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Features

AEC-Q100 qualified g

One 5V (or 3.3 V for SPSB0813 and SPSB081C3) low drop voltage regulator
(V1) for microcontroller and peripheral supply

One configurable 5V or 3.3 V low drop voltage regulator V2 selectable via SPI,
tracker for V1

Minimum current limitation of 450 mA for V1 and 400 mA for V2
No electrolytic capacitor required on regulator outputs

Very low quiescent current in standby modes (typ. 15 pA)
Programmable reset generator for power-on and undervoltage
Configurable window watchdog

LIN transceivers ISO 17987-4/2016 compliant (only for SPSB0815 and
SPSB0813)

CAN-FD transceiver (ISO 11898-2/2016, SAE J2284 compliant) with local failure
and bus failure diagnosis

Complete 2-channel contact monitoring interface (WU1 and WU2 input pins)
with programmable cyclic sense functionality. WU2 also with DIR functionality

Programmable periodic system wake-up feature
STM standard serial peripheral interface (32Bit/ST-SPI)

4 HS drivers for 0.14 A (Ron = 7 Q) suitable to drive external LED modules with
high input capacitance value or to also supply external contacts

Internal 10-bit PWM timer for each standalone high-side driver
Buffered supply for all voltage regulators

DIAGN output pin for fail-safe signalization

Current monitor output for all internal high-side drivers
Open-load diagnosis for all outputs

Overcurrent protection for all outputs

V1 overvoltage detection and protection

Device contains temperature warning and protection

Thermal cluster

Limited documentation available for customers that need support when dealing
with ASIL requirements as per ISO 26262

Applications
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Body control modules (BCM)

Gateway applications

Telematic control unit

Passive keyless entry and start modules
Control panel

Heating, ventilation and air conditioning (HVAC)
Seat control modules

Sunroof modules

www.st.com

For further information contact your local STMicroelectronics sales office.


https://www.st.com/en/product/SPSB081?ecmp=tt9470_gl_link_feb2019&rt=ds&id=DS14048
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»  Tailgate modules

*  Door modules

*  Light control modules
*  Gear shifters

»  Steering column

*  Fuel pump

Description

The SPSB081 is a power management system IC providing electronic control
modules with enhanced power management functionality, including various standby
modes to minimize the power consumption with programmable local and remote
wake-up capability, as well as LIN (only for SPSB0815 and SPSB0813) and CAN
FD physical communication layers. The device has one low-drop voltage regulator
to supply the system microcontroller and one voltage tracker to supply external
peripheral loads such as sensors. V1 is available with a fixed rail (5 V or 3.3 V)
and V1 overvoltage detection and protection solution, while V2 is a tracker voltage
regulator of V1, programmable by SPI with 5V or 3.3 V. Moreover, the device
features four high-side drivers to supply LEDs and sensors. All outputs are short-
circuit (SC) protected and implement open-load diagnosis. The ST standard SPI
interface allows control and diagnosis of the device and enables generic software
development.
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Block diagram and pin description

1 Block diagram and pin description

1.1 Block diagram
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Figure 1. Functional block diagram of SPSB0815 and SPSB0813
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Block diagram

Figure 2. Functional block diagram of SPSB081C5 and SPSB081C3
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Pin description

1.2

Pin description

Figure 3. SPSB0815 and SPSB0813 - pin connection (top view)
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Pin description

Table 1. Pin function

WU Wake-up inputs 1: input pin for static or cyclic monitoring of external |

contacts
DIR — direct HS drive

2 2 DIR/WU2 |
WU2 — input pin for static or cyclic monitoring of external contacts
Voltage regulator 2 or tracker 2 output: 5 V or 3.3 V supply for

3 3 V2 external loads or CAN FD transceiver 0
V2 pin is protected against reverse supply

4 4 OouT4 High-side-driver output to drive LEDs, sensors or to supply contacts (0]

5 5 OouT3 High-side-driver output to drive LEDs, sensors or to supply contacts (0]

6 6 ouT2 High-side-driver output to drive LEDs, sensors or to supply contacts (0]

7 7 OouT1 High-side-driver output to drive LEDs, sensors or to supply contacts (0]
Power supply voltage for power stage outputs OUT1, OUT2,

OUT3, and OUT4 (external reverse battery protection required).

8 8 VS D . . - . P
For this input, a ceramic capacitor as close as possible to GND is
recommended

9 9 NC Not connected -

10 10 Debug Debug input to deactivate the window watchdog (high active) |

11 11 SGND | Signal ground P

12 12 TxD_C  CAN transmit data input |

13 - TxD_L | LIN transmit data input |

Current monitor output: depending on the selected multiplexer bits
14 14 CM of the control register this output sources an image of the instant (0]
current through the corresponding high side driver with a fixed ratio

Logical error indication output.

15 15 DIAGN Active low o
16 16 NINT indicates device errors, warning, and local/remote wake-up events (0]
17 17 RxD_C  CAN receive data output (push pull output stages) (0]
18 ) RxD_L g;gléo_é:_:;;\l receive data output (only for SPSB0815 and o
19 19 CLK SPI: serial clock input |
20 20 DO SPI: serial data output (push pull output stage) (0]
21 21 DI SPI: serial data input |

22 22 CSN SPI:

chip select not input |

NReset output to microcontroller; internal pull-up of typical 25 kQ

23 23 NRESET : (0]
(active low output stage)
Voltage regulator 1 output: 5 V or 3.3 V supply, for example,

24 24 V1 . . 0}
microcontroller, CAN FD transceiver

25 25 NC Not connected -
Power supply voltage to feed the internal voltage regulators; all
internal regulated voltages for analog and digital functionality; LIN

26 26 VSREG transceiver; CAN transpelver apd thg wake-up fefatgres (external . p
reverse battery protection required/diode). For this input, a ceramic
capacitor as close as possible to GND and an electrolytic backup
capacitor are recommended

27 27 NC Not connected -
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,l Pin description

CAN supply input; to allow external CAN supply from V1, V2 or

28 VCANSUP other external power supply
29 29 CAN_L  CAN low level voltage I/O 110
30 30 CAN_H | CAN high level voltage I/O 110
31 31 PGND  Power ground P
32 - LIN LIN bus line I/0
- - TAB Ground connection -
Note: Not connected pins must be connected to ground.
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Maximum ratings

2 Maximum ratings

2.1 Operating range

Within the operating range, the part operates as specified and without parameter deviations. The device may not
operate properly if maximum operating conditions are exceeded.

Once taken beyond the operative ratings and returned back within, the part recovers with no damage or
degradation.

Additional supply voltage and temperature conditions are given separately at the beginning of each electrical
specification table.

All the voltages are related to the potential at substrate ground.

211 Supply voltage ranges
All SPI communication, logic, and oscillator parameters work down to Vgreg = 3.5 V and are specified
accordingly.
. SPI thresholds
. Oscillator frequency (delay times correctly elapsed)
. Internal register status correctly kept (reset at default values for Vg < VpoR)

. Reset threshold correctly detected

2.2 Absolute maximum ratings

Maximum ratings are absolute ratings; exceeding any one of these values may cause permanent damage to the
integrated circuit.

All voltages are related to the potential at substrate ground.

Table 2. Absolute maximum ratings

N T T B
28 \%

Jump start -03 | -

Vs DC supply voltage Single pulse/tmax < 400
ms “transient load dump” 03] - 40 v
Jump start -03 | - 28 \

VsREG DC supply voltage Single pulse/tmax < 400
ms “transient load dump” 03| - 40 v
VA1 Stabilized supply voltage, logic supply V1 < VsRreg -03 | - 6.5 \Y
V2 Stabilized supply voltage'" - 0.3 - 28 \%
Vpi Logic input - -03 | - V1+0.3 \Y
Verk Logic input - -0.3 - V1+0.3 \%
VesN Logic input - 03 - V1+0.3 \Y
Vbo Logic output - 03 - V1+03 |V
VRxDL Logic output - 03 - V1+0.3 V
VRxDC Logic output - -03 - V1+0.3 Y,
VNRESET Logic output - 0.3 - V1+0.3 V
Vem Output voltage range - -0.3 - V1+0.3 V
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Absolute maximum ratings

e S

VbiaeN Logic output 03 V1403 |V
VTxpe Logic input - -0.3 | - V1+0.3 \Y%
VTxpL Logic input - 03 - V1+0.3 \Y
VpeBuUG Debug input pin voltage range - -0.3 - V1+0.3 \%
Vwu1 DC wake-up input voltage - 03 - Vsreg*t03| VvV
Vpirwu2 DC wake-up input voltage - 03| - |Vsreg*+03 V
VLN LIN bus /O voltage range - 27 - 40 v

linPuT Current injection into Vs related input pins - - 20 - mA

louT_INJ Current injection into vs related outputs - - 20 - mA
Veansup CAN supply - 03 - 5.25 v
VGANH CAN bus /O voltage range - 27 - 40 V
VeanL CAN bus /O voltage range - 27 | - 40 V
VeanH - Veant Differential CAN-Bus voltage - 5 | - 10 v
VouTt1 Output voltage - -03 - Vg +0.3 \Y,
Vourz Output voltage - 03 - Vg +0.3 \Y
VouTs Output voltage - -0.3 - Vs +0.3 \Y
VouTs Output voltage - -03 - Vg +0.3 \Y
I i S - Az 1
IVSREG Maximum cumulated current at VSREG drawn ) 495 - 195 A

by LDO1; LDOZ2; LIN; CAN at wake-up

louT1 Output current® - 125 - 1.25 A
lout2 Output current® - 125 - 1.25 A
louTs Output current?) - 125 - 1.25 A
louTs Output current® - 125 - 1.25 A
IsenD Maximum current at SGND?) - -1.25 - 1.25 A
lpGND Maximum current at PGND?) - -1.25 - 1.25 A
GND pins PGND versus SGND - -0.3 - 0.3 V

SPSB081 is protected against V2 shorted to Vsgeg and V2 reverse biasing when Vsgeg is higher than 3.5 V.

2. Values for the absolute maximum DC current through the bond wires. This value does not consider maximum power
dissipation or other limits.

All maximum ratings are absolute ratings. Leaving the limitation of any of these values may cause an irreversible
damage of the integrated circuit!

Loss of ground or ground shift with externally grounded loads: ESD structures are configured for nominal currents
only. If external loads are connected to different grounds, the current load must be limited to this nominal current.

Table 3. ESD protection

I T N T
HBM (1

Pins All pins
Power output pin OouT1 HBM® +4 kv
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Temperature ranges and thermal data

I B ST
HBM©

Power output pin ouT2
Power output pin OouUT3 HBM®) +4 kv
Power output pin OouT4 HBM® +4 kV
HBM®) +8 kv
Transceiver LIN Indirect ESD®) +8 kv
Direct ESD +6 kv
HBM®) +8 kv

Transceiver CAN_H
Direct ESD +6 kv
HBM®) +8 kv

Transceiver CAN_L
Direct ESD™ +6 kv
Pins ) Corner pins CDM (values for corner pins in brackets) +500/(x750) \%

1. HBM (human body model, 100 pF, 1.5 kW) according to AEC-Q100-002.
2. HBM with all none zapped pins grounded.

3. Indirect ESD test according to IEC 61000-4-2 (150 pF, 330 Q) and ‘hardware requirements for LIN, CAN and flexray
interfaces in automotive applications’ (version 1.3, 2012-05-04).

4. Direct ESD test according to IEC 61000-4-2 (150 pF, 330 Q) and ‘hardware requirements for LIN, CAN and Flexray
interfaces in automotive applications’ (version 1.3, 2012-05-04).

5. CDM (charged device model) according to AEC-Q100-011.

Table 4. Transient immunity ratings according to ISO 7637-2

7 [

Pulse1 -100
ISO 7637-2 and IEC 62215-3 transients immunity according to Pulse2a = +75 @V
“OEM_HW Requirements For_CAN_LIN_FR-Interfaces_V1.3_2012” and IBEE EMC test
specifications () (LIN and CAN) Pulse3a | -150 =V

Pulse3b = +100 V

1. ISO 7637 is a system level transient test. Different system level configurations may lead to different results.

2.3 Temperature ranges and thermal data

Table 5. Temperature ranges and thermal data

T I T T

TamB Operating temperature (ECU environment) 125 F.019

T Operating junction temperature - -40 - 175 °C F.020
Tste Storage temperature - -55 - 150 °C F.021
Twon'" Thermal over temperature warning threshold - 140 - 160 °C F.022
Tsp1 ore'” Thermal shut-down junction temperature 1 - 165 - 185 °C | F.023
Tsp2 ore'” Thermal shut-down temperature - 175 - 195 °C | F.024
Tsp12nys'” Thermal shut-down temperature hysteresis - - 5 - °C | F.025
terjTw Thermal warning/shut-down filter time Tested by scan 24 | 32 43 us F.026
RtH Jams'? Thermal resistance junction-to-ambient - - 38 - °C/W | F.027
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Temperature ranges and thermal data

1. Non-overlapping.

2. The values quoted are for PCB 129 mm x 60 mm x 1.6 mm, FR4, four layers; Cu thickness 0.070 mm (outer layers). Cu
thickness 0.035 mm (inner layers), thermal vias separation 1.2 mm, thermal via diameter 0.3 mm +0.08 mm, Cu thickness
on vias 0.025 mm, footprint dimension 3.5 mm x 3.5 mm.

All parameters are guaranteed in the temperature range from -40 °C to 50 °C (unless otherwise specified); the
device is still operative and functional at higher temperatures (up to 175 °C).

Parameters limits at higher temperatures than 150 °C may change with respect to what is specified as per the
standard temperature range.

Device functionality at high temperature is guaranteed by characterization.

SPSB081 embeds a multitude of junctions housed in a relatively small piece of silicon. The devices contain,
among all the described features, four high-sides, two voltage regulators (one of which can work as voltage
tracker). For this reason, using the thermal impedance of a single junction (that is, voltage regulator or major
power dissipation contributor) does not allow to predict thermal behavior of the whole device and therefore it is
not possible to assess if a device is thermally suitable for a given activation profile and loads characteristics.
Some representative and realistic worst-case thermal profiles are described in the below paragraph. The following
measurement methods can be easily implemented, by final user, for a specific activation profile.

Activation profile battery voltage: 16 V, ambient temperature starts at 85 °C.
DC activation:

. V1 (3.3 V) charged with 70 mA; Rpson = 470 Q (DC activation)

. V2 (3.3 V) charged with 50 mA; Rpson = 680 Q (DC activation)

. OUT1: I oap = 50 mA; Rpson = 330 Q (DC activation)

. OUT2: I oap = 50 mA; Rpson = 330 Q (DC activation)

. OUT3: I pap = 50 mA; Rpson = 330 Q (DC activation)

. OUT4: I oap = 50 mA; Rpson = 330 Q (DC activation)

. CAN-LIN not relevant

Test execution: once thermal equilibrium is reached with all DC load active, the “cyclic activation” sequence is
applied. The device operates always without triggering the thermal warning threshold.

Figure 5. QFN32L (5.0x5.0x1.0 mm) 4-layers

Mid layerl GND []

{ gﬁ Mid layer2 UCC [

Note: PCB 129 mm x 60 mm x 1.6 mm, FR4, four layers; Cu thickness 0.070 mm (outer layers). Cu thickness 0.035
mm (inner layers), thermal vias separation 1.2 mm, thermal via diameter 0.3 mm +0.08 mm, Cu thickness on
vias 0.025 mm, footprint dimension 3.5 mm x 3.5 mm.
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Functional description

3 Functional description

3.1 Supply VS and VSREG

VSREG supplies voltage regulators V1 and V2, all internal regulated voltages for analog and digital functionality,
LIN, CAN and the wake-up features. P-channel high side switches OUT1, OUT2, OUT3, OUT4 and fail-safe block
are supplied by VS. In case of VSREG pin disconnected, all power devices connected to VS are automatically
switched OFF.

