bus is detected for at least T\ |y _pom_wu and is
followed by a rising edge.

LIN bus

Dominant

~———TuN_DOM WU

LIN Wake up

LINRXD

aaa-051462

Figure 39. LIN wake-up timing diagram

18.2.1.4 LIN Listen Only mode

The LIN transceiver Listen Only mode is entered from Wake Capable mode when LIN mode is set to 2b’01
or when LIN mode is set to 2b’10 or 2b’11 and LINTXD is low (bus dominant). The device must be in Normal
mode.

The low-power wake-up receiver and the transmitter are disabled. Only the normal receiver is enabled. The
device is only able to report the bus level to the LINRXD pin. The device is not able to transmit information from
LINTXD to the bus.

18.2.1.5 LIN Active mode

The LIN transceiver Active mode is entered from Wake Capable or Listen Only mode when LIN mode is set to
2b’10 or 2b’11 and LINTXD is high. The device must be in Normal mode.

In Active mode, the normal receiver and the transmitter are enabled, and the low-power receiver is disabled.
The device can transmit information from LINTXD to the LIN bus and report the bus level to the LINRXD pin.

In this mode, the slope control feature is available by setting LIN_SLOPE to 2b’10, in order to reduce
electromagnetic emissions.

When a TSD or a LIN dominant timeout or a short circuit is detected, the transceiver goes back to Listen Only
mode and the transmitter is disabled. After a short circuit or a dominant timeout, the transmitter is enabled again
by a rising edge on LINTXD pin.
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Vrx ¢ e
(internal bit bit
transmitter input)
A
Vlh(rec)(max)
threshold of
receiving node 1
Vinh(dom)(max)
LINx bus
VysHs  signal thus(dom)max *— tbus(rec)min ——1
Vlh(rec)(mln)
threshold of
receiving node 2
Vih(dom)(min)
M tbus(dom)min —"*—————tbus(rec)max —————————*"
VR receiving node 1
(internal - trx_paf - [~ trx_par
receiver output)
VRx receiving node 2
~ (internal — <—trx_pdf — l+—trx_pdr — l+— trx_pdf
receiver output)
Figure 40. Timing diagram of LIN duty cycle

18.2.2 Electrical characteristics

Table 33. LIN transceiver characteristics

Ta =-40 °C to 125 °C, unless otherwise specified. VSHS = VSHS_UV to 28V, unless otherwise specified. VDDIO = 3V to
5.5V, unless otherwise specified. All voltages referenced to ground.

Symbol Description ‘ Min ‘ Typ ‘ Max ‘ Unit

LINTXD

Static characteristics

Vv ) _ 0.7 x Vv
LINTXD_IH LINTXD input threshold high VDDIO

Vv 0.3x _ ) Vv
LINTXD_IL LINTXD input threshold low VDDIO

RunTxD_PU LINTXD pullup resistance 100 200 400 kQ

LINRXD

Vv 0.8 x _ ) Vv
LINRXD_OH LINRXD output high level relative to VDDIO, lgyt = -2 mA VDDIO

Vv ) _ 0.2x Vv
LINRXD_OL LINRXD output low level relative to VDDIO, loyt = 2 mA VDDIO
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Table 33. LIN transceiver characteristics...continued

Ta =-40 °C to 125 °C, unless otherwise specified. VSHS = VSHS_UV to 28V, unless otherwise specified. VDDIO = 3V to
5.5V, unless otherwise specified. All voltages referenced to ground.

Symbol Description ‘ Min ‘ Typ ‘ Max ‘ Unit
LIN Bus
VLIN_REC LIN receiver Recessive state, Active mode 3’6 X - - Y
SHS
VLIN_IN_DOM LIN receiver Dominant state, Active mode - { \0/'4 X Y
SHS
vV LIN receiver center voltage (VN _rec * VLIN_IN_DoM)/2, 0.475 0.5x 5.25 x v
LIN_ CENTER Active mode XVshs | Vsus | Vshs
vV LIN receiver hysteresis voltage (VN _rec - VLIN_IN_DOM)s 0.175 v
LIN_HYST Active mode x Vsns
LIN voltage drop at serial diode in pullup path, with R N_sLave
VLIN_ DioDE and Ipjopg = 0.9 MA 0.4 0.7 1.0 v
RLIN_sLAVE LIN responder resistance 20 30 60 kQ
ILiM_LIN_ACT DOM LIN current limitation Dominant state, Active mode 40 - 200 mA
laLIN_IN_REC LIN receiver recessive input leakage current - - 20 uA
| LIN receiver dominant input leakage current including pullup 1 ) ) mA
QLIN_IN_DOM resistor
| LIN current consumption, LIN Active mode, Dominant state, ) ) 270 mA
LIN_ACT_DOM Tj = 150 °C. Measured via VSHS pin :
| LIN current consumption, LIN Active mode, Recessive state, ) ) 135 mA
LIN_ACT_REC Tj = 150 °C. Measured via VSHS pin :
| LIN current consumption, control unit disconnected from 1 ) 1 UA
LIN_NG_GND ground (GNDpgyice = Vshs), Vear = 12V, V iy =0V to 18 V
| LIN current consumption, Vgat disconnected (Vsys = GND), ) ) 100 UA
LIN_NO_BAT VL|N =0Vto18V
LIN current consumption, wake capability, Tj = 85 °C,
LN wu _ . . - - 3 uA
VBOS =5 V. Measured via VSHS pin
CuUN LIN pin capacitance - - 2 pF
Dynamic characteristics
Setup time needed when going to Active mode of the
Tun_en transceiver before sending data. 30 40 50 Hs
Duty cycle 1,
DLIN1 THRec(max) =0.744 x VSHS, THDom(maX) =0.581 x VSHSv 39.6 _ _ %
Vshs = 7.0V 1o 18V, Ty it = 50 ps, D1 = Tays_rec(miny/(2 X
Tun_BIT)
Duty cycle 2,
DLINZ THRec(min) =0.422x VSHS! THDom(min) =0.284 x VSHSr VSHS = - - 58.1 %
7.6Vto 18V, T N it = 50 ps, D2 = Tgys_recmax)y/(2 X TLin_BIT)
Duty cycle 3,
TH =0.778 x V TH =0.616 x V
D Rec(max) SHS: Dom(max) SHS: 41.7 _ _ %
LN Vsus =7.0 V1o 18V, Tyn_pir = 96 ps, D3 = Tgys_rec(miny/(2 X °
Tun_BIT)
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Table 33. LIN transceiver characteristics...continued

Ta =-40 °C to 125 °C, unless otherwise specified. VSHS = VSHS_UV to 28V, unless otherwise specified. VDDIO = 3V to
5.5V, unless otherwise specified. All voltages referenced to ground.

Symbol Description Min Typ Max Unit
Duty cycle 4,
DLIN4 THRec(min) =0.389 x VSHS, THDom(min) =0.251x VSHS: VSHS = - - 59 %

7.6Vto 18V, T N it = 96 ps, D4 = Tgys_recmax)/(2 X TLin_BIT)

LIN receiver propagation delay, Vsys =7 Vto 28 V,

T . 4
LIN_BUS2RX CLINRXD = 20 PF, R iNrxD = 2.4 kQ ° "

LIN receiver propagation delay symmetry,

T 2 ) ’
LINBUS2RX_SYM | = 20 bF, R iy = 2.4 kQ "

TLN_DoM wu LIN dominant wake-up time 30 80 150 us

TLN_Dom_To LINTXD dominant timeout time, Active mode 5.0 7.2 8.6 ms

Tun_sc LIN short-circuit detection time, Active mode 20 25 30 us
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19 Safety

19.1 Functional description

The FS23 includes multiple safety mechanisms to guarantee the functional safety of the system, and reach up
to ASIL B level. Safety features are configurable, either by OTP or by SPI/IC, allowing scalability depending on
the application needs. The FS23 also provides an on-demand ABIST to cover latent faults.

Safety features
Digital
oTP state machine Volta_g_e Re_set {1 RSTB
supervision driver
ABIST Watchdog
Fall-safe O FSOB
output driver
VMON_EXT O VOMON
FCCU1 O MCU failure VIMON
monitoring V2MON LIMPO O LIMPO
FCCU2 O (FCCu) |—> V3MON driver
0o 0 IJ_'I
sES
o
> aaa-051464
Figure 41. Fail-Safe features block diagram

19.2 Watchdog

The FS23 provides a watchdog monitoring, as a software monitoring of the MCU. The watchdog functionality
can be disabled by OTP using WD_INF_OTP bit. When WD _INF_OTP bit is equal to 1, the watchdog period is
always considered as infinite. There is no need to refresh the watchdog, except to release the safety pins.

In LPON mode, the watchdog stays enabled or is disabled depending on WD_DIS_LPON bit (configurable
during INIT phase). When enabled in LPON, the watchdog operates in Timeout mode.

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/IC 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.

The first good watchdog refresh closes the INIT phase if LOCK_INIT = 0. The 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.

The duration of the watchdog period is configurable from 1 ms to 1024 ms during operation using
WDW_PERIOD[3:0] bits. The new watchdog window is effective after the next good watchdog refresh. The
watchdog window can be disabled (during INIT phase only) by setting the WDW_PERIODI[3:0] to 4b’0000. The
watchdog disable is effective when the INIT phase is closed.
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Table 34. Watchdog window period configuration

WDW_PERIODI[3:0] Watchdog window period
0000 Disable (infinite open window)
0001 1ms
0010 2ms
0011 3ms
0100 4 ms
0101 6 ms
0110 8 ms
0111 12ms
1000 16 ms
1001 24 ms
1010 32 ms
0011 64 ms
1100 128 ms

1101 (default) 256 ms
1110 512 ms
1111 1024 ms

19.2.1 Watchdog selection

Two types of watchdog monitoring, timeout and window watchdog, are implemented and can be selected and
changed during operation by SPI/°C using WDW_EN bit.

Table 35. Watchdog type configuration

WDW_EN Watchdog type selection
0 Timeout watchdog (default)
1 Window watchdog

19.2.1.1 Timeout watchdog

The timeout watchdog is the default configuration at startup. In this mode, the watchdog period is considered
as fully open, and the MCU writes the correct value in the WD_ANSWER register before the period ends. If
the answer is wrong, or if the answer is not sent before the watchdog timer overflows, the WD error counter is
incremented and WD_NOK | flag is set to 1.

19.2.1.2 Window watchdog

The window watchdog can be enabled by SPI/’C by setting WDW_EN bit at 1. In this mode, the watchdog
period is divided in two. The first half is said to be “closed” and the second is said “open”. The MCU writes the
correct value in the WD_ANSWER register during the "open "window. If the answer is wrong, or if the answer is
sent during the "closed" window, or if the answer is not sent before the watchdog timer overflows, the WD error
counter is incremented and WD_NOK | flag is set to 1.
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Figure 42. Window watchdog time diagram
Table 36. Watchdog answer and refresh validation
2 Window WD Timeout WD
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) N/A WD_NOK WD_NOK

19.2.2 Watchdog error counter

A watchdog error counter is implemented in the device to filter the incorrect watchdog refresh. Each time a
watchdog failure occurs, the device increments this counter by 2. The watchdog error counter is decremented
by 1 each time the watchdog is properly refreshed. This principle ensures a cyclic 'OK/NOK’ behavior
converges to a failure detection.

To allow flexibility in the application, the maximum value of this counter is configurable with the
WD_ERR_LIMIT[1:0] bits during the INIT phase.

Table 37. Watchdog error counter limit configuration
WD_ERR_LIMIT[1:0]

Watchdog error counter value

00 8
01 (default) 6
10 4
11 2

Reset condition POR

The watchdog error counter value can be read by the MCU for diagnostic with the WD_ERR_CNT[3:0] bits.
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WD refresh OK WD refresh OK

WD refresh OK WD refresh OK
WD OFF WD OFF WD OFF WD OFF
WD refres>h\A WD refresh WD refresh WD refr(:sh\A
NOT OK NOT OK NOT OK

NOT OK

WD refresh OK WD refresh OK WD refresh OK
WD refresh

WD refresh
NOT OK

WD refresh
NOT OK

NOT OK

WD refresh OK

WD refresh OK WD refresh OK

WD refresh

WD refresh
NOT OK

WD refresh
NOT OK

NOT OK WD_ERR_LIMIT = 11
WD refresh OK

WD refresh OK WD refresh OK

WD refresh

WD refresh
NOT OK

NOT OK
WD refresh

WD refresh OK NOT OK

WD refresh OK
WD refresh

WD refresh
NOT OK

NOT OK
WD_ERR_LIMIT = 10

WD refresh OK
WD refresh

NOT o
WD refresh

NOT OK

WD refresh
NOT OK

WD refresh OK WD_ERR_LIMIT =01

WD refresh
NOT OK

WD_ERR_LIMIT = 00 aaa-051466

Figure 43. Watchdog error counter configurations

19.2.3 Watchdog refresh counter

The watchdog refresh counter is used to decrement the fault error counter. Each time the watchdog is properly
refreshed, the watchdog refresh counter is incremented by ’1°. Each time the watchdog refresh counter reaches
its maximum value (‘6’ by default). If the next WD refresh is also good, the fault error counter is decremented by

’1’. Whatever the position the watchdog refresh counter is in, each time there is a wrong refresh watchdog, the
watchdog refresh counter is reset to '0’.

To allow flexibility in the application, the maximum value of this watchdog refresh counter is configurable with
the WD_RFR_LIMIT[1:0] bits during the INIT_FS phase.

Table 38. Watchdog refresh counter limit configuration

WD_RFR_LIMIT[1:0] Watchdog refresh counter value
00 (default) 6
01 4
10 2
1 1
Reset condition POR

The watchdog refresh counter value can be read by the MCU for diagnostic with the WD_RFR_CNTJ[2:0] bits.
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WD Refresh NOT OK / WD Refresh NOT OK /
WD_OFF WD_OFF

WD Refresh NOT OK/
WD_OFF

WD refresh NOT OK /

WD Refresh NOT OK/
WD_OFF

WD refresh NOT OK/
WD_OFF
WD refresh OK <7 WD refresh OK WD refresh OK

WD refresh NOT OK / WD refresh NOT OK/
WD_OFF WD_OFF / WD refresh OK

WD refresh OK WD refresh OK
WD_RFR_LIMIT =11
WD refresh NOT OK /

WD_OFF / WD refresh OK

WD refresh OK -

WD_RFR_LIMIT =10
WD refresh OK

WD refresh NOT OK /
WD_OFF / WD refresh OK

WD_RFR_LIMIT = 01

WD refresh OK

WD refresh NOT OK /
WD_OFF / WD refresh OK
WD_RFR_LIMIT = 00 22a-051467

Figure 44. Watchdog refresh counter configurations

19.2.4 Watchdog error impact

When the watchdog error counter reaches its maximum value, in Normal mode or in LPON mode, the fail-safe
reaction on RSTB, FS0B, or LIMPO is configurable with the WD _RSTB/FSOB/LIMPO_IMPACT bits during the
INIT phase. If it happens in LPON mode, the device also wakes up.

Table 39. Watchdog error impact configuration

WD_RSTB/FSOB/LIMPO_IMPACT WD impact on RSTB/FSOB/LIMPO
0 No effect on the pin
1 (default) The pin RSTB/FSOB/LIMPO is asserted
Reset condition POR

19.2.5 MCU fault recovery strategy

The fault recovery strategy feature is enabled by SPI/N’C using WDW_REC_EN bit. This function extends

the watchdog window to allow the MCU to perform a fault recovery strategy. The goal is to not reset the MCU
while it is trying to recover the application after a failure event. When a fault is triggered by the MCU via

its FCCU pins, the FSOB and LIMPO pins are asserted by the device depending on the FCCU error impact
configuration. The RSTB pin is not asserted to keep the MCU availability and the watchdog window duration
becomes automatically an open window (no more duty cycle). This open window duration is configurable with
the WDW_RECOVERY[3:0] bits.
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Table 40. Watchdog window in fault recovery configuration

S O "device iy n fault recovery strategy
0000 DISABLE (Infinite window, fully open)
0001 1.0 ms
0010 2.0 ms
0011 3.0ms
0100 4.0ms
0101 6.0 ms
0110 8.0 ms
0111 12ms
1000 16 ms
1001 24 ms
1010 32ms

1011 (default) 64 ms
1100 128 ms
1101 256 ms
1110 512 ms
1111 1024 ms

Reset condition POR

The transition from WDW_PERIOD to WDW_RECOVERY happens when the FCCU pin indicates an

error and FSOB or LIMPO is asserted. If the MCU sends a good watchdog refresh before the end of the
WDW_RECOVERY duration, the device switches back to the WDW_PERIOD duration and associated duty
cycle if the FCCU pins do not indicate an error anymore. Otherwise, a new WDW_RECOVERY period is
started. If the MCU does not send a good watchdog refresh before the end of the WDW_RECOVERY duration,
then a reset pulse is generated and the device goes to Fail-Safe state.

FCCU Normal phase Error phase Normal phase Error phase
FCCU error FCCU error
FLT_ERR_CNT +1 FLT_ERR_CNT +1 Bad WD or
FSOB Good WD li} Good WD window timeout
WD_WINDOW | WDW_PERIOD WDW_RECOVERY WDW_PERIOD WDW_RECOVERY WDW_RECOVERY Initialization
RSTB

aaa-051468

Figure 45. Fault recovery strategy principle
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19.2.6 Watchdog electrical characteristics

Table 41. Watchdog electrical characteristics

Ta =-40 °C to 125 °C, unless otherwise specified. VSUP = 5.5 V to 40 V, unless otherwise specified. All voltages
referenced to ground.

Symbol Parameter ‘ Min ‘ Typ ‘ Max ‘ Unit
Watchdog

WDper_acc Watchdog period accuracy -10 - 10 %
WDpuyty cycte | Window watchdog duty cycle 475 50 525 %

19.3 FCCU monitoring

The FS23 provides an FCCU monitoring feature, which is a hardware monitoring mechanism of the MCU
failure. This feature is enabled by OTP using FCCU_EN_OTP bit. The FCCU input pins of the FS23 are in
charge of monitoring the error signals of the MCU fault collection and control unit.

The FS23 provides one dedicated FCCU1 pin. Another input among HVIO1, HVIO2, LVIO3, LVIO4, and LVI5
can be configured as FCCU2 pin, via FCCU2_ASSIGN][2:0] bits, in INIT phase.

The FCCU input pins can be configured by pair, or single independent inputs using FCCU_CFG[2:0] bits. The
FCCU monitoring is active as soon as the INIT phase is closed. It is deactivated when the device goes to LPON
or LPOFF modes.

Table 42. FCCU monitoring configuration

FCCU_CFGJ[2:0] FCCU pins configuration

000 No monitoring

001 (default) FCCU1 and FCCU2 inputs monitoring activated by pair (bi-stable protocol)
010 FCCU1 or FCCU2 single input level monitoring activated

011 FCCU1 input level monitoring only, FCCU2 input not used

100 FCCU2 input level monitoring only, FCCU1 input not used

101 FCCU1 or FCCU2 single input PWM monitoring activated

110 FCCU1 input PWM monitoring only, FCCUZ2 input level monitoring

111 FCCU2 input PWM monitoring only, FCCU1 input level monitoring

Reset condition POR

19.3.1 FCCU12 monitoring by pair
When FCCU12 are used by pair, the bi-stable protocol is supported according to Figure 46:

MCU operating phase [ Reset | Normal | Error | Configuration |

FCCU1

FCCU2

aaa-051469

Figure 46. FCCU bi-stable protocol
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The polarity of the FCCU fault signals is configurable with FCCU12_FLT_POL bit during the INIT_FS phase.

Table 43. FCCU12 polarity configuration

FCCU12_FLT_POL

FCCU12 polarity

0 (default)

FCCU1 =0 or FCCU2 =1 level is a fault

1

FCCU1 =1 or FCCU2 =0 level is a fault

Reset condition

POR

When FCCU fault is detected in bi-stable protocol, the fail-safe reaction on RSTB, FS0B, or LIMPO pins is
configurable with the FCCU1_RSTB/FSOB/LIMPO_IMPACT bits during the INIT phase.

Table 44. FCCU12 error impact configuration

FCCU1_RSTB/FS0B/LIMPO_IMPACT

FCCU12 impact on RSTB/FSOB/LIMPO

0

No effect on the pin

1 (default)

The pin RSTB/FSOB/LIMPO is asserted

Reset condition

POR

19.3.2 FCCU1, FCCU2 independent monitoring

When FCCU1 and/or FCCU2 are used independently, the FCCU inputs can monitor two different and
independent error signals. These error signals can be either steady-state level signals or PWM signals.

When the error signal(s) is/are steady-state level signal(s), the polarity of each FCCU fault signal is configurable

with FCCUx_FLT_POL bits during the INIT phase.

Table 45. FCCUXx polarity configuration

FCCU1_FLT_POL

FCCU1 polarity

0 (default)

FCCU1 low level is a fault

1

FCCU1 high level is a fault

Reset condition

POR

FCCU2_FLT_POL

FCCU2 polarity

0 (default)

FCCU2 low level is a fault

1

FCCU2 high level is a fault

Reset condition

POR

When the error signal(s) is/are PWM signal(s), the error state is reported when the high-level signal duration is <
FCCU12uepeT or when the low-level signal duration is > FCCU12 gpeT

The fail-safe reaction on RSTB, FSOB, or LIMPO to an FCCU fault detection is configurable with the
FCCUx_RSTB/FSOB/LIMPO_IMPACT bits during the INIT phase.

Table 46. FCCUx error impact configuration

FCCU1_RSTB/FSO0B/LIMPO_IMPACT

FCCU1 impact on RSTB/FSOB/LIMPO

0

No effect on the pin

1 (default)

The pin RSTB/FSOB/LIMPO is asserted

Reset condition

POR

FCCU2_RSTB/FSO0B/LIMPO_IMPACT

FCCU2 impact on RSTB/FSOB/LIMPO
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Table 46. FCCUx error impact configuration...continued
0 No effect on the pin

1 (default) The pin RSTB/FSOB/LIMPO is asserted
POR

Reset condition

19.3.3 FCCU12 electrical characteristics

Table 47. FCCU12 electrical characteristics

Ta =-40 °C to 125 °C, unless otherwise specified. VSUP = 5.5 V to 40 V, unless otherwise specified. All voltages
referenced to ground.

Symbol Parameter Min ‘ Typ ’ Max Unit
FCCU1 static characteristics
FCCU1y4 FCCU1 high-level input voltage - - 0.7 x VDDIO \Y
FCCU1y,L FCCU1 low-level input voltage 0.3 xVDDIO - - \%
FCCU1pysT FCCU1 input voltage hysteresis 0.1 - 0.6 \%
FCCU1rpp FCCU1 internal pulldown resistor 400 800 1300 kQ
FCCU1,2 dynamic characteristics
FCCU12rern FCCU1, 2 filter time when PWM monitoring is activated 0.47 - 0.79 us
FCCU1, 2 filter time when level monitoring is activated 4.0 6.0 9.0 us
FCCU12gk FCCU1, 2 good frequency range (PWM detection) 10.0 22.5 45.0 kHz
FCCU12gTHL FCCU1, 2 good Ty and T ow range (half period) 111 25.0 50.0 us
FCCU12g ¢ FCCU1, 2 bad-low frequency range (PWM detection) - - 5 kHz
FCCU12pyr FCCU1, 2 bad-high frequency range (PWM detection) 90 - - kHz
FCCU124rpET FCCU1, 2 high-level detection time (PWM HF detection) 6.0 8.0 10.0 us
FCCU12 FpeT FCCU1, 2 low-level detection time (PWM LF detection) 51 64 80 us

19.4 Voltage supervisor

The voltage supervisor is in charge of overvoltage and undervoltage monitoring of all the supply generated by
the FS23, Vx (x from 1 to 3), and of VMON_EXT input pin. When an overvoltage occurs on a FS23 regulator,

the regulator is switched off until the fault is removed. The overvoltage monitoring is activated before the power-
up slots start, and the undervoltage monitoring is activated once the device is in Normal mode. UV/QV flags are
then reported accordingly. VOMON monitoring on VMON_EXT pin is enabled by OTP (VOMON_EN_OTP).

19.4.1 VOMON (VMON_EXT) monitoring

The VMON_EXT input pin can be connected to an external regulator. The regulator connected to VMON_EXT
must be at least 1 V to be compatible with overvoltage and undervoltage monitoring thresholds. An external
resistor bridge must be used to divide the regulator voltage if higher than 1V, and set the middle pointto 1 V.
The external resistors accuracy must be at least £1 %, to ensure a total accuracy of £2.5 % with the internal
thresholds accuracy (1.5 %).
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19.4.2 VXMON monitoring (x from 1 to 3)

V1 and V3 regulators are monitored via the corresponding V1 and V3 pins, which also serve as feedback pins.
V2 is monitored via its dedicated V2_FB feedback pin. The expected voltage for each regulators, 3.3 Vor 5V, is
configured by OTP (VXMON_QOTP), separately from the output voltage and must be configured the same.

Each voltage monitoring channel is connected to a pulldown resistor to detect an undervoltage in case of
disconnection.

The VXMON threshold have +1.5 % UV/OV accuracy (trimmed at 5 V setting, 5.0 % VxXMON threshold).

19.4.3 VxMON UV/OV threshold

The OV and UV thresholds are configured independently for each VXMON (x from 0 to 3) by OTP at
VXMON_UVTH_OTPI[3:0] and VXMON_OVTH_OTP[3:0]. UV thresholds are configurable from 96.5 % to 91.5
% and OV thresholds are configurable from 102.5 % to 110 %. When a regulator is configured at 5 V, five
additional UV thresholds are available at 61 %, 62 %, 62.5 %, 63 %, and 64 %.

Table 48. VxXMON UV/OV threshold configuration

VXMON_UVTH_OTPI[3:0] VXMON undervoltage VxXMON overvoltage
VXMON_OVTH_OTP[3:0] threshold configuration threshold configuration
0000 64 % (for 5 V only) 102.5 %
0001 63 % (for 5 V only) 103.0 %
0010 96.5 % 103.5 %
0011 96.0 % 104.0 %
0100 95.5% 104.5 %
0101 95.0 % 105.0 %
0110 94.5% 105.5 %
0111 94.0 % 106.0 %
1000 93.5% 106.5 %
1001 93.0 % 107.0 %
1010 92.5% 107.5 %
1011 92.0 % 108.0 %
1100 91.5% 108.5 %
1101 62.5 % (for 5V only) 109.0 %
1110 62 % (for 5 V only) 109.5 %
1111 61 % (for 5 V only) 110.0 %
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19.4.4 VxMON deglitch time

The OV and UV deglitch times are configured independently by OTP at VXMON_UVDGLT_OTP[1:0] and
VXMON_OVDGLT_OTP.

Table 49. VxMON deglitch time

VXMON_UVDGLT_OTP[1:0] UV detection time VxMON_OVDGLT_OTP OV detection time
00 5us 0 25 us
01 15 us 1 45 s
10 25 us
1" 40 ps

19.4.5 VxXMON safety reaction (impact)

When an overvoltage or undervoltage fault is detected, the fail-safe reaction on RSTB, FSO0B, or LIMPO is
configurable with VXMON_OV/UV_RSTB/FSOB/LIMPO_IMPACT bits during the INIT phase, for each monitoring
input. The reactions of RSTB pin can be pre-selected by OTP.

19.4.6 VIUVLP monitoring

In LPON mode, all the VXMON monitoring are disabled. Only V1 is monitored for undervoltages at V yy_p
= 3.065 V. In case the V1 voltage goes lower than this threshold, the device goes into Fail-Safe state (not
configurable), and V1_UVLP_WU bit is set to 1.

V1 is also monitored for V1UVLP when the device powers up after a wake up from LPON, and during a cold
start after Tsort sTarT v1- If, at the end of the softstart, V1 is still under Vqyy_p threshold, then the device goes
into Fail-Safe state.

19.4.7 Electrical characteristics

Table 50. VXMON electrical characteristics
Ta =-40 °C to 125 °C, unless otherwise specified. VSUP = 5.5 V to 40 V, unless otherwise specified. All voltages referenced to ground.

Symbol Parameter ‘ Min ‘ Typ Max Unit
VxMON (x from 0 to 3)
VXMON_OVTH VxMON overvoltage threshold - 102.5+0.5*code_ov - %
VxMON undervoltage thresholds at 5 V and 3.3 V output _ e ) o
voltage (code_uv = 0010 to 1100) 97.5-0.5%code_uv L
VxMON undervoltage threshold at 5 V output voltage ) 64 } o
(code_uv = 0000) ¢
VxMON undervoltage threshold at 5 V output voltage
_ - 63 - %
(code_uv =0001)
VXMON_UVTH
VxMON undervoltage threshold at 5 V output voltage o
_ - 62.5 - %
(code_uv = 1101)
VxMON undervoltage threshold at 5 V output voltage
_ - 62 - %
(code_uv = 1110)
VxMON undervoltage threshold at 5 V output voltage o
_ - 61 - %
(code_uv = 1111)
VXMONov acc VOMON OV threshold maximum accuracy -1.5 - 1.5 %
VXMONyy acc VOMON UV threshold maximum accuracy -1.5 - 1.5 %
Tov_peLt VXMON overvoltage deglitch time 20 25 30 s
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Table 50. VXxMON electrical characteristics...continued
Ta =-40 °C to 125 °C, unless otherwise specified. VSUP = 5.5 V to 40 V, unless otherwise specified. All voltages referenced to ground.

Symbol Parameter Min Typ Max Unit
VXMON_OVDGLT_OTP =0
o e R
o e R
o e e IR
Tov_potr VxMON undervoltage deglitch time
VXMON_UVDGLT_OTP[1:0] = 10 20 25 2 Hs
o e e e R
VXMON (x from 1 to 3)
VXMONRgpp VxMON internal passive pulldown 100 250 400 kQ
Tov DGLT START UP V1MOI.\I QV deglitcher time when VIMON_OVTH_ 15 2 12 us
- = - OTP[3:0] is forced at startup
VOMON
VOMONRpp VOMON internal passive pulldown ‘ 1 ‘ 2 4 MQ
V1UVLP
ViuvLp V1UVLP detection threshold 3.000 3.065 3.130 \Y
TviuvLp_FILT V1UVLP filtering time 0.26 2 7 us
TviuvLP_ToO_Fs Time to transition to fail-safe after VAUVLP - - 10 us

19.5 Fault management

19.5.1 Fault error counter

The FS23 integrates a configurable fault error counter, which is counting the number of faults related to the
device itself and also caused by external events. The fault error counter starts at 1 after a POR or resuming
from LPON or LPOFF. The final value of the fault error counter is used to transition in Fail-Safe state (all safety
pins asserted). The maximum value of this counter is configurable with the FLT_ERR_LIMIT[1:0] bits during the
INIT phase.

Table 51. Fault error counter configuration

FLT_ERR_LIMIT[1:0]

Fault error counter max
value configuration

Fault error counter
intermediate value

00 2 1
01 (default) 6 3
10 8 4
1 12 6

Reset condition

POR

The fault error counter has two output values: intermediate and final. The intermediate value can be used

to force the FSOB or LIMPO activation or generate a RSTB pulse according to the FLT_MID_RSTB/FS0B/
LIMPO_IMPACT bits configuration (INIT phase).
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Table 52. Fault error counter fail-safe impact

FLT_MID_RSTB/FS0B/LIMPO_IMPACT Intermediate value impact on RSTB/FSOB/LIMPO
0 No effect on the pin
1 (default) The pin RSTB/FSO0B/LIMPO is asserted
Reset condition POR

WD_RFR_CNT = WD_RFR_
CNT_LIMIT + WD Refresh OK

WD_RFR_CNT = WD_RFR_
CNT_LIMIT + WD Refresh OK

FLT_ERR_CNT_INIT

WD_RFR_CNT =WD_RFR_
CNT_LIMIT + WD Refresh OK

WD_RFR_CNT = WD_RFR_
CNT_LIMIT + WD Refresh OK

WD_RFR_CNT =WD_RFR_
CNT_LIMIT + WD Refresh OK

WD_RFR_CNT=WD_RFR_
CNT_LIMIT + WD Refresh OK
FAULT_ERR_CNT_LIMIT = 00

WD_RFR_CNT = WD_RFR_
CNT_LIMIT + WD Refresh OK

WD_RFR_CNT = WD_RFR_
CNT_LIMIT + WD Refresh OK

WD_RFR_CNT=WD_RFR_
CNT_LIMIT + WD Refresh OK

WD_RFR_CNT = WD_RFR_
CNT_LIMIT + WD Refresh OK

FAULT_ERR_CNT_LIMIT = 01

aaa-051470

Figure 47. Fault Error Counter diagram with maximum value =2 or 6
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WD_RFR_CNT =WD_RFR_
CNT_LIMIT + WD Refresh OK

FLT_ERR_CNT_INIT FLT_ERR_CNT_INIT

WD_RFR_CNT = WD_RFR_
CNT_LIMIT + WD Refresh OK

WD_RFR_CNT =WD_RFR_
CNT_LIMIT + WD Refresh OK

WD_RFR_CNT =WD_RFR_
CNT_LIMIT + WD Refresh OK

WD_RFR_CNT =WD_RFR_
CNT_LIMIT + WD Refresh OK

WD_RFR_CNT = WD_RFR_
CNT_LIMIT + WD Refresh OK

WD_RFR_CNT = WD_RFR_
CNT_LIMIT + WD Refresh OK

WD_RFR_CNT =WD_RFR_
CNT_LIMIT + WD Refresh OK

WD_RFR_CNT = WD_RFR_
CNT_LIMIT + WD Refresh OK

FAULT ERR_CNT_LIMIT = 10

WD_RFR_CNT =WD_RFR_
CNT_LIMIT + WD Refresh OK

WD_RFR_CNT = WD_RFR_
CNT_LIMIT + WD Refresh OK

WD_RFR_CNT =WD_RFR_
CNT_LIMIT + WD Refresh OK

WD_RFR_CNT =WD_RFR_
CNT_LIMIT + WD Refresh OK

WD_RFR_CNT =WD_RFR_
CNT_LIMIT + WD Refresh OK

WD_RFR_CNT = WD_RFR_
CNT_LIMIT + WD Refresh OK

WD_RFR_CNT =WD_RFR_
CNT_LIMIT + WD Refresh OK

WD_RFR_CNT =WD_RFR_
CNT_LIMIT + WD Refresh OK

WD_RFR_CNT =WD_RFR_
CNT_LIMIT + WD Refresh OK

WD_RFR_CNT = WD_RFR_
CNT_LIMIT + WD Refresh OK

WD_RFR_CNT = WD_RFR_
CNT_LIMIT + WD Refresh OK

WD_RFR_CNT =WD_RFR_
CNT_LIMIT + WD Refresh OK

WD_RFR_CNT =WD_RFR_
CNT_LIMIT + WD Refresh OK

FAULT_ERR_CNT_LIMIT = 11

Figure 48. Fault Error Counter diagram with maximum value = 8 or 12

aaa-051539

19.5.2 Fault source and reaction

In normal operation when FSOB, LIMPO, and RSTB are released, the fault error counter is incremented when a
fault is detected by the FS23 state machine. Table 53 lists all the faults and their impacts on RSTB, FS0B, and
LIMPO pins according to the device configuration. The faults that are configured to not assert RSTB, FSOB, and
LIMPO will not increment the fault error counter. In that case, only the flags are available for MCU diagnostic.
The fault error counter is incremented by 1, each time the RSTB and/or FSOB and/or LIMPO pin is asserted.

FS23 data sheet
Product data sheet
CONFIDENTIAL

All information provided in this document is subject to legal disclaimers.

Rev. 4 — 15 September 2023

© 2023 NXP B.V. All rights reserved.

88/229



NXP Semiconductors

FS23 data sheet

Safety system basis chip (SBC) with power management, CAN FD and LIN transceivers

Table 53. Application related fail-safe fault list and reaction

In Orange, the reaction is not configurable. In Green, the reaction is configurable by OTP and SPI/ I?C for RSTB and by
SPI / I?C for FSOB/LIMPO in INIT mode.

Mode Fault source FLT65$ R RSTB assertion FSOB assertion LIMPO assertion
VxTSD and CONF_ = Max
TSD_Vx_OTP
VXMON OV +1
VxMON UV +1
FLT_ERR_CNT No change
= MID VALUE 9
WD_ERR_CNT = +1
WD_ERR_LIMIT
FCCU1 single +1
FCCU2 single +1
Slot 0 to
Normal FCCU12 pair +1
state
External reset (out +1
of extended RSTB)
RSTB short to high | No change
RSTB short 8 s = Max
FSOB short to high | No change
LIMPO short to high | No change
INIT_CRC_NOK +1
WD_NOK_ +1
RECOVERY
1MHz_STUCK_AT | No change
V1UVLP No change
LPON WD_ERR_CNT = No change
state | WD_ERR_LIMIT 9
No fault =1
LPOFF No fault =1
state
Fail- .
Safe Stlate machlne =1
in fail-safe
state
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19.5.3 Fail-Safe mode
FS23 enters in Fail-Safe (FS) mode when:

* The fault error counter reaches its maximum value (not configurable)

* VBOS UV is detected

* RSTB is asserted low for 8 s (if enabled by OTP)

* VxOV is detected (if configured by OTP)

* VXTSD is detected (if configured by OTP)

* Negative overcurrent (V1_OC_LS) is detected in HVBUCK version (if enabled by OTP)

* OC timeout is detected in HVLDO1 version used with external PNP

V1UVLP is detected in LPON mode or during transition from LPON mode to Normal mode
* When the first fault is detected (if configured by OTP)

In Fail-Safe mode, all the regulators are turned off, the high-power analog circuitry in enabled, the 20 MHz
oscillator is enabled, the OV/UV monitoring is turned on, and the FS_EVT bit is set to 1.

