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1 General description

FS2400 is a family of automotive safety system basis chip (SBC) devices with multiple power supplies designed
to support secure car access application using ultra-wide band (UWB), near-field communication (NFC) and
Bluetooth Low Energy (BLE) devices. The FS2400 can also fit other small applications requiring low power and
CANFD communication.

This family of devices supports a wide range of applications, offering choice of output voltage settings,
physical interface, integrated system-level features to address low-power and noise-sensitive applications with
Automotive Safety Integrity Levels (ASIL) up to ASIL B.

The FS2400 integrates a battery-connected switched-mode regulator (V1) and a battery-connected linear
regulator (V3) to supply microcontroller, communication devices and others. V1 offers a high-performance
switching regulator capable of operating in Pulse Frequency Modulation (PFM) mode and Force Pulse Width
Modulation (FPWM) mode. The mode of operation can be changed using WAKE pins to optimize noise
management.

The FS2400 is developed in compliance with the ISO 26262:2018 standard. It includes enhanced safety
features, with fail-safe output, becoming part of a full safety-oriented system, covering ASIL B safety integrity
level.

The FS2400 is offered in a 5 mm x 5 mm 32-Ld HVQFN package with wettable flanks.
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2 Features and benefits

Operating range

* 40 V DC maximum input voltage
* Low-power OFF mode with very low sleep current and multiple wake-up sources

* Low-power ON mode with HYBUCK (V1) active, HVLDO (V3) selectable by OTP and multiple wake-up
sources

Power supplies

* V1: High-voltage synchronous buck converter with integrated FETs. Configurable output voltage (1.9 V to 5 V)
and switching frequency, output DC current capability up to 400 mA and PFM mode for Low-power ON mode
operation

* V3: High-voltage LDO regulator for microcontroller I/O support with selectable output voltage between 3.3 V or
5V and up to 150 mA current capability

System support

* One CAN FD 5M following IEC 62228-3 2019 edition

* Four wake-up inputs (40 V capable): WAKEX pins, HVIO1 pin, CANFD or SPI activity
Hardware ID detection capability

* One high-voltage I/0 with wake-up capability (40 V capable): HVIO1

* Device control via 32 bits SPI interface, with CRC

* Integrated long duration timer (LDT) and analog multiplexer (AMUX)

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

» Safety outputs (RSTB, LIMPO)

» Safety input to monitor external IC state (ERRMON)

Configuration and enablement

* HVQFN32EP: QFN, 32 pins with exposed pad for optimized thermal management, wettable flanks, 5 x 5 x
0.85 mm, 0.5 mm pitch

* Permanent device customization via one time programmable (OTP) fuse memory
* OTP emulation mode for system development and evaluation
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3 Applications

* UWB anchors

* NFC anchors

» BLE anchors

* Combo anchors (UWB + BLE)

* UWB radar

All small applications requiring low power and CAN FD
UWB master anchors
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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

Figure 1 describes how the FS24 part numbers are built.
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| Release type | | Family | | Family | | Release version | Release type | | ASIL level | | Func\t/.a?;aﬂ?mm. | | Package |
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Figure 1. FS24 product numbering scheme
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4.2 Part numbers list

Table 1. Orderable parts example

L Fit for VMON Cyclic RSTB
Part number Description ASIL LDT RSTB LIMPO ,3) VMON_EXT Watchdog CRC check 8 sec.timer ABIST Package
PFS2400 QM without )
AVMAXES LDT QM No Yes Yes Yes No Option No No No HVQFN32
PFS2401 QM with LDT )
AVMAXES QM Yes Yes Yes Yes No Option No No No HVQFN32
PFS2400 ASIL B )
AVBAXES without LDT B No Yes Yes Yes Option Yes Yes Yes Yes HVQFN32
PFS2401 ASIL B )
AVBAXES with LDT B Yes Yes Yes Yes Option Yes Yes Yes Yes HVQFN32
PFS2400 Default
Blank OTP B Option Yes Yes Yes Option Option Option Option Option HVQFN32
AVBAOES
partnumber
Default
PFS2400 Ranger 5 OTP
AVMAIES | configuration | M No Yes | Yes Yes No Yes No No No HVQFN32
partnumber
Note:

Exact part numbers and options will be defined.

A0 parts are non-programmed OTP configurations. Preprogrammed OTP configurations are managed through
part number extension. For a custom OTP configuration, contact a local NXP sales representative.
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5 Block diagram

FS2400

FUNCTIONAL BLOCK DIAGRAM
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Figure 2. Functional block diagram
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5.1 Internal block diagram
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Figure 3. FS2400 block diagram
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5.2 Simplified application diagram

Fail-safe system basis chip with SMPS and LDO, CAN FD transceiver

VSUP_ FS2400
Al To MCU supplies
VBAT »—>} 1 »[  HVBUCK e
I 4
R V3 . To external CAN
g HVLDO " transceiver
VCC5CAN
CANH, CANL | i —\V
CANFDSM | CANRXD, CANTXD
SPI L. SPI
UWB device
INTB (ranger 5)
INTB
AMUX
AMUX
FAILSAFE RSTG,
External Vo|tage VMON_EXT N uv/ovV MON LIMPO System
to monitors “| wb, ERRMON > sgfestate
Safe outputs
. ‘ 10s HVIO1
o wake-up (wake up)
source OR WAKEZ2/HIDO N
Hardware ID { WAKE3/HID1 N
permanent 1
connection aaa-046830

Figure 4. FS24 for UWB Simplified application diagram
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FS2400
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Figure 5. FS24 for UWB and BLE Simplified application diagram
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6 Pinning information

6.1 Pinning
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Figure 6. FS2400 pin configuration
Power management
Communication
Safety
Other aaa-046834
Figure 7. FS2400 pin configuration legend
6.2 Pin description
Table 2. Pin description
Pin Pin name Type Description
1 WAKE3/HID1 Analog input Wake up input 3 / Hardware ID 1
2 V3_IN Analog input V3 regulator input voltage
3 V3 Analog output V3 regulator output voltage
4 VCC5CAN Analog input CAN input supply pin
5 CANH Analog input/output CAN bus. CAN High
6 CANL Analog input/output CAN bus. CAN Low
7 GNDCAN Ground CAN bus ground
8 HVIO1 Digital input/output High-voltage 10 1, with wake-up capability
9 CANTXD Digital input Transceiver input from the MCU, which controls the state of the CAN bus.
10 CANRXD Digital output Receiver output, which reports the state of the CAN bus to the MCU.
11 DEBUG Analog input Debug mode entry and OTP input supply
12 VDIG Analog output Internal digital supply
13 GND_IO Ground I0s ground connection
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Table 2. Pin description...continued

Pin Pin name Type Description

14 MISO Digital output SPI bus. Master Input Slave Output

15 MOSI Digital input SPI bus. Master Output Slave Input

16 SCK Digital input/output SPI bus. Clock input

17 CSB Digital input/output SPI bus. Chip Select (active low)

18| RSTB | Digtal ot onored i order 1 delect exteral reset and fait conciton.
19 INTB Digital output Interrupt output

20 PGND Ground Power ground connection (V1 HVBUCK)

21 V1_SW Analog input/output Switching node (V1 HVBUCK)

22 V1_IN Analog input V1 regulator input voltage

23 BOOT Analog input/output V1 bootstrap capacitor (V1 HVBUCK)

24 LIMPO/GPO Digital output LIMP home-mode output 0. Active low (high by default) / general-purpose output
25 VMON_EXT Analog input External voltage monitoring input

26 VBOS Analog output Best of supply output voltage

27 V1 Analog output V1 regulator output voltage

28 VDDIO Analog input Input voltage for SPI and AMUX

2 | AMUX Analog output Wi sleation of the analog parameter tough SPI.

30 NC Not connected Not connected

31 VSUP Analog input Power supply of the device

32 WAKEZ2/HIDO Analog input Wake-up input 2 / Hardware ID 0

6.2.1 Connection of unused pins

Table 3. Connection of unused pins

Pin Pin name Type Description

1 WAKES/HID1 Analog input Open (WAKE3PUPD_OTP =01)

2 V3_IN Analog input Grounded

3 V3 Analog output Grounded or open

4 VCC5CAN Analog input Grounded

5 CANH Analog input/output Open

6 CANL Analog input/output Open

7 GNDCAN Ground Connection mandatory

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

9 CANTXD Digital input Open (200 kQ internal pull up to VDDIO)
10 CANRXD Digital output Open (push-pull structure)

11 DEBUG Analog input Connection mandatory to GND in application mode
12 VDIG Analog output Connection mandatory

13 GND_IO Ground Connection mandatory

14 MISO Digital output Open

15 MOSI Digital input Open (200 kQ internal pull up to VDDIO)
16 SCK Digital input/output Connection mandatory
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Table 3. Connection of unused pins...continued

Pin Pin name Type Description

17 CSB Digital input/output Connection mandatory

18 RSTB Digital input/output Connection mandatory

19 INTB Digital output Open

20 PGND Ground Connection mandatory

21 V1_SW Analog input/output Connection mandatory

22 V1_IN Analog input Connection mandatory

23 BOOT Analog input/output Connection mandatory

24 LIMPO/GPO Digital output Open

25 VMON_EXT Analog input GND

26 VBOS Analog output Connection mandatory

27 V1 Analog output Connection mandatory

28 VDDIO Analog input Connection mandatory

29 AMUX Analog output Open

30 NC Not connected Open

31 VSUP Analog input Connection mandatory

32 WAKE2/HIDO Analog input Open (WAKE2PUPD_OTP = 01)
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7 Functional description

The FS24 device has one main state machine. The main state machine manages the power management, the
Low-power modes, and the wake-up sources. It also manages the monitoring of the power management, the
monitoring of the MCU and the monitoring of an external IC.

In parallel, an INIT state machine is implemented to manage the INIT state of the device. This state is used for
the configuration of the device per SPI.

The safety pins RSTB and LIMPO are managed independently of on another, in parallel of the main state
machine.

7.1 Main state machine description

The FS24 starts when VBOS > Vgos por and Vpig ov > VDIG > Vpig 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 > Vgog vy, the
high power (HP) analog circuitry is enabled and the OTP registers content is loaded into mirror registers.
When VSUP > Vgyp yvH, the power-up sequence starts in Slot 0, with V1 (HVBUCK) at least, and power-up
sequencing follows the OTP programming for V3 (HVLDO).

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.

When the power up is finished, the main state machine is in Normal mode. Normal mode is the application
running mode and Vsyp yvH has no effect even if VSUP < Vgyp yyh, €xcept generating an interruption. If VBOS
< Vgos_uv; the device goes to Fail-safe mode. See Figure 10 for the minimum operating voltage.

The device can go to Low-power modes via an SPI command from the MCU. A GO2LPOFF command starts
the power-down sequence to go in LPOFF mode. A GO2LPON command will start the power-down sequence
to go in LPON mode. The device goes in Low-power mode after the power-down sequence. During power-down
sequence, the device stops all the regulators in the reverse order of the power-up sequence. In case the device
goes in LPON, V1 regulator is kept ON but switches from FPWM to PFM mode.

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

In case of overvoltage detection, or thermal shutdown detection (TSD) 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.

Exit of Fail-safe mode is only possible after Trs pyr (autoretry feature, configurable by OTP at 100 ms or 4 s).
After this delay, depending on FS_LPOFF_OTP bit, the device restarts or goes in LPOFF mode.
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7.2 Simplified functional state diagram
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Figure 8. Simplified functional state diagram
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7.3 INIT state machine
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Figure 9. Simplified INIT state diagram

At power-on reset (POR), the device is automatically in INIT state. In this state, the INIT registers (FS_|_ xxxxx)
are available for writing and configuring the device safety features and reactions. 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 MCU programming for example. See Section 7.6.

Initialization should be done within 256 ms after RSTB release to avoid watchdog errors. Initialization

phase is closed by first correct watchdog refresh. The INIT registers, as well as the 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.

The INIT state can be accessed again from Normal mode by sending a GO2INIT request by SPI. If the device
goes in LPON or LPOFF or Fail-safe mode while in INIT state, the device stays in INIT state, which can lead to
misconfiguration of the device. 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.

7.4 Power sequencing

V1 is the first regulator to start automatically in Slot 0, then V3 regulator and HVIO1 (if configured) start
following the OTP power sequencing configuration. Three slots are available, from SLOT_0 to SLOT_2, to
program the start-up sequence of V3 regulator, as well as HVIO1 release or assertion. A power-up slot lasts 500

us.

The power-up sequence starts at SLOT_0 toward 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 later when the main state machine is in Normal mode with an SPI command to write in M_REG_CTRL
register if they were enabled by OTP.
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Teos2v1 = 10 ps if VBOS2V1_SW_LP_EN_OTP =0
Teos2v1 = 1 ms if VBOS2V1_SW_LP_EN_OTP =1

aaa-046838
Figure 10. Power sequencing
/41.1[) > Vsup_UV
VBAT
VBOS
VDIG 4
Slot 0 ——————
(V1) t«— Tslot —
and
TSOFT_START
Slot 1
l«— Tslot —
pt2 Tslot +
RSTBDUR
RSTB
aaa-046839
Figure 11. Power-up sequence example
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7.5 Debug and OTP modes

The FS24 enters Fail-safe Debug mode when DBG pin voltage Vpgg > Vpes_mope before M4 state. It is
recommended to connect the DBG pin to the VBOS pin through a diode (Vpgg = Veos — Vd = 4.3 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. In Debug mode, CAN transceiver is set to active mode by default.

The FS24 enters OTP mode when Vpgg > Votp_Mmope before M4 state . It is recommended to apply Votp mope
with an external power supply at the DBG pin before applying Vgyp. In this case, the diode protects VBOS.
Votp_mopE shall be equal to 7.95 V for OTP programming process.

VBos =50V

VBOS

Vorp =7.95V Ar
% oec| Fs2400

I1()0 nF 100 kQ

aaa-046840

Figure 12. Debug pin circuitry

7.5.1 Electrical characteristics

Table 4. Electrical characteristics

Ta =-40 °C to 115 °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
VbBG_MODE Voltage to apply at DBG pin to enter Debug mode 3.5 4.5 55 \%
Toec_MoDE Debug mode entry filtering time 4 55 7 us
VoTP_MODE Voltage to apply at DBG pin to program the OTP 775 | 795 | 8.15 \%
ToTtp_MoDE OTP mode entry filtering time 4 55 7 us
Ibg DBG pin input current consumption - - 30 MA

7.6 MCU programming

MCU programming can be done at any time. To prevent any watchdog error detection and RSTB pin assertion
while programming, the watchdog period should be extended (up to 16384 ms) or set as infinite (window is fully
opened). If the watchdog is not disabled, the user must refresh it during the MCU programming.

To disable the watchdog, NXP advises the user to start the device in Debug mode by applying the correct
voltage to the DEBUG pin before M4 state.

7.7 Best of supply (BOS)

7.7.1 Functional description

The VBOS regulator manages the best of supply from VSUP or V1 to efficiently generate 5 V output to supply
the internal biasing of the device, in all device modes. VBOS is also the supply of V1 High-Side and Low-Side
gate drivers.

VBOS undervoltage may not guarantee the full functionality of the device. Consequently, Vgos yv detection
powers down the device by going into fail-safe state.
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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 supplied by VSUP pin.

At power up, VBOS_LP is automatically enabled. VBOS_HP is enabled when the HP analog circuitry is enabled
(State #M2).

In LPON mode, VBOS can be connected to V1 (VBOS2V1 switch closed) to optimize the efficiency. This way,
the current consumption beneficiate from the VBAT to V1 ratio and is reduced. This function is enabled or
disabled by OTP using VBOS2V1_SW_LP_EN_OTP bit.

When waking up from LPON mode, VBOS transition to VBOS_LP than immediately to VBOS_HP.
In LPOFF mode, only VBOS_LP is enabled.
The behavior of the VBOS regulator is summarized in Figure 13.

e

,7 TN VBOS<VBOS_por
| Fromany V' Or VDIG < VDIG_por
\ Mxstate ! OrVDIG >VDIG_ov

/
Seo- VBOS_LP enabled
BOS_1 \ VBOS_ HP disabled
VBOS_LP

HP Analog enabled
And Mode ! =

(LPOFF or LPON)
(M18 or M16)

Mode = LPOFF
Or Mode = Fail Safe (M30)
Or (Mode = LPON (M16) and VBOS2V1_SW_LP_EN_OTP = 0)

Mode = Start HP Analog (M2)

Or Mode = Fail Safe (M30) VBOS_LPenabled

VBOS_HP disabled

Mode = M13 and Go2LPON_latch = 1 and
VBOS2V1_SW_LP_EN_OTP =1

VBOS_LP enabled
VBOS_HP disabled
VBOS = V1 (switch closed)

Legend: Blue: Device action, Black: Device state aaa-046841

Figure 13. Simplified VBOS state diagram

7.7.2 Best of supply (BOS) electrical characteristics

Table 5. Best of supply electrical characteristics

Ta =-40 °Cto 115 °C, unless otherwise specified. VSUP = Vsyp yyn to 40 V, unless otherwise specified. All voltages
referenced to ground.”

Symbol 1 Parameter Min Typ Max Unit
Static electrical characteristics
Best of supply high-power output voltage - 5 - \%
VBos Best of supply low-power output voltage
(when not connected to V1 HVBUCK - 4.7 - \%
regulator)
Vaos Uy Vgos undervoltage threshold in Normal 39 33 34 Vv
— mode
FS2400 All information provided in this document is subject to legal disclaimers. © 2023 NXP B.V. All rights reserved.
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Table 5. Best of supply electrical characteristics...continued
Ta =-40 °Cto 115 °C, unless otherwise specified. VSUP = Vsyp yyn to 40 V, unless otherwise specified. All voltages

referenced to ground.”

Symbol Parameter Min Typ Max Unit
Vaos POR VL Vgos power-on reset threshold on falling o5 265 o8 Vv
o edge
Veos POR UVH VBos power-on reset threshold on rising 29 3.05 39 Vv
o edge
Maximum Vgog yp dropout voltage
V - - - 600 \Y
BOS_HP_DROP (VSUP =4V, Igos = 5 mA, VBOS = 3.4 V) m
Vpos to V1 switch dropout voltage
\Y, - - 200 \Y
BOS_SW_V1 (V1 =33V, lsos = 5 mA) m
Dynamic electrical characteristics
TBOS_UV VBOS_UV filtering time 0.13 9 3.1 us
TBOS_POR VBOS_POR fllterlng time 0.13 1 3.1 us
Vgos low power starting time
TBos_sTART (VSUP = 5.2V, Coyt gos = 1 uF, VBOS = - - 500 us
26V)
External components
Court Bos Effective output capacitor - 1 - MF

FS2400
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Minimum and maximum ratings

Table 6. Limiting values

Tp =-40 °C to 115 °C, unless otherwise specified. VSUP = 5.5 V to 40 V, unless otherwise specified. VDDIO = 1.8 V to 5 V, unless

otherwise specified. All voltages referenced to ground, unless otherwise noted. Exceeding these ratings may cause a malfunction or

permanent damage to the device.

Symbol Description (Rating) Min Max Unit
Voltage ratings
WAKE2/HIDO, WAKE3/HID1, LIMPO, HVIO1 Global pins -0.3 40 \
V1_IN, VSUP, V3_IN Global supply input pins -1 40 \
CANH, CANL Global communication pins -33 40 V
BOOT High-voltage pin/local pin -0.3 45 \Y
V1_SW, VMON_EXT High-voltage pins/local pins -0.3 40 \
DEBUG ahould b grounded i e appicaton 03 | 10
V1,V3, VCC5CAN Local pins -0.3 5.6 \Y
VDDIO, VBOS, AMUX Local pins -0.3 5.5 \
CANRXD, CANTXD, MISO, (oo pins 03 VDDIO Vv
MOSI, SCK, CSB, RSTB, INTB +0.3
VDIG Local pin -0.3 2
GND_IO, PGND, GNDCAN Ground pins -0.3 0.3

FS2400

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

© 2023 NXP B.V. All rights reserved.

Preliminary data sheet
CONFIDENTIAL

Rev. 1 — 14 June 2023

21/163




NXP Semiconductors FS2400

Fail-safe system basis chip with SMPS and LDO, CAN FD transceiver

9 Static characteristics

Table 7. Static characteristics

Symbol ‘Description (Rating) ‘ Min ‘ Max ‘ Unit
ESD ratings
Human body model: AEC-Q100 Rev H.
VESD_HBM All pins -2 2 Y
Veso_ Global pins (VSUP, Vx_IN, LIMPO, WAKEx, HVIO1) -4 4 kV
GLOBAL_HBM
VEsp_can_HBm | CAN bus interface pins (CANH, CANL) -8 8 kV
Charged Device model
VEsp_cbm All pins, per AEC-Q100 rev H -500 500 Vv
Vesp com ¢ |Pins 1, 8,9, 16, 17, 24, 25, 32 -750 750 \Y

Gun discharged contact Test

330 Q/150 pF unpowered according to IEC 61000-4-2

Vesp_aunt Global pins and bus interface pins 8 8 kv
v 2 kQ/150 pF unpowered according to ISO 10605:2008 8 8 KV
ESD_GUN2 Global pins and bus interface pins
2 kQ/330 pF powered, GND connected, according to ISO 10605:2008
VESD_GUN3 -8 8 KV

Global pins and bus interface pins

330 Q/150 pF unpowered, GND connected, according to ISO
VESD_GUN4 10605:2008 -8 8 kV
Global pins and bus interface pins
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10 Thermal characteristics

Table 8. Thermal ratings

Symbol Description (Rating) Min Max Unit
Thermal ratings
Ta Ambient temperature -40 115 °C
T, Junction temperature -40 150 °C
Tste Storage temperature -55 150 °C
Thermal resistance (per JEDEC JESD51-9)
Resa Thermal resistance junction to ambient (2s2p) - 40 °C/W
Wi Thermal resistance junction to package top (2s2p) - 4.4 °C/W
Reyc Thermal resistance junction to case (1s) - 9 °C/W
FS2400 Allinformation provided in this document is subject to legal disclaimers. ©2023 NXP B.V. All rights reserved.
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11 Application information

4.7 pH
VLS3015CX-4R7M-H
33nF I 10 uF
PMEG3010ER-Q TBOOT V1_SW V1
TuH V1IN
VBAT o—P>} T T ~on T = VDDIO
10 uFI I” uF I4.7 uF
== 100 nF

VSUP N I
.L V3
I 100 nF J_ AV

V3_IN I
.L 1F VCC5CAN
I % 100 nF

AMUX To MCU
VBOS _L . ADC
n
I 1HF INTB I
DBG
% 1nF
5.1

1}
I FS24 J‘ 1nF
51kQ 2.2 MHz I
Pin as Wake2 global ___ (0805) WAKE2/HIDO VDDIO
wake up source — l
10 nF
I 5.1kQ
LIMPO 5.1kQ To Fail-safe
Pin as HID1 connected 2200 WAKES3/HID1 J_ — .L ~ circuitry
to ECU connector ~F _L 10 nF (optional)
I 100 nF I 22 nF
VMONEXT 221k Ext VREG
To other HVIO1/ERRMON — (3.3V)
device 10 l 9.31kQ
10 nF
I CANRXD
>
.-———(————)——-. CANTXD
| optional |
CANH
«—7 1 1
| | SCLK
I 100pF2=, o el] 800 MOSI
| GNDCAN H—] ! =25
| A MISO
] 100 pF 1 |60 Q
! I CANL csB
<« T ]
o

J_PGND, GND_EP, GND_IO, GNDCAN
aaa-046866

Figure 14. Application schematic, 2.2 MHz HVBUCK, SPI interface

Optional components depend on the application EMC and battery voltage ISO 7637-2 pulses requirements.
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12 EMC compliancy

The FS24 EMC performance is verified against BISS generic IC EMC Test Specification version 2.0 from
07.2012 and FMC1278 Rev3 Electromagnetic Compatibility Specification for Electrical/Electronic Components
and Subsystems from 2018.

In addition, EMC performance is verified against SAE J2962-2 (2019) and IEC 62228-3 (2019) for CAN
performances.
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13 Operating range and current consumption

13.1 Supply voltage
Electrical characteristics

Table 9. Supply voltage
TA = -40 °C to 115 °C, unless otherwise specified. VSUP from 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_uvH - 40 \%
Vsup_ov VSUP overvoltage threshold 20 - 22 \%
VSUP undervoltage rising threshold, low configuration
Vsup_uvHL VSUP_UVTH_OTP = 0 45 4.7 4.9 \Y;
VSUP undervoltage rising threshold, high configuration
Vv . 7 . \Y,
SUP.UVHH |ySUP_UVTH_OTP = 1 . > 59
Vsup. uviL X:gljp undervoltage falling threshold (VSUP_4P7_]1 45 47 4.9 Vv
Vsup_uviLi X:gljp undervoltage falling threshold (VSUP_5P7_1 55 57 59 Vv
Tsup_ov Vsup_ov filtering time 6 10 15 us
TSUP_UV VSUP_UVL filtering time 6 10 15 us
Internal digital supply
Vbig Device digital supply voltage 1.55 1.6 1.65 \%
Vbig_ov VDIG overvoltage threshold 1.85 2 2.15 \%
Toic_ov Vpig_ov filtering time 0.13 1 3.1 us
Vbig_POR VDIG power-on reset threshold on falling edge 1.35 1.41 1.47 \%
TDIG_POR VDIG_POR filtering time 0.13 1 3.1 us
Interface supply pins
Vbpio VDDIO supply voltage range ‘ 1.8 ‘ - ‘ 5.5 \%

The Vsyp_ov comparator triggers a flag in the SPI mapping for MCU diagnostic to indicate a load dump
happened but has no direct action to the safety pins (RSTB, LIMPO).

FS2400 All information provided in this document is subject to legal disclaimers. © 2023 NXP B.V. All rights reserved.
Preliminary data sheet Rev. 1 — 14 June 2023
CONFIDENTIAL 26/163




NXP Semiconductors

FS2400

Fail-safe system basis chip with SMPS and LDO, CAN FD transceiver

13.2 Operating range

LPOFF mode LPON mode NORMAL mode
Risk of damage Risk of damage Risk of damage
40V
Extended voltage range, Extended voltage range, Extended voltage range,
potential thermal limitation potential thermal limitation potential thermal limitation
28V
High Voltage extended High Voltage extended High Voltage extended
Operation Operation Operation
18V
Full Operation Full Operation
Full Operation
5SVf====== === === ==
Electrical Characteristics Electrical Characteristics
Viove |l not guaranteed not guaranteed
VBos_uv :
No Operation No Operation No Operation

aaa-046835

Figure 15. Input voltage range in LPOFF, LPON, and NORMAL mode

* VSUP > 28 V: potential thermal limitation (risk of TSD detection)

* VSUP > 18 V: extended high-voltage transient operation (Load dump)

* VSUP < 5.5 V: linear regulator needs a minimum of 5.5 V input when configured to deliver 5 V output. AMUX,
CAN and 10 specified for VSUP > 5.5V

* VSUP < VBOS_UV in LPOFF mode: wake-up capability of the device is not guaranteed anymore, risk of POR

* VSUP <V1UV_LP in LPON mode: undervoltage detected on V1 in LPON mode leads the device to Fail-safe
mode, with all regulators OFF

* VSUP < VBOS_UV in NORMAL mode: the device goes to Fail-safe mode, with all regulators OFF
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13.3 Current consumption
Electrical characteristics

Table 10. Current consumption

TA =-40 °C to 115 °C, unless otherwise specified. VSUP from Vsyp yy to 40 V, unless otherwise specified. All voltages
referenced to ground.

Symbol Parameter ‘ Min ‘ Typ ‘ Max ‘ Unit

Quiescent current

Current in Normal mode
* V1 in Force PWM mode
* V3 enabled

INORMAL * CAN in Wake-up mode - 5 10 mA
* V1 output current = 0 mA
+ V3 output current = 0 mA
* WAKE pins ignored

Current in Low-power on (LPON) mode

Typical value at Tj=25 °C. Maximum value at Tj = 85 °C
*VSUP =12V

* V1 output voltage set = 3.3 v

* V1 in Pulse Frequency Modulation (PFM) mode

* HVIO1 wake up only

lq_LPoON :
Current in Low-power on (LPON) mode

Typical value at Tj = 25 °C. Maximum value at Tj = 85 °C
*VSUP =12V

* V1 output voltage set < 3.3V

* V1 in Pulse Frequency Modulation (PFM) mode

* HVIO1 wake up only

Current in Low-power off (LPOFF) mode

Typical value at Tj = 25 °C. Maximum value at Tj = 85 °C
*VSUP =12V

lo_LroFr_cwk |* V1 off - 30 50 HA
* V3 off

+ V3 connected to V1 output
* HVIO1 wake up only

[11  In LPON mode, when V1 is equal or superior to 3.3 V, 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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14 Power management

Table 11. FS24 regulators list

Regulator Type Input supply Output range Max DC current
V1 HV Buck regulator VIIN 19Vto55V 400 mA
9 (V1+1V 10 40 V) ' '
V3 HV Linear regulator V3_IN 33VorbSV 150 mA
9 (V3+500 mV to 40 V) '

The FS24 includes two regulators, all supplied in parallel from the battery line.

The FS24 starts when VSUP > Vgyp yy, with VBOS first, followed by V1 (HVBUCK), and the power-up
sequencing from the OTP programming for the remaining regulator V3 (HVLDO).

14.1 V1 HVBUCK: High-voltage buck regulator

14.1.1 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.

HVBUCK operates in force PWM or PFM modes and uses internal N-type FETs. The output voltage (1.9 V to 5
V) and the switching frequency (450 kHz or 2.25 MHz) are configurable by OTP. Compensation is ensured by
internal circuitry.

The current in the inductor is sensed via the internal FETs, through the High-Side switch when it's turned on
and through the Low-Side switch when it’s turned on. This information is used to compute an average that is
reflecting the output DC current.

HVBUCK operates in PWM when the FS24 is in Normal mode and in PFM when the FS24 is in low-power ON
mode (LPON). HVBUCK 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.

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, also configurable
by OTP. An overcurrent detection is also implemented on the Low-Side MOSFET, to detect high-negative
current in case of output short to the battery.

When HVBUCK current reaches one of its 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).

When Igyck current load is higher than 400 mA, V1_IN shall be above (Vgyck + ((Max(RLS_BUCK) +
Max(RDCR_Lgyck)) X Isuck))/0.905 to guarantee HYBUCK output-voltage regulation (4.06 V at Igyck = 400 mA
with RDCR_Lgyck = 200 mQ and Vgyck = 3.3 V).

When a thermal shutdown is detected, the regulator is disabled and V1TSD _| flag is generated.

The HVBUCK output voltage can be modified while running by using the dynamic voltage scaling (DVS)
function to adapt to the supplied device needs. This is done by setting the bits of the M_REG2_CTRL SPI
register.
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14.1.2 Application schematic

Lv1_BUCK
V1_IN A V1
C1_IN_BUCK I CBOOT_BUCK I C1_ouT_BUCK
=
—
Z| Q 2,
| © - -
>| @ > >
V1 - HVBUCK
aaa-046842
Figure 16. HVBUCK schematic with connection to V; |y

14.1.3 Spread spectrum

14.1.3.1 Description

The HVBUCK oscillator 20 MHz frequency can be modulated with a triangular or pseudo-random carrier
frequency of 19 kHz, with a £10 % deviation range around the oscillator frequency. The spread-spectrum
feature can be selected by SPI. The MOD_EN bit enables the spread-spectrum feature and the MOD_CONF
bit selects the triangular or pseudo-random modulation. These two bits are in the M_SYS_CFG SPI register. By
default, the spread-spectrum feature is configured following the OTP configuration.

The main purpose of the spread-spectrum feature is to improve EMC performance by spreading out the energy
of the HVYBUCK switching frequency.

14.1.3.2 Triangular modulation

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

f

e 526 us (19 kHz)

20 MHz + 10 %

No modulation |
(20 MHz)

20 MHz - 10 %

aaa-051566

Figure 17. Triangular modulation

14.1.3.3 Pseudo-random modulation

The pseudo-random triangular spread spectrum is activated in the M_SYS_CFG SPI register by setting the
MOD_EN bit high and the MOD_CONF bit high. In this configuration, the internal oscillator is modulated with a
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triangular carrier frequency of 19 kHz with +10 % 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.

f

Same slope as
triangular modulation

20 MHz + 10 %

No modulation
(20MHz) [

20 MHz - 10 % O Pseudo random commutation

aaa-051567

Figure 18. Pseudo-random modulation

14.1.4 Electrical characteristics

Table 12. Electrical characteristics
Ta =—40 °C to 115 °C, unless otherwise specified. Vgyck + Vupr < V1_IN pin voltage < 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 start-up 4.6 - 36 \
(Vout+(Max(RLS_
v Input voltage range (after start-up) BUCK)+Max(RDCR_ 36 v
BUCK_IN With VBOS = 5V LBUCK))"IBUCK
)/0.905

Output voltage in :

* Normal mode using VV1_BUCK_OTP and VV1_BUCK_RANGE_

VBuck OTP OTP registers) 1.9 - 5 \%

¢ Low-power ON mode using VV1_LP_BUCK_OTP and VV1_
BUCK_RANGE_OTP OTP registers)

VBUCK_ACCPWM Output voltage accuracy in PWM mode -2 - 2 %
VBUCK_ACCPFM Output voltage accuracy in PFM mode -4 - 4 %
lsuck Maximum output current capability in PWM mode 400 - - mA
IBUCK_PFM Maximum output current capability in PFM mode (LPON mode only) 100 - - mA
Ris 00k |(VB0S < 5v,ncuding bonding) w | 75| m
Rissec | (7308 = 5Y, g bonding w | s om0
Reuck_pis Feedback discharge resistor (when HVBUCK is disabled — LPOFF) 20 40 60 Q
TWARNy/1 Temperature pre-warning 133 145 156 °C
TSDy4 Thermal shutdown threshold 175 185 200 °C
TSDv1_HysT Thermal shutdown threshold hysteresis 5 9 12 °C

Average overcurrent threshold in PWM mode

BUCK_AVG_OC_PWM_OTP[2:0] = 000 130 200 290
e 210 300 400
BUCK_AVG_OC_PWM_OTP[2:0] = 001 300 400 505
loc_AvG_PwM BUCK_AVG_OC_PWM_OTP[2:0] =010 390 500 630 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 mode 300 400 500
BUCK_PK_OC_PWM_OTP[2:0] = 010
375 500 635

loc oK P BUCK_PK_OC_PWM_OTP[2:0] = 011 woo a00 o A
= BUCK_PK_OC_PWM_OTP[2:0] = 100

BUCK_PK_OC_PWM_OTP[2:0] = 101 Z‘Z‘i ;gg ggg
BUCK_PK_OC_PWM_OTP[2:0] = 110
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Table 12. Electrical characteristics...continued
Ta =—-40 °C to 115 °C, unless otherwise specified. Vgyck + Vupr < V1_IN pin voltage < 36 V, unless otherwise specified. All voltages referenced to ground.