Note: After device startup, it is suggested to perform a status registers read and clear command to clean any spurious
error flags.
3.2 Voltage regulators

The SPSB081 contains one fully protected low drop voltage regulator (V1) and one low dropout tracking regulator
(V2), which are designed for very fast transient response and do not require electrolytic output capacitors for
stability. The two low drops out voltage regulators can provide 5 V or 3.3 V; the following table summarizes the
possible configurations of the two LDOs:

Table 6. Voltage regulators configuration

Configuration V1 output voltage (linear | V2 output voltage (linear V2 output voltage V2_TKR
case) case) (tracking case)

SPSB0813 3.3V Oor1
2 SPSB081C3 50V Not available Only 0
3 SPSB0815 3.3V Not available Only 0
4 SPSB081C5 oV 50V YES 0or1

1. In this case, the CAN transceiver embedded inside the SPSB0813 shall be supplied by an external Vgeg at 5 V via the CAN
supply pin.

The voltage regulator V2 can be configured by means of the V2_TKR bit in CR2 as a linear independent LDO
(V2_TKR = 0, default) or as a tracker of the V1 voltage regulator (V2_TKR = 1).

3.21 Voltage regulator: V1

The V1 voltage regulator provides 5 V (for SPSB0815 and SPSB081C5) or 3.3 V (for SPSB0813 and
SPSB081C3) supply voltage (configurable by OTP) and up to 250 mA continuous load current to supply

the system microcontroller and the integrated CAN transceiver. The V1 regulator is embedded in the power
management and fail-safe functionality of the device and operates according to the selected operating mode. The
V1 voltage regulator is supplied by pin Vsrge.

In addition, the V1 regulator supplies the device internal loads. The voltage regulator is protected against overload
and overtemperature. An external reverse current protection must be provided by the application circuitry to
prevent the input capacitor from being discharged by negative transients or low input voltage. Current limitation
of the regulator ensures fast charge of external bypass capacitors. The output voltage is stable for ceramic load
capacitors 2 1 pF.

In case the device temperature exceeds the TSD1 threshold, all outputs (OUTx, V2, LIN, CAN) are deactivated
except V1 regulator, which remains on. LIN and CAN transceivers are forced in "receive only" mode. Hence, the
microcontroller has the possibility for interaction or error logging. If the chip temperature exceeds TSD2 threshold
(TSD2 > TSD1), V1 is deactivated and all wake-up sources (CAN, LIN, WU1, WU2, and timer) are disabled. After
trsp, the voltage regulator will restart automatically. If the restart fails seven times within one minute the SPSB081
is forced into VBAT _standby mode. The status bit in SR1 Forced_Sleep_TSD2/V1SC is set.

In case of overvoltage an internal pulldown circuit is activated to limit the current accumulated in the external
capacitor.
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Voltage regulators

3.2.2 Voltage regulator: V2

The SPSB081 embeds one 5V or 3.3 V (configurable by V2_RAIL bit in CR2) low dropout tracking regulator
designed to provide an output voltage that closely tracks (£20 mV) the V1 reference input while delivering on the
V2 output pin up to 100 mA. The voltage regulator V2 can be configured by means of the V2_TKR bit in CR2 as a
linear independent LDO (V2_TKR = 0, default) or as a tracker of the V1 voltage regulator (V2_TKR = 1).

The V2 can be configured as tracker of the V1 only at the same voltage output level 5 V for SPSB0815 and
SPSB081C5 (Conf #4 in Table 6) and 3.3 V for the SPSB0813 and SPSB081C3 (Conf #1 in Table 6). The tracking
regulator is protected against:

. Overload

. Overtemperature

. Short-circuit (short to ground and battery supply voltage)
. Reverse biasing

3.2.3 Voltage regulator failure
The V1 and V2 regulators output voltages are monitored.

In case of a drop below the V4 Vj fail thresholds (V12 < V1 oraiL, for t > ty1 2raiL), the failure bits V1FAIL, V2FAIL
(SR2) are latched. The fail bits can be cleared by a dedicated SPI command.

3.24 Short to ground detection

At turn-on of the V1 and V2 regulators, a short to GND condition is detected by monitoring the regulator output
voltage.

If V1 or V2 is below the V1paiL (VoralL) thresholds for t > ty1sHorT (t > tyasHorT) after turn-on, the SPSB081 will
identify a short-circuit condition at the related regulator output and the regulator will be switched off.

In case of V1 short to GND the device enters VBAT_standby mode automatically.

Bits FORCED_SLEEP_TSD2/V1SC (SR1) and V1FAIL (SR2) are set.

In case of a V2 short to GND failure the V2SC (SR2) and V2FAIL (SR2) bits are set.

Once the output voltage of the corresponding regulator exceeds the VgL (V2raiL) thresholds the short-to-ground

detection is disabled. In case of a short-to-ground condition, the regulator is switched off due to thermal
shutdown.
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Operating modes

3.2.5 Voltage regulator behavior

Figure 6. Voltage regulator behavior and diagnosis during supply voltage ramp-up/ramp-down conditions
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3.3 Operating modes

The device can be operated in four different operating modes:
. Active mode: normal operating mode

. SW-debug mode: software debugging

. V1_standby mode: low power mode

. VBAT_standby mode: ultralow power mode

3.3.1 Active mode
All functions are available, and the device is controlled by SPI.

3.3.2 SW-debug mode
To allow software debugging, the watchdog can be deactivated by applying an external voltage to the DEBUG
input pin (VpesuG > Vdin)-
In debug mode, all device functionality is available, including CAN, which is enabled by default. The watchdog is
deactivated.

At exit from debug mode (Vpegug < VgiL) the watchdog starts with a long open window.

Note: The device includes a test mode that is activated by a dedicated sequence including, among others, a high
voltage at the debug pin; debug mode is not intended for normal applicative conditions.
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Operating modes

3.3.3 V1_standby mode

The transition from active mode to V1_standby mode is controlled by SPI (STBY_SEL bit and GO_STBY bit in
CR2).

To supply the microcontroller in a low power mode, the V1 voltage regulator remains active.

After the V1_standby command (CSN low to high transition), the device enters V1_standby mode immediately
and the watchdog starts a long open window (t ). The watchdog is deactivated as soon as the V1 load current
drops below the Igypp threshold (Iyq < Igmp)-

The V1 load current monitoring can be deactivated by setting ICMP = 1. In this configuration, the watchdog is
deactivated upon transition into V1_standby mode without monitoring the V1 load current.

Writing ICMP (CR 34) = 1 is only possible with the first SPI command after setting ICMP_CONFIG_EN (Config
Reg) = 1. The ICMP_CONFIG_EN bit is reset to ‘0’ automatically with next SPI command.

LIN and CAN transmitters are switched off in V1_standby mode.
OUT1, OUT2, OUT3, and OUT4 remain in the configuration programmed before the standby command.

V2 voltage regulator remains in the configuration programmed before the standby command. Even though LIN
and CAN transceivers are switched off, they can still wake up the micro (see Table 7).

In V1_standby mode various wake-up sources can be individually programmed. Normally a wake-up event puts
the device into active mode and forces the NINT pin to a low level indicating the wake-up condition to the
microcontroller. Writing IWK (CR 34) = 1 a wake-up event on CAN and wake-up pins forces NINT pin to a low
level indicating the wake-up condition to the microcontroller. However, no change in the SBC mode occurs.

3.34 Interrupt

The interrupt signal on NINT pin is generated to communicate a specific event to the microcontroller. NINT is
pulled low after a reaction time when one of the following events occurs.

In active mode, this event can be related to each one of the status flags latched in the global status byte register
(GSBN bit).

A bit register is available to mask each one of these flags:
. RSTB: MASK_RSTB (0x3F)

. PLE: MASK_PLE (0x3F)

. FE: MASK_FE (0x3F)

. DE: MASK_DE (0x3F)

. GW: MASK_GW (0x3F)

These masks are common for the generation of GSBN, NINT, and DIAGN (in extended mode).

NINT pulse can also be related to the CAN communication timeout event (no CAN communication for t > tgjience)-
The CANTO flag is set. This interrupt can be masked by CANTO_NINT_MASK SPI bit.

In V1 standby mode, it can also be related to the following events:

. CAN communication timeout (no CAN communication for t > tg) ence). The CANTO flag is set. This interrupt
can be masked by CANTO_NINT_MASK SPI bit.

. Wake-up from V1_standby mode by any wake-up source (WU1, WU2, LIN, CAN, TIMER1/2, SPI). This
interrupt can be masked by WU_NINT_MASK SPI bit.

In case of increasing V1 load current during V1_standby mode (ly1 > Igump), the device remains in standby mode
and the watchdog starts with a long open window. No interrupt signal is generated.
NINT pin is an open drain structure to allow multiple connections.
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Wake-up from standby modes

Figure 7. Interrupt pin
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3.35 VBAT_standby mode

The transition from active mode to VBAT_standby mode is initiated by an SPI command (STBY_SEL bit and
GO_STBY bitin CR2).

In VBAT _standby mode, the voltage regulators V1 and V2, the power outputs as well as LIN and CAN
transmitters are switched off.

An NReset pulse is generated and last asserted low upon wake-up from VBAT_standby mode and until 2ms after
LDO1 is fully operative.

3.4 Wake-up from standby modes

A wake-up from standby mode switches the device to active mode. This can be initiated by one or more of the
following events:

Table 7. Wake-up source

LIN bus activity It can be disabled by SPI
CAN bus activity It can be disabled by SPI
Level change of WU It can be configured or disabled by SPI
The device remains in V1_standby mode but watchdog is enabled (if ICMP = 0).

Iv1 > lemp ) )
No interrupt is generated
Programmable by SPI:
. V1_standby mode:
Timer interrupt/ device wakes up and interrupt signal is generated at NINT when programmable time-out has

elapsed

VBAT _standby mode:
device wakes up after programmable timer expiration. V1 regulator is turned on and NReset
signal is generated when programmable time-out has elapsed

wake-up of uC by TIMER | |

Always active (except in VBAT_standby mode)
SPI access
Wake-up event: CSN falling edge
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Wake-up from standby modes

To prevent the system from a deadlock condition (no wake-up from standby possible) a configuration where all
wake-up is disabled, is not allowed.

Accordingly, if the following condition is set by SPI:
. CAN_WU_EN=0

. LIN.WU_EN=0

. WU1_EN=0

. WU2_EN=0

The effect is to put all these register bits in their default condition:
. CAN_WU_EN =1

. LIN. WU_EN =1

. WU1_EN =1

. WU2_EN =1

For SPSB081C devices (without LIN), at least one of these WU sources has to be kept (CAN, WU1 or WU2).

All wake-up sources are configured to default values in case of such invalid setting. The SPI error bit (SPIE) in the
global status register is set.

3.41 Wake-up inputs

The WU1 and WU2 inputs can be configured as wake-up sources. Each wake-up input is sensitive to any

level transition (positive and negative edge) and can be configured for static or cyclic monitoring of the input
voltage level by suitable setting of CR1 [8..11] bits (WUx_FILT_0 and WUx_FILT_1) which allows to choose the
monitoring among static, cyclic with timer 1 or cyclic with timer 2. When the configuration of a timer is changed,
the timer is automatically restarted using the new configuration.

For static contact monitoring, a filter time of tyy_staT is implemented. The filter is started when the input voltage
passes the specified threshold Vyyytyp. Wake-up status bit (WUx_STATE bit in SR5 [18..19]) is set only if this
threshold is passed for more than tywy_sTaT.

Cyclic contact monitoring, conceived to reduce the quiescent current of the device, allows instead periodical (not
threshold dependent) activation of the wake-up input to read the status of the external contact. The periodical

activation is driven by timer 1 or timer 2 whose settings (on-time and period) can be configured through CR2
[8..13] and [16..21] bits (Tx_PER_y and Tx_ON_y bit). The input signal is filtered with a filter time of tywy_cyc

after a delay (80% of the configured timer on-time). A wake-up will be processed if the status has changed versus
the previous cycle, therefore wake-up status bit (WUx_STATE bit in SR5 [18..19]) is set only if status during
consecutive on-time is different, after the configured delay and twy _cvc.

The buffered outputs OUT1, OUT2, OUT3, and OUT4 can be used to supply the external contacts with the timer
setting according to the cyclic monitoring of the wake-up input.
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Wake-up from standby modes

Figure 8. Static monitoring: wake-up occurs if threshold is greater than the filter time
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Figure 9. Cyclic monitoring: the external contacts are supplied periodically by the internal timer
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Functional overview (truth table)

In standby modes, the inputs are configurable with an internal pull-up or pull-down current source according to
the setup of the external contact. Moreover, in case of cyclic sensing, an internal pull-down resistor (Rwy_acT) is
periodically activated on each rising edge of the TIMER_ON. Ryy_acr is activated also for static wake-up, but in
this case it occurs just after WU request (see the figure above), keeping this condition for at least the filter time
twu_sTaT (0or more, if the WU is valid and the device enters in active mode).

In active mode, the inputs have in fact only the internal pull-down resistor and the input status can be read by SPI.
Static sense should be configured before the read operation is started to reflect the actual input level.

Being DIR/WU2_EN enable bit, in config register (0x3F), set to 0 by default, the DIR/WU2 pin is configured
as wake-up function. If DIR/WU2_EN enable bit is set to 1 the DIR/WU2 pin is a low voltage direct driving of
OUT1..4. Threshold is set in this case at 1.5 V.

3.5 Functional overview (truth table)

Table 8. Functional overview

Operating modes
Version Function Comments . V1_standby static VBAT_standby static
Active mode . .
mode (cyclic sense) mode (cyclic sense)
On onM Off

3.4.1 | Voltage regulator V1 VOUT =5V/3.3V

3.4.2  Voltage regulator V2 VOUT =5V/3.3V On/Off?) On@)/Off Oon@j/off
3.4.3 Reset generator - On On Off
. . Off (On if ly4 > Igmp and
4. V4 monitor
3.4.4 | Window watchdog 1 On ICMP = 0) Off
3.4.5 Wake-up - Off Active® Active®)
3.4.6 | HS-cyclic supply Oscillator time base On/Off Oon@/0ff Oon?)/Off
34.7 LIN LIN ISO 17987-4/2016 On®@ Offl4) Offt*)
348 CANFD - On/Off) Offt) Offt*)
3.4.9  Oscillator - On On/Off(®) On/Off®)
3.4.10 | Vs monitor - Oon(") On/Off(7) On/Off")
3.4.11  OUT1 (P-channel HS) - On/Off?) On/Off?) On/Off?)
3.4.12 | OUT2 (P-channel HS) - On/Off?) On/Off?) On/Off?)
3.4.13 | OUT3 (P-channel HS) - On/Off?) On/ Off?) On/Off?)
3.4.14 OUT4 (P-channel HS) - On/Off?) On/ Offl?) On/Off?)
Thermal shutdown
3.4.15 TSD2 On On Off
Thermal shutdown
3.4.16  TSD1x (for P-channel | - On Oon® On/Off?)
HS)
1. Supply the processor in low current mode.
2. According to SPI setting.
3. Unless disabled by SPI.
4. The bus state is internally stored when going to standby mode. A change of bus state will lead to a wake-up after exceeding
of internal filter time (if wake up by LIN or CAN is not disabled by SPI).
5. After power-on, the CAN FD transceiver is in ‘CAN Trx standby’ mode. It is activated by SPI command (CAN_ACT = 1).
6. ON, if is enabled at least one of the following: cyclic sense, OUT1, OUT2, OUT3, OUT4, V2.
7. ON when at least one OUTXx is enabled and OFF when OUTx are disabled.
8. V1,V2, 0UT1, OUT2, OUT3, and OUT4 are thermal monitored.
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Configurable window watchdog

Figure 10. Main operating modes
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3.6 Configurable window watchdog

During normal operation, the watchdog monitors the microcontroller within a programmable trigger cycle.