The fault error counter is reset to 1.

The device exits the Fail-Safe state after Trs pyr time. If FS_LPOFF_OTP bit is set to 1 or if
KEY_OFFON_EN_OTP bit is set to 1, the device exits FS state and goes to LPOFF. Otherwise, the device goes
back automatically to the power-up sequence.

Table 54. Fail-Safe state electrical characteristics

Ta =—40 °C to 125 °C, unless otherwise specified. VSUP = 5.5 V to 40 V, unless otherwise specified. All voltages
referenced to ground.

Symbol Parameter ‘ Min ‘ Typ ‘ Max ‘ Unit
Fail-Safe

Fail-Safe state duration
Trs pur * FS DUR_CFG OTP=0
* FS_DUR_CFG_OTP =1

90 100 110 ms
3.6 4.0 4.4 ]

19.6 RSTB, FS0B, LIMP0/1/2

Three safety output pins, RSTB, FSOB, and LIMPO, are implemented in order to guarantee the safe state of the
system. All those safety outputs are active low.

RSTB and FSOB are activated during power up and can only be released when the device is in Normal mode.
LIMPO, on the contrary, will be released at startup and will only be asserted when a fault occurs.

The three pins are managed independently in parallel of the main state machine.

19.6.1 RSTB

RSTB is an open-drain output that can be connected in the application to the reset of the MCU. RSTB requires
an external pullup resistor to VDDIO and a filtering capacitor to GND for immunity. An internal pulldown
RSTBRrpp ensures RSTB low level in LPOFF mode and in Power-Up/Down mode. Redundant supplies of the
RSTB driver ensures the pin will be driven low when VSUP is lost. When RSTB is stuck low for more than
RSTBgs, the device transitions in Fail-Safe mode. RSTB assertion depends on the device configuration during
INIT phase. The configurations can be pre-selected by OTP. RSTB can also be asserted at MCU request by
SPI/I”C, to check the correct hardware connection.
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VDDIO

5.1 kQ

To MCU reset

VBOS/V1/VDDIO |J
[ :ﬂ- RPD

%

LOGIC

| RSTB

Figure 49. RSTB pin implementation

1nF

aaa-051410

A 1 ms or 10 ms delay is added before RSTB is released, depending on RSTB_DUR bit (pre-selectable
by OTP) to accommodate specific MCU requirement asking for voltage supply stabilization before RSTB is

released.

Table 55. RSTB electrical characteristics
Ta =-40 °C to 125 °C, unless otherwise specified. VSUP = 5.5 V to 40 V, unless otherwise specified. All voltages referenced to ground.

Symbol Parameter ‘ Min ‘ Typ ‘ Max ‘ Unit

Static electrical characteristics

RSTBy Low-level input voltage 0 - 0.7 \

RSTBy4 High-level input voltage 1.5 - - \%

RSTByoL Low-level output voltage (I = 2.0 mA) - - 0.4 \%

RSTBgrpp Internal pulldown resistor 1 2 4 MQ

RSTB.m Current limitation 4.0 - 22.0 mA

Dynamic electrical characteristics

RSTBtrs Feedback filtering time 8 10 16 us

RSTBtsc Short- to high-detection timer 500 650 800 us

RSTBext External reset detection time 20 30 40 us

RSTBT g Long pulse (configurable with RSTB_DUR bit) 8.5 - 11.5 ms

RSTBrsT Short pulse (configurable with RSTB_DUR bit) 0.85 - 1.15 ms

RSTBrgs 8 second timer 7.0 8.0 9.0 s

RSTBtraLL Fall time (pull up to VDDIO =5V, 1 nF output capacitor) - - 8 us
Time to release RSTB from POR or LPOFF

RSTBTRELEASE - With all slots used - 4 6 ms
- With RSTB_DUR =1 (1 ms)

External components

RSTBRrpy External pullup resistor to VDDIO (nominal) - 5.1 - kQ

RSTBcout External filtering capacitor - 1 - nF
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19.6.2 FSOB

FSOB is an open-drain output that can be used to transition the system in safe state. It is asserted low by
default, and must be released by the MCU in Normal mode. Once released, it is asserted low in case of fault

and depending on the fault impact configuration. In Low-Power modes (LPON and LPOFF), FSOB is asserted
low.

FSOB requires an external pullup resistor to VDDIO or VSUP, a 10 nF filtering capacitor to GND for immunity
when FSOB is a local pin, and an additional RC network when FSOB is a global pin to be robust against ESD
GUN and ISO 7637 transient pulses. An internal pulldown RPD ensures FSOB low level in LPON AND LPOFF
and Power-Up/Down mode. Redundant supplies of the FSOB driver ensure the pin will be driven low when
VSUP is lost. FSOB assertion depends on the device configuration during INIT phase. FSOB can also be
asserted at MCU request by SPI/I2C, to check the correct hardware connection.

VDDIO or VSUP

5.1kQ
| FsoB 51 kQ To fail-safe
VBOS/V1/VDDIO l — circuitry
10 nF 22 nF

I
2 I & 3

LOGIC

%

Figure 50. FSOB pin implementation
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Table 56. FSOB electrical characteristics

Ta =—40 °C to 125 °C, unless otherwise specified. VSUP = 5.5 V to 40 V, unless otherwise specified. All voltages
referenced to ground.

Symbol Parameter ‘ Min ‘ Typ ‘ Max ‘ Unit
Static electrical characteristics

FSOBy,_ Low-level input voltage 0 - 0.7 \%
FSOBy 1 High-level input voltage 15 - - \%
FSO0ByoL Low-level output voltage (I = 2.0mA) - - 0.5 \%
FSOBRrpD Internal pulldown resistor 1 2 4 MQ
FSOB_m Current limitation 4.0 - 22.0 mA
Dynamic electrical characteristics

FSOBtrs Feedback filtering time 8 10 16 V&
FSO0Btsc Short- to high-detection timer 500 650 800 V&
FSOBtraLL Fall time (pull up to VDDIO = 5V, 10 nF output capacitor) - - 10 V&
External components

FSO0BRrpy External pullup resistor to VDDIO (nominal) - 51 - kQ
FSOBrser External serial resistor (optional, 0805 package size) - 51 - kQ
FSOBcouT1 External output capacitor (close to the pin) - 10 - nF
FSO0BcouT2 External output capacitor (optional, after the serial resistor) - 22 - nF
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19.6.3 FSOB release

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:

* No fault affecting FSOB reported

* Fault error counter = 0

* Device in Normal mode

* Device not in Debug mode and not in INIT mode

FS_FSOB_LIMPO_REL register filled with the correct value, depending on current WD_TOKEN][15:0] value as
Table 57:

Table 57. FSOB and/or LIMPO release commands

FS_FSOB_
LIMPO_REL[15:0] B15 B14 B13 B12 |B11 B10 B9 B8 B7 B6 B5 B4 B3 B2 B1 BO
Release FS0B 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])

19.6.4 LIMPO

LIMPO is an open-drain output that can be used to transition the system in safe state. It is released high by
default. It is asserted low in case of fault and depending on the fault impact configuration. In Low-Power modes
(LPON and LPOFF), LIMPO works like in Normal mode.

LIMPO requires an external pullup resistor to VSUP or VDDIO, a 10 nF filtering capacitor to GND for immunity
when LIMPO is a local pin, and an additional RC network, when LIMPO is a global pin, to be robust against ESD
GUN and ISO 7637 transient pulses. A weak internal pulldown RPD ensures LIMPO low level in case of pin lift.
An internal pulldown RPD_STUP ensures LIMPO is released at startup.

LIMPO assertion depends on the device configuration during INIT phase. LIMPO can also be asserted at MCU
request by SPI/IZC, to check the correct HW connection.

VSUP

10 kQ

1 LimPo 51kQ To fail-safe

T l — _L circuitry
I L

VBOS

10 nF 22 nF

H- RPD
LOGIC RPD_STUP E

Figure 51. LIMPO pin implementation
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Table 58. LIMPO electrical characteristics

Ta =-40 °C to 125 °C, unless otherwise specified. VSUP = 5.5 V to 40 V, unless otherwise specified. All voltages
referenced to ground.

Symbol Parameter ‘ Min ‘ Typ ‘ Max ‘ Unit

Static electrical characteristics
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Table 58. LIMPO electrical characteristics...continued

Ta =—40 °C to 125 °C, unless otherwise specified. VSUP = 5.5 V to 40 V, unless otherwise specified. All voltages
referenced to ground.

Symbol Parameter Min Typ Max Unit
LIMPOy, Low-level input voltage 0 - 0.7 \Y
LIMPOy 4 High-level input voltage 1.5 - - \Y
LIMPOyoL Low-level output voltage (I = 2.0mA) - - 0.5 \Y
LIMPORrpp Internal pulldown resistor 1 2 4 MQ
LIMPO_m Current limitation 4.0 - 22.0 mA
Dynamic electrical characteristics
LIMPO+gg Feedback filtering time 8 10 16 us
LIMPOrsc Short- to high-detection timer 500 650 800 us
LIMPOreALL Fall time (pull up to VSUP = 14V, 10 nF output capacitor) - - 35 us
Fall time (pull up to VSUP = 14 V, no output capacitor) - - 10 V&
External components
LIMPOgey External pullup resistor to VDDIO (nominal) - 51 - kQ
External pullup resistor to VSUP (nominal) - 10 - kQ
LIMPORrsgr External serial resistor (optional, 0805 package size) - 51 - kQ
LIMPOcouT1 External output capacitor (close to the pin) - 10 - nF
LIMPOcouT2 External output capacitor (optional, after the serial resistor) - 22 - nF

19.6.5 LIMPO release

When the fail-safe outputs LIMPO is asserted low by the device because of a fault, some conditions must be
validated before allowing LIMPO pin to be released by the device. These conditions are:

No fault affecting LIMPO reported
* Fault error counter =0

* Device in Normal mode

* Device not in INIT mode

FS_FSOB_LIMPO_REL register filled with the correct value, depending on current WD_TOKEN][15:0] value as
per Table 57.

19.6.6 LIMP1, LIMP2

Two additional pseudo-safety output can be used when configuring general purpose 1/Os as LIMP1 or LIMP2
functions. HVIO1 or LVIO3 can be configured as LIMP1 function and HVIO2 or LVIO4 can be configured as
LIMP2 function.

When used, LIMP1 and LIMP2 are following LIMPO assertion, except when requested from the MCU. LIMP1
and LIMP2 paths can also be checked by the MCU by requesting their assertion by SPI/I’C.

When asserted, LIMP1 and/or LIMP2 will be released when LIMPO is released. If LIMPO is already released
(that is, LIMP1 or LIMP2 was asserted after MCU request), a LIMPO release request must be sent by the SPI to
release them.

LIMP1 and LIMP2 can work as asserted to a static level (high or low), or as PWM (configurable polarity) when
asserted, depending on LIMPx_CFGJ[1:0] bit.
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When configured as PWM, LIMP1 is static when no fault is reported and toggles at 1.25 Hz with a 50 % duty
cycle when asserted.

When configured as PWM, LIMP2 is static when no fault is reported and toggles at 100 Hz when asserted. Its
duty cycle is configurable between 2.5 %/5 %/10 %/20 % using LIMP2_DC_CFGJ[1:0] bit.

Table 59. LIMP1, LIMP2 electrical characteristics

Ta =-40 °C to 125 °C, unless otherwise specified. VSUP = 5.5 V to 40 V, unless otherwise specified. All voltages
referenced to ground.

Symbol Parameter ‘ Min ‘ Typ ‘ Max ‘ Unit
Dynamic electrical characteristics

LIMP1pwm FrREQ LIMP1 PWM frequency 1.13 1.25 1.38 Hz

LIMP1pwm_pLy LIMP1 PWM assertion delay - - 500 V]

LIMP2pwm FreQ LIMP2 PWM frequency 80 100 120 Hz

LIMP2pwm_pLy LIMP2 PWM assertion delay - - 500 us

19.7 Analog built-in self-test (ABIST)

The FS23 provides an analog built-in self-test (ABIST) to verify the correct functionality of the voltage monitoring
functions. The ABIST is executed on demand, after a SPI/I’C request from the MCU. ABIST can only be
launched from Normal mode. A status bit ABIST_READY is provided to notify that ABIST is available and ready
to be launched.

ABIST can be launched for all the voltage-monitoring channels at the same time (via LAUNCH_ABIST bit), or

individually (via ABIST_VxMON or ABIST_V1UVLP individual bits). An individual diagnostic bit is available for
each channel once the ABIST is done (ABIST_DONE = 1). The diagnostics flags have no impact on the safety
pins.

The diagnostic flags must be cleared before launching the next ABIST, using the CLEAR_ABIST bit.

If one of the concerned monitored voltages is out of range (OV or UV), the ABIST on-demand command is
ignored. While the ABIST is running, the other monitoring functions are kept available.

Table 60. ABIST electrical characteristics

Ta =-40 °C to 125 °C, unless otherwise specified. VSUP = 5.5 V to 40 V, unless otherwise specified. All voltages
referenced to ground.

Symbol ‘ Parameter ‘ Min ‘ Typ ‘ Max ‘ Unit
ABIST
TaBisT \ABIST duration for one monitoring channel ‘ - ‘ - ‘ 70 ‘ us

19.8 Periodic CRC check

The FS23 provides an 8-bit periodic CRC check to verify the integrity of the INIT registers (FS_I_xxxx)
containing the safety configuration information (configurable in INIT mode only). This mechanism allows the
detection of a misconfiguration from the MCU or a bit flip in the INIT registers.

The 8-bit CRC is computed on the result of the concatenation of the following 58 register bits:
FS_ | OVUV_CFG1[12:7], FS_I_OVUV_CFG1[5:0]

FS_I_OVUV_CFG2[12:7], FS_I_OVUV_CFG2[5:0]

FS_|_FCCU_CFG[14:0]

FS_| FSSM_CFG[14:4]
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« FS_|_WD_CFG[14:7]

The calculation to apply on the result of the concatenation is the same as the SPI/I°C CRC, using
xA8+xM+xA3+x"2+1 polynomial. The MCU must write the obtained CRC in the FS_CRC register before closing
the INIT phase, after the modification of the INIT registers.

Once the INIT phase closes and the device is in Normal mode, the periodic CRC check is launched
automatically each 5 ms (Tcre) (<FTTI).

Each 5 ms, the device logic recalculates the CRC and compares it to the value stored in FS_CRC register. If
a mismatch is reported, the INIT_CRC_NOK_| bit is set and the safety outputs FSOB or LIMPO are asserted
depending on their impact configuration (INIT_CRC_FS0B_IMPACT and INIT_CRC_LIMPO_IMPACT).

Table 61. Cyclic CRC check characteristics

Ta =-40 °C to 125 °C, unless otherwise specified. VSUP = 5.5 V to 40 V, unless otherwise specified. All voltages
referenced to ground.

Symbol Parameter Min Typ Max ‘ Unit
Cyclic CRC check

Tcre CRC check timing interval - - 5.5 ms

Tcre_RUN CRC maximum computation time - - 80 us

19.9 Clock monitoring

The 1 MHz is monitored for stuck-at faults in Normal mode. In case a stuck-at is detected, the three safety pins
— RSTB, FSO0B, and LIMPO — are asserted.
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20 MCU communication

The FS23 provides both I°C and SP!I interfaces with shared pins, for device configuration, control and
diagnostic, in Normal and LPON modes. The choice of the interface is done by OTP.

By default and when SPI_EN_OTP =0, the 1°C interface is selected. In this case, pins 27 and 28 are used
respectively as SCL and SDA signals, and pins 25 and 26 are available as LVO6 and LVI5 digital 1/Os.

When SPI_EN_OTP = 1, the SPI interface is selected. In this case, pins 25 to 28 are used respectively as
MISO, MOSI, SCK, and CSB pins.

20.1 1°C communication interface

20.1.1 I2C interface overview

The FS23 I°C interface foIIows the Fast mode-plus definition up to 1 Mbit/s. High-speed mode (3.4 Mbit/s) is
not supported by the device. | 2C interface protocol requires a device address for addressing the target IC on
a multidevice bus. The FS23 has one device address to access the logic. This | 2C addresses is set by OTP
(I2CDEVADDR_OTP).

The I°C interface uses the VDDIO pin as power input and it is compatlble with 3.3 V and 5.0 V input supply.
Timing, diagrams, and further details can be found in the NXP | c specification. Refer to UM10204 Rev. 7.

An I°C message has the following arrangement:

Table 62. 1°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 j B22 \ B21 ‘ B20 ‘ B19 ‘ B18 ‘ B17 | B16
0 ADRI6:0] DATA[15:8]
0 Register address Data MSB

B15 B14‘B13‘B12‘B11‘B10‘BQ188 B7‘B6‘B5‘B4‘B3‘BZ‘B1‘B0
DATA[7:0] CRC[7:0]

Data LSB CRC

Bit B32 must be set to 0 to execute a write command, and to 1 to execute a read command.
A read command is composed of two I°C accesses:

* The first access is the request with the device address and the register address.
* The second access is the answer with the data contained in the register and the CRC.

Table 63. Read command example

First access Second access
addross + RIW °b°aZ§§§fter addross + RIW Data 8-bit CRC
0\1 \o\o\o\o\o\o 0\0\0\0\0\1 \1 \o 0\1 10\0\0\0\0\1 o\0\0\0\0\0\0\0\0\0\0\0\1 \0\0\1
0x40 0x06 0x41 0x0009 OxSF
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An 8-bit CRC is required for each write and read I°C command. Computation of a CRC is derived from the
mathematics of polynomial division, modulo two. The CRC polynomial used is x"8+x"4+x"3+x"2+1 defined by
SAE-J1850 (identified by Ox1D) with a SEED value of hexadecimal '0xFF'.

20.1.2 Device address

The I°C address has the following arrangement:

e Bit39: 0
e Bit 38: 1
e Bit 37 to 34: OTP value
e Bit33:0
Table 64. Device address
B39 B38 B37 B36 B35 B34 B33
0 1 I12CDEVADDR_OTP[3:0] 0

20.1.3 I°C CRC calculation and results

CRC calculation using XOR:

CRC_7 = XOR ( B38, B35, B32, B31, B24, B23, B22, B20, B17, B13, B12, B11, 1, 1, 1)

CRC_6 = XOR ( B37, B34, B23, B22, B21, B19, B16, B12, B11, B10, 1, 1)

CRC_5 = XOR ( B39, B36, B33, B30, B29, B22, B21, B20, B18, B15, B11, B10, B9, 1, 1, 1)
CRC_4 = XOR ( B39, B38, B35, B32, B29, B28, B21, B20, B19, B17, B14, B10, B9, B8, 1,1, 1, 1)

CRC_3 = XOR ( B37, B35, B34, B32, B28, B27, B24, B23, B22, B19, B18, B17, B16, B12, B11, B9, B8, 1, 1, 1,
1)

CRC_2 = XOR (B39, B38, B36, B35, B34, B33, B32, B27, B26, B24, B21, B20, B18, B16, B15, B13, B12, B10,
B8,1,1,1,1,1,1,1)

CRC_1=XOR (B37, B34, B33, B26, B25, B24, B22, B19, B15, B14, B13,B9, 1, 1, 1)
CRC_0 = XOR (B39, B36, B33, B32, B25, B24, B23, B21, B18, B14, B13, B12, B8, 1,1, 1, 1)

(
(
(
(

Table 65. CRC result examples

0b0 + Register
address

Device address + R/IW Data 8-bit CRC

0\1\0\0\0\0\0‘1 0\0\0\0‘0\0\110 o\o‘o]o\o\o\o\o\o\o\o\o\o\o\o\o 0XAC

0x41 0x02 0x0000 0XAC

0\1 \0\0\0\1\010 0\1\1\1\1\1]1]1 1\1 10\1 \0\0\0\0\0\0\0\0\0\0\0\1 0x38
Ox44 OXTF 0xD001 0x38
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20.1.4 Electrical characteristics

Table 66. Electrical characteristics

Ta =-40 °C to 125 °C, unless otherwise specified. VSUP = 5.5 V to 40 V, unless otherwise specified. VDDIO = 3.0 V to 5.5
V, unless otherwise specified. All voltages referenced to ground.

Symbol Parameter Min ‘ Typ ‘ Max Unit
12C

VDDIO I°C interface supply input 3135 £700 5,465 v

4.75 5.00 5.25

FscL SCL clock frequency (max load cap = 100 pF) - - 1 MHz
12Cy SCL, SDA low-level input voltage 0.3 xVDDIO - - \%
12Cy4 SCL, SDA high-level input voltage - - 0.7 x VDDIO \Y
12ChxysT Input hysteresis 170 - - mV
SDAvoL Low-level output voltage at SDA pin (I = 20 mA) - - 0.4 \Y,
Cioc Input capacitance at SCL/SDA - - 10 pF
tspscL SCL pulse width filtering time 18 - - ns
tspspa SDA pulse width filtering time 28 - - ns

20.2 SPlI communication

The FS23 provides a 32-bit SPI interface, as alternative to the I°C interface (SPI_EN_OTP =1).

20.2.1 SPIl interface overview

The SPI has the following arrangement:
MOSI bits

* Bits 31 to 25: register address

* Bit 24: Read/Write (for reading Bit 24 = 0; For writing Bit 24 = 1)
* Bits 23 to 8: control bits

* Bits 7 to 0: CRC

MISO bits

* Bits 31 to 24: general device status
* Bits 23 to 8: device internal control register content
* Bits 7 to 0: CRC

The digital SPI pins (CSB, SCLK, MOSI, MISO) are referenced to VDDIO.

The MCU is the master driving MOSI and FS23 is the slave driving MISO. The MISO data is latched at the
SCLK rising edge and MOSI data is latched at the SCLK falling edge. MSB first.

* In write command, MISO [31:24] bits are the general status flags, [23:8] bits are register’s content before
Write access and MISO [7:0] is the CRC of the message sent by the FS23.

* In read command, MOSI [23:8] bits are all 0 and MOSI [7:0] is the CRC of the message sent by the MCU.

Table 67 and Table 68 describe SPI communication protocol for writing data into the FS23 or reading data from
the FS23.
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Table 67. 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 flags Register content before write

B15 ‘ B14 ‘ B13 ‘ B12 ‘ B11 ‘ B10 ‘ B09 ‘ B08 | B07 ‘ B06 ‘ BO5 ‘ B04 ] B03 ‘ B02 ‘ BO1 ‘ B0O
MOSI Write data [7:0] CRC [7:0]
MISO Register content before write CRC [7:0] - response
Table 68. 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 flags Read data [15:8]

B15 \ B14 \ B13 \ B12 ‘ B11 ‘ B10 ‘ B09 ‘ B08 | B07 ‘ B06 ‘ B05 ‘ B04 ] B03 \ B02 \ BO1 ‘ B0O
MOSI 0x00 CRC [7:0]
MISO Read data [7:0] CRC [7:0] - response

20.2.2 SPI status bits

Table 69. MISO general device status bits descriptions

Bit Symbol Description

Interrupt notification from M_HSx_FLG or M_CS_FLG_MSK registers

0 No event reported in M_HSx_FLG or M_CS_FLG_MSK registers

1 An interrupt or flag is present in M_HSx_FLG or M_CS_FLG_MSK registers

31 HSXG Reset on power-on reset (POR), cleared when all individual bits are cleared

Flags reported: HS1_OL_I, HS1_OC_I, HS12_TSD_I, HS2_OL_l, HS2_OC_I|, HS3_OL_],
HS3_OC_I, HS34_TSD_I, HS4_OL_I, HS4_OC_I, WAKE1_OL_I, WAKE2_OL_|I, HVIO1_
OL_I, HVIO2_OL_I

Interrupt notification from FS_SAFETY_FLG register (safety related errors)
0 No event reported in FS_SAFETY_FLG register
30 SAFETYG 1 Safety-related interrupt or flag present in FS_SAFETY_FLG register

Reset on power-on reset (POR), cleared when all individual bits are cleared

Flags reported: WD_NOK_|, FCCU12_I, FCCU1_I, FCCU2_I, INIT_CRC_NOK_|

Interrupt notification from M_CAN or M_LIN registers

0 No event present reported in M_CAN or M_LIN registers
29 PHYG 1 An interrupt or flag is present in M_CAN or M_LIN registers

Reset on power-on reset (POR), cleared when all individual bits are cleared

Flags reported: CAN_TSD_I, CAN_TXD_TO_I, LIN_TSD_I, LIN_TXD_TO_lI, LIN_SC_I
Interrupt notification from M_IOWU_FLG or M_WU1_FLG registers

28 WUG 0 No event reported in M_IOWU_FLG or M_WU1_FLG registers

1 An interrupt or flag is present in M_IOWU_FLG or M_WU1_FLG registers
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Table 69. MISO general device status bits descriptions...continued
Bit Symbol Description

Reset on power-on reset (POR), cleared when all individual bits are cleared

Flags reported: WK1_WU_I, WK2_WU_I, HVIO1_WU_I, HVIO2_WU_|, LVIO3_WU_|,
LVIO4_WU_I, LVI5_WU_I, CAN_WU_I, LIN_WU_I, LDT_WU_I, INT_TO_WU, WD_OFL_
WU, V1_UVLP_WU, GO2NORMAL_WU, EXT_RSTB_WU

Interrupt notification from M_IO_TIMER_G register
0 No event reported in M_IO_TIMER_G register
27 I0TIMG 1 An interrupt or flag is present in M_IO_TIMER_G register

Reset on power-on reset (POR), cleared when all individual bits are cleared

Flags reported: WK1_I, WK2_I, HVIO1_I, HVIO2_I, LVIO3_I, LVIO4_|, LVI5_I, LDT_I
Interrupt notification from M_VSUP_COM_FLG register

0 No event reported into M_VSUP_COM_FLG register

26 COMG 1 An interrupt or flag is present in the M_VSUP_COM_FLG register

Reset on power-on reset (POR), cleared when all individual bits are cleared
Flags reported: SPI_REQ_I, SPI_CLK_I, SPI_CRC_I, 12C_REQ_1I, 12C_CRC_I
Interrupt notification from M_VSUP_COM_FLG register

0 No event reported into M_VSUP_COM_FLG register

25 VSUPG 1 An interrupt or flag is present in the M_VSUP_COM_FLG register

Reset on power-on reset (POR), cleared when all individual bits are cleared
Flags reported: VSUP_UV_I, VSUP_OV_I, VSHS_UV_I|, VSHS_OV_I
Interrupt notification from M_REG_FLG register

0 No event reported into M_REG_FLG and M_REG1_FLG registers

1 An interrupt or flag is present in M_REG_FLG or M_REG1_FLG register

24 VxG

Reset on power-on reset (POR), cleared when all individual bits are cleared

Flags reported: VOUV_I, VOOV_I, V1OC_I, VIUV_I, VIOV_I, VATSD_I, VITWARN_|,
V1_OCLS_|, V20C_I, V2UV_I, V20V_I, V2TSD_I, V30C_I, V3UV_I, V30V_I, V3TSD_|

20.2.3 Cyclic redundant check

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 polynomial used is x"8+x"4+x"3+x"2+1 (identified
by 0x1D) with a SEED value of hexadecimal 'OxFF'.

Figure 52 is an example of CRC encoding HW implementation:

co ct c2 c3 c4 c5 c6 c’
| OO O] | |
T T T T T T T T
L_J LJ L_J
] O
11 0*X 1X2 1%x3 1*x4 0*X5 0*X8 0*X7 1%X8
Input
Data
aaa-046864
Figure 52. CRC encoder example
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20.2.3.1 CRC encoding procedure

The effect of the CRC encoding procedure is shown in Table 70. The seed value is appended into the most
significant bits of the shift register.

Table 70. Data preparation for CRC encoding

Seed Register address | Read/write Data_MSB Data_LSB

OxFF Bits[31:25] Bit[24] Bits[23:16] Bits[15:8]

Seed... ... padded with the message to encode ... padded with 8
zeros

1. Using a serial CRC calculation method, the transmitter rotates the seed and data into the least significant
bits of the shift register.

2. During the serial CRC calculation, the seed and the data bits are XOR compared with the polynomial data
bits. When the MSB is logic 1, the comparison result is loaded in the register, otherwise the data bits are
simply shifted. It must be noted the 32-bit message to be processed must have the bits corresponding to the
CRC byte all equal to zero (00000000).

3. Once the CRC is calculated, it replaces the CRC byte initially set to all zeros and is transmitted.

20.2.3.2 CRC decoding procedure

1. The seed value is loaded into the most significant bits of the receive register.

2. Using a serial CRC calculation method, the receiver rotates the received message and CRC into the least
significant bits of the shift register in the order received (MSB first).

3. When the calculation on the last bit of the CRC is rotated into the shift register, the shift register contains the
CRC check result.

* If the shift register contains all zeros, the CRC is correct.
* If the shift register contains a value other than zero, the CRC is incorrect.

20.2.4 Electrical characteristics

Table 71. SPI electrical characteristics

Tp =-40 °C to 125 °C, unless otherwise specified. VSUP = 5.5 V to 40 V, unless otherwise specified. VDDIO = 3.0 V to 5.5
V, unless otherwise specified. All voltages referenced to ground.

Symbol ‘ Description ‘ Min ‘ Typ ‘ Max ‘ Unit

Interface 1/O input supply

Vopio ‘VDDIO supply voltage range ‘ 3.0 ‘ - ‘ 55 ‘ \%

Static electrical characteristics

SPly CSB, SCLK, MOSI low-level input voltage V%:E)IXO - - \Y
. . 0.7 x

SPlyiy CSB, SCLK, MOSI high-level input voltage - - VDDIO \Y

SPlyysT CSB, SCLK, MOSI input-voltage hysteresis 0.1 - 0.6 \%

SCLKpyi-Down SCLK internal pulldown 100 200 400 kQ

MISOyoH MISO high-output voltage (I = 2.0 mA) VF)(I):)‘I‘O - - \Y

MISOyoL MISO low-output voltage (I = 2.0 mA) - - 0.4 \%

Imso Tristate leakage current (VDDIO = 5.0 V) -5.0 - 5.0 MA
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Table 71. SPI electrical characteristics...continued

Ta =-40 °C to 125 °C, unless otherwise specified. VSUP = 5.5 V to 40 V, unless otherwise specified. VDDIO = 3.0 V to 5.5
V, unless otherwise specified. All voltages referenced to ground.

Symbol Description Min Typ Max Unit
SPlpyiup CSB, MOSI internal pullup (pullup to VDDIO) 100 200 400 kQ
Csp Input capacitor at CSB, SCLK, MOSI - - 10 pF
Dynamic electrical characteristics
Fsp SPI operation frequency (50 % DC) 0.5 - 4.0 MHz
toLH Minimum time SCLK = HIGH 125 - - ns
toLL Minimum time SCLK = LOW 125 - - ns
Propagation delay (SCLK to data at 10 % of MISO rising
tpcLD edge), - - 50 ns
Cout = 100 pF max

tcspv CSB = low to data at MISO active - - 100 ns
teoLeH aﬁ_I;K low before CSB low (setup time SCLK to CSB change 125 ) . ns
theLeL SCLK change L/H after CSB = low 125 - - ns
tseLp \Ig(ﬁ;l input setup time (SCLK change H/L after MOSI data 100 ) . ns
thelo t/;OSI input hold time (MOSI data hold after SCLK change H/ 50 ) . ns
tscLcL SCLK low before CSB high 125 - - ns
theLeH SCLK high after CSB high 125 - - ns
tpcHD CSB L/H to MISO at high-impedance - - 100 ns
toncss CSB minimum high time 5 - - us
tcse MmN CSB filter time 10 - 40 ns

CSB ! toncse

teoron | taciel towm tow tscioL | thowon
SCLK 1 ' ii
mso —I0state  "Noiused | wisB \ LsB
tecio i tucio |‘
T ¥
most[IITTTITTTTTITTTITITITITITIIN . mse X wss XTI

Figure 53. SPI timing diagram
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Table 72. Main register mapping

Address
Register # Read/Write Reference
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 Read only Section 22.1
M_DEV_PROG_ID 1 0 0 0 0 0 0 1 Read only Section 22.2
M_GEN_FLAG 2 0 0 0 0 0 1 0 Read only Section 22.3
M_STATUS 3 0 0 0 0 0 1 1 Read only Section 22.4
Reserved 4 0 0 0 0 1 0 0 Reserved -
M_SYS_CFG 5 0 0 0 0 1 0 1 Read/Write Section 22.5
M_SYS1_CFG 6 0 0 0 0 1 1 0 Read/Write Section 22.6
M_REG_CTRL 7 0 0 0 0 1 1 1 Read/Write Section 22.7
Reserved 8 0 0 0 1 0 0 0 Reserved -
Reserved 9 0 0 0 1 0 0 1 Reserved -
M_REG_FLG 10 0 0 0 1 0 1 0 Read/Write Section 22.8
M_REG_MSK 1" 0 0 0 1 0 1 1 Read/Write Section 22.9
M_REG1_FLG 12 0 0 0 1 1 0 0 Read/Write Section 22.10
M_REG1_MSK 13 0 0 0 1 1 0 1 Read/Write Section 22.11
M_IO_CTRL 14 0 0 0 1 1 1 0 Write only Section 22.12
M_IO_TIMER_FLG 15 0 0 0 1 1 1 1 Read/Write Section 22.13
M_IO_TIMER_MSK 16 0 0 1 0 0 0 0 Read/Write Section 22.14
M_VSUP_COM_FLG 17 0 0 1 0 0 0 1 Read/Write Section 22.15
M_VSUP_COM_MSK 18 0 0 1 0 0 1 0 Read/Write Section 22.16
M_IOWU_CFG 19 0 0 1 0 0 1 1 Read/Write Section 22.17
M_IOWU_EN 20 0 0 1 0 1 0 0 Read/Write Section 22.18
M_IOWU_FLG 21 0 0 1 0 1 0 1 Read/Write Section 22.19
M_WU1_EN 22 0 0 1 0 1 1 0 Read/Write Section 22.20
M_WU1_FLG 23 0 0 1 0 1 1 1 Read/Write Section 22.21
M_TIMER1_CFG 24 0 0 1 1 0 0 0 Read/Write Section 22.22
M_TIMER2_CFG 25 0 0 1 1 0 0 1 Read/Write Section 22.23
M_TIMER3_CFG 26 0 0 1 1 0 1 0 Read/Write Section 22.24
M_PWM1_CFG 27 0 0 1 1 0 1 1 Read/Write Section 22.25
M_PWM2_CFG 28 0 0 1 1 1 0 0 Read/Write Section 22.26
M_PWM3_CFG 29 0 0 1 1 1 0 1 Read/Write Section 22.27
M_TIMER_PWM_CTRL 30 0 0 1 1 1 1 0 Read/Write Section 22.28
M_CS_CFG 31 0 0 1 1 1 1 1 Read/Write Section 22.29
M_CS_FLG_MSK 32 0 1 0 0 0 0 0 Read/Write Section 22.30
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Safety system basis chip (SBC) with power management, CAN FD and LIN transceivers

Address
Register # Read/Write Reference
Adr_6 Adr_5 Adr_4 Adr_3 Adr_2 Adr_1 Adr_0
M_HSx_SRC_CFG 33 0 1 0 0 0 0 1 Read/Write Section 22.31
M_HSx_CTRL 34 0 1 0 0 0 1 0 Read/Write Section 22.32
M_HSx_FLG 35 0 1 0 0 0 1 1 Read/Write Section 22.33
M_HSx_MSK 36 0 1 0 0 1 0 0 Read/Write Section 22.34
M_AMUX_CTRL 37 0 1 0 0 1 0 1 Read/Write Section 22.35
M_LDT_CFG1 38 0 1 0 0 1 1 0 Read/Write Section 22.36
M_LDT_CFG2 39 0 1 0 0 1 1 1 Read/Write Section 22.37
M_LDT_CFG3 40 0 1 0 1 0 0 0 Read/Write Section 22.38
M_LDT_CTRL 41 0 1 0 1 0 0 1 Read/Write Section 22.39
M_CAN 42 0 1 0 1 0 1 0 Read/Write Section 22.40
M_LIN 43 0 1 0 1 0 1 1 Read/Write Section 22.41
M_CAN_LIN_MSK 44 0 1 0 1 1 0 0 Read/Write Section 22.42
M_MEMORYO 45 0 1 0 1 1 0 1 Read/Write Section 22.43
M_MEMORY1 46 0 1 0 1 1 1 0 Read/Write Section 22.44
Table 73. Safety-related register mapping
Address
Register # Read/Write Reference
Adr_6 Adr_5 Adr_4 Adr_3 Adr_2 Adr_1 Adr_0
FS_I_OVUV_CFG1 50 0 1 1 0 0 1 0 Write during INIT then Read only Section 22.45
FS_|_OVUV_CFG2 51 0 1 1 0 0 1 1 Write during INIT then Read only Section 22.46
FS_|_FCCU_CFG 52 0 1 1 0 1 0 0 Write during INIT then Read only Section 22.47
Reserved 53 0 1 1 0 1 0 1 Reserved -
FS_|_FSSM_CFG 54 0 1 1 0 1 1 0 Write during INIT then Read only Section 22.48
FS_I_WD_CFG 55 0 1 1 0 1 1 1 Write during INIT then Read only Section 22.49
FS_WDW_CFG 56 0 1 1 1 0 0 0 Read/Write Section 22.50
FS_WD_TOKEN 57 0 1 1 1 0 0 1 Read only Section 22.51
FS_WD_ANSWER 58 0 1 1 1 0 1 0 Write only Section 22.52
FS_LIMP12_CFG 59 0 1 1 1 0 1 1 Read/Write Section 22.53
FS_FSOB_LIMPO_REL 60 0 1 1 1 1 0 0 Read/Write Section 22.54
FS_ABIST 61 0 1 1 1 1 0 1 Read/Write Section 22.55
Reserved 62 0 1 1 1 1 1 0 Reserved -
FS_SAFETY_OUTPUTS 63 0 1 1 1 1 1 1 Read/Write Section 22.56
FS_SAFETY_FLG 64 1 0 0 0 0 0 0 Read/Write Section 22.57
FS_CRC 65 1 0 0 0 0 0 1 Read/Write Section 22.58
FS23 data sheet All information provided in this document is subject to legal disclaimers. © 2023 NXP B.V. All rights reserved.