Symbol Description Min ‘ Typ ‘ Max Unit
Static electrical characteristics
BUCK_PK_OC_PWM_OTP[2:0] = 111 702 900 1150
Peak overcurrent threshold in PFM mode 300 400 500
BUCK_PK_OC_PFM_OTP[2:0] = 010 475 500 635
BUCK_PK_OC_PFM_OTP[2:0] = 011
468 600 732

loc_pK_PFM BUCK_PK_OC_PFM_OTP[2:0] = 100 mA

BUCK_PK_OC_PFM_OTP[2:0] = 101 Z;i ;88 gig
BUCK_PK_OC_PFM_OTP[2:0] = 110 702 9od 1150
BUCK_PK_OC_PFM_OTP[2:0] = 111
loc_Ls Low-Side FET overcurrent threshold 0.3 1.10 1.18 A
Dynamic electrical characteristics
tviov_peLT_STuP Overvoltage deglitch time at start-up 1 2 3 us
Overvoltage deglitch time
_ 20 25 30
tviov_peLT VIMON_OVDGLT_OTP[0] = 0 40 45 50 us
VIMON_OVDGLT_OTP[0] = 1
tvioc_peLT Overcurrent deglitch time 16 20 24 us
Soft-start from 10 % to 90 % 242 269 296
BUCK_SS_OTP[1:0] = 00 484 538 562
tBuck_ss BUCK_SS_OTP[1:0] = 01 o 1077 1185 us
BUCK_SS_OTP[1:0] = 10
1935 2150 2365

BUCK_SS_OTP[1:0] = 11

Transient line in PWM mode @ 450 kHz
VSUP=6V-18V-6Vand14V-35V-14V
VBUCK_LINE_REG_450K_PwWM | IBuck = 1 mA and 300 mA -3 - 3 %
VBUCK =33Vand5V

dv/dt = 100 mV/us, Lv173uoK =22 uH, CLOUT?BUCK =40 |JF

Transient line after drop out exit @ 450 kHz
VSUP = Vpgyck - 0.4 Vto 14V
VBUCK_LINE_REG_450K_DO | IBUCK = 1 MA and 300 mA -3 - 3 %
VBUCK =33Vand5V

dv/dt = 200 mV/us, Lv173uo|< =22 pH, CLOUTﬁBUCK =40 |JF

Transient load response in PWM mode @ 450 kHz

50 mA to 350 mA step

1 mA to 150 mA step

di/dt = 300 mA/us LV1_BUCK =22 uH, C1_OUT_BUCK =40 uF

Transient line in PWM mode @ 2.25 MHz
VSUP=6V-18V-6Vand14V-35V-14V
VBUCK_LINE_REG_2.2M_PWM | lBuck = 1 mA and 300 mA -3 - 3 %
Vguck =3.3Vand5V

dv/dt = 100 mV/us, LV1_BUCK =47 IJH, C1_OUT_BUCK =4.7 uF

VBUCK_LOTR_450K_PWM

Transient line after drop out exit @ 2.25 MHz
VSUP =Vgyck-0.4Vito 14V
VBUCK_LINE_REG_2.2M_DO | lBUCK = 1 MA and 300 mA -3 - 3 %
Vguck =3.3Vand5V

dv/dt = 200 mV/us, LV1_BUCK =47 IJH, C1_OUT_BUCK =4.7 uF

Transient load response in PWM mode @ 2.25 MHz

50 mA to 350 mA step

1 mA to 150 mA step

di/dt = 300 mAIps, LV1_BUCK =4.7 yH, C1_OUT_BUCK =4.7 uF

VBUCK_LOTR_2.2M_PWM

Transient load response in PFM mode
0.1 mA to 100 mA step

VBUCK_LOTR PFM dildt = 100 mA/s, 3 - 3 %
Lv1_suck =4.7 pH and C4_ouyt_guck = 4.7 pF or
Lv1_suck =22 pH, C1_out_suck = 40 pF

Fsw_suck Operating frequency in PWM mode 405 450 495 kHz
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Table 12. Electrical characteristics...continued
Ta =—-40 °C to 115 °C, unless otherwise specified. Vgyck + Vupr < V1_IN pin voltage < 36 V, unless otherwise specified. All voltages referenced to ground.

Symbol Description Min ‘ Typ ‘ Max Unit

Static electrical characteristics
BUCK_CLK_OTP =0

BUCK_CLK_OTP =1 2.025 2.25 2.475 MHz
High-Side FET rising slew rate
BUCK_SRHSON_OTP[2:0] = 000 10 20 32
BUCK_SRHSON_OTP[2:0] = 001 10 20 32
BUCK_SRHSON_OTP[2:0] = 010 7.5 15 20

tBUCKHS_SLR BUCK_SRHSON_OTP[2:0] = 011 5 10 16 ns
BUCK_SRHSON_OTP[2:0] = 100 3.2 6.3 12
BUCK_SRHSON_OTP[2:0] = 101 25 5 10
BUCK_SRHSON_OTP[2:0] = 110 1.5 3 6
BUCK_SRHSON_OTP[2:0] = 111 0.8 2 4
High-Side FET falling slew rate
BUCK_SRHSOFF_OTP[1:0] = 00 14 20 28

tauckHs_sLF BUCK_SRHSOFF_OTP[1:0] = 01 10 15 20 ns
BUCK_SRHSOFF_OTP[1:0] = 10 75 10 14
BUCK_SRHSOFF_OTP[1:0] = 11 25 5 10

High-Side FET ON time in PFM mode
FSW_BUCK =2.25 MHz

BUCK_PFM_TON_OTP[1:0] = 00 - 162 .
BUCK_PFM_TON_OTP[1:0] = 01 ' 209 -
BUCK_PFM_TON_OTP[1:0] = 10 Y 257 -
BUCK_PFM_TON_OTP[1:0] = 11 - 305 -
tBuCKHS_ON Few suck = 450 kHz ns
BUCK_PFM_TON_OTP[1:0] = 00 - 820 .
BUCK_PFM_TON_OTP[1:0] = 01 - 1023 -
BUCK_PFM_TON_OTP[1:0] = 10 - 1221 -
BUCK_PFM_TON_OTP[1:0] = 11 - 14225 -
Typical value is given for VBUCK = 3.3 V
High-Side FET OFF time in PFM mode
FSWﬁBUCK =2.25 MHz ) 130 )
BUCK_PFM_TOFF_OTP[1:0] = 00
BUCK_PFM_TOFF_OTP[1:0] = 01 ) 250 )
BUCK_PFM_TOFF_OTP[1:0] = 10 - 232 -

tBUCKHS_OFF BUCK_PFM_TOFF_OTP[1:0] = 11 ns
FSWﬁBUCK =450 kHz -

BUCK_PFM_TON_OTPI[1:0] = 00 . 1610750 h
BUCK_PFM_TON_OTPJ[1:0] = 01 ) 1725 h
BUCK_PFM_TON_OTPI[1:0] = 10 ) 2285 h
BUCK_PFM_TON_OTP[1:0] = 11 .
External components
Nominal inductor for Fsw guck = 450 kHz (+ 30 % tolerance) 15 - 22 uH
L_suck =
- Nominal inductor for Fsw guck = 2.25 MHz (+ 30 % tolerance) 3.3 - 4.7 uH
Effectivel” input capacitor Fsw_guck = 450 kHz 10 - - uF
CiN_suck — ;
Effective input capacitor Fsyw puck = 2.25 MHz 2.2 - - uF
CgooT BUCK Nominal? bootstrap capacitor - 22 - nF
Effective output capacitor for Fsyy guck = 450 kHz 26 40 100 uF
Court_Buck ; S
Effective output capacitor for Fsyw guck = 2.25 MHz 6.5 10 30 uF
Oscillator and spread spectrum
FooMHz HVBUCK oscillator nominal frequency 19 20 21 Mhz
Fssmop Spread-spectrum frequency modulation - 19 - kHz
FssraNGE Spread-spectrum range -10 - 10 %
[1]  For all regulators, the effective capacitor value is the capacitor value after tolerance, DC bias, and aging removal.
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[2]  For all regulators, the nominal capacitor value is the capacitor value normalized

14.1.5 HVBUCK efficiency

The HVBUCK efficiency was measured at 2.25 MHz in PWM and PFM mode using the exact hardware and
OTP configurations listed in Table 13.

Table 13. Hardware and configurations

3.3V 25V 2V
Inductor TFM VLS TFM VLS TFM VLS
reference
Vin 14 14 14 14 14 14
Cin (eff.) 3.4 uF 3.4 uF 3.4 uF 3.4 uF 3.4 uF 3.4 uF
Cin_esr 3.4mQ 3.4mQ 3.4mQ 3.4mQ 3.4 mQ 3.4 mQ
Cout (eff.) 8.9 uF 8.9 uF 9.3 uF 9.3 uF 9.6 uF 9.6 uF
Hardware Cout_esr 3.1 mQ 3.1 mQ 3.1 mQ 3.1 mQ 3.1 mQ 3.1mQ
L (eff.) 4.7 yH 3.8 uH 4.7 yH 3.8 yH 4.7 pH 3.8 yH
L_dcr 200 mQ 120 mQ 200 mQ 120 mQ 200 mQ 120 mQ
C_boot 33 nF 33 nF 33 nF 33 nF 33 nF 33 nF
BUCK_
SRHSOFF 10 ns 10 ns 10 ns 10 ns 10 ns 10 ns
BUCK_SRHSON 10 ns 10 ns 10 ns 10 ns 10 ns 10 ns
BUCK_CLK 2.25 MHz 2.25 MHz 2.25 MHz 2.25 MHz 2.25 MHz 2.25 MHz
E\L/JVCKAK—AVG—OC— 600 mA 600 mA 600 mA 600 mA 600 mA 600 mA
EVV%AK—PK—OC— 800 mA 800 mA 800 mA 800 mA 800 mA 800 mA
BUCK_PFM_ ) ) ) )
oTP TON 305 ns 305 ns
BUCK_PFM_
TOFF 250 ns 250 ns - - - -
VV1_BUCK 3.3V 3.3V 25V 25V 20V 20V
VV1_LP_BUCK 3.3V 3.3V - - - -
BUCK_SEL_ , \
PFM_TON 0b'0 ‘o ) ) ) )
BUCK_RRV_LV 12ns 12 ns 12 ns 12ns 12ns 12ns
VBOS2V1_SW_ , , ) ' f f
LP_EN 0b'0 0b'0 0b'0 0b'0 0b'0 0b'0

Figure 19 and Figure 20 are the HVBUCK efficiency measured in PWM at 2.2 MHz, using the
TFM252012ALMA4R7MTAA reference inductor and the VLS3015CX-4R7M-H reference inductor, respectively.
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Figure 19. HVBUCK efficiency using 2.25 MHz using TFM252012ALMA4R7MTAA
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Figure 20. HVBUCK efficiency at 2.25 MHz using VLS3015CX-4R7M-H

Figure 21 is the HYBUCK efficiency measured in PFM, using the TFM252012ALMA4R7MTAA reference
inductor and the VLS3015CX-4R7M-H reference inductor.
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Figure 21. HVBUCK PFM efficiency

14.2 V3 HVLDO: High-voltage linear regulator

14.2.1 Functional description

HVLDOZ3 is a high-voltage, linear-voltage regulator. It is supplied from the battery. The output voltage is
configurable by OTP at 3.3 V or 5 V. A minimum voltage drop of 500 mV is required.

HVLDO3 is low-power capable and can stay enabled in LPON mode by setting V3ON_LPON bit by SPI.
However, if disabled in LPON mode, it cannot be enabled again by SPI in this mode.

This regulator is meant to supply the integrated CAN transceiver. The connection is made externally. HYLDO3
can also supply an additional external transceiver on the module.

An overcurrent detection and a thermal shutdown are implemented on HVLDOS to protect the internal pass
device. When an overcurrent is detected, V3OC _| flag is generated and the regulator remains enabled. It is
the MCU's responsibility to disable the regulator by SPI 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.

14.2.2 Application schematic

V3 IN _L VLbo3
CIN_LDO3 I I CouT_LDO3

z

o »

> >

V3 - HVLDO3
aaa-046843
Figure 22. HVLDO3 application schematic
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14.2.3 Electrical characteristics

HVLDOS3 electrical characteristics

Table 14. Electrical characteristics

Ta =-40 °C to 115 °C, unless otherwise specified. V3_IN = VSUP =55V to 40 VifV3=5V,or V3_IN=VSUP=4Vto40VifV3=33YV,
unless otherwise specified. I poz = 0 mA to 150 mA unless otherwise specified. All voltages referenced to ground.

Symbol Parameter ‘ Min Typ ‘ Max Unit
Static electrical characteristics
Vipo3_ IN Input voltage range 4 _ 40 v
Output voltage (OTP configurable)
234 \ .
V|_D03 VVS_OTP =0 3423 353 353?6 \Y
VV3_OTP =1 ’ ’
VLpos_Acc Output voltage accuracy -2 - 2 %
VLpo3_DrROP Maximum voltage drop 500 - - mV
l.po3 DC current capability - - 150 mA
ILpo3_ILIM Internal PMOS current limitation 160 - 260 mA
9Cu)|escent current on V3_IN, no load (typ @25 °C, max @85 . 25 30 uA
laLbos -
Quiescent current on V3_IN, I ppo3z = 50 pA (typ @25 °C, max Y 30 35 A
@85 °C) H
Dynamic electrical characteristics
tLDO3780FT7$TART Soft start (from 10 % to 90 %) 150 300 500 Ms
tL.oos PowN Discharge time when disabled - - 2 ms
tLoo3_iLm Current limit filtering time 16 20 24 us
Transient Line Response in Normal mode
VSUP=6V-18V-6Vand14V-35V-14V
VLpo3_LINE_REG_NORMAL | lLpoz = 0.1 mA and 35 mA -3 - 3 %
Vipo3=3.3Vand5V
dv/dt =100 mV/ps, COUT_LD03 =22 pF
Transient Load Regulation in Normal mode
IL.po3 = 10 mA to 50 mA in 10 ps, and from 50 mA to 10 mA o
VD03 LTR_NORMAL : -2 - 2 %
in 10 s,
Vipo3 =5V, Cout_Lpo3 = 2.2 pF
DC PSRR
Vpo3_psrRR lL.po3 = 0.1 mA to 100 mA, LDO3 =3.3Vor 5V, VDROP = - -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 Lpo3 Effective output capacitor 1.3 - 10 uF
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15 AMUX: Analog multiplexer

15.1 Functional description

The AMUX pin delivers internal analog voltage channels to the MCU ADC input. The voltage channels delivered
to AMUX pin can be selected by SPI. The maximum AMUX output voltage range is VDDIO. An external output
capacitor Camux_our is required for the buffer stability.

15.2 AMUX schematic diagram

Signals Signals
/11 or /25 /2 0r/3.25  Signals /1

SPI SPI | Channels_x
R4 [ RA1 |
| |
:[—0 | F—e,
R5 j— J R2 j— J To MCU ADC
Channels_y -

-

R3

l l Channels_z

I CAMUX_OUT

R6

AMUX[4:0]
Figure 23. AMUX block diagram
15.3 Channel selection
Table 15. AMUX output selection.
Channel AMUX[4:0] Signal selection for AMUX output AMUX_DIV =0 AMUX_DIV =1

0 00000 AGND N/A N/A
1 00001 VDIG : internal voltage supply (1.6 V) 1 1
2 00010 V1 voltage 2 3.25
3 00011 Reserved N/A N/A
4 00100 V3 voltage 3.25 3.25
5 00101 VBOS internal voltage 3.25 3.25
6 00110 VSUP voltage (divider ratio configurable by SPI) 11 25
7 00111 Reserved N/A N/A
8 01000 Reserved N/A N/A
9 01001 Reserved N/A N/A
10 01010 Reserved N/A N/A
11 01011 Reserved N/A N/A
12 01100 V1 TWARN temperature sensor 1 1
13 01101 V1 TSD temperature sensor 1 1
14 01110 Reserved N/A N/A
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Table 15. 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 2 3.25
17 10001 CAN temperature sensor 1 1
18 10010 VMON_EXT 1 1
19 11011 Reserved N/A N/A
20 11100 Reserved N/A N/A
21 10101 VCC5CAN 3.25 3.25

>21 1XXXX Reserved N/A N/A

It is possible to set the AMUX pin to high-impedance output by disabling the AMUX and the pulldown resistor
using the AMUX_EN and AMUX_PD_DIS bits, respectively, from M_AMUX_CTRL register.

15.4 Electrical characteristics
AMUX electrical characteristics
Table 16. Electrical characteristics

Ta =-40 °C to 115 °C, unless otherwise specified. VSUP = 5.5 V to 40 V, unless otherwise specified. VDDIO = 3 V to 5.5 V, unless
otherwise specified. Iapyux = -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, WAKE2, WAKE3, HVIO1 45 20
VAMUXﬁIN . AMUX_DlV =0 18 40 \%
¢ AMUX DIV =1
Vamux_out AMUX output voltage range 0.3 - V_D(? I20 \%
Rpp_amux Output pulldown resistance 200 400 800 kQ
VAMUX_OFF Offset voltage -8 - 8 mV
Ratio accuracy 05 05
VAMUX_RATIO * Ratio 1 i 1 ' 5 i 1' 5 %
« Other ratio o ) :

VT1EMP25 Temperature sensor voltage at 25 °C 1.36 1.38 1.4 \%
VTEMP_COEFF Temperature sensor coefficient -3.95 -3.88 -3.8 mV/°C
TamuUx_SET Settling time R R 10 us
Camux_out Output capacitor - - 1 nF
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16 1/O interface pins

16.1 WAKEZ2/HID0, WAKE3/HID1

WAKEX/HIDx pin has two different roles. It can be used either as a wake-up pin or as hardware ID detection pin.

—+— SPI
|

|
|
|
|
|
|
|
I { ( Tl
WAKEx/HIDx ¢ i | {% Control _:_'vsvt‘;tﬁlsn
|
|
|
|
|
|
|

Py
)
©
s
>
=
m
T
o
I
[S]

aaa-046845

Figure 24. WAKEx/HIDx diagram

16.1.1 WAKE feature

WAKEX/HIDx pins are high-voltage inputs used as wake-up sources for the device.

WAKE2 and WAKE3 are wake-up input signals with analog measurement capability through AMUX. WAKE2
can be, for example, connected to a switched VBAT and WAKE3 to the wake-up output of a CAN or FlexRay
transceiver. When a WAKE pin is used as a global pin, an R - C protection is required.

In Normal mode, any event on the WAKE2 or WAKES3 pins generates a flag (WKx_I), when not masked
(WKx_M). In Low-power modes, a wake-up event can be generated on high or low level depending on
WKx_WUCFG[1:0] bits.

Wake-up filtering time is configurable by SPI 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.

16.1.2 Hardware ID feature

Hardware ID feature comes on top of WAKE 2 pin and WAKE 3 pin to allow electronic control unit (ECU)
location in the car based on WAKEXx/HIDx pins hardware connection.

The WAKEX/HIDx pin state can be:

¢ Connected to VBAT
e Connected to GND
e Open

Using the two WAKEX/HIDx pins allows up to nine different Hardware ID combinations.
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This feature is only available in Normal mode and is activated by writing HIDWx_ENABLE = 1 in the M_HW_ID
SPI register.

ECU identification is done by controlling the HID pullup and pulldown current sources (HIDWxPU/PD_EN or
HIDWxPU/PD_DIS) and reading the associated WAKEX pin status using the WKx_S bits of the M_STATUS SPI
register.

The pin threshold (HIDWx_TH_SEL), and pullup/pulldown current values (HIDWx_10MA_EN) are
programmable via the M_HW _ID SPI register to allow integration into different systems.

|
|
| IPU_HID
I |
| l«——— SPI
| /o |
WAKEX/HIDx
0 L1 ? # ' Control _'_>Wthp|n
ECU 2200 | | status
connector I - ————————— ] I
(To VBAT I |
or GND) 100nF | I
| IPD_HID I
: |
GND I GND :
|

aaa-046846

Figure 25. Example of application for hardware ID function (either using solution 1 OR 2)

In addition, the input buffer on the LIMPO may be used as an additional HW ID pin if needed. In this case, an
external bias current may be applied using a resistor as shown in Figure 26. To do so, the FS2400 must be
programmed with LIMPO_EN_OTP = 0 and the MCU must configure LIMPO_GPO = 1 during INIT phase. The
pin state is controlled using LIMPO_REQ and LIMPO_REL control bits. Its state can be read using LIMPO_SNS
bit from FS_SAFETY_OUTPUTS SPI register.

Resistor sized for 1.5 mA

V3 Output
2200 LIMPO
220 Q HID1
FS2400
220 Q HIDO
Connector J_ c1 Lc2 Lcs3
I 100 nF I 100 nF I 100 nF
GND GND  GND aaa-046847

Figure 26. Using LIMPO as a third HW ID pin
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16.1.3 Electrical characteristics

Table 17. WAKE23/HID01 electrical characteristics
Ta=-40 °C to 115 °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
WAKE2, WAKE3
VWwAKE_IN Input voltage range 0 - 40 V
Digital low-input voltage threshold (falling)
WAKEZ3viL HIDW2/3_TH_SEL =0 i i 7 v
Digital high-input voltage threshold (falling)
WAKEZ3vin HIDW2/3_TH_SEL = 1 i i 3.0 v
Digital low-input voltage threshold (rising)
WAKE23vib HIDW2/3_TH_SEL =0 297 i i v
Digital high-input voltage threshold (rising)
WAKEZ3viH HIDW2/3_TH_SEL = 1 4 v
WAKE231vysT Hysteresis 100 - 400 mV
Rpp wake23 Pulldown resistance 100 200 400 kQ
Rpu_wake23 Pullup resistance 100 200 400 kQ
Low pulldown current
(HIDW2_10MA_EN = 0) 33 4.25 5 mA
'PD_HiDor High pulldown current
(HIDW2_10MA_EN = 1) 8 10 12 mA
Low pullup current
(HIDW2_10MA_EN = 0) ! 15 2 mA
lPu_rioot High pullup current
(HIDW2_10MA_EN = 1) § 10 12 mA
Wake-up filtering time
12 15 20
Twake23_FLT * WKx_DGLT =0 50 65 80 s
* WKx_DGLT =1
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16.2 HVIO1

HVIO1 pin is a high-voltage input/output. It can be used as input (as a wake-up source, a mode selection pin or
an external device monitoring pin) or as open-drain output.

HVIO1
VSUP

RPU_HVIO1$
{ SPI
Lo
HVIO1 [t

HVIO pin
status

Control

RPD_HVIO1

aaa-049160

Figure 27. HVIO1 pin

16.2.1 HVIO1 used as input

The HVIO1 pin can be used as a simple wake-capable input. In this case, when the device is in Normal mode,
any event on HVIO1 pin generates a flag (HVIO1_I), when not masked (HVIO1_M). In Low-power modes,
wake-up event can be generated on level (high or low) depending on HVIO1_WUCFGI1:0] bits.

Using the same bits, the MCU can configure HVIO1 as "mode selection”. When configured as mode selection,
HVIO1 pin voltage level commands the transition between Normal mode and LPON (Low Power ON). A falling
edge makes FS2400 switch from Normal to LPON mode, a rising edge makes FS2400 switch from LPON to
Normal mode.

When used as a wake-up source, wake-up filtering time is configurable by SPI using HVIO1_DGLY bit.
Internal pulldown and pullup resistors can be enabled, disabled or configured as cell repeater as per
HVIO1PUPD_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 an HVIO pin is used as a global input pin, an R - C protection is required. See Section 11.

HVIO1 can also be configured as ERRMON input, to provide MCU or external device error detection. See
Section 19.4.

16.2.2 HVIO1 used as output

HVIO1 can be configured as open-drain output by OTP via HVIO1_OUT_EN_OTP bits. In this case, the output
state can be controlled by SPI using HVIO1HI and HVIO1LO control bits.

The default output state can be configured by OTP using HVIO1_OUT_DFLT_OTP. HVIO1 can also be
assigned to one of the slots (SLOTO0/1/2) by OTP using HVIO1_SLOT_POL_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
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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 HVIO pins configuration, with HVIO1 default state low

and assigned to SLOT1.
/ Vsup > Vsup_uv

VBAT ——— Slot0 | Slot1 | Slot2

HVIO1
(default 0)

= Tslot > Tslot > Tslot

OTP
Loaded aaa-046848

Figure 28. Example of HVIO1 pin configuration in the slots, at power up

16.2.3 Electrical characteristics

Table 18. HVIO1 electrical characteristics
Ta=-40 °C to 115 °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
HVIO1y, Digital low-input voltage threshold (falling) - - 2 \%
HVIO1y 4 Digital high-input voltage threshold (rising) 297 - - \Y
HVIO1xysT Hysteresis 100 - 400 mV
HVIO1yoL Low-output level (Iopyt =2 mA) - - 0.4 \%
HVIO1 ) jm Current limitation 4 - 22 mA
Rpp_Hvion Pulldown resistance 100 200 400 kQ
Rpy_Hvion Pullup resistance 100 200 400 kQ
Wake-up filtering time
12 1 2
THVIO1_FLT . HV|O1_DGLT =0 50 6: 8(0) MS
¢ HVIO1_DGLT =1
T Fall time using open drain (external pullup at VUP ) ) 30 us
HVIOT_FALL =14V, Cout_nvior = 10 nF)
Time between HVIO1 rising and V1 switching
from PFM to PWM mode when HVIO1 configured
Thvior wu as “mode selection” us
N e LOAD_OTP_BYP =0 - 150 -
*« LOAD_OTP_BYP =1 - 50 -
16.3 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 INTB_REQ bitin M_SYS_CFG SPI
register.

16.3.1 Interrupts and wake-up events management

Two types of interruptions must be dissociated:
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* "Classic" interrupts used to diagnose the device state and to report events
» Wake-up interrupts used to manage the wake up from the Low-power modes

See Table 20 for a list of all interrupts.

The classic interrupts are maskable. If these interrupts are not masked, they will generate a pulse on 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, HVIO1_]I flags are not generated out of Normal mode.

WAKEX/HIDx pins, HVIO1 pin, CAN and LDT can be configured as wake-up sources using xxxx_WUEN[1:0]
SPI configuration bits. Each wake-up source can be configured to generate an interrupt, a transition to Normal
mode or both. In this last case, a wake-up event on these functions will generate a non-maskable wake-up flag
(xxxx_WU_1) and an interrupt pulse on INTB.

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 decision to
request a transition to Normal mode or not, via GO2NORMAL SPI bit.

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

16.3.2 Electrical characteristics

Table 19. INTB electrical characteristics
Ta =-40 °C to 115 °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
Interrupt pin
INTBpyLL-up Internal pullup resistor to VDDIO 5 10 20 kQ
INTByoL Low-output level (Ioyt =2 mA) - - 0.4 \%
INTByon High-output level VDDIO - 0.5 - - \Y
INTBi_m INTB current limitation 4 - 22 mA
I e vs s oms |
* INTB_DUR =1 (long)
TiNTB_TO INTB timeout for wake-up event 8 10 12 ms
TiTe pLy aDr?(ljaI);\l t')reBtV;v)iTsnelsNt;E_REQ command reception 36 40 44 us
Table 20. List of interrupts from main logic
Interrupt Description Mask/Enable
Event interrupt
VSUPUV_4P7_I VSUP 4.7 V threshold undervoltage VSUPUV_4P7_M
VSUPUV_5P7_I VSUP 5.7 V threshold undervoltage VSUPUV_5P7_M
VSUPOV_I VSUP overvoltage VSUPOV_M
VATWARN_I V1 high temperature warning VITWARN_M
VXTSD_| Vx overtemperature (x = 1, 3) VXTSD_M
VxOC_| Vx overcurrent (x = 1, 3) VxOC_M
VxOV_| Vx overvoltage (x =0, 1, 3) VxOV_M
VxUV_I Vx undervoltage (x =0, 1, 3) VxUV_M
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Table 20. List of interrupts from main logic...continued

Interrupt Description Mask/Enable
WKx_| WAKEX state change in Normal mode (x = 2, 3) WKx_M

HVIO1_| HVIO1 state change in Normal mode HVIO1_M

LDT_I Long duration timer event LDT_M

CAN_TSD | CAN overtemperature CAN_TSD_M
CAN_TXD_TO_I CAN dominant timeout CAN_TXD_TO_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 = 2, 3) WKx_WUEN[1:0]
HVIO1_WU_|I HVIO1 wake-up event HVIO1_WUEN[1:0]
CAN_WU_I CAN wake-up event CAN_WUENT[1:0]

Non-configurable wake-up event interrupt

GO2NORMAL_WU SPI GO2NORMAL wake-up event None
INT_TO_WU Interrupt timeout generating a wake-up event None
V1_UVLP_WU V1 undervoltage wake-up event in LPON None
WD_OFL_WU WD error counter overflow wake-up event None
EXT_RSTB_WU External reset wake-up event None
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17 Long duration timer (LDT)

FS24 features a long duration timer (LDT) with an integrated oscillator. The timer is configurable by SPI and
can operate in normal and in Low-power modes. It 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-bits counter, with a 1 MHz oscillator, allowing a 1 second time base.

o e~ i | |
' [
| PRESCALER 3 | 128 ps |
| (12) |
| 1MHz | 1 HS | PRESCALER 1 |64 s (calBiaton) |
| 0sC (/64) \ ,
| PRESCALER2 | 1.0s |
| (115625) |
I I
' [
| | 24-bit COUNTER | |
| 1.05s(cal:128 ps) |
' T
I I
<—|—| READ REGISTER(S) I
imes:gce 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-046849

Figure 29. 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 21. Long duration timer characteristics

Mode TP TS i S .CIOCK Prescaler Counter resolution Max count
frequency period
Operation 1 MHz 1 us 64 x 15625 1s 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 can set and read the after run value in Normal mode. When the run value
corresponds to the timer value, that triggers either a transition to LP mode or an interrupt.

The LDT_WUP_H]J7:0] and the LDT_WUP_L[15:0] bits allows the MCU to set and read the wake-up value. The
wake-up value corresponds to the timer value that triggers a wake-up event:

* The LDT_WUP_H][7:0] contains the eight most significant bits of the wake-up value.
* The LDT_WUP_L[15:0] contains the 16 least significant bits of the wake-up value.
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The LDT_SEL bit allows the MCU to read the value of the 24-bits LDT counter in the LDT_WUP_H][7:0] and the
LDT_WUP_L[15:0] bits.

* When LDT_SEL = 0, the MCU reads or writes the wake-up value in the LDT_WUP_HJ[7:0] and the
LDT_WUP_L[15:0] bits.
* When LDT_SEL = 1, the MCU reads the counter current value.

The LDT_EN bit shall be 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 inthe M_LDT_CTRL and L_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 LPON mode when the after-run timer expires.
* When LDT2LP = 1, the device goes into LPOFF 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 procedure consists of the MCU activating the counter for a specific duration. Once the timer
expires, the MCU reads back the timer final value, compares it 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:

» Set the Timer mode to short count and select the timer function 1. Set the after-run value at max value
OxFFFF (~8.39 s).

Start the counter.

Read the counter when the MCU RTC reaches 6 s.

If the oscillator period is at the exact typical value (absolutely no deviation error), expected reading is 46875.
* The exact reading calculates 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 22. 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.

01 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.
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FUNCTIONS NORMAL MODE LOW-POWER MODE (LPOFF)

Function 1

SPI: configure timer function 1
SPI: write after run register
SPI: write LDT_EN =1

ti t
imer counts | No entry in Low Power

| mode controlled by LDT
After run value reached I

INTB when after run value reached INTB | :
|

o

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

Function 2

SPI: configure timer function 2

SPI: write after run register

SPI: write LDT_EN =1 |
After run

Entry in LPOFF after run value value reached |
reached |

timer counts

Function 3

pt

Entry in Low Power mode

SPI: configure timer function 3 when after run value reached

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

timer counts

Wake-up
After run value reached

value reached

timer counts

e e e = —

Entry in Low Power mode after WAKE-UP
run value reached and wake up ; J
Waki <
when wake-up value reached ake up by timer
Function 4
) ) ) . m Entry in Low Power mode by
SPI: configure timer function 4 SPI or HVIO1 mode selection  Wake-up

SPI: write wake-up register
SPI: write LDT_EN =1
SPI: go to Low Power mode

Wake up when wake-up
value reached

timer counts value reached

WAKE-UP
|

Wake up by timer «

|
|
|
1
|
|
l
|

Function 5
m Entry in Low Power mode by
SPI or HVIO1 mode selection
timer coun}s
7

SPI: configure timer function 5 |
SPI: write LDT_EN =1 |
SPI: go to Low Power mode y
|
|
|

Wake up when other wake-up

WAKE-UP (ex 10s;
event occurs (ex |0s, CAN) | ( )

Wake up by timer «

aaa-046850

Figure 30. Long duration timer functions

17.3 Electrical characteristics

Table 23. Long duration timer electrical characteristics
T =-40 °C to 115 °C, unless otherwise specified. VSUP = 5.5 V to 18 V, unless otherwise specified. All voltages referenced to ground.