After power-on or standby mode, the watchdog starts with a timeout (long open window f; ). The timeout allows
the microcontroller to run its own setup and then to start the window watchdog by setting TRIG = 1. Later, the
microcontroller has to serve the watchdog by alternating the watchdog trigger bit within the safe trigger area
Tswx- The trigger time is configurable by SPI.

A correct watchdog trigger signal will immediately start the next cycle.
After eight watchdog failures in sequence, the V1 regulator is switched off for ty1opf. After seven additional

watchdog failures the V1 regulator is turned off permanently and the device is forced into VBAT_standby mode.
The status bit FORCED_SLEEP_WD (SR1) is set. A wake-up is possible by any activated wake-up source.

In case of a watchdog failure, the power outputs and V2 are switched off and the device enters fail-safe mode. All
control registers are set to their fail-safe values.

The following diagrams illustrate the watchdog behavior of the device. The diagrams are split into 3 parts. The
first diagram shows the functional behavior of the watchdog without any error. The second diagram covers the
behavior covering all the error conditions, which can affect the watchdog behavior. The third diagram shows the
transition in and out of debug mode. All three diagrams can be overlapped to get all the possible state transitions
under all circumstances. For a better readability, they were split in normal operating, operating with errors and
debug mode.
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Configurable window watchdog

Figure 11. Watchdog in normal operating mode (no errors)
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Fail safe mode

Figure 13. Watchdog in debug mode
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Note: Whenever the device is operated without servicing the mandatory watchdog trigger events, a sequence

of 15 consecutive reset events is performed and the device is forced into Vbat_Stby mode with bit
FORCED_SLEEP_WD in SR1 set.

If the device is woken up after such a forced Vbat_Stby condition and the watchdog is still not serviced, the
device, after one long open watchdog window is reforced into the same Vbat_Stby mode until the next wake-up
event. In this case, an additional watchdog failure is generated, but the fail counter is not cleared, keeping the
maximum number of 15 failures. This sequence is repeated until a valid watchdog trigger event is performed by
writing TRIG = 1.

3.6.1 Change watchdog timing

The watchdog trigger time can be configured by setting the WD_TIME (CR 2) bit. Writing to these bits is
only possible with the first SPI command after setting WD_CONFIG_EN = 1 (Config register (0x3F)). The
WD_CONFIG_EN bit is reset to 0 automatically with next SPI command.

When FAIL_SAFE is active, these SPI registers are not accessible. Therefore, the FAIL_SAFE status needs to be
cleared. In case of a WD_FAIL, the clear is performed by starting a long open window.

When a new configuration has been programmed, the watchdog behaves with the old configuration until the next
trig event.

The new value of WD_TIME is loaded in the watchdog module on the next trig event after the SPI configuration.
The following watchdog cycle uses the new programmed value.

3.7 Fail safe mode

3.71 Temporary failures
SPSBO081 enters fail-safe mode in case of:
. Watchdog failure
° V1 failure (V1 < Vrtx for t > tyqgs)
. Thermal shutdown TSD2
The fail-safe functionality is also available in V1_Standby mode. During V1_Standby mode the fail-safe mode is
entered in the following cases:
. Watchdog failure (if watchdog still running due to ly4 > Igmp)
. V1 failure (V1 < Vrtx for t > tyqFs)
. Thermal shutdown TSD2
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Fail safe mode

In fail-safe mode, the device returns to a fail-safe state. The fail-safe condition is indicated to the system in the
global status byte. The conditions during the fail-safe mode are:

. All outputs and V2 are turned off
. All control registers are set to default values

. Write operations to control registers are blocked until the fail-safe condition is cleared (see table below).
Only the following bits are not write-protected:

—  CR1 (0x01):
° TRIG
° CAN_ACT
—  CR2 (0x02):
° Timer settings (bits 8...13 and bits 16...21)
—  CR5 (0x05):
° OUT1_x (bits 0...2)
° OUT2_x (bits 4...6)
° OUT3_x (bits 8...10)
° OUT4_x (bits 12...14)
—  CR9 (0x09) to CR11 (0x0B)
° PWM frequency and duty cycles
—  Config register (0x3F)
° V2.0
° V2_1
. LIN transmitter remains on
. CAN FD transceiver remains on
. Wake-up is enabled
. Corresponding failure bits in status registers are set.
. FS bit (bit 0 global status byte) is set
If the fail-safe mode was entered, it keeps active until the fail-safe condition is removed and the fail-safe was read

by SPI. Depending on the root cause of the fail-safe operation, the actions to exit fail-safe mode are as shown in
the following table.

Table 9. Temporary failures conditions

Watchdog FS (global status byte) = 1
Microcontroller _ TRIG = 1 during long open window read
(oscillator) Early write failure or expired WDFAIL (SR1) = 1 and clear SR1
window WDFAIL_CNT_x (SR1) = n+1

FS (global status byte) = 1
V1 Undervoltage V1UV (SR1) =11
V1FAIL (SR2) = 1)
FS (global status byte) = 1
TW (SR2) = 1 T,<TSD2
TSD1 (SR1) =1 Read and clear SR1
TSD2 (SR1) =1

V1> VRTX
Read and clear SR1

Temperature T,>TSD2

1. bit VIUV in SR1 is set for t > tuv1 (16 us). Fail-Safe bit GSR/FS is set only after trp (NRESET low pulse).
2. If V1 < Vqgay (for t > tysea). The fail-safe bit is located in the global status register.
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Reset output (NRESET)

3.7.2 Non recoverable failures - Forced in VBAT_standby mode

If the fail-safe condition persists and all attempts to return to normal system operation fail, the SPSB081 is forced
into VBAT_standby mode to prevent damage to the system. The VBAT_standby mode can be terminated by any
wake-up source. The root cause of the VBAT_standby is indicated in the SPI status registers.

In VBAT _standby mode, all control registers are set to power on default.

The VBAT_standby mode is entered in case of:

. Multiple watchdog failures: FORCED_SLEEP_WD = 1 (15x watchdog failure)

. Multiple thermal shutdowns 2: FORCED_SLEEP_TSD2/V1SC =1 (7x TSD2)

. V1 short at turn-on (V1 < V4gp L for t > ty41sporTt): FORCED_SLEEP_TSD2/V1SC (SR 1) =1
. Loss of ground: SGNDLOSS(SR6) = 1

Table 10. Non recoverable failures conditions

FS (global status byte) = 1 Wake-up
Microcontroller ' 15 consecutive _ i
(oscillator) watchdog failures WDFAIL (SR 1) =1 TRIG = 1 during long open
FORCED_SLEEP_WD (SR 1) = 1 window read and clear SR1
FS (global status byte) = 1
Wake-up
V1 Short at turn-on V1FAIL =1
Read and clear SR1
FORCED_SLEEP_TSD2/V1SC (SR 1) =1
FS (global status byte) = 1 Wake-up
V1 Overvoltage
FORCED_SLEEP_V10V (SR2) = 1 Read and clear SR1
FS (global status byte) = 1
TW (SR 2)=1
Wake-up
Temperature 7 times TSD2 TSD1 (SR 1)=1

Read and clear SR1
TSD2 (SR1)=1

FORCED_SLEEP_TSD2/V1SC (SR 1) =1

SGND Loss of ground at FS (global status byte) = 1 Wake-up
SGND pin SGNDLOSS (SR 6) = 1 Read and clear SR1
3.8 Reset output (NRESET)

At power-up, the reset signal is low. When Vg > VpoR, the RSTB bit is set and SPI registers are set to default
values. If V1 is turned on and the voltage exceeds the V1 reset programmable threshold Vrrx by SPI, the reset
output “NRESET” is pulled up by internal pull-up resistor to V1 voltage after a reset delay time (trp). This is
necessary for a defined start of the microcontroller when the application is switched on. As soon as the NRESET
is released, the watchdog timing starts with a long open window. At power down, the device is reset, and control
registers are set to default values and RSTB bit is set to “1” (see the following figure).
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DIAGN output

Figure 14. NRESET pin
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A reset pulse is generated in case of:

. V1 drops below VrTx (configurable by SPI) for t > tyy4

. Watchdog failure

. Turn-on of the V1 regulator (VSREG power-on or wake-up from VBAT_standby mode)

3.9 DIAGN output

Figure 15. DIAGN pin
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DIAGN pin can be directly connected to the microcontroller and it is pulled up to V1 voltage by internal pull-up
resistor.

DIAGN pin can be configured by DIAGN_EXT bit in normal mode or extended mode.

In default DIAGN configuration (DIAGN_EXT = 0), DIAGN pin is set low if a failure considered in fail safe mode
occurs (for example, watchdog failure; V1 failure; thermal shutdown TSD2).

As soon as the FS error source is cleared, the signal is pulled up to V1 voltage.

In extended DIAGN configuration (DIAGN_EXT = 1), DIAGN pin reflects one or more errors such as reported
in the GLOBAL STATUS BYTE register by global status bit not (GSBN) and it is set to low if at least one error
condition occurs.

A bit register is available to mask each one of GSBN flags:
. RSTB: MASK_RSTB (0x3F)

. PLE: MASK_PLE (0x3F)

. FE: MASK_FE (0x3F)
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V1 overvoltage detection

3

- DE: MASK_DE (0x3F)
«  GW: MASK_GW (0x3F)

Note: DIAGN is automatically configured in normal mode (DIAGN_EXT = 0) after a reset event.

3.10 V1 overvoltage detection

SPSBO081 protects the MCU against voltages over 5 V (or 3.3 V) that could harm its functionalities. For this
purpose, to sink the exceeding current accumulated in the external capacitor usually directed to the MCU, the
SPSBO081 uses an internal pulldown circuit, where output current flows through the pulldown resistor to ground. If
the bit V1_OVP = 1 in CR2 the overvoltage protection circuits is enabled. If V1_OVP = 0 there is no overvoltage
protection anymore.

Figure 16. Overvoltage protection on V1
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Rdbchar!le

SPSB081x

Two thresholds run the overvoltage event.
When SPSB081 detects an overvoltage event on the V1 pin:

. If V1ov TH1= V1 <V1oy THe2 — V1_OV status flag is raised after t) ter1 and in the same time NINT is
pulled low for 56 ps.

. If V1ov T2 < V1 < 6.5V — It causes a non recoverable failure and the device is forced to Vgar standby
mode (V1 is switched OFF and FORCED_SLEEP_V10V (SR2) is raised after toy1riLTER2). The internal
pull-down transistor which will discharge the decoupling capacitor through the Rp;scHaRGE is activated

If the Vgar stdby is caused by an output overvoltage on V1, the status flag stays set (V1_OV = 1).
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LIN bus interfaces (only for SPSB0815 and SPSB0813)

Figure 17. Overvoltage detection V1 =5V
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3.1 LIN bus interfaces (only for SPSB0815 and SPSB0813)

3111 Features

. LIN ISO 17987-4/2016 compliant transceiver

. Meet OEM hardware requirements for CAN and LIN FR-Interfaces (version 1.3 2012)

. Data rate up to 20 kbit/s

. GND disconnection fail-safe at module level

. Off mode: does not disturb network

. GND shift operation at system level

. Microcontroller interface with CMOS compatible 1/0O pins

. Internal pull-up resistor

. Transients immunity and ESD according to ISO 7637-2, ISO 62215-3 and EN/IEC 61000-4-2.

. Matched output slopes and propagation delay

. Wake up behavior according to LIN2.2a and ‘Hardware requirements for LIN, CAN and flexray interfaces
(version 1.3)

At Vsreg > Vpor (that is, Vsreg power-on reset threshold), the LIN transceiver is enabled.

The LIN transmitter is disabled in case of the following errors:

. Dominant TxD_L time out

. LIN permanent recessive

. Thermal shutdown 1
—  with thermal sensor “global” in mode “no cluster”

or with thermal sensor “Th_CL4” in mode “cluster”
. Vsreg overvoltage/undervoltage

. V1 undervoltage
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LIN bus interfaces (only for SPSB0815 and SPSB0813)

The LIN receiver is not disabled in case of any failure condition (it is reactivated in case of FS by thermal
shutdown).

3.11.2 Error handling
The device LIN transceiver provides the following three error handling features.

3.11.2.1 Dominant TXD_L time out

If TXD_L is in dominant state (low) for t > tpom(txpL) the transmitter is disabled, the related status bit
LIN_TXD_DOM (SR2) is set.

The transmitter remains disabled until the status bit is cleared.
The TXD dominant timeout detection can be disabled via SPI (LIN_TXD_TOUT_EN = 0).

3.11.2.2 Permanent recessive

If TXD_L changes to dominant (low) state but RXD_L signal does not follow within t < t| |y the transmitter is
disabled, the status bit LIN_PERM_REC (SR2) is set.

The transmitter remains disabled until the status bit is cleared.

3.11.2.3 Permanent dominant

If the bus state is dominant (low) for t > tpom(sus) @ bus permanent dominant failure is detected. The status bit
LIN_PERM_DOM (SR2) is set.
The transmitter is not disabled.

3.11.3 Wake-up from standby modes

In low power modes (V1_standby mode and VBAT_standby mode) the SPSB081 can receive two types of
wake-up signals from the LIN bus (configurable by SPI bit LIN_WU_config):

. Recessive-Dominant-Recessive pattern with t > tpom_1in (default, according to LIN ISO 17987-4/2016)

A dominant time of at least 150 us must be identified as a wake-up. Shorter dominant times may wake up the
device.

. State change recessive-to-dominant or dominant-to-recessive (according to LIN ISO 17987-4/2016)

Note: Dominant levels having duration less than a glitch filter time (it is defined 28 ys minimum, according to OEM
requirements version 1.3) have to be filtered and therefore they cannot wake up the device.

3.11.3.1 Pattern wake-up (default)

Figure 18. Wake-up behavior according to LIN ISO 17987-4/2016
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CAN FD bus transceiver

3.11.3.2 Status change wake-up - Recessive-to-dominant

Normal wake-up can occur when the LIN transceiver was set in standby mode while LIN was in recessive (high)
state. A dominant level at LIN for t| ngus switches the device to active mode.

3.11.3.3 Status change wake-up - Dominant-to-recessive

If the LIN transceiver was set in standby mode while LIN was in dominant (low) state, recessive level at LIN for
tLINBUS, switches the device to active mode.

3.12 CAN FD bus transceiver

3.121 Features
. 1ISO 11898-2:2016 compliant
. CAN-FD cell has been designed according to “Hardware requirements for transceivers (version 1.3)”
. Listen mode (transmitter disabled)
. SAE J2284 compliant
. Supported bitrates of at least 2 Mb/s for operation (5 Mb/s max bit rate)
. Function range from -27 V to +40 V DC at CAN pins.
. GND disconnection fail-safe at module level.
. GND shift operation at system level.
. Microcontroller interface with CMOS compatible I/O pins.
. ESD and transient immunity according to ISO7637 and EN/IEC61000-4-2
. Matched output slopes and propagation delay

3.12.2 CAN transceiver supply

The two low drops out voltage regulators (V1 and V2) are able to supply the CAN FD transceiver when configured
as a5V LDO (see Table 6).