Product data sheet
CONFIDENTIAL

Rev. 4 — 15 September 2023

105/ 229



NXP Semiconductors

FS23 data sheet

Safety system basis chip (SBC) with power management, CAN FD and LIN transceivers

21.1 Readable registers
. Register . . . . . . . . . . . . . . . .
Logic - Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8 Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

M?:?:E;V_ 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_ FULL_LAYER_REV METAL_LAYER_REV PROG_IDH PROG_IDL
PROG_ID — - — - — —

M_GEN

ELAG™ 0 0 0 0 0 0 0 0 HSXG SAFETYG PHYG WUG I0TIMG COMG VSUPG VxG
M_STATUS TWXQN s | LPON.S |NORMALS | INTS 0 WK2_S WK1_S HVIO2_S | HVIO1_S LVI5_S LVIO4_S LVIO3_S | V1_MODE V1S V2_S V3 S
M_SYS_ INT_TO_

oo 0 BAT_FAIL 0 POR 0 LOCK_INIT 0 0 0 0 WOEN 0 INTB_DUR 0 MOD_CONF | MOD_EN

VBOS2
M_g;(g_ 0 0 0 V1_SW_ 0 oLT(;Ag?P SLOT_BYP DoTvSvlf\AoI:_Fe 0 0 0 0 DBG_MODE 0 0 OTP_MODE
ALWAYS_EN - -
M_REG_ V20N_ V3ON_

STRL 0 0 0 BUCK_SRHSOFF BUCK_SRHSON 0 0 LPON 0 0 LPON 0 0
MT:T_I(E;G_ VOUV._I VOOV_I | VITWARN_I | VATSD_I V2TSD_| V3TSD_I V20L_| VIUV_I V2UV_I V3UV_I VIOV_| V20V._| V30V_| V10C_I V20C_I V30C_I
M—MRSEKG— VOUV_M VOOV_M TWAVR1N M | VITSD.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
M_REG1_ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 V1_OCLS_|

FLG _ocLs_

Main | M_REG1_ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 V1_OCLS_M

MSK Mo

M_I0_ 0 0 0 0 0 0 0 LDT_I LVI5_| LVIO4_| LVIO3_I HVIO2_| HVIOT_I 0 WK2_I WK1_I
TIMER_FLG - — — — — - — -

M_IO_

TIMER_HiSK 0 0 0 0 0 0 0 LDT_M LVI5_M LVIO4_M LVIO3_M | HVIO2_M | HVIO1_M 0 WK2_M WK1_M
M_VSUP_ VBOS2

COM FLG 0 0 0 visw s | VBOS_LV 0 I2C_CRC_I | 12C_REQ_I | SPI_CRC_I | SPI_CLK_I | SPI_REQ_I 0 VSHS_OV_I | VSHS_UV_I | VSUPOV_I | VSUPUV._I
M_VSUP_ VSHS_ VSHS_

COM. MSK 0 0 0 0 0 0 I2C_CRC_M | I2C_REQ_M | SPI_CRC_M | SPI_CLK_M | SPI_REQ_M 0 ov M W M VSUPOV_M | VSUPUV_M
M_IOWU_ LVI5_ LVIO4_ LVIO3_ HVIO2_ HVIOT_

CFG WUGEG WUGEG WUGEG 0 T DGLT WK2_DGLT | WK1_DGLT HVIO2_WUCFG HVIO1_WUCFG WK2_WUCFG WK1_WUCFG

| OW"{'J— N 0 0 LVI5_WUEN LVIO4_WUEN LVIO3_WUEN HVIO2_WUEN HVIO1_WUEN WK2_WUEN WK1_WUEN
M_IOWU_ HVIO2_ HVIOT_ HVIO2_ HVIOT_ HVIO2_ HVIOT_ WK2_ WK1_ WK2_ WK1_
FLG LVIS_WU_I | LVIO4_WU_I | LVIO3_WU_| 0 CYS_RDY | CYSRDY | CYC S cYc s WU_| WU_I CYS_RDY | CYSRDY | cycCs cycs | WKZWUL | WK1_WU_L
M_WU1_EN 0 0 0 0 0 0 0 0 0 0 LDT_WUEN LIN_WUEN CAN_WUEN
M_WU1 EXT WD V1 GO2
G 0 0 0 0 0 0 FSEVT | ost WU | OFL WU | uvipwy |INT-TOWU NOSVI\(IJAL_ 0 LDT_WU_I | LIN.WU_I | CAN_WU_I
M_Tél\g(E;RL 0 0 0 0 0 0 0 TIMER1_DLY TIMER1_ON TIMER1_PER
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Logic | Register Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8 Bit 7 Bit 6 Bit 5 Bit4 Bit 3 Bit 2 Bit 1 Bit 0
MTIMERE 0 0 0 0 0 0 0 TIMER2_ DLY TIMER2_ON TIMER2_PER
MTIIERS- 0 0 0 0 0 0 0 TIMER3_DLY TIMER3_ON TIMER3_PER
M_PWM1_ 0 0 0 PWM1_DLY PWM1_F PWM1_DC

CFG _ - )

M P2 0 0 0 PWM2_DLY PWM2_F PWM2_DC

M PI3. 0 0 0 PWM3_DLY PWM3_F PWM3_DC
M_TIMER _ 0 0 0 0 0 0 0 0 0 TMI_EN | TIM2EN | TIM3_EN 0 PWM{_EN | PWM2_EN | PWM3 EN
PWM_CTRL - = _ - = _
M_CS_CFG 0 0 0 0 0 0 HS_PLT_ 0 HVIO2_HS_SEL HVIO1_HS_SEL WK2_HS_SEL WK1_HS_SEL

_CS WU_FORCE LEE —HS_ _HS_ Hs_

M_CS_ HVIO2_ HVIO1 | WAKE2. | WAKED WAKE2._ | WAKE1_
FLG Sk 0 0 0 0 0 0 0 M e ot oL 0 Hvioz_oL_1 | hviot oLt | Ve o
M_HSx_ HS4_SRC_SEL HS3_SRC_SEL HS2_SRC_SEL HS1_SRC_SEL

SRC_CFG _SRC_ _SRCY TSRC_ —SRC_

W Hx HS_ HS_ HS_

e 0 VSHSUVOV_| VSHSUV_ | VSHSOV_ 0 0 0 0 0 HS4_EN 0 HS3_EN 0 HS2_EN 0 HS1_EN

REC DIS DIS

M_HSx_FLG 0 0 0 HS4 OL | | Hs4_OC.I 0 HS3 OL | | HS3 OC | |HS34 TSD_I 0 HS2 OL | | HS2 OC_I 0 HS1 OL | | HS1_OC_I |HS12 TSD_I
M_HSx_ HS34_ HS12_

o 0 0 0 HS4_OL_M | HS4_OC_M 0 HS3OLM | Hs3ocm | oMy 0 HS2 OL M | HS2_0C M 0 HS1OLM |Hs1ocM | 1%
M_AMUX_ 0 0 0 0 0 0 AMUX_EN | AMUX_DIV 0 0 0 AMUX

CTRL

M_LDT_

CFG1 LDT_AFTER_RUN

M_LDT_

CFG2 LDT WUP_L

M_LDT_

ros 0 0 0 0 0 0 0 0 LDT WUP_H

M_LDT_

o] 0 0 0 0 0 0 0 0 LDT2LP LDT_FNCT LDT SEL | LDT MODE | LDT EN | LDT RUN

CAN_
M_CAN 0 0 0 0 0 0 CAN_MODE ACTIVE_ 0 CAN_ 0 0 0 CAN_ | cAN TsD_I
FS DIS TXD_TO.|
MODE_§
LN LIN LIN_TXD
M_LIN 0 LIN_MODE LIN_SLOPE LIN.FS DIS | VSHSUV_ | LIN_SC _ 0 0 0 0 LIN_SC_| _TXD_ | LN _TsD_I
DIS TXD_TO TO_I

M_CAN_ LIN_TXD_ CANTXD_ | CAN_
LIRSk 0 0 LIN_FSM_STATE_S tn_sem | M- | UnTsD 0 CAN_FSM_STATE_S 6 oo
MEMS Yo MEMORYO[15]MEMORYO[14]MEMORYO[13]MEMORY0[12] MEMORYO[11] MEMORYO[10] MEMORYO[9]  MEMORYO0[8] | MEMORY0[7] | MEMORYO[6] | MEMORY0(5] | MEMORY0[4] | MEMORYO[3] | MEMORY0[2] | MEMORYO[1] | MEMORYO[0]
MEMSRy1 MEMORY1[15]MEMORY1[14]MEMORY 1[13]MEMORY 1(12]MEMORY [11]MEMORY 1[10] MEMORY1[9] MEMORY 1[8] | MEMORY1[7] | MEMORY1[6] | MEMORY 1(5] | MEMORY1[4] | MEMORY (3] |MEMORY1(2] | MEMORY1[1] | MEMORY 1[0]
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Logic | Register Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit9 Bit 8 Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
FS I VIMON_ | VAMON_ | VIMON_ | VIMON_ | VIMON_ | VIMON_ V2ZMON_ | V2MON_ | V2MON_ | V2MON_ | V2MON_ | V2MON_
ovOV_ 0 0 0 OV_RSTB_ | OV_FSOB_ | OV LIMPG_ | UV_RSTB_ | UV FSOB_ | UV_LIMPG_ 0 OV.RSTB_ | OV.FSO | OV LIMPO_ | UV RSTB. | UV FSO | UV LIMPG_
CFG1 IMPACT | IMPACT | IMPACT | IMPACT | IMPACT | IMPACT IMPACT | B_IMPACT | IMPACT | IMPACT | B_IMPACT | IMPACT
FS I V3MON_ | V3MON_ | V3MON_ | V3MON_ | V3MON_ | V3MON_ VOMON_ | VOMON_ | VOMON_ | VOMON_ | VOMON_ | VOMON_
OVOV_ 0 0 0 OV.RSTB_ | OV.FSO | OV LIMPG_ | UV RSTB_ | UV FSOB_ | UV LIMPO_ 0 OV.RSTB. | OV.FSO | OV LIMPO_ | UV RSTB. | UV FSO | UV LIMPG_
CFG3 IMPACT | B IMPACT | IMPACT | IMPACT | IMPACT | IMPACT IMPACT | B_IMPACT | IMPACT | IMPACT | B_IMPACT | IMPACT

Fccuz_ FcCu2_ | FCcut_ FCCUT_
| oo | foous | peen | g | SO oo T | oo | o0
_ - - - IMPACT | B- IMPACT | IMPACT | B- IMPACT
iy o RSTES LIMPO_ | EXTRSTB_ | FSOB_SC_ FLT MID_ | FLT MID_ | FLT MID_
FsonGrG 0 e s | SoTe8 | RSTB_DUR | SC_RSTB_ |  FSOB_ RSTB_ FLT_ERR_LIMIT RSTB_ FS0B_ LIMPO_ FLT_ERR_CNT
_ - _ IMPACT | IMPACT | IMPACT IMPACT | IMPACT | IMPACT
FS I WD_RSTB_ | WD_FSO |WD_LIMPO_ | WD_DIS_
Wo oFG 0 et | 8 wisor |V niaon Do WD_RFR_LIMIT WD_ERR_LIMIT WD_RFR_CNT WD_ERR_CNT
FS_WDW_ WDW_
oo 0 0 0 0 Re BN | WOW_EN 0 WDW_PERIOD 0 WDW_RECOVERY
Fail-
FS_WD_

safe | PO WD_TOKEN
P12 0 0 0 0 0 0 0 LIMP2_DC_CFG LIMP2_CFG 0 0 LIMP1_CFG 0
FS_FSO0B_

(o ReL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
fs apisT | ABIST o o ABIST_ ABIST_ | ABIST.VO | ABIST V1 | ABIST V1 | ABIST V2 | ABIST V3 0 ABIST_ ABIST_ ABIST_ ABIST_ ABIST_
= READY DONE | ONGOING | MON DIAG | UVLP DIAG | MON_DIAG | MON_DIAG | MON_DIAG VOMON | VAUVLP | VIMON V2MON V3MON
Fs_
SAFETY_ 0 RSTB_EXT | RSTB_EVT | RSTB_DRV | RSTB_SNS | RSTB_DIAG 0 FSOB_DRV | FSOB_SNS | FSOB_DIAG 0 0 LIMPO_DRV | LIMPO_SNS | LIMPO_DIAG 0
OUTPUTS
Fs
— FCcui2. | FCcUi_ | Fccuz. | INIT.CRC_ | INIT_CRC_
sy | TS ERR & ERR & NG NoK |~ | WD_NOK_M | WD_NOK_I 0 FCCU12 M | FCCU1M | FCcU2 M | Fccutzi | Fccutl | Fccuzl | Foccuts | Focuz s
INIT_CRC_ | INIT_CRC_
FS_CRC 0 0 0 0 0 FSO0B_ LIMPO_ 0 CRC_VALUE
IMPACT | IMPACT
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Safety system basis chip (SBC) with power management, CAN FD and LIN transceivers

Logich | register Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit9 Bit8 Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 e tallt
name value
M_SYS_ GO2 INT_TO_ MOD_
ore - - - - - LOCK_INIT | GO2INIT | \ %) | GO2LPON | GO2LPOFF | '\ oic= | INTB_REQ | INTB_DUR - CONF MOD_EN | OTP fuse
M_SYS1 vion LOAD TSLOT_ SOFTPOR
e - - - ALWAYS. - oTP Byp | SLOT_BYP | DOWN_ - REQ - DBG_EXIT - - OTP_EXIT - OTP fuse

CFG
EN

M_REG_ V20N_ V3ON_

STRL - - - BUCK_SRHSOFF BUCK_SRHSON - - L PON V2EN V2DIS LPON V3EN V3DIS OTP fuse
M—MRSE}?— VOUV_M | VOOV_M TWA\QN w | VITSD.M | V2TSD_M | V3TSD.M | V20LM | VIUV.M | V2UVM | V3UV.M | VIOV.M | V20VM | V3OV.M | VIOCM | V20CM | V30CM 0x0000
M_REG1_ V1

MSK - - - - - ) - - - > \ - ) - - oCLS_M 0x0000
"(’:';'SL— - - - - - - HVIOTHI | HVIOILO | HVIO2HI | HVIO2LO | LVIO3HI | LVIO3LO | LVIO4HI | LVIOALO LVOBHI LVO6LO 0x0000
M_IO_

TIMER_ - - - - - - - LDT_M LVI5_M LVIO4 M | LVIO3_M | HVIOZ_M | HVIO1_M - WK2_M WK1_M 0x0000

MSK
M_VSUP_ 12C_ 12C_ SPI_ SPI_ VSHS_ VSHS_

COM_MSK - - - - - - CRCM | REQM | crcm |SPLCLKM I gEqM - OV .M uv.M | VSUPOV_M |VSUPUV_M | 0x0000
M_IOWU_ LVI5_ LVIO4_ LVIO3_ HVIO2_ HVIO1_

orG wucke | wuers | wucrg | Reserved bGLT bGLT™ | WK2_DGLT | WK1_DGLT HVIO2_WUCFG HVIO1_WUCFG WK2_WUCFG WK1_WUCFG 0x0005

. M_ - - LVI5_WUEN LVIO4_WUEN LVIO3_WUEN HVIO2_WUEN HVIO1_WUEN WK2_WUEN WK1_WUEN OX00FF

Main | IOWU_EN - - - . - - -

M_WU1_EN - - - - - - a - - - LDT_WUEN LIN_WUEN CAN_WUEN 0X000F

M_

TIMER1_ - - - - - S - TIMER1_DLY TIMER1_ON TIMER1_PER 0x0000

CFG

M_

TIMER2_ - - - - - - ’ TIMER2_DLY TIMER2_ON TIMER2_PER 0x0000

CFG

M_

TIMER3_ - - - - - - - TIMER3_DLY TIMER3_ON TIMER3_PER 0x0000

CFG
M—E‘LVG'V”— - - - PWM1_DLY PWM1_F PWM1_DC 0x0000
M—E‘LVGMZ— - - - PWM2_DLY PWM2_F PWM2_DC 0x0000
M—E‘LVG'VB— - - - PWM3_DLY PWM3_F PWM3_DC 0x0000
M_TIMER_

PWM_ - - - - - - - - - TIMI_EN | TIM2_EN | TIM3_EN - PWM1_EN | PWM2_EN | PWM3_EN | 0x0000

CTRL

HS_FLT_
M_CS_CFG - - - - - - WU_ - HVIO2_HS_SEL HVIO1_HS_SEL WK2_HS_SEL WK1_HS_SEL 0x0000
FORCE
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e || FEOEE Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit9 Bit 8 Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Pefautt
name value
M_CS_ i . i . ] ] ] HVIO2_ HVIO1_ | WAKEZ_ | WAKE1_ ] ] ] ] ] 0X0000

FLG_MSK OoL_M OLM OoL_M oL_M
M_HSx_
SRC. OFG HS4_SRC_SEL HS3_SRC_SEL HS2_SRC_SEL HS1_SRC_SEL 0x0000
M HSx HS_ HS_ HS_
GTRL™ - VSHSUVOV_| VSHSUV_ | VSHSOV_ - - - - - HS4_EN - HS3_EN - HS2_EN - HS1_EN 0x0000
REC DIS DIS
M_HSx_ HS34_ HS12_
TISK - - - HS4_OL_M | HS4_OC_M - HS3_OL M |HS3_OCM | 1oy - HS2_OL_M | HS2_OC_M - HS1_OLM | HS1_OCM | ropy 0x0000
M_AMUX_
STRL - - - - - - AMUX_EN | AMUX_DIV - - - AMUX 0x0000
M_LDT_
CFG1 LDT_AFTER_RUN 0x0000
M_LDT_
CFG2 LDT_WUP_L 0x0000
M_LDT_
ore3 - - - - - - > - LDT_WUP_H 0x0000
M_LDT
GTRL™ - - - - - - . z LDT2LP LDT_FNCT LDT_SEL |LDT_MODE | LDT_EN - 0x0000
CAN_ CAN_
M_CAN - - - - - - CAN_MODE - - FS DIS - - - TXD_T6,| |CAN_TSD_I|  0x0000
LIN LIN_ LIN LIN_TXD.
M_LIN - LIN_MODE LIN_SLOPE FS. DS vsg?suv_ LIN_SC OO L - - - LIN_SC_I To |~ | LINTSD_I | 0x0000
M_CAN_ LIN_TXD_ CAN_TXD_ | CAN_
LIN. MSK - - LIN_FSM_STATE_S LINSC_M | ~T5"\p= | LIN_TSD_M - CAN_FSM_STATE_S TOM TS0 M 0x0000
M_ MEMORYO 0x0000
MEMORY0
M_ MEMORY1 0x0000
MEMORY1
FS I_ VIMON_ | VIMON_ | VIMON_ | VIMON_ | VIMON_ | vimMON_ V2MON_ | vaMON_ | vamON_ | vamoN_ | vamoN_ | vamoN_
ovuv_ - - - OV_RSTB_ | OV_FSO |OV_LIMPO_|UV_RSTB_ | UV_FSO |UV_LIMPO_ - OV_RSTB_ | OV_FSO |OV_LIMPO_|UV_RSTB_ | UV_FSO |UV_LIMPO_| OTP fuse
CFG1 IMPACT | B_IMPACT | IMPACT IMPACT | B_IMPACT | IMPACT IMPACT | B_IMPACT | IMPACT IMPACT | B_IMPACT | IMPACT
FS_I_ V3MON_ | VBMON_ | V3MON_ | V3MON_ | V3MON_ | V3MON_ VOMON_ | VOMON_ | VOMON_ | VOMON_ | VOMON_ | VOMON_
ovuv_ - - - OV_RSTB_ | OV_FSO |OV_LIMPO_|UV_RSTB_ | UV_FSO |UV_LIMPO_ - OV_RSTB_ | OV_FSO |OV_LIMPO_|UV_RSTB_ | UV_FSO |UV_LIMPO_| OTP fuse
CFG2 IMPACT | B_IMPACT | IMPACT IMPACT | B_IMPACT | IMPACT IMPACT | B_IMPACT | IMPACT IMPACT | B_IMPACT | IMPACT
FCCU2_ | Fccu2_ | Fccuz_ | FCCUt_ | FCCU1_ | FCCUT_
chﬁ—'éFG ; FCCU_CFG FCCU2_ASSIGN E(ETC%BL)E FFETC%—L FFLCTC%—L RSTB FSOB LIMPO_ RSTB FSOB_ LIMPO_ | OX103F

Fail- _ - - - IMPACT IMPACT IMPACT IMPACT IMPACT IMPACT

safe
Fs | EXT RSTBS LIMPO_ | EXTRSTB_ | FS0B_SC_ FLT_MID_ | FLT_MID_ | FLT_MID_

FSSM GFG - Rs8 Dis | S Dis | RSTBLDUR | SC RSTB_ | FS0B_ RSTB_ FLT_ERR_LIMIT RSTB_ FS0B_ LIMPO_ FLT_ERR_CNT OTP fuse
- . — IMPACT IMPACT IMPACT IMPACT IMPACT IMPACT
FS | WD_RSTB_ | WD_FS0 WD { WD_DIS
WD CFG - mieacT | B mipacT | LIMPO_ L) WD_RFR_LIMIT WD_ERR_LIMIT - - - - - - - 0x7080
_ | IMPACT
FS_WDW_ WDW_
cro - - - - REG EN | WOW_EN - WDW_PERIOD - WDW_RECOVERY 0x01AB
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Logic | Register Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit9 Bit 8 Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 et
name value
FS_WD_
ANSWER WD_ANSWER 0x0000
FS_ LIMP2 LIMP1
LIMP12 - - - - - - - LIMP2_DC_CFG LIMP2_CFG — - LIMP1_CFG - | oTPfuse
— - — REQ - REQ
CFG
FS_FSO0B_
LIMPO_REL RELEASE_FS0B_LIMPO 0x0000
LAUNCH_ | CLEAR_ ABIST_ ABIST_ ABIST_ ABIST_ ABIST_
FS_ABIST ° ABIST ABIST ° ° B ° ° ° - } VOMON VIUVLP VIMON V2MON V3MON 0x0000
FS_ LIMPO
SAFETY_ - - - - - - RSTB_REQ - - . FSOB_REQ - - - - REQ™ 0x0000
OUTPUTS
FS_ INIT_CRC WD
SAFETY_ - - - NOK M~ - NOK M - - FCCU12_M | FCCU1_M | FCCU2_M - - - - - 0x0000
FLG - -~
INIT INIT_CRC_ | INIT_CRC_
FS_CRC - GRC REQ - - - FSOB_ LIMPO_ - CRC_VALUE 0x0000
—~ IMPACT IMPACT
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22 SPII’C register description

221 M_DEV_CFG

Table 74. M_DEV_CFG register bit allocation

Bit 15 14 13 12 1" 10 9 8
Write - - - - - - - -
Read 0 0 CAN_EN LIN_EN LDTIM_EN HSD13_EN HSD24_EN V2_EN
Reset 0 0 OTP fuse OTP fuse OTP fuse OTP fuse OTP fuse OTP fuse

Bit 7 6 5 4 3 2 1 0
Write - - - - - - - -
Read V1_PNP_EN ABIST_EN FCCU_EN FSOB_EN LIMPO_EN VOMON_EN 0 0
Reset OTP fuse OTP fuse OTP fuse OTP fuse OTP fuse OTP fuse 0 0

Table 75. M_DEV_CFG register bit description
Bit Symbol Description
Report the enable of VMON_EXT
0 VMON_EXT is disabled
2 VOMON_EN
1 VMON_EXT is enabled
OTP Fuse load
Report the enable of LIMPO
0 LIMPO is disabled
3 LIMPO_EN
1 LIMPO is enabled
OTP Fuse load
Report the enable of FSOB
0 FSOB is disabled
4 FSOB_EN
1 FSOB is enabled
OTP Fuse load
Report the enable of FCCU
0 FCCU is disabled
5 FCCU_EN
1 FCCU is enabled
OTP Fuse load
Report the enable of ABIST on demand
0 ABIST on demand is disabled
6 ABIST_EN
1 ABIST on demand is enabled
OTP Fuse load
Report the enable of V1 PNP mode
0 V1 PNP mode is disabled
7 V1_PNP_EN
1 V1 PNP mode is enabled
OTP Fuse load
Report the enable of V2 regulator by OTP
0 V2 regulator is disabled by OTP
8 V2_EN
1 V2 regulator is enabled by OTP
OTP Fuse load
Report the enable of HS2 and HS4
9 HSD24_EN
0 HS2 and HS4 are disabled
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Table 75. M_DEV_CFG register bit description...continued

Bit

Symbol

Description

1 HS2 and HS4 are enabled

OTP Fuse load

10

HSD13_EN

Report the enable of HS1 and HS3

0 HS1 and HS3 are disabled

1 HS1 and HS3 are enabled

OTP Fuse load

1

LDTIM_EN

Report the enable of the Long Duration Timer (LDT)

0 LDT is disabled

1 LDT is enabled

OTP Fuse load

12

LIN_EN

Report the enable of the LIN

0 The LIN is disabled

1 The LIN is enabled

OTP Fuse load

13

CAN_EN

Report the enable of the CAN

0 The CAN is disabled

1 The CAN is enabled

OTP Fuse load
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22.2 M_DEV_PROG_ID

Table 76. M_DEV_PROG_ID register bit allocation

Bit 15 14 13 12 1" 10 9 8
Write - - - - - - - -
Read FULL_LAYER_REV METAL_LAYER_REV
Reset 0 0 0 1 0 0 0 0

Bit 7 6 5 4 3 2 1 0
Write - - - - - - - -
Read PROG_IDH PROG_IDL
Reset OTP fuse OTP fuse

Table 77. M_DEV_PROG_ID register bit description
Bit Symbol Description

Report the first digit of the OTP code (0-F)
Oto3 PROG_IDL Program ID dependent

OTP Fuse load

Report the second digit of the OTP code (A-R)
4t07 PROG_IDH Program ID dependent

OTP Fuse load

Report the Metal Mask revision

0000 Rev A0 ( Default full Layer revision)
0001 Rev X1

0010 Rev X2

0011 Rev X3

0100 Rev X4

0101 Rev X5

0110 Rev X6

METAL 0111 Rev X7
LAYER_REV 11000 Rev X8

8to 11

1001 Rev X9
1010 Rev X10
1011 Rev X11
1100 Rev X12
1101 Rev X13
1110 Rev X14
1111 Rev X15
N/A

Report the Full Layer Mask revision (X)

0000 Unused

0001 Pass A silicon
0010 Pass B silicon
0011 Pass C silicon
0100 Pass D silicon
0101 Pass E silicon
0110 Pass F silicon

12t0 15 FULL_LAYER_REV
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Table 77. M_DEV_PROG_ID register bit description...continued

Bit

Symbol

Description

0111 Pass G silicon

1000 Pass H silicon

1001 Pass | silicon

1010 Pass J silicon

1011 Pass K silicon

1100 Pass L silicon

1101 Pass M silicon

1110 Pass N silicon

1111 Pass O silicon

N/A

22.3 M_GEN_FLAG

Table 78. M_GEN_FLAG register bit allocation

Bit

15

14

13

12

1

10

Write

Read

Reset

0

Bit

6

3

Write

Read

SAFETYG

I0TIMG

Reset

0

0

Table 79. M_GEN_FLAG register bit description

Bit

Symbol

Description

VxG

Report an event on a regulator VxG = V30C_| or V30V_| or V3UV_| or V3TSD_I| or V20C_| or V20V_| or
V2UV_Il or V2TSD_Il or V20OL_Il or VIOC_Il or VIOV_I or VIUV_I or VITSD_I| or VITWARN_I or V1_OCLS_| or
VOUV_| or VOOV_|

0 No event

1 Vx event occurred

POR, cleared when all Vx flags are cleared

VSUPG

Report a VSUP error VSUPG = VSUP_UV_| or VSUP_OV_| or VSHS_OV_| or VSHS_UV_|

0 No error

1 VSUP error reported

POR, cleared when all VSUP flags are cleared

COMG

Report an error on the communication (SPI or 12C) COMG = SPI_REQ_I or SPI_CLK_l or SPI_CRC_l or 12C_
REQ_l or I2C_CRC_I

0 No error

1 Communication error reported

POR, cleared when all COM flags are cleared

I0TIMG

Report an 10 or LDT event IOTIMG = WK1_| or WK2_I or HVIO1_l or HVIO2_] or LVIO3_I or LVIO4_| or LVI5_|
or LDT_I

0 No event

1 event occurred

POR, cleared when all IO and LDT flags are cleared
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Table 79. M_GEN_FLAG register bit description...continued

Bit Symbol Description
Report a wake up event WUG = LVI5_WU_I or LVIO4_WU_I or LVIO3_WU_I| or HVIO2_WU_| or HVIO1_WU_
1 or WK2_WU_I or WK1_WU_I or CAN_WU_I or LIN_WU_I or LDT_WU_I or INT_TO_WU or WD_OFL_WU or
V1_UVLP_WU or GO2NORMAL_WU or EXT_RSTB_WU

4 WUG 0 No event
1 Wake up event occurred
POR, cleared when all WU flags are cleared
Report a Physical Layer error PHYG = LIN_TSD_Il or LIN_TXD_TO_l or LIN_SC_I| or CAN_TSD_| or CAN_
TXD_TO_I

5 PHYG 0 No error
1 CAN or LIN error reported
POR, cleared when all CAN and LIN flags are cleared
Report a safety related error SAFETYG = WD_NOK_| or FCCU12_] or FCCU1_| or FCCU2_] or INIT_CRC_NOK_|
0 No error

6 SAFETYG
1 Watchdog Refresh error reported
POR, cleared when all WD flags are cleared
Report a High Side event or a Cyclic Sense event HSxG = HS1_OL_|l or HS1_OC_l or HS12_TSD_| or HS2_
OL_l or HS2_OC_l or HS3_OL_l or HS3_OC_| or HS34_TSD_I or HS4_OL_l or HS4_OC_| or WAKE1_OL_I or
WAKE2_OL_| or HVIO1_OL_| or HVIO2_OL_|

7 HSxG 0 No error

1 event reported

POR, cleared when all HSx and cyclic sense flags are cleared

22.4 M_STATUS

Table 80. M_STATUS register bit allocation

Bit 15 14 13 12 11 10 9 8
Write - - - - - - - -
Read VITWARN_S LPON_S NORMAL_S INIT_S 0 WK2_S WK1_S HVIO2_S
Reset 0 0 0 0 0 0 0 0

Bit ‘ 7 ‘ 6 ‘ 5 | 4 3 ‘ 2 1 ‘ 0
Write - - - - - - - -
Read HVIO1_S LVI5_S LVIO4_S LVIO3_S V1_MODE V1_S v2_Ss V3_S
Reset 0 0 0 0 0 0 0 0

Table 81. M_STATUS register bit description

Bit

Symbol

Description

V3_S

Real-time Status of V1 Regulator
0 V3 is Disabled
1 V3 is Enabled

Real-time information

V2 S

Real-time status of V2 Regulator

0 V2 is Disabled
1 V2 is Enabled

Real-time information

FS23 data sheet
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Table 81. M_STATUS register bit description...continued

Bit

Symbol

Description

1 V1 is Enabled

Real-time information

V1_MODE

Real-time status of the HVBUCK mode or HVLDO1 mode when used with ext PNP

0 BUCK is in PWM mode or HVLDO1 PNP is enabled

1 BUCK is in PFM mode or HVLDO1 PNP is disabled

Real-time information

LVIO3_S

Real-time status of LVIO3 input

0 LVIO3 is Low

1LVIO3 is High

Real-time information

LVIO4_S

Real-time status of LVIO4 input

0 LVIO4 is Low

1 LVIO4 is High

Real-time information

LVI5_S

Real-time status of LVI5 input

0 LVI5 is Low

1LVI5 is High

Real-time information

HVIO1_S

Real-time status of HVIO1 input

0 HVIO1 is Low

1 HVIO1 is High

Real-time information

HVIO2_S

Real-time status of HVIO2 input

0 HVIO2 is Low

1 HVIO2 is High

Real-time information

WK1_S

Real-time status of WAKE1 input

0 WAKE1 is Low

1 WAKE1 is High

Real-time information

10

WK2_S

Real-time status of WAKE2 input

0 WAKE2 is Low

1 WAKE2 is High

Real-time information

12

INIT_S

Real-time status of INIT mode

0 Device is Not in INIT mode

1 Device is in INIT mode

Real-time information

13

NORMAL_S

Real-time status of Normal mode

0 Device is Not in Normal mode

1 Device is in Normal mode

Real-time information

14

FS23 data sheet

LPON_S

Real-time status of LPON mode
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Table 81. M_STATUS register bit description...continued
Bit Symbol Description

Real-time information

Real-time status of V1 temperature

0 V1 temperature is < TWARNV1

15 VITWARN_S
1 V1 temperature is > TWARNV1

Real-time information

22.5 M_SYS_CFG

Table 82. M_SYS_CFG register bit allocation

Bit 15 14 13 12 1 10 9 8
Write - - - - - LOCK_INIT GO2INIT GO2NORMAL
Read 0 BAT_FAIL 0 POR 0 LOCK_INIT 0 0
Reset 0 1 0 1 0 0 0 0

Bit 7 6 5 4 3 2 1 0
Write GO2LPON GO2LPOFF INT_TO_WUEN INTB_REQ INTB_DUR - MOD_CONF MOD_EN
Read 0 0 INT_TO_WUEN 0 INTB_DUR 0 MOD_CONF MOD_EN
Reset 0 0 0 0 0 0 OTP fuse OTP fuse

Table 83. M_SYS_CFG register bit description
Bit Symbol Description

Enable the Frequency Spread Spectrum

0 Spread spectrum is disabled
0 MOD_EN

1 Spread spectrum is enabled

OTP Fuse load

Select the Spread Spectrum Modulation type

0 Triangular modulation is selected

1 MOD_CONF
1 Pseudo random modulation is selected

OTP Fuse load

Select INTB pulse duration
0 INTB pulse = 25us

1 INTB pulse = 100us

POR

3 INTB_DUR

Request INTB pulse

0 No effect
4 INTB_REQ

1 INTB pulse is requested
POR, or Self-clear

Enable Interrupt Time Out wake-up capability

0 Interrupt Time Out wake up capability is disabled

5 INT_TO_WUEN
1 Interrupt Time Out wake up capability is enabled

POR

Request to go in LPOFF mode from Normal mode

0 No action
6 GO2LPOFF

1 Go to LPOFF mode

POR, Self-clear
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Table 83. M_SYS_CFG register bit description...continued
Bit Symbol Description