Symbol ‘ Description ’ Min ‘ Typ ‘ Max ‘ Unit
Electrical characteristics
FiN_cLk_LbT Long duration timer source clock (1 MHz / 64) - 15.625 - kHz
Long duration timer time base 1 s
TBASE_LDT . LDT_MODE =0 (Iong) B 128 _ s
« LDT_MODE = 1 (short) H
lo_LDT 85 Long duration timer quiescent current consumption (Tj = 85 °C) - 2 5 A
lo_LDT 125 Long duration timer quiescent current consumption (Ta = 125 °C) - 5 10 MA
LDTacc1 Long duration timer accuracy without calibration -10 - 10 %
LDT accs Long duration timer accuracy with calibration 5 ) 5 %
In LPOFF or LPON states
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Table 23. Long duration timer electrical characteristics...continued
Ta =-40 °C to 115 °C, unless otherwise specified. VSUP = 5.5 V to 18 V, unless otherwise specified. All voltages referenced to ground.

Symbol Description ’ Min ‘ Typ ‘ Max ‘ Unit

Electrical characteristics

Including month aging drift (max)

Including temperature drift

0°C<Tj<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 layer

18.1 CAN FD transceiver

FS24 device includes an integrated CAN FD transceiver, 5 Mbps capable, developed in compliance with the
ISO 11898-2:2016 and SAE J2284 standards. 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 meant to be supplied by V3 through VCC5CAN pin.

| CANFD

|
VDDIO V3

3
|
|

Vbic |

LVCC5CAN T

7

|

|

|

|

i |
x x
—_————— — [ ——_———
i Transmitter

1]

aaa-046851

Figure 31. 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

* 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 kept in Wake-capable mode in order to be used as a wake-up source for the device and
the module.

FS2400 All information provided in this document is subject to legal disclaimers. © 2023 NXP B.V. All rights reserved.
Preliminary data sheet Rev. 1 — 14 June 2023
CONFIDENTIAL 51/163




NXP Semiconductors FS2400

Fail-safe system basis chip with SMPS and LDO, CAN FD transceiver

From any state:
POR or CAN_EN_OTP =0
or (CAN_MODE =00 & CAN_WUEN = 00)
or (CAN_WUEN =00 & FS24_MODE != NORMAL)
or (RSTB or LIMPO asserted & CAN_FS_DIS =0)

CAN_EN_OTP &
(CAN_MODE != 00 or
CAN_WUEN != 00)

CAN_WAKE_
CAPABLE

V3_UV=0
& CANTXD = 1
& CAN_MODE = 1x
& FS24_MODE = NORMAL

V3_UV=0
& (CAN_MODE = 01 or (CANTXD = 0 & CAN_MODE = 1x ))
& FS24 MODE = NORMAL

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

FS24_MODE != NORMAL FS24_MODE != NORMAL

(CAN_MODE = 01 & FS24_MODE = NORMAL)
or CAN_TSD = 1 /
or CAN_TXD_TO = 1

V3_UV=0
& (CANTXD =1
& CAN_MODE = 1x)
& FS24_MODE = NORMAL
& CAN_TSD =0 aaa-046852

Figure 32. 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, for example in LPON or LPOFF modes, and the wake-up capability is disabled, the CAN
transceiver is in OFF mode. The CAN transceiver can also transition to OFF mode if RSTB or LIMPO is asserted
and the MCU has set the CAN_FS_DIS bit to 0.

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_in_cm and 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

Tpatern < TCAN_WU_TO

CAN Wake up |

aaa-046853

Figure 33. 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). The device must be in Normal
mode and no undervoltage on V3 must 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 of reporting 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 should be detected. Ensure that the V3 supply is enabled before changing the CAN_MODE[1:0] bits

to any non-0b00 setting. 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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td(TXDL-RXDL)

|—

TXD 30 %
5 X thit(TXD)
— biy(TxD) =
Vo(dif)
0.5V
tpit(bus)
70 %
RXD
e
| —————————————»|
td(TXDH-RXDH)

Figure 34. CAN timing definition according to ISO 11898-2:2016
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f—
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18.1.2 Electrical

characteristics

Table 24. CAN FD transceiver characteristics

Ta =-40 °C to 115 °C, unless otherwise specified. VSUP = 5.5 V to 40 V, unless otherwise specified. V3 = V3_UV to 5 V, unless otherwise
specified. VDDIO = 1.8 V to 5.5 V, unless otherwise specified. All voltages referenced to ground.

Symbol Description ‘ Min ‘ Typ ‘ Max ‘ Unit
Static characteristics
CANTXD
Vv 0.7 x } ) v
CANTXD_IH CANTXD input threshold high VDDIO
V . } 0.3x v
CANTXD_IL CANTXD input threshold low VDDIO
Reantxp_pu CANTXD pullup resistance 90 200 400 kQ
CANRXD
v VDDIO ) ) Vv
CANRXD_OH CANRXD output high level, loyt = -2 mA -04V
VCANRXD_OL CANRXD output low level, oyt =2 mA - - 0.4 \Y
CAN Bus
VCANH_OUT _DOM CAN dominant output voltage on pin CANH, Active mode 2.75 3.5 4.5 \%
VCANL_OUT DOM CAN dominant output voltage on pin CANL, Active mode 0.5 15 2.25 \%
VCAN_OUT_SYM CAN output voltage symmetry (Vcann + Veany), Active mode 09xV3 | 1xV3 | 1.1xV3 \Y
VCAN_OUT CM_PK CAN common mode peak-to-peak voltage, Active mode - - 300 mV
CAN bus differential output voltage, Active mode, dominant state, V3 = 15 9 3 Vv
475V t05.5V,Rcan =50 Q to 65 Q '
V. CAN bus differential output voltage, Active mode, dominant state, V3 = 14 2 33 v
CAN_OUT DIFF. DOM |14 75 10 5.5V, Rcan =45 Qto 75 Q : :
CAN bus differential output voltage, Active mode, dominant state, V3 = 15 ) 5 v
4.75V t0 5.5V, Rcan = 2240 Q '
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Table 24. CAN FD transceiver characteristics...continued

Tp =-40 °C to 115 °C, unless otherwise specified. VSUP = 5.5 V to 40 V, unless otherwise specified. V3 = V3_UV to 5 V, unless otherwise

specified. VDDIO = 1.8 V to 5.5 V, unless otherwise specified. All voltages referenced to ground.

Symbol Description

‘ Min ‘ Typ ‘ Max ‘ Unit

Static characteristics

CAN bus differential output voltage, Active mode and recessive state,
VCAN_ouUT DIFF REc  |OF Listen-only mode, or Wake-capable mode, -50 - 50 mV
Rcan = no load
Vean_out Rec_act | CAN recessive output voltage, Active mode, no load 2 - 3 \
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, recessive 0.2 0 0.2 Vv
CAN_OUT_DIFF_REC | gtate no load - .
CAN recessive output voltage, Listen-only mode, no load,
VeaN_ouT_REC_LO _ 2 25 3 \
V3=0V
VCAN_IN_DIFF CAN differential receiver threshold voltage, Active or Listen-only mode 0.5 0.7 0.9 \
CAN differential low power receiver threshold voltage, Wake-capable
VCANINDIFFLP | 10de P 9 R 0.4 0.7 1.15 \
CAN differential receiver hysteresis voltage, Active or Listen-onl
VAN IN_DIFF_HYST | o y 9 Y 50 200 400 mV
Vv CAN recessive state differential input voltage range, Active or Listen- 3 } 05 v
CAN_IN_DIFF_REC only mode .
V. CAN dominant state differential input voltage range, Active or Listen- 0.9 ) 8 v
CAN_IN_DIFF_DOM | 51y mode .
Rcan_IN_cm CAN common mode input resistance, Active mode 6 - 50 kQ
Rcan_IN_DIFF CAN differential input resistance 12 100 kQ
ARcAN IN CAN input resistance deviation -3 - 3 %
Ccan_IN_cMm CAN Common mode input capacitance - - 120 pF
CCcAN_IN_DIFF CAN differential input capacitance - - 10 pF
| CANH short circuit output current, Active mode, dominant state, 15 mA
CANH_OUT_SC V3 =5V, Voany =-15 V to 27 V
| CANL short circuit output current, Active mode, dominant state, 15 mA
CANL_OUT_SC V3 =5V, VeanL =-15 V0 40 V
| CAN recessive output current, recessive state, 3 3 mA
CAN_OUT_REC VeanH = Veane =-27 Vto 32V
| CAN current consumption, Active mode, dominant state, 60 mA
CAN_ACT_DOM Tj=150°C, V3 =5V
| 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 3 10 A
CAN_WU Tj=85°C, VBOS =5V H
lacaN N CAN input leakage current -10 - 10 MA
Dynamic characteristics
Setup time needed when going to Active mode of the transceiver
Toan_en before sending data. 15 7 19 Hs
TcaN_Dom_To CAN CANTXD dominant timeout time 0.8 - 9 ms
CAN loop delay time from CANTXD to CANRXD,
TCANiLOOP CCANRXD =15 pF, RCAN =45Qto 70 Q, CCAN =100 pF, - - 255 ns
Feantxo < 2.5 MHz
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ansceiver characteristics...continued

Tp =-40 °C to 115 °C, unless otherwise specified. VSUP = 5.5 V to 40 V, unless otherwise specified. V3 = V3_UV to 5 V, unless otherwise

specified. VDDIO = 1.8 V to 5.5 V, unless otherwise specified. All voltages referenced to ground.

Symbol Description ‘ Min ‘ Typ ‘ Max ‘ Unit
Static characteristics

Tcan_Tx2BUS_ Dom | CAN delay time from CANTXD to bus dominant - - 180 ns
TcAN_TX2BUS_REC CAN delay time from CANTXD to bus recessive - - 180 ns
Tcan_Bus2rx_pom | CAN delay time from bus dominant to CANRXD - - 180 ns
Tean Bus2rx REc | CAN delay time from bus recessive to CANRXD - - 180 ns
TcAN_BIT RX_2M CAN received recessive bit width @ 2 Mbps 400 500 550 ns
TCAN_BIT_RX_5M CAN received recessive bit width @ 5 Mbps 120 200 220 ns
TcaN BIT_BUS_2M CAN transmitted recessive bit width @ 2 Mbps 435 500 530 ns
TcAN_BIT BUS 5M CAN transmitted recessive bit width @ 5 Mbps 155 200 210 ns
ATcan_BIT RxBUs_2m | CAN receiver timing symmetry @ 2 Mbps -65 - 40 ns
ATcan_BiT RxBuUs_sM | CAN receiver timing symmetry @ 5 Mbps -45 - 15 ns
Tean_ wu_FILT CAN recessive/dominant filter time for wake-up 0.5 14 1.8 us
Tcan_wu_To CAN wake-up timeout time 0.8 - 10 ms
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19 Safety

19.1 Functional description

The FS24 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, allowing scalability depending on the
application needs. FS24 also provides an on-demand ABIST to cover latent faults.

SAFETY FEATURES
DIGITAL
oTP VOLTAGE
TATE MACHINE
S c SUPERVISION RESET Yeste
DRIVER
ABIST WATCHDOG
VMON_EXT O VOMON
LIMPO
o
SYSTEM FAILURE VIMON DRIVER LIMPO
ERRMON O3 MONITORING
I_. V3MON
I
s 2 aaa-046855

Figure 35. Fail-safe features block diagram

19.2 Watchdog

A watchdog is implemented through the SPI bus to continuously check the microcontroller software activity
and its ability to perform basic computing. FS24 checks by awaiting a specific answer from the microcontroller
during a predefined period called the watchdog window. The first half of the watchdog window is said closed
and the second half is said open.

A good watchdog refresh is a good watchdog answer during the open window. A bad watchdog refresh is

a bad watchdog answer during the open window, no watchdog refresh during the open window or a good
watchdog answer during the closed window. After a good or a bad watchdog refresh, a new window period
starts immediately for the microcontroller to keep the synchronization with the windowed watchdog. The first
good watchdog refresh closes the initialization phase of the FS24. Then the watchdog window is running and
the microcontroller must refresh the watchdog in the open window of the watchdog window period.

The watchdog functionality can be enabled or disabled by OTP with WD_INF_OTP bit. The duration of the
watchdog window is configurable from 1 ms to 16384 ms with the WDW_PERIOD[3:0] SPI bits. The new
watchdog window is effective after the next watchdog refresh. The watchdog window can be disabled only
during the initialization phase of the FS24. The watchdog disable is effective when the initialization phase is
closed. The watchdog configuration requires the MCU to write in FS_WDW _CFG registers.

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 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.
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When the watchdog is disabled (for example, RSTb event or transition to LPON with WD_DIS_LPON = 1), the
watchdog configuration is reset as it would be after a POR. The watchdog token is set to 0x5AB2,the window
period is set to 256 ms, and the watchdog type is set to timeout watchdog.

Table 25. Watchdog window period configuration

WDW_PERIOD[3:0] Watchdog window period
0000 DISABLE (infinite open window)
0001 1ms
0010 2ms
0011 4 ms
0100 8 ms
0101 16 ms
0110 32 ms
0111 64 ms
1000 128 ms

1001 (default) 256 ms
1010 512 ms
0011 1024 ms
1100 2048 ms
1101 4096 ms
1110 8192 ms
1111 16384 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 using WDW _EN bit.

Table 26. 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 start up. In this mode, the watchdog period is considered
fully open, and the MCU writes the correct value in 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 by setting WDW_EN bit at 1. In this mode, the watchdog period
is divided in two. The first half is said closed and the second is said open. The MCU writes the correct value
in 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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«——Window period —

CLOSED OPEN CLOSED OPEN
refresh refresh

slot slot

aaa-046856

Figure 36. Window watchdog time diagram

Table 27. Watchdog answer and refresh validation

Window WD Timeout WD

SP! 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 28. Watchdog error counter limit configuration

WD_ERR_LIMIT[1:0] Watchdog error counter value
00 8
01 (default) 6
10 4
1 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 OFF\/\‘

WD refresh NOT OK WD refresh NOT OK WD refresh NOT OK WD refresh NOT OK

WD Refresh OK

WD refresh NOT OK WD refresh NOT OK WD refresh NOT OK o

WD Refresh OK WD_ERR_LIMIT = 11

WD refresh NOT OK

WD Refresh OK

WD_ERR_LIMIT = 10

WD refresh NOT OK

WD_ERR_LIMIT = 01

WD refresh NOT OK

WD_ERR_LIMIT = 00 8aa-046857

Figure 37. 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) and if 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 29. 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_CNT[2:0] bits.
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WD Refresh NOT OK /
WD_OFF

WD refresh NOT OK/
WD_OFF

WD refresh NOT OK /

WD_OFF WD refresh NOT OK /

WD refresh NOT OK / WD_OFF
WD _OFF WD refresh NOT OK /
WD_OFF
WD refresh OK / WD refresh OK g 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_RFR_LIMIT = 11

WD refresh NOT OK/
WD_OFF / WD refresh OK

WD_RFR_LIMIT =10

WD refresh OK WD refresh OK

WD refresh OK WD refresh OK

WD refresh NOT OK /
WD_OFF / WD refresh OK

WD_RFR_LIMIT = 01

WD refresh OK

WD refresh OK

WD refresh NOT OK /
WD_OFF / WD refresh OK

WD_RFR_LIMIT =00
aaa-046858

Figure 38. 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 or LIMPO is configurable with the WD_RSTB/LIMPO_IMPACT bits during the INIT phase. If it
happens in LPON mode, the device also wakes up.

Table 30. Watchdog error impact configuration

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

19.2.5 Watchdog electrical characteristics

Table 31. Watchdog electrical characteristics
Ta =-40 °C to 115 °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
WDpgr_acc Watchdog period accuracy -10 - 10 %
WDputy_cvcLE Window watchdog duty cycle 47.5 50 52.5 %

19.3 Voltage supervisor

The voltage supervisor is in charge of overvoltage and undervoltage monitoring of all the supply generated by
the FS24, Vx (x = 1, 3), and of VMON_EXT input pin. When an overvoltage occurs on an FS24 regulator, the
regulator is switched off until the fault is removed. The overvoltage monitoring is activated before the power-up
slots start. The undervoltage monitoring is activated once the device is in Normal mode. UV/OV flags are then
reported accordingly. VMONO monitoring on VMON_EXT pin is enabled by OTP (VOMON_EN_OTP).
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19.3.1 VOMON (VMON_EXT) monitoring

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 1 V. The resistor bridge middle point voltage
must be set to 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 %).

The MCU can monitor VMON_EXT pin voltage using the AMUX by selecting channel 18, see Section 15.3.

19.3.2 VXMON monitoring (x =1, 3)

V1 and V3 regulators are monitored via the corresponding V1 and V3 pins, which also serve as feedback
pins. The expected voltage for each regulator is automatically selected based on the OTP output voltage
configuration.

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

The VXMON UV/OV threshold have +1 % accuracy (trimmed at 5 V setting, 5 % VMON threshold).

19.3.3 VxMON UV/OV threshold

The OV and UV thresholds are configured independently for each VXMON (x = 0, 1, 3) by OTP at
VxMON_UVTH_OTP[3:0] and VXMON_OVTH_QOTP[3:0]. UV thresholds are configurable from 96.5 % to 91.5
% and QV thresholds are configurable from 102.5 % to 110 %. When a regulator is configured at 5 V, five
additional UV thresholds are available at 62 %, 63.5 %, 64 %, 64.5 %, and 65 %.

Table 32. VMON UV/OV threshold configuration

VMONx_UVTH_OTP[3:0] VMONXx undervoltage VMONXx overvoltage
VMONx_OVTH_OTP[3:0] threshold configuration threshold configuration
0000 65 % 102.5 %
0001 64.5 % 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 64 % 109.0 %
1110 63.5 % 109.5 %
1111 62 % 110.0 %
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The OV and UV deglitch times are configured independently by OTP at VXMON_UVDGLT_OTP[1:0] and

VXMON_OVDGLT_OTP.

Table 33. VMON deglitch time configuration

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

19.3.5 VXMON safety reaction (impact)

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

19.3.6 V1UVLP monitoring

In LPON mode, all the VXMON monitoring is disabled. Only V1 is monitored for undervoltages at V1_UVLP,
which is configurable using the VAUVLP_TH_OTP OTP bit. 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 VIUVLP 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 V1UVLP threshold, then the device goes
into fail-safe state.

19.3.7 Electrical characteristics

Table 34. VXMON electrical characteristics
Ta =-40 °C to 115 °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 (code_uv = 0010 to ) 96.5-0 5*code uv ) o
1100) R — °
VxMON undervoltage threshold at 5 V output voltage ) 65 ) o
(code_uv = 0000) °
VxMON undervoltage threshold at 5 V output voltage ) 64.5 ) o
(code_uv = 0001) : °
VXMON_UVTH
VxMON undervoltage threshold at 5 V output voltage ) 64 ) o
(code_uv = 1101) °
VxMON undervoltage threshold at 5 V output voltage ) 63.5 ) o
(code_uv = 1110) : °
VxMON undervoltage threshold at 5 V output voltage ) 62 ) o
(code_uv = 1111) °
VXMONgoy acc | VOMON OV threshold maximum accuracy -1 - 1 %
VXMONyy acc | VOMON UV threshold maximum accuracy -1 - 1 %
VxMON overvoltage deglitch time
2 2
Tov.oelT | (yxMON_OVDGLT_OTP = 0) 0 ° 30 bs
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Table 34. VXMON electrical characteristics...continued
Ta =-40 °C to 115 °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 overvoltage deglitch time
(VXMON_OVDGLT OTP = 1) 40 4% S0 Hs
VxMON undervoltage deglitch time (VXMON_UVDGLT_
OTP[1:0] = 00) 25 5 7.5 us
VxMON undervoltage deglitch time
(VXMON_UVDGLT_OTP[1:0] = 01) 10 by 20 Hs

T

UV-DGLT VxMON undervoltage deglitch time 20 o5 30 s

(VXMON_UVDGLT_OTP[1:0] = 10) H
VxMON undervoltage deglitch time 35 40 45 us

(VXMON_UVDGLT_OTP[1:0] = 11)

VXMON (x =1, 3)
VXMONRgpp VXMON internal passive pulldown 100 250 400 kQ
VAMON OV deglitcher time when VAIMON_OVTH_

Tov_peLT_sTaRT_UP OTP[3:0] is forced to 110 % at startup ! 3 3 HS
VOMON
VOMONgpp | VOMON internal passive pulldown ‘ 1 ‘ 2 4 MQ
VAUVLP
V1_UVLP detection threshold (VIUVLP_TH_OTP=1) 3.0 3.065 3.13 v
VIUVLP V1_UVLP detection threshold (VIUVLP_TH_OTP=0) 1.77 1.8 1.83 v
TviuvLP_FILT V1_UVLP filtering time 0.26 2 6 us

19.4 External IC monitoring

To monitor another device (on top of the microcontroller) in the application, the HVIO1 pin can be configured as
a digital input. This external IC monitoring feature is enabled by OTP. As soon as this feature is activated, the
HVIO1 pin is used to monitor an external IC.

This monitoring is active in Normal mode. A transition detected at HVIO1 pin indicates an error from the external
IC.

During the initialization phase of the FS24, various parameters can be configured if an external IC must be
monitored in the application:

* Polarity of the fault signal, configurable with ERRMON_FLT_POLARITY bit during the initialization phase
* Desired reaction on RSTB and LIMPO

» Time allowed to the microcontroller for receiving error acknowledgment

When an error is detected, the microcontroller should acknowledge the FS24 device. If the acknowledgment

is not received by the FS24 within the predefined time, the FS24 asserts LIMPO and/or RSTB pin as defined
during the initialization phase.

The following tables, Table 35, Table 36, Table 37, Table 38, Table 39, Table 40, depict the different SPI bits
used by this external IC monitoring function:

Table 35. Signal polarity to detect an error on HVIO1 pin

ERRMON_FLT_POLARITY Condition to detect a fault
0 (default) High to low level
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Table 35. Signal polarity to detect an error on

HVIO1 pin...continued

ERRMON_FLT_POLARITY

Condition to detect a fault

1

Low to high level

Table 36. Reaction when an error is detected HVIO1 pin

ERRMON_FS_REACTION

Reaction

0

Error on HVIO1 pin asserts LIMPO only

1 (default)

Error on HVIO1 pin asserts LIMPO and RSTB

Table 37. Allowed time before receiving microcontroller acknowledge when an external IC error is

detected
ERRMON_ACK_TIME[1:0] Time allowed for acknowledgment
00 0 ms
01 (default) 8 ms
10 16 ms
11 32 ms

Table 38. Error flag for external IC monitoring

ERRMON

Error flag on HVIO1

0

No error detected by FS24

1

Error detected. FS24 is waiting for an acknowledgment within the allowed time.

Table 39. Acknowledgment from MCU register

ERRMON_ACK

Error flag on HVIO1

0

No error reported by MCU

1

Error detected and reported to FS24 by MCU

The acknowledgment by the MCU is done through SPI communication according to Figure 39:
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Error signal
(ERRMON input)

FS24 ERRMON_ACK ERRMON_ACK_TIME

bit

|
Reset!
counter
|
LIMPO t
|
1

Error acknowledged by MCU. I
Internal monitoring signal released.

— No error reported.

ERRMON_ACK_TIME

Error NOT acknowledged by MCU.
Error reported at the end of the counter.

— LIMPO is asserted
aaa-046859

Figure 39. External IC monitoring timing diagram

Table 40. External IC monitoring electrical characteristics
Ta =-40 °C to 115 °C, unless otherwise specified. Vsyp = 5.5 V to 40 V, unless otherwise specified. All voltages referenced to ground.

Symbol Description ‘ Min ‘ Typ ‘ Max ‘ Unit
Electrical characteristics
VIH ERRMON High-level input voltage threshold 0.7 x - - \%
- VDDIO
VIL_ERRMON Low-level input voltage threshold - - V(I)jsDIXO \%
VIN_HYS_ERRMON Threshold hysteresis 100 - - mV
tERRMON_ERR Filtering time 4 6 8 us
tERRMON_ACK_ACC Acknowledgment counter accuracy -10 - 10 %
Rppb_ERRMON ERRMON pulldown resistor value 200 400 800 kQ

19.5 Fault management

19.5.1 Fault error counter

The FS24 integrates a configurable fault error counter, which is counting the number of faults related to the
device 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 41. Fault error counter configuration

FLT_ERR_LIMIT[1:0] Fa:;:j;r:;r;?;l?::;:;ax Fault error counter intermediate value
00 2 1
01 (default) 6 3
10 8 4
1 12 6
Reset condition POR
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The fault error counter has two output values: intermediate and final. The intermediate value can be used
to force LIMPO activation or generate a RSTB pulse according to the FLT_MID_RSTB/LIMPO_IMPACT bits
configuration (INIT phase).

Table 42. Fault error counter fail-safe impact

FLT_MID_RSTB/LIMPO_IMPACT Intermediate value impact on RSTB/LIMPO
0 No effect on the pin
1 (default) The pin RSTB/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

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-046860

Figure 40. Fault error counter diagram with maximum value =2 or 6
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WD_RFR_CNT =WD_RFR_CNT_LIMIT
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Figure 41. Fault error counter diagram with maximum value = 8 or 12

19.5.2 Fault source and reaction

In normal operation when LIMPO and RSTB are released, the fault-error counter is incremented when a fault
is detected by the FS24 state machine. Table 43 lists all the faults and their impact on RSTB and LIMPO pins
according to the device configuration. The faults that are configured to not assert RSTB 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 LIMPO pin is asserted.

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

Table 43. Application related fail-safe fault list and reaction

Mode Fault source FLT(;:.? R RSTB assertion LIMPO assertion
VXTSD & CONF_ - Max
TSD_Vx_OTP
VXMON OV +1
VXMON UV +1
FLT_ERR_CNT = MID VALUE No change
WD_ERR_CNT = +1
Slot 0 to WD_ERR_LIMIT
normal state External reset (out +1
of extended RSTB)
RSTB short to high No change
RSTB short 8 s = Max
LIMPO short to high No change
INIT_CRC_NOK +1
1MHz_STUCK_AT No change
V1_UVLP No change
LPON state VV\(IDD__EEF\I;i__CL:\IJ\;IrIT No change
No fault =1
LPOFF state No fault =1
Fail-safe State machine in fail-safe =1
state

19.5.3 Fail-safe mode

FS24 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)

* 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 is disabled, the 20 MHz
oscillator is disabled, the OV/UV monitoring are masked and FS_EVT bit is set to 1.

The fault error counter is reset to 1 and disabled.

The device exits the fail-safe state after Trs pyr time. If FS_LPOFF_OTP bit is set to 1, the device exits FS
state and goes to LPOFF. Otherwise it goes back to power-up sequence.

Table 44. Fail-safe state electrical characteristics
Ta =-40 °C to 115 °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
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Table 44. Fail-safe state electrical characteristics...continued
Tx =-40 °C to 115 °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 state duration
1 11
Ts buR + FS_DUR_CFG_OTP =0 3?% 20 A 2 ";S
« FS_DUR_CFG_OTP =1 ’ :

19.6 RSTB, LIMPO

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

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

The two 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. An internal pulldown RSTBgrpp ensures RSTB low level in LPOFF mode
and in Power-up/Power-down mode. Redundant supplies of RSTB driver ensures that the pin will be driven low
when VSUP is lost. When RSTB is stuck low for more than RSTBrgg, the device transitions in Fail-safe mode.
RSTB assertion depends on the device configuration during INIT phase. The configurations can be preselected
by OTP. RSTB can also be asserted at MCU request by SPI, to check the correct HW connection.

VDDIO

5.1kQ

lRSTB
VBOS/V1/VDDIO |J ) To MCU Reset

1nF
RPD I

LOGIC

bd
N

aaa-046862

Figure 42. RSTB pin implementation

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

Table 45. RSTB electrical characteristics

Tx =-40 °C to 115 °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 - - 0.7 \
RSTBy 4 High-level Input voltage 1.5 - - \%
RSTByoL Low-level output voltage (I = 2.0 mA) - - 0.4 \%
RSTBgrpp Internal pulldown resistor 0.9 2 4 MQ
RSTB_im Current limitation 4 - 22 mA
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Table 45. RSTB electrical characteristics...continued
Ta =-40 °C to 115 °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

RSTBtrs Feedback filtering time 8 10 15 us

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

RSTBr 6 Long pulse (configurable with RSTB_DUR bit) 9 - 11 ms

RSTBtsT Short pulse (configurable with RSTB_DUR bit) 0.9 - 1.1 ms

RSTBrgs 8 second timer 7 8 9 s

RSTBtraLL Fall time (pullup 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

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

RSTBcout rEE:;tE:':\ee:LZ:ctasri)ng capacitor (optional depending on the EMC } 1 ) nE

19.6.2 LIMPO as a safety output

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 as it does 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, to check the correct HW connection.

VSUP/VDDIO

10kQ

fLiMPo | 51kQ To Fail-safe

IJ h l — -L circuitry
RPD I 10 nF I 22nF

RPD_STUP
LOGIC -

%

Figure 43. LIMPO pin implementation

aaa-046863

Table 46. LIMPO electrical characteristics
Ta =-40 °C to 115 °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 46. LIMPO electrical characteristics...continued
Ta =-40 °C to 115 °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
Low-level Input voltage
LIMPOy, LIMPO_TH_SEL =0 - - 0.7 \Y
LIMPO_TH_SEL =1 - - 2
High-level Input voltage
LIMPOy 4 LIMPO_TH_SEL =0 1.5 - - \Y
LIMPO_TH_SEL =1 3 - -
LIMPOy oL Low-level output voltage (I = 2.0 mA) - - 0.4 \
LIMPORrpp Internal pulldown resistor 1 2 4 MQ
LIMPO_jm Current limitation 4 - 22 mA
Dynamic electrical characteristics
LIMPO+gg Feedback filtering time 8 10 15 us
LIMPOysc Short- to high-detection timer 500 650 800 us
LIMPOTEALL Fall time (pullup to VSUP = 14V, 10 nF output capacitor) - - 25 us
External components
External pullup resistor to VDDIO (nominal) - 5.1 - kQ
LIMPORpy
External pullup resistor to VSUP (nominal) - 10 - kQ
LIMPORsgr External serial resistor (optional, 0805 package size) - 5.1 - kQ
LIMPOcouT1 External output capacitor (close to the pin) - 10 - nF
LIMPOcouT2 External output capacitor (optional, after the serial resistor) - 22 - nF

19.6.3 LIMPO as a safety output release

When the fail-safe output LIMPO is asserted low by the device because a fault, some conditions must be
validated before allowing the 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_LIMPO_REL register filled with the correct value, depending on current WD_TOKEN[15:0],
(WD_TOKEN][15:8] with LSB and MSB inverted, then complemented)

19.6.4 LIMPO as a GPO

When LIMPO is not used as a safety output, it can be used as a general purpose output (GPO). To use LIMPO
as a GPO, LIMPO_EN_OTP bit must be set to 0 and the MCU must configure LIMPO_GPO = 1 during INIT
phase. The pin is set to low level by setting the LIMPO_REQ bit and set to high level (biased by the external
pull-up) by setting the LIMPO_REL bit.

19.7 Analog built-in self-test (ABIST)

The FS24 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 an SPI 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.
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ABIST can be launched for all the voltage monitoring channels at the same time (via LAUNCH_ABIST bit), or
individually (via ABIST_Vxxxx individual bits). An individual diagnostic bit is available for each channel once
the ABIST is done (ABIST_DONE = 1). A CLEAR_ABIST bit is available to clear the diagnostic flags before
launching the next ABIST. The flags have no impact on the safety pins.

If one of the concerned monitored voltage 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.

Ta =-40 °C to 115 °C, unless otherwise specified. VSUP = 5.5V to 40 V, unless otherwise specified. All
voltages referenced to ground.

Table 47. ABIST electrical characteristics

Symbol Parameter Min Typ Max Unit
ABIST
TasisT ABIST duration for one monitoring channel - - 20 s

19.8 Cyclic CRC check

The FS24 provides an 8-bit cyclic 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 for 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 register bits:

* FS_I_OVUV_CFG1[15:0]

FS_I_OVUV_CFG2[15:0]

FS_I_ERRMON_LIMPO_CFG[15:0]

FS_I_FSSM_CFG[15:4]

FS_I_WD_CFG[15:7]

The calculation to apply on the result of the concatenation is the same as the SPI 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 is closed and the device is in Normal mode, the cyclic 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 LIMPO is asserted depending on its impact
configuration (INIT_CRC_LIMPO_IMPACT).

Ta =-40 °C to 115 °C, unless otherwise specified. VSUP = 5.5 V to 40 V, unless otherwise specified. All
voltages referenced to ground.

Table 48. Cyclic CRC check characteristics

Symbol Parameter Min Typ Max Unit
Cyclic CRC check
Tcre CRC check timing interval 4.75 5 5.25 ms

19.9 Clock monitoring

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

The FS24 provides SPI interface for device configuration, control and diagnostic, in Normal and LPON modes.

20.1 SPlI communication

The FS24 provides a 32-bits SPI interface with the following arrangement:
Primary output secondary in bits (MOSI):

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: cyclic redundant check (CRC)

Primary input secondary out bits (MISO):

* Bits 31 to 24: general device status
* Bits 23 to 8: device internal control register content
* Bits 7 to 0: cyclic redundant check (CRC)

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

The MCU is the master driving MOSI. FS24 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 is sent first. In write command, MISO
[31:24] bits are the general status flags, [23:8] bits are all 0 and MISO [7:0] is the CRC of the message sent by
the FS24. 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 49 and Table 50 describe SPI communication protocol for writing data into the FS24 or reading data
from the FS24.