CAN FD supply is monitored, only in active mode, assuring the properly rail:
. If Vcansup < VeansupLow then after the filter time tcansupvaLID
—  CAN_SUP_LOW flag is set to 1
—  CAN bus is biased by internal regulator
—  The transmitter is disabled
. When Vcansup Pin > VeansupvaLp then after the filter time tcansupvaLID
—  CAN_SUP_LOW flag can be cleared
—  CAN bus is biased by VCANSUP pin
—  The transmitter is enabled.

When Vcansup is connected to V2, and V2 is OFF during standby mode, the CAN_SUP_LOW flag is triggered
when the device wakes up and goes back in ACTIVE mode.

When Vcansup is connected to V1, and the device is put in VBAT_standby mode, the CAN_SUP_LOW flag is
triggered when the device wakes up and goes back in ACTIVE mode.
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Figure 19. CANFD transceiver supply
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3.12.3 CAN transceiver operating modes

Figure 20. Transceiver state diagram
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TRX normal mode

Full functionality of the CAN-FD transceiver is available (transmitter and receiver) and the automatic voltage
biasing is enabled.

State transitions from TRX normal mode to VBAT_Standby mode and V1_Standby mode are possible. No
interrupt is generated in this mode.

CAN TRX STBY mode

The CAN-Transmitter is disabled in this mode and the RxD_C pin is kept at high (recessive) level. CAN-Receiver

is capable of detecting a wake-up pattern (WUP). In V1_standby mode and VBAT_Standby mode, a WUP is
indicated to the microcontroller by an interrupt signal.

There is no automatic state transition into TRX normal mode in case of a detected CAN wake up signal (WUP).
In active mode, the microcontroller can initiate a state transition into TRX normal mode by setting the SPI bit
CAN_ACT to '1' and can start communication after TBias.

Moreover, in this mode two further submodes are possible (“Bias ON” or “Bias OFF”), depending on

CAN_AUTO_BIAS bit (compliant with ISO 11898-2:2016) or timeout conditions. In any case, when entering CAN
TRX STBY mode, transition is always to the state “Bias ON”.

3124 CAN error handling
The devices provide the following four error handling features.

After power-on reset (Vsreg > VpoRr), the CAN transceiver is disabled. The transceiver is enabled by setting
CAN_ACT =1.

The CAN transmitter is disabled automatically in case of the following errors:
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. Dominant TxD_C time out

. CAN permanent recessive

. RxD_C permanent recessive
. Thermal shutdown 1

. Can supply low

The CAN receiver is not disabled in case of any failure condition.

3.12.4.1 Dominant TXDC time out

If TXD_C is in a dominant state (low) for t > tpomTxpc) the transmitter is disabled, the status bit is latched and

can be read and optionally cleared by SPI (CAN_TXD_ DOM in SR2). The transmitter remains disabled until the
status register is cleared.

3.12.4.2 CAN bus permanent recessive

If TXD_C changes to dominant (low) state but CAN bus does not follow for four times, the transmitter is
disabled, the status bit is latched and can be read and optionally cleared by SPI (CAN_PERM_REC in SR2).
The transmitter remains disabled until the status register is cleared.

3.12.4.3 CAN Permanent dominant

If the bus state is dominant (low) for t > tcan @ permanent dominant status will be detected. The status bit will be

latched and can be read and optionally cleared by SPI (CAN_PERM_DOM in SR2). The transmitter will not be
disabled.

3.12.4.4 RXDC permanent recessive

If RXD_C pin is clamped to a recessive (high) state, the controller is not able to recognize a bus dominant state
and could start messages at any time, which results in disturbing the overall bus communication. Therefore, if
RXD_C does not follow TXD_C for four times the transmitter is disabled. The status bit is latched and can be read
and optionally cleared by SPI (CAN_RXD_REC in SR2). The transmitter remains disabled until the status register
is cleared.

3.125 Wake-up by CAN

The default setting for the wake-up behavior after power-on reset is the wake-up by regular communication on the
CAN bus. When the CAN transceiver is in a standby mode (CAN TRX STBY), the device can be woken-up by
sending two consecutive dominant bits separated by a recessive bit.

For any activity on the CAN, CAN pattern wake-up option is enabled and the CAN transceiver was set in standby
mode (CAN TRX STBY) while CAN bus was in recessive state or dominant state. In order to wake up the device,
the following criteria must be fulfilled:

. The CAN interface wake-up receiver must receive a series of two consecutive valid dominant pulses, each
of which must be longer than tgjier-

. The distance between two pulses must be longer than tg| Ter-
. The two pulses must occur within a time frame of tyake.-
. Wake-up occurs when the duration of a second pulse becomes longer than tg TeR.

Note: A wake-up caused by a message on the bus starts the voltage requlator and the microcontroller to switch the
application back to normal operation mode.

DS14048 - Rev 2 page 32/136



‘7 SPSB081

Power supply fail

Figure 21. CAN wake up capabilities
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Note: The figure above illustrate the wake-up behavior from V1_standby mode. For wake-up from VBAT_standby

mode the NRESET signal (with 2 ms timing) is generated instead of the RXD_L (interrupt) signal.

3.12.6 CAN receive only mode

During TRX normal mode, with the CAN _REC_ONLY bit in CR1 it is possible to disable the CAN transmitter. In
this mode it is possible to listen to the bus but not to send to it. The receiver termination network is still activated
in this mode.

3127 CAN looping mode

If the CAN_LOOP_EN (configuration register) is set, the TxD_C input is mapped directly to the RxD_C pin. This
mode can be used in combination with the CAN receive-only mode, to run diagnosis for the CAN protocol handler
of the microcontroller.

Note: To guarantee the correct behavior of the CAN_FD transceiver and to get its optimized electrical performances,
the VCANSUP pin must be connected to V1, V2, or Vext pin (see Table 6).

3.13 Power supply fail

3.13.1 Vg supply failure
Vg overvoltage
If the supply voltage Vg reaches the over voltage threshold Vgoy:
. LIN remains enabled
. CAN remains enabled
. OUT1, OUT2, OUTS3, and OUT4 are turned off (default).
The shutdown of outputs may be disabled by SPI (VS_OV_SD_EN (CR3) = 0)
. Recovery of outputs after over-voltage condition is configurable by SPI:
— VS_LOCK_EN (CR3) = 1: Outputs are off until read and clear VS_QOV (SR2).

— VS_LOCK_EN (CR3) = 0: Outputs turned on automatically after Vg over-voltage condition has
recovered.

DS14048 - Rev 2 page 33/136



‘7 SPSB081

Power supply fail

. The overvoltage bit VS_OV (SR2) is set and can be cleared with a ‘read and clear’ command. The
overvoltage bit is reset automatically if VS_LOCK_EN (CR3) = 0 and the overvoltage condition has
recovered.

Vs undervoltage

If the supply voltage Vg drops below the under voltage threshold voltage (Vsyy):

. LIN remains enabled

. CAN remains enabled

Note: The functionality is not guaranteed in the range Vpor < Vsrec < Vsreguv

. OUT1, OUT2, OUT3, and OUT4 are turned off (default). The shutdown of outputs may be disabled by SPI
(VS_UV_SD_EN (CR3) =0)

. Recovery of outputs after undervoltage condition is configurable by SPI:
— VS_LOCK_EN (CR3) = 1: Outputs are off until read and clear VS_UV (SR2)

— VS_LOCK_EN (CR3) = 0: Outputs turned on automatically after Vg undervoltage condition has
recovered.

. The undervoltage bit (VSUV) is set and can be cleared with a ‘read and clear’ command. The undervoltage
bit is removed automatically if VS_ LOCK_EN = 0 and the undervoltage condition has recovered.

3.13.2 Vsreg supply failure
Vsreg overvoltage
If the supply voltages Vsreg reaches the overvoltage threshold Vsrecov:

. LIN is switched to high impedance (RX is still on)
. CAN remains enabled

. The over voltage bit VSREG_OV (SR2) is set and can be cleared with a ‘read and clear’ command. The
overvoltage bit is reset automatically if VSREG_ LOCK_EN (CR3) = 0 and the overvoltage condition has
recovered.

Vsreg undervoltage
If the supply voltage Vsreg drops below the under voltage threshold voltage (Vsreg_uv):
. LIN is switched to high impedance (RX is still on).

Note: The functionality is not guaranteed in the range Vpor < Vsreg < Vsrecuv

. CAN remains enabled

. The undervoltage bit (VSREG_UV (SR2) is set and can be cleared with a ‘read and clear’ command. The
undervoltage bit is removed automatically if VSREG_LOCK_EN (CR3) = 0 and the undervoltage condition
has recovered.
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3.14 Thermal state machine

Figure 22. Thermal shutdown protection and diagnosis related to thermal cluster 1
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Figure 23. Thermal shutdown protection and diagnosis related to thermal cluster 2, 3 and 4
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Note: The thermal state machine recovers the same state where it was before entering standby mode. In case of a

TSD?2 it enters TSD1 state.
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3.15 Power outputs OUT1..4

The component provides a total of four standalone high side outputs OUT1, OUT2, OUT3, and OUT4 to drive, for
example, LED’s or to supply contacts. OUT1, OUT2, OUT3, and OUT4 are supplied by VS. OUT1, OUT2, OUT 3
and OUT4 are intended to be used as contact supply and can be activated in standby modes.

All high side outputs switch off in case of:

. VS overvoltage and undervoltage (depending on configuration, see Section 3.13 Power supply fail)

. Overcurrent (only the impacted high-side)

. Overtemperature (TSD1)

. Fail-safe event

. Loss of ground at SGND pin

In the case of overcurrent or overtemperature (TSD1 (SR1)) condition, the drivers will switch off. The related
status bit is latched and can be read and optionally cleared by SPI. The drivers remain off until the status is
cleared.

In case of overvoltage and undervoltage conditions, the drivers are switched off. The relative status bit is latched
and can be read and optionally cleared by SPI. If the VS_LOCK_EN bit is set to ‘1°, the drivers remain off

until the status is cleared. If the VS_LOCK_EN bit is set to ‘0, the drivers switch on automatically if the error
condition disappears. Under-voltage and over-voltage shutdown can be disabled by setting <VS_UV_SD_EN >
respectively <VS_OV_SD_EN > to ‘0. In case of open load condition, the appropriate status register (in SR4) is
set. The status can be read and optionally cleared by SPI. The high side outputs are not switched off in case of
open load condition.

Note: The maximum voltage and current applied to the high-side outputs are specified in the ‘absolute maximum
ratings’. Appropriate external protection may be required in order to respect these limits under application
conditions.

Each of the standalone high-side driver outputs OUT1..4 can be also driven either with an internal generated
PWM signal or with an internal timer. OUT1..4 can be also directly driven with DIR/WU2 pin.

3.16 Open-load detection
The open-load detection monitors the load current in each activated output stage. If the load current is below
the open- load detection threshold (IOLDx) for at least tro, the corresponding open-load bit is set in the status
register.

3.17 Overcurrent detection

In the case of an overcurrent condition, a status flag is set in the corresponding status register. If the overcurrent
signal is valid for at least tg g, the overcurrent flag is set and the corresponding driver switches off to reduce the
power dissipation and to protect the integrated circuit. If the overcurrent recovery bit of the output is cleared, the
microcontroller has to clear the status bits to reactivate the corresponding driver.

3.18 Current monitor

The current monitor sources a current image of the power stage output current at the current monitor pin, which
has fixed ratio (Igur refer to Table 34) of the instantaneous current of the selected high-side driver. The signal

at output CM is blanked after switching on the driver until correct settlement of the circuitry. The bits CM_SEL_x
(CR®) define which of the outputs is multiplexed to the current monitor output CM. The current monitor output
allows a more precise analysis of the actual state of the load rather than the detection of an open or overload
condition. The current monitor output is enabled after the current-monitor blanking time, when the selected output
is switched on. If this output is off, the current monitor output is in high-impedance mode. The current monitor can
be turned on or off by selecting the corresponding setting for the CM on/off bit.
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3.19 Constant current mode

For the OUT1, OUT2, OUT3, and OUT4 high-side drivers, it is available the CCM (constant current mode)
feature, which is conceived to provide a constant current to the related output. The CCM feature is configurable
via SPI, by setting the OUTx_CCM_EN bit (x = 1, 2, 3, 4) in CR20; these bits can be set only if the related driver
is in OFF state and when the CCM is enabled, the overcurrent and short circuit detection of the related output is
switched OFF while its open load detection is always ON.

The CCM is automatically disabled after an expiration time tccmTiMEOUT-

The allowed sequences are:

. Set OUTx_CCM_EN bit, then turn ON the related driver by SPI (the other configurations of the OUTx_y
in CR5 are ignored): driver starts in CCM for tccmTimeouT, then it switches to ON mode and the

OUTx_CCM_EN bit is automatically cleared;
. If OUTx_CCM_EN = 1, after driver has been started in ON, PWM, timer modes then CCM bit is ignored;
. If OUTx_CCM_EN bit is cleared by the microcontroller before timeout, then the driver is switched to ON
mode.

The short-circuit and overcurrent detection are enabled in ON, PWM, timer and DIR modes, but not in constant
current mode. The default value for the OUTx_CCM_EN bit is 0, that is, the CCM is disabled by default.

Figure 24. Constant current mode
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3.20 Temperature warning and shutdown

If any of the cluster junction temperatures rises above the temperature warning threshold (Tyy on), @ temperature
warning flag is set after the temperature warning filter time (trtyTw) and can be read via SPI. If the junction
temperature increases above the temperature shutdown threshold (Tsp1 ofFf), the thermal shutdown bit is set
and the power transistors of all output stages are switched off to protect the device after the thermal shutdown
filter time. The temperature warning and thermal shutdown flags are latched and must be cleared by the
microcontroller. This is done by a read and clear command on the relevant status register (TSD1 is bit 4 in
status register 1 while TW is bit 8 in status register 2).

After these bits have been cleared, the output stages are reactivated. If the temperature is still above the thermal
warning threshold, the thermal warning bit is set after te1 . Once this bit is set and the temperature is above the
temperature shutdown threshold, temperature shutdown is detected after tg1 1w and the outputs are switched off.
Therefore, the minimum time after which the outputs are switched off after the bits have been cleared in case the
temperature is still above the thermo shutdown threshold is twice the thermo warning/shutdown filter time tetyTw.-

3.21 Thermal clusters

To provide an advanced on-chip temperature control, the power outputs are grouped in four clusters with
dedicated thermal sensors. The sensors are suitably located on the device. In case the temperature of a cluster
reaches the thermal shutdown threshold, the outputs assigned to this cluster are shut down (all other outputs
remain active). Each output cluster has a dedicated temperature warning and shutdown flag (SR7 and SR8).
Hence, the thermal cluster concept identifies a group of outputs in which one or more channels are in overload
condition.

If thermal shutdown has occurred within an output cluster, or if temperature is rising within a cluster, it may be
desired to identify which of the output(s) is (are) determining the temperature increase.

Thermal clusters can be configured using bit TSD_CLUSTER_EN (CR20):

. Standard mode (default): as soon as any cluster reaches thermal threshold the device is switched off. V1
regulator remains on and is switched off reaching TSD2.