Request to go in LPON mode from Normal mode

0 No action
7 GO2LPON

1 Go to LPON mode
POR, Self-clear

Request to go in Normal mode from LPON mode

0 No action
8 GO2NORMAL

1 Go to Normal mode

POR, Self-clear

Request to go in INIT phase

0 No action
1 Go to INIT phase
POR, Self-clear

9 GO2INIT

Lock the device in INIT phase

0 Exit INIT phase is possible

10 LOCK_INIT
1 Device locked in INIT phase

POR
Report a POR of the digital POR = VBOS_POR or VDIG_UV_POR or VDIG_OV_POR or SOFTPOR_REQ
0 No POR event

12 POR

1 Digital POR event occurred
POR

Report battery failure event (not reset by SOFTPOR_REQ) BAT_FAIL = VBOS_POR or VDIG_UV_POR or
VDIG_OV_POR

14 BAT FAIL 0 No battery failure event

1 Battery failure event occurred

HARD_POR
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22.6 M_SYS1_CFG

Table 84. M_SYS1_CFG register bit allocation

Bit 15 14 13 12 11 10 9 8
VBOS2 LOAD TSLOT_
Write - - - V1_SW_ - oTP BYp |SLOT_BYP | DOWN_
ALWAYS_EN - CFG
VBOS2 LOAD TSLOT_
Read 0 0 0 V1_SW_ 0 oTP BYp |SLOT_BYP | DOWN_
ALWAYS_EN - CFG
Reset 0 0 0 OTP fuse 0 0 OTP fuse 0
Bit 7 6 5 4 3 2 1 0
SOFTPOR _
Write - REQ - DBG_EXIT - - OTP_EXIT -
DBG_ OoTP_
Read 0 0 0 0 MODE P 0 MODE
Reset 0 0 0 0 0 0 0 0

Table 85. M_SYS1_CFG register bit description
Bit Symbol Description

Real-time status of OTP mode

0 Device is not in OTP mode

0 OTP_MODE
1 Device is in OTP mode

Real-time information

Exit OTP mode

0 No action
1 Exit OTP mode
POR, Self-clear

1 OTP_EXIT

Real-time status of Debug mode

0 Device is not in Debug mode
3 DBG_MODE

1 Device is in Debug mode

Real-time information

Exit DEBUG mode

0 No action

1 Exit DEBUG mode

POR, Self-clear

Request a Software POR of FS23 (reset the digital and restart from POR)

4 DBG_EXIT

0 No action

6 SOFTPOR_REQ
1 Software POR is requested

POR, Self-clear
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Table 85. M_SYS1_CFG register bit description...continued

Bit Symbol Description
Select the power down Time Slot
0 TSLOT =2ms

8 TSLOT_DOWN_CFG
1 TSLOT = 0Oms
POR
Bypass the power sequence Slot 1 and Slot 2 after wake-up from LPON
0 Slot 1 and Slot 2 are not bypassed

9 SLOT_BYP
1 Slot 1 and Slot 2 are bypassed during power up
OTP Fuse load
Bypass the OTP loading during power up
0 OTP loading is not bypassed

10 LOAD_OTP_BYP
1 OTP loading is bypassed
POR or in main FSM M4 state
Control VBOS to V1 switch in Normal and LPON modes when V1 =
BUCK
(the switch is kept open when V1 = LDO)

12 VBOS2V1_SW_ 0 VBOS to V1 switch is open in Normal mode

ALWAYS_EN

1 VBOS to V1 switch is closed in Normal and LPON mode (possible only
when V1 =5V in Normal mode)
OTP Fuse load

22.7 M_REG_CTRL

Table 86. M_REG_CTRL register bit allocation

Bit 15 14 13 12 11 10 9 8
Write BUCK_SRHSOFF BUCK_SRHSON
Read 0 0 0 BUCK_SRHSOFF BUCK_SRHSON
Reset 0 0 0 OTP fuse OTP fuse
Bit 7 6 5 4 3 2 1 0
Write V20N_LPON V2EN V2DIS V3ON_LPON V3EN V3DIS
Read 0 0 V20ON_LPON 0 0 V3ON_LPON 0 0
Reset 0 0 0 0 0 0 0 0
Table 87. M_REG_CTRL register bit description
Bit Symbol Description
Request to disable V3
0 vibes 0 No effect (Regulator remain in its current state)
1 Request to disable V3
POR, Self-clear
Request to enable V3
1 V3EN 0 No effect (Regulator remain in its current state)
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Table 87. M_REG_CTRL register bit description...continued

Bit

Symbol

Description

POR, Self-clear

V3ON_LPON

Configure V3 state in LPON mode

0 Follow the power down slot configuration

1 Keep V3 ON in LPON if V3 was already ON in NORMAL mode

POR

V2DIS

Request to disable V2

0 No effect (Regulator remain in its current state)

1 Request to disable V2

POR, Self-clear

V2EN

Request to enable V2

0 No effect (Regulator remain in its current state)

1 Request to enable V2

POR, Self-clear

V20N_LPON

Configure V2 state in LPON mode

0 Follow the power down slot configuration

1 Keep V2 ON in LPON if V2 was already ON in NORMAL mode

POR

81to 10

BUCK_SRHSON

Select BUCK slew rate when the High Side turns ON

000 HS rising slew rate is 20 ns

001 HS rising slew rate is 20 ns

010 HS rising slew rate is 15 ns

011 HS rising slew rate is 10 ns

100 HS rising slew rate is 6.3 ns

101 HS rising slew rate is 5 ns

110 HS rising slew rate is 3 ns

111 HS rising slew rate is 2 ns

OTP Fuse load

11to 12

BUCK_SRHSOFF

Select BUCK slew rate when the High Side turns OFF

00 HS falling slew rate is 20 ns

01 HS falling slew rate is 15 ns

10 HS falling slew rate is 10 ns

11 HS falling slew rate is 5 ns

OTP Fuse load

22.8 M_REG_FLG

Table 88. M_REG_FLG register bit allocation

Bit 15 14 13 12 11 10 9 8
Write - - - - - - - -
Read VOUV_I VOOV_|I VITWARN_I V1TSD_I V2TSD_| V3TSD_| V20L_| V1UV_I
Reset 0 0 0 0 0 0 0 0

Bit 7 6 5 4 3 2 1 0
Write - - - - - - - -
Read V2uv_I V3UV_I V10V_| V20V_| V30V_I V10C_|I V20C_| V30C_|
Reset 0 0 0 0 0 0 0 0
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Table 89. M_REG_FLG register bit description

Bit Symbol

Description

0 V30C_I

Report V3 overcurrent event

0 No event detected

1 V3 OC occurred

POR, or Clear on Write (write '1')

1 V20C _|

Report V2 overcurrent event

0 No event detected

1 V2 OC occurred

POR, or Clear on Write (write '1')

2 V10C_|

Report V1 overcurrent event

0 No event detected

1 V1 OC occurred

POR, or Clear on Write (write '1')

3 V30V _|

Report V3 overvoltage event

0 No event detected

1 V3 OV occurred

POR, or Clear on Write (write '1')

4 V20V _|

Report V2 overvoltage event

0 No event detected

1 V2 OV occurred

POR, or Clear on Write (write '1')

5 VIOV_|

Report V1 overvoltage event

0 No event detected

1V1 OV occurred

POR, or Clear on Write (write '1')

6 V3UV_|

Report V3 undervoltage event

0 No event detected

1 V3 UV occurred

POR, or Clear on Write (write '1')

7 V2UV_|

Report V2 undervoltage event

0 No event detected

1 V2 UV occurred

POR, or Clear on Write (write '1")

8 VIUV_|

Report V1 undervoltage event

0 No event detected

1 V1 UV occurred

POR, or Clear on Write (write '1')

9 V20L_|

Report V2 open loop event

0 No event detected

1 V2 OL occurred

POR, or Clear on Write (write '1')

10 V3TSD_|

Report V3 Thermal Shutdown event

0 No event detected

1 V3 TSD occurred

POR, or clear on Write(write '1')

1 V2TSD_|
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Table 89. M_REG_FLG register bit description...continued

Bit Symbol Description
0 No event detected
1 V2 TSD occurred
POR, or clear on Write(write '1")
Report V1 Thermal Shutdown event
0 No event detected
12 V1TSD_|
1 V1 TSD occurred
POR, or clear on Write(write '1")
Report V1 Temperature Warning event
0 No event detected
13 VITWARN_I
1 die V1 TWARN occurred
POR, or clear on Write(write '1")
Report VMON_EXT overvoltage event
0 No event detected
14 VOOV_|
1 VMON_EXT OV occurred
POR, or Clear on Write (write '1')
Report VMON_EXT undervoltage event
0 No event detected
15 VOUV_I
1 VMON_EXT UV occurred
POR, or Clear on Write (write '1')
Table 90. M_REG_MSK register bit allocation
Bit 15 14 13 12 1" 10 9 8
Write VOUV_M VOOV_M VITWARN_M V1TSD_M V2TSD_M V3TSD_M V20L_M V1UV_M
Read VOUV_M VOOV_M VITWARN_M V1TSD_M V2TSD_M V3TSD_M V20L_M V1UV_M
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
Write V2UV_M V3UV_M V10V_M V20V_M V30V_M V10C_M V20C_M V30C_M
Read V2UV_M V3UV_M V10V_M V20V_M V30V_M V10C_M V20C_M V30C_M
Reset 0 0 0 0 0 0 0 0
Table 91. M_REG_MSK register bit description
Bit Symbol Description
Inhibit V3 overcurrent interrupt
0 Interrupt is Not Inhibited
0 V30C_M
1 Interrupt is Inhibited
POR
Inhibit V2 overcurrent interrupt
0 Interrupt is Not Inhibited
1 V20C_M
1 Interrupt is Inhibited
POR
Inhibit V1 overcurrent interrupt
2 V10C_M
0 Interrupt is Not Inhibited
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Table 91. M_REG_MSK register bit description...continued

Bit Symbol

Description

1 Interrupt is Inhibited

POR

3 V30V_M

Inhibit V3 overvoltage interrupt

0 Interrupt is Not Inhibited

1 Interrupt is Inhibited

POR

4 V20V_M

Inhibit V2 overvoltage interrupt

0 Interrupt is Not Inhibited

1 Interrupt is Inhibited

POR

5 VIOV M

Inhibit V1 overvoltage interrupt

0 Interrupt is Not Inhibited

1 Interrupt is Inhibited

POR

6 V3UV_M

Inhibit V3 undervoltage interrupt

0 Interrupt is Not Inhibited

1 Interrupt is Inhibited

POR

7 V2UV_M

Inhibit V2 undervoltage interrupt

0 Interrupt is Not Inhibited

1 Interrupt is Inhibited

POR

8 VUV M

Inhibit V1 undervoltage interrupt

0 Interrupt is Not Inhibited

1 Interrupt is Inhibited

POR

9 V20L_M

Inhibit V2 Open Load interrupt

0 Interrupt is Not Inhibited

1 Interrupt is Inhibited

POR

10 V3TSD_M

Inhibit V3 Thermal Shutdown interrupt

0 Interrupt is Not Inhibited

1 Interrupt is Inhibited

POR

1 V2TSD_M

Inhibit V2 Thermal Shutdown interrupt

0 Interrupt is Not Inhibited

1 Interrupt is Inhibited

POR

12 V1TSD_M

Inhibit V1 Thermal Shutdown interrupt

0 Interrupt is Not Inhibited

1 Interrupt is Inhibited

POR

13 VITWARN_M
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0 Interrupt is Not Inhibited

1 Interrupt is Inhibited

All information provided in this document is subject to legal disclaimers.

© 2023 NXP B.V. All rights reserved.

Product data sheet
CONFIDENTIAL

Rev. 4 — 15 September 2023

125/ 229



NXP Semiconductors FS23 data sheet

Safety system basis chip (SBC) with power management, CAN FD and LIN transceivers

Table 91. M_REG_MSK register bit description...continued
Bit Symbol Description

POR
Inhibit VMON_EXT overvoltage interrupt

0 Interrupt is Not Inhibited

14 VOOV_M
1 Interrupt is Inhibited
POR
Inhibit VMON_EXT undervoltage interrupt
0 Interrupt is Not Inhibited
15 VOUV_M

1 Interrupt is Inhibited
POR

2210 M_REG1_FLG

Table 92. M_REG1_FLG register bit allocation

Bit 15 14 13 12 11 10 9 8
Write - - - - - % - -
Read - - - 3 - - - -
Reset 0 0 0 0 0 0 0 0

Bit 7 6 5 4 3 2 1 0
Write - - - - - - - -
Read - - - - - - - V1_OCLS_|
Reset 0 0 0 0 0 0 0 0

Table 93. M_REG1_FLG register bit description
Bit Symbol Description

Report V1 low side FET Over Current event (HVBUCK)

0 No event detected

0 V1_OCLS_I
1 V1 low side OC occurred

POR, or Clear on Write (write '1')

2211 M_REG1_MSK

Table 94. M_REG1_MSK register bit allocation

Bit 15 14 13 12 " 10 9 8
Write - - - - - - - -
Read - - - - - - - -
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
Write - - - - - - - V1_OCLS_M
Read - - - - - - - V1_OCLS_M
Reset 0 0 0 0 0 0 0 0
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Table 95. M_REG1_MSK register bit description

Bit Symbol Description
Inhibit V1 low side Over Current interrupt
0 Interrupt is Not Inhibited
0 V1_OCLS_M
1 Interrupt is Inhibited
POR
22.12 M_IO_CTRL
Table 96. M_IO_CTRL register bit allocation
Bit 15 14 13 12 11 10 9 8
Write - - - - - - HVIO1HI HVIO1LO
Read 0 0 0 0 0 0 0 0
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
Write HVIO2HI HVIO2LO LVIO3HI LVIO3LO LVIO4HI LVIO4LO LVOBHI LVO6LO
Read 0 0 0 0 0 0 0 0
Reset 0 0 0 0 0 0 0 0
Table 97. M_IO_CTRL register bit description
Bit Symbol Description
Request to assert LVO6 when configured as an output
0 No effect (IO remain in its current state)
0 LVO6LO
1 Request to assert LVO6 low
POR, Self-clear
Request to release LVO6 when configured as an output
0 No effect (IO remain in its current state)
1 LVO6HI
1 Request to release LVO6 high
POR, Self-clear
Request to assert LVIO4 when configured as an output
0 No effect (IO remain in its current state)
2 LVIO4LO
1 Request to assert LVIO4 low
POR, Self-clear
Request to release LVIO4 when configured as an output
0 No effect (IO remain in its current state)
3 LVIO4HI
1 Request to release LVIO4 high
POR, Self-clear
Request to assert LVIO3 when configured as an output
0 No effect (IO remain in its current state)
4 LVIO3LO
1 Request to assert LVIO3 low
POR, Self-clear
Request to release LVIO3 when configured as an output
0 No effect (IO remain in its current state)
5 LVIO3HI
1 Request to release LVIO3 high
POR, Self-clear
6 HVIO2LO Request to assert HVIO2 when configured as an output
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Table 97. M_IO_CTRL register bit description...continued

Bit Symbol Description

0 No effect (10 remain in its current state)

1 Request to assert HVIO2 low

POR, Self-clear

Request to release HVIO2 when configured as an output

0 No effect (10 remain in its current state)

7 HVIO2HI
1 Request to release HVIO2 high

POR, Self-clear

Request to assert HVIO1 when configured as an output

0 No effect (IO remain in its current state)
8 HVIO1LO

1 Request to assert HVIO1 low

POR, Self-clear

Request to release HVIO1 when configured as an output

0 No effect (10 remain in its current state)
9 HVIO1HI

1 Request to release HVIO1 high

POR, Self-clear

22.13 M_IO_TIMER_FLG

Table 98. M_IO_TIMER_FLG register bit allocation

Bit 15 14 13 12 1" 10 9 8
Write - - - - - - - -
Read 0 0 0 0 0 0 0 LDT_I
Reset 0 0 0 0 0 0 0 0

Bit 7 6 5 4 3 2 1 0
Write - - - - - - - -
Read LVI5_| LVIO4_| LVIO3_I HVIO2_| HVIO1_I 0 WK2_1I WK1_|
Reset 0 0 0 0 0 0 0 0

Table 99. M_IO_TIMER_FLG register bit description
Bit Symbol Description

Report WAKE1 input state change event if not masked
0 No event on WAKE1

0 WK1_I
1 Event on WAKE1 occurred
POR, or Clear on Write (write '1')
Report WAKE?2 input state change event if not masked
0 No event on WAKE2

1 WK2_|
1 Event on WAKE2 occurred
POR, or Clear on Write (write '1')
Report HVIO1 input state change event if not masked
0 No event on HVIO1

3 HVIO1_|
1 Event on HVIO1 occurred
POR, or Clear on Write (write '1')
Report HVIO2 input state change event if not masked

4 HVIO2_|
0 No event on HVIO2
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Table 99. M_IO_TIMER_FLG register bit description...continued

Bit

Symbol

Description

1 Event on HVIO2 occurred

POR, or Clear on Write (write '1')

LVIO3_|

Report LVIO3 input state change event if not masked

0 No event on LVIO3

1 Event on LVIO3 occurred

POR, or Clear on Write (write '1')

LVIO4 |

Report LVIO4 input state change event if not masked

0 No event on LVIO4

1 Event on LVIO4 occurred

POR, or Clear on Write (write '1')

LVI5_|

Report LVI5 input state change event if not masked

0 No event on LVI5

1 Event on LVI5 occurred

POR, or Clear on Write (write '1')

LDT_I

Report LDT event

0 No eventon LDT

1 Event on LDT occurred

POR, or Clear on Write (write '1')

22.14 M_IO_TIMER_MSK

Table 100. M_IO_TIMER_MSK register bit allocation

Bit 15 14 13 12 1 10 9 8
Write - - - 3 2 - - LDT_M
Read 0 0 0 0 0 0 0 LDT M
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
Write LVI5_M LVIO4 M LVIO3_M HVIO2 M HVIOT M - WK2_M WK1_M
Read LVI5_M LVIO4_M LVIO3_M HVIO2_M HVIOT_M 0 WK2_M WK1_M
Reset 0 0 0 0 0 0 0 0

Table 101. M_IO_TIMER_MSK register bit description

Bit

Symbol

Description

WK1_M

Inhibit WAKE1 input state change interrupt

0 Interrupt is Not Inhibited in Normal mode

1 Interrupt is always Inhibited

POR

WK2_M

Inhibit WAKE2 input state change interrupt

0 Interrupt is Not Inhibited in Normal mode

1 Interrupt is always Inhibited

POR
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Table 101. M_IO_TIMER_MSK register bit description...continued
Bit Symbol Description

POR

Inhibit HVIO2 input state change interrupt

0 Interrupt is Not Inhibited in Normal mode
4 HVIO2_M

1 Interrupt is always Inhibited

POR

Inhibit LVIO3 input state change interrupt

0 Interrupt is Not Inhibited in Normal mode
5 LVIO3_M

1 Interrupt is always Inhibited
POR

Inhibit LVIO4 input state change interrupt

0 Interrupt is Not Inhibited in Normal mode
6 LVIO4_M

1 Interrupt is always Inhibited

POR

Inhibit LVI5 input state change interrupt

0 Interrupt is Not Inhibited in Normal mode

7 LVI5_M
1 Interrupt is always Inhibited

POR

Inhibit LDT event interrupt
0 Interrupt is Not Inhibited

8 LDT_M
1 Interrupt is always Inhibited

POR

22.15 M_VSUP_COM_FLG

Table 102. M_VSUP_COM_FLG register bit allocation

Bit 15 14 13 12 11 10 9 8
Write - - - - - - - -
Read 0 0 0 VBOS2V1SW_S VBOS_UV 0 12C_CRC_I 12C_REQ_I
Reset 0 0 0 0 0 0 0 0

Bit 7 6 5 4 3 2 1 0
Write - - - - - - - -
Read SPI_CRC_I SPI_CLK_I SPI_REQ_I 0 VSHS_OV_I VSHS_UV_I VSUP_OV_I VSUP_UV_I
Reset 0 0 0 0 0 0 0 0

Table 103. M_VSUP_COM_FLG register bit description

Bit Symbol Description
Report VSUP UV event
0 No VSUP undervoltage event
0 VSUP_UV_I
1 VSUP undervoltage event occurred
POR, or clear on Write(write '1')
Report VSUP OV event
0 No VSUP overvoltage event
1 VSUP_OV_I
1 VSUP overvoltage event occurred
POR, or clear on Write(write '1')
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Table 103. M_VSUP_COM_FLG register bit description...continued

Bit Symbol Description

Report VSHS undervoltage event

0 No VSHS undervoltage event

2 VSHS_UV_I
1 VSHS undervoltage event occurred

POR, or clear on Write(write '1')

Report VSHS overvoltage event

0 No VSHS overvoltage event
3 VSHS_OV_|

1 VSHS undervoltage event occurred

POR, or clear on Write(write '1')

Report SPI request error due to writing or reading in an invalid register

0 No error
5 SPI_REQ_I

1 SPI request error reported

POR, or Clear on Write(write'1)

Report SPI clock error due to wrong number of clock pulses

0 No error

6 SPI_CLK_I
1 SPI clock error reported

POR, or Clear on Write(write'1)

Report SPI CRC error due to incorrect CRC calculation

0 No error
7 SPI_CRC_I

1 SPI CRC error reported

POR, or Clear on Write(write'1)

Report 12C request error due to writing or reading in an invalid register

0 No error

8 12C_REQ_I
1 12C request error reported

POR, or Clear on Write(write'1)

Report 12C CRC error due to incorrect CRC calculation

0 No error

9 12C_CRC_|
1 12C CRC error reported

POR, or Clear on Write(write'1)

Report VBOS undervoltage event

0 No event detected
11 VBOS_UV

1 VBOS UV occurred

POR, or Clear on Write(write'1)

Real-time status of the switch between VBOS and V1

0 The switch is opened

12 VBOS2V1SW_S
1 The switch is closed

Real-time information

22.16 M_VSUP_COM_MSK

Table 104. M_VSUP_COM_MSK register bit allocation

Bit 15 14 13 12 " 10 9 8
Write - - - - - - I12C_CRC_M I2C_REQ_M
Read 0 0 0 0 0 0 12C_CRC_M 12C_REQ_M
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
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Table 104. M_VSUP_COM_MSK register bit allocation...continued

Bit 15 14 13 12 1 10 9 8
Write SPI.CRC_ M | SPI.CLK M | SPI_LREQ M - VSHS OV.M | VSHS_UV.M | VSUP_OV_M | VSUP UV M
Read SPI.CRC_M | SPI.CLK M | SPI_REQ M 0 VSHS OV M | VSHS UV M | VSUP OV M | VSUP UV M
Reset 0 0 0 0 0 0 0 0

Table 105. M_VSUP_COM_MSK register bit description

Bit

Symbol

Description

VSUP_UV_M

Inhibit VSUP_UV Interrupt

0 Interrupt is Not Inhibited

1 Interrupt is Inhibited

POR

VSUP_OV_M

Inhibit VSUP_OV Interrupt

0 Interrupt is Not Inhibited

1 Interrupt is Inhibited

POR

VSHS_UV_M

Inhibit VSHS_UV Interrupt

0 Interrupt is Not Inhibited

1 Interrupt is Inhibited

POR

VSHS_OV_M

Inhibit VSHS_OV Interrupt

0 Interrupt is Not Inhibited

1 Interrupt is Inhibited

POR

SPI_REQ_M

Inhibit SPI request error Interrupt

0 Interrupt is Not Inhibited

1 Interrupt is Inhibited

POR

SPI_CLK_M

Inhibit SPI clock error Interrupt

0 Interrupt is Not Inhibited

1 Interrupt is Inhibited

POR

SPI_CRC_M

Inhibit SPI CRC error Interrupt

0 Interrupt is Not Inhibited

1 Interrupt is Inhibited

POR

12C_REQ_M

Inhibit 12C request error Interrupt

0 Interrupt is Not Inhibited

1 Interrupt is Inhibited

POR

[2C_CRC_M

Inhibit 12C CRC error Interrupt

0 Interrupt is Not Inhibited

1 Interrupt is Inhibited

POR
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22.17 M_IOWU_CFG

Table 106. M_IOWU_CFG register bit allocation

Bit 15 14 13 12

1 10

9 8

Write LVI5_WUCFG |LVIO4_WUCFG |LVIO3_WUCFG -

HVIO2_DGLT | HVIO1_DGLT

WK2_DGLT WK1_DGLT

Read LVI5_WUCFG |LVIO4_WUCFG | LVIO3_WUCFG 0

HVIO2_DGLT | HVIO1_DGLT

WK2_DGLT | WK1_DGLT

Reset 0 0 0 0

0 0

0 0

Bit 7 | 6 5 | 4

3 | 2

1 | 0

Write HVIO2_WUCFG HVIO1_WUCFG

WK2_WUCFG

WK1_WUCFG

Read HVIO2_WUCFG HVIO1_WUCFG

WK2_WUCFG

WK1_WUCFG

Reset 0 | 0 0 | 0

0 | 1

0 | 1

Table 107. M_IOWU_CFG register bit description

Bit Symbol

Description

Configure WAKE1 wake-up polarity

00 Input comparator disabled in LP modes only (no consumption)

01 High level wake up is configured

Oto1 WK1_WUCFG
10 Low level wake up is configured

11 Cyclic sense wake up is configured

POR

Configure WAKE2 wake-up polarity

00 Input comparator disabled in LP modes only (no consumption)

01 High level wake up is configured

2t03 WK2_WUCFG
10 Low level wake up is configured

11 Cyclic sense wake up is configured

POR

Configure HVIO1 wake-up polarity

00 Input comparator disabled in LP modes only (no consumption)

01 High level wake up is configured

4t05 HVIO1_WUCFG

10 Low level wake up is configured

11 Cyclic sense wake up is configured

POR

Configure HVIO2 wake-up polarity

00 Input comparator disabled in LP modes only (no consumption)

01 High level wake up is configured

6to7 HVIO2_WUCFG
10 Low level wake up is configured

11 Cyclic sense wake up is configured

POR

Configure WAKE1 deglitcher time

0 WAKE1 deglitcher = 15 us
8 WK1_DGLT

1 WAKE1 deglitcher = 65 us

POR, Write

Configure WAKEZ2 deglitcher time

0 WAKE2 deglitcher = 15 us

9 WK2_DGLT
1 WAKE2 deglitcher = 65 us

POR, Write
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Table 107. M_IOWU_CFG register bit description...continued

Bit Symbol Description
Configure HVIO1 deglitcher time
0 HVIO1 deglitcher = 15 us
10 HVIO1_DGLT
1 HVIO1 deglitcher = 65 us
POR, Write
Configure HVIO2 deglitcher time
0 HVIO2 deglitcher = 15 us
11 HVIO2_DGLT
1 HVIO2 deglitcher = 65 us
POR, Write
Configure LVIO3 wake-up polarity
0 High level wake up is configured
13 LVIO3_WUCFG
1 Low level wake up is configured
POR
Configure LVIO4 wake-up polarity
0 High level wake up is configured
14 LVIO4_WUCFG
1 Low level wake up is configured
POR
Configure LVI5 wake-up polarity
0 High level wake up is configured
15 LVI5_WUCFG
1 Low level wake up is configured
POR
Table 108. M_IOWU_EN register bit allocation
Bit 15 14 13 | 12 1 | 10 9 | 8
Write - - LVI5_WUEN LVIO4_WUEN LVIO3_WUEN
Read 0 0 LVI5_WUEN LVIO4_WUEN LVIO3_WUEN
Reset 0 0 0 | 0 0 | 0 0 | 0
Bit 7 ’ 6 5 ’ 4 3 ’ 2 1 ’ 0
Write HVIO2_WUEN HVIO1_WUEN WK2_WUEN WK1_WUEN
Read HVIO2_WUEN HVIO1_WUEN WK2_WUEN WK1_WUEN
Reset 1 ’ 1 1 ’ 1 1 ’ 1 1 ’ 1
Table 109. M_IOWU_EN register bit description
Bit Symbol Description
Configure WAKE1 wake up and interrupt capability
00 No wake up and no interrupt
01 Wake up only
Oto1 WK1_WUEN
10 Interrupt only
11 Wake up and interrupt
POR or Fail-Safe state
Configure WAKE2 wake up and interrupt capability
2t03 WK2_WUEN 00 No wake up and no interrupt
01 Wake up only
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Table 109. M_IOWU_EN register bit description...continued
Bit Symbol Description

10 Interrupt only

11 Wake up and interrupt

POR or Fail-Safe state

Configure HVIO1 wake up and interrupt capability

00 No wake up and no interrupt

01 Wake up only
4t05 HVIO1_WUEN

10 Interrupt only

11 Wake up and interrupt

POR or Fail-Safe state

Configure HVIO2 wake up and interrupt capability

00 No wake up and no interrupt

01 Wake up only

6to7 HVIO2_WUEN
10 Interrupt only

11 Wake up and interrupt

POR or Fail-Safe state

Configure LVIO3 wake up and interrupt capability

00 No wake up and no interrupt

01 Wake up only

8t09 LVIO3_WUEN
10 Interrupt only

11 Wake up and interrupt
POR

Configure LVIO4 wake up and interrupt capability

00 No wake up and no interrupt

01 Wake up only

10to 11 LVIO4_WUEN
10 Interrupt only

11 Wake up and interrupt
POR

Configure LVI5 wake up and interrupt capability

00 No wake up and no interrupt

01 Wake up only

12t0 13 LVI5_WUEN
10 Interrupt only

11 Wake up and interrupt
POR

22.19 M_IOWU_FLG

Table 110. M_IOWU_FLG register bit allocation

Bit 15 14 13 12 1 10 9 8
Write - - - - - - - -
Read LVI5 WU | | LVIO4 WU | | LVIO3 WU_| 0 cli\él_opfﬁv o%l_olgﬁv HVIO2_CYC_S | HVIO1 CYC_S
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
Write ; - ) - ; ; ; ;
HVIO2_ WU_| | HVIO1 WU | WKz WK1 WK2_CYC_S | WK1._CYC.S | WK2 WU_I | WK1 WU
Read WU WU evs RrDy CYS_RDY CYC_ —CYe_ WU WU
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Table 110. M_IOWU_FLG register bit allocation...continued

Bit

15

14

13 12 1 10 9 8

Reset

0

0

0 0 0 0 0 0

Table 111. M_IOWU_FLG register bit description

Bit

Symbol

Description

WK1_WU_|

Report WAKE1 wake-up event

0 No wake up by WAKE1 (level) or WAKE1 pin state did not change between two trigger event (cyclic sense)

1 Wake up by WAKE1 occurred (level) or WAKE1 pin state changed between two trigger event (cyclic sense)

POR or Fail-safe or Clear on Write (write '1)

WK2_WU_|

Report WAKE2 wake-up event

0 No wake up by WAKE?2 (level) or WAKE2 pin state did not change between two trigger event (cyclic sense)

1 Wake up by WAKE2 occurred (level) or WAKE2 pin state changed between two trigger event (cyclic sense)

POR or Fail-safe or Clear on Write (write '1)

WK1_CYC_S

Report WAKE1 state at trigger point

0 State at trigger point captured at 0

1 State at trigger point captured at 1

POR, or each trigger point

WK2_CYC_S

Report WAKE2 state at trigger point

0 State at trigger point captured at 0

1 State at trigger point captured at 1

POR, or each trigger point

WK1_CYS_RDY

Report WAKE1 readiness for cyclic sense

0 Cyclic sense not ready

1 Cyclic sense ready

POR

WK2_CYS_RDY

Report WAKE2 readiness for cyclic sense

0 Cyclic sense not ready

1 Cyclic sense ready

POR

HVIO1_WU_|

Report HVIO1 wake up event

0 No wake up by HVIO1 (level) or HVIO1 pin state did not change between two trigger event (cyclic sense)

1 Wake up by HVIO1 occurred (level) or HVIO1 pin state changed between two trigger event (cyclic sense)

POR or Fail-safe or Clear on Write (write '1)

HVIO2_WU_|

Report HVIO2 wake up event

0 No wake up by HVIO2 (level) or HVIO2 pin state did not change between two trigger event (cyclic sense)

1 Wake up by HVIO2 occurred (level) or HVIO2 pin state changed between two trigger event (cyclic sense)

POR or Fail-safe or Clear on Write (write '1)

HVIO1 CYC_S

Report HVIO1 state at trigger point

0 State at trigger point captured at 0

1 State at trigger point captured at 1

POR, or each trigger point

HVIO2_CYC_S

Report HVIO2 state at trigger point

0 State at trigger point captured at 0

1 State at trigger point captured at 1

POR, or each trigger point
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Table 111. M_IOWU_FLG register bit description...continued

Bit Symbol Description

Report HVIO1 readiness for cyclic sense

0 Cyclic sense not ready

10 HVIO1_CYS_RDY
1 Cyclic sense ready

POR

Report HVIO2 readiness for cyclic sense

0 Cyclic sense not ready

11 HVIO2_CYS_RDY
1 Cyclic sense ready

POR

Report LVIO3 wake up event (outside NORMAL mode)

0 no wake up by LVIO3
13 LVIO3_WU_|I

1 wake up by LVIO3 occurred

POR or Fail-safe or Clear on Write (write '1)

Report LVIO4 wake up event (outside NORMAL mode)

0 no wake up by LVIO4

14 LVIO4_WU_|
1 wake up by LVIO4 occurred

POR or Fail-safe or Clear on Write (write '1)

Report LVI5 wake up event (outside NORMAL mode)

0 no wake up by LVI5
15 LVI5_WU_I

1 wake up by LVI5 occurred

POR or Fail-safe or Clear on Write (write '1)

22.20 M_WU1_EN

Table 112. M_WU1_EN register bit allocation

Bit 15 14 13 12 1 10 8
Write - - - - - - -
Read 0 0 0 0 0 0 0
Reset 0 0 0 0 0 0 0

Bit 7 6 5 ’ 4 3 ’ 2 ’ 0
Write - - LDT_WUEN LIN_WUEN CAN_WUEN
Read 0 0 LDT_WUEN LIN_WUEN CAN_WUEN
Reset 0 0 0 ’ 0 1 ’ 1 ’ 1

Table 113. M_WU1_EN register bit description

Bit Symbol Description
Configure CAN wake up and interrupt capability
00 No wake up and no interrupt
Oto1 CAN_WUEN OZafe up ol
10 Interrupt only
11 Wake up and interrupt
POR or Fail-Safe state
Configure LIN wake up and interrupt capability
2t03 LIN_WUEN 00 No wake up and no interrupt
01 Wake up only
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Table 113. M_WU1_EN register bit description...continued
Bit Symbol Description

10 Interrupt only

11 Wake up and interrupt

POR or Fail-Safe state

Configure LDT wake up and interrupt capability

00 No wake up and no interrupt

01 Wake up only
4t05 LDT_WUEN

10 Interrupt only

11 Wake up and interrupt
POR

22.21 M_WU1_FLG

Table 114. M_WU1_FLG register bit allocation

Bit 15 14 13 12 11 10 9 8
Write - - - - - - - -
Read 0 0 0 0 0 0 FS_EVT RSI'EI')E(it\_NU
Reset 0 0 0 0 0 0 0 0

Bit 7 6 5 4 3 2 1 0
Write - - - - - - - -

WD_OFL_WU V1_UVLP_WU INT_TO_WU co2 0 LDT_WU_I LIN_WU_I CAN_WU_I
Read - = - - - = NORMAL_WU - = - = - =
Reset 0 0 0 0 0 0 0 0

Table 115. M_WU1_FLG register bit description
Bit Symbol Description

Report CAN wake up event

0 No wake up by CAN
1 Wake up by CAN occurred

0 CAN_WU_|

POR or Fail-safe or Clear on Write (write '1)

Report LIN wake up event
0 No wake up by LIN

1 LIN_WU_I
1 Wake up by LIN occurred

POR or Fail-safe or Clear on Write (write '1)

Report LDT wake up event

0 No wake up by LDT
2 LDT_WU_I

1 Wake up by LDT occurred

POR or Fail-safe or Clear on Write (write '1)

Report GO2NORMAL request from MCU wake up event
0 No wake up by MCU GO2NORMAL request

1 Wake up by MCU GO2NORMAL request occurred

4 GO2NORMAL_WU

POR or Fail-safe or Clear on Write (write '1)

Report Interrupt Time Out wake up event

5 INT_TO_WU 0 No wake up by Interrupt Time Out

1 Wake up by Interrupt Time Out occurred
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Table 115. M_WU1_FLG register bit description...continued
Bit Symbol Description

POR or Fail-safe or Clear on Write (write '1)

Report V1 LPON under voltage wake up event

0 No wake up by V1 LPON under voltage

6 V1_UVLP_WU
1 Wake up by V1 LPON under voltage occurred

POR or Fail-safe or Clear on Write (write '1)

Report Watchdog Max Error Failure wake up event

0 No wake up by Max Error Failure
7 WD_OFL_WU

1 Wake up by Watchdog Max Error Failure occurred

POR or Fail-safe or Clear on Write (write '1)