Table 49. SPI write command message construction

B | B30 | B2o | B2s | B27 | B26 | B25 | B24 | B2s | B2 | B21 | B20 [ B19 | B18 | B17 | B16
MOSI Register address [6:0] R/W Write data [15:8]
MISO General status flags Read data [15:8]

BI5 | B14 | B13 | B12 | B | B10 | B9 | B8 | B7 | B6 | B5 | B4 | B3 | B2 | B1 | BO
MOSI Write data [7:0] CRC [7:0]
MISO Read data [7:0] CRC [7:0] - response

Table 50. SPI read command message construction

B31 ‘ B30 ‘ B29 ‘ B28 | B27 | B26 | B25 | B24 | B23 | B22 | B21 | B20 | B19 ‘ B18 ‘ B17 | B16
MoOSI Register address [6:0] R/W 0x00
MISO General status flags Read data [15:8]
B15 ‘ B14 ‘ B13 ‘ B12 | BA11 | B10 | B9 | B8 B7 | B6 | B5 | B4 | B3 ‘ B2 B1 | BO
MOSI 0x00 CRC [7:0]
MISO Read data [7:0] CRC [7:0] - response
Table 51. MISO general device status bits descriptions
Bit Symbol Description
31 / 0
30 PHYG Report a physical layer error
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Table 51. MISO general device status bits descriptions ...continued

Bit Symbol

Description

0 No error

1 CAN error reported

Reset on POR, cleared when all individual bits are cleared

Flags reported: CAN_TSD_| or CAN_TXD_TO_|I

29 WUG

Interrupt notification from M_IOWU_FLG or M_WU1_FLG registers

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

Reset on POR, cleared when all individual bits are cleared

Flags reported: WK2_WU_I, WK3_WU_|, HVIO1_WU_I CAN_WU_I, LDT_WU_I, INT_TO_WU, WD_
OFL_WU, V1_UVLP_WU, GO2NORMAL_WU, EXT_RSTB_WU

28 10G

Interrupt notification from M_IO_TIMER_G register

0 No event reported in M_IO_TIMER_G register

1 An interrupt or flag is present in M_IO_TIMER_G register

Reset on POR, cleared when all individual bits are cleared

Flags reported: WK3_I, WK2_I, HVIO1_I, LDT_|

27 COMG

Interrupt notification from M_VSUP_COM_FLG register

0 No event reported into M_VSUP_COM_FLG register

1 An interrupt or flag is present in the M_VSUP_COM_FLG register

Reset on POR, cleared when all individual bits are cleared

Flags reported: SPI_REQ_I, SPI_CLK_I, SPI_CRC_I

26 VSUPG

Interrupt notification from M_VSUP_COM_FLG register

0 No event reported into M_VSUP_COM_FLG register

1 An interrupt or flag is present in the M_VSUP_COM_FLG register

Reset on POR, cleared when all individual bits are cleared

Flags reported: VSUPUV_4P7_|, VSUPUV_5P7_I, VSUPOV._|

25 VxG

Interrupt notification from M_REG_FLG register

0 No event reported into M_REG_FLG register

1 An interrupt or flag is present in the M_REG_FLG register

Reset on POR, cleared when all individual bits are cleared

Flags reported: VOUV_I, VOOV_I, V1OC_I, VIUV_I, VAIOV_I, VATSD_I, VITWARN_|, V30C_|,
V3UV_I, V30V_I, V3TSD_|

20.1.1 Cyclic redundant check

An 8-bit CRC is required for each write and read SPI command. Computation of a cyclic-redundancy
check is derived from the mathematics of polynomial division, modulo two. The CRC polynomial used is
xA8+xM+x"A3+x"2+1 (identified by 0x1D) with a seed value of hexadecimal 'OxFF".

Figure 44 is an example of CRC encoding HW implementation:
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Figure 44. CRC encoder example

The effect of CRC encoding procedure is shown in Table 52. The seed value is appended into the most
significant bits of the shift register.

Table 52. 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]

Table 53. Data preparation for CRC encoding
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.
Note: The 32-bits 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.
Use the following steps for CRC decoding:

Procedure for CRC decoding

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.

20.1.2 Electrical characteristics

Table 54. SPI electrical characteristics

Ta =-40 °C to 115 °C, unless otherwise specified. VSUP = 5.5 V to 40 V, unless otherwise specified. VDDIO = 1.8 V to 5 V, unless
otherwise specified. All voltages referenced to ground.

Symbol ‘Description ‘ Min ‘ Typ ‘ Max ‘ Unit

Interface 1/O input supply

Vobio ‘VDDIOsuppvaoItagerange ‘ 1.8 ‘ ] ‘ 55 ‘ v

Static electrical characteristics

FS2400 All information provided in this document is subject to legal disclaimers. © 2023 NXP B.V. All rights reserved.
Preliminary data sheet Rev. 1 — 14 June 2023
CONFIDENTIAL 76/163




NXP Semiconductors

FS2400

Fail-safe system basis chip with SMPS and LDO, CAN FD transceiver

Table 54. SPI electrical characteristics...continued

Ta =-40 °C to 115 °C, unless otherwise specified. VSUP = 5.5 V to 40 V, unless otherwise specified. VDDIO = 1.8 V to 5 V, unless
otherwise specified. All voltages referenced to ground.

tHcLD

Symbol Description Min Typ Max Unit
SPly. CSB, SCLK, MOSI Low-level input voltage - - V(I]D?I’DIXO \%
SPlyiy CSB, SCLK, MOSI High-level input voltage 0.7 - - \%
VDDIO

SPlyysT CSB, SCLK, MOSI input voltage hysteresis 0.1 - 0.6 \Y
SCLKpyLL-Down SCLK internal pulldown 90 200 400 kQ
MISOvyon MISO High-output voltage (I = 2.0 mA) V_DOD‘I‘O - - \Y
MISOyoL MISO Low-output voltage (I = 2.0 mA) - - 0.4 \%
Imiso 3-state leakage current (VDDIO =5 V) -5.0 - 5.0 uA
SPlpyLL-up CSB, MOSI internal pullup (pullup to VDDIO) 90 200 400 kQ
Dynamic electrical characteristics

Fspi SPI operation frequency (50 % DC) 0.5 - 4 MHz
toLH Minimum time SCLK = HIGH 125 - - ns
toLL Minimum time SCLK = LOW 125 - - ns
toeLp Propagation delay (SCLK to data at 10 % of MISO rising edge), i i 50 ns

Cout = 100 pF max
tcsov CSB = low to data at MISO active - - 100 ns
tscLcH SCLK low before CSB low (setup time SCLK to CSB change H/L) 125 - - ns
theLeL SCLK change L/H after CSB = low 125 - - ns
tscLp MOSI input setup time (SCLK change H/L after MOSI data valid) 100 - - ns
thelp MOSI input hold time (MOSI data hold after SCLK change H/L) 50 - - ns
tscLeL SCLK low before CSB high 125 - - ns
tHoLcH SCLK high after CSB high 125 - - ns
tpcHD CSB L/H to MISO at high-impedance - - 100 ns
toncss CSB min. high time between two frames 5 - - us
CsB [—toncss —>|
tscLcH | tHelel toLn foLL [‘7 tsoLoL tHCcLCH
SCLK ] —l
tcspv —~ tpcLD tPCHD —|
MISO MNN used ;( MSB X_ LsB )L
tscLp > M~

MOSI

X wmss X

Lse X

Figure 45. SPI timing diagram
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21 Register mapping

Table 55. Main register mapping

Address

Register # R/W SPI 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 0 Read only | Section 22.1
M_DEV_PROG_ID 1 0 0 0 0 0 0 1 0 Read only | Section 22.2
M_GEN_FLAG 2 0 0 0 0 0 1 0 0 Read only | Section 22.3
M_STATUS 3 0 0 0 0 0 1 1 0 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 on Read/write | Section 22.5
M_SYS1_CFG 6 0 0 0 0 1 1 0 on Read/write | Section 22.6
M_REG_CTRL 7 0 0 0 0 1 1 1 01 Read/write | Section 22.7
Reserved 8 0 0 0 1 0 0 0 - Reserved
M_REG2_CTRL 9 0 0 0 1 0 0 1 0/1 Read/write | Section 22.8
M_REG_FLG 10 0 0 0 1 0 1 0 on Read/write | Section 22.9
M_REG_MSK 1" 0 0 0 1 0 1 1 on Read/write | Section 22.10
M_REG1_FLG 12 0 0 0 1 1 0 0 01 Read/write | Section 22.11
M_REG1_MSK 13 0 0 0 1 1 0 1 01 Read/write | Section 22.12
M_IO_CTRL 14 0 0 0 1 1 1 0 on Read/write | Section 22.13
M_IO_TIMER_FLG 15 0 0 0 1 1 1 1 01 Read/write | Section 22.14
M_IO_TIMER_MSK 16 0 0 1 0 0 0 0 01 Read/write | Section 22.15
M_VSUP_COM_FLG 17 0 0 1 0 0 0 1 01 Read/write | Section 22.16
M_VSUP_COM_MSK 18 0 0 1 0 0 1 0 01 Read/write | Section 22.17
M_IOWU_CFG 19 0 0 1 0 0 1 1 01 Read/write | Section 22.18
M_IOWU_EN 20 0 0 1 0 1 0 0 01 Read/write | Section 22.19
M_IOWU_FLG 21 0 0 1 0 1 0 1 01 Read/write | Section 22.20
M_WU1_EN 22 0 0 1 0 1 1 0 01 Read/write | Section 22.21
M_WU1_FLG 23 0 0 1 0 1 1 1 01 Read/write | Section 22.22
Reserved 24 0 0 1 1 0 0 0 - Reserved
Reserved 25 0 0 1 1 0 0 1 - Reserved
Reserved 26 0 0 1 1 0 1 0 - Reserved
Reserved 27 0 0 1 | 0 1 1 - Reserved
Reserved 28 0 0 1 1 1 0 0 - Reserved
Reserved 29 0 0 1 1 1 0 1 - Reserved
Reserved 30 0 0 1 1 1 1 0 - Reserved
Reserved 31 0 0 1 1 1 1 1 - Reserved
Reserved 32 0 1 0 0 0 0 0 - Reserved
Reserved 33 0 1 0 0 0 0 1 - Reserved
Reserved 34 0 1 0 0 0 1 0 - Reserved
Reserved 35 0 1 0 0 0 1 1 - Reserved
Reserved 36 0 1 0 0 1 0 0 - Reserved
M_AMUX_CTRL 37 0 1 0 0 1 0 1 01 Read/write | Section 22.23
M_LDT_CFG1 38 0 1 0 0 1 1 0 01 Read/write | Section 22.24
M_LDT_CFG2 39 0 1 0 0 1 1 1 01 Read/write | Section 22.25
M_LDT_CFG3 40 0 1 0 1 0 0 0 01 Read/write | Section 22.26
M_LDT_CTRL 41 0 1 0 1 0 0 1 01 Read/write | Section 22.27
M_CAN 42 0 1 0 1 0 1 0 on Read/write | Section 22.28
Reserved 43 0 1 0 1 0 1 1 - Reserved
M_CAN_MSK 44 0 1 0 1 1 0 0 01 Read/write | Section 22.29
M_MEMORYO 45 0 1 0 1 1 0 1 01 Read/write | Section 22.30
M_MEMORY'1 46 0 1 0 1 1 1 0 01 Read/Write | Section 22.31
M_HW_ID 47 0 1 0 1 1 1 1 01 Read/write | Section 22.32
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Table 56. Safety-related Register mapping

Address

Register # Fgg\l’ Read/write Reference
Adr_6 Adr_5 Adr_4 Adr_3 Adr_2 Adr_1 Adr_0
Write during | Section 23.1
FS_I_OVUV_CFG1 50 0 1 1 0 0 1 0 01 INIT then
read only
Write during | Section 23.2
FS_I_OVUV_CFG2 51 0 1 1 0 0 1 1 0/1 INIT then
read only
Reserved 52 0 1 1 0 1 0 0 - Reserved
Write during | Section 23.3
Frg FRRMONLIMPO_ | 5 0 1 1 0 1 0 1 04 | INITthen
read only
Write during | Section 23.4
FS_I_FSSM_CFG 54 0 1 1 0 1 1 0 01 INIT then
read only
Write during | Section 23.5
FS_I_WD_CFG 55 0 1 1 0 1 1 1 0/1 INIT then
read only
FS_WDW_CFG 56 0 1 1 1 0 0 0 0/1 Read/write | Section 23.6
FS_WD_TOKEN 57 0 1 1 1 0 0 1 0 Read only | Section 23.7
FS_WD_ANSWER 58 0 1 1 1 0 1 0 0/1 Read/write | Section 23.8
Reserved 59 0 1 1 1 0 1 1 - Reserved
FS_LIMPO_REL 60 0 1 1 1 1 0 0 0/1 Read/write | Section 23.9
FS_ABIST 61 0 1 1 1 1 0 1 0/1 Read/write | Section 23.10
Reserved 62 0 1 1 1 1 1 0 6 Reserved
FS_SAFETY_OUTPUTS 63 0 1 1 1 1 1 1 0/1 Read/write | Section 23.11
FS_SAFETY_FLG 64 1 0 0 0 0 0 0 0/1 Read/write | Section 23.12
FS_CRC 65 1 0 0 0 0 0 1 0/1 Read/write | Section 23.13
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22 Main register mapping

221 M_DEV_CFG

Table 57. M_DEV_CFG register bit allocation

Bit 15 14 13 12 11 10 9 8
Write 0 0 0 0 0 0 0 0
Read 0 0 CAN_EN 0 LDTIM_EN 0 0 0
Reset 0 0 0 0 0 0 0 0

Bit 7 6 5 4 3 2 1 0
Write 0 0 - - - - - -
Read 0 ABIST_EN 0 0 LIMPO_EN | VOMON_EN 0 0
Reset 0 0 0 0 0 0 0 0

Table 58. 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
3 LIMPO_EN 0 LIMPO is disabled
1 LIMPO is enabled
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 LDT
0 LDT is disabled
1 LDTIM_EN
1 LDT is enabled
OTP Fuse load
Report the enable of the CAN
13 CAN_EN 0 The CAN is disabled
1 The CAN is enabled
OTP fuse load
22.2 M_DEV_PROG_ID
Table 59. M_DEV_PROG_ID register bit allocation

Bit 15 14 13 12 11 10 9 8
Write 0 0 0 0 0 0 0 0
Read FULL_LAYER_REV METAL_LAYER_REV
Reset 0 0 0 1 0 0 0 0
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Table 59. M_DEV_PROG_ID register bit allocation...continued

Bit 15 14 13 12 1 10 9 8
Bit 7 6 5 4 3 2 1 0
Write 0 0 0 0 0 0 0 0
Read PROG_IDH PROG_IDL
Reset 0 0 0 0 0 0 0 0

Table 60. M_DEV_PROG_ID register bit description

Bit Symbol Description
Report the second digit of the OTP code (0-F)
Oto3 PROG_IDL Program ID dependent

OTP fuse load

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

Report the Metal Mask revision

METAL_ .
8to 11 LAYER_REV 0000 Rev X.0 (default full layer revision)
N/A
Report the Full Layer Mask revision (X)
0000 unused
FULL_ -
12t0 15 LAYER REV 0001 Pass A silicon

0010 Pass B silicon
N/A

22.3 M_GEN_FLAG

Table 61. M_GEN_FLAG register bit allocation

Bit 15 14 13 12 1 10 9 8
Write 0 0 0 0 0 0 0 0
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 0 0 0 0 0 0 0 0
Read 0 WDG PHYG WUG 10G COMG VSUPG VxG
Reset 0 0 0 0 0 0 0 0

Table 62. M_GEN_FLAG register bit description
Bit Symbol Description

Report an event on a regulator VxG = V30C_I or V30OV_I| or V3UV_I or V3TSD_I or V1OC_| or
V10V_l or VIUV_|l or VITSD_| or VITWARN_I or VOUV_| or VOOV_I

0 VxG
0 no event
1 Vx event occurred
FS2400 All information provided in this document is subject to legal disclaimers. © 2023 NXP B.V. All rights reserved.
Preliminary data sheet Rev. 1 — 14 June 2023

CONFIDENTIAL 81/163



NXP Semiconductors FS2400

Fail-safe system basis chip with SMPS and LDO, CAN FD transceiver

Table 62. M_GEN_FLAG register bit description...continued

Bit Symbol Description
POR, cleared when all Vx flags are cleared
Report a VSUP error VSUPG = VSUPUV_4P7_I| or VSUPUV_5P7_lor VSUPOV _I
0 no error

1 VSUPG
1 VSUP error reported
POR, cleared when all VSUP flags are cleared
Report an error on the communication (SPI) COMG = SPI_REQ_I or SPI_CLK_I
0 no error

2 COMG
1 Communication error reported
POR, cleared when all COM flags are cleared
Report an 10 or LDT event IOTIMG = WK2_I| or WK3_Il or HVIO1_| or LDT_I
0 no event

3 10G
1 event occurred
POR, cleared when all 10 and LDT flags are cleared
Report a wake-up event WUG = HVIO1_WU_I or WK2_WU_I| or WK3_WU_I or CAN_WU_lI or
LDT_WU_l 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 = CAN_TSD_I| or CAN_TXD_TO_lI
0 no error

5 PHYG
1 CAN error reported
POR, cleared when all CAN flags are cleared
Report a safety related error SAFETYG = WD_NOK_|
0 no error

6 WD_G
1 watchdog refresh error reported
POR, cleared when all WD flags are cleared

22.4 M_STATUS

Table 63. M_STATUS register bit allocation

Bit 15 14 13 12 1" 10 9 8
Write 0 0 0 0 0 0 0 0
Read VAITWARN_S | LPON_S NORMAL_S INIT_S WK3_S WK2_S 0 0
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
Write 0 0 0 0 0 0 0 0
Read HVIO1_S 0 0 0 V1_MODE V1_S 0 V3_S
Reset 0 0 0 0 0 0 0 0
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Table 64. 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

Real-time status of V1 regulator

0 V1 is disabled

1 V1 is enabled

Real-time information

V1_MODE

Real-time status of the HYBUCK mode

0 BUCK is in PWM mode

1 BUCK is in PFM mode

Real-time information

HVIO1_S

Real-time status of HVIO1 input

0 HVIO1 is low

1 HVIO1 is high

Real-time information

10

WK2_S

Real-time status of WAKE2 input

0 WAKEZ2 is low

1 WAKEZ2 is high

Real-time information

11

WK3_S

Real-time status of WAKE3 input

0 WAKES is low

1 WAKES 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

LPON_S

Real-time status of LPON mode

0 Device is not in LPON mode

1 Device is in LPON mode

Real-time information

15

VITWARN_S

Real-time status of V1 temperature

0 V1 temperature is < TJPW

1 V1 temperature is > TjPW

Real-time information

FS2400
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Table 65. M_SYS_CFG register bit allocation

Bit 15 14 13 12 1 10 9 8
Write 0 BAT_FAIL 0 POR 0 0 GO2INIT GO2NORMAL
Read 0 BAT_FAIL 0 POR 0 0 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 0 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 OTP

Table 66. M_SYS_CFG register bit description
Bit Symbol Description
Enable the frequency spread spectrum
0 Spread spectrum is disabled (regardless of OTP configuration)
0 MOD_EN
1 Spread spectrum is enabled (regardless of OTP configuration)
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 = 25 us
3 INTB_DUR
1 INTB pulse = 100 us
POR
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 timeout will not generate a wake-up event
5 INT_TO_WUEN
1 Interrupt time out will generate a wake-up event
POR
Request to go in LPOFF mode from Normal mode
0 No action
6 GO2LPOFF
1 Go to LPOFF mode
POR, self-clear
Request to go in LPON mode from Normal mode
0 No action
7 GO2LPON
1 Go to LPON mode
POR, Self-clear
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Table 66. M_SYS_CFG register bit description...continued

Bit

Symbol

Description

GO2NORMAL

Request to go in Normal mode from LPON mode

0 No action

1 Go to Normal mode

POR, Self-clear

GO2INIT

Request to go in INIT phase

0 No action

1 Go to INIT phase

POR, self-clear

12

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

1 Digital POR event occurred

POR

14

BAT_FAIL

Report battery failure event (not reset by SOFTPOR_REQ) BAT_FAIL = VBOS_POR or VDIG_
UV_POR or VDIG_OV_POR

0 No battery failure event

1 Battery failure event occurred

HARD_POR

22.6 M_SYS1 _CFG

Table 67. M_SYS1_CFG register bit allocation

Bit 15 14 13 12 11 10 9 8
. LOAD_ TSLOT_
Write 0 0 0 0 0 otp BYP | SLOT_BYP | Loun GFG
LOAD_ TSLOT_
Read M_FSM_STATE otp Bvp | SLOT_BYP | houN. GG
Reset 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
Write 0 SOFTPOR_REQ 0 DBG_EXIT 0 0 OTP_EXIT 0
Read 0 0 0 0 DBG_MODE 0 0 OTP_MODE
Reset 0 0 0 0 0 0 0 0

Table 68. M_SYS1_CFG register bit description

Bit

Symbol

Description

OTP_MODE

Real-time status of OTP mode

0 Device is not in OTP mode

1 Device is in OTP mode

Real-time information

FS2400

OTP_EXIT

Leave OTP mode

0 No action

1 Leave OTP mode
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Table 68. M_SYS1_CFG register bit description...continued

Bit Symbol

Description

POR, self-clear

3 DBG_MODE

Real-time status of debug mode

0 Device is not in Debug mode

1 Device is in Debug mode

Real-time information

4 DBG_EXIT

Leave Debug mode

0 No action

1 Leave Debug mode

POR, Self-clear

6 SOFTPOR_REQ

Request a software POR of FS24 (reset the digital and restart from POR)

0 No action

1 Software POR is requested

POR, Self-clear

8 TSLOT_DOWN_CFG

Select the power down time slot

0 TSLOT =2 ms

1 TSLOT =0 ms

POR

9 SLOT_BYP

Bypass the SLOT 2 during power up

0 SLOT 2 is not bypassed

1 SLOT 2 is bypassed during power up

POR

10 LOAD_OTP_BYP

Bypass the OTP loading during power up

0 OTP loading is not bypassed

1 OTP loading is bypassed

POR or in main FSM M4 state

11to0 15 M_FSM_STATE

FS2400

VBOS to V1 switch always enabled

00000 -

00001 M1

00010 M2

00011 M3

00100 M4

00101 M5

00110 M6

00111 M7

01000 M8

01001 M9

01010 M10

01011 M11

01100 M12

01101 M13
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Table 68. M_SYS1_CFG register bit description...continued

Bit Symbol

Description

01110 M14

01111 M15

10000 M16

10001 M17

10010 M18

10011 -

10100 -

10101 -

10110 -

10111 -

11000 -

11001 -

11010 -

11011 -

11100 -

11101 -

11110 M30

1111 -

POR

22.7 M_REG_CTRL

Table 69. M_REG_CTRL register bit allocation

Bit 15 14 13 12 1" 10 9 8
Write 0 0 0 BUCK_SRHSOFF BUCK_SRHSON
Read 0 0 0 BUCK_SRHSOFF BUCK_SRHSON
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
Write V1EN V1DIS 0 0 0 V3ON_LPON V3EN V3DIS
Read 0 0 0 0 0 V3ON_LPON 0 0
Reset 0 0 0 0 0 0 0 0

Table 70. M_REG_CTRL register bit description

Bit Symbol

Description

Request to disable V3

0 No effect (Regulator remain in its current state)

V3DIS

1 Request to disable V3

POR, Self-clear

1 V3EN

Request to enable V3

0 No effect (Regulator remain in its current state)

FS2400
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Table 70. M_REG_CTRL register bit description...continued
Bit Symbol Description

1 Request to enable V3
POR, Self-clear

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

2 V3ON_LPON

Request to disable V1

0 No effect (Regulator remain in its current state)

6 V1DIS
1 Request to disable V1

POR, Self-clear

Request to enable V1

0 No effect (Regulator remain in its current state)
7 V1EN

1 Request to enable V1
POR, Self-clear
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
8to 10 BUCK_SRHSON

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
POR or OTP Fuse load
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

11to 12 BUCK_SRHSOFF
10 HS falling slew rate is 10 ns

11 HS falling slew rate is 5 ns

POR or OTP Fuse load

22.8 M_REG2_CTRL

Table 71. M_REG_CTRL register bit allocation

Bit 15 14 13 12 11 10 9 8
Write 0 0 0 0 0 0 GO2DFLT GO2DVS
Read 0 0 0 0 0 VV1_BUCK_S 0 0
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
Write VV1_BUCK_DVS_SR VV1_BUCK_DVS
Read VV1_BUCK_DVS_SR VV1_BUCK_DVS
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Table 71. M_REG_CTRL register bit allocation...continued
Bit 15 14 13 12 1 10 9 8

Reset 0 0 0 0 0 0 0 0

Table 72. M_REG_CTRL register bit description

Bit Symbol Description
Select V1 output voltage
Oto5 VV1_BUCK_DVS 00000 VV1_BUCK_DVSJ[5:0]*25 mV or 50 mV depending on the selected range in OTP
POR

Select rate to operate voltage change on V1
00 22 mV/us

01 11.25 mV/us

10 5.63 mV/ps

11 2.81 mV/us

POR

6to7 VV1_BUCK_DVS_SR

Set V1 output voltage to DVS value
0 No effect

1 V1 is set to DVS Value

POR

8 GO2DVS

Set V1 output voltage to default value
0 No effect

9 GOTODFLT!M

1 V1 is set to default Value
POR

Report the on-going V1 voltage setting

0 Buck is set to default value
1 Buck is set to DVS value
POR

7 VV1_BUCK_S

[1]  After setting the GO2DVS bit, ensure that the software waits for the DVS completion before setting the GOTODFLT bit. The DVS completion time is
determined by the voltage settings and the VV1_BUCK_DVS_SR[1:0] setting.

22.9 M_REG_FLG

Table 73. M_REG_FLG register bit allocation

Bit 15 14 13 12 1" 10 9 8
Write 0 0 0 0 0 0 0 0
Read V1LSOC_I V1_UVW_I | VITWARN_I VATSD_| 0 V3TSD_| V1UVLP_| V1UV_I
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
Write 0 0 0 0 0 0 0 0
Read 0 V3UV_I V10V_I 0 V30V_I V10C_I 0 V30C_|
Reset 0 0 0 0 0 0 0 0
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Table 74. M_REG_FLG register bit description

Bit

Symbol

Description

V30C_|

Report V3 overcurrent event

0 No event detected

1 V3 OC occurred

POR, or clear on write (write '1")

V10C_|

Report V1 overcurrent event

0 No event detected

1 V1 OC occurred

POR, or clear on write (write '1")

V30V _|

Report V3 overvoltage event

0 No event detected

1 V3 OV occurred

POR, or clear on write (write '1")

VIOV_|

Report V1 overvoltage event

0 No event detected

1 V1 OV occurred

POR, or clear on write (write '1")

V3UV_|

Report V3 undervoltage event

0 No event detected

1 V3 UV occurred

POR, or clear on write (write '1")

VAUV

Report V1 undervoltage event

0 No event detected

1 V1 UV occurred

POR, or clear on write (write '1")

VAUVLP_|

Report V1 undervoltage event in LPON

0 No event detected

1 V1 under voltage event occurred in LPON

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")

12

V1TSD_|

Report V1 thermal shutdown event

0 No event detected

1 V1 TSD occurred

POR, or clear on write (write '1")

13

VITWARN_I

Report V1 temperature warning event

0 No event detected

1 die V1 TWARN occurred

POR, or clear on write (write '1")
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Table 74. M_REG_FLG register bit description...continued
Bit Symbol Description

Report V1 undervoltage pre-warning event

0 No event detected

14 VIUVW_I
1 V1 under voltage pre-warning event occurred
POR, or clear on write (write '1")
Report V1 low side overcurrent event
0 No event detected
15 V1LSOC_|

1 V1 LS OC occurred

POR, or clear on write (write '1")

2210 M_REG_MSK

Table 75. M_REG_MSK register bit allocation

Bit 15 14 13 12 1" 10 9 8
Write | VILSOC_M |V1UVW_M | VITWARN_M V1TSD_M 0 V3TSD_M V1UVLP_M V1UV_M
Read | VILSOC_M |V1UVW_M | VITWARN_M VATSD_M 0 V3TSD_M V1UVLP_M V1UV_M
Reset 0 0 0 0 0 0 0 0

Bit 7 6 5 4 3 2 1 0
Write 0 V3UV_M V10V_M 0 V30V_M V10C_M 0 V30C_M
Read 0 V3UV_M V10V_M 0 V30V_M V10C_M 0 V30C_M
Reset 0 0 0 0 0 0 0 0

Table 76. 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 V1 overcurrent interrupt
0 Interrupt is not inhibited
2 V10C_M
1 Interrupt is inhibited
POR
Inhibit V3 overvoltage interrupt
0 Interrupt is not inhibited
3 V30V_M
1 Interrupt is inhibited
POR
Inhibit V1 overvoltage interrupt
0 Interrupt is not inhibited
5 V10V_M
1 Interrupt is inhibited
POR
6 V3UV_M Inhibit V3 undervoltage interrupt
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Table 76. M_REG_MSK register bit description...continued

Bit

Symbol

Description

0 Interrupt is not inhibited

1 Interrupt is inhibited

POR

VIUV_M

Inhibit V1 undervoltage interrupt

0 Interrupt is not inhibited

1 Interrupt is inhibited

POR

VAUVLP_M

Inhibit V1 undervoltage in LPON 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

12

VAITSD_M

Inhibit V1 thermal shutdown interrupt

0 Interrupt is not inhibited

1 Interrupt is inhibited

POR

13

VATWARN_M

Inhibit V1 thermal warning interrupt

0 Interrupt is not inhibited

1 Interrupt is inhibited

POR

14

VIUVW_M

Inhibit V1 under voltage pre-warning interrupt

0 Interrupt is not inhibited

1 Interrupt is inhibited

POR

15

VILSOC_M

Inhibit V1 low side overcurrent interrupt

0 Interrupt is not inhibited

1 Interrupt is inhibited

POR
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2211 M_REG1_FLG

Table 77. M_REG_FLG register bit allocation

Bit 15 14 13 12 11 10 9 8
Write VOUV_I VooV_| 0 0 0 0 0 0
Read VOUV_I VOoOoV_| 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 0 0 0 0 0 0 0 0
Read 0 0 0 0 0 0 0 0
Reset 0 0 0 0 0 0 0 0
Table 78. M_REG_FLG register bit description
Bit Symbol Description
Report VMON_EXT Over Voltage event
0 No event detected
14 VOOV_|
1 VMON_EXT UV occurred
POR, or Clear on Write (write '1")
Report VMON_EXT Under Voltage event
0 No event detected
15 VOUV_I
1 VMON_EXT OV occurred
POR, or Clear on Write (write '1")
22.12 M_REG1_MSK
Table 79. M_REG_MSK register bit allocation
Bit 15 14 i3 12 1 10 9 8
Write VOUV_M VOOV_M 0 0 0 0 0 0
Read VOUV_M VOOV_M 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 0 0 0 0 0 0 0 0
Read 0 0 0 0 0 0 0 0
Reset 0 0 0 0 0 0 0 0
Table 80. M_REG_MSK register bit description
Bit Symbol Description
Inhibit VMON_EXT overvoltage interrupt
14 VOOV M 0 Interrupt is not inhibited
1 Interrupt is inhibited
POR
15 VOUV_M Inhibit VMON_EXT undervoltage interrupt
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Table 80. M_REG_MSK register bit description...continued

Bit

Symbol

Description

0 Interrupt is not inhibited

1 Interrupt is inhibited

POR

22.13 M_IO_CTRL

Table 81. M_IO_CTRL register bit allocation

Bit 15 ’ 14 13 12 11 10 9 8
Write WK2PUPD WK3PUPD HVIO1PUPUD HVIO1THI HVIO1LO
Read WK2PUPD WK3PUPD HVIO1PUPUD 0 0
Reset OoTP oTP OoTP oTP OoTP OoTP 0 0

Bit 7 6 8 4 3 2 1 0
Write 0 0 0 0 0 0 0 0
Read 0 0 0 0 0 0 0 0
Reset 0 0 0 0 0 0 0 0

Table 82. M_IO_CTRL register bit description

Bit

Symbol

Description

HVIO1LO

Request to assert HVIO1 when configured as an output

0 No effect (IO remain in its current state)

1 Request to assert HVIO1 low

POR, self-clear

HVIO1THI

Request to release HVIO1 when configured as an output

0 No effect (IO remain in its current state)

1 Request to release HVIO1 high

POR, self-clear

10to 11

HVIO1PUPUD

Select the internal pulldown/up on HVIO1 pin

00 HVIO1 internal pulldown and pullup are disabled

01 HVIO1 internal pulldown is enabled and pullup is disabled

10 HVIO1 internal pulldown is disabled and pullup is enabled

11 HVIO1 internal pulldown and pullup are configured as cell repeater

OTP fuse load

12t0 13

WK3PUPD

Select the internal pulldown/up on WAKE3 pin

00 WAKES3 internal pulldown and pullup are disabled

01 WAKE3 internal pulldown is enabled and pullup is disabled

10 WAKES internal pulldown is disabled and pullup is enabled

11 WAKES internal pulldown and pullup are configured as cell repeater

OTP fuse load

14 to 15

FS2400

WK2PUPD

Select the internal pulldown/up on WAKE2 pin

00 WAKE?Z2 internal pulldown and pullup are disabled
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Table 82. M_IO_CTRL register bit description...continued
Bit Symbol Description

01 WAKE?2 internal pulldown is enabled and pullup is disabled

10 WAKE?2 internal pulldown is disabled and pullup is enabled

11 WAKE?2 internal pulldown and pullup are configured as cell repeater
OTP fuse load

22.14 M_IO_TIMER_FLG

Table 83. M_IO_TIMER_FLG register bit allocation

Bit 15 14 13 12 1 10 9 8
Write 0 0 0 0 0 0 0 LDT_I
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 0 0 0 0 HVIO1_| WK3_| WK2_| 0
Read 0 0 0 0 HVIO1_| WK3_|I WK2_| 0
Reset 0 0 0 0 0 0 0 0

Table 84. M_IO_TIMER_FLG register bit description
Bit Symbol Description
Report WAKE2 input state change event if not masked
0 No event on WAKE2
1 WK2_|
1 Event on WAKEZ2 occurred
POR, or clear on write (write '1")
ReportWAKE3 input state change event if not masked
0 No event on WAKE3
2 WK3_|I
1 Event on WAKE3 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 WAKE3 input state change event if not masked
0 No event on WAKES3
7 WK3_|
1 Event on WAKE3 occurred
POR, or clear on write (write '1")
Report LDT event
0 No eventon LDT
8 LDT_I
1 Event on LDT occurred
POR, or clear on write (write '1")
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22.15 M_IO_TIMER_MSK

Table 85. M_IO_TIMER_MSK register bit allocation

Bit 15 14 13 12 11 10 9 8
Write 0 0 0 0 0 0 0 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 0 0 0 0 HVIO1_M WK3_M WK2_M 0
Read 0 0 0 0 HVIO1_M WK3_M WK2_M 0
Reset 0 0 0 0 0 0 0 0
Table 86. M_IO_TIMER_MSK register bit description
Bit Symbol Description
Inhibit WAKE2 input state change interrupt
0 Interrupt is not inhibited in Normal mode
1 WK2_M
1 Interrupt is always Inhibited
POR
Inhibit WAKES3 input state change interrupt
0 Interrupt is not inhibited in Normal mode
2 WK3_M
1 Interrupt is always Inhibited
POR
Inhibit HVIO1 input state change interrupt
3 HVIOT_M 0 Interrupt is not inhibited in Normal mode
1 Interrupt is always Inhibited
POR
Inhibit LDT event interrupt
0 Interrupt is not inhibited
8 LDT_M
1 Interrupt is always Inhibited
POR
22.16 M_VSUP_COM _FLG
Table 87. M_VSUP_COM_FLG register bit allocation
Bit 15 14 13 12 11 10 9 8
Write 0 0 0 0 VBOS_UV_I 0 0 0
Read 0 0 0 VBOS2V1SW_S | VBOS_UV_I 0 0 0
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
Write SPI_CRC_| SPI_CLK_| |SPI_REQ_I 0 0 VS;;'J;BIV— VSUPOV_I ViLtJll:;J_ \I/_
Reaq | SPLCRC_I | SPILCLK I |SPI_REQ 0 0 VSSL;,';EIV— VSUPOV._| fo;’f_\l’—
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Table 87. M_VSUP_COM_FLG register bit allocation...continued

‘ Reset \ 0 0 0 0 0

Table 88. M_VSUP_COM_FLG register bit description

Bit Symbol Description

Report VSUP UV event at 4.7 V

0 No VSUP UV event at 4.7 V
0 VSUPUV_4P7_I

1 VSUP UV event occurred at 4.7 V

POR, or clear on write(write '1')

Report VSUP OV event

0 No VSUP QV event

1 VSUPOV_I
1 VSUP OV event occurred

POR, or clear on write (write '1')

ReportVSUP UV event at 5.7 V

0 No VSUP UV event at 5.7 V
2 VSUPUV_5P7_I

1 VSUP UV event occurred at 5.7 V

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 VBOS undervoltage event

0 No event detected
11 VBOS _UV_I

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 VBOS2VISW_S
1 The switch is closed

Real-time information

22.17 M_VSUP_COM_MSK

Table 89. M_VSUP_COM_MSK register bit allocation

| Bt | 15 | 14 | 13 12 1 10 9 8
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Table 89. M_VSUP_COM_MSK register bit allocation...continued

Write 0 0 0 0 0 0 0 0
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
VSUPUV_ VSUPUV_
Write SPI_CRC_M SPI_CLK_M SPI_REQ_M 0 0 4P7 M VSUPOV_M 4P7 M
VSUPUV_ VSUPUV_
Read SPI_CRC_M SPI_CLK_M SPI_REQ_M 0 0 4P7 M VSUPOV_M 4P7 M
Reset 0 0 0 0 0 0 0 0
Table 90. M_VSUP_COM_MSK register bit description
Bit Symbol Description
Inhibit VSUPUV interrupt at 4.7 V
0 Interrupt is not inhibited
0 VSUPUV_4P7_M
1 Interrupt is inhibited
POR
Inhibit VSUPQV interrupt
0 Interrupt is not inhibited
1 VSUPOV_M
1 Interrupt is inhibited
POR
Inhibit VSUPUV interrupt at 5.7 V
0 Interrupt is not inhibited
2 VSUPUV_5P7_M
1 Interrupt is inhibited
POR
Inhibit SPI request error interrupt
0 Interrupt is not inhibited
5 SPI_REQ_M
1 Interrupt is inhibited
POR
Inhibit SPI clock error interrupt
0 Interrupt is not inhibited
6 SPI_CLK_M
1 Interrupt is inhibited
POR
Inhibit SPI CRC error interrupt
0 Interrupt is not inhibited
7 SPI_CRC_M
1 Interrupt is inhibited
POR
22.18 M_IOWU_CFG
Table 91. M_IOWU_CFG register bit allocation
Bit 15 14 13 12 1" 10 9 8
Write 0 0 0 0 HVIO1_DGLT | WK3_DGLT | WK2_DGLT 0
Read 0 0 0 0 HVIO1_DGLT | WK3_DGLT | WK2_DGLT 0

FS2400

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

© 2023 NXP B.V. All rights reserved.