All the thermal sensors are put in “OR”.

In fact, if one of these sensors reaches TSD1:

. All outputs drivers and V2 are turned OFF. V1 remains on until TSD2.LIN and CAN transmitter are turned
OFF (but they are forced in "receive only" mode).

. Cluster mode: only the cluster, which reached shutdown temperature is switched off.

In case cluster Th_CL1 reaches TSD1:
. V1 remains ON until TSD2

In case cluster Th_CL4 reaches TSD1.
. All outputs drivers and V2 are turned OFF. V1 remains on until TSD2.
. LIN and CAN transmitter are turned OFF (but they are forced in "receive only" mode).
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Figure 25. Thermal clusters identification
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Table 11. Thermal cluster definition

Th_CL1 Th_CL2 Th_CL3 Th_CL4

OUT1, OUT2, OUT3, OUT4 Global

TW and TSD1, TSD2 TW and TSD1 TW and TSD1 TW and TSD1

3.22 Functional safety management

Even if not designed as safety HW element, the device contains some features that can be used to support
application that needs to fulfill functional safety requirements. Analysis of the IC’s capability to reach the required
safety level, should be made at system level under user responsibility.

The following device safety requirements have been considered for a typical application:

Table 12. Safety requirement

o | i

TSR1 SPSBO081 shall guarantee the correct operation of the voltage regulator V1 as specified in datasheet.
TSR2
TSR3
TSR4
TSR5
TSR6
TSR7

SPSBO081 shall guarantee the correct operation of the voltage regulator V2 as specified in datasheet.
SPSB081 shall assert the NRESET signal in case of WD failure.

The SPI interface embedded in SPSB081 shall provide to microcontroller device diagnostic info.
SPSBO081 shall guarantee the correct functionality of HSD(s) as for the datasheet specification.
SPSB081 shall ensure LIN physical layer operation as defined in datasheet.

SPSB081 shall ensure CAN FD physical layer operation as defined in datasheet.

More details about functional safety can be found in the device safety manual, provided on customer request.
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4 Serial peripheral interface (SPI)

A 32-bit SPI is used for bidirectional communication with the microcontroller.

The SPI is driven by a microcontroller with its SPI peripheral running in the following mode: CPOL = 0 and

CPHA=0

For this mode input data is sampled by the low to high transition of the clock CLK, and output data is changed

from the high to low transition of CLK.

This device is not limited to microcontroller with a built-in SPI1. Only three CMOS-compatible output pins and one

input pin are needed to communicate with the device. A fault condition can be detected by setting CSN to low. If

CSN = 0, the DO-Pin reflects the global error flag (fault condition) of the device.

. Chip select not (CSN)
The input pin is used to select the serial interface of this device. When CSN is high, the output pin (DO) is
in high impedance state. A low signal activates the output driver and a serial communication can be started.
The state during CSN = 0 is called a communication frame.
If CSN = low for t > tcgnFalL, the DO output is switched to high impedance in order not to block the signal
line for other SPI nodes.

. Serial data in (DI)
The input pin is used to transfer data serial into the device. The data applied to the DI will be sampled at the
rising edge of the CLK signal and shifted into an internal 32-bit shift register. At the rising edge of the CSN
signal the content of the shift register is transferred to data input register. The writing to the selected data
input register is only enabled if exactly 32 bits are transmitted within one communication frame (that is, CSN
low). If more or less clock pulses are counted within one frame the complete frame is ignored. This safety
function is implemented to avoid an activation of the output stages by a wrong communication frame.

Note: Due to this safety functionality, a daisy chaining of SPI is not possible. Instead, a parallel operation of the SPI
bus by controlling the CSN signal of the connected IC's is recommended.
. Serial data out (DO)

The data output driver is activated by a logical low level at the CSN input and it goes from high impedance to
a low or high level depending on the global error flag (fault condition). The first rising edge of the CLK input
after a high to low transition of the CSN pin transfers the content of the selected status register into the data
out shift register. Each subsequent falling edge of the CLK shifts the next bit out.

. Serial clock (CLK)
The CLK input is used to synchronize the input and output serial bit streams. The data input (DI) is sampled
at the rising edge of the CLK and the data output (DO) changes with the falling edge of the CLK signal. The
SPI can be driven with a CLK frequency up to 10 MHz.

4.1 ST-SPI
The ST-SPI is a standard used in ST automotive ASSP devices.

This chapter describes the SPI protocol standardization. It defines a common structure of the communication
frames and defines specific addresses for product and status information.

The ST-SPI allows usage of generic software to operate the devices while maintaining the required flexibility to
adapt it to the individual functionality of a particular product. In addition, fail-safe mechanisms are implemented to
protect the communication from external influences and wrong or unwanted usage.

The device serial peripheral interface is compliant to the ST-SPI standard.
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Figure 26. SPI pin description
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4.2 Signal description
Chip select not (CSN)

The communication interface is de-selected, when this input signal is logically high. A falling edge on CSN
enables and starts the communication while a rising edge finishes the communication and the sent command is
executed when a valid frame was sent. During communication starts and stops the serial clock (SCK) has to be
logically low. The serial data out (SDO) is in high impedance when CSN is high or a communication timeout was
detected.

Serial clock (SCK)

This SCK provides the clock of the SPI. Data present at serial data input (SDI) is latched on the rising edge of
serial clock (SCK) into the internal shift registers while on the falling edge data from the internal shift registers are
shifted out to serial data out (SDO).

Serial data input (SDI)
This input is used to transfer data serially into the device. Data is latched on the rising edge of serial clock (SCK).
Serial data output (SDO)

This output signal is used to transfer data serially out of the device. Data is shifted out on the falling edge of serial
clock (SCK).

421 Clock and data characteristics
The ST-SPI can be driven by a microcontroller with its SPI peripheral running in following mode:
. CPOL=0
. CPHA =0
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Figure 27. SPI signal description
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The communication frame starts with the falling edge of the CSN (communication start). SCK has to be low.
The SDI data is then full latched following the rising SCK edges into the internal shift registers.

After communication start the SDO leaves 3-state mode and presents the MSB of the data shifted out to SDO, it
is then full latched following the falling SCK edges data and it is shifted out through the internal shift registers to
SDO.

The communication frame is finished with the rising edge of CSN. If a valid communication has taken place (for
example, correct number of SCK cycles, access to a valid address), the requested operation according to the
operating code will be performed (write or clear operation).

4.2.2 Communication protocol

4.2.2.1 SDI frame

The devices data-in frame consists of 32 bits (OpCode (2 bits) + address (6 bits) + data byte 3 + data byte 2 +
data byte 1).

The first two transmitted bits (MSB, MSB-1) contain the operation code which represents the instruction, which is
performed. The following 6 bits (MSB-2 to MSB-7) represent the address on which the operation is performed.

The subsequent bytes contain the payload.

Figure 28. SDI frame
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4.2.2.2 Operating code
The operating code is used to distinguish between different access modes to the registers of the slave device.

Table 13. Operation codes

0 0 Write operation
0 1 Read operation
1 0 Read and clear operation
1 1 Read device information

A write operation leads to a modification of the addressed data by the payload if a write access is allowed (for
example, control register, valid data). Beside this a shift out of the content (data present at communication start)
of the registers is performed.

A read operation shifts out the data present in the addressed register at communication start. The payload data
is ignored and internal data are not modified. In addition, a burst read can be performed.

A read and clear operation leads to a clear of addressed status bits. The bits to be cleared are defined first by
address, second by payload bits set to ‘1’. Beside this a shift out of the content (data present at communication
start) of the registers is performed.

Note: Status registers, which change status during communication could be cleared by the actual read and clear
operation and are not reported in actual communication or in the following communications. To avoid a loss of
any reported status, that it is recommended just clear status registers, which are already reported in the previous
communication (selective bitwise clear).

4.2.2.3 Advanced operation codes

To provide beside the separate write of all control registers and the bitwise clear of all status registers, two
advanced operation codes can be used to set all control registers to the default value and to clear all status
registers.

A ‘set all control registers to default’ command is performed when an OpCode ‘11’ at address b’111111 is
performed.

Note: Please consider that potential device specific write protected registers cannot be cleared with this command as
therefore a device power-on-reset is needed.
A ‘clear all status registers’ command is performed when an OpCode ‘10’ at address b’111111 is performed.

4.2.2.4 Data-in payload

The payload (data byte 1 to data byte 3) is the data transferred to the device with every SPI communication. The
payload always follows the OpCode and the address bits.

For write access the payload represents the new data written to the addressed register. For read and clear
operations the payload defines which bits of the addressed status register is cleared. In case of a ‘1’ at the
corresponding bit position the bit will be cleared.

For a read operation, the payload is not used. For functional safety reasons it is recommended to set unused
payload to ‘0.

4.2.2.5 SDO frame
The data-out frame consists of 32 bits (GSB + data byte 1 to 3).

The first eight transmitted bits contain device related status information and are latched into the shift register at
the time of the communication start. These 8 bits are transmitted at every SPI transaction.

The subsequent bytes contain the payload data and are latched into the shift register with the eighth positive SCK
edge.

This could lead to an inconsistency of data between the GSB and payload due to different shift register load
times. Anyhow, no unwanted status register clear should appear, as status information should just be cleared with
a dedicated bit clear after.
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Figure 29. SDO frame

Global Status Byte (GSB) DATA Byte 3
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time time
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time
4.2.2.6 Global status byte (GSB)

The bits (Bit0 to Bit4) represent a logical OR combination of bits located in the status registers. Therefore, no
direct read & clear can be performed on these bits inside the GSB.

Table 14. Global status byte

PLE FE DE GW FS

GSBN RSTB SPIE

Global status bit not (GSBN)

The GSBN is a logically NOR combination of bit 24 to bit 30. This bit can also be used as global status flag
without starting a complete communication frame as it is present directly after pulling CSN low.

Reset bit (RSTB)

The RSTB indicates a device reset. In case this bit is set, specific internal control registers are set to default and
kept in that state until the bit is cleared.

The RSTB bit is cleared after a read and clear of all the specific bits in the status registers, which caused the
reset event.

SPI error (SPIE)

The SPIE is a logical OR combination of errors related to a wrong SPI communication.

Physical layer error (PLE)

The PLE is a logical OR combination of errors related to the LIN and CAN FD transceivers.

Functional error (FE)

The FE is a logical OR combination of errors coming from functional blocks (for example, high-side over current).
Device error (DE)

The DE is a logical OR combination of errors related to device specific blocks (for example, Vg over voltage, over
temperature.

Global warning (GW)

The GW is a logical OR combination of warning flags (for example, thermal warning).

Fail-safe (FS)

The FS bit indicates that the device was forced into a safe state due to mistreatment or fundamental internal
errors (for example, watchdog failure, voltage regulator failure).
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4.2.2.7 Data-out payload

The payload (data bytes 1 to 3) is the data transferred from the slave device with every SPI communication to
the master device. The payload always follows the OpCode and the address bits of the actual shifted in data
(in-frame-response).

4.3 Address definition
Table 15. Device application access
Operating code
ocC1 0ocCo
0 0
0 1
1 0

Table 16. RAM address range

3FH Configuration register R/W
38H Status register 8 R/C
32H Status register 2 R/C
31H Status register 1 R/C
22H Control register 34 R/W
18H Control register 24 R/W
02H Control register 2 R/W
01H Control register 1 R/W
O00H Reserved -

Table 17. Device information read access

Operating code

Table 18. ROM address range

3FH <Advanced Op.> w
3EH <GSB options> R
20H <SPI CPHA test>
16H <WD bit pos. 4>
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15H <WD bit pos. 3> R
14H <WD bit pos. 2> R
13H <WD bit pos. 1> R
12H <WD type 2> R
11H <WD type 1> R
10H <SPI| mode> R
0AH <silicon ver.> R
05H <device No.4> R
04H <device No.3> R
03H <device No.2> R
02H <device No.1> R
01H <device family> R
00H <company code> R
4.3.1 Information registers

The device information registers can be read by using OpCode ‘11’. After shifting out the GSB the 8-bit wide
payload is transmitted. By reading device information registers a communication width, which is minimum 16 bits
plus a multiple by 8 can be used. After shifting out the GSB followed by the 8-bit wide payload a series of ‘0’ is
shifted out at the SDO.

Table 19. SPSB081 information registers map

RO aess | oospion | hesos | | 57| e oo | G4 Bis | ova  on | o |
3FH

<Advanced Op.>

3EH <GSB options> R — 0 0 0 0 0 0 0 0
20H <SP| CPHA test> R — 0 1 0 1 0 1 0 1
16H <WD bit pos. 4> R — COH
15H <WD bit pos. 3> R — 7FH
14H <WD bit pos. 2> R — COH
13H <WD bit pos. 1> R — 41H
12H <WD type 2> R — 91H
11H <WD type 1> R — 3CH
10H <SPI| mode> R — BOH
- R -
0AH <silicon Ver.> R — major revision minor revision
- R -
05H <device No.4> R — 50H
04H <device No.3> R — 37H
03H <device No.2> R — 52H
02H <device No.1> R — 55H
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RO s | —oarpion | pcsss | 517 | 3o s | s | s sz | B ouo)
—

01H <device family> R 01H
00H <company code> R — 00H
4.3.1.1 Device identification registers

These registers represent a unique signature to identify the device and silicon version.
<Company Code>: 00H (STMicroelectronics)

<Device Family>: 01H (BCD power management)

<Device No. 1>: 55H (ASCII code for U)

<Device No. 2>: 52H (ASCII code for R)

<Device No. 3>: 37TH (ASCII code for 7)

<Device No. 4>: 50H (ASCII code for P)

4.3.1.2 SPI modes

By reading out the <SPl mode> register general information of SPI usage of the device application registers can
be read.

Table 20. SPI mode register
[ o7 [ e | s | e | e | ez | e | w0 |
BR DL2 DL1 DLO 0 0 S1 SO
1 0 1 1 0 0 0 0

<SPI mode>: BOH (burst mode read available, 32 bit, no data consistency check).

4.3.1.3 SPI burst read

Table 21. Burst read bit

0 BR not available
1 BR available

The SPI burst read bit indicates if a burst read operation is implemented. The intention of a burst read is, for
example, used to perform a device internal memory dump to the SPI master.

The start of the burst read is like a normal read operation. The difference is, that after the SPI data length the
CSN is not pulled high and the SCK is continuously clocked. When the normal SCK max count is reached (SPI
data length), the consecutive addressed data is latched into the shift register. This procedure is performed every
time when the SCK payload length is reached.

In case the automatically incremented address is not used by the device, undefined data is shifted out. An
automatic address overflow is implemented when address 3FH is reached.

The SPI burst read is limited by the CSN low timeout.

4.3.1.4 SPI data length

The SPI data length value indicates the length of the SCK count monitor, which is running for all accesses to the
device application registers. In case a communication frame with an SCK count is not equal to the reported one, it
leads to a SPI error and the data are rejected.
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Table 22. SPI data length

e T s T  pion
I B L
0 0

0 invalid

0 0 1 16-bit SPI
0 1 0 24-bit SPI
0 1 1 32-bit SPI
1 1 1 64-bit SPI

4.3.1.41 Data consistency check (Parity/CRC)

Table 23. Data consistency check

I T S ™ N
0 0

Not used
0 1 Parity used
1 0 CRC used
1 1 Invalid

4.31.4.2 Watchdog definition
For further information, see also Section 3.6 Configurable window watchdog.
In case a watchdog is implemented the default settings can be read out via the device information registers.