Report RSTB assertion wake up event

0 No wake up by to RSTB assertion
8 EXT_RSTB_WU

1 Wake up by to RSTB assertion occurred

POR or Fail-safe or Clear on Write (write '1)

Report a Fail-Safe event

0 No Fail-Safe event

9 FS_EVT
1 Fail-Safe event occurred (FSM went to Fail-Safe state)

POR or Fail-safe or Clear on Write (write '1)

22.22 M_TIMER1_CFG

Table 116. M_TIMER1_CFG register bit allocation

Bit 15 14 13 12 1 10 9 8
Write - ; ; I 2 ; ; TIMER1_DLY
Read 0 0 0 0 0 0 0 TIMER1_DLY
Reset 0 0 0 0 0 0 0 0

Bit 7 6 ‘ 5 ’ 4 ‘ 3 2 ‘ 1 ‘ 0
Write TIMER1_DLY TIMER1_ON TIMER1_PER
Read TIMER1_DLY TIMER1_ON TIMER1_PER
Reset 0 0 ‘ 0 ’ 0 ‘ 0 0 ‘ 0 ‘ 0

Table 117. M_TIMER1_CFG register bit description
Bit Symbol Description

Configure the TIMER1 period
000 TIMER1 period = 10.24 ms
001 TIMER1 period = 20.48 ms
010 TIMER1 period = 51.2 ms

011 TIMER1 period = 102.4 ms

Oto2 TIMER1_PER
100 TIMER1 period = 204.8 ms
101 TIMER1 period = 512 ms
110 TIMER1 period = 1024 ms
111 TIMER1 period = 2048 ms
POR
Configure the TIMER1 ON time
3to6 TIMER1_ON
0000 TIMER1 ON time =0 ms
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Table 117. M_TIMER1_CFG register bit description...continued

Bit Symbol Description

0001 TIMER1 ON time = 0.128 ms

0010 TIMER1 ON time = 0.256 ms

0011 TIMER1 ON time = 1.024 ms

0100 TIMER1 ON time = 10.24 ms

0101 TIMER1 ON time = 20.48 ms

0110 TIMER1 ON time = 30.72 ms

0111 TIMER1 ON time = 40.96 ms

1000 TIMER1 ON time = 51.2 ms

1001 TIMER1 ON time = 61.44 ms

1010 TIMER1 ON time = 81.92 ms

1011 TIMER1 ON time = 102.4 ms

1100 TIMER1 ON time = 122.88 ms

1101 TIMER1 ON time = 153.6 ms

1110 TIMER1 ON time = 204.8 ms

1111 TIMER1 ON time = Infinite

POR

Configure the TIMER1 delay time (apply on rising edge only)

00 TIMER1 delay =0 us

01 TIMER1 delay = 5 us

7to8 TIMER1_DLY
10 TIMER1 delay = 10 us

11 TIMER1 delay = 15 us

POR

22.23 M_TIMER2_CFG

Table 118. M_TIMER2_CFG register bit allocation

Bit 15 14 13 12 1 10 9 8
Write - ; y ; ; ; ; TIMER2_DLY
Read 0 0 0 0 0 0 0 TIMER2_DLY
Reset 0 0 0 0 0 0 0 0

Bit 7 6 | 5 | 4 | 3 2 | 1 | 0
Write TIMER2_DLY TIMER2_ON TIMER2_PER
Read TIMER2_DLY TIMER2_ON TIMER2_PER
Reset 0 0 | 0 | 0 | 0 0 | 0 | 0

Table 119. M_TIMER2_CFG register bit description

Bit Symbol Description

Configure the TIMER2 period

000 TIMER2 period = 10.24 ms

001 TIMER2 period = 20.48 ms

Oto2 TIMER2_PER 010 TIMER2 period = 51.2 ms

011 TIMER2 period = 102.4 ms

100 TIMER2 period = 204.8 ms

101 TIMER2 period = 512 ms
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Table 119. M_TIMER2_CFG register bit description...continued

Bit

Symbol

Description

110 TIMER2 period = 1024 ms

111 TIMER2 period = 2048 ms

POR

3to6

TIMER2_ON

Configure the TIMER2 ON time

0000 TIMER2 ON time = 0 ms

0001 TIMER2 ON time = 0.128 ms

0010 TIMER2 ON time = 0.256 ms

0011 TIMER2 ON time = 1.024 ms

0100 TIMER2 ON time = 10.24 ms

0101 TIMER2 ON time = 20.48 ms

0110 TIMER2 ON time = 30.72 ms

0111 TIMER2 ON time = 40.96 ms

1000 TIMER2 ON time = 51.2 ms

1001 TIMER2 ON time = 61.44 ms

1010 TIMER2 ON time = 81.92 ms

1011 TIMER2 ON time = 102.4 ms

1100 TIMER2 ON time = 122.88 ms

1101 TIMER2 ON time = 153.6 ms

1110 TIMER2 ON time = 204.8 ms

1111 TIMER2 ON time = Infinite

POR

7to8

TIMER2_DLY

Configure the TIMER2 delay time (apply on rising edge only)

00 TIMER2 delay = 0 us

01 TIMER2 delay = 5 us

10 TIMER2 delay = 10 us

11 TIMER2 delay = 15 us

POR

22.24 M_TIMER3_CFG

Table 120. M_TIMER3_CFG register bit allocation

Bit 15 14 13 12 1 10 9 8
Write : ; ¢ : ; ] ) TIMER3_DLY
Read 0 0 0 0 0 0 0 TIMER3_DLY
Reset 0 0 0 0 0 0 0 0

Bit 7 6 | 5 | 4 | 3 2 | 1 | 0
Write TIMER3_DLY TIMER3_ON TIMER3_PER
Read TIMER3_DLY TIMER3_ON TIMER3_PER
Reset 0 0 | 0 | 0 | 0 0 | 0 | 0

Table 121. M_TIMER3_CFG register bit description

Bit

Symbol

Description

Oto2

FS23 data sheet
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Configure the TIMER3 period

000 TIMERS period = 10.24 ms

All information provided in this document is subject to legal disclaimers. © 2023 NXP B.V. All rights reserved.

Product data sheet

CONFIDENTIAL

Rev. 4 — 15 September 2023
141/ 229



NXP Semiconductors

FS23 data sheet

Safety system basis chip (SBC) with power management, CAN FD and LIN transceivers

Table 121. M_TIMER3_CFG register bit description...continued

Bit Symbol Description

001 TIMERS period = 20.48 ms

010 TIMERS period = 51.2 ms

011 TIMERS period = 102.4 ms

100 TIMERS period = 204.8 ms

101 TIMERS period = 512 ms

110 TIMERS period = 1024 ms

111 TIMERS period = 2048 ms

POR

Configure the TIMER3 ON time

0000 TIMER3 ON time =0 ms

0001 TIMER3 ON time = 0.128 ms

0010 TIMER3 ON time = 0.256 ms

0011 TIMER3 ON time = 1.024 ms

0100 TIMER3 ON time = 10.24 ms

0101 TIMER3 ON time = 20.48 ms

0110 TIMERS3 ON time = 30.72 ms

0111 TIMER3 ON time = 40.96 ms
3to6

TIMER3_ON
1000 TIMER3 ON time = 51.2 ms

1001 TIMERS3 ON time = 61.44 ms

1010 TIMERS3 ON time = 81.92 ms

1011 TIMER3 ON time = 102.4 ms

1100 TIMER3 ON time = 122.88 ms

1101 TIMER3 ON time = 153.6 ms

1110 TIMERS ON time = 204.8 ms

1111 TIMERS3 ON time = Infinite

POR

Configure the TIMER3 delay time (apply on rising edge only)

00 TIMERS3 delay = 0 us

01 TIMERS delay = 5 us

7t08 TIMER3_DLY

10 TIMERS delay = 10 us

11 TIMERS delay = 15 us

POR

22.25 M_PWM1_CFG

Table 122. M_PWM1_CFG register bit allocation

Bit 15 14 13 12 | 1 10 9 | 8
Write = - - PWM1_DLY PWM1_F PWM1_DC
Read 0 0 0 PWM1_DLY PWM1_F PWM1_DC
Reset 0 0 0 0 | 0 0 0 | 0

Bit 7 ’ 6 ‘ 5 ’ 4 ‘ 3 ’ 2 ‘ 1 ’ 0
Write PWM1_DC
Read PWM1_DC
Reset 0 ’ 0 ‘ 0 ’ 0 ‘ 0 ’ 0 ‘ 0 ’ 0
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Table 123. M_PWM1_CFG register bit description

Bit Symbol

Description

Oto9 PWM1_DC

Configure the PWM1 duty cycle

PWM1 duty cycle = 100 * PWM1_DC / 1000

POR

10 PWM1_F

Configure the PWM1 frequency

0 PWM1 frequency = 200 Hz

1 PWM1 frequency = 400 Hz

POR

11to 12 PWM1_DLY

Configure the PWM1 delay time (applies on both edges)

00 PWM1 delay = 0 us

01 PWM1 delay = 5 us

10 PWM1 delay = 10 us

11 PWM1 delay = 15 us

POR

22.26 M_PWM2_CFG

Table 124. M_PWM2_CFG register bit allocation

Bit 15 14 13 12 | 1 10 | 8
Write ] - ; PWM2_DLY PWM2_F PWM2_DC
Read 0 0 0 PWM2_DLY PWM2_F PWM2_DC
Reset 0 0 0 0 | 0 0 | 0

Bit 7 | 6 | 5 | 4 | 3 | 2 | | 0
Write PWM2_DC
Read PWM2_DC
Reset 0 | 0 | 0 | 0 | 0 | 0 | | 0

Table 125. M_PWM2_CFG register bit description

Bit Symbol

Description

Oto9 PWM2_DC

Configure the PWM2 duty cycle

PWM2 duty cycle = 100 * PWM2_DC / 1000

POR

10 PWM2_F

Configure the PWM2 frequency

0 PWM2 frequency = 200 Hz

1 PWM2 frequency = 400 Hz

POR

11to 12 PWM2_DLY

Configure the PWM2 delay time (applies on both edges)

00 PWM2 delay = 0 us

01 PWM2 delay = 5 us

10 PWM2 delay = 10 us

11 PWM2 delay = 15 us

POR
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Table 126. M_PWM3_CFG register bit allocation

Bit 15 14 13 12 | 1" 10 9 | 8
Write - - - PWM3_DLY PWM3_F PWM3_DC
Read 0 0 0 PWM3_DLY PWM3_F PWM3_DC
Reset 0 0 0 0 | 0 0 0 | 0

Bit 7 | 6 | 5 | 4 | 3 | 2 1 | 0
Write PWM3_DC
Read PWM3_DC
Reset 0 | 0 | 0 | 0 | 0 | 0 0 | 0

Table 127. M_PWM3_CFG register bit description
Bit Symbol Description
Configure the PWM3 duty cycle
Oto9 PWM3_DC PWM3 duty cycle = 100 * PWM3_DC / 1000
POR
Configure the PWMS3 frequency
0 PWM3 frequency = 200 Hz
10 PWM3_F
1 PWM3 frequency = 400 Hz
POR
Configure the PWM3 delay time (applies on both edges)
00 PWM3 delay = 0 us
11to 12 PWM3_DLY 01 PVWMagely - SR
10 PWM3 delay = 10 us
11 PWM3 delay = 15 us
POR
22.28 M_TIMER_PWM_CTRL
Table 128. M_TIMER_PWM_CTRL register bit allocation

Bit 15 14 13 12 1 10 9 8
Write - - - - - - - -
Read 0 0 0 0 0 0 0 0
Reset 0 0 0 0 0 0 0 0

Bit 7 6 5 4 3 2 1 0
Write - TIM1_EN TIM2_EN TIM3_EN - PWM1_EN PWM2_EN PWM3_EN
Read 0 TIM1_EN TIM2_EN TIM3_EN 0 PWM1_EN PWM2_EN PWM3_EN
Reset 0 0 0 0 0 0 0 0

Table 129. M_TIMER_PWM_CTRL register bit description

Bit Symbol

Description

Enable the PWM3

0 PWM3_EN 0 PWM3 is disabled

1 PWM3 is enabled
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Bit Symbol Description
POR, or clear on Write(write '1")
Enable the PWM2
0 PWM2 is disabled
1 PWM2_EN
1 PWM2 is enabled
POR, or clear on Write(write '1")
Enable the PWM1
0 PWM1 is disabled
2 PWM1_EN
1 PWM1 is enabled
POR, or clear on Write(write '1")
Enable the TIMER3
0 TIMERS is disabled
4 TIM3_EN
1 TIMERS is enabled
POR, or clear on Write(write '1")
Enable the TIMER2
0 TIMER2 is disabled
5 TIM2_EN
1 TIMER2 is enabled
POR, or clear on Write(write '1")
Enable the TIMER1
0 TIMERT1 is disabled
6 TIM1_EN
1 TIMER1 is enabled
POR, or clear on Write(write '1")
Table 130. M_CS_CFG register bit allocation
Bit 15 14 13 12 11 10 9 8
. HS_FLT_
Write . . . - . - WU_FORCE .
HS_FLT_
Read 0 0 0 0 0 0 WU_FORCE 0
Reset 0 0 0 0 0 0 0 0
Bit 7 | 6 5 | 4 3 | 2 1 | 0
Write HVIO2_HS_SEL HVIO1_HS_SEL WK2_HS_SEL WK1_HS_SEL
Read HVIO2_HS_SEL HVIO1_HS_SEL WK2_HS_SEL WK1_HS_SEL
Reset 0 | 0 0 | 0 0 | 0 0 | 0
Table 131. M_CS_CFG register bit description
Bit Symbol Description
Select the High Side connected to WAKE1 for cyclic sensing
00 HS1 is connected to WAKE1
01 HS2 is connected to WAKE1
Oto1 WK1_HS_SEL
10 HS3 is connected to WAKE1
11 HS4 is connected to WAKE1
POR
2t03 WK2_HS_SEL Select the High Side connected to WAKE2 for cyclic sensing
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Table 131. M_CS_CFG register bit description...continued

Bit

Symbol

Description

00 HS1 is connected to WAKE2

01 HS2 is connected to WAKE2

10 HS3 is connected to WAKE2

11 HS4 is connected to WAKE2

POR

4t05

HVIO1_HS_SEL

Select the High Side connected to HVIO1 for cyclic sensing

00 HS1 is connected to HVIO1

01 HS2 is connected to HVIO1

10 HS3 is connected to HVIO1

11 HS4 is connected to HVIO1

POR

6to7

HVIO2_HS_SEL

Select the High Side connected to HVIO2 for cyclic sensing

00 HS1 is connected to HVIO2

01 HS2 is connected to HVIO2

10 HS3 is connected to HVIO2

11 HS4 is connected to HVIO2

POR

HS_FLT_WU_FORCE

Select the reaction when a fault is detected on a High Side

0 Disable the cyclic sense engine when the fault is present

1 Force the wake up of the device when the fault is detected

POR

22.30 M_CS_FLG_MSK

Table 132. M_CS_FLG_MSK register bit allocation

Bit 15 14 13 12 11 10 9 8
Write - § - 3 - - - HVIO2_OL_M
Read 0 0 0 0 0 0 0 HVIO2_OL M
Reset 0 0 0 0 0 0 0 0

Bit 7 6 5 4 3 2 1 0
Write HVIO1 OL M | WAKE2 OL M | WAKE1 OL M 4 - - - -
Read HVIO1 OL M | WAKE2 OL M | WAKE1 OL M 0 HVIO2 OL | | HVIO1 OL | | WAKE2 OL_| | WAKE1 OL |
Reset 0 0 0 0 0 0 0 0

Table 133. M_CS_FLG_MSK register bit description

Bit Symbol Description
Report WAKE1 Open Load event
0 No event detected
0 WAKE1_OL_|I
1 WAKE1 OL occurred
POR, or clear on Write(write '1")
Report WAKE2 Open Load event
0 No event detected
1 WAKE2_OL_|

1 WAKE2 OL occurred

POR, or clear on Write(write '1")
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Table 133. M_CS_FLG_MSK register bit description...continued

Bit Symbol Description
Report HVIO1 Open Load event
0 No event detected
2 HVIO1_OL_I
1 HVIO1 OL occurred
POR, or clear on Write(write '1")
Report HVIO2 Open Load event
0 No event detected
3 HVIO2_OL_I
1 HVIO2 OL occurred
POR, or clear on Write(write '1")
Inhibit WAKE1 Open Load Interrupt
0 Interrupt is Not Inhibited
5 WAKE1_OL_M
1 Interrupt is Inhibited
POR
Inhibit WAKE2 Open Load Interrupt
0 Interrupt is Not Inhibited
6 WAKE2_OL_M
1 Interrupt is Inhibited
POR
Inhibit HVIO1 Open Load Interrupt
0 Interrupt is Not Inhibited
7 HVIO1_OL_M
1 Interrupt is Inhibited
POR
Inhibit HVIO2 Open Load Interrupt
0 Interrupt is Not Inhibited
8 HVIO2_OL_M
1 Interrupt is Inhibited
POR
22.31 M_HSx_SRC_CFG
Table 134. M_HSx_SRC_CFG register bit allocation
Bit 15 ’ 14 ‘ 13 ’ 12 1 ’ 10 ‘ 9
Write HS4_SRC_SEL HS3_SRC_SEL
Read HS4_SRC_SEL HS3_SRC_SEL
Reset 0 ’ 0 ‘ 0 ’ 0 0 ’ 0 ‘ 0
Bit 7 | 6 | 5 | 4 3 | 2 | 1
Write HS2_SRC_SEL HS1_SRC_SEL
Read HS2_SRC_SEL HS1_SRC_SEL
Reset 0 | 0 | 0 | 0 0 | 0 | 0
Table 135. M_HSx_SRC_CFG register bit description
Bit Symbol Description
Select HS1 source
0000 High side is driven by HS1_EN and HS1_DIS register bits
Oto3 HS1_SRC_SEL 0001 HVIO1 is selected as direct drive pin
0010 HVIO2 is selected as direct drive pin.
0011 WAKE1 is selected as direct drive pin.
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Table 135. M_HSx_SRC_CFG register bit description...continued

Bit Symbol Description

0100 WAKE?2 is selected as direct drive pin.

0101 LVIO3 is selected as direct drive pin.

0110 LVIO4 is selected as direct drive pin.

0111 LVI5 is selected as direct drive pin.

1000 High side is driven by TIMER1

1001 High side is driven by TIMER2

1010 High side is driven by TIMER3

1011 High side is driven by PWM1

1100 High side is driven by PWM2

1101 High side is driven by PWM3

1110 Not used

1111 Not used

POR or HS1 FSM in HS2 state

Select HS2 source

0000 High side is driven by HS2_EN and HS2_DIS register bits

0001 HVIO1 is selected as direct drive pin

0010 HVIO2 is selected as direct drive pin.

0011 WAKE1 is selected as direct drive pin.

0100 WAKE?2 is selected as direct drive pin.

0101 LVIOS3 is selected as direct drive pin.

0110 LVIO4 is selected as direct drive pin.

0111 LVI5 is selected as direct drive pin.
4to7

HS2_SRC_SEL
1000 High side is driven by TIMER1

1001 High side is driven by TIMER2

1010 High side is driven by TIMER3

1011 High side is driven by PWM1

1100 High side is driven by PWM2

1101 High side is driven by PWM3

1110 Not used

1111 Not used

POR or HS2 FSM in HS2 state

Select HS3 source

0000 High side is driven by HS3_EN and HS3_DIS register bits

0001 HVIO1 is selected as direct drive pin

0010 HVIO2 is selected as direct drive pin.

0011 WAKET1 is selected as direct drive pin.

0100 WAKE?2 is selected as direct drive pin.

0101 LVIOS3 is selected as direct drive pin.

8 to 11 HS3_SRC_SEL

0110 LVIO4 is selected as direct drive pin.

0111 LVI5 is selected as direct drive pin.

1000 High side is driven by TIMER1

1001 High side is driven by TIMER2

1010 High side is driven by TIMER3

1011 High side is driven by PWM1

1100 High side is driven by PWM2
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Table 135. M_HSx_SRC_CFG register bit description...continued

Bit

Symbol

Description

1101 High side is driven by PWM3

1110 Not used

1111 Not used

POR or HS3 FSM in HS2 state

Select HS4 source

0000 High side is driven by HS4_EN and HS4_DIS register bits

0001 HVIO1 is selected as direct drive pin

0010 HVIO2 is selected as direct drive pin.

0011 WAKE1 is selected as direct drive pin.

0100 WAKE?Z? is selected as direct drive pin.

0101 LVIOS is selected as direct drive pin.

0110 LVIO4 is selected as direct drive pin.

0111 LVI5 is selected as direct drive pin.

1210 15 HS4_SRC_SEL

1000 High side is driven by TIMER1

1001 High side is driven by TIMER2

1010 High side is driven by TIMER3

1011 High side is driven by PWM1

1100 High side is driven by PWM2

1101 High side is driven by PWM3

1110 Not used

1111 Not used

POR or HS4 FSM in HS2 state

22.32 M_HSx_CTRL

Table 136. M_HSx_CTRL register bit allocation

Bit 15 14 13 12 1 10 8
HS
. 3 HS_ HS_
Write - VSHSUVOV_ | s1isuv pis | VSHSOV DIS - - -
REC - -
HS
- HS_ HS_
Read 0 VSHSUYOV- 1 vsHSUV_DIs | vsHSOV_DIS 0 0 0
Reset 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 0
Write - HS4_EN s HS3_EN - HS2_EN HS1_EN
Read 0 HS4_EN 0 HS3_EN 0 HS2_EN HS1_EN
Reset 0 0 0 0 0 0 0
Table 137. M_HSx_CTRL register bit description
Bit Symbol Description
Enable the HS1
0 HS1 is disabled
0 HS1_EN
1 HS1 is enabled
POR or HS1 FSM in HS2 state
2 HS2_EN Enable the HS2
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Table 137. M_HSx_CTRL register bit description...continued

Bit Symbol Description
0 HS2 is disabled
1 HS2 is enabled
POR or HS2 FSM in HS2 state
Enable the HS3
0 HS3 is disabled
4 HS3_EN
1 HS3 is enabled
POR or HS3 FSM in HS2 state
Enable the HS4
0 HS4 is disabled
6 HS4_EN
1 HS4 is enabled
POR or HS4 FSM in HS2 state
Disable HSx in case of VSHS overvoltage
0 HSx remains enable in case of VSHS overvoltage
12 HS_VSHSOV_DIS
1 HSx are disabled in case of VSHS overvoltage
POR
Disable HSx in case of VSHS undervoltage
0 HSx remains enable in case of VSHS undervoltage
13 HS_VSHSUV_DIS
1 HSx are disabled in case of VSHS undervoltage
POR
Configure the automatic recovery when HSx is disabled due to VSHS UV/OV
0 No recovery
14 HS_VSHSUVOV_REC
1 Automatic recovery when VSHS UV or OV is removed
POR

22.33 M_HSx_FLG

Table 138. M_HSx_FLG register bit allocation

Bit 15 14 13 12 11 10 9 8
Write - - - - - - - -
Read 0 0 0 HS4_OL_| HS4_OC_| 0 HS3_OL_I HS3_OC_|I
Reset 0 0 0 0 0 0 0 0

Bit 7 6 5 4 3 2 1 0
Write - - - - - - - -
Read HS34_TSD_|I 0 HS2_OL_| HS2_OC_| 0 HS1_OL_I HS1_OC_| HS12_TSD_|
Reset 0 0 0 0 0 0 0 0

Table 139. M_HSx_FLG register bit description

Bit Symbol Description
Report HS1 or HS2 Thermal Shutdown event
0 No event detected
0 HS12_TSD_I
1 HS1 or HS2 TSD occurred
POR, or clear on Write(write '1')
Report HS1 overcurrent event
1 HS1_OC_|

0 No event detected
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Table 139. M_HSx_FLG register bit description...continued
Bit Symbol Description

1 HS1 OC occurred

POR, or clear on Write(write '1')

Report HS1 Open Load event

0 No event detected

2 HS1_OL_I
1 HS1 OL occurred

POR, or clear on Write(write '1')

Report HS2 overcurrent event

0 No event detected
4 HS2_OC_|

1 HS2 OC occurred

POR, or clear on Write(write '1')

Report HS2 Open Load event

0 No event detected

1 HS2 OL occurred

5 HS2 OL |

POR, or clear on Write(write '1')

Report HS3 or HS4 Thermal Shutdown event

0 No event detected

1 HS3 or HS4 TSD occurred

7 HS34_TSD_|

POR, or clear on Write(write '1')

Report HS3 overcurrent event

0 No event detected
8 HS3_0OC_|I

1 HS3 OC occurred

POR, or clear on Write(write '1')

Report HS3 Open Load event

0 No event detected

1 HS3 OL occurred

9 HS3 OL |

POR, or clear on Write(write '1")

Report HS4 overcurrent event

0 No event detected
1 HS4_0OC_|I

1 HS4 OC occurred

POR, or clear on Write(write '1')

Report HS4 Open Load event

0 No event detected
12 HS4_OL_|I

1 HS4 OL occurred

POR, or clear on Write(write '1')

22.34 M_HSx_MSK

Table 140. M_HSx_MSK register bit allocation

Bit 15 14 13 12 " 10 9 8
Write - - - HS4 OL_M HS4_OC M - HS3_OL_M HS3_0C_M
Read 0 0 0 HS4 OL_M HS4 OC M 0 HS3 OL_M HS3 OC_M
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
Write HS34 TSD M - HS2 OL_M HS2_ OC M - HS1 OL_M HS1_ OC M | HS12_TSD M
Read HS34 TSD_M 0 HS2_OL_M HS2_OC_M 0 HS1 _OL_M HS1 _OC_ M | HS12_TSD M
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Table 140. M_HSx_MSK register bit allocation...continued

Bit

15

14 13 12 1

Reset

0

0 0 0 0

Table 141. M_HSx_MSK register bit description

Bit

Symbol

Description

HS12_TSD_M

Inhibit HS1 and HS2 Thermal Shutdown Interrupt

0 Interrupt is Not Inhibited

1 Interrupt is Inhibited

POR

HS1_OC_M

Inhibit HS1 overcurrent Interrupt

0 Interrupt is Not Inhibited

1 Interrupt is Inhibited

POR

HS1 OL M

Inhibit HS1 Open Load Interrupt

0 Interrupt is Not Inhibited

1 Interrupt is Inhibited

POR

HS2_OC_M

Inhibit HS2 overcurrent Interrupt

0 Interrupt is Not Inhibited

1 Interrupt is Inhibited

POR

HS2_OL_M

Inhibit HS2 Open Load Interrupt

0 Interrupt is Not Inhibited

1 Interrupt is Inhibited

POR

HS34_TSD_M

Inhibit HS3 and HS4 Thermal Shutdown Interrupt

0 Interrupt is Not Inhibited

1 Interrupt is Inhibited

POR

HS3_OC_M

Inhibit HS3 overcurrent Interrupt

0 Interrupt is Not Inhibited

1 Interrupt is Inhibited

POR

HS3 OL_M

Inhibit HS3 Open Load Interrupt

0 Interrupt is Not Inhibited

1 Interrupt is Inhibited

POR

HS4_OC_M

Inhibit HS4 overcurrent Interrupt

0 Interrupt is Not Inhibited

1 Interrupt is Inhibited

POR

12

HS4_OL M

Inhibit HS4 Open Load Interrupt

0 Interrupt is Not Inhibited

1 Interrupt is Inhibited

POR
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22.35 M_AMUX_CTRL

Table 142. M_AMUX_CTRL register bit allocation

Bit 15 14 13 12 1 10 9 8
Write ; ; ; ; ; ; AMUX_EN AMUX_DIV
Read 0 0 0 0 0 0 AMUX_EN AMUX_DIV
Reset 0 0 0 0 0 0 0 0

Bit 7 6 5 4 | 3 2 1 0
Write ] ] ) AMUX
Read 0 0 0 AMUX
Reset 0 0 0 0 | 0 0 0 0

Table 143. M_AMUX_CTRL register bit description

Bit Symbol

Description

Oto4 AMUX

Select AMUX Input Channel

00000 AGND is selected

00001 V1p6 internal voltage (VDIG) is selected

00010 V1 voltage is selected

00011 V2 voltage is selected

00100 V3 voltage is selected

00101 VBOS internal voltage is selected

00110 VSUP voltage is selected (divider ratio configurable by SPI/ I2C)

00111 VSHS voltage is selected (divider ratio configurable by SPI / I>C)

01000 WAKE1 voltage is selected (divider ratio configurable by SPI / I*C)

01001 WAKEZ2 voltage is selected (divider ratio configurable by SPI/ I2C)

01010 HVIO1 voltage is selected (divider ratio configurable by SPI / I>C)

01011 HVIO2 voltage is selected (divider ratio configurable by SPI / I*)C)

01100 Die Temperature Sensor is selected : T(°C) = (Vamux — V1emp2s) / VTEMP_coerr + 25

01101 V1 Temperature sensor is selected

01110 V2 Temperature sensor is selected

01111 V3 Temperature sensor is selected

10000 VDDIO not divided is selected

>10000 Reserved

POR

8 AMUX_DIV

Select AMUX divider ratio for high voltage channels

0 Low divider ratio is selected (div by 10.5)

1 High divider ratio is selected (div by 20)

POR

9 AMUX_EN

Enable AMUX block

0 AMUX is disabled (HIZ, int pull down)

1 AMUX is enabled in Normal mode only

POR
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22.36 M_LDT_CFG1

Table 144. M_LDT_CFG1 register bit allocation

Bit 15 | 14 | 13 | 12 | 1" | 10 9 | 8
Write LDT_AFTER_RUN
Read LDT_AFTER_RUN
Reset 0 | 0 | 0 | 0 | 0 | 0 0 | 0
Bit 7 | 6 | 5 | 4 | 3 | 2 | 0
Write LDT_AFTER_RUN
Read LDT_AFTER_RUN
Reset 0 | 0 | 0 | 0 | 0 | 0 0 | 0
Table 145. M_LDT_CFG1 register bit description
Bit Symbol Description
Configure and read the After run LDT Timer
Oto 15 LDT_AFTER_RUN |LDT timer value in NORMAL mode
POR, LDT Count started
22.37 M_LDT_CFG2
Table 146. M_LDT_CFG2 register bit allocation
Bit 15 | 14 | 13 | 12 | 1 | 10 9 | 8
Write LDT_WUP_L
Read LDT_WUP_L
Reset 0 | 0 | 0 | 0 | 0 | 0 0 | 0
Bit 7 | 6 | 5 | 4 | 3 | 2 | 0
Write LDT_WUP_L
Read LDT_WUP_L
Reset 0 | 0 | 0 | 0 | 0 | 0 0 | 0
Table 147. M_LDT_CFG2 register bit description
Bit Symbol Description
Configure and read the 16 less significant bits of Wake-up LDT Timer
Oto 15 LDT_WUP_L LDT timer value in LP Mode (LSB)
POR, LDT Count started
22.38 M_LDT_CFG3
Table 148. M_LDT_CFGS3 register bit allocation
Bit 15 14 13 12 1 10 9 8
Write - - - - - - -
Read 0 0 0 0 0 0 0 0
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 0
Write LDT_WUP_H
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Table 148. M_LDT_CFG3 register bit allocation...continued

Bit 15 | 14 | 13 | 12 | 1 | 10 | 9 | 8
Read LDT_WUP_H
Reset 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0

Table 149. M_LDT_CFG3 register bit description
Bit Symbol

Description

Configure and read the 8 more significant bits of LDT Wake-up Timer
LDT timer value in LP Mode (MSB)
POR, LDT Count started

0to7 LDT_WUP_H

22.39 M_LDT_CTRL

Table 150. M_LDT_CTRL register bit allocation

Bit 15 14 13 12 1 10 9 8
Write - - - - - - - -
Read 0 0 0 0 0 0 0 0
Reset 0 0 0 0 0 0 0 0

Bit 7 6 | 5 | 4 3 2 1 0
Write LDT2LP LDT_FNCT LDT_SEL LDT_MODE LDT_EN ;
Read LDT2LP LDT_FNCT LDT_SEL LDT_MODE LDT_EN LDT_RUN
Reset 0 0 | 0 | 0 0 0 0 0

Table 151. M_LDT_CTRL register bit description
Bit Symbol

Description

LDT Status

0 LDTis idle
1LDT is busy
POR, LDT stopped

0 LDT_RUN

Start LDT Timer operation

0 LDT is disabled

1 LDT_EN
1 LDT starts counting

POR

Set LDT operation mode

0 LDT is set to long count (1s)
1 LDT is set to short count (128us)
POR

2 LDT_MODE

Configure and read LDT timer selection

0 Target value of Wake-up LDT timer can be read or write

3 LDT_SEL
1 Real time value of 24 bit Timer is reported (once LDT stopped)

POR

Select LDT function

000 Function1 is selected

4106 LDT_FNCT[2:0]

001 Function2 is selected

010 Function3 is selected
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Table 151. M_LDT_CTRL register bit description...continued
Bit Symbol Description

011 Function4 is selected

100 Functionb is selected

101 Not used
110 Not used
111 Not used
POR

Select LP mode transition from LDT F2 and F3

0 Go to LPOFF

7 LDT2LP
1 Go to LPON
POR
22.40 M_CAN
Table 152. M_CAN register bit allocation
Bit 15 14 13 12 1 10 9 | 8
Write ] - - - - ] CAN_MODE
Read 0 0 0 0 0 0 CAN_MODE
Reset 0 0 0 0 0 0 0 | 0
Bit 7 6 5 4 3 2 1 0
Write ; ; CAN_FS_DIS ; ; ; CAN_TXD_TO_| | CAN_TSD_|
Read CA,\",'I(—)ADCETQ/ E 0 CAN_FS_DIS 0 0 0 CAN_TXD_TO | | CAN_TSD._|
Reset 0 0 0 0 0 0 0 0

Table 153. M_CAN register bit description
Bit Symbol Description

Report CAN overtemperature event

0 No event detected
0 CAN_TSD_|

1 CAN Thermal Shutdown occurred

POR, or clear on Write(write '1')

Report CAN TXD Dominant timeout event

0 No event detected
1 CAN_TXD_TO_I

1 Dominant timeout occurred

POR, or clear on Write(write '1')

Disable the CAN when RSTB or LIMPO or FSOB is activated

0 CAN transceiver is offline

5 CAN_FS_DIS
1 CAN transceiver keeps the current state

POR

Real-time status of CAN mode
0 CAN is neither in LISTEN ONLY mode nor in NORMAL mode
1 CAN is either in LISTEN ONLY mode or in NORMAL mode

7 CAN_ACTIVE_MODE_S

Real-time information

Select the CAN mode control
8t09 CAN_MODE 00 Transceiver offline (TX and RX disabled)

01 Transceiver receive only mode (TX disabled and RX enabled)
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Table 153. M_CAN register bit description...continued

Bit Symbol Description
10 Transceiver active mode (TX and RX enabled) reacting on V3UV
11 Transceiver active mode (TX and RX enabled) reacting on V3UV
POR
22.41 M_LIN
Table 154. M_LIN register bit allocation
Bit 15 14 ‘ 13 12 ‘ 1 10 9 8
Write - LIN_MODE LIN_SLOPE LIN_FS_DIS | LIN_VSHSUV_DIS LIN_SC
Read 0 LIN_MODE LIN_SLOPE LIN_FS_DIS | LIN_VSHSUV_DIS LIN_SC
Reset 0 0 ‘ 0 0 ‘ 0 0 0 0
Bit 7 6 5 4 3 2 1 0
Write LIN_TXD_TO - - - - LIN_SC_|I LIN_TXD_TO_I LIN_TSD_|I
Read LIN_TXD_TO 0 0 0 0 LIN_SC_I LIN_TXD_TO_I LIN_TSD_|I
Reset 0 0 0 0 0 0 0 0

Table 155. M_LIN register bit description

Bit

Symbol

Description

LIN_TSD_|

Report LIN overtemperature event

0 No event detected

1 LIN Thermal Shutdown occurred

POR, or clear on Write (write '1')

LIN_TXD_TO_|

Report LIN TXD Dominant timeout event

0 No event detected

1 Dominant timeout occurred

POR, or clear on Write (write '1')

LIN_SC_|

Report LIN short-circuit event

0 No event detected

1 Short-circuit timeout occurred

POR, or clear on Write (write '1')

LIN_TXD_TO

Enable the TXD dominant timeout detection

0 TXD dominant timeout detection is disabled

1 TXD dominant timeout detection is enabled

POR

LIN_SC

Disable the LIN short circuit detection

0 LIN short circuit protection is enabled

1 LIN short circuit protection is disabled

POR

LIN_VSHSUV_DIS

Disable VSHS_UV impact on the LIN transceiver

0 The LIN transceiver is OFF in case of VSHS undervoltage

1 The LIN transceiver remains in active mode in case of VSHS undervoltage

POR

10
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Table 155. M_LIN register bit description...continued
Bit Symbol Description