Preliminary data sheet
CONFIDENTIAL

Rev. 1 — 14 June 2023

98 /163



NXP Semiconductors FS2400

Fail-safe system basis chip with SMPS and LDO, CAN FD transceiver

Table 91. M_IOWU_CFG register bit allocation...continued
Reset 0 0 0 0 0 0

Bit 7 6 5 4 3 2
Write HVIO1_WUCFG WK3_WUCFG WK2_WUCFG
Read HVIO1_WUCFG WK3_WUCFG WK2_WUCFG
Reset 0 0 0 0 0 1

o|lo|o| o

oO|OoO|O| =| O

Table 92. M_IOWU_CFG register bit description
Bit Symbol Description

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 Reserved

POR

Configure WAKE3 wake-up polarity

00 Input comparator disabled in LP modes only (no consumption)

01 High-level wake up is configured

4t05 WK3_WUCFG
10 Low-level wake up is configured

11 Reserved
POR

Configure HVIO1 wake-up polarity

00 Input comparator disabled in LP modes only (no consumption)

01 High-level wake up is configured

6to7 HVIO1_WUCFG
10 Low-level wake up is configured

11 Wake up via mode selection is configured
POR

Configure WAKE2 deglitcher time

0 WAKE2 deglitcher = 15 us

1 WAKEZ2 deglitcher = 65 us

POR, Write

Configure WAKES3 deglitcher time

0 WAKES deglitcher = 15 us

1 WAKES3 deglitcher = 65 us

POR, write

9 WK2_DGLT

10 WK3_DGLT

Configure HVIO1 deglitcher time
0 HVIO1 deglitcher = 15 us

1 HVIO1 deglitcher = 65 us

POR, write

1" HVIO1_DGLT
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22.19 M_IOWU_EN

Table 93. M_IOWU_EN register bit allocation

Bit 15 14 13 12 1 10 9 8
Write 0 0 0 0 0 0 0 0
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 HVIO1_WUEN WK3_WUEN WK2_WUEN 0 0
Read HVIO1_WUEN WK3_WUEN WK2_WUEN 0 0
Reset 0 1 0 1 0 1 0 0
Table 94. M_IOWU_EN register bit description
Bit Symbol Description
Configure WAKE2 wake-up and interrupt capability
00 No wake up and no interrupt
Oto1 WK2_WUEN 01 Wake up 0
10 Interrupt only
11 Wake up and interrupt
POR or Fail-safe state
Configure WAKE3 wake-up and interrupt capability
00 No wake up and no interrupt
2t03 WK3_WUEN U Hako unloQly
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
4t05 HVIO1_WUEN JHgke up only
10 Interrupt only
11 Wake up and interrupt
POR or Fail-safe state
22.20 M_IOWU_FLG
Table 95. M_IOWU_FLG register bit allocation
Bit 15 14 13 12 1" 10 9 8
Write 0 0 0 0 0 0 0 0
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 0 0 HVIO1 WU _I 0 0 WK3_WU_| WK2_WU _| 0
Read 0 0 HVIO1 WU _I 0 0 WK3_WU_| WK2_WU_| 0
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Table 95. M_IOWU_FLG register bit allocation...continued

Bit

15

14

13 12 1 10 9

Reset

0

0

0 0 0 0 0

Table 96. M_IOWU_FLG register bit description

Bit

Symbol

Description

WK2_WU_|

Report WAKE2 wake-up event

0 No wake up by WAKEZ2 (level)

1 Wake up by WAKE2 occurred (level)

POR, Go to LP modes (clear_all_wu_flg)

WK3_WU_|

Report WAKE3 wake up event

0 No wake up by WAKES3 (level)

1 Wake up by WAKES3 occurred (level)

POR, Go to LP modes (clear_all_wu_flg)

HVIO1_WU_|

Report HVIO1 wake-up event

0 No wake up by HVIO1 (level)

1 Wake up by HVIO1 occurred (level)

POR, Go to LP modes (clear_all_wu_flg)

22.21 M_WU1_EN

Table 97. M_WU1_EN register bit allocation

Bit

15

14

13 12 1 10

Write

Read

Reset

Bit

- Ol OO ©

0 0
0 0
0 0
5 4

o O| O O ©

Write

LDT_WUEN

CAN_WUEN

Read

OO W ol o| o
O/ O N O|lO| O

LDT_WUEN

CAN_WUEN

Reset

o o/l o|N|lO|O)| O

O/ ol o|lom®o O] O ©

0 0 1

—_

1 1

Table 98. M_WU1_EN register bit description

Bit

Symbol

Description

Oto1

CAN_WUEN

Configure CAN wake-up and interrupt capability

00 No wake up and no interrupt

01 Wake up only

10 Interrupt only

11 Wake up and interrupt

POR or Fail-safe state

4105

FS2400

LDT_WUEN

Configure LDT wake-up and interrupt capability
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Table 98. M_WU1_EN register bit description...continued
Bit Symbol Description

00 No wake up and no interrupt

01 Wake up only

10 Interrupt only

11 Wake up and interrupt

POR or Fail-safe state

22.22 M_WU1_FLG

Table 99. M_WU1_FLG register bit allocation

Bit 15 14 13 12 1 10 9 8
Write 0 0 0 0 0 0 0 0
Read 0 0 0 0 0 0 FS_EVT | EXT_RSTB_WU
Reset 0 0 0 0 0 0 0 0

Bit 7 6 5 4 B 2 1 0
Write 0 0 0 0 0 0 0 0
Read | WD_OFL_WU |V1_UVLP_WU INT_TO_WU GO2NORMAL_WU 0 |LDT_WU_I 0 CAN_WU_I
Reset 0 0 0 0 0 0 0 0

Table 100. M_WU1_FLG register bit description
Bit Symbol Description
Report CAN wake-up event
0 No wake up by CAN
0 CAN_WU_I
1 Wake up by CAN occurred
POR, Go to LP modes (clear_all_wu_flg)
Report LDT wake-up event
0 No wake up by LDT
2 LDT_WU_I
1 Wake up by LDT occurred
POR, Go to LP modes (clear_all_wu_flg)
Report GO2NORMAL request from MCU wake-up event
0 No wake up by MCU GO2NORMAL request
4 GO2NORMAL_WU
1 Wake up by MCU GO2NORMAL request occurred
POR, Go to LP modes (clear_all_wu_flg)
Report a wake-up event generated by an interrupt time out
0 No wake-up generated by Interrupt time out
5 INT_TO_WU
1 Wake up by Interrupt Time Out occurred
POR, Go to LP modes (clear_all_wu_flg)
Report V1 LPON undervoltage 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, Go to LP modes (clear_all_wu_flg)
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Table 100. M_WU1_FLG register bit description...continued
Bit Symbol Description

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, Go to LP modes (clear_all_wu_flg)

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, Go to LP modes (clear_all_wu_flg)

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 clear on write (write '1")

22.23 M_AMUX_CTRL

Table 101. M_AMUX_CTRL register bit allocation

Bit 15 14 13 12 1 10 9 8
Write 0 0 0 0 FélgA_UD)Tg 0 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 0 0 0 AMUX
Read 0 0 0 AMUX
Reset 0 0 0 0 0 0 0 0

Table 102. M_AMUX_CTRL register bit description
Bit Symbol Description

Select AMUX input channel

00000 AGND is selected

00001 V1p6 internal voltage (VDIG) is selected
00010 V1 voltage is selected

00011 Reserved

00100 V3 voltage is selected

Oto4 AMUX 00101 VBOS internal voltage is selected
00110 VSUP voltage is selected (divider ratio configurable by SPI)
00111
01000
01001
01010
01011
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Table 102. M_AMUX_CTRL register bit description...continued
Bit Symbol Description

01100 V1 TWARN temperature sensor is selected temperature sensor (0.4 V-1.65 V)
01101 V1 TSD temperature sensor is selected (0.4 V-1.65 V)
01110 Reserved

01111 V3 temperature sensor is selected

10000 VDDIO not divided is selected

10001 CAN temperature sensor is selected (0.4 V-1.65 V)
10010 VMON_EXT pin voltage is selected

10011 low-power main bandgap is selected (0.995 V-1.005 V)

10100 VANA (main analog voltage supply) is selected (1.3 V-1.65 V)
10101 VCC5CAN pin voltage is selected (3.3 V-5.5 V)
POR

Select AMUX divider ratio for high-voltage channels

0 Low divider ratio is selected (div by 7.5)
8 AMUX_DIV

1 High divider ratio is selected (div by 14)
POR

Enable AMUX block

0 AMUX is disabled (HIZ, int pulldown)

9 AMUX_EN

1 AMUX is enabled in Normal mode only
POR

Disable AMUX pulldown

0 AMUX pin pulldown is enabled

1 AMUX pin pulldown is disabled

POR

11 AMUX_PD_DIS

22.24 M_LDT_CFG1

Table 103. 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 1 0
Write LDT_AFTER_RUN
Read LDT_AFTER_RUN
Reset 0 0 0 0 0 0 0 0

Table 104. M_LDT_CFG1 register bit description

Bit Symbol Description
LDT Configure and read the after-run LDT timer
0to 15 =
AFTER_RUN LDT timer value in Normal mode
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Table 104. M_LDT_CFG1 register bit description...continued

Bit

Symbol

Description

POR, LDT count started

22.25 M_LDT_CFG2

Table 105. 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 1 0
Write LDT_WUP_L
Read LDT_WUP_L
Reset 0 0 0 0 0 0 0 0
Table 106. M_LDT_CFG2 register bit description
Bit Symbol Description
Configure and read the 16 less significant bits of wake-up LDT timer
0to 15 LDT_WUP_L LDT timer value in LP mode (LSB)
POR, LDT count started
22.26 M_LDT_CFG3
Table 107. M_LDT_CFGS3 register bit allocation
Bit 15 14 13 12 1" 10 9 8
Write 0 0 0 0 0 0 0 0
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 LDT_WUP_H
Read LDT_WUP_H
Reset 0 0 0 0 0 0 0 0

Table 108. M_LDT_CFG3 register bit description

Bit Symbol Description
Configure and read the 8 more significant bits of LDT wake-up timer
Oto7 LDT_WUP_H LDT timer value in LP mode (MSB)
POR, LDT count started

FS2400
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22.27 M_LDT_CTRL

Table 109. M_LDT_CTRL register bit allocation

Bit 15 14 13 12 1 10 9 8
Write 0 0 0 0 0 0 0 0
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 110. M_LDT_CTRL register bit description

Bit Symbol Description
LDT status
0 LDT isidle

0 LDT_RUN
1 LDT is busy
POR, LDT stopped
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 (1 s)

2 LDT_MODE
1 LDT is set to short count (128 us)
POR
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-bits timer is reported (once LDT stopped)
POR
Select LDT function
000 Function1 is selected
001 Function2 is selected
010 Function3 is selected
011 Function4 is selected

4106 LDT_FNCTI[2:0]

100 Functionb is selected
101 Not used
110 Not used
111 Not used
POR
Select LP mode transition from LDT F2 and F3

7 LDT2LP
0 Go to LPOFF
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Table 110. M_LDT_CTRL register bit description...continued

Bit Symbol Description
1 Go to LPON
POR
22.28 M_CAN
Table 111. M_CAN register bit allocation
Bit 15 14 13 12 1 10 9 8
. CAN_WU_
Write 0 0 0 0 0 TMR_BYP CAN_MODE
CAN_WU_
Read 0 0 0 0 0 TMR_BYP CAN_MODE
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
Write 0 0 CAN_FS_DIS 0 0 0 CAN_TXD _TO || CAN_TSD |
CAN_
ACTIVE_ 0 CAN_FS_DIS 0 TXgA‘IN(S s 'I?SAI‘DN_S CAN_TXD_TO_| | CAN_TSD_|I
Read MODE_S 2\a -
Reset 0 0 0 0 0 0 0 0
Table 112. M_CAN register bit description
Bit Symbol Description
Report CAN over-temperature 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')
Real-time status of CAN thermal shutdown
0 Tj < thermal shutdown limit
2 CAN_TSD_S
1 Tj > thermal shutdown limit
Real-time information
Real-time status of CAN transceiver TXD dominant timeout
0 Normal operation
3 CAN_TXD_TO_S
1 TXD dominant timeout condition is present
Real-time information
Disable the CAN when RSTB or LIMPO is activated
0 CAN transceiver is offline
5 CAN_FS_DIS

1 CAN transceiver keeps the current state

POR
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Table 112. M_CAN register bit description...continued

Bit Symbol Description

Real-time status of CAN mode
CAN ACTIVE 0 CAN is neither in listen-only mode nor in Normal mode

! M6DE—S - 1 CAN is either in listen-only mode or in Normal mode
Real-time information
Select the CAN mode control
00 Transceiver offline (TX and RX disabled)

8109 GCAN_MODE 01 Transceiver receive-only mode (TX disabled and RX enabled)
10 Transceiver active mode (TX and RX enabled) reacting on V3UV
11 Transceiver active mode (TX and RX enabled) reacting on V3UV
POR
Bypass CANRXD assert low after CAN WU
CAN_WU_ 0 Trxd_wu_timeout not bypassed

10 TMR_BYP 1 Trxd_wu_timeout bypassed

POR

22.29 M_CAN_MSK

Table 113. M_CAN register bit allocation

Bit 15 14 13 12 1" 10 9 8
Write 0 0 0 0 0 0 0 (0]
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
CAN_TXD_
Write 0 0 0 0 TO_M CAN_TSD_M
CAN_TXD_
Read 0 0 0 CAN_FSM_STATE_S TOM CAN_TSD_M
Reset 0 0 0 0 0 0 0 0
Table 114. M_CAN_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, or clear on write (write '1")
Inhibit CAN TXD Dominant timeout interrupt
0 Interrupt is not inhibited
1 CAN_TXD_TO_M
1 Interrupt is inhibited
POR, or clear on write (write '1')
Report the CAN state machine state
2to4 CAN_TSD_S
000 OFF
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Table 114. M_CAN_MSK register bit description...continued

Bit Symbol Description

001 OFFLINE

001 Invalid state

001 OFFLINEVCCNOK

001 GOACTIVE

001 LISTEN

001 Invalid state

001 NORMAL

Real-time information

22.30 M_MEMORY0

Table 115. M_MEMORYO register bit allocation

Bit 15 ’ 14 13 12 1" 10 9 8
Write MEMORYO0
Read MEMORYO
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 0
Write MEMORYO
Read MEMORYO
Reset 0 0 0 0 0 0 0 0
Table 116. M_MEMORYO register bit description
Bit Symbol Description
Provide 16 memory bits
0to 15 MEMORYO Read or write MEMORYO0 memory bits
Reset on power-on reset (POR)
22.31 M_MEMORY1
Table 117. 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
Bit 7 6 5 4 3 2 0
Write MEMORY1
Read MEMORY1
Reset 0 0 0 0 0 0 0 0
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Table 118. 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)

22.32 M_HW_ID

Table 119. M_HW_ID register bit allocation

Bit 15 14 13 12 1 10 9 8
Writ 0 LIMPO_ HIDW2_ HIDW3_ HIDW2_ HIDW3_ HIDW2_ HIDW3_
e TH_SEL TH_SEL TH_SEL 10MA_EN | 10MA_EN ENABLE ENABLE
Read 0 LIMPO_ HIDW2_ HIDW3_ HIDW2_ HIDW3_ HIDW2_ HIDW3_
TH_SEL TH_SEL TH_SEL 10MA_EN | 10MA_EN ENABLE ENABLE
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
HIDW2 HIDW2 HIDW2 HIDW2 HIDW3 HIDW3 HIDW3 HIDW3
Write PU_EN PU_DIS PD_EN PD_DIS PU_EN PU_DIS PD_EN PD_DIS
Read 0 0 0 0 0 0 0 0
Reset 0 0 0 0 0 0 0 0

Table 120. M_HW_ID register bit description

Bit Symbol Description

Request to disable HWID pulldown for WAKE 3

0 No effect (pulldown remains in its current state)
0 HIDW3PD_DIS

1 Request to disable pulldown

POR

Request to enable HWID Pulldown for WAKE 3

0 No effect (Pulldown remain in its current state)
1 HIDW3PD_EN

1 Request to enable pulldown

POR

Request to disable HWID Pullup for WAKE 3

0 No effect (pullup remain in its current state)
2 HIDW3PU_DIS

1 Request to disable pullup

POR

Request to enable HWID Pullup for WAKE 3

0 No effect (pullup remain in its current state)

3 HIDW3PU_EN
1 Request to enable pullup

POR

Request to disable HWID Pulldown for WAKE 2

0 No effect (pulldown remain in its current state)

4 HIDW2PD_DIS
1 Request to disable pulldown

POR

FS2400 All information provided in this document is subject to legal disclaimers.

© 2023 NXP B.V. All rights reserved.

Preliminary data sheet Rev. 1 — 14 June 2023
CONFIDENTIAL

110/163



NXP Semiconductors FS2400

Fail-safe system basis chip with SMPS and LDO, CAN FD transceiver

Table 120. M_HW_ID register bit description...continued

Bit Symbol Description
Request to enable HWID Pulldown for WAKE 3
0 No effect (pulldown remain in its current state)
5 HIDW2PD_EN
1 Request to enable pulldown
POR
Request to disable HWID Pullup for WAKE 2
0 No effect (pullup remain in its current state)
6 HIDW2PU_DIS
1 Request to disable pullup
POR
Request to enable HWID Pullup for WAKE 2
0 No effect (pullup remain in its current state)
7 HIDW2PU_EN
1 Request to enable pullup
POR
Request to use WAKE3 pin as HID
0 WAKES not used as HID
8 HIDW3_ENABLE
1 WAKES3 used as HID (set by user when configuring PU/PD)
POR
Request to use WAKE2 pin as HID
0 WAKE2 not used as HID
9 HIDW2_ENABLE
1 WAKE2 used as HID (set by user when configuring PU/PD)
POR
HID1 (WAKES3 pin) current source selection
0 Lower-current setting for PU/PD
10 HIDW3_10MA_EN
1 Higher-current setting for PU/PD (10 mA)
POR
HIDO (WAKE2 pin) current source selection
0 Lower-current setting for PU/PD
1 HIDW2_10MA_EN
1 Higher-current setting for PU/PD (10 mA)
POR
HID1 (WAKES3 pin) input threshold selection
0 Lower threshold
12 HIDW3_TH_SEL
1 Higher threshold
POR
HIDO (WAKE2 pin) input threshold selection
0 Lower threshold
13 HIDW2_TH_SEL
1 Higher threshold
POR
LIMPO input threshold selection
0 Lower threshold
14 LIMPO_TH_SEL
1 Higher threshold
POR
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23 Fail-safe register mapping

23.1 FS_|_OVUV_CFG1

Table 121. FS_I_OVUV_CFG1 register bit allocation

Bit 15 14 13 12 1 10 9 8
VIMON_ VIMON_ VIMON_
Write 0 0 0 OV_RSTB_ 0 OV_LIMPO_ | UV_RSTB_ 0
IMPACT IMPACT IMPACT
VIMON_ VIMON_ VIMON_
Read 0 0 0 OV_RSTB_ 0 OV_LIMPO_ | UV_RSTB_ 0
IMPACT IMPACT IMPACT
Reset 0 0 0 0 0 1 0 0
Bit 7 6 5 4 3 2 1 0
VIMON_
UV_LIMPO_ 0 0 0 0 0 0 0
Write IMPACT
VIMON_
UV_LIMPO_ 0 0 0 0 0 0 0
Read IMPACT
Reset 1 0 0 0 0 0 0 0
Table 122. FS_I_OVUV_CFGH1 register bit description
Bit Symbol Description
Configure VIMON UV impact on LIMPO
0 No effect
7 VIMON_UV_LIMPO_IMPACT
1 LIMPO assertion
POR
Configure VIMON UV impact on RSTB
0 No effect
9 VIMON_UV_RSTB_IMPACT
1 RSTB assertion
OTP fuse load
Configure VIMON OV impact on LIMPO
0 No effect
10 VIMON_OV_LIMPO_IMPACT
1 LIMPO assertion
POR
Configure VIMON OV impact on RSTB
0 No effect
12 VIMON_OV_RSTB_IMPACT
1 RSTB assertion
OTP fuse load
23.2 FS_|_OVUV_CFG2
Table 123. FS_I_OVUV_CFG2 register bit allocation
‘ Bit ‘ 15 ] 14 ‘ 13 12 1 10 9 8
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Table 123. FS_I_OVUV_CFG2 register bit allocation...continued
V3MON_ V3MON_ V3MON_
Write 0 0 0 OV_RSTB_ 0 OV_LIMPO_ | UV_RSTB_ 0
IMPACT IMPACT IMPACT
V3MON_ V3MON_ V3MON_
Read 0 0 0 OV_RSTB_ 0 OV_LIMPO_ | UV_RSTB_ 0
IMPACT IMPACT IMPACT
Reset 0 0 0 0 0 1 0 0
Bit 7 6 5 4 3 2 1 0
V3MON_ VOMON_ VOMON_ VOMON_ VOMON_
UV_LIMPO_ 0 OV_RSTB_ 0 OV_LIMPO_ | UV_RSTB_ 0 UV_LIMPO_
Write IMPACT IMPACT IMPACT IMPACT IMPACT
V3MON_ VOMON_ VOMON_ VOMON_ VOMON_
UV_LIMPO_ 0 OV_RSTB_ 0 OV_LIMPO_ | UV_RSTB_ 0 UV_LIMPO_
Read IMPACT IMPACT IMPACT IMPACT IMPACT
Reset 0 0 0 0 1 0 0 0
Table 124. FS_I_OVUV_CFG2 register bit description
Bit Symbol Description
Configure VMON_EXT UV impact on LIMPO
0 No effect
0 VOMON_UV_LIMPO_IMPACT
1 LIMPO assertion
POR
Configure VMON_EXT UV impact on RSTB
0 No effect
2 VOMON_UV_RSTB_IMPACT
1 RSTB assertion
OTP fuse load
Configure VMON_EXT OV impact on LIMPO
0 No effect
3 VOMON_OV_LIMPO_IMPACT
1 LIMPO assertion
POR
Configure VMON_EXT OV impact on RSTB
0 No effect
5 VOMON_OV_RSTB_IMPACT
1 RSTB assertion
OTP fuse load
Configure V3MON UV impact on LIMPO
0 No effect
7 V3MON_UV_LIMPO_IMPACT
1 LIMPO assertion
POR
Configure V3MON UV impact on RSTB
0 No effect
9 V3MON_UV_RSTB_IMPACT
1 RSTB assertion
OTP fuse load
10 V3MON_OV_LIMPQO_IMPACT |Configure V3AMON OV impact on LIMPO
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Table 124. FS_I_OVUV_CFG2 register bit description...continued

Bit Symbol Description

0 No effect

1 LIMPO assertion

POR

Configure V3AMON OV impact on RSTB

0 No effect

12 V3MON_OV_RSTB_IMPACT
1 RSTB assertion

OTP fuse load

23.3 FS_|_ERRMON_LIMP0_CFG

Table 125. FS_I_ERRMON_LIMPO_CFG register bit allocation

Bit 15 14 13 12 1 10 9 8
. [LiMPO_
Write |0 0 0 0 0 0 0 0
LIMPO_
Read |~~oo 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
ERRMON_ ERRMON_FS_
Write 0 0 0 ERRMONM | & 1 poLARITY ERFMON_ACK_TIME REACTION
ERRMON_ ERRMON_FS_
Read 0 0 0 ERRMONM | £ 1 poLARITY FRRMON_ACK_TIME REACTION
Reset | 0 0 0 0 0 0 0 1

Table 126. FS_I_ERRMON_LIMPO_CFG register bit description

Bit Symbol Description
Configure reaction on RSTb or fail-safe output when a fault is detected on
ERRMON

0 ERRMON FS REACTION 0 LIMPO only is asserted low in case of fault detection on ERRMON

1 RSTb and LIMPO only is asserted low in case of fault detected on ERRMON

POR

Configure acknowledge timing following a fault detection on ERRMON

00 0 ms
012ms
1to2 ERRMON_ACK_TIME
104 ms
118 ms
POR
Configure ERRMON fault polarity
0 Low-level is a fault after a negative-edge transition
3 ERRMON_FLT_POLARITY
1 High-level is a fault after a positive-edge transition
POR
4 ERRMON_M Interruption mask on ERRMON
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Table 126. FS_I_ERRMON_LIMPO_CFG register bit description...continued
Bit Symbol Description

0 Interruption not masked

1 Interruption masked

POR

Configure LIMPO pin behavior
0 LIMPO is a safety pin

1 LIMPO is a GPO

POR

15 LIMPO_GPO

23.4 FS_|_ FSSM_CFG

Table 127. FS_I_FSSM_CFG register bit allocation

Bit 15 14 13 12 1 10 9 8
RSTB_ EXT FLT_
Write | REQ_EN = RSTB8S_DIS | RSTB_DUR 0 0 0 ERR_
RSTB_DIS
LIMIT
RSTB_ ExT FLT_
Read REQ_EN = RSTB8S_DIS | RSTB_DUR 0 0 0 ERR
— RSTB_DIS — — =
— LIMIT
Reset 0 0 0 oTP 0 0 0 0
Bit 7 6 5 4 3 2 1 0
FLT_MID_ FLT_MID_
F"L—l\'/:-”F;R— RSTB_ 0 LIMPO_ FLT_ERR_CNT
Write IMPACT IMPACT
FLT_MID_ FLT_MID_
F"L—,&ﬁR— RSTB_ 0 LIMPO_ FLT_ERR_CNT
Read IMPACT IMPACT
Reset 1 1 0 1 0 0 0 1

Table 128. FS_I_FSSM_CFG register bit description
Bit Symbol Description

Reflect the value of the fault-error counter
00000
00011
00102
00113
0100 4
0to3 FLT_ERR_CNT 01015
01106
017
1000 8
10019
1010 10
1011 11
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Table 128. FS_I_FSSM_CFG register bit description...continued

Bit Symbol

Description

1100 12

1101 12

1110 12

11112

POR

FLT_MID_
LIMPO_IMPACT

Configure LIMPO reaction when external reset is detected fault-error counter 2 intermediate
value

0 No action

1 LIMPO assertion

POR

Configure RSTB reaction when external reset is detected fault-error counter 2 intermediate
value

6 FLT_MID_RSTB_IMPACT

0 No action

1 RSTB assertion

POR

7t08 FLT_ERR_LIMIT

Configure the fault-error counter max value

00 Max Value = 2

01 Max Value = 6

10 Max Value = 8

11 Max Value = 12

POR

12 RSTB_DUR

Configure RSTB pulse duration

010 ms

11ms

OTP fuse load

13 RSTB8S_DIS

Disable the RSTB low 8 s timer

0 RSTB low 8 s timer is enabled

1 RSTB low 8 s 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

15 RSTB_REQ_EN

Enable the RSTB request by the MCU

0 RSTB_REQ disabled

1 RSTB_REQ enabled

POR

23.5 FS_|_WD_CFG

Table 129. FS_I_WD_CFG register bit allocation

‘ Bit ‘ 15 ‘

14 13 12 11 10 9 8
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Table 129. FS_I_WD_CFG register bit allocation...continued

wie | o [wersm o [veuwn [ wons | o gt | WO
Read o MWeer 0 | VWmor ovo | WeReRmMm | MPEERS
Reset 0 1 0 1 0 0 0 0
Bit 7 6 5 4 3 2 1 0
Write | WD_ERR_LIMIT 0 0
Read |WD_ERR_LIMIT WD_RFR_CNT WD_ERR_CNT
Reset 1 0 0 0 0 0 0
Table 130. FS_I_WD_CFG register bit description
Bit Symbol Description
Reflect the value of the watchdog error counter
00000
0001 1
0010 2
0011 3
0100 4
01015
01106
01117
0to3 WD_ERR_CNT
1000 8
1001 8
10109
1011 10
1100 11
1101 12
1110 12
1111 12
POR
Reflect the value of the watchdog refresh counter
000 0
001 1
0102
0113
4t06 WD_RFR_CNT
100 4
1015
110 6
M7
POR
7t08 WD_ERR_LIMIT Configure the watchdog error counter limit
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Table 130. FS_I_WD_CFG register bit description...continued

Bit

Symbol

Description

008

016

104

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

12 WD_LIMPO_IMPACT

Configure watchdog error impact on LIMPO

0 No effect

1 LIMPO assertion

POR

14

WD_RSTB_IMPACT

Configure watchdog error impact on RSTB

0 No effect

1 RSTB assertion

POR

23.6 FS_WDW_CFG

Table 131. FS_WDW_CFG register bit allocation

Bit 15 14 13 12 1" 10 9 8
. WDW_
Write 0 0 0 0 0 WDW_EN 0 PERIOD
WDW _
Read 0 0 0 0 0 WDW_EN 0 PERIOD
Reset 0 0 0 0 0 0 0 1
Bit 4 6 5 4 3 2 1 0
Write WDW_PERIOD 0 0 0 0 0
Read WDW_PERIOD 0 0 0 0 0
Reset 0 0 1 0 0 0 0 0
Table 132. FS_WDW_CFG register bit description
Bit Symbol Description
5t08 WDW_PERIOD Configure the watchdog window period
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Table 132. FS_WDW_CFG register bit description...continued
Bit Symbol Description