Table 24. WD Type/Timing

o TEwfEe me [Ee | Es [ me e [ ES ]
- WD1

WDO -
<WD type 1/2> 0 0 Register is not used
<WD type 1> 0 1 WT5 WT4 WT3 WT2 WT1 WTO

- 1 1 1 1 - 1 0
- - Watchdog timeout/Long open window WT[5:0] * 5 ms

1 0 Oow2 Oow1 Oowo CW2 Ccwi1 CWO0
<WD type 2>
1 0 0 1 0 0 0 1
- - - Open window OW[2:0] * 5 ms Closed window CW[2:0] * 5 ms
<WD type 1/2> 1 1 Invalid

<WD type 1>: 3CH (long open window: 300 ms).
<WD type 2>: 91H (open window. 10 ms, closed window: 5 ms).

<WD type 1> indicates the long open window (timeout) which is opened at the start of the watchdog. The binary
value of WT[5:0] times 5 ms indicates the typical value of the timeout time.

<WD type 2> describes the default timing of the window watchdog.

The binary value of CW[2:0] times 5 ms defines the typical closed window time (tcy) and OW[2:0] times 5 ms
defines the typical open window time (tow). See figure below where tcw = Tepw and tow = Terw - TEFw-
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Figure 30. Window watchdog operation
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The watchdog trigger bit location is defined by the <WD bit pos. X> registers.

Table 25. WD bit position

I 3 I T T T T T BT

WB1 WBO -
<WD bit pos. X> 0 0 Register is not used
<WD bit pos. X> | 0 1 WBA5 WBA4 WBA3 WBA2 WBA1 WBAO
<WD bit pos. 1> 0 1 0 0 0 0 0 1
<WD bit pos. 3> 0 1 1 1 1 1 1 1
Defines the register addresses of the WD trigger bits
<WD bit pos. X> 1 0 WBAS5 WBA4 WBA3 WBA2 WBA1 WBAO

Defines the stop address of the address range (previous <WD bit pos. X> is a WB =‘01’)
The consecutive <WD bitpos. X> has to be a WB = ‘11’

<WD bit pos. X> 1 1 0 WBP4 WBP3 WBP2 WBP1 WBPO
<WD bit pos. 2> 1 1 0 0 0 0 0 0
<WD bit pos. 4> 1 1 0 0 0 0 0 0

Defines the binary bit position of the WD trigger bit within the register

<WD bit pos 1>: 41H; watchdog trigger bit located at address 01H (CR1).

<WD bit pos 2>: COH; watchdog trigger bit location is bit0.

<WD bit pos 3>: 7TFH; watchdog trigger bit located at address 3FH (config register).
<WD bit pos 4>: COH; watchdog trigger bit location is bit0.

4.3.2 Device application registers (RAM)

The device application registers are all registers accessible using OpCode ‘00’, ‘01’ and ‘10’. The functions of
these registers are defined in the device specification.

4.4 Protocol failure detection

To realize a protocol, which covers certain fail-safe requirements a basic set of failure detection mechanisms are
implemented.
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4.41 Clock monitor

During communication (CSN low to high phase) a clock monitor counts the valid SCK clock edges. If the SCK
edges do not correlate with the SPI data length, an SPIE is reported with the next command and the actual
communication is rejected.

By accessing the device information registers (OpCode = 11’) the clock monitor is set to a minimum of 16 SCK
edges plus a multiple by 8 (for example, 16, 24, 32, ...).

Providing no SCK edge during a CSN low to high phase is not recognized as an SPIE. For a SPI burst read also
the SPI data length plus multiple numbers of payloads SCK edges are assumed as a valid communication.

44.2 SCK polarity (CPOL) check

To detect the wrong polarity access via SCK, the internal clock monitor is used. Providing first a negative edge on
SCK during communication (CSN low to high phase) or a positive edge at last will lead to an SPI error reported in
the next communication and the actual data is rejected.

443 SCK phase (CPHA) check

To verify, that the SCK phase of the SPI master is set correctly a special device information register is
implemented. By reading this register the data must be 55H. In case AAH is read the CPHA setting of the
SPI master is wrong and a proper communication cannot be guaranteed.

4.4.4 CSN timeout

By pulling CSN low the SDO is set active and leaves its tristate condition. To ensure communication between
other SPI devices within the same bus even in case of CSN stuck at low a CSN timeout is implemented. By
pulling CSN low an internal timer is started. After timer end is reached the actual communication is rejected and
the SDO is set to tristate condition.

4.4.5 SDI stuck at GND

As a communication with data all-‘0’ and OpCode ‘00’ on address b’000000 cannot be distinguished between a
valid command and a SDI stuck at GND this communication is not allowed. Nevertheless, in case a stuck at GND
is detected the communication will be rejected and the SPIE will be set with the next communication.

4.4.6 SDI stuck at HIGH

As a communication with data all-'1” and OpCode ‘11’ on address b’111111 cannot be distinguished between a
valid command and a SDI stuck at HIGH this communication is not allowed. In case a stuck at HIGH is detected
the communication will be rejected and the SPIE will be set with the next communication.

4.4.7 SDO stuck at GND and HIGH

The SDO stuck at GND and stuck at HIGH has to be detected by the SPI master. As the definition of the GSB
guarantees at least one toggle, a GSB with all-‘0’ or all-‘1’ reports a stuck at error.
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5 Electrical characteristics

For an efficient and easy tracking, numbering has been added to each electrical parameter.

Device features are split into categories (see the following table), and each of them is represented by a letter
(A, B, C, etc.); all parameters are completely identified by a letter and a three-digit number (for example, B.125,
C.096...) for their whole lifetime.

New inserted parameters continue with the numbering of the related category, no matter of where they are placed.

To facilitate insertion, the last number inserted for each category is also reported in the second column of the
following table.

Table 26. Electrical parameters numbering

Category Parameters numbering

Analog I/0 Axxx
Digital 1/0 B.xxx
Voltage regulators C.xxx
Outputs D.xxx
Transceivers E.xxx
Others F.xxx

Due to these rules and taking into account that deleted parameter numbers are no more reassigned, numbering
inside each category may be not sequential.

The voltages are referred to ground and currents are assumed positive, when the current flows into the pin.
6V=Vg=<28V;6V<Vgreg=<28YV, T, ="from-40 °C to 150 °C, unless otherwise specified.

Table 27. Supply

T I R LY LI

Vsuv Vs undervoltage threshold Vg decreasing vV | A001
Vs undervoltage . .
V| Vg increasin . . . .
hyst_UV hysteresis S 9 0.04 01 02 V | A002
Vsov | Vs overvoltage threshold Vg increasing 1995 21 225 V A.003
Vsov b Vs overvoltage threshold Vg decreasing 185 20 225 V | A.004
Vhyst_ov Vs overvoltage hysteresis Vg decreasing 05 13 17 V  A.005
Vsreg undervoltage .
VsREGUV VsreG decreasing 42 - 49  V A006
threshold
dervoltage . .
V| VSREG Un V increasin . . . .
hyst_ UV hysteresis SREG g 0.04 0.1 0.2 V  A.007
Vsrecov. | | SREG overvoltage Vsreg increasing 19.95 21 225 V  A008
- threshold
V I .
VsReGOv_D SREG overvoltage Vsreg decreasing 185 20 225 V | A.009
- threshold
VsRreg overvoltage
V
hyst_ OV hysteresis 05 13 17 VvV A.010
Vg/ V. -
tovuy.filt s/ Vsreg over/ Tested by scan 45 64 80 ps AOM
- undervoltage filter time
act) Current consumption in Vg=12V ) 3 6 mA | A012

active mode
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symbos | parmeir | Gonaion L T o un e

TxD CAN = high
TxD LIN = high
V1 ON, V2 OFF
HS driver OFF
CAN OFF

V=12V, Ty;=25°C

Current consumption in Both voltage regulators deactivated

| ;
VIVBAT25)  VBAT standby mode? | hs ariver OFF 15 25 A.055

No CAN communication
uA
Vs=12V, Ty=85°C

ion i Both voltage regulators deactivated
loveaTas)™ S;K_cle_nt consumptlon(lﬂr;(z) ge reg } 25 30 A013
_standby mode HS driver OFF

No CAN communication
Vg=12V,Ty=25°C
Both voltage regulators deactivated - 42 53 A.056
Current consumption in T =50 ms, ty, = 100 us
lvaT)CS Veat-standby mode with WA
cyclic sense enabled'") Vg=12V,T;=85°C
Both voltage regulators deactivated - 48 60 A.014
T =50 ms, ton =100 ps
Vg=12V,Ty=25°C
Both voltage regulators deactivated 42 | 55 A057

o In standby phase before wake-up on timer
Current consumption in expiration

lv@aT)CW Vpar-standby mode with - D pA
cyclic wake-up enabled") Vs=12V, T;=85°C

Both voltage regulators deactivated B 48 60 A015

In standby phase before wake- up on timer
expiration(®)
Vg=12V,Ty=25°C
Voltage regulator V1 active, (Iv1 = 0)
Iv(v1stby,25) 1S driver OFF - 48 60 A.058
river
Current consumption in Wake-up OFF except for LIN transceiver

uA
V1_standby mode(?) V=12V, T;=85°C

Voltage regulator V1 active, (Iv1 = 0)
lv(v1stby,85)"” - 59 70 A.016
HS driver OFF
Wake-up OFF except for LIN transceiver
V1_standby
Ivvistby_cc,25) " WDG = OFF - 40 80 pA A.059
Current consumption for Ty=25°C
cyclic sense enabled V1_standby
Ivvistby_cc,85) " WDG = OFF - 48 96 pA A.060
T,=85°C

(34) | Current consumption for Vpar_standby

wake-up inputs - 05 15 pA AO061

lv(vBAT_WuU,25
( - ) Voltage regulator V2 disabled
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symoos | parmer | Gonaion L Ty o un e

Wake-up on

NO CAN

NO LIN

No activity on wake-up pins
Ty=25°C

Current consumption for | VBaT_standby

wake-up inputs WA

Voltage regulator V2 disabled
Wake-up on
lvveat wu,gs) > NO CAN - 0.7 25 A.062
NO LIN
No activity on wake-up pins
T;=85°C
Standby modes
CAN wake-up = ON
lv(canwu,25) 2@ WK = OFF - 10 15 A.063
Voltage regulator V2 disabled
Ty=25°C
CAN wake capability uA
Standby modes
CAN wake-up = ON
lv(canwu 8s) ) WK = OFF - 10 15 A.064
Voltage regulator V2 disabled
Tj=85°C

Current consumption for

(silenced expired)

Active mode or V1 standby mode

CAN = ON

VCANSUP =5V 4 7 10 | mA A.065
VTXDC =5V

Current consumption for

(4)
ICAN, rec CAN, recessive state

No external resistance on CAN

Active mode or V1 standby mode

CAN = ON

VCANSUP =5V 7 10 13  mA A.066
VTXDC = GND

No external resistance on CAN

Current consumption for

@)
ICAN, dom CAN, dominant state

Active mode or V1 standby mode

CAN in receive mode

VCANSUP =5V 4 6 9 | mA A067
VTXDC =5V

Current consumption for

(4)
ICAN, rom CAN, receive only mode

No external resistance on CAN
Vgar_standby

LIN wake-up = ON

3) = -
Iv(vBAT_LINWU,25) Current consumption for WK = OFF 15 25 A A.068

LIN wake capability CAN = OFF
T;=25°C

lv(vBAT LINWU,85)" Vgar_standby - 20 30 A.069
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symoos | parmer | Ganaion L T un e

LIN wake-up = ON

Current consumption for | WK =OFF
LIN wake capability CAN = OFF

uA
T;=85°C
VpaT_standby
V2 On (Iv2 = 0)

lvveaT v2,25)% CAN = OFF - 48 84 A.070
Wake-up = OFF

Current consumption for | T;=25°C
voltage regulator V2 in uA
Vgar standby mode Vpar_standby

V2 On (Iv2 = 0)
lvveaT v2,85)° CAN OFF - 53 | 94 A.071
Wake-up = OFF
Ty;=85°C
V1_standby cyclic sense enabled®)
HSx (x = 3;4) = ON
Ivvistoy Hs,25)"” CAN = OFF - 550 950 A.072
Wake-up OFF except LIN transceiver
Current consumption for Ty=25°C

HS drivers WA

V1_standby cyclic sense enabled®)
HSx (x = 3;4) = ON
I(vistoy Hs.85)" CAN = OFF - 570 1000 A.073
Wake-up OFF except LIN transceiver
T,=85°C
1. Conditions for specified current consumption:
. Vin > (Vsreg - 1.5 V)
«  (CAN_H-CAN_L)<0.4 Vor(CAN_H-CAN L)>12V
. Vwu <1 VorVwy> (Vsreg - 1.5 V)

. LIN wake-up is possible, CAN wake up disabled, WUx_EN register set to 0

2. In SPSB081Cx it is mandatory to keep wake-up source capability (CANFD or wake-up pin) and in that case an additional
contribution of Iy vgar wu,x) Or lvicanwu,x) has to be considered.

Guaranteed by design.

4. Current consumption adders of features defined for SBC V1 stby mode or for SBC VBAT stby mode (unless otherwise
specified).
5. Current consumption adder while only one HS is turned on with no load.

5.1 Oscillator
The voltages are referred to ground and currents are assumed positive, when the current flows into the pin.
6V=Vg=<28V;6V<Vgreg=<28V; T;=-40°C... 150 °C, unless otherwise specified.

Table 28. Oscillator

Foukq @ Oscillation frequency 0.80 1.0 1.20 MHz A.018

Fouko!! Oscillation frequency - 12.8 16.0 19.2 MHz A.019
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1. 1 MHz clock is used in standby mode. 16 MHz clock is used in active mode.
2. The clock frequency is further reduced in standby mode to sustain a very low quiescent current.

5.2 Power-on reset (Vsreg)

All outputs open: T = from -40 °C to 150 °C, unless otherwise specified.

Table 29. Power-on reset
e e e o
VPOR R VpoR threshold VsRreg rising - 3.45 A.020
VpoR F Vpor threshold Vsreg falling") 2.3 - 3.55 Y, A.021

1. This threshold is valid if Vsreg had already reached Vpor r(max) previously.

5.3 Voltage regulator V1
The voltages are referred to ground and currents are assumed positive, when the current flows into the pin.
4.5=<Vg=28V;4.5V = Vgreg = 28 V; T; = from -40 °C to 150 °C, unless otherwise specified.
The same parameter values in both 5V and 3.3 V conditions apply unless otherwise specified.