1 LIN transceiver keeps the current state

POR

Select the LIN slope control

00 LIN normal slope is enabled

01 Not used

1110 12 LIN_SLOPE

10 LIN slow slope is enabled
11 Not used
POR

Select the LIN mode control

00 Transceiver offline

01 Transceiver receive only mode
13to0 14 LIN_MODE

10 Transceiver active mode

11 Transceiver active mode

POR

22.42 M_CAN_LIN_MSK

Table 156. M_CAN_LIN_MSK register bit allocation

Bit 15 14 13 | 12 ‘ 1 | 10 | 9 8
Write ; ; LIN_FSM_STATE_S LIN_SC_M
Read 0 0 LIN_FSM_STATE_S LIN_SC_M
Reset 0 0 0 | 0 ‘ 0 | 0 | 0 0

Bit 7 6 5 4 ‘ 3 ‘ 2 ‘ 1 0
Write LIN.TXD_TO_M | LIN_TSD_M ; CAN_FSM_STATE_S CAN_TXD_TO_M | CAN_TSD_M
Read LIN.TXD_TO_M | LIN_TSD_M 0 CAN_FSM_STATE_S CAN_TXD_TO_M | CAN_TSD M
Reset 0 0 0 0 ‘ 0 ‘ 0 0 0

Table 157. M_CAN_LIN_MSK register bit description
Bit Symbol Description

Inhibit CAN temperature shutdown Interrupt

0 Interrupt is Not Inhibited

0 CAN_TSD_M
1 Interrupt is Inhibited

POR
Inhibit CAN TXD Dominant timeout Interrupt
0 Interrupt is Not Inhibited

1 CAN_TXD_TO_M
1 Interrupt is Inhibited

POR

Report the CAN state machine state
000 OFF

001 OFFLINE

2to 4 CAN_FSM_STATE_S[2:0] |010 Invalid state

011 OFFLINEVCCNOK

100 GOACTIVE

101 LISTEN
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Table 157. M_CAN_LIN_MSK register bit description...continued

Bit Symbol Description
110 Invalid state
111 NORMAL
Real-time information
Inhibit LIN temperature shutdown Interrupt
0 Interrupt is Not Inhibited
6 LIN_TSD_M
1 Interrupt is Inhibited
POR
Inhibit LIN TXD Dominant timeout Interrupt
0 Interrupt is Not Inhibited
7 LIN_TXD_TO_M
1 Interrupt is Inhibited
POR
Inhibit LIN short-circuit Interrupt
8 LIN_SC_M 0 Interrupt is Not Inhibited
1 Interrupt is Inhibited
POR
Report the LIN state machine state
00011 TRX_ON
00110 TRX_RXONLY
00111 TRX_PROTECT
01100 TRX_DISABLE
9to 13 LIN_FSM_STATE_S
01111 TRX_POWERON
10011 TRX_MONITOR
10111 TX_POWERON
Any other value Invalid state
Real-time information
22.43 M_MEMORYO0
Table 158. M_MEMORYO0 register bit allocation
Bit 15 | 14 | 13 | 12 | 1 | 10 | 8
Write MEMORYO
Read MEMORYO0
Reset 0 | 0 | 0 | 0 | 0 | 0 | 0
Bit 7 | 6 | 5 | 4 | 3 | 2 | 0
Write MEMORYO0
Read MEMORYO0
Reset 0 | 0 | 0 | 0 | 0 | 0 | 0
Table 159. M_MEMORYO register bit description
Bit Symbol Description
Provide 16 memory bits
0to 15 MEMORYO Read or write MEMORY0 memory bits

Reset on Power On Reset (POR)
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Table 160. M_MEMORY1 register bit allocation

Bit 15 | 14 | 13 | 12 | 1 | 10 | 9 | 8
Write MEMORY1
Read MEMORY1
Reset 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
Bit 7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
Write MEMORY1
Read MEMORY1
Reset 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
Table 161. M_MEMORY1 register bit description
Bit Symbol Description
Provide 16 memory bits
0to 15 MEMORY1 Read or write MEMORY1 memory bits
Reset on Power On Reset (POR)
22.45 FS_|_OVUV_CFG1
Table 162. FS_I_OVUV_CFGH1 register bit allocation
Bit 15 14 13 12 1 10 9 8
Write i i \ VIMON_OV_ | VIMON_OV_ | VIMON_OV_ | VIMON_UV_ | VIMON_UV_
RSTB_IMPACT | FSOB_IMPACT | LIMPO_IMPACT | RSTB_IMPACT | FSOB_IMPACT
Read 0 0 0 VIMON_OV_ | VIMON_OV_ | VIMON_OV_ | VIMON_UV_ | VIMON_UV_
RSTB_IMPACT | FSOB_IMPACT | LIMPO_IMPACT | RSTB_IMPACT | FSOB_IMPACT
Reset 0 0 0 OTP fuse 1 1 OTP fuse 1
Bit 7 6 5 4 3 2 1 0
VIMON_UV_ L V2MON_OV_ | V2MON_OV_ | V2MON_OV_ | V2MON_UV_ | V2MON_UV_ | V2MON_UV_
Write LIMPO_IMPACT RSTB_IMPACT | FSOB_IMPACT | LIMPO_IMPACT | RSTB_IMPACT | FSOB_IMPACT | LIMPO_IMPACT
VIMON_UV_ { V2MON_OV_ | V2MON_OV_ | V2MON_OV_ | V2MON_UV_ | V2MON_UV_ | V2MON_UV_
Read LIMPO_IMPACT RSTB_IMPACT | FSOB_IMPACT | LIMPO_IMPACT | RSTB_IMPACT | FSOB_IMPACT | LIMPO_IMPACT
Reset 1 0 OTP fuse 1 1 OTP fuse 0 0
Table 163. FS_I_OVUV_CFGH1 register bit description
Bit Symbol Description
Configure V2MON UV impact on LIMP0O
0 No Effect
0 V2MON_UV_LIMPO_IMPACT
1 LIMPO Assertion
POR
Configure V2ZMON UV impact on FS0B
0 No Effect
1 V2MON_UV_FSOB_IMPACT
1 FSOB Assertion
POR
Configure V2MON UV impact on RSTB
2 V2MON_UV_RSTB_IMPACT 0 No Effect
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Table 163. FS_I_OVUV_CFGH1 register bit description...continued

Bit Symbol

Description

OTP Fuse load

3 V2MON_OV_LIMPO_IMPACT

Configure V2MON OV impact on LIMPO

0 No Effect

1 LIMPO Assertion

POR

4 V2MON_OV_FS0B_IMPACT

Configure V2MON OV impact on FS0B

0 No Effect

1 FSOB Assertion

POR

5 V2MON_OV_RSTB_IMPACT

Configure V2MON OV impact on RSTB

0 No Effect

1 RSTB Assertion

OTP Fuse load

7 VAMON_UV_LIMPO_IMPACT

Configure VIMON UV impact on LIMPO

0 No Effect

1 LIMPO Assertion

POR

8 VIMON_UV_FSOB_IMPACT

Configure VIMON UV impact on FSOB

0 No Effect

1 FSOB Assertion

POR

9 VIMON_UV_RSTB_IMPACT

Configure VIMON UV impact on RSTB

0 No Effect

1 RSTB Assertion

OTP Fuse load

10 VIMON_OV_LIMPO_IMPACT

Configure VIMON OV impact on LIMPO

0 No Effect

1 LIMPO Assertion

POR

11 VIMON_OV_FS0B_IMPACT

Configure VIMON OV impact on FS0B

0 No Effect

1 FSOB Assertion

POR

12 VIMON_OV_RSTB_IMPACT

Configure VIMON OV impact on RSTB

0 No Effect

1 RSTB Assertion

OTP Fuse load

22.46 FS_|_OVUV_CFG2

Table 164. FS_I_OVUV_CFG2 register bit allocation

Bit 15 14

13 12 1

10

9

8

Write - -

V3MON_ | V3MON_
- OV_RSTB_| OV_FS0
IMPACT | B_IMPACT

V3MON_
OV_LIMPO_
IMPACT

V3MON_
UV_RSTB_
IMPACT

V3MON_
UV_FSO
B_IMPACT
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Table 164. FS_I_OVUV_CFG2 register bit allocation...continued

Bit 15 14 13 12 11 10 9 8
V3MON _ V3MON _ V3MON _ V3MON _ V3MON _
Read 0 0 0 OV_RSTB_| OV_FSO |OV_LIMPO_|UV_RSTB_| UV_FS0
IMPACT B_IMPACT IMPACT IMPACT B_IMPACT
Reset 0 0 0 OTP fuse 1 1 OTP fuse 0
Bit 7 6 5 4 3 2 1 0
V3MON _ VOMON _ VOMON _ VOMON _ VOMON _ VOMON _ VOMON _
UV_LIMPO_ - OV_RSTB_| OV_FSO |OV_LIMPO_|UV_RSTB_| UV_FSO |UV_LIMPO_
Write IMPACT IMPACT B_IMPACT IMPACT IMPACT B_IMPACT IMPACT
V3MON _ VOMON _ VOMON _ VOMON _ VOMON _ VOMON _ VOMON _
UV_LIMPO_ 0 OV_RSTB_| OV_FSO |OV_LIMPO_|UV_RSTB_| UV_FSO |UV_LIMPO_
Read IMPACT IMPACT B_IMPACT IMPACT IMPACT B_IMPACT IMPACT
Reset 0 0 OTP fuse 1 1 OTP fuse 0 0
Table 165. FS_I_OVUV_CFG2 register bit description
Bit Symbol Description
Configure VMON_EXT UV impact on LIMPO
0 VOMON UV 0 No Effect
LIMPO_IMPACT 1 LIMPO Assertion
POR
Configure VMON_EXT UV impact on FS0B
0 No Effect
1 VOMON_UV_FS0B_IMPACT
1 FSOB Assertion
POR
Configure VMON_EXT UV impact on RSTB
5 VOMON UV 0 No Effect
RSTB_IMPACT 1 RSTB Assertion
OTP Fuse load
Configure VMON_EXT OV impact on LIMPO
3 VOMON OV 0 No Effect
LIMPO_IMPACT 1 LIMPO Assertion
POR
Configure VMON_EXT OV impact on FS0B
0 No Effect
4 VOMON_OV_FSO0B_IMPACT
1 FSOB Assertion
POR
Configure VMON_EXT OV impact on RSTB
VOMON_OV_
5 RSTB_IMPACT 0 No Effect
1 RSTB Assertion
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Table 165. FS_I_OVUV_CFG2 register bit description...continued
Bit Symbol Description

OTP Fuse load
Configure V3MON UV impact on LIMPO

V3MON UV 0 No Effect
LIMPO_IMPACT 1 LIMPO Assertion

POR

Configure V3MON UV impact on FS0B
0 No Effect

1 FSOB Assertion

POR

Configure V3MON UV impact on RSTB

8 V3MON_UV_FSOB_IMPACT

V3MON UV 0 No Effect
RSTB_IMPACT 1 RSTB Assertion

OTP Fuse load
Configure V3MON OV impact on LIMPO

V3MON OV 0 No Effect
LIMPO_IMPACT 1 LIMPO Assertion

10

POR

Configure V3MON OV impact on FS0B
0 No Effect

1 FSOB Assertion

POR

Configure V3MON OV impact on RSTB

11 V3MON_OV_FSO0B_IMPACT

V3MON OV 0 No Effect

12
RSTB_IMPACT 1 RSTB Assertion

OTP Fuse load

22.47 FS_|_FCCU_CFG

Table 166. FS_I_FCCU_CFG register bit allocation

Bit 15 14 | 13 12 1 10 9 8
_ FCCU12_
Write ; FCCU_CFG FCCU2_ASSIGN oy POL
FCCU12_
Read 0 FCCU_CFG FCCU2_ASSIGN Fr pOL
Reset 0 0 0 1 0 0 0
Bit 7 6 3 4 3 2 1 0
FCcu2_ FCCU1_ FCcu2_ FCCU2_FSO Tj\fgoz— FCCU1_ FCCU1_FSO FL?I\%SOL
Write FLT_POL FLT POL | RSTB_IMPACT | B_IMPACT FWPO- | RSTBIMPACT | B_IMPACT o
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Table 166. FS_I_FCCU_CFG register bit allocation...continued
Bit 15 14 13 12 1 10 9 8

FCCU2_ FCCU1_ FCCU2_ FCCU2_FS0 FL?“(A:FL,’Oz— FCCU1_ FCCU1_FS0 FLCI:,\%FEJJ—
Read FLT_POL FLT_POL |RSTB_IMPACT | B_IMPACT MPAGT | RSTBLIMPACT | B_IMPACT IMPACT

Reset 0 0 1 1 1 1 1 1

Table 167. FS_I_FCCU_CFG register bit description
Bit Symbol Description

Configure FCCU1 impact on LIMPO
0 No Effect

0 FCCU1_LIMPO_IMPACT
1 LIMPO Assertion

POR

Configure FCCU1 impact on FSO0B
0 No Effect

1 FSOB Assertion

POR

1 FCCU1_FSOB_IMPACT

Configure FCCU1 impact on RSTB
0 No Effect

1 RSTB Assertion

POR

Configure FCCU2 impact on LIMPO
0 No Effect

2 FCCU1_RSTB_IMPACT

3 FCCU2_LIMPO_IMPACT

1 LIMPO Assertion

POR

Configure FCCU2 impact on FS0B
0 No Effect

1 FSOB Assertion

POR

4 FCCU2_FSOB_IMPACT

Configure FCCU2 impact on RSTB
0 No Effect

1 RSTB Assertion

POR

Configure FCCU1 Fault Polarity

5 FCCU2_RSTB_IMPACT

0 Low Level is a Fault
6 FCCU1_FLT_POL

1 High Level is a Fault
POR
Configure FCCU2 Fault Polarity

0 Low Level is a Fault

7 FCCU2_FLT_POL
1 High Level is a Fault

POR

Configure FCCU12 Fault Polarity

0 FCCU1=0 or FCCU2=1 level is a fault
1 FCCU1=1 or FCCU2=0 level is a fault
POR

8 FCCU12_FLT_POL

Assign FCCU2 function to an input pin
9to 11 FCCU2_ASSIGN

000 FCCU2 is disabled
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Table 167. FS_I_FCCU_CFG register bit description...continued

Bit

Symbol

Description

001 FCCU2 is assigned to HVIO1

010 FCCU2 is assigned to HVIO2

011 FCCU2 is assigned to LVIO3

100 FCCU2 is assigned to LVIO4

101 FCCU2 is assigned to LVI5

110 not used

111 not used

POR

Configure FCCU Monitoring

000 No monitoring

001 FCCU1 and FCCU2 inputs monitoring activated by pair (bi-stable protocol)

010 FCCU1 or FCCU2 single input monitoring activated

1210 14

011 FCCU1 input monitoring only, FCCU2 input not used

FCCU_CFG

100 FCCU2 input monitoring only, FCCU1 input not used

101 FCCU1 or FCCU2 single input PWM monitoring activated

110 FCCU1 input PWM monitoring only, FCCU2 input level monitoring

111 FCCU2 input PWM monitoring only, FCCU1 input level monitoring

POR

22.48 FS_|_FSSM_CFG

Table 168. FS_I_FSSM_CFG register bit allocation

Bit 15 14 13 12 1 10 9 8
. LIMPO_SC_ EXTRSTB_ FSOB_SC_ FLT_ERR_
Write - EXT_RSTB_DIS fSR3T883_DI& RSTB_DEQ RSTB_IMPACT | FSOB_IMPACT | RSTB_IMPACT LIMIT
LIMPO_SC_ EXTRSTB_ FSOB_SC_ FLT_ERR_
Read 0 EXT_RSTB_DIS INESTB8S DIS RSTE_DUN RSTB_IMPACT | FSOB_IMPACT | RSTB_IMPACT LIMIT
Reset 0 0 OTP fuse OTP fuse 1 0 1 0
Bit 7 6 5 4 3 2 1 0
FLT_ERR_ FLT_MID_ FLT_MID_FSO FLT_MID_
Write LIMIT RSTB_IMPACT B_IMPACT LIMPO_IMPACT FLT_ERR_CNT
FLT_ERR_ FLT_MID_ FLT_MID_FSO FLT_MID_
Read LIMIT RSTB_IMPACT B_IMPACT LIMPO_IMPACT FLT_ERR_CNT
Reset 1 1 1 1 0 0 0 1
Table 169. FS_I_FSSM_CFG register bit description
Bit Symbol Description
Reflect the value of the Fault Error Counter
0000 0
0001 1
0010 2
Oto3 FLT_ERR_CNT 00113
0100 4
01015
01106
01117

FS23 data sheet

All information provided in this document is subject to legal disclaimers.

© 2023 NXP B.V. All rights reserved.

Product data sheet
CONFIDENTIAL

Rev. 4 — 15 September 2023

165 /229



NXP Semiconductors FS23 data sheet

Safety system basis chip (SBC) with power management, CAN FD and LIN transceivers

Table 169. FS_I_FSSM_CFG register bit description...continued
Bit Symbol Description

1000 8
10019
1010 10
1011 11
1100 12
1101 12
1110 12
111112
POR

Configure LIMPO reaction when Fault Error Counter 2 intermediate value

0 No action
4 FLT_MID_LIMPO_IMPACT

1 LIMPO assertion
POR

Configure FSOB reaction when Fault Error Counter 2 intermediate value

0 No action
1 FSOB assertion
POR

5 FLT_MID_FSOB_IMPACT

Configure RSTB reaction when Fault Error Counter 2 intermediate value

0 No action
1 RSTB assertion
POR

6 FLT_MID_RSTB_IMPACT

Configure the Fault Error Counter max value

00 Max Value =2

01 Max Value = 6
10 Max Value = 8
11 Max Value = 12
POR

7t08 FLT_ERR_LIMIT

Configure RSTB reaction when FSOB is detected shorted to high

0 No action
9 FSOB_SC_RSTB_IMPACT

1 RSTB assertion
POR

Configure FSOB reaction when external reset is detected

0 No action
1 FSOB assertion
POR

10 EXTRSTB_FSO0B_IMPACT

Configure RSTB reaction when LIMPO is detected shorted to high

0 No action
1 LIMPO assertion
POR

11 LIMPO_SC_RSTB_IMPACT

Configure RSTB pulse duration

010 ms
12 RSTB_DUR

11ms
OTP Fuse load
Disable the RSTB low 8s timer

13 RSTB8S_DIS

0 RSTB low 8s timer is enabled

FS23 data sheet All information provided in this document is subject to legal disclaimers. © 2023 NXP B.V. All rights reserved.

Product data sheet Rev. 4 — 15 September 2023
CONFIDENTIAL 166 / 229




NXP Semiconductors

FS23 data sheet

Safety system basis chip (SBC) with power management, CAN FD and LIN transceivers

Table 169. FS_I_FSSM_CFG register bit description...continued

Bit Symbol

Description

1 RSTB low 8s time is disabled

OTP Fuse load

14 EXT_RSTB_DIS

Disable the external RSTB monitoring in Normal mode (except RSTB8s time out)

0 External RSTB monitoring is enabled

1 External RSTB monitoring is disabled

POR

22.49 FS_|_WD_CFG

Table 170. FS_I_WD_CFG register bit allocation

Bit 15 14 13 12 11 10 9 8
wie || WeRTe W | veuwn | WOS | wosmuwr | "SR
Read 0 "WPACT™ | BMPACT | WPACT | LPON WO_RFR_LIMIT -
Reset 0 1 1 1 0 0 0 0

Bit 7 6 5 4 3 2 1 0
Write WD_ERR_LIMIT - - - - - - -
Read WD_ERR_LIMIT WD_RFR_CNT WD_ERR_CNT
Reset 1 0 0 0 0 0 0 0

Table 171. FS_I_WD_CFG register bit description
Bit Symbol Description

Reflect the value of the Watchdog Error Counter
00000
0001 1
0010 2
00113

O0to3 WD_ERR_CNT 0100 4
01015
01106
01117
1000 8
POR
Reflect the value of the Watchdog Refresh Counter
0000
0011
0102
0113

4t06 WD_RFR_CNT
100 4
1015
1106
1116
POR

7t08 WD_ERR_LIMIT Configure the Watchdog Error Counter Limit
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Table 171. FS_I_WD_CFG register bit description...continued

Bit

Symbol

Description

008

016

10 4

12

POR

9to 10

WD_RFR_LIMIT

Configure the Watchdog Refresh Counter Limit

006

014

102

11

POR

1"

WD_DIS_LPON

Automatically disable the Watchdog in LPON mode (when GO2LPON)

0 WD stays enabled in LPON

1 WD is disabled in LPON

POR

WD_LIMPO_IMPACT

Configure Watchdog error impact on LIMPO

0 No Effect

1 LIMPO Assertion

POR

WD_FS0B_IMPACT

Configure Watchdog error impact on FS0B

0 No Effect

1 FSOB Assertion

POR

WD_RSTB_IMPACT

Configure Watchdog error impact on RSTB

0 No Effect

1 RSTB Assertion

POR

22.50 FS_WDW_CFG

Table 172. FS_WDW_CFG register bit allocation

Bit 15 14 13 12 1 10 9 8
: WDW_ WDW_
Write - X S - REC EN | WDW_EN| - PERIOD
WDW_ WDW_
Read 0 0 0 0 REC EN | WDW_EN| 0 PERIOD
Reset 0 0 0 0 0 0 0 1
Bit 7 ‘ 6 ‘ 5 4 3 ‘ 2 ‘ 1 ‘ 0
Write WDW_PERIOD ] WDW_RECOVERY
Read WDW_PERIOD 0 WDW_RECOVERY
Reset 1 ‘ 0 ‘ 1 0 1 ‘ 0 ‘ 1 ‘ 1
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Table 173. FS_WDW_CFG register bit description
Bit Symbol Description

Configure the Watchdog Window Recovery period
0000 INFINITE Time Out, Window fully opened
0001 1 ms

00102 ms

0011 3 ms

0100 4 ms

0101 6 ms

01108 ms

0111 12 ms

1000 16 ms

1001 24 ms

1010 32 ms

1011 64 ms (default value)

1100 128 ms

1101 256 ms

1110 512 ms

1111 1024 ms

POR

Oto3 WDW_RECOVERY

Configure the Watchdog Window period
0000 INFINITE Time Out, Window fully opened
0001 1 ms

00102 ms

0011 3 ms

0100 4 ms

0101 6 ms

0110 8 ms

0111 12 ms

1000 16 ms

1001 24 ms

1010 32 ms

1011 256 ms (default value)

1100 128 ms

1101 256 ms

1110 512 ms

1111 1024 ms

POR, WD_DISABLE

5t08 WDW_PERIOD
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Table 173. FS_WDW_CFG register bit description...continued
Bit Symbol Description

Enable the Watchdog Window
0 Watchdog Window is disabled (Watchdog Time out)

10 WDW_EN
1 Watchdog Window is enabled (Watchdog Window 50%)
POR, WD_2 to WD_1 FSM transition, WD_0
Enable the Watchdog Recovery when FCCU fault is detected
0 Watchdog recovery is disabled
11 WDW_REC_EN

1 Watchdog recovery is enabled

POR

22.51 FS_WD_TOKEN

Table 174. FS_WD_TOKEN register bit allocation

Bit 15 ] 14 ‘ 13 ] 12 ‘ 11 ] 10 ‘ 9 ] 8
Write WD_TOKEN
Read WD_TOKEN
Reset 0 ] 0 ‘ 0 ] 0 ‘ 0 ] 0 ‘ 0 ] 0
Bit 7 ] 6 ‘ 5 ] 4 ‘ 3 ] 2 ‘ 1 ] 0
Write WD_TOKEN
Read WD_TOKEN
Reset 0 ] 0 ‘ 0 ] 0 ‘ 0 ] 0 ‘ 0 ] 0

Table 175. FS_WD_TOKEN register bit description

Bit Symbol Description
Read Watchdog Token code
Oto15 WD_TOKEN |0x5AB2 (default value) or 0xD564
Reset on Power on Reset (POR)

22.52 FS_WD_ANSWER

Table 176. FS_WD_ANSWER register bit allocation

Bit 15 | 14 | 13 | 12 | 1 | 10 | 9 | 8
Write WD_ANSWER
Read WD_ANSWER
Reset 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
Bit 7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
Write WD_ANSWER
Read WD_ANSWER
Reset 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
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Table 177. FS_WD_ANSWER register bit description

Bit Symbol Description
Read or Write WD Answer
0to 15 WD_ANSWER WD_TOKEN[15:0]
Reset on Power on Reset (POR)
22.53 FS_LIMP12_CFG
Table 178. FS_LIMP12_CFG register bit allocation
Bit 15 14 13 12 11 10 8
Write - - - - - - LIMP2_DC_CFG
Read 0 0 0 0 0 0 LIMP2_DC_CFG
Reset 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 0
Write LIMP2_DC_CFG LIMP2_CFG LIMP2_REQ - LIMP1_CFG LIMP1_REQ
Read LIMP2_DC_CFG LIMP2_CFG 0 0 LIMP1_CFG 0
Reset 0 OTP fuse 0 0 OTP fuse 0
Table 179. FS_LIMP12_CFG register bit description
Bit Symbol Description
Request an assertion of LIMP1
0 No action
0 LIMP1_REQ
1 LIMP1 assertion
POR, Self-clear
Select LIMP1 polarity or PWM frequency
00 PWM frequency = 1.25 Hz with 50 % duty cycle (Default high)
01 Default High (Active low)
1t02 LIMP1_CFG
10 PWM frequency = 1.25 Hz with 50 % duty cycle (Default low)
11 Default Low (Active high)
OTP Fuse Load
Request an assertion of LIMP2
0 No action
4 LIMP2_REQ
1 LIMP2 assertion
POR, Self-clear
Select LIMP2 polarity or PWM frequency
00 PWM frequency = 100 Hz (Default high)
5106 LIMP2_CFG 01 Default High (Active low)
10 PWM frequency = 100 Hz (Default low)
11 Default Low (Active high)
OTP Fuse Load
Select LIMP2 PWM duty cycle
00 PWM duty cycle =20 %
7108 LIMP2_DG_CFG 01 PWM duty cycle = 10 %
10 PWM duty cycle =5 %
11 PWM duty cycle = 2.5 %
POR
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22.54 FS_FSOB_LIMPO0_REL

Table 180. FS_FS0B_LIMPO_REL register bit allocation

Bit 15 | 14 | 13 12 1 10 9 8
Write RELEASE_FS0B_LIMPO
Read 0 0 0 0 0 0 0 0
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
Write RELEASE_FSO0B_LIMPO
Read 0 0 0 0 0 0 0 0
Reset 0 0 0 0 0 0 0 0
Table 181. FS_FS0B_LIMPO_REL register bit description
Bit Symbol Description
Write secured 16 bits word to release FSOB and/or LIMP0
Write 3'b011,~WD_TOKEN][0:12] to release FSOB
Oto 15 RELEASE_FSO0B_LIMPO | Write 3'b110,~WD_TOKEN([3:15] to release LIMPO
Write 3'b101,~WD_TOKEN[0:6],~WD_TOKEN[10:15] to release both FSOB and LIMPO
Reset on Power on Reset (POR)
22.55 FS_ABIST
Table 182. FS_ABIST register bit allocation
Bit 15 14 13 12 " 10 9 8
Write - LAUNCH_ABIST | CLEAR_ABIST - - - - -
| pSTREOY | o o mmroone | fBST T eI | T et
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
. - - - ABIST_VOMON ABIST_ ABIST_V1MON | ABIST_V2MON | ABIST_V3MON
Write - V1UVLP - - -
Read l\'/ol\g:\ls_TD_IXZG I\'/Tg:\ls_-rli\fé 0 ABIST_VOMON \'?18&?/-[5 ABIST_V1MON | ABIST_V2MON | ABIST_V3MON
Reset 0 0 0 0 0 0 0 0
Table 183. FS_ABIST register bit description
Bit Symbol Description
Request ABIST on V3AMON
0 No ABIST
0 ABIST_V3MON
1 ABIST on V3MON Requested
POR
Request ABIST on V2MON
0 No ABIST
1 ABIST_V2MON
1 ABIST on V2MON Requested
POR
2 ABIST_V1MON Request ABIST on VIMON
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Table 183. FS_ABIST register bit description...continued

Bit Symbol Description

0 No ABIST

1 ABIST on V1IMON Requested

POR

Request ABIST on VIUVLP

0 No ABIST

3 ABIST_V1UVLP
1 ABIST on V1UVLP Requested

POR

Request ABIST on VMON_EXT

0 No ABIST
4 ABIST_VOMON

1 ABIST on VMON_EXT Requested

POR

Report ABIST status on V3MON

0 ABIST not executed on V3MON or fail on V3MON

6 ABIST_V3MON_DIAG
1 V3MON ABIST PASS

POR / Clear on Write / LAUNCH_ABIST

Report ABIST status on V2MON

0 ABIST not executed on V2MON or fail on V2MON
7 ABIST_V2MON_DIAG

1 V2MON ABIST PASS

POR / CLEAR_ABIST

Report ABIST status on VIMON

0 ABIST not executed on VIMON or fail on VIMON
8 ABIST_V1MON_DIAG

1 VIMON ABIST PASS

POR / CLEAR_ABIST

Report ABIST status on VIUVLP

0 ABIST not executed on V1UVLP or fail on VIUVLP

9 ABIST_V1UVLP_DIAG
1 VIUVLP ABIST PASS

POR / CLEAR_ABIST

Report ABIST status on VOMON

0 ABIST not executed on VOMON or fail on VOMON
10 ABIST_VOMON_DIAG

1 VOMON ABIST PASS

POR / CLEAR_ABIST

Report ABIST On going status

0 No ABIST on going

1 ABIST_ONGOING
1 ABIST on going

POR

Diagnostic of ABIST on Demand

0 ABIST not executed
12 ABIST_DONE

1 ABIST executed

POR / CLEAR_ABIST

Clear ABIST flags

0 No action
13 CLEAR_ABIST

1 Clear ABIST flags (ABIST_DONE, ABIST_VxMON_DIAG, ABIST_V1UVLP_DIAG)

POR

Launch ABIST on selected VMON

14 LAUNCH_ABIST

0 No action

FS23 data sheet All information provided in this document is subject to legal disclaimers.

© 2023 NXP B.V. All rights reserved.

Product data sheet Rev. 4 — 15 September 2023
CONFIDENTIAL

173 /229



NXP Semiconductors FS23 data sheet

Safety system basis chip (SBC) with power management, CAN FD and LIN transceivers

Table 183. FS_ABIST register bit description...continued
Bit Symbol Description

1 Launch ABIST

POR

Report ABIST Ready for launch
0 ABIST not ready for launch

1 ABIST ready for launch

POR

15 ABIST_READY

22.56 FS_SAFETY_OUTPUTS

Table 184. FS_SAFETY_OUTPUTS register bit allocation

Bit 15 14 13 12 11 10 9 8
Write - - - - - - RSTB_REQ -
Read 0 RSTB_EXT RSTB_EVT RSTB_DRV RSTB_SNS RSTB_DIAG 0 FSOB_DRV
Reset 0 0 0 0 0 0 0 0

Bit 7 6 5 4 3 2 1 0
Write - - FSOB_REQ - - - - LIMPO_REQ
Read FSOB_SNS FSOB_DIAG 0 0 LIMPO_DRV LIMPO_SNS LIMPO_DIAG 0
Reset 0 0 0 0 0 0 0 0

Table 185. FS_SAFETY_OUTPUTS register bit description
Bit Symbol Description

Request an assertion of LIMP0

0 No action

1 LIMPO assertion

POR, Self-clear

Report a LIMPO short to HIGH

0 LIMPO_REQ

0 No Failure
1 Short to High detected
POR, or clear on Write(write '1")

Sense LIMPO pad

1 LIMPO_DIAG

0 LIMPO pad is sensed low
1 LIMPO pad is sensed High

2 LIMPO_SNS

Real-time information

Report the digital command of LIMPO driver

0 LIMPO Driver command sensed Low

3 LIMPO_DRV
1 LIMPO Driver command sensed High

Real-time information

Request an assertion of FS0B

0 No action

5 FSO0B_REQ
1 FSOB assertion

POR, Self-clear

Report a FSOB short to HIGH
6 FSOB_DIAG 0 No Failure

1 FSOB short to High detected
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Table 185. FS_SAFETY_OUTPUTS register bit description...continued

Bit Symbol

Description

POR, or clear on Write(write '1")

Sense FS0B pad

0 FSOB pad sensed low

7 FSOB_SNS

1 FSOB pad sensed High

Real-time information

Report the digital command of FSOB driver

8 FSO0B_DRV

0 FSOB Driver command sensed Low

1 FSOB Driver command sensed High

Real-time information

Request an assertion of Reset

9 RSTB_REQ

0 No action

1 RSTB assertion (pulse)

POR, Self-clear

Report a Reset short to HIGH

0 No Failure

10 RSTB_DIAG

1 Short to High detected

POR, or clear on Write(write '1')

Sense RSTB pad

11 RSTB_SNS

0 RSTB pad is sensed low

1 RSTB pad is sensed High

Real-time information

Report the digital command of RSTB driver

0 RSTB Driver command sensed Low

12 RSTB_DRV

1 RSTB Driver command sensed High

Real-time information

Report a RSTB Event generated by FS23

13 RSTB_EVT

0 No RSTB event

1 RSTB event Occurred

POR, or clear on Write(write '1")

Report a RSTB pin assertion

14 RSTB_EXT

0 No RSTB pin assertion

1 RSTB pin assertion Occurred

POR, or clear on Write(write '1")

22.57 FS_SAFETY_FLG

Table 186. FS_SAFETY_FLG register bit allocation

Bit 15 14

13 12 1

10 9 8

Write - -

INIT_CRC_
NOK_M

WD_NOK_M - -

Read FCCU12_ERR_S | FCCU1_ERR S

INIT_CRC_ INIT_CRC_

FCCU2_ERR_S NOK M NOK_|

WD_NOK_M | WD_NOK_I 0

Reset 0 0

0 0 0

0 0 0

Bit 7 6

5 4 3

2 1 0

Write FCCU12_M FCCU1_M

FCCU2_M R -

Read FCCU12_M FCCU1_M

FCCU2_M FCCU12_I FCCU1_I

FCCU2_| FCCU1_S FCCU2_S
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Table 186. FS_SAFETY_FLG register bit allocation...continued

Bit

15

14

13 12 1

10 9 8

Reset

0

0

0 0 0

Table 187. FS_SAFETY_FLG register bit description

Bit

Symbol

Description

FCCU2_S

Sense FCCU2 pin state

0 FCCU2 is Low

1 FCCU2 is High

Real-time information

FCCU1_S

Sense FCCU1 pin state

0 FCCU1 is Low

1 FCCU1 is High

Real-time information

FCCU2_|

Report FCCU2 input error

0 No error

1 FCCU2 error reported

POR, or clear on Write(write '1")

FCCU1_I

Report FCCU1 input error

0 No error

1 FCCU1 error reported

POR, or clear on Write(write '1")

Fccu12_|

Report FCCU12 input error

0 No error

1 FCCU12 error reported

POR, or clear on Write(write '1")

FCCU2_M

Inhibit FCCU2 Interrupt

0 Interrupt is Not Inhibited

1 Interrupt is Inhibited

POR

FCCU1_M

Inhibit FCCU1 Interrupt

0 Interrupt is Not Inhibited

1 Interrupt is Inhibited

POR

FCCU12_M

Inhibit FCCU12 Interrupt

0 Interrupt is Not Inhibited

1 Interrupt is Inhibited

POR

WD_NOK_|

Report a Watchdog Refresh error

0 WD refresh OK

1 WD refresh not OK

POR, or clear on Write (write '1')

10

WD_NOK_M

Mask Watchdog Not OK Refresh Interrupt

0 Interrupt is Not Inhibited

1 Interrupt is Inhibited

POR
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Table 187. FS_SAFETY_FLG register bit description...continued

Bit Symbol Description
Report an INIT Register CRC error
0 No error detected
11 INIT_CRC_NOK_|
1 INIT registers CRC error detected
POR, or clear on Write(write '1")
Mask CRC Not OK Interrupt
0 Interrupt is Not Inhibited
12 INIT_CRC_NOK_M
1 Interrupt is Inhibited
POR
Report real-time FCCU2 error (generated by MCU)
0 No error
13 FCCU2_ERR_S
1 Real-time error detected
Real-time information
Report real-time FCCU1 error (generated by MCU)
0 No error
14 FCCU1_ERR_S
1 Real-time error detected
Real-time information
Report real-time FCCU12 error (generated by MCU)
0 No error
15 FCCU12_ERR_S
1 Real-time error detected
Real-time information
Table 188. FS_CRC register bit allocation
Bit 15 14 13 12 1 10 9 8
Write ) INIT_ ) ) ) INIT_CRC_ INIT_CRC_ )
CRC_REQ FSOB_IMPACT LIMPO_IMPACT
INIT_CRC_ INIT_CRC_
Read 0 0 S 0 0 FSOB_IMPACT LIMPO_IMPACT 0
Reset 0 0 0 0 0 0 0 0
Bit 7 ‘ 6 ‘ 5 ‘ 4 ‘ 3 ’ 2 1 ‘ 0
Write CRC_VALUE
Read CRC_VALUE
Reset 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ’ 0 0 ‘ 0
Table 189. FS_CRC register bit description
Bit Symbol Description