0000 INFINITE Time Out, Window fully opened
0001 1 ms

00102 ms

00114 ms

0100 8 ms

0101 16 ms

0110 32 ms

0111 64 ms

1000 128 ms

1001 256 ms (default value)
1010 512 ms

1011 1024 ms

1100 2048 ms

1101 4096 ms

1110 8192 ms

1111 16384 ms

POR, WD_DISABLE

Enable the watchdog window

0 Watchdog window is disabled (watchdog time out)
10 WDW_EN

1 Watchdog window is enabled (watchdog window 50 %)

POR

23.7 FS_WD_TOKEN

Table 133. FS_WD_TOKEN register bit allocation

Bit 15 ’ 14 13 12 11 10 9 8
Write 0
Read WD_TOKEN
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
Write 0
Read WD_TOKEN
Reset 0 0 0 0 0 0 0 0

Table 134. FS_WD_TOKEN register bit description
Bit Symbol Description

Read watchdog token code

0to 15 WD_TOKEN 0x5AB2 (default value) or 0xD564

Reset on power-on reset (POR)
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23.8 FS_WD_ANSWER

Table 135. FS_WD_ANSWER register bit allocation

Bit 15 ] 14 ‘ 13 12 11 10 9 8
Write WD_ANSWER
Read 0
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
Write WD_ANSWER
Read 0
Reset 0 0 0 0 0 0 0 0

Table 136. FS_WD_ANSWER register bit description

Bit Symbol Description
Read or write WD answer
0to15 WD_ANSWER |WD_TOKENI[15:0]
POR

23.9 FS_LIMPO_REL

Table 137. FS_ LIMPO_REL register bit allocation

Bit 15 ‘ 14 13 12 11 10 9 8
Write RELEASE_LIMPO
Read 0 0 0 0 0 0 0 0
Reset 0 0 0 0 0 0 0 0

Bit 7 6 S 4 3 2 1 0
Write LIMPO_REL
Read 0 0 0 0 0 0 0 0
Reset 0 0 0 0 0 0 0 0

Table 138. FS_LIMPO_REL register bit description

Bit Symbol Description
Request the LIMPO pin release when use a GPO
0 No action
0 LIMPO_REL
1 LIMPO release
POR, Self clear
Write secured 8 bits word to release LIMPO when used as a safety pin
8to 15 RELEASE_LIMPO |WD_TOKEN][15:8] with LSB and MSB inverted, then complemented
POR
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23.10 FS_ABIST

Table 139. FS_ABIST register bit allocation

Bit 15 14 13 12 1 10 9 8
Write 0 RPvhSS - 0 0 0 0 0
Read 0 0 0 |ABSTDONE| 0 | GACTSNE | UVip DIAG | MON DIAG
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
_ . o o ABIST | ABIST_ | ABIST_ Y ABIST_
Write VOMON | VIUVLP | VIMON V3MON
. ABIST V3 o ABIST_ | ABIST_ | ABIST_ o ABIST_
Read MON_DIAG VOMON | VIUVLP | VIMON V3MON
Reset 0 0 0 0 0 0 0 0

Table 140. FS_ABIST register bit description
Bit Symbol Description

Request ABIST on V3MON

0 No ABIST

1 ABIST on V3MON requested

POR

Request ABIST on VIMON

0 No ABIST

1 ABIST on V1IMON requested

POR

Request ABIST on VIUVLP

0 No ABIST

1 ABIST on VAUVLP requested

POR

Request ABIST on VMON_EXT

0 No ABIST

1 ABIST on VMON_EXT requested
POR

Report ABIST status on V3MON

0 ABIST not executed on V3MON or fail on V3AMON
1 V3BMON ABIST PASS

POR / Clear on write / LAUNCH_ABIST
Report ABIST status on VIMON

0 ABIST not executed on VIMON or fail on VIMON
1 VIMON ABIST PASS

POR / CLEAR_ABIST

9 ABIST_V1UVLP_DIAG Report ABIST status on VIUVLP

0 ABIST_V3MON

2 ABIST_V1MON

3 ABIST_V1UVLP

4 ABIST_VOMON

6 ABIST_V3MON_DIAG

8 ABIST_V1MON_DIAG
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Table 140. FS_ABIST register bit description...continued

Bit

Symbol

Description

0 ABIST not executed on VAUVLP or fail on VIUVLP

1 VIUVLP ABIST PASS

POR /CLEAR_ABIST

10 ABIST_VOMON_DIAG

Report ABIST status on VOMON

0 ABIST not executed on VOMON or fail on VOMON

1 VOMON ABIST PASS

POR/CLEAR_ABIST

12

ABIST_DONE

Diagnostic of ABIST on demand

0 ABIST not executed

1 ABIST executed

POR/CLEAR_ABIST

13

CLEAR_ABIST

Clear ABIST flags

0 No action

1 Clear ABIST flags (ABIST_DONE, ABIST_VxMON_DIAG, ABIST_V1UVLP_DIAG)

POR

14

LAUNCH_ABIST

Launch ABIST on selected VMON

0 No action

1 Launch ABIST

POR

23.11 FS_SAFETY_OUTPUTS

Table 141. FS_SAFETY_OUTPUTS register bit allocation

Bit 15 14 13 12 1 10 9 8
Write RS\'/I'V_DR’_E Q RSTB_EXT | RSTB_EVT 0 0 RSTB_DIAG | RSTB_REQ 0
Read 0 RSTB_EXT | RSTB_EVT | RSTB_DRV | RSTB_SNS | RSTB_DIAG 0 0
Reset 0 0 0 0 0 0 0 0

Bit 7 6 5 4 3 2 1 0
Write 0 0 0 0 0 0 LIMPO_DIAG | LIMPO_REQ
Read 0 0 0 0 LIMPO_DRV | LIMPO_SNS | LIMPO_DIAG 0
Reset 0 0 0 0 0 0 0 0

Table 142. FS_SAFETY_OUTPUTS register bit description

Bit

Symbol

Description

LIMPO_REQ

Request an assertion of LIMPO

0 No action

1 LIMPO assertion

POR, Self clear

FS2400

LIMPO_DIAG

Report a LIMPO short to HIGH

0 No failure
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Table 142. FS_SAFETY_OUTPUTS register bit description...continued

Bit

Symbol

Description

1 Short to high detected

POR, or clear on write (write '1")

LIMPO_SNS

Sense LIMPO pad

0 LIMPO pad is sensed low

1 LIMPO pad is sensed high

Real-time information

LIMPO_DRV

Report the digital command of LIMPO driver

0 LIMPO Driver command sensed low

1 LIMPO Driver command sensed high

Real-time information

RSTB_REQ

Request an assertion of reset

0 No action

1 RSTB assertion (pulse)

POR, Self clear

10

RSTB_DIAG

Report a reset short to high

0 No failure

1 Short to high detected

POR, or clear on write (write '1")

1"

RSTB_SNS

Sense RSTB pad

0 RSTB pad is sensed low

1 RSTB pad is sensed high

Real-time information

12

RSTB_DRV

Report the digital command of RSTB driver

0 RSTB Driver command sensed low

1 RSTB Driver command sensed high

Real-time information

13

RSTB_EVT

Report a RSTB Event generated by FS24

0 No RSTB event

1 RSTB event occurred

POR, or clear on Write(write '1")

14

RSTB_EXT

Report a RSTB pin assertion

0 No RSTB pin assertion

1 RSTB pin assertion Occurred

POR, or clear on write (write '1")

15

WD_RST_REQ

Request a WD timer Reset without asserting RSTB pin

0 No action

1 WD timer reset requested

POR, or clear on write (write '1")

FS2400
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Table 143. FS_SAFETY_FLG register bit allocation

Bit 15 | 14 13 12 1 10 9 8
. ERRMON_
Write | 0 0 TMR_EXP| ERRMON_ACK | ERRMON_| 0 WD_NOK_M | WD_NOK_I
ERRMON_
Read | 0 0 TMR_EXP| 0 ERRMON_| ERRMON_RT | WD_NOK_M | WD_NOK_I
Reset | 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
Write | 0 0 0 0 0 0 0 0
Read | 0 0 0 0 0 0 0 0
Reset | 0 0 0 0 0 0 0 0

Table 144. FS_SAFETY_FLG register bit description

Bit

Symbol

Description

WD_NOK_|

Report a watchdog refresh error

0 WD refresh OK

1 WD refresh not OK

POR, or clear on write '1'

WD_NOK_M

Mask watchdog not OK refresh interrupt

0 Interrupt is not inhibited

1 Interrupt is inhibited

POR

10

ERRMON_RT

Report ERRMON real time pin state

0 Low level

1 High Level

POR

1"

ERRMON_|

Report an error in the ERRMON input

0 No error

1 Error detected

POR, or clear on write (write '1")

12

ERRMON_ACK

Acknowledge ERRMON Failure Timer

0 No error

1 Acknowledge ERRMON timeout

POR

13

ERRMON_TMR_EXP_|

Report that the ERRMON timer was not acknowledged by user

0 No error/error acknowledged by user on time

1 ERRMON timer expired with no acknowledgement by user

POR, or clear on write (write '1')

FS2400
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23.13 FS_CRC
Table 145. FS_CRC register bit allocation
Bit 15 14 13 12 11 10 9 8
. INIT_CRC_ | INIT_CRC_ INIT_CRC_
Write 0 0 NOK_M NOK_| 0 0 LIMPO_IMPACT 0
INIT_CRC_ | INIT_CRC_ INIT_CRC_
Read 0 0 NOK_M NOK_| 0 0 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 146. 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)

CRC_VALUE[7:0]

POR

Configure CRC impact on LIMPO
0 No effect

1 LIMPO assertion

POR

Oto7 CRC_VALUE

9 INIT_CRC_LIMPO_IMPACT

Report an INIT register CRC error

0 No error detected

12 INIT_CRC_NOK_|I
1 INIT registers CRC error detected

POR
Mask CRC not OK interrupt

0 Interrupt is not inhibited
13 INIT_CRC_NOK_M

1 Interrupt is inhibited
POR
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24 OTP bits description

24.1 Main OTP overview

Table 147. Main OTP overview

Address | Register name BIT7 BIT6 BIT5 BIT4 BIT3 BIT2 BIT1 BITO
ox1C OTP_ i i RSTB_ ABIST_ CAN_ LDTIM_ LIMPO_ VOMON_
X DEVICE_VER DUR_OTP EN_OTP EN_OTP | EN_OTP EN_OTP EN_OTP
0x1D |OTP_PROG_ID PROG_IDH_OTP[3:0] PROG_IDL_OTP[3:0]

VSUP_ . BUCK_SRHSOFF_ .
0x1E |OTP_V1_CFG1 UVTH OTP BUCK_SRHSON_OTP[2:0] OTPH:0] BUCK_SS_OTP[1:0]
oxIF |OTP V1 cFGg2| BUCK. BUCK_RCOMP_OTP[2:0 BUCK_CCOMP_OTP[1:0 ;

x -V CLK_OTP - —OTP[2:0] - -OTPL1:0]
0x20 |OTP_V1_CFG3| BUCK OC_DGLT_OTP[1:0] BUCK_SC_OTP[5:0]
) BUCK_PFM_ .
0x21 | OTP_V1_CFG4 - BUCK_PK_OC_PFM_OTP[2:0] TOFF OTPHT] BUCK_PFM_TON_OTP[1:0]
CONF_OV_ CONF_TSD_ . .
0x22 | OTP_V1_CFG5 V1 OTP V1 OTP BUCK_PK_OC_PWM_OTP[2:0] BUCK_AVG_OC_PWM_OTP[2:0]
BUCK_SEL_ . ) BUCK_RRV_
0x23 | OTP_V1_CFG6 - PFM_TON_OTP BUCK_LDO_SET_OTP[1:0] |BUCK_HS_DEL_OTP[1:0] LV OTP{:0]
VAUVLP_ VV1_BUCK_ )
0x24 | OTP_V1_CFG7 TH.OTP RANGE_OTP VV1_BUCK_OTP[5:0]
0x25 | OTP_V1_CFG8 BUCK_LP_DVS_OTP[1:0] VV1_LP_BUCK_OTP[5:0]
CONF_OV_ | CONF_TSD_ . .
0x26 | OTP_V3_CFG - - V3 OTP V3 OTP VV3_OTP V3_SLOT_OTP[1:0]
OTP_HVIO_ . ) : .
0x27 CFG1 HVIO1PUPD_OTP[1:0] WK2PUPD_OTP[1:0] WK3PUPD_OTP[1:0] HVIO1PUPD_OTP[1:0]
0x28 OTP_HVIO_ | HVIO1_OUT_ | HVIO1_OUT_ |HVIO1_SLOT_ | HVIO1_PU_ . i i i
X CFG2 EN_OTP DFLT_OTP POL_OTP SEL_OTP
VBOS2
OTP_MAIN_ MOD_ SLOT_ CRC_ CRC_DBG_ CRC_
0x29 SYS_CFG V1_SW CONF_OTP MOD_ERQTY BYP_OTP ) DIS_OTP DIS_OTP INV_OTP
_LP_EN_OTP
24.2 Main OTP bits description
Table 148. Main OTP bits description
Register Bit Grou L. Hexadecimal .
Address 9 P Description Settings
Name Name Value
0x1C OTP_ RSTB_ Configure RSTB pulse 0x00 Default
DEVICE DUR_OTP duration
- - 0x00 10 ms
VER
0x01 1 ms
0x00 Default
ABIST_EN .
otp Enable ABIST checks 0x00 ABIST checks are disabled
0x01 ABIST checks are enabled
0x00 Default
CAN_EN Enable the CAN physical .
—=N- phy 0x00 CAN is disabled
OTP layer
0x01 CAN is enabled
LDTIM_EN_ |Enable the Long Duration | 0x00 Default
oTP Timer 0x00 LDT is disabled

FS2400
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Table 148. Main OTP bits description...continued

Register
Name

Bit Group

Address
Name

Description

Hexadecimal
Value

Settings

0x01

LDT is enabled

LIMPO_EN_
oTP

Enable LIMPO safety output

0x00

Default

0x00

LIMPO is disabled

0x01

LIMPO is enabled

VOMON_
EN_OTP

Enable VMON_EXT pin for
VOMON monitoring

0x00

Default

0x00

VMON_EXT pin is disabled

0x01

VMON_EXT pin is enabled

0x1D  |OTP_

PROG_ID

PROG_IDH_
oTP

Report the OTP code

0x00

Default

0x00

0x01

0x02

0x03

0x04

0x05

0x06

0x07

0x08

0x09

Ox0A

0x0B

0x0C

0x0D

O0x0E

OxOF

DO | Z M X« T Mmoo w >»

PROG_IDL_
oTP

FS2400

Report the OTP code

0x00

Default

0x00

0

0x01

—_

0x02

0x03

0x04

0x05

0x06

0x07

0x08

0x09

O0x0A

>|lo|lo| N[l r|w|d
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Table 148. Main OTP bits description...continued

FS2400

Address Register Bit Group Description Hexadecimal Settings
Name Name Value
0x0B B
0x0C C
0x0D D
0x0E E
0xOF F
Ox1E OTP_V1_ |VSUP_ Select Vgyp_yvH threshold | 0x00 Default
CFG1 UVTH_OTP 0x00 VSUP_UVTH low threshold selected
4.7V)
0X01 VSUP_UVTH high threshold selected
(5.7V)
OTP_V1_ |BUCK_ Select BUCK slew rate 0x00 DEFAULT
CFG1 (S)l.T.ESON— v(;l’llen the High Side turns 0x00 HS raising slew rate is 20 ns
0x01 HS raising slew rate is 20 ns
0x02 HS raising slew rate is 15 ns
0x03 HS raising slew rate is 10 ns
0x04 HS raising slew rate is 6.3 ns
0x05 HS raising slew rate is 5 ns
0x06 HS raising slew rate is 3 ns
0x07 HS raising slew rate is 2 ns
OTP_V1_ |BUCK_ Select BUCK slew rate 0x00 Default
CFG1 (S)l.T.ESOFF— v(;l;tle:n the High Side turns 0x00 HS falling slew rate is 20 ns
0x01 HS falling slew rate is 15 ns
0x02 HS falling slew rate is 10 ns
0x03 HS falling slew rate is 5 ns
OTP_V1_ |BUCK_SS_|Select V1 soft start ramp 0x00 Default
CFG1 o 0x00 Soft start is 269 ys
0x01 Soft start is 538 ps
0x02 Soft start is 1077 ps
0x03 Soft start is 2150 ps
Ox1F OTP_V1_ |BUCK_CLK_ |select BUCK switching 0x00 Default
CPGa o frequency 0x00 Switching frequency is 450 kHz
0x01 Switching frequency is 2.25 MHz
OTP_V1_ |BUCK_ Select BUCK compensation |0x00 Default
CFG2 (F\;SI_ZSMP_ network resistor 0x00 1300 kohms
0x01 1137 kohms
0x02 975 kohms
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Table 148. Main OTP bits description...continued

Address Register Bit Group Description Hexadecimal Settings
Name Name Value
0x03 812 kohms
0x04 650 kohms
0x05 512 kohms
0x06 325 kohms
0x07 162 kohms
OTP_V1_ |BUCK_ Select BUCK compensation |0x00 Default
CFG2 ggrll(p)MP_ network capacitor 0x00 12 pf
0x01 23 pf
0x02 33.5 pf
0x03 44.5 pf
0x20 OTP_V1_ |BUCK_OC_ |Select BUCK overcurrent 0x00 Default
CFG3 DGLT_OTP | deglitcher time 0x00 Overcurrent deglitcher is 250 ps
0x01 Overcurrent deglitcher is 500 ps
0x02 Overcurrent deglitcher is 1000 us
0x03 Overcurrent deglitcher is 2000 us
BUCK_SC_ |Select BUCK slope 0x00 Default
oTP compensation 0x00 Slope compensation is 1033 mV
0x01 Slope compensation is 1016 mV
0x02 Slope compensation is 1000 mV
0x03 Slope compensation is 983 mV
0x04 Slope compensation is 967 mV
0x05 Slope compensation is 951 mV
0x06 Slope compensation is 934 mV
0x07 Slope compensation is 918 mV
0x08 Slope compensation is 901 mV
0x09 Slope compensation is 885 mV
0x0A Slope compensation is 869 mV
0x0B Slope compensation is 852 mV
0x0C Slope compensation is 836 mV
0x0D Slope compensation is 819 mV
0x0E Slope compensation is 803 mV
OxOF Slope compensation is 787 mV
0x10 Slope compensation is 770 mV
0x11 Slope compensation is 754 mV
0x12 Slope compensation is 737 mV
0x13 Slope compensation is 721 mV
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Table 148. Main OTP bits description...continued

Address ﬁzgmi:ter ﬁ:nféouP Description \I-,I:I)L aedecimal Settings
0x14 Slope compensation is 705 mV
0x15 Slope compensation is 688 mV
0x16 Slope compensation is 672 mV
0x17 Slope compensation is 655 mV
0x18 Slope compensation is 639 mV
0x19 Slope compensation is 623 mV
0x1A Slope compensation is 606 mV
0x1B Slope compensation is 590 mV
0x1C Slope compensation is 573 mV
0x1D Slope compensation is 557 mV
Ox1E Slope compensation is 541 mV
Ox1F Slope compensation is 524 mV
0x20 Slope compensation is 508 mV
0x21 Slope compensation is 491 mV
0x22 Slope compensation is 475 mV
0x23 Slope compensation is 459 mV
0x24 Slope compensation is 442 mV
0x25 Slope compensation is 426 mV
0x26 Slope compensation is 409 mV
0x27 Slope compensation is 393 mV
0x28 Slope compensation is 377 mV
0x29 Slope compensation is 360 mV
0x2A Slope compensation is 344 mV
0x2B Slope compensation is 327 mV
0x2C Slope compensation is 311 mV
0x2D Slope compensation is 295 mV
0x2E Slope compensation is 278 mV
0x2F Slope compensation is 262 mV
0x30 Slope compensation is 245 mV
0x31 Slope compensation is 229 mV
0x32 Slope compensation is 213 mV
0x33 Slope compensation is 196 mV
0x34 Slope compensation is 180 mV
0x35 Slope compensation is 163 mV
0x36 Slope compensation is 147 mV
0x37 Slope compensation is 131 mV

FS2400 Allinformation provided in this document is subject to legal disclaimers. ©2023 NXP B.V. All rights reserved.

Preliminary data sheet Rev. 1 — 14 June 2023

CONFIDENTIAL 130/163



NXP Semiconductors

FS2400

Fail-safe system basis chip with SMPS and LDO, CAN FD transceiver

Table 148. Main OTP bits description...continued

Address Register Bit Group Description Hexadecimal Settings
Name Name Value
0x38 Slope compensation is 114 mV
0x39 Slope compensation is 98 mV
0x3A Slope compensation is 81 mV
0x3B Slope compensation is 65 mV
0x3C Slope compensation is 49 mV
0x3D Slope compensation is 32 mV
Ox3E Slope compensation is 16 mV
Ox3F Slope compensation is 0 mV
0x21 OTP_V1_ |BUCK_PK_ |Select PFM mode High- 0x00 Default
CFG4 OC_PFM_  |Side peak current detection .
oTP threshold 0X02 Qvercurrent (peak) detection threshold
is 400 mA
0x03 Overcurrent (peak) detection threshold
is 500 mA
0x04 Overcurrent (peak) detection threshold
is 600 mA
0x05 Overcurrent (peak) detection threshold
is 700 mA
0X06 Overcurrent (peak) detection threshold
is 800 mA
0x07 Overcurrent (peak) detection threshold
is 900 mA
OTP_V1_ |BUCK_ Select BUCK TOFF time in |0x00 Default
CFG4 (P)I_T_I\él_TOFF_ PFM 0x00 TOFF time in PFM is 130 ns at 2.2
MHz and 605 ns at 450 kHz
0X01 TOFF time in PFM is 250 ns at 2.2
MHz and 1170 ns at 450 kHz
0X02 TOFF time in PFM is 360 ns at 2.2
MHz and 1725 ns at 450 kHz
0x03 TOFF time in PFM is 475 ns at 2.2
MHz and 2285 ns at 450 kHz
OTP_V1_ |BUCK_ Select BUCK TON time in | 0x00 Default
CrG4 (P)I_T_I\él_TON_ PFM 0x00 TON time in PFM is 162.5 ns at 2.2
MHz and 820 ns at 450 kHz
0X01 TON time in PFM is 209 ns at 2.2 MHz
and 1023 ns at 450 kHz
0X02 TON time in PFM is 257 ns at 2.2 MHz
and 1221 ns at 450 kHz
0x03 TON time in PFM is 305 ns at 2.2 MHz
and 1422.5 ns at 450 kHz
0x22 OTP_V1_ |CONF_OV_
CFG5 V1 OTP 0x00 Default

FS2400
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Table 148. Main OTP bits description...continued

Address Register Bit Group Description Hexadecimal Settings
Name Name Value
Select the device reaction | 0x00 The V1 is disabled in case of OV
ge(t:: ;?Oﬁf V1 overvoltage 0x01 The device transition to fail-safe state
(M30) in case of OV
OTP_V1_ |CONF_ Select the device reaction  |0x00 Default
CFG5 TSD_V1_ in case of V1 thermal- ) y
oTP shutdown detection 0x00 The V1 is disabled in case of TSD
0x01 the device transition to fail-safe state
(M30) in case of TSD
OTP_V1_ |BUCK_PK_ |Select PWM mode High- 0x00 Default
CFG5 OC_PWM_ |Side peak current detection .
oTP threshold 0X02 21\'&ercurrent (peak) threshold is 400
0x03 Overcurrent (peak) threshold is 500
mA
0x04 Overcurrent (peak) threshold is 600
mA
0x05 Overcurrent (peak) threshold is 700
mA
0X06 Overcurrent (peak) threshold is 800
mA
0x07 Overcurrent (peak) threshold is 900
mA
OTP_V1_ |BUCK_AVG_ |Select PWM mode average |0x00 Default
CFG5 OC_PWM_ |current detection threshold . .
Average current detection threshold is
OTP 0x00
200 mA
0X01 Average current detection threshold is
300 mA
Average current detection threshold is
0x02 400 mA
Average current detection threshold is
0x03 500 mA
Average current detection threshold is
0x04 600 mA
Average current detection threshold is
0x05 700 mA
0x23 OTP_V1_ |BUCK_SEL_ |Select PFM TON depending | 0x00 Default
CFG6 (P)I_T_I\éI_TON_ on Vout settings 0x00 VV1_LP lower than 4 V
0x01 VV1_LP greater than 4 V
BUCK _ Select LDO mode detect 0x00 Default
LDO_SER,fcompaidiey thrashold LDO mode detect falling threshold is
OTP 0x00
52V
0x01 IéDz(ilmode detect falling threshold is
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Table 148. Main OTP bits description...continued

Address Register Bit Group Description Hexadecimal Settings
Name Name Value
0X02 LDO mode detect falling threshold is
7.2V
0x03 LDO mode detect falling threshold is
8.2V
BUCK_HS _ |Select delay for the HS 0x00 Default
DEL_OTP current sense blanking time 0x00 40 ns (2.2 MHz only)
0x01 80 ns (450 kHz only)
0x02 Reserved
0x03 Reserved
BUCK _ Select Low-Side reverse 0x00 Default
(R)$¥_LV_ recovery delay 0x00 LS reverse recovery delay is 5 ns
0x01 LS reverse recovery delay is 8 ns
0x02 LS reverse recovery delay is 12 ns
0x03 LS reverse recovery delay is 14 ns
0x24 OTP_V1_ |VIUVLP_ Select VIUVLP threshold 0x00 DEFAULT
CFG7 H_OoTP 0x00 V1UVLP threshold is typical 1.8 V
0x01 V1UVLP threshold is typical 3.07 V
VV1_BUCK _ |Select V1 BUCK regulator |0x00 DEFAULT
RANGE _ output voltage range _
OTP 0x00 Range = 2 for V1 from 3.3 Vto5V
0x01 Range = 1 for V1 from 1.9 V to 3.375 V
VV1_BUCK _ |Select V1 BUCK regulator |0x00 Default
OTP output voltage in Normal
mode 0x00 Reserved
0x01 Reserved
0x02 Reserved
0x03 Reserved
V1 =19V for Range1 or 3.2 V for
0x04 Range2 selected by VV1_BUCK _
RANGE_OTP
V1 =1.925V for Range1 or 3.25 V
0x05 for Range2 selected by VV1_BUCK _
RANGE_OTP
V1 =1.95V for Range1 or 3.3 V for
0x06 Range2 selected by VV1_BUCK _
RANGE_OTP
V1 =1.975V for Range1 or 3.35V
0x07 for Range2 selected by VV1_BUCK _
RANGE_OTP
V1 =2V for Range1 or 3.4V for
0x08 Range2 selected by VV1_BUCK _

FS2400
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Table 148. Main OTP bits description...continued

Register Bit Group Hexadecimal

Address Name Name Description Value

Settings

V1 =2.025V for Range1 or 3.45V
0x09 for Range2 selected by VV1_BUCK _
RANGE_OTP

V1 =2.05V for Range1 or 3.5V for
0x0A Range2 selected by VV1_BUCK _
RANGE_OTP

V1 =2.075V for Range1 or 3.55 V
0x0B for Range2 selected by VV1_BUCK _
RANGE_OTP

V1 =21V for Range1 or 3.6 V for
0x0C Range2 selected by VV1_BUCK _
RANGE_OTP

V1 =2.125V for Range1 or 3.65 V
0x0D for Range2 selected by VV1_BUCK _
RANGE_OTP

V1 =215V for Range1 or 3.7 V for
0x0E Range2 selected by VV1_BUCK _
RANGE_OTP

V1 =2175V for Range1 or 3.75V
0x0F for Range2 selected by VV1_BUCK _
RANGE_OTP

V1 =2.2YV for Range1 or 3.8 V for
0x10 Range2 selected by VV1_BUCK _
RANGE_OTP

V1 =2.225V for Range1 or 3.85V
0x11 for Range2 selected by VV1_BUCK _
RANGE_OTP

V1 =2.25V for Range1 or 3.9 V for
0x12 Range2 selected by VV1_BUCK _
RANGE_OTP

V1 =2.275V for Range1 or 3.95V
0x13 for Range2 selected by VV1_BUCK _
RANGE_OTP

V1 =23V for Range1 or 4V for
0x14 Range2 selected by VV1_BUCK _
RANGE_OTP

V1 =2.325V for Range1 or 4.05V
0x15 for Range2 selected by VV1_BUCK _
RANGE_OTP

V1 =235V for Range1 or 4.1V for
0x16 Range2 selected by VV1_BUCK _
RANGE_OTP

V1 =2.375V for Range1 or4.15V
0x17 for Range2 selected by VV1_BUCK _
RANGE_OTP
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Table 148. Main OTP bits description...continued

Address

Register
Name

Bit Group
Name

Description

Hexadecimal
Value

Settings

FS2400

0x18

V1 =24V for Range1 or 4.2 V for
Range2 selected by VV1_BUCK _
RANGE_OTP

0x19

V1 =2.425V for Range1 or 4.25V
for Range2 selected by VV1_BUCK _
RANGE_OTP

Ox1A

V1 =245V for Range1 or 4.3 V for
Range2 selected by VV1_BUCK _
RANGE_OTP

0x1B

V1 =2.475V for Range1 or 4.35V
for Range2 selected by VV1_BUCK _
RANGE_OTP

0x1C

V1 =2.5YV for Range1 or 4.4 V for
Range2 selected by VV1_BUCK _
RANGE_OTP

0x1D

V1 =2.525V for Range1 or 4.45V
for Range2 selected by VV1_BUCK _
RANGE_OTP

Ox1E

V1 =255V for Range1 or 4.5V for
Range2 selected by VV1_BUCK _
RANGE_OTP

Ox1F

V1 =2.575V for Range1 or 4.55V
for Range2 selected by VV1_BUCK _
RANGE_OTP

0x20

V1 =2.6V for Range1 or 4.6 V for
Range2 selected by VV1_BUCK _
RANGE_OTP

0x21

V1 =2.625V for Range1 or 4.65 V
for Range2 selected by VV1_BUCK _
RANGE_OTP

0x22

V1 =2.65V for Range1 or 4.7 V for
Range2 selected by VV1_BUCK _
RANGE_OTP

0x23

V1 =2.675V for Range1 or4.75V
for Range2 selected by VV1_BUCK _
RANGE_OTP

0x24

V1 =27V for Range1 or 4.8 V for
Range2 selected by VV1_BUCK _
RANGE_OTP

0x25

V1 =2.725V for Range1 or 4.85V
for Range2 selected by VV1_BUCK _
RANGE_OTP

0x26

V1 =275V for Range1 or 4.9 V for
Range2 selected by VV1_BUCK _
RANGE_OTP
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Table 148. Main OTP bits description...continued

Address Register Bit Group Description Hexadecimal Settings
Name Name Value

V1 =2.775V for Range1 or 4.95V

0x27 for Range2 selected by VV1_BUCK _
RANGE_OTP
V1 =2.8YV for Range1 or 5V for

0x28 Range2 selected by VV1_BUCK _
RANGE_OTP

0x29 V1 =2.825V for Range1 by VV1_
BUCK_RANGE_OTP

Ox2A V1 =2.85V for Range1 selected by
VV1_BUCK_RANGE_OTP

0x2B V1 =2.875V for Range1 selected by
VV1_BUCK_RANGE_OTP

0x2C V1 =29V for Range1 selected by
VV1_BUCK_RANGE_OTP

0x2D V1 = 2.925V for Range1 selected by
VV1_BUCK_RANGE_OTP

OX2E V1 =2.95V for Range1 selected by
VV1_BUCK_RANGE_OTP

OX2F V1 =2.975V for Range1 selected by
VV1_BUCK_RANGE_OTP

0x30 V1 =3V for Range1 selected by VV1_
BUCK_RANGE_OTP

0x31 V1 = 3.025 V for Range1 selected by
VV1_BUCK_RANGE_OTP

0x32 V1 =3.05V for Range1 selected by
VV1_BUCK_RANGE_OTP

0x33 V1 =3.075V for Range1 selected by
VV1_BUCK_RANGE_OTP

0x34 V1 = 3.1V for Range1 selected by
VV1_BUCK_RANGE_OTP

0x35 V1 =3.125 V for Range1 selected by
VV1_BUCK_RANGE_OTP

0x36 V1 =3.15V for Range1 selected by
VV1_BUCK_RANGE_OTP

0x37 V1 =3.175V for Range1 selected by
VV1_BUCK_RANGE_OTP

0x38 V1 = 3.2V for Range1 selected by
VV1_BUCK_RANGE_OTP

0x39 V1 = 3.225 V for Range1 selected by
VV1_BUCK_RANGE_OTP

0x3A V1 = 3.25 V for Range1 selected by
VV1_BUCK_RANGE_OTP

0x3B V1 = 3.275V for Range1 selected by
VV1_BUCK_RANGE_OTP

FS2400
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Table 148. Main OTP bits description...continued

Address Register Bit Group Description Hexadecimal Settings
Name Name Value
0x3C V1 = 3.3V for Range1 selected by
VV1_BUCK_RANGE_OTP
0x3D V1 = 3.325 V for Range1 selected by
VV1_BUCK_RANGE_OTP
OX3E V1 = 3.35V for Range1 selected by
VV1_BUCK_RANGE_OTP
OX3F V1 =3.375V for Range1 selected by
VV1_BUCK_RANGE_OTP
0x25 OTP_V1_ |BUCK_LP_ |Select BUCK DVS ramp 0x00 DEFAULT
CFG8 DVS_OTP rate 0x00 22.5 mVips
0x01 11.25 mV/ps
0x02 5.625 mV/us
0x03 2.8125 mV/ps
OTP_V1_ |VV1_LP_ Select V1 BUCK regulator |0x00 Default
CFG8 BUCK_OTP |output voltage in LPON 0x00 Reserved
mode
0x01 Reserved
0x02 Reserved
0x03 Reserved
V1 =19V for Range1 or 3.2 V for
0x04 Range2 selected by VV1_BUCK _
RANGE_OTP
V1 =1.925V for Range1 or 3.25 V
0x05 for Range2 selected by VV1_BUCK _
RANGE_OTP
V1 =1.95V for Range1 or 3.3 V for
0x06 Range2 selected by VV1_BUCK _
RANGE_OTP
V1 =1.975V for Range1 or 3.35V
0x07 for Range2 selected by VV1_BUCK _
RANGE_OTP
V1 =2V for Range1 or 3.4V for
0x08 Range2 selected by VV1_BUCK _
RANGE_OTP
V1 =2.025V for Range1 or 3.45V
0x09 for Range2 selected by VV1_BUCK _
RANGE_OTP
V1 =2.05V for Range1 or 3.5V for
0x0A Range2 selected by VV1_BUCK _
RANGE_OTP
V1 =2.075V for Range1 or 3.55 V
0x0B for Range2 selected by VV1_BUCK _