Table 30. Voltage regulator V1

S S T L

C.001
V1 IOu:iput volltage including line and Vsrea= 6.5V Vv
oad regulation _ 33 _ C.041
ILoap = 100 pA to Icmp
V11i0ma Output voltage tolerance (0...Icvp) 25 - +25 % C.003
VSREG =13.5V
Output voltage tolerance ILoaD = lcmp to 100 mA, (active mode)
V1high_acc 25 - +25 % | C.004
- High accuracy mode Vsreg = 13.5V
ILoaD = 250mA,
Visoma (Z);épu;\voltage tolerance (100... 3 ) +3 %  C.005
mA) Vsreg = 13.5V
V1 rising 52 535 55
C.042
V1 falling - V1 13V5/100 pA 0.1 - 0.4
Viov_th1 | OverVoltage threshold 1 for V1 \
V1 rising 35 365 3.8
C.066
V1 falling - V1 13V5/100 pA 0.1 - 0.4
Define the test condition 55 565 538 C.043
Viov_th2 | OverVoltage threshold 2 for V1 \Y%
- 3.9 4.05 42 C.067
R Resistance to be able to discharge V1=33V - 120 165 C.044
discharge 20 mA Q
V1=5V - 130 200 C.045
lLoap =50 MA, Vgreg =5V (V1 =5V) 0.2 025 C.006
ILoap =50 mA, Vgrgg = 3.55 V(1 0.25 0.35 C.046
3.3V)
Vpp1 Drop-out voltage ILoap = 100 MA, Vereg=5V (V1 =5 V) - \
= (1)
and Vgreg = 3.55 V(') below 3.55 V, the 035 05 C.007

POR VgRreg can be activated and there is
a device reset. (V1 =3.3V)
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symbar | pwamair | Canstion ———un x| i on

ILoap = 150 mA, Vsreg =5 V and

Vopt - Drop-out voltage Vsrea= 3.55 V() (V1 = 3.3 V) T =25 °C

035 05 V C.008

Short circuit output current (to

Iccmaxi GND) Current limitation 450 750 1100 mA C.010
Cload1® | Load capacitor1 Ceramic (+20%) 181 - 1000 pF | C.01M
V1 deactivation time after thermal

trsp shut-down Tested by scan - 1.5 - | sec C.012
., | Current comp. rising threshold (to Rising current ICMP_SET =0 1 4 7 C.013

ICMP_ris*) GND mA
) Rising current ICMP_SET =1 6 12 | 18 C.047
ICMP fa|(4) Current comp. falllng threshold (tO Falllng current |CMP_SET =0 0.4 2.8 4.2 mA C.014
- GND) Falling current ICMP_SET = 1 4 10 15 C.048
ICMP_SET =0 1.2 C.015

ICMP_hys“) | Current comp. hysteresis mA
ICMP_SET =1 1 2 4 C.049
V1 forced (V1 =5V) - 2 3 C.016

VA1fail V1 fail threshold \

V1 forced (V1 =3.3V) - 13 2 C.050
tovifiter1 | V1 overvoltage filter time1 Tested by scan - 20 30 pups C.051
tovisiter2 | V1 overvoltage filter time2 Tested by scan - 20 30 ps C.052
tv1fail V1 fail filter time Tested by scan 6 13 20 ps C.017
tv1short V1 short filter time Tested by scan 2 4 5 ms | C.018
tviFs V1 fail-safe filter time Tested by scan 143 2 206 ms C.019
tv1off V1 deactivation time after 8 Tested by scan - 1200 270 ms C.020

consecutive WD failures

Below 3.55 V, the POR VSREG can be activated and there is a device reset.
2. Guaranteed by design.

3. Nominal capacitor value required for stability of the regulator. Tested with 1 uF ceramic (+20%). Capacitor must be located
close to the regulator output pin. A 2.2 uF capacitor value is recommended to minimize the DPI (Direct power injection)
stress in the application.

4. In active mode, V1 regulator is switched to high accuracy mode. Below the Icmp threshold, regulator switches in any case to
nominal accuracy mode (same behavior applies also in case of high current).

5.4 Voltage regulator V2
The voltages are referred to ground and currents are assumed positive, when the current flows into the pin.
45V <Vg=<28V;45V<Vgrgg<28V; T, =from-40 °C to 150 °C, unless otherwise specified.
The same parameter values in both 5V and 3.3 V conditions apply unless otherwise specified.

Table 31. Voltage regulator V2

symoe |~ parmoiar | Comin ————lin o un .
- 50 -

Output voltage including line C.053

>
V2 and load regulation VsreG 265V . 33 - v C.054
Output voltage tolerance ILoap = 100 pA to 50 mA, (active mode)

VZ2high_acc 25 - +25 % C.055
- High accuracy mode Vsreg = 13.5V
ILOAD =100 mA,

V2100mA Output voltage tolerance (50... 3 ) +3 % | C.056
100 mA) Vsreg = 13.5V
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symbar | paramser | Gonen i o b i e |

lcc2 = 100 pA to 100 mA,

AVol!) Output voltage tracking 20 - 20  mV  C.057
accuracy lcc1 =30 mA, Vgreg = 6.5V t0 28V
ILoap = 30 MA;
Vsreg =5.25V (V2=5V)and Vggeg =3.55v | - | 03 05 VvV 1 C.022
(V2=3.3V)
VDP2 | Drop-out voltage
ILoap =100 mA AT T= 25°C;
VSREG =5.0 V (V2 =5.0 V) and - 075 085 V C.058
VSREG =3.55V (V2 = 3.3 V)
ICCmax2 | Output current limitation - 400 600 1200 mA | C.023
Cload®®) | Load capacitor Ceramic (+20%) 1 - 10 | uF C.024
V2fail_5 /2 short circuit voltage to switch | V2 forced (V2=5V) -2 3 v C.025
V2fail_33 V2 off and set SPI bit V2 forced (V2 = 3.3 V) - 13 2 C.060
tvofail V2 fail filter time Tested by scan 6 13 20 us | C.068
tV2short ' V2 short filter time Tested by scan - 4 - ms | C.026

1. Output voltage tracking accuracy are guaranteed only in DC condition.

2. Nominal capacitor value required for stability of the regulator. Tested with 1 uF ceramic (+20%). Capacitor must be located
close to the regulator output pin. A 2.2 uF capacitor value is recommended to minimize the DPI stress in the application.

3. Guaranteed by design.

5.5 Reset output

The voltages are referred to GND and currents are assumed positive, when the current flows into the pin.
4V <Vg<28V; 4V <Vgreg <28 V; T;=from-40 °C to 150 °C, unless otherwise specified.

Table 32. Reset output

T N LT LTI I

VRT1 5 Vy4 decreasing (V1 =5 V) C.027
Reset threshold voltage1 \%

VRT1_33 Vy1 decreasing (V1 =3.3V) 25 | 265 275 C.061
VRT2 5 V1 decreasing (V1 =5YV) 3.6 3.8 4 C.028
Reset threshold voltage2 Vv
VRT2 33 Vy1 decreasing (V1 =3.3V) 26 | 275 285 C.062
VRT3_5 V1 decreasing (V1 =5 V) 38 40 @ 42 C.029
Reset threshold voltage3 \%

VRT3 33 Vy4 decreasing (V1 =3.3V) 27 285 | 295 C.063

VRT4-1 5 Vy4 decreasing (V1 =5V) 4.4 4.6 4.8 C.030

Reset threshold voltage4 \%

VRT4-1 33 Vy1 decreasing (V1 =3.3V) 2.8 29 | 3.05 C.064

VRT4—275 Vy/1 increasing (V1 =5 V) 4.65 4.8 4.9 C.031
Reset threshold voltage4 \%

VRT4-2_33 Vy/1 increasing (V1 =33 V) 2.95 3.1 3.2 C.065
VReseT  Reset pin low output voltage V1>1V, IgeseT = 5 mA - 02 | 04 \Y, C.032
Rreser | Reset pull up int. resistor - 10 25 40 kQ C.033

trRr Reset reaction time lload = 1 mA; tested by scan 6 - 40 us C.034
tuv1 V1 under-voltage filter time Tested by scan 6 12 20 us C.035
trRD Reset pulse duration Tested by scan 1.5 2.0 2.5 ms = C.036
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5.6 DIAGN output
The voltages are referred to GND and currents are assumed positive, when the current flows into the pin.
4V <Vg<28V;4V <Vgreg <28V, T;=from-40 °C to 150 °C, unless otherwise specified.

Table 33. DIAGN output

T R N ) K T T T
0.2

VpiagN | DIAGN pin low output voltage V1> 1V, Ipjagn = 5 MA - v C.037
Rpiaen | DIAGN pulls up int. resistor - 10 25 40 kQ C.038
5.7 Watchdog

For further information, see Section 3.6 Configurable window watchdog.
45V <Vg=<28V;45V <Vgreg<28V; T, =from-40 °C to 150 °C, unless otherwise specified.

Table 34. Watchdog

R R KR S N KT R

Long open window Tested by scan A.022
Terw1 Early failure window 1 Tested by scan - - 45 ms A.023
TLFwA Late failure window 1 Tested by scan 20 - - ms A.024
Tswi1 Safe window 1 Tested by scan 75 - 12 ms A.025
TerFw2 Early failure window 2 Tested by scan - - 22.3 ms A.026
TLFw2 Late failure window 2 Tested by scan 100 - - ms A.027
Tsw2 Safe window 2 Tested by scan 375 - 60 ms A.028
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Figure 31. Watchdog timing
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Figure 32. Watchdog early, late and safe windows
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5.8 Current monitor output (CM)

The voltages are referred to ground and currents are assumed positive, when the current flows into the pin.
6V<Vg=<28V;6V=<Vgreg=<28V,;T,=1from-40 °C to 150 °C, unless otherwise specified.

Table 35. Current monitor output (CM)

T N N T K BN T

Vem | Functional voltage range - Vi-1V VvV | A029

lemr | lem/louT1,2,3,4 0VsVemsVqi-1V - 1/990

- A030

Ranges extracted at the output:
louT1,2,3,4
IcM ace | Current monitor accuracy -8%-4%FS) 0 8%+4%FS) A A.031
louTmin = 100 mA
louTmax = 130 mA
temb | Current monitor blanking time | Tested by scan 22 32 39 us A.032

1. FS (full scale) = IOUTmax * ICMr _typ.
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5.9 Outputs OUT1..0UT4

The voltages are referred to ground and currents are assumed positive, when the current flows into the pin.
6 V<Vg<18YV, all outputs open: T, = from -40 °C to 150 °C, unless otherwise specified.

Table 36. Outputs OUT1..0UT4

Symoas | puamair | Gondion i Tp e un .

Vs=13.5V, Tgmp = +25°C
FON OUT1,2,3,4_ 25 | 60 mA - 7 9 Q D.o0o1
0ouUT1,2,34 = - m

Vg=13.5V, Tgmp = +125°C
FTON OUT1,2,3,4 125 | 60 mA - 14 20 Q D.002
0UT1,2,34=-6Um

On-resistance to supply

laLH_stdoy Switched-off output current high side drivers = Your =0V, standby mode -5 = - - pA D.003

laLH,_stdby act | Of OUT1-4"" Vour =0V, activemode  -10 - - | pA D.004

1. Negative value: leakages internally sink from driver output pin to internal IC ground positive value: leakage sourced from
internal driver output pin to external ground.

5.10 Power outputs switching times

Table 37. Power outputs switching times

symoel | oaameor 1 Conon i 1y ex Ui o

Output delay time Vg =135V
high-side driver OFF (OUT1,2,3,4) (delay

WOFFH | hetween CSN 50 % to OUT at 20% of V) Vi=8V 20| - 140 ps | D.005
(see Figure 39) Rioag = 128 Q
Output delay time V=135V
WONH  Dtween GSN 50% to OUT 2 80% of ve) V15V 10 - 60 s DoOS
(see Figure 39) Rioag = 128 Q
dVouyt/dt | Slew rate for drivers OUT1..4 Vs =13.5Vv(1@) 0.1 0.2 0.5 V/us D.007
fpwm1 | PWM switching frequency Vs/Vsreg = 13.5V; tested by scan | - 1125 - ' Hz D.008
fpwmz | PWM switching frequency Vs/Vsreg = 13.5 V; testedbyscan - 250 - | Hz D.009
DC SPI configurable duty cycle for OUT1..4 0.1% steps; tested by scan 01 - 100 % D.010

1. Rioap =128 Q at OUT1 3 4, in high on-resistance mode.
2. Slope dVoy7/dt is measured between 20% and 80% of the final output voltage value.
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Figure 33. Slew-rate of the drivers

A
Vout(V)
dVo,/dt
oV >
time (us)
5.11 Output current threshold

The voltages are referred to power ground and currents are assumed positive, when the current flows into the pin.
6V=<Vg=<28V;6V<Vgreg=<28V; T;=from-40 °C to 150 °C, unless otherwise specified.

Table 38. Output current threshold

N S T £

[locl Over-current threshold HS1 Vs =13.5V, source 0.14 0.35 D.011
|local Over-current threshold HS2 Vg =13.5V, source 014 - 035 A D.022
|locsl Over-current threshold HS3 Vs =13.5V, source 014 - 035 A D.023
|local Over-current threshold HS4 Vs =13.5V, source 014 - 035 A D.024
Vg=13.5V
llcemil C°”Ts1ta?f. Cg'"e”t mode value for 100 142 200 mA D.012
OUT1 (high on resistance mode) OUT1_CCM_EN =1
Vg=13.5V
llcemal gonstant_ current mode value for 100 145 200 mA D.025
UT2 (high on resistance mode) OUT2_CCM_EN =1
Vg=13.5V
lleemsl Constant current mode value for 100 145 200 mA  D.026

OUT3 (high on resistance mode) OUT3 CCM EN = 1

Vg=13.5V
llcemal Constant. current rqode value for S 100 145 200 mA  D.027
OUT4 (high on resistance mode) OUT4 CCM EN = 1

Constant current mode expiration | OUTX_CCM_EN =1 (x =1to 4)

tcemtimeout | 7 - 20 - ms D.013
meet time; Tested by scan
Blanking time of over-current
'BLK | gignal in high sides Tested by scan 33 40 56 ps D.015
; g ; xx_OCR_TON][0,1] = 00
tocR00 Ton time of over-current signal 76 88 116 pus D.016

(including blanking time tg k) Tested by scan
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symbos | poramar | Gonaion ———Tiin | T i en’

xx_OCR_TONJ[0,1] = 01
tocro1 70 80 106 ps D.017
Tested by scan

Ton time of over-current signal xx_OCR_TON[0,1] = 10

tocr10 (including blanking time tg) k) 64 72 96 us D.018

Tested by scan

xx_OCR_ TONI0,1] = 11
tocri11 57 64 87 us D.019
Tested by scan

lloLp1]™ ' Under-current threshold HS1 Vs/Vsreg = 13.5 V, source 0.2 065 15 mA D.020
llop2|” | Under-current threshold HS2 Vs/Vsreg = 13.5V, source 0.2 065 15 mA D.028
llops|'” | Under-current threshold HS3 Vs/Vsreg = 13.5V, source 0.2 065 15 mA D.029
lloLps|” | Under-current threshold HS4 Vs/Vsreg = 13.5 V, source 0.2 065 15 mA D.030

Duration of open-load condition to set the
troL | Filter time of open-load signal status bit 155 | 200 270 ps  D.021
Tested by scan

1. loLp parameters, in the range 8 V to 16 V, are guaranteed by design and characterization. Production testing is done at
13.5 V.

5.12 Wake-up inputs (WU1, DIR/WU2)

The voltages are referred to GND and currents are assumed positive, when the current flows into the pin.
6V <Vgreg <28V, T, =from -40 °C to 150 °C, unless otherwise specified.