INIT registers CRC value calculated by the MCU (CRC check every 5 ms in NORMAL mode only)

0to7 CRC_VALUE CRC_VALUE[7:0]

Reset on Power on Reset (POR)

Configure CRC impact on LIMPO

0 No Effect

9 INIT_CRC_LIMPO_IMPACT
1 LIMPO Assertion
Reset on Power on Reset (POR)
10 INIT_CRC_FSO0B_IMPACT Configure CRC impact on FS0B
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Table 189. FS_CRC register bit description...continued

Bit Symbol Description
0 No Effect
1 FSOB Assertion

Reset on Power on Reset (POR)

Request INIT CRC computation in INIT phase

0 No Effect
14 INIT_CRC_REQ
1 Computation of the INIT CRC starts
Reset on Power on Reset (POR)
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Table 190. OTP Register mapping

Address
Register # Reference
Adr_6 Adr_5 Adr_4 Adr_3 Adr_2 Adr_1 Adr_0

OTP_DEVICE_VER 0 0 0 1 1 1 0 0 Section 24.1

OTP_DEVICE_VER1 1 0 0 1 1 1 0 1 Section 24.2
OTP_PROG_ID 2 0 0 1 1 1 1 0 Section 24.3
OTP_V1_CFG1 3 0 0 1 1 1 1 1 Section 24.4
OTP_V1_CFG2 4 0 1 0 0 0 0 0 Section 24.5
OTP_V1_CFG3 5 0 1 0 0 0 0 1 Section 24.6
OTP_V1_CFG4 6 0 1 0 0 0 1 0 Section 24.7
OTP_V1_CFG5 7 0 1 0 0 0 1 1 Section 24.8
OTP_V1_CFG6 8 0 1 0 0 1 0 0 Section 24.9
OTP_V1_CFG7 9 0 1 0 0 1 0 1 Section 24.10
OTP_V1_CFG8 10 0 1 0 0 1 1 0 Section 24.11
OTP_V1_CFG9 1 0 1 0 0 1 1 1 Section 24.12
OTP_V2_CFG 12 0 1 0 1 0 0 0 Section 24.13
OTP_V3_CFG 13 0 1 0 1 0 0 1 Section 24.14
OTP_HVIO_CFG1 14 0 1 0 1 0 1 0 Section 24.15
OTP_HVIO_CFG2 15 0 1 0 1 0 1 1 Section 24.16
OTP_LVIO_CFG1 16 0 1 0 1 1 0 0 Section 24.17
OTP_LVIO_CFG2 17 0 1 0 1 1 0 1 Section 24.18
OTP_IO_OUT_SEL_CFG 18 0 1 0 1 1 1 0 Section 24.19
OTP_MAIN_SYS_I2C_CFG 19 0 1 0 1 1 1 1 Section 24.20
OTP_FS_SYS_CFG 20 0 1 1 0 0 0 0 Section 24.21
OTP_OVUV_CFG1 21 0 1 1 0 0 0 1 Section 24.22
OTP_OVUV_CFG2 22 0 1 1 0 0 1 0 Section 24.23
OTP_OVUV_CFG3 23 0 1 1 0 0 1 1 Section 24.24
OTP_OVUV_CFG4 24 0 1 1 0 1 0 0 Section 24.25
OTP_UV_DGLT_CFG 25 0 1 1 0 1 0 1 Section 24.26
OTP_LIMP_OV_DGLT_CFG 26 0 1 1 0 1 1 0 Section 24.27
OTP_RSTB_IMPACT_CFG 27 0 1 1 0 1 1 1 Section 24.28
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Table 191. OTP register map content

Orange = HVBUCK version only. Green = HVLDO version only

Safety system basis chip (SBC) with power management, CAN FD and LIN transceivers

Register Address Default bit7 bité bit5 bit4 bit3 bit2 bit1 bit0
OTP_DEVICE_VER 0x1C 0x00 KEY_OFFON_EN_OTP CAN_EN_OTP LIN_EN_OTP LDTIM_EN_OTP HSD13_EN_OTP HSD24_EN_OTP V2_EN_OTP V1_PNP_EN_OTP
OTP_DEVICE_VER1 0x1D 0x00 RSTB_DUR_OTP ABIST_EN_OTP FCCU_EN_OTP FSOB_EN_OTP LIMPO_EN_OTP VOMON_EN_OTP Reserved Reserved
OTP_PROG_ID Ox1E 0x00 PROG_IDH_OTPI[3] PROG_IDH_OTP[2] PROG_IDH_OTP[1] PROG_IDH_OTPI[0] PROG_IDL_OTP[3] PROG_IDL_OTP[2] PROG_IDL_OTP[1] PROG_IDL_OTP[0]
OTP_V1_CFG1 O0X1F 0x00 Reserved BUCK_ BUCK_ BUCK_ BUCK_ BUCK_ BUCK_SS_OTP[1] BUCK_SS_OTP[0]
SRHSON_OTP[2] SRHSON_OTP[1] SRHSON_OTPI[0] SRHSOFF_OTP[1] SRHSOFF_OTP[0]
OTP_V1_CFG2 0x20 0x00 Reserved Reserved BUCK_CLK_OTP BUCK_RCOMP_OTP[2] | BUCK_RCOMP_OTP[1] | BUCK_RCOMP_OTP[0] | BUCK_CCOMP_OTP[1] | BUCK_CCOMP_OTPI0]
OTP_V1_CFG3 0x21 0x00 Reserved V1_OCLS_EN_OTP BUCK_SC_OTP[5] BUCK_SC_OTP[4] BUCK_SC_OTP[3] BUCK_SC_OTP[2] BUCK_SC_OTP[1] BUCK_SC_OTPJ[0]
OTP_V1_CFG4 0x22 0x00 Reserved BUCK_PK_OC_ BUCK_PK_OC_ BUCK_PK_OC_ BUCK_PFM_ BUCK_PFM_ BUCK_PFM_ BUCK_PFM_
PFM_OTP[2] PFM_OTP[1] PFM_OTP[0] TOFF_OTP[1] TOFF_OTP[0] TON_OTP[1] TON_OTP[0]
OTP_V1_CFG5 0x23 0x00 BUCK_LP_ BUCK_LP_ BUCK_PK_OC_ BUCK_PK_OC_ BUCK_PK_OC_ BUCK_AVG_OC_ BUCK_AVG_OC_ BUCK_AVG_OC_
DVS_OTP{1] DVS_OTP{0] PWM_OTP[2] PWM_OTP[1] PWM_OTP[0] PWM_OTP[2] PWM_OTP[1] PWM_OTP[0]
OTP_V1_CFG6 0x24 0x00 Reserved Reserved BUCK_LDO_ BUCK_LDO_ Reserved Reserved Reserved R
SET_OTP[1] SET_OTP[0]
OTP_V1_CFG7 0x25 0x00 VV1_BUCK_ VV1_BUCK_OTP[6] VV1_BUCK_OTPI[5] VV1_BUCK_OTP[4] VV1_BUCK_OTP[3] VV1_BUCK_OTP[2] VV1_BUCK_OTP[1] VV1_BUCK_OTPI[0]
RANGE_OTP
OTP_V1_CFG8 0x26 0x00 Reserved VV1_LP_BUCK_OTPI[6] | VV1_LP_BUCK_OTP[5] | VV1_LP_BUCK_OTP[4] | VV1_LP_BUCK_OTP[3] | VV1_LP_BUCK_OTP[2] | VV1_LP_BUCK_OTP[1] | VV1_LP_BUCK_OTP[0]
OTP_V1_CFG9 0x27 0x00 VBOS2V1_SW_ VIMON_OTP CONF_OV_V1_OTP CONF_TSD_V1_OTP CONF_OC_V1_OTP VV1_LDO_OTP CONF_OC_ VBOS2V1_SW_
ALWAYS_EN_OTP TO_V1_OTP LP_EN_OTP
OTP_V2_CFG 0x28 0x00 Reserved V2MON_OTP CONF_OV_V2_OTP CONF_TSD_V2_OTP CONF_OC_V2_OTP VV2_OTP V2_SLOT_OTP[1] V2_SLOT_OTP[0]
OTP_V3_CFG 0x29 0x00 Reserved V3MON_OTP CONF_OV_V3_OTP CONF_TSD_V3_OTP CONF_OC_V3_OTP VV3_OTP V3_SLOT_OTP[1] V3_SLOT_OTP[0]
OTP_HVIO_CFG1 0X2A 0x00 WK1PUPD_OTP[1] WK1PUPD_OTP[0] WK2PUPD_OTP[1] WK2PUPD_OTP[0] HVIO1_SLOT_OTP[1] | HVIO1_SLOT_OTP[0] | HVIO2_SLOT_OTP[1] | HVIO2_SLOT_OTP[O0]
OTP_HVIO_CFG2 0X2B 0x00 HVIO1_OUT_EN_OTP HVIO1_OUT_ HVIO1PUPD_OTP[1] HVIO1PUPD_OTP[0] | HVIO2_OUT_EN_OTP HVIO2_OUT_ HVIO2PUPD_OTP[1] HVIO2PUPD_OTPJ0]
DFLT_OTP DFLT_OTP
OTP_LVIO_CFG1 0X2C 0x00 LVIO4_OUT_DFT_OTP | LVIO3_OUT_DFT_OTP | LVIO3PUPD_OTP[1] LVIO3PUPD_OTPI[0] LVIO3_LS_EN_OTP LVIO3_HS_EN_OTP LVIO3_SLOT_OTP[1] LVIO3_SLOT_OTP[0]
OTP_LVIO_CFG2 0X2D 0x00 LVISPUPD_OTP[1] LVISPUPD_OTP[0] LVIO4PUPD_OTP[1] LVIO4PUPD_OTPI[0] LVIO4_LS_EN_OTP LVIO4_HS_EN_OTP LVIO4_SLOT_OTP[1] LVIO4_SLOT_OTP[0]
OTP_IO_OUT_SEL_CFG 0X2E 0x00 Reserved Reserved HS3_SEL_OTP HS1_SEL_OTP LVO4_SEL_OTP LVO3_SEL_OTP HVO2_SEL_OTP HVO1_SEL_OTP
OTP_MAIN_SYS_I2C_CFG 0X2F 0x00 MOD_CONF_OTP MOD_EN_OTP SLOT_BYP_OTP SPI_EN_OTP I2CDEVADDR_OTP[3] | I2CDEVADDR_OTP[2] | I2CDEVADDR_OTP[1] | I2CDEVADDR_OTPI[0]
OTP_FS_SYS_CFG 0x30 0x00 Reserved Reserved INIT_CRC_DIS_OTP FS_LPOFF_OTP FS_DUR_CFG_OTP WD_INF_OTP RSTB8S_DIS_OTP FIRST_FAULT_
EN_OTP
OTP_OVUV_CFG1 0x31 0x00 VAMON_UVTH_OTP[3] | VIMON_UVTH_OTP[2] | VIMON_UVTH_OTP[1] | VIMON_UVTH_OTP[0] | VIMON_OVTH_OTP[3] | VIMON_OVTH_OTP[2] | VIMON_OVTH_OTP[1] | VIMON_OVTH_OTP[O0]
OTP_OVUV_CFG2 0x32 0x00 V2MON_UVTH_OTP[3] | V2MON_UVTH_OTP[2] | V2MON_UVTH_OTP[1] | V2MON_UVTH_OTP[0] | V2MON_OVTH_OTP[3] | V2MON_OVTH_OTP[2] | V2MON_OVTH_OTP[1] | V2MON_OVTH_OTP[0]
OTP_OVUV_CFG3 0x33 0x00 V3MON_UVTH_OTP[3] | VBAMON_UVTH_OTP[2] | VBMON_UVTH_OTP[1] | V3BMON_UVTH_OTP[0] | VBMON_OVTH_OTP[3] | VBAMON_OVTH_OTP[2] | VBMON_OVTH_OTP[1] | V3AMON_OVTH_OTP[0]
OTP_OVUV_CFG4 0x34 0x00 VOMON_UVTH_OTP[3] | VOMON_UVTH_OTP[2] | VOMON_UVTH_OTP[1] | VOMON_UVTH_OTP[0] | VOMON_OVTH_OTP[3] | VOMON_OVTH_OTP[2] | VOMON_OVTH_OTP[1] | VOMON_OVTH_OTP[O0]
OTP_UV_DGLT_CFG 0x35 0x00 VOMON_ VOMON_ VIMON_ VAIMON_ V2MON_ V2MON_ V3MON_ V3MON_
UVDGLT_OTP[1] UVDGLT_OTP[0] UVDGLT_OTP[1] UVDGLT_OTP[0] UVDGLT_OTP[1] UVDGLT_OTP[0] UVDGLT_OTP[1] UVDGLT_OTP[0]
OTP_LIMP_OV_DGLT_CFG 0x36 0x00 LIMP2_CFG_OTP[1] LIMP2_CFG_OTPI[0] LIMP1_CFG_OTP[1] LIMP1_CFG_OTP[0] |VOMON_OVDGLT_OTP | VIMON_OVDGLT_OTP | V2MON_OVDGLT_OTP | V3MON_OVDGLT_OTP
OTP_RSTB_IMPACT_CFG 0x37 0x00 VOUV_RSTB_ VOOV_RSTB_ V1UV_RSTB_ V10OV_RSTB_ V2UV_RSTB_ V20V_RSTB_ V3UV_RSTB_ V30V_RSTB_
IMPACT_OTP IMPACT_OTP IMPACT_OTP IMPACT_OTP IMPACT_OTP IMPACT_OTP IMPACT_OTP IMPACT_OTP
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24 OTP register description

241 OTP_DEVICE_VER

Table 192. OTP_DEVICE_VER register bit allocation

Bit 7 6 5 4 3 2 1 0
Write O:SIESN CAN_EN_ | LIN_EN_ LDTIM_ HSD13_ HSD24_ V2_EN_ V1_PNP_
Read EN_OTI; OoTP OTP EN_OTP EN_OTP EN_OTP OTP EN_OTP
Reset 0 0 0 0 0 0 0 0

Table 193. OTP_DEVICE_VER register bit description
Bit Symbol Description
Enable V1 PNP mode
0 V1 PNP mode is disabled
0 V1_PNP_EN_OTP
1 V1 PNP mode is enabled
Reset on power-on reset
Enable V2 regulator
0 V2 is disabled
1 V2_EN_OTP
1 V2 is enabled
Reset on power-on reset
Enable HS2 and HS4
0 HS2 and HS4 are disabled
2 HSD24_EN_OTP
1 HS2 and HS4 are enabled
Reset on power-on reset
Enable HS1 and HS3
0 HS1 and HS3 are disabled
3 HSD13_EN_OTP
1 HS1 and HS3 are enabled
Reset on power-on reset
Enable the Long Duration Timer
0 LDT is disabled
4 LDTIM_EN_OTP
1 LDT is enabled
Reset on power-on reset
Enable LIN transceiver
O LIN is disabled
5 LIN_EN_OTP
1 LIN is enabled
Reset on power-on reset
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Table 193. OTP_DEVICE_VER register bit description...continued

Bit Symbol Description
Enable CAN transceiver
0 CAN is disabled by OTP

6 CAN_EN_OTP
1 CAN is enabled by OTP
Reset on power-on reset
Enable KEY OFF — KEY ON feature

KEY OFF 0 Key OFF — Key ON feature is disabled by OTP
7 N_EN_OTP
ON_EN_O 1 Key OFF — Key ON feature is enabled by OTP

Reset on power-on reset

24.2 OTP_DEVICE_VER1

Table 194. OTP_DEVICE_VER1 register bit allocation

Bit 7 6 5 4 3 2 1 0
Write RSTB_ ABIST FCCU_ FSOB_ LIMPO_ | VOMON_ | o 0 ool
Read DUR_OTP | EN_OTP | EN.OTP | EN_OTP | EN_OTP | EN_OTP

Reset 0 0 0 0 0 0 0 0

Table 195. OTP_DEVICE_VERH1 register bit description
Bit Symbol

Description
Enable VMON_EXT pin for VOMON monitoring
0 VMON_EXT pin is disabled
1 VMON_EXT pin is enabled

2 VOMON_EN_OTP

Reset on power-on reset
Enable LIMPO safety output
0 LIMPO is disabled

1 LIMPO is enabled

3 LIMPO_EN_OTP

Reset on power-on reset
Enable FSOB safety output
0 FSOB is disabled

1 FSOB is enabled

4 FSOB_EN_OTP

Reset on power-on reset

Enable FCCU monitoring
0 FCCU monitoring is disabled

5 FCCU_EN_OTP
1 FCCU monitoring is enabled

Reset on power-on reset
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Table 195. OTP_DEVICE_VER1 register bit description...continued
Bit Symbol Description

Enable ABIST checks
0 ABIST is disabled

6 ABIST_EN_OTP
1 ABIST is enabled
Reset on power-on reset
Configure RSTB pulse duration
010 ms

7 RSTB_DUR_OTP
11ms

Reset on power-on reset

24.3 OTP_PROG_ID

Table 196. OTP_PROG_ID register bit allocation

- 7 [ e ] s [ 4 3L 20 | 1 | o
Write PROG_IDH_OTP PROG_IDL_OTP

Read

Reset o [ o | o | o o | o | o o0

Table 197. OTP_PROG_ID register bit description
Bit Symbol Description

Report the OTP code
0000 0
0001 1
0010 2
0011 3
0100 4
01015
0110 6

PROG_ 01117

Oto3 IDL_OTP 10008

1001 9
1010 A
1011 B
1100 C
1101 D
1M10E
MMM F

Reset on power-on reset
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Table 197. OTP_PROG_ID register bit description...continued
Bit Symbol Description

Report the OTP code
0000 A
0001 B
0o10C
0011 D
0100 E
0101 F
0110 G

PROG 0111 H

4to7 IDH_OTP (1000 J

1001 K
1010 L
1011 M
1100 N
1101 P
1110 Q
MMM R

Reset on power-on reset

24.4 OTP_V1_CFG1

Table 198. OTP_V1_CFG1 register bit allocation

Bit 7 6 | 5 | a4 3 | 2 1| 0
Write
cond Reserved BUCK_SRHSON_OTP BUCK_SRHSOFF_OTP BUCK_SS_OTP
ea
Reset 0 o | o | o o | 0 o | o0
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Table 199. OTP_V1_CFG1 register bit description
Bit Symbol Description

Select BUCK soft start ramp
00 Soft start is 269 us

01 Soft start is 538 us

10 Soft start is 1077 us

11 Soft start is 2150 s

0to 1 BUCK_SS_OTP

Reset on power-on reset

Select BUCK slew rate when the High Side turns OFF

00 HS falling slew rate is 20 ns

BUCK 01 HS falling slew rate is 15 ns

2t03
SRHSOFF_OTP |10 Hs falling slew rate is 10 ns

11 HS falling slew rate is 5 ns

Reset on power-on reset

Select BUCK slew rate when the High Side turns ON

000 HS rising slew rate is 20 ns

001 HS rising slew rate is 20 ns

010 HS rising slew rate is 15 ns

BUCK 011 HS rising slew rate is 10 ns
SRHSON_OTP 100 HS rising slew rate is 6.3 ns

4106

101 HS rising slew rate is 5 ns

110 HS rising slew rate is 3 ns

111 HS rising slew rate is 2 ns

Reset on power-on reset

24.5 OTP_V1_CFG2

Table 200. OTP_V1_CFG2 register bit allocation

Bit 7 6 5 a | 3 | 2 1| 0
Write BUCK
Reserved Reserved — BUCK_RCOMP_OTP BUCK_CCOMP_OTP
Read CLK_OTP
Reset 0 0 0 o | o | o o | o
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Table 201. OTP_V1_CFG2 register bit description

Bit Symbol Description
Select BUCK compensation network capacitor
00 12 pF
BUCK 01 23 pF
Oto MP_OTP

CCOMP_O 10 33.5 pF
11 44.5 pF
Reset on power-on reset
Select BUCK compensation network resistor
000 1300 kOhms
001 1137 kOhms
010 975 kOhms

BUCK 011 812 kOhms
2to4 =

RCOMP_OTP 1100 650 kOhms
101 512 kOhms
110 325 kOhms
111 162 kOhms
Reset on power-on reset
Select BUCK switching frequency
0 Switching frequency is 450 kHz

5 BUCK_CLK_OTP
1 Switching frequency is 2.25 MHz
Reset on power-on reset
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24.6 OTP_V1_CFG3

Table 202. OTP_V1_CFG3 register bit allocation

o = . s | a4 | 3 | 2 | 1 | o
\;v:: Reserved v&ﬁ?g#ﬁ_ BUCK_SC _OTP
Reset 0 0 0 ‘ 0 ‘ 0 ‘ ° ‘ ° ‘ °

Table 203. OTP_V1_CFG3 register bit description
Bit Symbol Description

Select BUCK slope compensation

010111 SC = 3690 mV/us (recommended when Fsw = 2.25 MHz, LV1_buck =
4.7 yH and Vbuck = 3.3 V)

011100 SC = 3229 mV/us (recommended when Fsw = 2.25 MHz, LV1_buck =
4.7 yH and Vbuck = 5 V)

100101 SC = 480 mV/ps (recommended when Fsw = 450 kHz, LV1_buck =
22 pH and Vbuck = 3.3 V)

101001 SC = 406 mV/ps (recommended when Fsw = 450 kHz, LV1_buck =
22 yH and Vbuck = 5 V)

0to5 BUCK_sc_oTp!"2

Reset on power-on reset

Enable BUCK low side over current protection

0 Low side over current protection is disabled

6 V1_OCLS_EN_OTP
1 Low side over current protection is enabled

Reset on power-on reset

[11 These codes are suggested as best fit for the described use cases. In case other values are needed, contact local support.
[2] The slope compensation values are given for a typical V1_IN at 13.5 V.

24.7 OTP_V1_CFG4

Table 204. OTP_V1_CFG4 register bit allocation

Bit 7 6 | 5 | 4 E 1 | o
Write
Read Reserved BUCK_PK_OC_PFM_OTP BUCK_PFM_TOFF_OTP | BUCK_PFM_TON_OTP
ea
Reset 0 o | o | o o | o0 o | o
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Table 205. OTP_V1_CFG4 register bit description

Bit

Symbol

Description

Oto1

BUCK_PFM
TON_OTP™

Select BUCK TON time in PFM

00 TON time in PFM is 1021 ns (V1 =5V, freq = 450 kHz, V1_IN =12 V)

01 TON time in PFM is 1272.5 ns (V1 =5V, freq = 450 kHz, V1_IN =12 V)

10 TON time in PFM is 1632.5 ns (V1 =5V, freq = 450 kHz, V1_IN = 12 V)

11 TON time in PFM is 1772.5 ns (V1 =5V, freq = 450 kHz, V1_IN = 12 V)

Reset on power-on reset

2t0 3

BUCK_PFM
TOFF_OTP!"

Select BUCK TOFF time in PFM

00 TOFF time in PFM is 605 ns (freq = 450 kHz)

01 TOFF time in PFM is 1170 ns (freq = 450 kHz)

10 TOFF time in PFM is 1725 ns (freq = 450 kHz)

11 TOFF time in PFM is 2285 ns (freq = 450 kHz)

Reset on power-on reset

4106

BUCK_PK_
OC_PFM_OTP

Select BUCK peak over current detection threshold in PFM mode

000 Not used

001 Not used

010 Overcurrent (peak) threshold is 400 mA

011 Overcurrent (peak) threshold is 500 mA

100 Overcurrent (peak) threshold is 600 mA

101 Overcurrent (peak) threshold is 700 mA

110 Overcurrent (peak) threshold is 800 mA

111 Overcurrent (peak) threshold is 900 mA

Reset on power-on reset

[1]  Values given for indication only. Refer to Application note for detailed description of these parameters.

FS23 data sheet

All information provided in this document is subject to legal disclaimers. © 2023 NXP B.V. All rights reserved.

Product data sheet

CONFIDENTIAL

Rev. 4 — 15 September 2023
188 /229



NXP Semiconductors

FS23 data sheet

Safety system basis chip (SBC) with power management, CAN FD and LIN transceivers

24.8 OTP_V1_CFG5

Table 206. OTP_V1_CFGS5 register bit allocation

T 7 | e 5 | 4 | 3 2 | 1 | o

:rit: BUCK_LP_DVS_OTP BUCK_PK_OC_PWM_OTP BUCK_AVG_OC_PWM_OTP
ea

Roset o | o o | o [ o o | o | o

Table 207. OTP_V1_CFGS5 register bit description

Bit Symbol

Description

BUCK_AVG._

Oto2 OC_PWM_OTP

Select BUCK average over current detection threshold in PWM mode

000 Average overcurrent threshold is 200 mA

001 Average overcurrent threshold is 300 mA

010 Average overcurrent threshold is 400 mA

011 Average overcurrent threshold is 500 mA

100 Average overcurrent threshold is 600 mA

101 Average overcurrent threshold is 700 mA

110 Not used

111 Not used

Reset on power-on reset

BUCK_PK_

3to5 OC_PWM_OTP

Select BUCK peak over current detection threshold in PWM mode

000 Not used

001 Not used

010 Overcurrent (peak) threshold is 400 mA

011 Overcurrent (peak) threshold is 500 mA

100 Overcurrent (peak) threshold is 600 mA

101 Overcurrent (peak) threshold is 700 mA

110 Overcurrent (peak) threshold is 800 mA

111 Overcurrent (peak) threshold is 900 mA

Reset on power-on reset

6to7 | BUCK LP_DVS_OTP

Select BUCK DVS ramp rate

00 22.5 mV/us

01 11.25 mV/ps

10 5.625 mV/ps

11 2.8125 mV/us

Reset on power-on reset
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24.9 OTP_V1_CFG6

Table 208. OTP_V1_CFG6 register bit allocation

Bit 7 6 5 \ 4 3 2 1 0
Write
Read Reserved Reserved BUCK_LDO_SET_OTP Reserved Reserved Reserved Reserved
ea
Reset 0 0 o | 0 0 0 0 0
Table 209. OTP_V1_CFG6 register bit description
Bit Symbol Description

Select LDO mode detect comparator threshold

00 LDO mode detect falling threshold is 5.2 V

4t05

BUCK LDO 01 LDO mode detect falling threshold is 6.2 V

SET_OTP 10 LDO mode detect falling threshold is 7.2 V

11 LDO mode detect falling threshold is 8.2 V

Reset on power-on reset

2410 OTP_V1_CFG7

Table 210. OTP_V1_CFG7 register bit allocation

Bit 7 6 ‘ ‘ 4 ‘ 3 ] 2 ‘ 1 ‘ 0
Write
Reserved VV1_BUCK_OTP
Read
Reset 0 0 ‘ ‘ 0 ‘ 0 ] 0 ‘ 0 ‘ 0
Table 211. OTP_V1_CFGT7 register bit description
Bit Symbol Description

Select V1 BUCK regulator output voltage in Normal mode

011 0010 3.3V
0to 6 VV1_BUCK_OTP

10101005V

Reset on power-on reset

2411 OTP_V1_CFG8

Table 212. OTP_V1_CFGS8 register bit allocation

Bit 7 6 | 5 a | 3 [ 2 | 1 | o
Write
Reserved VV1_LP_BUCK_OTP
Read
Reset 0 o | 0 o | o [ o | o | o
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Table 213. OTP_V1_CFGS8 register bit description

10101005V

Bit Symbol Description
Select V1 BUCK regulator output voltage in LPON mode
VV1 LP 0110010 3.3V
0to® BUCK_OTP

Reset on power-on reset

24.12 OTP_V1_CFG9

Table 214. OTP_V1_CFG9 register bit allocation

Bit 7 6 5 4 3 2 1 0
Write VBOS2
V1_SW_ | VIMON_ |CONF_OV_ CT%"E‘)F— CONF_OC_ |  WV1_ ch '\}E— Vg\(,)vsfgt
ALWAYS_ OTP VILOTP | "g7p | V1.OTP | LDO_OTP | vri(<s  E\o7p
Read EN_OTP - B -
Reset 0 0 0 0 0 0 0 0

Table 215. OTP_V1_CFG9 register bit description

Bit Symbol Description
Control VBOS to V1 switch in LPON mode when V1 = BUCK
(the switch is kept open when V1 = LDO)
0 VBOS2V1_SW_ 0 VBOS to V1 switch is open in LPON mode
LP_EN_OTP

1 VBOS to V1 switch is closed in LPON mode

Reset on power-on reset

1 CONF_OC_TO_V1_OTP

Select V1 LDO overcurrent time out to protect the external PNP

0 V1 PNP OC time out =10 ms

1 V1 PNP OC time out =1 ms

Reset on power-on reset

Select V1 LDO regulator output voltage

0vV1=33V

2 VV1_LDO_OTP
1V1=50V
Reset on power-on reset
Select V1 LDO overcurrent threshold
0 V1LDO OC =150 mA
3 CONF_OC_V1_OTP

1V1LDO OC =75 mA

Reset on power-on reset
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Table 215. OTP_V1_CFG9 register bit description...continued

Bit

Symbol

Description

CONF_TSD_V1_OTP

Select the device reaction in case of V1 thermal shutdown detection

0 V1 regulator is disabled in case of TSD

1 V1 regulator is disabled and the device transitions to Fail-Safe state (M30) in case
of TSD

Reset on power-on reset

CONF_OV_V1_OTP

Select the device reaction in case of V1 overvoltage detection

0 V1 regulator is disabled in case of OV

1 V1 regulator is disabled and the device transitions to Fail-Safe state (M30) in case
of OV

Reset on power-on reset

VIMON_OTP

Select V1 VMON input voltage
0VIMON =3.3V
1VIMON=50V

Reset on power-on reset

VBOS2V1_SW._
ALWAYS_EN_OTP

Control VBOS to V1 switch in Normal and LPON modes when V1 = BUCK
(the switch is kept open when V1 = LDO)

0 VBOS to V1 switch is open in Normal mode

1 VBOS to V1 switch is closed in Normal and LPON mode (possible only when V1 =5
V in Normal mode)

Reset on power-on reset

2413 OTP_V2_CFG

Table 216. OTP_V2_CFG register bit allocation

Bit 7 6 5 4 3 2 1 ‘ 0
Write V2MON_ |CONF_OV_ |CONF_TSD_ | CONF_OC

Reaq | RESOTVEO = v2 6T W v2 BT V2 otp | VV2.OTP V2 SLOT OTP
Reset 0 0 0 0 0 0 0 ‘ 0

Table 217. OTP_V2_CFG register bit description

Bit Symbol Description
Select the power sequence slot for V2
00 V2 starts and stops in slot 0
010 1 V2 SLOT OTP 01 V2 starts and stops in slot 1

10 V2 starts and stops in slot 2

11 V2 does not start in a slot (enabled by SPI / I12C)

Reset on power-on reset
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Table 217. OTP_V2_CFG register bit description...continued

Bit

Symbol

Description

Select V2 LDO regulator output voltage

VW2_OTP

0v2=33V

1Vv2=50V

Reset on power-on reset

Select V2 LDO overcurrent threshold

CONF_OC_V2_OTP

0V2 LDO OC = 150 mA

1V2LDO OC =75 mA

Reset on power-on reset

Select the device reaction in case of V2 thermal shutdown detection

CONF_TSD_

0 V2 regulator is disabled in case of TSD

V2_OTP

1 V2 regulator is disabled and the device transitions to Fail-Safe state (M30) in case of
TSD

Reset on power-on reset

Select the device reaction in case of V2 overvoltage detection

0 V2 regulator is disabled in case of OV

CONF_OV_V2_OTP

1 V2 regulator is disabled and the device transitions to Fail-Safe state (M30) in case of
ov

Reset on power-on reset

Select V2 VMON input voltage

0V2MON =3.3V

V2MON_OTP

1V2MON =5.0V

Reset on power-on reset

2414 OTP_V3_CFG

Table 218. OTP_V3_CFG register bit allocation

Bit 7 6 5 4 3 2 1 ] 0
Write CONF_

Reserved Vs(';"TOPN— ng'%%\,’ ~-| Tsp_ CS?%%?— VW3 _OTP V3_SLOT OTP
Read S V3 _OTP -
Reset 0 0 0 0 0 0 0 ] 0
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Table 219. OTP_V3_CFG register bit description

Bit

Symbol

Description

Oto1

V3_SLOT_OTP

Select the power sequence slot for V3

00 V3 starts and stops in slot 0

01 V3 starts and stops in slot 1

10 V3 starts and stops in slot 2
11 V3 does not start in a slot (enabled by SPI/ I12C)

Reset on power-on reset

VV3_OTP

Select V3 LDO regulator output voltage
0Vv3=33V
1V3=5.0V

Reset on power-on reset

CONF_OC_
V3_OTP

Select V3 LDO overcurrent threshold
0 V3 LDO OC =150 mA
1V3LDOOC=75mA

Reset on power-on reset

CONF_TSD_
V3_OTP

Select the device reaction in case of V3 thermal shutdown detection

0 V3 regulator is disabled in case of TSD

1 V3 regulator is disabled and the device transitions to Fail-Safe state (M30) in case of
TSD

Reset on power-on reset

CONF_OV_
V3_OTP

Select the device reaction in case of V3 overvoltage detection

0 V3 regulator is disabled in case of OV

1 V3 regulator is disabled and the device transitions to Fail-Safe state (M30) in case of
ov

Reset on power-on reset

V3MON_OTP

Select V3 VMON input voltage
0V3MON=3.3V
1V3MON =50V

Reset on power-on reset

24.15 OTP_HVIO_CFG1

Table 220. OTP_HVIO_CFG1 register bit allocation

Bit 7 ] 6 5 \ 4 3 \ 2 1 \ 0
Write
cond WK1PUPD_OTP WK2PUPD_OTP HVIO1_SLOT OTP HVIO2_SLOT OTP
ea
Reset 0 ] 0 0 \ 0 0 \ 0 0 \ 0
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Table 221. OTP_HVIO_CFG1 register bit description

Bit Symbol Description
Select the power sequence slot for HVIO2
00 HVIO2 polarity is changed in slot 0
0101 HVIO2_SLOT OTP 01 HVIO2 polarity is changed in slot 1

10 HVIO2 polarity is changed in slot 2
11 HVIO2 is not released in a slot (enabled by SPI / I12C)

Reset on power-on reset

Select the power sequence slot for HVIO1

00 HVIO1 polarity is changed in slot 0

01 HVIO1 polarity is changed in slot 1

2t03 HVIO1_SLOT_OTP

10 HVIO1 polarity is changed in slot 2
11 HVIO1 is not released in a slot (enabled by SPI/IZC)

Reset on power-on reset

Select the pull down on WAKE2 pin

00 WAKE?2 internal pull down and pull up are configured as cell repeater

01 WAKEZ2 internal pull down is enabled and pull up is disabled

4t05 WK2PUPD_OTP

10 WAKEZ2 internal pull down is disabled and pull up is enabled

11 WAKE?2 internal pull down and pull up are disabled

Reset on power-on reset

Select the pull down on WAKE1 pin

00 WAKE1 internal pull down and pull up are configured as cell repeater

01 WAKE1 internal pull down is enabled and pull up is disabled

6to7 WK1PUPD_OTP

10 WAKE1 internal pull down is disabled and pull up is enabled

11 WAKE1 internal pull down and pull up are disabled

Reset on power-on reset

24.16 OTP_HVIO_CFG2

Table 222. OTP_HVIO_CFG2 register bit allocation

Bit 7 6 5 \ 4 3 2 1 \ 0
Write HVIO1 | HVIO1_ HVIO2_ | HVIO2_
ouT ouT_ HVIO1PUPD_OTP OUT_ ouT_ HVIO2PUPD_OTP
Read EN_OTP | DFLT OTP EN_OTP | DFLT OTP
Reset 0 0 0 \ 0 0 0 0 \ 0
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Table 223. OTP_HVIO_CFG2 register bit description