FS2400
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Table 148. Main OTP bits description...continued

Address

Register
Name

Bit Group
Name

Description

Hexadecimal
Value

Settings

FS2400

0x0C

V1 =21V for Range1 or 3.6 V for
Range2 selected by VV1_BUCK _
RANGE_OTP

0x0D

V1 =2.125V for Range1 or 3.65 V
for Range2 selected by VV1_BUCK _
RANGE_OTP

O0x0E

V1 =215V for Range1 or 3.7 V for
Range2 selected by VV1_BUCK _
RANGE_OTP

Ox0OF

V1 =2.175V for Range1 or 3.75V
for Range2 selected by VV1_BUCK _
RANGE_OTP

0x10

V1 =22V for Range1 or 3.8 V for
Range2 selected by VV1_BUCK _
RANGE_OTP

0x11

V1 =2.225V for Range1 or 3.85V
for Range2 selected by VV1_BUCK _
RANGE_OTP

0x12

V1 =2.25V for Range1 or 3.9 V for
Range2 selected by VV1_BUCK _
RANGE_OTP

0x13

V1 =2.275V for Range1 or 3.95 V
for Range2 selected by VV1_BUCK _
RANGE_OTP

0x14

V1 =23V for Range1 or 4V for
Range2 selected by VV1_BUCK _
RANGE_OTP

0x15

V1 =2.325V for Range1 or 4.05V
for Range2 selected by VV1_BUCK _
RANGE_OTP

0x16

V1 =235V for Range1 or 4.1V for
Range2 selected by VV1_BUCK _
RANGE_OTP

0x17

V1 =2.375V for Range1 or4.15V
for Range2 selected by VV1_BUCK _
RANGE_OTP

0x18

V1 =24V for Range1 or 4.2 V for
Range2 selected by VV1_BUCK _
RANGE_OTP

0x19

V1 =2.425V for Range1 or 4.25V
for Range2 selected by VV1_BUCK _
RANGE_OTP

Ox1A

V1 =245V for Range1 or 4.3 V for
Range2 selected by VV1_BUCK _
RANGE_OTP
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Table 148. Main OTP bits description...continued

Register Bit Group Hexadecimal

Address Name Name Description Value

Settings

V1 =2475V for Range1 or 4.35V
0x1B for Range2 selected by VV1_BUCK _
RANGE_OTP

V1 =25V for Range1 or 4.4 V for
0x1C Range2 selected by VV1_BUCK _
RANGE_OTP

V1 =2.525V for Range1 or 4.45V
0x1D for Range2 selected by VV1_BUCK _
RANGE_OTP

V1 =255V for Range1 or 4.5V for
Ox1E Range2 selected by VV1_BUCK _
RANGE_OTP

V1 =2.575V for Range1 or 4.55 V
Ox1F for Range2 selected by VV1_BUCK _
RANGE_OTP

V1 =2.6V for Range1 or 4.6 V for
0x20 Range2 selected by VV1_BUCK _
RANGE_OTP

V1 =2.625V for Range1 or 4.65 V
0x21 for Range2 selected by VV1_BUCK _
RANGE_OTP

V1 =2.65V for Range1 or 4.7 V for
0x22 Range2 selected by VV1_BUCK _
RANGE_OTP

V1 =2.675V for Range1 or4.75V
0x23 for Range2 selected by VV1_BUCK _
RANGE_OTP

V1 =27V for Range1 or 4.8 V for
0x24 Range2 selected by VV1_BUCK _
RANGE_OTP

V1 =2.725V for Range1 or 4.85V
0x25 for Range2 selected by VV1_BUCK _
RANGE_OTP

V1 =275V for Range1 or 4.9 V for
0x26 Range2 selected by VV1_BUCK _
RANGE_OTP

V1 =2775V for Range1 or 4.95V
0x27 for Range2 selected by VV1_BUCK _
RANGE_OTP

V1 =2.8YV for Range1 or 5V for
0x28 Range2 selected by VV1_BUCK _
RANGE_OTP

V1 =2.825V for Range1 or 5.05 V
0x29 for Range2 selected by VV1_BUCK _
RANGE_OTP
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Table 148. Main OTP bits description...continued

Register Bit Group Description Hexadecimal
Name Name P Value

Address Settings

V1 =2.85YV for Range1 or 5.1V for
0x2A Range2 selected by VV1_BUCK _
RANGE_OTP

V1 =2.875V for Range1 or 5.15V
0x2B for Range2 selected by VV1_BUCK _
RANGE_OTP

V1 =29V for Range1 or 5.2 V for
0x2C Range2 selected by VV1_BUCK _
RANGE_OTP

V1 =2.925V for Range1 or 5.25 V
0x2D for Range2 selected by VV1_BUCK _
RANGE_OTP

V1 =295V for Range1 or 5.3 V for
0x2E Range2 selected by VV1_BUCK _
RANGE_OTP

V1 =2.975V for Range1 or 5.35V
0x2F for Range2 selected by VV1_BUCK _
RANGE_OTP

V1 =3V for Range1 or 5.4V for
0x30 Range2 selected by VV1_BUCK _
RANGE_OTP

V1 =3.025V for Range1 or 5.45V
0x31 for Range2 selected by VV1_BUCK _
RANGE_OTP

V1 =3.05V for Range1 or 5.5 V for
0x32 Range2 selected by VV1_BUCK _
RANGE_OTP

V1 =3.075V for Range1 or 5.5 V for
0x33 Range2 selected by VV1_BUCK _
RANGE_OTP

V1 =3.1V for Range1 or 5.5V for
0x34 Range2 selected by VV1_BUCK _
RANGE_OTP

V1 =3.125V for Range1 or 5.5 V for
0x35 Range2 selected by VV1_BUCK _
RANGE_OTP

V1 =3.15V for Range1 or 5.5 V for
0x36 Range2 selected by VV1_BUCK _
RANGE_OTP

V1 =3.175V for Range1 or 5.5 V for
0x37 Range2 selected by VV1_BUCK _
RANGE_OTP

V1 =3.2V for Range1 or 5.5 V for
0x38 Range2 selected by VV1_BUCK _
RANGE_OTP
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Table 148. Main OTP bits description...continued

FS2400

Address Register Bit Group Description Hexadecimal Settings
Name Name Value
V1 = 3.225V for Range1 or 5.5 V for
0x39 Range2 selected by VV1_BUCK _
RANGE_OTP
V1 =3.25V for Range1 or 5.5 V for
0x3A Range2 selected by VV1_BUCK _
RANGE_OTP
V1 = 3.275V for Range1 or 5.5 V for
0x3B Range2 selected by VV1_BUCK _
RANGE_OTP
V1 =3.3V for Range1 or 5.5V for
0x3C Range2 selected by VV1_BUCK _
RANGE_OTP
V1 = 3.325V for Range1 or 5.5 V for
0x3D Range2 selected by VV1_BUCK _
RANGE_OTP
V1 =3.35V for Range1 or 5.5 V for
0x3E Range2 selected by VV1_BUCK _
RANGE_OTP
V1 =3.375V for Range1 or 5.5 V for
Ox3F Range2 selected by VV1_BUCK _
RANGE_OTP
0x26 OTP_V3_ |CONF_OV_ |Select the device reaction |0x00 Default
CFG V3_OTP in case of V3 overvoltage L .
detection 0x00 The V3 is disabled in case of OV
0X01 the device transition to Fail-safe state
(M30) in case of OV
CONF_ Select the device reaction  |0x00 DEFAULT
TSD_V3_ in case of V3 thermal- L .
oTP shutdown detection 0x00 The V3 is disabled in case of TSD
0X01 The device transition to Fail-safe state
(M30) in case of TSD
VV3_OTP Select V3 LDO regulator 0x00 Default
output voltage 0x00 V3=33V
0x01 V3=50V
V3 _SLOT_ |Select the power sequence |0x00 Default
oTP slot i3rys 0x00 V3 starts and stops in slot 0
0x01 V3 starts and stops in slot 1
0x02 V3 starts and stops in slot 2
0x03 V3 does not start in a slot (enabled by
SPI)
0x27 OTP_ HVIO1 Select the pulldown on 0x00 Default
HVIO_ PUPD_OTP |HVIO1 pin .
CFG1 0x00 HVIO1 internal pulldown and pullup are

disabled
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Table 148. Main OTP bits description...continued

Address Register |Bit Group Description Hexadecimal Settings
Name Name Value
0X01 HVI01 internal pulldown is enabled
and pullup is disabled
HVIO1 internal pulldown is disabled
0x02 .
and pullup is enabled
HVIO1 internal pulldown and pullup are
0x03 -
configured as cell repeater
WK2PUPD_ |Select the pulldown on 0x00 Default
oTP WAKEZ pin WAKEZ2 internal pulldown and pullup
0x00 >
are disabled
WAKEZ2 internal pulldown is enabled
0x01 -
and pullup is disabled
WAKEZ2 internal pulldown is disabled
0x02 )
and pullup is enabled
WAKEZ2 internal pulldown and pullup
0x03 :
are configured as cell repeater
WK3PUPD_ |Select the pulldown on 0x00 Default
oTP WAKES pin WAKES internal pulldown and pullup
0x00 .
are disabled
WAKES internal pulldown is enabled
0x01 -
and pullup is disabled
WAKES internal pulldown is disabled
0x02 )
and pullup is enabled
WAKES internal pulldown and pullup
0x03 :
are configured as cell repeater
HVIO1_ Select the power sequence |0x00 DEFAULT
SLOT_OQY' | slotégrHy1O1 0x00 HVIO1 polarity is changed in slot 0
0x01 HVIO1 polarity is changed in slot 1
0x02 HVIO1 polarity is changed in slot 2
0x03 HVIO1 is not released in a slot
(enabled by SPI)
0x28 OTP_ HVIO1_ Configure the HVIO1 pin as |0x00 Default
HVIO_ OUT_EN_ an output . ) .
CFG2 oTP 0x00 HVIO1 is configured as an input
0x01 HVIO1 is configured as an output
HVIO1_ Configure the HVIO1 pin 0x00 Default
OUT_DFLT_ |default state when HVIO1 is .
oTP an output 0x00 HVIO1 default state is ON (asserted)
0x01 HVIO1 default state is OFF (HIZ)
HVIO1_ Configure the HVIO1 0x00 Default
SLOT_POL_ Jpolarity when activated by a 0x00 HVIO1 is turned OFF on an active slot
OTP slot
0x01 HVIO1 is turned ON on an active slot
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Table 148. Main OTP bits description...continued

Address Register Bit Group Description Hexadecimal Settings
Name Name Value
HVIO1_PU_ |[Select pull up source on 0x00 Default
SEL_OTP HVIO1 when used as an
output 0x00 Pullup to VSUP
0x01 Pullup to VDDIO
0x29 OTP_ VBOS2V1_ |Control VBOS to V1 switch |0x00 Default
MAIN_ SW_LP_EN_ |in LPON mode when V1 = N7 .
SYS CFG |OTP BUCK 0x00 VBOS to V1 switch is open in LPON
mode
VBOS to V1 switch is closed in LPON
0x01
mode
MOD _ Select default clock 0x00 Default
CONF_OTP |modulation configuration Tri | dulation i lected b
(when FS24 boots up) 0x00 riangular modulation is selected by
default
Pseudo random modulation is selected
0x01
by default
MOD_EN_  |Select the default state of | 0x00 Default
OTP the clock modulation on o
20 MHz clock (when FS24 0x00 Modulation is disabled by default
boots up) 0x01 Modulation is enabled by default
SLOT_BYP_ |Bypass the power 0x00 Default
OTP sequence slots not used
after wake up from LPON 0x00 Slots are not bypassed
0x01 Slots are bypassed
CRC_DIS_ |Disable SPI CRC check 0x00 Default
oTP SPI CRC is enabled, SPI CRC bit
0x00 are equal to CRC results and are
monitored
SPI CRC is disabled, SPI CRC bit are
0x01 . o
all set to 0 without monitoring
CRC_DBG_ |Disable SPI CRC checkin |0x00 Default
RIS_OTP Debug mode only SPI CRC is enabled in Debug mode
0x00 when CRC_DIS_OTP =1, stay
disabled otherwise
0x01 SPI CRC is disabled in Debug mode
CRC_INV_ |Invert the result of the 0x00 Default
OTP polynomial calculation 000 SAE J-1850 = (x"8+x +xA3+xA2+1)
XOR 0x00
CRC-8-AUTOSAR / SAE J-1850 =
0x01

(x"8+x"4+x"3+x"2+1) XOR OxFF

FS2400
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24.3 Fail-safe OTP overview

Table 149. Fail-safe OTP overview

ADDRES Rﬁg'r:t:' BIT7 BIT6 BITS BIT4 BIT3 BIT2 BIT1 BITO
FIRST
Ox2A OTP_FS_ ERRMON_ } INIT_CRC_ FS_LPOFF_ FS_DUR_ WD_ RSTB8S_ FAULT
SYS_CFG EN_OTP DIS_OTP OoTP CFG_OTP INF_OTP DIS_OTP EN OTP
0x2B OT2ﬁ3¥HV; VIMON_UVTH_OTPI[3:0] VIMON_OVTH_OTP[3:0]
0x2C OTPC—|%/2UV— V3MON_UVTH_OTP[3:0] V3MON_OVTH_OTPI[3:0]
0x2D OTTﬁg;BVL VOMON_UVTH_OTP[3:0] VOMON_OVTH_OTPI[3:0]
OTP_UV. . . i
0x2E DGLT CFG VOMON_UVDGLT_OTP[1:0] VIMON_UVDGLT_OTP[1:0] - - V3MON_UVDGLT_OTP[1:0
OTP_ VOMON_ VIMON_
Ox2F | LIMP_OV_ - - - - ovDGLT_ | ovpalLT_ | VigVeht- | VSMOR.
DGLT_CFG OTP OTP - -
0x30 OTP_RSTB_ | VOUV_RSTB_ | VOOV_RSTB_ | VIUV_RSTB_ | VIOV_RSTB_ 5 \ V3UV_RSTB_ | V30OV_RSTB_
IMPACT_CFG | IMPACT_OTP | IMPACT_OTP | IMPACT_OTP | IMPACT_OTP IMPACT_OTP | IMPACT_OTP
24.4 Fail-safe OTP bits description
Table 150. Fail-safe OTP bits description
Address Register name | Bit group name Description \I-,Iael):;deamal Settings
0x2A OTP_FS_SYS_ |ERRMON_EN_OTP |Enable ERRMON functionality 0x00 Default
CFG
0x00 ERRMON is disabled
0x01 ERRMON is enabled
INIT_CRC_DIS_OTP |Disable the INIT registers CRC protection 0x00 Default
0x00 CRC is enabled
0x01 CRC is disabled
FS_LPOFF_OTP Configure FS state exit 0x00 Default
0x00 Automatic restart after FS
state
0x01 GoTo LPOFF after FS state
FS_DUR_CFG_OTP | Configure FS state duration 0x00 Default
0x00 FS state duration is 100 ms
0x01 FS state durationis 4 s
WD_INF_OTP Disable the watchdog 0x00 Default
0x00 Watchdog is enabled
0x01 Watchdog is ;_)ut into infinite
window duration
RSTB8S_DIS_OTP Disable the RSTB 8 s timer 0x00 Default
0x00 RSTB 8s timer is enabled
0x01 RSTB 8 s timer is disabled
FIRST_FAULT_EN_ | Configure the first fault to send the device in Fail- |0x00 Default
OTP safe mode N N
DoNot GoTo Fail-safe at first
0x00
fault
0x01 GoTo Fail-safe at first fault
0x2B OTP_OVUV_ VAIMON_UVTH_OTP |Select VIMON UV threshold 0x00 Default
CFG1
0x00 VIMON UV =65 %

FS2400
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Table 150. Fail-safe OTP bits description...continued

Address Register name | Bit group name Description \I;I:I)l(lidecimal Settings
0x01 VIMON UV =64.5 %
0x02 VIMON UV =96.5 %
0x03 VIMON UV = 96 %
0x04 VIMON UV =95.5 %
0x05 VIMON UV =95 %
0x06 VIMON UV =94.5 %
0x07 VIMON UV =94 %
0x08 VIMON UV =93.5 %
0x09 VIMON UV =93 %
0x0A VIMON UV =92.5 %
0x0B VIMON UV =92 %
0x0C VIMON UV =91.5 %
0x0D VIMON UV = 64 %
0x0E VIMON UV =63.5 %
0xOF VIMON UV =62 %
VIMON_OVTH_OTP |Select VIMON OV threshold 0x00 DEFAULT
0x00 VIMON OV =102.5 %
0x01 VIMON OV =103 %
0x02 VIMON OV = 103.5 %
0x03 VIMON OV = 104 %
0x04 VIMON OV = 104.5 %
0x05 VIMON OV = 105 %
0x06 VIMON OV = 105.5 %
0x07 VIMON OV = 106 %
0x08 VIMON OV = 106.5 %
0x09 VIMON OV =107 %
0x0A VIMON OV =107.5 %
0x0B V1MON OV = 108 %
0x0C VIMON OV = 108.5 %
0x0D VIMON OV =109 %
0x0E VIMON OV = 109.5 %
0xO0F VIMON OV = 110 %
0x2C OTP_OVUV_ V3MON_UVTH_OTP |Select V3AMON UV threshold 0x00 DEFAULT

CFG2 0x00 V3MON UV =65 %
0x01 V3MON UV = 64.5 %
0x02 V3MON UV =96.5 %
0x03 V3MON UV =96 %
0x04 V3MON UV =95.5 %
0x05 V3MON UV =95 %
0x06 V3MON UV =94.5 %
0x07 V3MON UV =94 %
0x08 V3MON UV =93.5 %
0x09 V3MON UV =93 %
0x0A V3MON UV =92.5 %
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Table 150. Fail-safe OTP bits description...continued

FS2400
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Address Register name | Bit group name Description \I;I:I)l(lidecimal Settings
0x0B V3MON UV =92 %
0x0C V3MON UV =91.5 %
0x0D V3MON UV =64 %
0x0E V3MON UV =63.5 %
0xO0F V3MON UV =62 %
V3MON_OVTH_OTP |Select VAMON OV threshold 0x00 DEFAULT
0x00 V3MON OV = 102.5 %
0x01 V3MON OV =103 %
0x02 V3MON OV =103.5 %
0x03 V3MON OV =104 %
0x04 V3MON OV = 104.5 %
0x05 V3MON OV =105 %
0x06 V3MON OV = 105.5 %
0x07 V3MON OV = 106 %
0x08 V3MON OV = 106.5 %
0x09 V3MON OV =107 %
0x0A V3MON OV =107.5 %
0x0B V3MON OV =108 %
0x0C V3MON OV = 108.5 %
0x0D V3MON OV =109 %
0x0E V3MON OV =109.5 %
0x0F V3MON OV =110 %
0x2D OTP_OVUV_ VOMON_UVTH_OTP |Select VOMON UV threshold 0x00 Default

CcFGs3 0x00 VOMON UV =65 %
0x01 VOMON UV = 64.5 %
0x02 VOMON UV =96.5 %
0x03 VOMON UV =96 %
0x04 VOMON UV =95.5 %
0x05 VOMON UV =95 %
0x06 VOMON UV =94.5 %
0x07 VOMON UV =94 %
0x08 VOMON UV =93.5 %
0x09 VOMON UV =93 %
0x0A VOMON UV =92.5 %
0x0B VOMON UV =92 %
0x0C VOMON UV =91.5 %
0x0D VOMON UV =64 %
0x0E VOMON UV =63.5 %
O0xOF VOMON UV =62 %

VOMON_OVTH_OTP |Select VOMON threshold 0x00 Default

0x00 VOMON = 102.5 %
0x01 VOMON =103 %
0x02 VOMON = 103.5 %
0x03 VOMON = 104 %
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Table 150. Fail-safe OTP bits description...continued

FS2400

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

Address Register name | Bit group name Description \I;I:I)l(la;decimal Settings
0x04 VOMON = 104.5 %
0x05 VOMON = 105 %
0x06 VOMON = 105.5 %
0x07 VOMON = 106 %
0x08 VOMON = 106.5 %
0x09 VOMON =107 %
0x0A VOMON = 107.5 %
0x0B VOMON = 108 %
0x0C VOMON = 108.5 %
0x0D VOMON = 109 %
0x0E VOMON = 109.5 %
0x0F VOMON =110 %
0x2E OTP_UV_DGLT_ | VOMON_UVDGLT_ Select VOMON UV deglitcher time (VMON_EXT) |0x00 DEFAULT
CFG oTP 0x00 VOMON UV deglitcher =5 ps
0x01 VOMON UV deglitcher = 15 ps
0x02 VOMON UV deglitcher = 25 ps
0x03 VOMON UV deglitcher = 40 ps
VAMON_UVDGLT_ Select VIMON UV deglitcher time 0x00 Default
ore 0x00 VAMON UV deglitcher = 5 s
0x01 V1MON UV deglitcher = 15 ps
0x02 V1MON UV deglitcher = 25 ps
0x03 V1MON UV deglitcher = 40 ps
V3MON_UVDGLT_ Select V3BMON UV deglitcher time 0x00 DEFAULT
otp 0x00 V3MON UV deglitcher = 5 s
0x01 V3MON UV deglitcher = 15 ps
0x02 V3MON UV deglitcher = 25 ps
0x03 V3MON UV deglitcher = 40 ps
0x2F OTP_LIMP_OV_ |VOMON_OVDGLT_ | Select VOMON OV deglitcher time (VMON_EXT) |0x00 Default
DGLT_CFG Sl 0x00 VOMON OV deglitcher = 25 ps
0x01 VOMON OV deglitcher = 45 ps
VIMON_OVDGLT_ Select VIMON OV deglitcher time 0x00 Default
QP 0x00 V1MON OV deglitcher = 25 ps
0x01 V1MON OV deglitcher = 45 ps
V1_UV_PW_EN_ Enable V1 pre-warning monitor (Typical threshold | 0x00 Default
oTR s 4.6V) 0x00 Monitor disabled
0x01 Monitor enabled
V3MON_OVDGLT_ Select V3BMON OV deglitcher time 0x00 Default
oTP 0x00 V3MON OV deglitcher = 25 ps
0x01 V3MON OV deglitcher = 45 ps
0x30 OTP_RSTB_ VOUV_RSTB_ Configure VMON_EXT UV impact on RSTB 0x00 Default
IMPACT_CFG IMPACT_OTP
- - 0x00 VMON_EXT UV does not
assert RSTB
0x01 VMON_EXT UV asserts RSTB
I\ﬁ)gglas_sgfﬁ Configure VMON_EXT OV impact on RSTB 0x00 Default
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Table 150. Fail-safe OTP bits description...continued
Address Register name | Bit group name Description \I;I:I)l(la;decimal Settings
0x00 VMON_EXT OV does not
assert RSTB
0x01 VMON_EXT OV asserts
RSTB
V1UV_RSTB_ Configure V1 UV impact on RSTB 0x00 Default
IMPACT_OTP 0x00 V1 UV does not assert RSTB
0x01 V1 UV asserts RSTB
V10OV_RSTB_ Configure V1 OV impact on RSTB 0x00 Default
IMPACT_OTP 0x00 V1 OV does not assert RSTB
0x01 V1 QV asserts RSTB
V3UV_RSTB_ Configure V3 UV impact on RSTB 0x00 Default
IMPACT_OTP 0x00 V3 UV does not assert RSTB
0x01 V3 UV asserts RSTB
V30V_RSTB_ Configure V3 OV impact on RSTB 0x00 Default
IMPACT_OTP 0x00 V3 OV does not assert RSTB
0x01 V3 OV asserts RSTB

FS2400

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

© 2023 NXP B.V. All rights reserved.

Preliminary data sheet
CONFIDENTIAL

Rev. 1 — 14 June 2023

148 /163



NXP Semiconductors

FS2400

Fail-safe system basis chip with SMPS and LDO, CAN FD transceiver

25 Package outline

FS24 package is a QFN, thermally enhanced, wettable flanks, 5 x 5 x 0.85 mm, 0.5 mm pitch, 32 pins.
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Figure 46. Top and bottom view
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VAGKIE

o
O
o

1. ALL DIMENSIONS ARE IN MILLIMETERS.
2. DIMENSIONING AND TOLERANCING PER ASME Y14.5M—1994.
Aplw I FEATURE SHAPE, SIZE AND LOCATION MAY VARY.

COPLA\ARITY APPLIES TO LEADS AND DIE ATTACH FLAG.

—

/tS\ANCHG?I\IG PADS.

Figure 48. Notes
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Figure 47. Detail
NOTES:

5. MIN. METAL GAP FOR LEAD TO EXPOSED PAD SHALL BE 0.2 MM.
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Figure 49. Solder mask opening pattern
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Figure 50. 1/O pads solderable area
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Revision history

Revision history

Document ID |Release date Data sheet status Change notice Supercedes

FS2400 v.1 20230614 Preliminary data sheet — —

Modifications | Updated Revision history structure
* General editing for style, grammar, spelling
» Section 1: Updated first paragraph
» Updated Figure 1
e Updated Table 1
» Updated Figure 4 and Figure 5
» Table 3: Removed "or open" from Description of Pin 2
» Updated Figure 8
» Section 7.5
— In first paragraph, changed " ... before starting the device and VDBG = 0 V is applied once OTP fuse
are loaded." to "... before M4 state"
— In second paragraph, changed "... before Vsyp > Vsyp yvn." to ... before M4 state.”
* Updated Section 7.6
» Table 5: Updated second Vgog parameter with the following text: "(when not connected to V1 HVYBUCK
regulator)"
* Table 6: Changed seventh line under "Voltage ratings" from "V1, V3" to "V1,V3, VCC5CAN" and
"Description (Rating)" from "Local regulator outputs" to "Local pins"
e Table 9: Added rows for "VSUP_UVLL" and "VSUP_UVLH"
* Added Section 14.1.3
* Table 12
— Removed "Vypr", "NPEak_HBUCK'> @nd "NpEM_HBUCK"
— Updated "Min"values for "Vgyck_IN"
— Updated "Max" values for "Rys guck” and "Ris guck" from "690" to "735"

- Updated "Min" and "Max" values for "loc_ave_pwm", "loc_pk_pwM"; "loc_pk_pFm"s "tBuck_ss"
— Added "Oscillator and spread spectrum”
» Section 14.1.1

— Updated seventh paragraph from "When Igyck current load is higher than 400 mA, V1_IN shall be
above VBUCK + ((RHS_BUCK + RDCR_Ly1_guck) X Iguck) to guarantee HVBUCK output-voltage
regulation (Vgyck * ((Max(RLS_BUCK) + Max(RDCR_Lgyck)) X lsuck))/0.905 to guarantee HYBUCK
output-voltage regulation (4.06 V at Igyck = 400 mA with RDCR_Lgyck = 200 mQ and Vbuck = 3.3
V).".

— Added ninth paragraph, beginning "The HVBUCK output voltage ..."

e Table 12: Updated "Min" value of "VHDR" from "(MaX(RHs_BUCK)+ Max(RDCR_LBUCK)) * IBUCK" to
"(Max(Rrs_puck) + Max(Rpcr_LBuck)) * Isuck/0.905"

* Added Section 14.1.5

* Table 16:

— Updated "Min" and "Max" values for "l po3_jm" from "150" and "300" to "160" and "260", respectively.

— Updated "Typ" and "Max" values for "|q po3" from "15" and "20" to "25" and "30" and from "20" and
"25" to "30" and "35", respectively.

* Table 16: Updated "Min" and "Max" values for "Vamux_orf" from "-7" to "-8" and from "7" to "8"

» Section 16.1.2: Updated text of last paragraph from "To do so, the MCU must configure LIMPO_GPO =
1 during INIT phase." to "To do so, the FS2400 must be programmed with LIMPO_EN_OTP = 0 and the
MCU must configure LIMPO_GPO = 1 during INIT phase."

* Table 20
— Changed "Event Interrupt" of "VSUPUV_I" to "VSUPUV_4P7_I"; "Description" from "VSUP

undervoltage" to "VSUP 4.7 V threshold undervoltage"; "Mask/Enable" from "VSUPUV_M" to
"VSUPUV_4P7_M"
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Revision history...continued

Document ID |Release date ‘Data sheet status Change notice Supercedes

— Inserted row for "VSUPQV_5P7_I"

— Changed "INT_TO_WU" "Description" from "Interrupt timeout wake-up event" to "Interrupt timeout
generating a wake-up event"

» Section 16.2: Updated first paragraph.
e Section 17.1:

— Updated first bullet item from "Set the after-run value at 250000 (~32 s)." to "Set the after-run value at
max value OxFFFF (~8.39 s)."
— Updated "... 20 s." to "... 6 s." in the third bullet item.
— Updated "... 156250." to "... 46875." in the fourth bullet item.
» Section 19.2
— Updated first sentence of third pararaph from "... with WD_DIS_LPON bit" to "... with WD_INF_OTP
bit."
— Updated last paragraph
* Section 19.4: Updated text above Table 40 from "TA =-40 °C to 115 °C, unless otherwise specified.
VSUP_UVH < VSUP pin voltage < 40 V, unless otherwise specified. All voltages referenced to ground."
to "Ta =-40 °C to 115 °C, unless otherwise specified. Vgyp = 5.5 V to 40 V, unless otherwise specified.
All voltages referenced to ground."
» Updated Table 33
e Table 43: Updated "RSTB assertion" and "LIMPO assertion" for "LIMPO short to high" from "LIMPO_SC_
RSTB_IMPACT" and "No" to "Yes" and "No (shorted high)", respectively.

e Section 19.6.2

— Updated title

— Table 46: Updated values for "LIMPOy, " and "LIMPOy1"
e Section 19.6.3

— Updated title

— Updated first paragraph
¢ Added Section 19.6.4

» Table 51: Updated "Bit 26" "Description" from "Flags reported: VSUPUV_I, VSUPOV_I" to "Flags
reported: VSUPUV_4P7_I, VSUPUV_5P7_I, VSUPOV_I"
» Table 60
— Updated "Bit 8 to 11" "Description" from "0000 Rev A0 (default full layer revision)" to "0000 Rev X.0
(default full layer revision)"
— Added line "0010 Pass B silicon" to "Bit 12 to 15" "Description"
» Table 62: Updated "Bit 1" "Description" from "Report a VSUP error VSUPG = VSUPUV_I or VSUPOV_|"
to "Report a VSUP error VSUPG = VSUPUV_4P7_1 or VSUPUV_5P7_lor VSUPOV_I"
» Table 66: Updated "Description" of "Bit 5/INT_TO_WUEN"
— From "0 Interrupt time out wake up capability is disabled" to "Interrupt timeout will not generate a
wake-up event"
— From "1 Interrupt time out wake up capability is enabled" to "Interrupt timeout will generate a wake-up
event"
Section 22.14: Updated Table 83 and Table 84
» Section 22.15
— Table 85: Updated "Write" and "Read" values for Bit 8, 7, 6, 3, and 2
— Table 86: Updated table
» Section 22.16
— Table 87: Updated Write value for bits 7, 6, 5, 2, 1, 0; Updated Read value for bits 2 and 0.
— Table 88: Updated Bit 0, added Bit 2
» Section 22.17
— Table 89: Updated Write/Read for bits 2 and 0
— Table 90: Updated Bit 0, added Bit 2
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Revision history...continued
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» Table 97: Updated last entry in Bit 4 to 5 from "POR" to "POR or Fail-safe state"
» Table 100: Updated "Description" of "Bit 5/INT_TO_WU"

time out"

* Section 22.28
— Table 111: Updated Write/Read values for Bit 10.
— Table 112: Added Bit 10.
* Section 23.3
— Table 125: Updated Write/Read for Bit 15.
— Table 126: Added Bit 15.
» Table 127: Updated Write/Read/Reset for Bit 11.
e Table 128: Removed "Bit 11"
 Table 149: Updated Bit 2 of 0x2A from "WD_DIS_OTP" to "WD_INF_OTP"

window duration”

— From "Report interrupt time-out wake-up event" to "Report a wake-up event generated by an interrupt

— From "0 No wake up by Interrupt Time Out" to "No wake up generated by Interrupt timeout"

» Table 150: For 0x2A, updated Bit group name from "WD_DIS_OTP" to "WD_INF_OTP"; updated
Settings for Hexadecimal value 0x01 from "Watchdog is disabled" to "Watchdog is put into infinite

FS2400 v.0.3 |20230207 Preliminary data sheet

FS2400v.0.2 |20220811 Initial version
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26 Legal information

26.1 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.

26.2 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.

26.3 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.

FS2400

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

Suitability for use — NXP Semiconductors products are not designed,
authorized or warranted to be suitable for use in life support, life-critical or
safety-critical systems or equipment, nor in applications where failure or
malfunction of an NXP Semiconductors product can reasonably be expected
to result in personal injury, death or severe property or environmental
damage. NXP Semiconductors and its suppliers accept no liability for
inclusion and/or use of NXP Semiconductors products in such equipment or
applications and therefore such inclusion and/or use is at the customer’s own
risk.

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.
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Suitability for use in automotive applications — This NXP product has
been qualified for use in automotive applications. 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.

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.

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.

FS2400 All information provided in this document is subject to legal disclaimers.

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.

26.4 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.

© 2023 NXP B.V. All rights reserved.

Preliminary data sheet
CONFIDENTIAL

Rev. 1 — 14 June 2023

158 /163


mailto:PSIRT@nxp.com

NXP Semiconductors

FS2400

Fail-safe system basis chip with SMPS and LDO, CAN FD transceiver

Tables
Tab. 1. Orderable parts example .........cccccccvviieeeeenennn.. 6 Tab. 49. SPI write command message construction ...... 74
Tab. 2. Pin description ..o, 11 Tab. 50. SPI read command message construction ...... 74
Tab. 3. Connection of unused piNs ........cccoecciieeeniinee 12 Tab. 51. MISO general device status bits
Tab. 4. Electrical characteristics ............ccccceiviviinnee.n. 18 descCriptions .......covveieiiiiiii e 74
Tab. 5. Best of supply electrical characteristics ........... 19 Tab. 52. Data preparation for CRC encoding ................ 76
Tab. 6. Limiting values ........ccoocoiiiiiii e, 21 Tab. 53. Data preparation for CRC encoding ................ 76
Tab. 7. Static characteristics ...........ccccoiiiiiiiniiiie. 22 Tab. 54. SPI electrical characteristics ...........ccccceenne. 76
Tab.8.  Thermal ratings .......ccccoooieiiiiiieeee 23 Tab. 55. Main register mapping .......ccccoocoeeeriiiieeaennne 78
Tab. 9. Supply vOItage ....ooeeiiiiiiieiee e 26 Tab. 56. Safety-related Register mapping ..................... 79
Tab. 10.  Current consumption .........ccccceeeeiiiiiiiiiiiiiinnnns 28 Tab. 57. M_DEV_CFG register bit allocation ................ 80
Tab. 1. FS24 regulators list ..........ccoocieiiiiiiiaiiee. 29 Tab. 58. M_DEV_CFG register bit description .............. 80
Tab. 12. Electrical characteristics .........ccoovveveeeeieeeennnn. 31 Tab. 59. M_DEV_PROG_ID register bit allocation ........ 80
Tab. 13. Hardware and configurations .......................... 34 Tab. 60. M_DEV_PROG_ID register bit description ...... 81
Tab. 14. Electrical characteristics .........cccocveveeiiieneennnn. 37 Tab. 61. M_GEN_FLAG register bit allocation .............. 81
Tab. 15.  AMUX output selection. ..........cccccoeiiiiiiinnnnns 38 Tab. 62. M_GEN_FLAG register bit description ............ 81
Tab. 16. Electrical characteristics ...........cccccceiiiieennne 39 Tab. 63. M_STATUS register bit allocation .................... 82
Tab. 17. WAKE23/HIDO1 electrical characteristics ........ 42 Tab. 64. M_STATUS register bit description .................. 83
Tab. 18. HVIO1 electrical characteristics .............c........ 44 Tab. 65. M_SYS_CFG register bit allocation ................. 84
Tab. 19. INTB electrical characteristics ............cccccuuveee 45 Tab. 66. M_SYS_CFG register bit description ............... 84
Tab. 20. List of interrupts from main logic .................... 45 Tab. 67. M_SYS1_CFG register bit allocation ............... 85
Tab. 21. Long duration timer characteristics ................. 47 Tab. 68. M_SYS1_CFG register bit description ............. 85
Tab. 22. LDT functions .......ccccceeeeeieieeiiiiiiicccieeeeee, 48 Tab. 69. M_REG_CTRL register bit allocation .............. 87
Tab. 23. Long duration timer electrical Tab. 70. M_REG_CTRL register bit description ............ 87
characteristics ......cccccvveeeieiiiiiiiee 49 Tab. 71. M_REG_CTRL register bit allocation .............. 88
Tab. 24. CAN FD transceiver characteristics ................ 54 Tab. 72. M_REG_CTRL register bit description ............ 89
Tab. 25. Watchdog window period configuration ........... 58 Tab. 73. M_REG_FLG register bit allocation ................. 89
Tab. 26. Watchdog type configuration .............c..c.c....... 58 Tab. 74. M_REG_FLG register bit description ............... 90
Tab. 27. Watchdog answer and refresh validation ......... 59 Tab. 75. M_REG_MSK register bit allocation ................ 9
Tab. 28. Watchdog error counter limit configuration ...... 59 Tab. 76. M_REG_MSK register bit description .............. 9
Tab. 29. Watchdog refresh counter limit Tab. 77. M_REG_FLG register bit allocation ................. 93
configuration ... 60 Tab. 78. M_REG_FLG register bit description ............... 93
Tab. 30. Watchdog error impact configuration ............... 61 Tab. 79. M_REG_MSK register bit allocation ................ 93
Tab. 31. Watchdog electrical characteristics ................. 61 Tab. 80. M_REG_MSK register bit description .............. 93
Tab. 32. VMON UV/QOV threshold configuration ............ 62 Tab. 81. M_IO_CTRL register bit allocation .................. 94
Tab. 33.  VMON deglitch time configuration .................. 63 Tab. 82. M_IO_CTRL register bit description ................ 94
Tab. 34. VxMON electrical characteristics ..................... 63 Tab. 83. M_IO_TIMER_FLG register bit allocation ........ 95
Tab. 35. Signal polarity to detect an error on HVIO1 Tab. 84. M_IO_TIMER_FLG register bit description ...... 95
o111 [N Y SRR ST 64 Tab. 85. M_IO_TIMER_MSK register bit allocation ....... 96
Tab. 36. Reaction when an error is detected HVIO1 Tab. 86. M_IO_TIMER_MSK register bit description ..... 96
11 PRSPPIt 65 Tab. 87. M_VSUP_COM_FLG register bit allocation .....96
Tab. 37. Allowed time before receiving Tab. 88. M_VSUP_COM_FLG register bit
microcontroller acknowledge when an desCription ........oooiiiiiii e 97
external IC error is detected ..........cccuvvveeeeennen. 65 Tab. 89. M_VSUP_COM_MSK register bit allocation ....97
Tab. 38. Error flag for external IC monitoring ................ 65 Tab. 90. M_VSUP_COM_MSK register bit
Tab. 39. Acknowledgment from MCU register ............... 65 desCription ........ooooiiiiii e 98
Tab. 40. External IC monitoring electrical Tab. 91. M_IOWU_CFG register bit allocation .............. 98
characteristics ......cccccvveveiiiiiiiiiee 66 Tab. 92. M_IOWU_CFG register bit description ............ 99
Tab. 41. Fault error counter configuration .................... 66 Tab. 93. M_IOWU_EN register bit allocation ............... 100
Tab. 42. Fault error counter fail-safe impact .................. 67 Tab. 94. M_IOWU_EN register bit description ............. 100
Tab. 43. Application related fail-safe fault list and Tab. 95. M_IOWU_FLG register bit allocation ............. 100
reaction ........oooiiiiiiie e 69 Tab. 96. M_IOWU_FLG register bit description ........... 101
Tab. 44. Fail-safe state electrical characteristics ........... 69 Tab. 97. M_WU1_EN register bit allocation ................ 101
Tab. 45. RSTB electrical characteristics .............cccueee... 70 Tab. 98. M_WU1_EN register bit description .............. 101
Tab. 46. LIMPO electrical characteristics ...................... 71 Tab. 99. M_WU1_FLG register bit allocation ............... 102
Tab. 47. ABIST electrical characteristics ...................... 73 Tab. 100. M_WU1_FLG register bit description ............ 102
Tab. 48. Cyclic CRC check characteristics .................... 73 Tab. 101. M_AMUX_CTRL register bit allocation .......... 103
FS2400 All information provided in this document is subject to legal disclaimers. © 2023 NXP B.V. All rights reserved.

Preliminary data sheet Rev. 1 — 14 June 2023

CONFIDENTIAL 159/163



NXP Semiconductors

FS2400

Fail-safe system basis chip with SMPS and LDO, CAN FD transceiver

Tab. 102. M_AMUX_CTRL register bit description ........ 103 Tab. 127. FS_|_FSSM_CFG register bit allocation ........ 115
Tab. 103. M_LDT_CFG1 register bit allocation ............. 104 Tab. 128. FS_I|_FSSM_CFG register bit description ..... 115
Tab. 104. M_LDT_CFGH1 register bit description ........... 104 Tab. 129. FS_|_WD_CFG register bit allocation ........... 116
Tab. 105. M_LDT_CFG2 register bit allocation ............. 105 Tab. 130. FS_I_WD_CFG register bit description ......... 117
Tab. 106. M_LDT_CFG2 register bit description ........... 105 Tab. 131. FS_WDW_CFG register bit allocation ........... 118
Tab. 107. M_LDT_CFGS3 register bit allocation ............. 105 Tab. 132. FS_WDW_CFG register bit description ......... 118
Tab. 108. M_LDT_CFGS3 register bit description ........... 105 Tab. 133. FS_WD_TOKEN register bit allocation .......... 119
Tab. 109. M_LDT_CTRL register bit allocation ............. 106 Tab. 134. FS_WD_TOKEN register bit description ........ 119
Tab. 110. M_LDT_CTRL register bit description ........... 106 Tab. 135. FS_WD_ANSWER register bit allocation ...... 120
Tab. 111. M_CAN register bit allocation ........................ 107 Tab. 136. FS_WD_ANSWER register bit description .... 120
Tab. 112. M_CAN register bit description ...................... 107 Tab. 137. FS_ LIMPO_REL register bit allocation .......... 120
Tab. 113. M_CAN register bit allocation ........................ 108 Tab. 138. FS_LIMPO_REL register bit description ........ 120
Tab. 114. M_CAN_MSK register bit description ............ 108 Tab. 139. FS_ABIST register bit allocation ................... 121
Tab. 115. M_MEMORYO register bit allocation ............. 109 Tab. 140. FS_ABIST register bit description ................. 121
Tab. 116. M_MEMORYO register bit description ........... 109 Tab. 141. FS_SAFETY_OUTPUTS register bit
Tab. 117. M_MEMORY1 register bit allocation ............. 109 allocation ........cccceeeiiiiiii 122
Tab. 118. M_MEMORY1 register bit description ........... 110 Tab. 142. FS_SAFETY_OUTPUTS register bit
Tab. 119. M_HW_ID register bit allocation .................... 110 desCription ......ccoooiiiiiieiee e 122
Tab. 120. M_HW_ID register bit description .................. 110 Tab. 143. FS_SAFETY_FLG register bit allocation ....... 124
Tab. 121. FS_I_OVUV_CFG1 register bit allocation ..... 112 Tab. 144. FS_SAFETY_FLG register bit description ..... 124
Tab. 122. FS_I_OVUV_CFG1 register bit description ... 112 Tab. 145. FS_CRC register bit allocation ..................... 125
Tab. 123. FS_I_OVUV_CFG2 register bit allocation ..... 112 Tab. 146. FS_CRC register bit description .................... 125
Tab. 124. FS_I_OVUV_CFG2 register bit description ... 113 Tab. 147. Main OTP OVEerview ........ccccccocveeviiiiieeeeenen. 126
Tab. 125. FS_I_ERRMON_LIMPO_CFG register bit Tab. 148. Main OTP bits description ............ccccoveeennnns 126
allocation .......ooccviiiieii 114 Tab. 149. Fail-safe OTP overview ...........ccccceeeeiniennnn. 144
Tab. 126. FS_I_ERRMON_LIMPO_CFG register bit Tab. 150. Fail-safe OTP bits description ....................... 144
desCription .......cooocviiiiiii e 114

FS2400

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

© 2023 NXP B.V. All rights reserved.

Preliminary data sheet
CONFIDENTIAL

Rev. 1 — 14 June 2023

160 /163



NXP Semiconductors

FS2400

Fail-safe system basis chip with SMPS and LDO, CAN FD transceiver

Figures
Fig. 1. FS24 product numbering scheme ..................... 5 Fig. 26.  Using LIMPO as a third HW ID pin .................. 41
Fig. 2. Functional block diagram ...........cccccceiiiiinee. 7 Fig. 27.  HVIOT pin e 43
Fig. 3. FS2400 block diagram ..........cccceeeiiieiieiiinenn. 8 Fig. 28. Example of HVIO1 pin configuration in the
Fig. 4. FS24 for UWB Simplified application slots, at POWEr UP ......vvvveeeeeieeeeeieeeieccciirieees 44
diagram ... 9 Fig. 29. Long duration timer block diagram .................. 47
Fig. 5. FS24 for UWB and BLE Simplified Fig. 30. Long duration timer functions .......................... 49
application diagram ...........ccccoiiiiiiiiiiiiieeeee 10 Fig. 31.  CAN FD transceiver internal diagram, with
Fig. 6. FS2400 pin configuration ............ccccceeiiieen.. 11 external components ...........ccccceiiiiiieieniiien. 51
Fig. 7. FS2400 pin configuration legend ..................... 11 Fig. 32. CAN transceiver state machine ...................... 52
Fig. 8. Simplified functional state diagram .................. 15 Fig. 33. CAN Wake-up timing diagram ..............c.cccoc.... 53
Fig. 9. Simplified INIT state diagram ................c.c....... 16 Fig. 34.  CAN timing definition according to ISO
Fig. 10. Power sequencCing .........cccccceeiiiiiiieeiiiiieeaeeee 17 11898-2:2016 ... 54
Fig. 11.  Power-up sequence example ..........cccccceeeuuneee. 17 Fig. 35. Fail-safe features block diagram ..................... 57
Fig. 12.  Debug pin Circuitry .......cccoccoiviiiiiiiiiee e 18 Fig. 36. Window watchdog time diagram .................... 59
Fig. 13.  Simplified VBOS state diagram ....................... 19 Fig. 37. Watchdog error counter configurations ............ 60
Fig. 14.  Application schematic, 2.2 MHz HVBUCK, Fig. 38. Watchdog refresh counter configurations ........ 61
SPl interface .......cccooiiiii 24 Fig. 39. External IC monitoring timing diagram ............ 66
Fig. 15. Input voltage range in LPOFF, LPON, and Fig. 40.  Fault error counter diagram with maximum
NORMAL MOde ...ccoovveeiiiiiiiiciiee e 27 ValuE = 2 OF 6 oo 67
Fig. 16. HVBUCK schematic with connection to V1_ Fig. 41.  Fault error counter diagram with maximum
IN 30 value = 8 0r 12 ..o 68
Fig. 17.  Triangular modulation .............cccccoeiiiiiiiinnnne 30 Fig. 42. RSTB pin implementation ............cccccceeiee.. 70
Fig. 18. Pseudo-random modulation ..............ccccccee. 31 Fig. 43. LIMPO pin implementation ..............cccccceeenniee. 71
Fig. 19. HVBUCK efficiency using 2.25 MHz using Fig. 44. CRC encoder example ...........ccccooiiiieieenicnnenn. 76
TFM252012ALMA4R7MTAA ...oooiiiiiiiieee 35 Fig. 45. SPI timing diagram .........ccccceciiniiiiniieeieees 77
Fig. 20. HVBUCK efficiency at 2.25 MHz using Fig. 46. Top and bottom view ...........ccccoiiiieiiiiiinn.n. 149
VLS3015CX-4R7TM-H ...oooiiiiiiiiiiieceieee 35 Fig. 47.  Detail ...ooocovviiiiie e 150
Fig. 21. HVBUCK PFM efficiency ........cccccoeriiieneennnne 36 Fig. 48.  NOteS ..o 150
Fig. 22.  HVLDOS3 application schematic ....................... 36 Fig. 49. Solder mask opening pattern ....................... 151
Fig. 23. AMUX block diagram ..........ccceccoieeiiiiiiinneenns 38 Fig. 50. I/O pads solderable area .............ccoccoeeeennnns 152
Fig. 24.  WAKEX/HIDx diagram .......c.cccocceeiiiiiieneennenn. 40 Fig. 51.  Solder paste stencil ...........ccccoeeiiiiiiieenn. 153
Fig. 25. Example of application for hardware ID
function (either using solution 1 OR 2) ............ 41
FS2400 All information provided in this document is subject to legal disclaimers. © 2023 NXP B.V. All rights reserved.

Preliminary data sheet

CONFIDENTIAL

Rev. 1 — 14 June 2023

161/163



NXP Semiconductors

FS2400

Fail-safe system basis chip with SMPS and LDO, CAN FD transceiver

Contents
1 General description .........ccoooiiiiiicicccccccceeeeeeeens 2 16.1.2 Hardware ID feature .......ccccccceeeiiiiiiiiiiininns 40
2 Features and benefits ...t 3 16.1.3 Electrical characteristics .........ccccocoiiiiiine.n. 42
3 Applications ... 4 16.2 HVIOT s 43
4 Ordering information ... 5 16.2.1 HVIO1 used as input .......ccccoeeiiiiiiiieeee 43
4.1 Part numbers definition ...............ccccoiiiiinn. 5 16.2.2 HVIO1 used as output ..o, 43
4.2 Part numbers list .........coocoiiiiie 6 16.2.3 Electrical characteristics .........ccccoocveiiiinine.n. 44
5 Block diagram ... 7 16.3 INTB e 44
51 Internal block diagram ...........ccocceiiiiiiiie i, 8 16.3.1 Interrupts and wake-up events
5.2 Simplified application diagram ...............ccccee. 9 Management ... 44
6 Pinning information ...........cccooiiiiine 1 16.3.2 Electrical characteristics .........ccccoocoeiiiiiiinee.n. 45
6.1 PinNing .....ooooii e 11 17 Long duration timer (LDT) ......ccceeemmrricceeeeennnes 47
6.2 Pin description .......cccccoiiiiiie s 11 17.1 Calibration procedure ...........ccccccvnririieeieeennnn. 48
6.2.1 Connection of unused pins ...........cccccciiiinnnnens 12 17.2 Timer functions ..., 48
7 Functional description ..........cccccviiiiimreeeeneennns 14 17.3 Electrical characteristics ............ccccccvvviriinnne.n. 49
71 Main state machine description ....................... 14 18 Physical layer ... 51
7.2 Simplified functional state diagram .................. 15 18.1 CAN FD transceiver .........ccccooecoieeeeieiiieeaeeee 51
7.3 INIT state machine ... 16 18.1.1 CAN operating modes .........cccoeeeieieiiiiienennns 51
7.4 Power sequencing .........cccceeeiieeeeeiiiiiee e 16 18.1.1.1 CAN off mode ......cccviiiiiii e 52
7.5 Debug and OTP modes ........ccccoeeiiiieeeiiiiiennnn. 18 18.1.1.2 CAN Wake-capable mode ..........cccccoeiiieernnis 52
7.51 Electrical characteristics ...........ccccccvviviiieeene... 18 18.1.1.3 CAN WaKe UP ..coooiiiiiiieiieeeeee e 53
7.6 MCU programming .........cccceeeeeieeeeeeniiieeaeeens 18 18.1.1.4 CAN Listen-only mode ..........ccccoiiiiiiiniannnne. 53
7.7 Best of supply (BOS) ....ccceiiiiiiiiiiee i 18 18.1.1.5 CAN Active mode .........cccooeiieiiiiiiiieeeeee. 53
7.71 Functional description ..............cccoooiiiiiiinnnns 18 18.1.2 Electrical characteristics ...........cccccccviviriinnne.n. 54
7.7.2 Best of supply (BOS) electrical 19 Safety ..o e 57
characteristics 19.1 Functional description ........c.ccccccccooiiiiiiiininnns 57
8 Limiting values 19.2 Watchdog ....cceeeeeieeee e 57
9 Static characteristics ........cccoooiriiiciiciriiicee. 22 19.21 Watchdog selection ............ccccoiiiiiiiiiii. 58
10 Thermal characteristics ..........cccooceriiiiccnnnnnnees 23 19.2.1.1 Timeout watchdog ........cccooiiiiiiiiis 58
11 Application information ............cccccerrrrirnnnnenn. 24 19.2.1.2 Window watchdog .........cccooviiiiiiiiieiiiiieee e 58
12 EMC complianCy ........cooiiieeommiiiceeerieeceeeeeeaes 25 19.2.2 Watchdog error counter ...........ccccooeiiiiiienniie 59
13 Operating range and current consumption .... 26 19.2.3 Watchdog refresh counter ............ccccceeeiie. 60
13.1 Supply voltage ........cccoeeiiiiiiiiiie e 26 19.2.4 Watchdog error impact .........cccooieiiiiineee 61
13.2 Operating range ........ccccceeveiieeeeeiiiiiee e 27 19.2.5 Watchdog electrical characteristics .................. 61
13.3 Current consumption ...........ccccciiiiiiiiiieeeneenn. 28 19.3 Voltage SUPErvisor .........cccoocceeieeiiiieeeeeeeene. 61
14 Power management .............ccooiiiiiiinenennceneeen. 29 19.31 VOMON (VMON_EXT) monitoring ................... 62
141 V1 HVBUCK: High-voltage buck regulator ....... 29 19.3.2 VXMON monitoring (X =1, 3) ..o 62
14.1.1 Functional description ............cccccoeiiiiiiiinnnnns 29 19.3.3 VXMON UV/QV threshold ............ccccvvvvvveeenen.n. 62
14.1.2 Application schematic .........cccceveeeveeiiiiiniinnnn. 30 19.34 VXMON deglitch time ..........ccocciiiiie, 63
14.1.3 Spread spectrum ..o 30 19.3.5 VXMON safety reaction (impact) ............cccoee... 63
14.1.3.1 DesSCription ........coooiiiiiiiiiii e 30 19.3.6 VAUVLP monitoring ........cooocoiieiiiiiiieeeeieee. 63
14.1.3.2 Triangular modulation ............cccceciviieeiiiinee.n. 30 19.3.7 Electrical characteristics .........ccccoocveeiiinine.n. 63
14.1.3.3 Pseudo-random modulation ............c.cccceeeuneeee. 30 19.4 External IC monitoring .........cccccooiiiiiniiiiiee. 64
14.1.4 Electrical characteristics ............ccccceeiiiiinen. 31 19.5 Fault management ... 66
14.1.5 HVBUCK efficiency ........cccccooiiiiiiiiieieis 34 19.51 Fault error counter ..o 66
14.2 V3 HVLDO: High-voltage linear regulator ........ 36 19.5.2 Fault source and reaction ...........c.ccocccoeeeeiiie 68
14.2.1 Functional description ............cccccoeiiiiiiiiininnnnns 36 19.5.3 Fail-safe mode .......cccceeeveeeiiiiiiii, 69
14.2.2 Application schematic .........cccceveeeeieiiiininnnnnnn. 36 19.6 RSTB, LIMPO ..o, 70
14.2.3 Electrical characteristics .........c.cccoociiiiiine.. 37 19.6.1 RSTB .. 70
15 AMUX: Analog multiplexer ........ccccoocoeeeiriicianens 38 19.6.2 LIMPO as a safety output ..........cccoeiiiiieniies 71
15.1 Functional description .............ccccoeoiiiiiiiinnnnns 38 19.6.3 LIMPO as a safety output release .................... 72
15.2 AMUX schematic diagram ............ccccccoceeeninie 38 19.6.4 LIMPO as @ GPO ... 72
15.3 Channel selection ..., 38 19.7 Analog built-in self-test (ABIST) .....cccccoeeeiineen. 72
154 Electrical characteristics ...........ccccooceiiiiine.. 39 19.8 Cyclic CRC checK ......cccueeviiiiiiiieeiiiieeeee 73
16 /0 interface pins ......ccccooiiieeimiinicceee e 40 19.9 Clock monitoring ........cooocceeiieiiiiee e 73
16.1 WAKE2/HIDO, WAKE3/HID1 .....cccvvviieieiieeee 40 20 MCU communication .........cccceevvirmiiseennninnnnnans 74
16.1.1 WAKE feature ........cccoooiiiiiieeeeeeeeeeee 40 201 SPI communication ...........ccccceiiiiiieniieeeee 74
FS2400 All information provided in this document is subject to legal disclaimers. © 2023 NXP B.V. All rights reserved.
Preliminary data sheet Rev. 1 — 14 June 2023
CONFIDENTIAL 162 /163



NXP Semiconductors

FS2400

Fail-safe system basis chip with SMPS and LDO, CAN FD transceiver

20.11 Cyclic redundant check ..........ccccceeviiiininnennen. 75
20.1.2 Electrical characteristics ...........cccccoveiriinnnnn. 76
21 Register mapping ........cccccevniiiminseninineennnnennnns 78
22 Main register mapping ........cccccccrriiinniieniiiennns 80
221 M_DEV_CFG ..ottt 80
222 M_DEV_PROG_ID ...coeoiiieireieeeesee e 80
22.3 M_GEN_FLAG ..ot 81
224 M_STATUS ... 82
225 M_SYS_CFG ...ooiiiiiieieee e 84
22.6 M_SYST_CFG .ot 85
22.7 M_REG_CTRL ..ooitiiiieeeeciie e 87
22.8 M_REG2_CTRL ..teiiiieieeiie e 88
229 M_REG_FLG ...ooiiiiiieieee e 89
22.10 M_REG_MSK ....oiiiiiieieeee e 91
22.11 M_REGT_FLG ..ooiiiiiiiieeee e 93
22.12 M_REGT_MSK ..ot 93
22.13 M_IO_CTRL eeitiiiieeeeee e 94
22.14 M_IO_TIMER_FLG ...ceeiiiiiiieeeee e, 95
22.15 M_IO_TIMER_MSK .....c.ceiiiiiieiieiiteieeee e 96
22.16 M_VSUP_COM_FLG ....ccceveieeeiieeeeseeens 96
22.17 M_VSUP_COM_MSK .....ccoeeviiriiniienieeieennn 97
22.18 M_IOWU_CFG ....ooiiiiiiieiieee e 98
22.19 M_IOWU_EN ..o 100
22.20 M_IOWU_FLG ...t 100
22.21 M_WUT_EN e 101
22.22 M_WUT_FLG .o 102
22.23 M_AMUX_CTRL ..eooiiiiiiiiieeeee e 103
22.24 M_LDT_CFGT ot 104
22.25 M_LDT_CFG2 ..ot 105
22.26 M_LDT_CFG3 ..o 105
22.27 M_LDT_CTRL et 106
22.28 M_CAN L. 107
22.29 M_CAN_MSK ..ottt 108
22.30 M_MEMORYO ...coeiiiiiiieiieiie et 109
22.31 M_MEMORY1T ..ot 109
22.32 M_HW_ID oo 110
23 Fail-safe register mapping ........c..ccccvevrriiuennne 112
231 FS_I_OVUV_CFGT ..ot 112
23.2 FS_I_OVUV_CFG2 ..ot 112
23.3 FS_I_ERRMON_LIMPO_CFG ......c.ccovevernnnn. 114
234 FS_I_FSSM_CFG ..ccoeoiiiiiieieeee e 115
235 FS_I_LWD_CFG ...cioiieiiieieeieeee e 116
23.6 FS_WDW_CFG ...cooiiiiiiiieeeene e 118
23.7 FS_WD_TOKEN .....cccooiiiniiiiieieenee e 119
23.8 FS_WD_ANSWER .......cccoooiiiiiiiiieienieeine 120
23.9 FS_LIMPO_REL ...oeviiiiiiiiieeeee e 120
23.10 FS_ABIST .o 121
23.11 FS_SAFETY_OUTPUTS ....ccoiiiiiiiiieeenee 122
23.12 FS_SAFETY_FLG ..cceoiiiiieeec e 124
23.13 FS_CRC it 125
24 OTP bits description .........ccccvcceerviininiininiaenn. 126
241 Main OTP oVerview .........ccccoceeevieiinieeenieenne 126
24.2 Main OTP bits description ..........ccccccevvueeenane 126
243 Fail-safe OTP overview .........c.ccccoevvevineennne 144
24.4 Fail-safe OTP bits description ..........c.ccccueee. 144
25 Package outline ........cccooveemiiiininiinnnie e, 149

26 Legal information ..........cccconienniininienniineenns 157

Please be aware that important notices concerning this document and the product(s)
described herein, have been included in section 'Legal information'.

© 2023 NXP B.V. All rights reserved.

For more information, please visit: http://www.nxp.com

Date of release: 14 June 2023
Document identifier: FS2400



	1  General description
	2  Features and benefits
	3  Applications
	4  Ordering information
	4.1  Part numbers definition
	4.2  Part numbers list

	5  Block diagram
	5.1  Internal block diagram
	5.2  Simplified application diagram

	6  Pinning information
	6.1  Pinning
	6.2  Pin description
	6.2.1  Connection of unused pins


	7  Functional description
	7.1  Main state machine description
	7.2  Simplified functional state diagram
	7.3  INIT state machine
	7.4  Power sequencing
	7.5  Debug and OTP modes
	7.5.1  Electrical characteristics

	7.6  MCU programming
	7.7  Best of supply (BOS)
	7.7.1  Functional description
	7.7.2  Best of supply (BOS) electrical characteristics


	8  Limiting values
	9  Static characteristics
	10  Thermal characteristics
	11  Application information
	12  EMC compliancy
	13  Operating range and current consumption
	13.1  Supply voltage
	13.2  Operating range
	13.3  Current consumption

	14  Power management
	14.1  V1 HVBUCK: High-voltage buck regulator
	14.1.1  Functional description
	14.1.2  Application schematic
	14.1.3  Spread spectrum
	14.1.3.1  Description
	14.1.3.2  Triangular modulation
	14.1.3.3  Pseudo-random modulation

	14.1.4  Electrical characteristics
	14.1.5  HVBUCK efficiency

	14.2  V3 HVLDO: High-voltage linear regulator
	14.2.1  Functional description
	14.2.2  Application schematic
	14.2.3  Electrical characteristics


	15  AMUX: Analog multiplexer
	15.1  Functional description
	15.2  AMUX schematic diagram
	15.3  Channel selection
	15.4  Electrical characteristics

	16  I/O interface pins
	16.1  WAKE2/HID0, WAKE3/HID1
	16.1.1  WAKE feature
	16.1.2  Hardware ID feature
	16.1.3  Electrical characteristics

	16.2  HVIO1
	16.2.1  HVIO1 used as input
	16.2.2  HVIO1 used as output
	16.2.3  Electrical characteristics

	16.3  INTB
	16.3.1  Interrupts and wake-up events management
	16.3.2  Electrical characteristics


	17  Long duration timer (LDT)
	17.1  Calibration procedure
	17.2  Timer functions
	17.3  Electrical characteristics

	18  Physical layer
	18.1  CAN FD transceiver
	18.1.1  CAN operating modes
	18.1.1.1  CAN off mode
	18.1.1.2  CAN Wake-capable mode
	18.1.1.3  CAN wake up
	18.1.1.4  CAN Listen-only mode
	18.1.1.5  CAN Active mode

	18.1.2  Electrical characteristics


	19  Safety
	19.1  Functional description
	19.2  Watchdog
	19.2.1  Watchdog selection
	19.2.1.1  Timeout watchdog
	19.2.1.2  Window watchdog

	19.2.2  Watchdog error counter
	19.2.3  Watchdog refresh counter
	19.2.4  Watchdog error impact
	19.2.5  Watchdog electrical characteristics

	19.3  Voltage supervisor
	19.3.1  V0MON (VMON_EXT) monitoring
	19.3.2  VxMON monitoring (x = 1, 3)
	19.3.3  VxMON UV/OV threshold
	19.3.4  VxMON deglitch time
	19.3.5  VxMON safety reaction (impact)
	19.3.6  V1UVLP monitoring
	19.3.7  Electrical characteristics

	19.4  External IC monitoring
	19.5  Fault management
	19.5.1  Fault error counter
	19.5.2  Fault source and reaction
	19.5.3  Fail-safe mode

	19.6  RSTB, LIMP0
	19.6.1  RSTB
	19.6.2  LIMP0 as a safety output
	19.6.3  LIMP0 as a safety output release
	19.6.4  LIMP0 as a GPO

	19.7  Analog built-in self-test (ABIST)
	19.8  Cyclic CRC check
	19.9  Clock monitoring

	20  MCU communication
	20.1  SPI communication
	20.1.1  Cyclic redundant check
	20.1.2  Electrical characteristics


	21  Register mapping
	22  Main register mapping
	22.1  M_DEV_CFG
	22.2  M_DEV_PROG_ID
	22.3  M_GEN_FLAG
	22.4  M_STATUS
	22.5  M_SYS_CFG
	22.6  M_SYS1_CFG
	22.7  M_REG_CTRL
	22.8  M_REG2_CTRL
	22.9  M_REG_FLG
	22.10  M_REG_MSK
	22.11  M_REG1_FLG
	22.12  M_REG1_MSK
	22.13  M_IO_CTRL
	22.14  M_IO_TIMER_FLG
	22.15  M_IO_TIMER_MSK
	22.16  M_VSUP_COM_FLG
	22.17  M_VSUP_COM_MSK
	22.18  M_IOWU_CFG
	22.19  M_IOWU_EN
	22.20  M_IOWU_FLG
	22.21  M_WU1_EN
	22.22  M_WU1_FLG
	22.23  M_AMUX_CTRL
	22.24  M_LDT_CFG1
	22.25  M_LDT_CFG2
	22.26  M_LDT_CFG3
	22.27  M_LDT_CTRL
	22.28  M_CAN
	22.29  M_CAN_MSK
	22.30  M_MEMORY0
	22.31  M_MEMORY1
	22.32  M_HW_ID

	23  Fail-safe register mapping
	23.1  FS_I_OVUV_CFG1
	23.2  FS_I_OVUV_CFG2
	23.3  FS_I_ERRMON_LIMP0_CFG
	23.4  FS_I_FSSM_CFG
	23.5  FS_I_WD_CFG
	23.6  FS_WDW_CFG
	23.7  FS_WD_TOKEN
	23.8  FS_WD_ANSWER
	23.9  FS_LIMP0_REL
	23.10  FS_ABIST
	23.11  FS_SAFETY_OUTPUTS
	23.12  FS_SAFETY_FLG
	23.13  FS_CRC

	24  OTP bits description
	24.1  Main OTP overview
	24.2  Main OTP bits description
	24.3  Fail-safe OTP overview
	24.4  Fail-safe OTP bits description

	25  Package outline
	26  Legal information
	Tables
	Figures
	Contents

		2023-12-05T04:31:15+0100
	DocStore