Bit

Symbol

Description

Oto1

Select the pull down on HVIO2 pin

00 HVIO2 internal pull down and pull up are configured as cell repeater

HVIO2PUPD_OTP

01 HVIOZ2 internal pull down is enabled and pull up is disabled

10 HVIO2 internal pull down is disabled and pull up is enabled

11 HVIO2 internal pull down and pull up are disabled

Reset on power-on reset

Configure the HVIO2 pin default state when HVIO2 is an output

HVIO2_OUT_

0 HVIO2 default state is low (asserted)

DFLT_OTP

1 HVIO2 default state is high (HIZ)

Reset on power-on reset

Configure the HVIO2 pin as an output

0 HVIO2 is configured as an input

HVIO2_OUT_EN_OTP

1 HVIO2 is configured as an output

Reset on power-on reset

4105

Select the pull down on HVIO1 pin

00 HVIO1 internal pull down and pull up are configured as cell repeater

01 HVIO1 internal pull down is enabled and pull up is disabled

HVIO1PUPD_OTP

10 HVIO1 internal pull down is disabled and pull up is enabled

11 HVIO1 internal pull down and pull up are disabled

Reset on power-on reset

Configure the HVIO1 pin default state when HVIO1 is an output

HVIO1_OUT_

0 HVIO1 default state is low (asserted)

DFLT_OTP

1 HVIO1 default state is high (HIZ)

Reset on power-on reset

Configure the HVIO1 pin as an output

HVIO1_OUT_EN_OTP

0 HVIO1 is configured as an input

1 HVIO1 is configured as an output

Reset on power-on reset

2417 OTP_LVIO_CFG1

Table 224. OTP_LVIO_CFG1 register bit allocation

Bit 7 6 5 \ 4 3 2 1 \ 0
Write LVIO4 LVIO3_
ouT ouT_ LVIO3PUPD_OTP L\QSS(—)'}%— L\é'ﬁsaﬁg— LVIO3_SLOT_OTP
Read DFT_OTP | DFT_OTP - -
Reset 0 0 0 \ 0 0 0 0 \ 0
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Table 225. OTP_LVIO_CFG1 register bit description

Bit

Symbol

Description

Oto1

LVIO3_SLOT_OTP

Select the power sequence slot for LVIO3

00 LVIOS3 polarity is changed in slot 0

01 LVIOS3 polarity is changed in slot 1

10 LVIO3 polarity is changed in slot 2

11 LVIO3 is not released in a slot (enabled by SPI / I*)C)

Reset on power-on reset

LVIO3_HS_EN_OTP

Enable the HS of LVIO3

0 LVIO3 HS is disabled

1 LVIO3 HS is enabled

Reset on power-on reset

LVIO3_LS_EN_OTP

Enable the LS of LVIO3

0 LVIO3 LS is disabled

1 LVIO3 LS is enabled

Reset on power-on reset

4105

LVIO3PUPD_OTP

Select the pull down on LVIO3 pin

00 LVIOS internal pull down and pull up are configured as cell repeater

01 LVIOS3 internal pull down is enabled and pull up is disabled

10 LVIO3 internal pull down is disabled and pull up is enabled

11 LVIO3 internal pull down and pull up are disabled

Reset on power-on reset

LVIO3_OUT_DFT_OTP

Configure the LVIO3 pin default state when LVIO3 is an output

0 LVIO3 default state is low (LS ON or LS OFF with ext. PD)

1 LVIO3 default state is high (HS ON or HS OFF with ext. PU)

Reset on power-on reset

LVIO4_OUT_DFT_OTP

Configure the LVIO4 pin default state when LVIO4 is an output

0 LVIO4 default state is low (LS ON or LS OFF with ext. PD)

1 LVIO4 default state is high (HS ON or HS OFF with ext. PU)

Reset on power-on reset

24.18 OTP_LVIO_CFG2

Table 226. OTP_LVIO_CFG2 register bit allocation

Bit 7 ] 6 5 \ 4 3 2 1 \ 0
Write LVIO4 LS | LVIO4_HS
cond LVISPUPD_OTP LVIO4PUPD_OTP EN OTF | EN OTP LVIO4_SLOT_OTP
Reset 0 ] 0 0 \ 0 0 0 0 \ 0
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Table 227. OTP_LVIO_CFG2 register bit description

Bit

Symbol

Description

Oto1

Select the power sequence slot for LVIO4

00 LVIO4 polarity is changed in slot 0

LVIO4_SLOT_OTP

01 LVIO4 polarity is changed in slot 1

10 LVIO4 polarity is changed in slot 2

11 LVIO4 is not released in a slot (enabled by SPI / I?C)

Reset on power-on reset

Enable the HS of LVIO4

LVIO4_HS_EN_OTP

0 LVIO4 HS is disabled

1 LVIO4 HS is enabled

Reset on power-on reset

Enable the LS of LVIO4

0 LVIOA4 LS is disabled

LVIO4_LS_EN_OTP

1 LVIO4 LS is enabled

Reset on power-on reset

4105

Select the pull down on LVIO4 pin

00 LVIO4 internal pull down and pull up are configured as cell repeater

01 LVIO4 internal pull down is enabled and pull up is disabled

LVIO4PUPD_OTP

10 LVIO4 internal pull down is disabled and pull up is enabled

11 LVIO4 internal pull down and pull up are disabled

Reset on power-on reset

6to7

Select the pull down on LVI5 pin

00 LVI5 internal pull down and pull up are configured as cell repeater

01 LVI5 internal pull down is enabled and pull up is disabled (possible config when
LVI5 is used as MOSI pin)

LVISPUPD_OTP

10 LVI5 internal pull down is disabled and pull up is enabled (default config when LVI5
is used as MOSI pin)

11 LVI5 internal pull down and pull up are disabled

Reset on power-on reset

24.19 OTP_IO_OUT_SEL_

CFG

Table 228. OTP_IO_OUT_SEL_CFG register bit allocation

Bit 7 6 5 4 3 2 1 0
Write Reserved | Reseliod HS3_ HS1 LVO4_ LVO3_ HVO2_ HVO1_
Read SEL_OTP | SEL_OTP | SEL_OTP | SEL_OTP | SEL_OTP | SEL_OTP
Reset 0 0 0 0 0 0 0 0
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Table 229. OTP_IO_OUT_SEL_CFG register bit description
Bit Symbol Description

Select the function assigned to HVIO1 when configured as output
0 HVO1 is connected to alternate function (SLOT by OTP or control by SPI / I?C)
1 HVO1 is connected to LIMP1 function

0 HVO1_SEL_OTP

Reset on power-on reset

Select the function assigned to HVIO2 when configured as output
0 HVO2 is connected to alternate function (SLOT by OTP or control by SPI / I?C)
1 HVO2 is connected to LIMP2 function

1 HVO2_SEL_OTP

Reset on power-on reset

Select the function assigned to LVIO3 when configured as output
0 LVO3 is connected to alternate function (SLOT by OTP or control by SPI / I12C)
1 LVO3 is connected to LIMP1 function

2 LVO3_SEL_OTP

Reset on power-on reset

Select the function assigned to LVIO4 when configured as output
0 LVO4 is connected to alternate function (SLOT by OTP or control by SPI/IZC)
1 LVO4 is connected to LIMP2 function

3 LVO4_SEL_OTP

Reset on power-on reset

Select the function assigned to HS1

0 HS1 is connected to HS1 driver
4 HS1_SEL_OTP

1 HS1 is connected to LIMP1 function

Reset on power-on reset

Select the function assigned to HS3
0 HS3 is connected to HS3 driver
1 HS3 is connected to LIMP2 function

5 HS3_SEL_OTP

Reset on power-on reset

24.20 OTP_MAIN_SYS_I2C_CFG

Table 230. OTP_MAIN_SYS_I2C_CFG register bit allocation

Bit 7 6 5 4 3 | 2 [ 1 ] o
Write MOD MOD_EN sLoT SPI_EN
Read |CONF_OTP| OTP | BYP.OTP | OTP I2CDEVADDR_OTP
Reset 0 0 0 0 o | o | o | o0
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Table 231. OTP_MAIN_SYS_I2C_CFG register bit description
Bit Symbol Description

Configure the 12C address
0000 12C address is 0x20
0001 12C address is 0x22
0010 12C address is 0x24
0011 12C address is 0x26
0100 12C address is 0x28
0101 12C address is 0x2A
0110 12C address is 0x2C

I2CDEVADDR  |0111 12C address is 0x2E

OTP[3:0] 1000 12C address is 0x30
1001 12C address is 0x32
1010 12C address is 0x34
1011 12C address is 0x36
1100 12C address is 0x38
1101 12C address is 0x3A
1110 12C address is 0x3C
1111 12C address is Ox3E

Oto3

Reset on power-on reset

Enable the SPI or 12C hardware pins

0 12C pins are enabled
4 SPI_EN_OTP

1 SPI pins are enabled

Reset on power-on reset

Bypass the power sequence Slot 1 and Slot 2 after wake-up from LPON

0 Slot 1 and Slot 2 are not bypassed
5 SLOT_BYP_OTP

1 Slot 1 and Slot 2 are bypassed when waking up from LPON

Reset on power-on reset

Enable clock modulation on 20 MHz clock

0 Modulation is disabled

6 MOD_EN_OTP
1 Modulation is enabled

Reset on power-on reset

Select clock modulation configuration

0 Triangular modulation is selected

7 MOD_CONF_OTP
1 Pseudo-random modulation is selected

Reset on power-on reset
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24.21 OTP_FS_SYS_CFG

Table 232. OTP_FS_SYS_CFG register bit allocation

Bit 7 6 5 4 3 2 1 0
Write FS FIRST
INIT_CRC = FS_DUR WD_INF RSTB8S =
Reserved Reserved ~ >~ | LPOFF_ = = == = FAULT_
Read DIS_OTP oTP CFG_OTP OoTP DIS_OTP EN_OTP
Reset 0 0 0 0 0 0 0 0

Table 233. OTP_FS_SYS_CFG register bit description

Bit

Symbol

Description

FIRST_FAULT_EN_OTP

Configure the first fault to send the device in Fail-Safe mode

0 Do not go to FS at first fault

1 Go to FS at first fault

Reset on power-on reset

RSTB8S_DIS_OTP

Disable the RSTB 8s timer

0 RSTB 8 s timer is enabled

1 RSTB 8 s timer is disabled

Reset on power-on reset

WD_INF_OTP

Set the watchdog period as infinite

0 Watchdog period is configurable by SPI/I’C

1 Watchdog period is infinite

Reset on power-on reset

FS_DUR_CFG_OTP

Configure FS state duration

0 FS state duration is 100 ms

1 FS state duration is 4 s

Reset on power-on reset

FS_LPOFF_OTP

Configure FS state exit

0 Automatic restart after FS state

1 Go to LPOFF after FS state

Reset on power-on reset

INIT_CRC_DIS_OTP

Disable the INIT registers CRC protection

0 CRC is enabled

1 CRC is disabled

Reset on power-on reset
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24.22 OTP_OVUV_CFG1

Table 234. OTP_OVUV_CFG1 register bit allocation

Bit 7 ]

6 ‘ 5 \ 4 3

2 ‘ 1 \ 0

Write
Read

VAMON_UVTH_OTP

VIMON_OVTH_OTP

Reset 0 ’

0 ‘ 0 \ 0 0

0 ‘ 0 \ 0

Table 235. OTP_OVUV_CFG1 register bit description

Bit Symbol

Description

VIMON_

Oto3 OVTH_OTP

Select VIMON OV threshold

0000 VIMON OV =102.5 %

0001 VIMON OV =103 %

0010 VIMON OV =103.5 %

0011 VIMON OV = 104 %

0100 VIMON OV = 104.5 %

0101 VIMON OV = 105 %

0110 VIMON QV = 105.5 %

0111 VIMON OV = 106 %

1000 VIMON OV = 106.5 %

1001 VIMON OV =107 %

1010 VIMON OV = 107.5 %

1011 VIMON OV =108 %

1100 VIMON OV = 108.5 %

1101 VIMON OV =109 %

1110 VIMON OV = 109.5 %

1111 VAIMON OV = 110 %

Reset on power-on reset

VIMON_

4tor UVTH_OTP

FS23 data sheet

Select VIMON UV threshold

0000 VIMON UV =64 %

0001 VIMON UV =63 %

0010 VIMON UV = 96.5 %

0011 VAIMON UV =96 %

0100 VIMON UV =95.5 %

0101 VAIMON UV =95 %

0110 VIMON UV =94.5 %

0111 VIMON UV =94 %

1000 VIMON UV =93.5 %
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Table 235. OTP_OVUV_CFG1 register bit description...continued

Bit Symbol

Description

1001 VIMON UV =93 %

1010 VIMON UV =92.5 %

1011 VIMON UV =92 %

1100 VIMON UV =91.5 %

1101 VIMON UV =62.5 %

1110 VAIMON UV =62 %

1111 VIMON UV =61 %

Reset on power-on reset

24.23 OTP_OVUV_CFG2

Table 236. OTP_OVUV_CFG2 register bit allocation

Bit 7 ]

6 ‘ 5

2 ‘ 1

Write
Read

V2MON_UVTH_OTP

V2MON_OVTH_OTP

Reset 0 ’

0 ‘ 0 \ 0

o [ o [ o |

Table 237. OTP_OVUV_CFG2 register bit description

Bit Symbol

Description

V2MON_

0to3 OVTH_OTP

Select V2MON OV threshold

0000 V2MON OV = 102.5 %

0001 V2MON OV =103 %

0010 V2MON OV = 103.5 %

0011 V2MON OV = 104 %

0100 V2MON QV = 104.5 %

0101 V2MON OV =105 %

0110 V2MON OV = 105.5 %

0111 V2MON QV =106 %

1000 V2MON QV = 106.5 %

1001 V2MON OV = 107 %

1010 V2MON OV = 107.5 %

1011 V2MON OV = 108 %

1100 V2MON OV = 108.5 %

1101 V2MON OV =109 %

1110 V2MON OV = 109.5 %

1111 V2MON OV = 110 %

Reset on power-on reset
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Table 237. OTP_OVUV_CFG2 register bit description...continued

Bit Symbol Description

Select V2MON UV threshold

0000 V2MON UV = 64 %

0001 V2MON UV =63 %

0010 V2ZMON UV = 96.5 %

0011 V2MON UV =96 %

0100 V2ZMON UV =95.5 %

0101 V2MON UV = 95 %

0110 V2MON UV =94.5 %

V2MON 0111 V2MON UV =94 %
4t07 =

UVTH_OTP 11000 V2MON UV = 93.5 %

1001 V2MON UV =93 %

1010 V2MON UV =92.5 %

1011 V2MON UV =92 %

1100 V2MON UV =91.5 %

1101 V2MON UV = 62.5 %

1110 V2MON UV =62 %

1111 V2MON UV =61 %

Reset on power-on reset

24.24 OTP_OVUV_CFG3

Table 238. OTP_OVUV_CFGS3 register bit allocation

Bit 7 | e | 5 | 4 R 0
Write
Read V3MON_UVTH_OTP V3MON_OVTH_OTP
Reset o | o | o | o o | o | o 0
Table 239. OTP_OVUV_CFGS3 register bit description
Bit Symbol Description
Select V3AMON OV threshold
0000 V3MON OV = 102.5 %
0001 V3BMON OV =103 %
0103 V3MON_ 0010 V3MON OV = 103.5 %
OVTH_OTP 10011 V3MON OV = 104 %
0100 V3MON OV = 104.5 %
0101 VBMON OV =105 %
0110 V3MON OV = 105.5 %
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Bit

Symbol

Description

0111 V3BMON QV =106 %

1000 V3MON OV = 106.5 %

1001 V3MON QV =107 %

1010 V3MON OV = 107.5 %

1011 VBMON OV =108 %

1100 V3BMON OV =108.5 %

1101 V3BMON QV =109 %

1110 V3BMON OV = 109.5 %

1111 V3MON OV = 110 %

Reset on power-on reset

4107

V3MON_
UVTH_OTP

Select V3AMON UV threshold

0000 V3MON UV =64 %

0001 V3BMON UV =63 %

0010 V3BMON UV = 96.5 %

0011 V3MON UV =96 %

0100 V3BMON UV =95.5 %

0101 V3BMON UV =95 %

0110 V3BMON UV =94.5 %

0111 V3BMON UV =94 %

1000 V3MON UV =93.5 %

1001 V3MON UV =93 %

1010 V3MON UV =92.5 %

1011 VBMON UV =92 %

1100 VBMON UV =91.5 %

1101 VBMON UV =62.5 %

1110 V3MON UV =62 %

1111 V3BMON UV =61 %

Reset on power-on reset

24.25 OTP_OVUV_CFG4

Table 240. OTP_OVUV_CFG4 register bit allocation

Bit

(]

6 ‘ 5 \ 4

2 ‘ 1 \ 0

Write
Read

VOMON_UVTH_OTP

VOMON_OVTH_OTP

Reset

0 ‘ 0 \ 0

0 ‘ 0 \ 0
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Table 241. OTP_OVUV_CFG4 register bit description

Bit Symbol

Description

VOMON_

Oto3 OVTH_OTP

Select VOMON OV threshold

0000 VOMON OV =102.5 %

0001 VOMON OV =103 %

0010 VOMON OV =103.5 %

0011 VOMON OV = 104 %

0100 VOMON OV = 104.5 %

0101 VOMON OV =105 %

0110 VOMON OV = 105.5 %

0111 VOMON QV =106 %

1000 VOMON QV = 106.5 %

1001 VOMON QV =107 %

1010 VOMON OV = 107.5 %

1011 VOMON QV = 108 %

1100 VOMON OV =108.5 %

1101 VOMON QV =109 %

1110 VOMON OV = 109.5 %

1111 VOMON OV = 110 %

Reset on power-on reset

VOMON_

4tor UVTH_OTP

Select VOMON UV threshold

0000 VOMON UV = 64 %

0001 VOMON UV =63 %

0010 VOMON UV = 96.5 %

0011 VOMON UV =96 %

0100 VOMON UV =95.5 %

0101 VOMON UV =95 %

0110 VOMON UV =94.5 %

0111 VOMON UV =94 %

1000 VOMON UV =93.5 %

1001 VOMON UV =93 %

1010 VOMON UV =92.5 %

1011 VOMON UV =92 %

1100 VOMON UV =91.5 %

1101 VOMON UV =62.5 %

1110 VOMON UV =62 %

1111 VOMON UV =61 %

Reset on power-on reset
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24.26 OTP_UV_DGLT_CFG

Table 242. OTP_UV_DGLT_CFG register bit allocation

Bit 7 ] 6 5 \ 4 3 \ 2 1 \ 0
Write
“oaq | VOMON_UVDGLT OTP | VIMON_UVDGLT OTP | VZMON_UVDGLT OTP | V3MON_UVDGLT OTP
ea
Reset 0 ] 0 0 \ 0 0 \ 0 0 \ 0

Table 243. OTP_UV_DGLT_CFG register bit description

Bit

Symbol

Description

Oto1

V3MON_
UVDGLT_OTP

Select V3AMON UV deglitcher time

00 V3MON UV deglitcher =5 pus

01 V3MON UV deglitcher = 15 ps

10 V3MON UV deglitcher = 25 ps

11 V3MON UV deglitcher = 40 s

Reset on power-on reset

2t03

V2MON_
UVDGLT_OTP

Select V2MON UV deglitcher time

00 V2MON UV deglitcher =5 pus

01 V2MON UV deglitcher = 15 ps

10 V2MON UV deglitcher = 25 ps

11 V2MON UV deglitcher = 40 us

Reset on power-on reset

4t05

VIMON_
UVDGLT_OTP

Select VIMON UV deglitcher time

00 VIMON UV deglitcher =5 pus

01 VIMON UV deglitcher = 15 ps

10 VAIMON UV deglitcher = 25 ps

11 VIMON UV deglitcher = 40 us

Reset on power-on reset

6to7

VOMON_
UVDGLT_OTP

Select VOMON UV deglitcher time (VMON_EXT)

00 VOMON UV deglitcher =5 pus

01 VOMON UV deglitcher = 15 ps

10 VOMON UV deglitcher = 25 ps

11 VOMON UV deglitcher = 40 s

Reset on power-on reset
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24.27 OTP_LIMP_OV_DGLT_CFG

Table 244. OTP_LIMP_OV_DGLT_CFG register bit allocation

Bit 7 | 6 5 ‘ 4 3 2 1 0
Write LIMP2_CFG_OTP LIMP1_CFG_OTP VOMON_ VIMON_ V2MON_ VSMON_
Read - - - - OVDGLT_OTP | OVDGLT_OTP | OVDGLT_OTP | OVDGLT_OTP
Reset 0 | 0 0 | 0 0 0 0 0

Table 245. OTP_LIMP_OV_DGLT_CFG register bit description
Bit Symbol Description
Select V3BMON OV deglitcher time
0 V3MON OV deglitcher = 25 ps
0 V3MON_OVDGLT_OTP
1 V3BMON OV deglitcher = 45 us
Reset on power-on reset
Select V2MON OV deglitcher time
0 V2MON OV deglitcher = 25 ps
1 V2MON_OVDGLT_OTP
1 V2MON OV deglitcher = 45 ps
Reset on power-on reset
Select VIMON OV deglitcher time
0 VIMON OV deglitcher = 25 ps
2 V1MON_OVDGLT_OTP
1 VIMON OV deglitcher = 45 us
RESET ON POWER ON RESET
Select VOMON OV deglitcher time (VMON_EXT)
0 VOMON OV deglitcher = 25 ps
3 VOMON_OVDGLT_OTP
1 VOMON OV deglitcher = 45 us
Reset on power-on reset
Select LIMP1 polarity or PWM frequency
00 PWM frequency = 1.25 Hz with 50 % duty cycle (default high)
01 Default high (Active low)
4t05 LIMP1_CFG_OTP
10 PWM frequency = 1.25 Hz with 50 % duty cycle (default low)
11 Default low (Active high)
Reset on power-on reset
Select LIMP2 polarity or PWM frequency
00 PWM frequency = 100 Hz (default high)
01 Default high (Active low)
6to7 LIMP2_CFG_OTP
10 PWM frequency = 100 Hz (default low)
11 Default low (Active high)
Reset on power-on reset
24.28 OTP_RSTB_IMPACT_CFG
Table 246. OTP_RSTB_IMPACT_CFG register bit allocation
Bit 7 6 5 4 3 2 1 0
Write VOUV_RSTB_ | VOOV_RSTB_ | VIUV_RSTB_ | VIOV_RSTB_ | V2UV_RSTB_ | V20V_RSTB_ | V3UV_RSTB_ | V3OV_RSTB_
Read IMPACT_ OTP | IMPACT_OTP | IMPACT_OTP | IMPACT_OTP | IMPACT_OTP | IMPACT_OTP | IMPACT_OTP | IMPACT_OTP
Reset 0 0 0 0 0 0 0 0
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Table 247. OTP_RSTB_IMPACT_CFG register bit description

Bit

Symbol

Description

V30OV_RSTB_IMPACT_OTP

Configure V3 OV impact on RSTB

0 V3 OV does not assert RSTB

1V3 OV asserts RSTB

Reset on power-on reset

V3UV_RSTB_IMPACT OTP

Configure V3 UV impact on RSTB

0 V3 UV does not assert RSTB

1 V3 UV asserts RSTB

Reset on power-on reset

V20V_RSTB_IMPACT_OTP

Configure V2 OV impact on RSTB

0 V2 OV does not assert RSTB

1V2 OV asserts RSTB

Reset on power-on reset

V2UV_RSTB_IMPACT_OTP

Configure V2 UV impact on RSTB

0 V2 UV does not assert RSTB

1V2 UV asserts RSTB

Reset on power-on reset

V10V_RSTB_IMPACT OTP

Configure V1 OV impact on RSTB

0 V1 OV does not assert RSTB

1V1 OV asserts RSTB

Reset on power-on reset

V1UV_RSTB_IMPACT_OTP

Configure V1 UV impact on RSTB

0 V1 UV does not assert RSTB

1V1 UV asserts RSTB

Reset on power-on reset

VOOV_RSTB_IMPACT_OTP

Configure VMON_EXT OV impact on RSTB

0 VMON_EXT OV does not assert RSTB

1 VMON_EXT OV asserts RSTB

Reset on power-on reset

VOUV_RSTB_IMPACT OTP

Configure VMON_EXT UV impact on RSTB

0 VMON_EXT UV does not assert RSTB

1 VMON_EXT UV asserts RSTB

Reset on power-on reset
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25 Application information
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Figure 54. Example of application schematic with 450 kHz HVBUCK version, SPI interface
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Figure 55. Example of application schematic with 2.25 MHz HVBUCK version, SPI interface
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Figure 56. Example of application schematic, HVLDO1 version with internal PMOS only, 12C interface
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Figure 57. Example of application schematic, HVLDO1 version with external PNP, SPI interface
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26 Package drawing

FS23 package is a QFN, thermally enhanced, wettable flanks, 7 x 7 x 0.85 mm, 0.5 mm pitch, 48 pins.
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Revision history

Table 248.
Document ID |Release date |Data sheet status Change notice Supercedes
FS23 v.4 20230915 Product FS23 v.3
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¢ Updated status to "Product"

¢ Global updates for style and grammar

* Updated Figure 1, Figure 3, Figure 4, Figure 7, Figure 11, Figure 13, Figure 14, Figure 54, Figure 55,
Figure 56, Figure 57

» Section 12.3; Section 12.6; Section 13.3.1; Section 15.3.1; Section 15.3.2; Section 17; Section 18.1.1;
Section 18.1.1.4; Section 18.2: Updated text

¢ Features and benefits: Added "EMC compliance" section

¢ Updated Table 2; Table 32; Table 33; Table 247

» Table 9: Changed I porr 25 Max value from "40" to "50".

* Added Section 12.1

* Updated section title from "Simplified functional state diagram" to Detailed functional state diagram.

* Updated appearance of Table 10.

* Removed section titled "EMC compliance"

* Adjusted position of Section 12.2.
— Added bullet item after "The FS23 will also wake up from LPON ..." beginning "Fail-safe mode ..."
— Table 10: Added column titled "Fail-safe".

» Section 12.7: Inserted Figure 15, Figure 16.

¢ Section 12.8: Updated item 5.

* Section 12.9.1: Updated first bullet item under "In HYBUCK use case only:"

e Table 12: Updated VBOS_POR Min value from "2.5" to "2.45", updated “IBOS_HP_LIM“ to I'lBOS_LP_LIM"-

* Section 13: Updated "The FS23 starts when VSUP > Vgyp yyn, " to "The FS23 starts when VSUP >
Vsup uvs - "

* Table 14: Removed "With VBOS = 5 V" from Description of "Vgyck_N"; updated Descriptions and Min/
Typ/Max values for "loc_ave_pwm" @and "loc_pk_pwmiprm"

* Section 18.1.2: Updated Description of "Vcan_out piFr_rec” from "RL = 2240 Q" to "no load, C1 = C2 =
CCANRXD = 0 pF"

* Table 28: Updated Ioc_nsx Max value from "350" to "380".

¢ Table 49: Updated title of third column from "VxMON_OVDGLT_OTP[1:0]" to "VXMON_OVDGLT _
OTP".

* Table 50
— Added "VxMON_OVDGLT_OTP = 0" and "VXMON_OVDGLT_OTP = 1" to Parameters for Symbol

"Tov_peLT"
— Added "VxMON_UVDGLT_OTP[1:0] = 00", "VxMON_UVDGLT_OTP[1:0] = 01", "VXMON_UVDGLT_
OTP[1:0] = 10", and "VXMON_UVDGLT_OTP[1:0] = 11" to Parameters for Symbol "Tyy paLt"

e Section 19.5.3: Added two bullets starting "Negative overcurrent ..." and "OC timeout ..."

* Updated appearance of Table 53.

* Table 80: Updated Bit 3 Description from "0 BUCK" and "1 BUCK" to "0 HVBUCK" and "1 HBUCK".

e Table 85: Updated four instances of "Leave" to "Exit".

* Table 143: Updated Bit 8 Descriptions values from "7.5" and "14" to "10.5" and "20", respectively.

» Table 173: Updated Bit 5 to 8 Description from "1011 64 ms (default value)" to "1101 256 ms (default
value)".

e Table 191: Updated OTP_DEVICE_VER Bit 7 from "Reserved" to "KEY_OFFON_EN_OTP".

¢ Table 203: Updated Description for Bit 0 to 5.

* Table 231: Updated Description for Bit 5 from "1 Slot 1 and Slot 2 are bypassed" to "1 Slot 1 and Slot 2
are bypassed when waking up from LPON".

¢ Updated .

* Added "Reference" column to Table 72, Table 73, Table 190,
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Table 248. ...continued

Document ID

Release date Data sheet status Change notice Supercedes

FS23 v.3

2023/03 FS23 v.2

Modifications:

¢ Global updates for style and grammar
* Updated structure of Revision history
* Updated section titled "Maximum Ratings" to Limiting values

FS23 v.2

2023/03 FS23 v.1.1

Modifications:

¢ Update Table 1, Table 2, Table 7, Table 9, Table 12, Table 13, Table 14, Table 17, Table 18, Table 19,
Table 20, Table 21. Add Table 10, Table 62, Table 63.

* Update Figure 2, Figure 3, Figure 9, Figure 10, Figure 28, Figure 47. Add Figure 51.

¢ Add section 13.3 “Operation and power modes”

¢ Update section 13.4 “INIT state machine”

¢ Update section 13.6 “Debug and OTP modes”

* Update section 14 “Power management”

¢ Update section 18.1 “Calibration procedure”

¢ Update section 21 “MCU communication”

¢ Add section 22.1 “Readable registers”

¢ Add section 22.2 “Writable registers”

¢ Update section 24 “OTP Register mapping”

* Update section 25 “OTP Register description”

* Update SPI / I?C register map and description (paragraphs 22 and 23).

* Correct typos.

FS23 v.1.1

2022/05 FS23 v.1

Modifications:

* Update Table 1, Table 2, Table 4, Table 6, Table 8, Table 9, Table 11, Table 25, Table 51, Table 52,
Table 54, Table 80, Table 187.

* Update Figure 2, Figure 3, Figure 4, Figure 5, Figure 9, Figure 11, Figure 12, Figure 24, Figure 49,
Figure 50, Figure 51.

¢ Add “HVBUCK clock management” paragraph (14.2)

* Add SPI/ I?C register map and description (paragraphs 22 and 23).

¢ Add OTP register map and description (paragraphs 24 and 25).

¢ Correct typos.

FS23 v.1

2022/01

Modifications:

¢ Initial release
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27 Legal information

27.1 Data sheet status

[1112]

Document status Product status Definition

Objective [short] data sheet Development This document contains data from the objective specification for product
development.

Preliminary [short] data sheet Qualification This document contains data from the preliminary specification.

Product [short] data sheet Production This document contains the product specification.

[1]1  Please consult the most recently issued document before initiating or completing a design.

[2] The term 'short data sheet' is explained in section "Definitions".

[3] The product status of device(s) described in this document may have changed since this document was published and may differ in case of multiple
devices. The latest product status information is available on the Internet at URL http://www.nxp.com.

27.2 Definitions

Draft — A draft status on a document indicates that the content is still
under internal review and subject to formal approval, which may result
in modifications or additions. NXP Semiconductors does not give any
representations or warranties as to the accuracy or completeness of
information included in a draft version of a document and shall have no
liability for the consequences of use of such information.

Short data sheet — A short data sheet is an extract from a full data sheet
with the same product type number(s) and title. A short data sheet is
intended for quick reference only and should not be relied upon to contain
detailed and full information. For detailed and full information see the
relevant full data sheet, which is available on request via the local NXP
Semiconductors sales office. In case of any inconsistency or conflict with the
short data sheet, the full data sheet shall prevail.

Product specification — The information and data provided in a Product
data sheet shall define the specification of the product as agreed between
NXP Semiconductors and its customer, unless NXP Semiconductors and
customer have explicitly agreed otherwise in writing. In no event however,
shall an agreement be valid in which the NXP Semiconductors product

is deemed to offer functions and qualities beyond those described in the
Product data sheet.

27.3 Disclaimers

Limited warranty and liability — Information in this document is believed
to be accurate and reliable. However, NXP Semiconductors does not give
any representations or warranties, expressed or implied, as to the accuracy
or completeness of such information and shall have no liability for the
consequences of use of such information. NXP Semiconductors takes no
responsibility for the content in this document if provided by an information
source outside of NXP Semiconductors.

In no event shall NXP Semiconductors be liable for any indirect, incidental,
punitive, special or consequential damages (including - without limitation -
lost profits, lost savings, business interruption, costs related to the removal
or replacement of any products or rework charges) whether or not such
damages are based on tort (including negligence), warranty, breach of
contract or any other legal theory.

Notwithstanding any damages that customer might incur for any reason
whatsoever, NXP Semiconductors’ aggregate and cumulative liability
towards customer for the products described herein shall be limited in
accordance with the Terms and conditions of commercial sale of NXP
Semiconductors.

Right to make changes — NXP Semiconductors reserves the right to

make changes to information published in this document, including without
limitation specifications and product descriptions, at any time and without
notice. This document supersedes and replaces all information supplied prior
to the publication hereof.

FS23 data sheet
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Applications — Applications that are described herein for any of these
products are for illustrative purposes only. NXP Semiconductors makes no
representation or warranty that such applications will be suitable for the
specified use without further testing or modification.

Customers are responsible for the design and operation of their
applications and products using NXP Semiconductors products, and NXP
Semiconductors accepts no liability for any assistance with applications or
customer product design. It is customer’s sole responsibility to determine
whether the NXP Semiconductors product is suitable and fit for the
customer’s applications and products planned, as well as for the planned
application and use of customer’s third party customer(s). Customers should
provide appropriate design and operating safeguards to minimize the risks
associated with their applications and products.

NXP Semiconductors does not accept any liability related to any default,
damage, costs or problem which is based on any weakness or default

in the customer’s applications or products, or the application or use by
customer’s third party customer(s). Customer is responsible for doing all
necessary testing for the customer’s applications and products using NXP
Semiconductors products in order to avoid a default of the applications
and the products or of the application or use by customer’s third party
customer(s). NXP does not accept any liability in this respect.

Limiting values — Stress above one or more limiting values (as defined in
the Absolute Maximum Ratings System of IEC 60134) will cause permanent
damage to the device. Limiting values are stress ratings only and (proper)
operation of the device at these or any other conditions above those

given in the Recommended operating conditions section (if present) or the
Characteristics sections of this document is not warranted. Constant or
repeated exposure to limiting values will permanently and irreversibly affect
the quality and reliability of the device.

Terms and conditions of commercial sale — NXP Semiconductors
products are sold subject to the general terms and conditions of commercial
sale, as published at http://www.nxp.com/profile/terms, unless otherwise
agreed in a valid written individual agreement. In case an individual
agreement is concluded only the terms and conditions of the respective
agreement shall apply. NXP Semiconductors hereby expressly objects to
applying the customer’s general terms and conditions with regard to the
purchase of NXP Semiconductors products by customer.

No offer to sell or license — Nothing in this document may be interpreted
or construed as an offer to sell products that is open for acceptance or

the grant, conveyance or implication of any license under any copyrights,
patents or other industrial or intellectual property rights.

Quick reference data — The Quick reference data is an extract of the
product data given in the Limiting values and Characteristics sections of this
document, and as such is not complete, exhaustive or legally binding.

Export control — This document as well as the item(s) described herein

may be subject to export control regulations. Export might require a prior
authorization from competent authorities.
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Translations — A non-English (translated) version of a document, including
the legal information in that document, is for reference only. The English
version shall prevail in case of any discrepancy between the translated and
English versions.

Security — Customer understands that all NXP products may be subject to
unidentified vulnerabilities or may support established security standards or
specifications with known limitations. Customer is responsible for the design
and operation of its applications and products throughout their lifecycles

to reduce the effect of these vulnerabilities on customer’s applications

and products. Customer’s responsibility also extends to other open and/or
proprietary technologies supported by NXP products for use in customer’s
applications. NXP accepts no liability for any vulnerability. Customer should
regularly check security updates from NXP and follow up appropriately.
Customer shall select products with security features that best meet rules,
regulations, and standards of the intended application and make the
ultimate design decisions regarding its products and is solely responsible
for compliance with all legal, regulatory, and security related requirements
concerning its products, regardless of any information or support that may be
provided by NXP.

NXP has a Product Security Incident Response Team (PSIRT) (reachable
at PSIRT@nxp.com) that manages the investigation, reporting, and solution
release to security vulnerabilities of NXP products.
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Suitability for use in automotive applications (functional safety) —
This NXP product has been qualified for use in automotive applications.

It has been developed in accordance with ISO 26262, and has been

ASIL classified accordingly. If this product is used by customer in the
development of, or for incorporation into, products or services (a) used in
safety critical applications or (b) in which failure could lead to death, personal
injury, or severe physical or environmental damage (such products and
services hereinafter referred to as “Critical Applications”), then customer
makes the ultimate design decisions regarding its products and is solely
responsible for compliance with all legal, regulatory, safety, and security
related requirements concerning its products, regardless of any information
or support that may be provided by NXP. As such, customer assumes all
risk related to use of any products in Critical Applications and NXP and

its suppliers shall not be liable for any such use by customer. Accordingly,
customer will indemnify and hold NXP harmless from any claims, liabilities,
damages and associated costs and expenses (including attorneys’ fees)
that NXP may incur related to customer’s incorporation of any product in a
Critical Application.

NXP B.V. — NXP B.V. is not an operating company and it does not distribute
or sell products.

27.4 Trademarks

Notice: All referenced brands, product names, service names, and
trademarks are the property of their respective owners.

NXP — wordmark and logo are trademarks of NXP B.V.
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