Table 39. Wake-up inputs

e I B I B

Vwuthp = Wake-up positive edge threshold voltage - 0.4Vgreg | 0.45Vgreg 0.5Vsreg V' A.033
Vwuthn - Wake-up negative edge threshold voltage - 0.5Vsreg 0.55Vsreg 0.6 Vsreg V| A.034
Vpirth | DIR threshold voltage - 0.5 1.5 25 V | A.035
VHysT | Hysteresis!") - 0.05Vgreg  0.1Vsreg 0.15Vsreg | V. A.036
twu_stat = Static wake filter time Tested by scan - 642 - us | A.037

Input resistor to GND in active mode and in
R -
WU_act | standby mode during wake-up input sensing 80 160 300 kQ | A.039

twu_cyc | Cyclic wake filter time Tested by scan 12 16 20 us | A.040

1. In DIR configuration, no appreciable hysteresis is observed.
2. Guaranteed by design.
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5.13 CAN FD transceiver
The voltages are referred to GND and currents are assumed positive, when the current flows into the pin.
6V <Vsreg =18V; 4.8V <Vcansup < 5.2V, Tjynction = from -40 °C to 150 °C, unless otherwise specified.
-12 V < (CANH + CANL)2<12V
. 1ISO 11898-2:2016 compliant
. SAE J2284 compliant

Table 40. CAN communication operating range

symoel | pasmatr | Ganion ———uin Ty e i |

Supply voltage operating
VSREG_Transmitter  range for CAN - 65 - 28 V E.OO01
transmitter(")
) Supply voltage operating
VSREG_Receiver range for CAN receiver - 6.5 - 28 V | E.002
Vy1 = Vcansup decreasing or

CAN supply valid voltage

flag V2 = Vcansup decreasing or 45 465 48 V E.105

VCANSUPvalid

external supply = Vcansup decreasing

External CAN supply

VCANSUPext output voltage 49 50 51 V E.106

tcansupvalia | CAN supply UV filter time | Tested by scan - 22 - us | E.107
Vy1 = Vcansup decreasing or

VCANSUPIow CAN supply low voltage Viv2 = Vcansup decreasing or 41 43 45 V E.031

flag
External supply = Vcansup decreasing

Common mode Bus .
Measured with respect to the ground of each

V voltage (V + - -
CANHL, CM ge (VcaNH CAN franscelver 12 12V E113
Veanu)/2
Active mode: RL =50 Q...65 Q
70% Vrxpc (rising) - 30% Vrxpc (falling)
CRXD =15 pF
) TXD rise and fall time = 10 ns (10% - 90%, 90%
Transceiver current - 10%)
ITRCV consumption during - - 1120 mA E.003
normal mode Test signal to be applied on the TXD input of
the implementation is a square wave signal with
a positive duty cycle of 1/6 and a period of six
times the nominal recessive bit width
Rectangular pulse signal TTXDC = 6*TBIT),
high pulse 1*TBIT, low pulse 5*TBIT
Transceiver current R =500Q...65Q
ITRCV_short consumption during - - 1120 mA E.004
output short VeanH =-3 Vor Vean, =40V
Transceiver current R . =500Q...65Q
ITRCVLPbias consumption; biasing - 400 600 pA E.005
active Vxpc = VTXDCHIGH
Transceiver current RL =50 Q. 650
ITrReVLP Conwsumpt'gn, (:)grqu low- - 10 50  pA E.O06
power mode; biasing Vxpc = VIXDCHIGH
inactive
BR Supported bitrates Supported bitrates at which all requirements are | B 5 Mb/s E.007

fulfilled

1. VAt VsreG < VSREG_Tranmitter(min) the transceiver shall enter high impedance state .
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2. The bit time Tgt is the nominal bit time at a given bit rate (Tg;T = 1/BR). For example at BR = 2 Mb/s — Tg;T = 500 ns

Table 41. CAN transmit data input: Pin TxDC

T R I S T 7 [ (T

VTxpcLow Input voltage dominant level Active mode 1.0 145 2.0 E.008
VTxpcHiGH | Input voltage recessive level Active mode 1.2 185 23 V E.009
VrxpcHys | VIXDCHIGH - VTxDcLow Active mode 02 - 07 V EO10
Rtxpcpu TXDC pull up resistor Active mode 20 50 110 kQ E.01

R =500Q...65Q;

TXDC - CANy | delay time dominant - 70 % V1xp - 30% VpiFr

t . . 0 120 - ns E.012
d, TXDC(dom-rec) recessive 5.5V < Vegea < 18 V
TXDC rise time = 10 ns (10% - 90%)
R =500Q...65Q
_ i ive - | 30 % Vxp - 70% Vpirr
t4 TXDC(recdiff TXD_C CANH,L delay time recessive 0 120 - ns  E.013
ominan 55V <Vgreg < 18V
TXDC fall time = 10 ns (90% - 10%)
tdom(txpc) | TXDC dominant time-out Tested by scan 08 2 5 ms E.014

Table 42. CAN receive data output: Pin RxDC

T N T AN

VRXDCLOW Output voltage dominant level Active mode, Irxpc = 2 mA 0 V E.015
VRXDCHIGH Output voltage recessive level Active mode, Irxpc =-2mA | V1-0.5 V1-0.2 V1 V E.016
CL=15pF
trrRxDC RxDC rise time 0 - 25 | ns E.O17
30% - 70% Vrypc!")
CL=15pF
tf RxDC RxDC fall time 0 ) 25 | ns E.O18
70% - 30% Vrxoc'!
CANp | CL=15pF
td, RXDC(dom-rec) ) ) ) 0 120 - ns E.019
RxDC delay time dominant - recessive ' 30% Vpjgg - 70% Vrxpc!"
CANy | CL=15pF
td, RXDC(rec - dom) 0 120 - ns E.020

RxDC delay time dominant - recessive | 70% Vpjrr - 30% Vrxpc!"

1. Guaranteed by design.

Table 43. CAN transmitter dominant output characteristics

symoas | pwamaer " Conaon i |ty i un en

Single ended CANH voltage level in dominant Vrxoc = VrxocLow

V
CANHdom state RL=500..650 275 35 45 V | E.021
v Single ended CANL voltage level in dominant Vrxoc = VrxocLow 05 15 225 V |E022
CANLdom state R.=500..650 Al e '
Differential output voltage in dominant state: V1xoc = VTxpcLow
VDIFF,dom 15 20 3 |V E.O023
VCcANHdom = VCANLdom R.=500...65Q

DS14048 - Rev 2 page 66/136



‘,_l SPSB081

CAN FD transceiver

symoos | pwamaer | Conaton i |t o un e

Differential output voltage in dominant state vV =v
during arbitration: TXDC = VTXDCLOW 15
R =2240Q

VDIFF_Arb - 5 V E.O024

VcANHdom - VCANLdom
Differential output voltage in dominant state on _
Vxpe = VrxpcLow

extended bus load range: 14
R.=450Q...70Q

VDIFF,dom_ext - 33 V EO025

VeANHdom = VCANLdom

Vxpe = VixpcLow
Differential output voltage in dominant state:
VDIFF domVsLow RL=500Q...650Q 13 - 3 V E.026
VcANHdom - VCANLdom at Iow Vsreg
5V < Vgreg < 5.5 V(1)

Differential output voltage in dominant state: VTxpc = VTxpcLow
VDIFF,dom_ext_VsLow | VcaNHdom - VCANLdom With 45 Q...70 Q loadat ' RL=450Q...70 Q 125 - 33 V E.027
low Vsree 5V <Vsreg <55V (1
Driver symmetry R =60 Q +1%
Vsym Vsym = (Veann *+ Veanw)/Veansup frxoc = 1 MHz®) 09 1 11 - |E028
Vcansup =5 V@ CspuiT = 4.7 nF (5%)

) ) Vxpc = VTxocLow
locANH,dom (-3 V) | CANH output current in dominant state 115 - 115 mA E.029
VCANH =-3V...18V

_ _ Vxpe = VrxpcLow
locanL,dom (18Vv) | CANL output current in dominant state -115 - 115 mA E.030
VCANL =-3V...18V

VTxpc = VTxpcLow:
locANL,dom (40v) | CANL output current in dominant state Veane =40V 0 - 15 mA E.032
VSREG =40V

1. Vsgreg at device pin after reverse battery protection, while application is supplied with 6 V. Operating condition has to be
adapted, if higher voltage drop occur in the application.

2. Putinto the datasheet, if it is an internal voltage. If it is an external pin, it should be supplied externally.

3. Measurement equipment input load < 20 pF, > 1 MQ, guaranteed by E.025, E.026, E.029, E.030, E.053, E.054
measurements.

Table 44. CAN transmitter recessive output characteristics, CAN normal mode

symbas | e Conain ]t i un e

V1xpe = VIXDCHIGH

VeanHree | CANH voltage level in recessive state (normal mode) 2 25 3 V E.033
No load
_ , V1xpe = VTXDCHIGH
VeanLree | CANL voltage level in recessive state (normal mode) 2 25 3 V E.034
No load

Differential output voltage in recessive state (normal _
Vxoc = VIxpcHIGH

VpiFFrecout MOde): w0l - |50 | mv|Eo3s
VEANHrec = VCANLrec No load
Note: CAN normal mode: tested in TRX normal state while the device is in active mode.
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Table 45. CAN receiver input characteristics during CAN normal mode

symoa | raameer " Conen ity x| uni o |

. . . . -12VsVeanH 12V
VTHdom Differential receiver threshold voltage recessive to 05 - 09 V EO036

dominant state 12V<sVeanL s 12V

-12V<sVeanH S 12V
Vdom _range | Differential dominant input level voltage range 09 - 10 V  E.037
- -12V<sVeanL 12V

Differential receiver threshold voltage dominant to 12VsVeann =12V

. 05 - 09 V EO38
recessive state 12V <VeanL £12V

VTH rec

-12V<sVeanH S 12V
Vrec_range | Differential recessive input level voltage range -5 - 05 V E.O039
- -12V<VeanL £ 12V

Note: CAN normal mode: tested in TRX normal state while the device is in active mode.

Table 46. CAN receiver input characteristics during CAN low power mode, biasing inactive

symoal | paramor | Conon i T e i e

. . . 12V<sVeanH =12V
VTHdomLP sferential receiver threshold voltage recessive to 04 - 115 V  E.040

dominant state -12V<sVeanL 12V

-12V<sVeanH S 12V
Vdom_range_LP | Differential dominant input level voltage range 115 - 10 V | E.041
- - -12VsVeanL 12V

. . . . 12V <VeanH =12V
VTHrecLP Differential receiver threshold voltage dominant to 04 - 115 V E.042

recessive state -12V<VeanL £12V

-12V<sVeanH S 12V
Vrec range_LP | Differential recessive input level voltage range -5 - 04 V E.O43
- - -12V<VeanL £12V

VcanHreclP - CANH output voltage in recessive state - 01 - 01 V E.108
VeanLreclP | CANL output voltage in recessive state - 0.1 - | 041 vV  E.109

Differential output voltage in recessive state:
VDIFF recOUTLP - 02 - 102 VvV ETM0
VCANHrecLP - VCANLrecLP

Note: CAN low power mode, biasing inactive: Tested in CAN TRX STDBY (bias off) state while the device is in active
mode, V1_standby mode and Vbat_standby mode.

Table 47. CAN receiver input resistance

symoa | paranser | onaton | in [y s o o |

Vrxpc = VTxpeHIGH

no load

Differential internal

) Raiff = RcanH + Reant 12 - 100 kQ E.044
resistance

20V <sVeanHS+7.0V

Raitf

2.0V <sVeanL =£+7.0 v
V1xpc = VTXDeHIGH

RcaNH, | Single ended No load

. ; 6 - 50 kQ E.045
CANL internal resistance .20V < VcaNH S +7.0V

-20V< VCANL <+7.0VvV("
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symoa | paramser | = Gonton | in 1y s o o |

Biasing active; V1xpc = VTXDCHIGH;

Internal Resistance No load
mR matching -0.03 - 0.03 - E.046
=2x (R -R R +R
RCANH.CANL mR =2 x (Rcan_H - Rean_L)/(Rean_H *+ Rean_ L)

10 kQ resistor between CANH - CANL pin with external 5 V
1. Voltage range is taken from ISO CD 16845-2 (high-speed medium access unit - conformance test plan).

Note: CAN normal and low power mode, biasing active: Tested in TRX normal and CAN TRX STDBY (bias on) state
while the device is in active and V1_standby mode.

Table 48. CAN transceiver delay

symoos | parmeer | Conton i e o o |

5.5V <Vgreg <18V,
R.=60 Q +1%

tLooPhi :ic)’(c’gg ?r'ﬁgh%'?ocwt)o ;;% \1/22::- N - - 255 ns E.047
TXDC fall time = 10 ns (90% - 10%)

Crxpc = 15 pF

5.5V < Vgreg < 18 V

RL=600Q +1%

Loop delay TXDC to | CL =100 pF

tLoorih RXDC (low 10 high) | 709 \/ry o - 70% Viexg - - | 255  ns E.048
TXDC rise time = 10 ns (10% - 90%)
Crxpc = 15 pF
5.5V < Vgreg < 18V
R =150 Q
Loop delay TXDC to | ¢, =100 pF
tLoor150,hi RXDC (high to low) - - 350 ns | E.049

with 150Q bus load | 30% Vrxpc - 30% Vrxpe
TXDC fall time = 10 ns (90% - 10%)

Crxpc = 15 pF
55V < Vgreg < 18 V
R =150 Q
Loop delay TXDC to | ¢ =100 pF;
tLooP150,ih RXDC (low to high) - - 350 | ns E.050

with 150Q bus load | 70% V1xp - 70% VrxD
TXDC rise time = 10 ns (10% - 90%)
Crxpc = 15 pF
5.5V < Vgreg < 18 V
RL =60 Q 1%
70% Vexoc (rising) - 30% Vixpe (falling)

TgitRxD) < Recessive bit
IMbs ) symmetry at RXDC | Ci =100 pF 900 1000 1050 ns E.051
CRXD = 15pF
TXD rise and fall time = 10 ns (10% - 90%, 90% -
10%)
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CAN FD transceiver

symoos | parmer | canion i e o o

Test signal to be applied on the TXD input of the
implementation is a square wave signal with a
positive duty cycle of 1/6 and a period of six times
the nominal recessive bit width

Rectangular pulse signal Ttxpc = 6000 ns, high
pulse 1000 ns, low pulse 5000 ns

R =150 Q
TBit(RXD)_150 ohm -
i b |)\Zb/s Other conditions as Tgiyrxp) < 1 Mb/s 800 - 1050 E.052
Value may be obtained by characterization only.
Recessive bit .
- <o  symmelry at RXDC Conditions as Tgjirxp) < 1 Mb/s ns
BIED) Rectangular pulse signal T = 3000 ns, high 400 500 | 550 E.053
Mb/s 9 p 9 TXDC » Nig
pulse 500 ns, low pulse 2500 ns
R =150 Q
TBitRXD)_150 ohm other conditions as Tgiyrxp) < 1 Mb/s 300 - | 550 E.054

< 2Mbl/s
Value may be obtained by characterization only

Conditions as Tgijirxp) < 1 Mb/s

Tgit(RXD) <5
I Mb/s Rectangular pulse signal Ttxpc = 1200 ns, high 120 200 | 220 E.055

pulse 200 ns, low pulse 1000 ns
5.5V < VgRreg < 18V

RL=60 Q +1%

Vpieg: 0.5 V(falling) - 0.9 V (rising)

L =100 pF
CRXD =15 pF
Tgi <1
Bit(BUS) TXD rise and fall time = 10 ns (10% - 90%, 90% - 935 1000 1030 E.056
Mb/s o
10%)
] . Test signal to be applied on the TXD input of the
Recessive bit implementation is a square wave signal with a
symmetry at CAN- | positive duty cycle of 1/6 and a period of six times ns
Bus the nominal recessive bit width
Rectangular pulse signal Ttxpc = 6000 ns, high
pulse 1000 ns, low pulse 5000 ns
Conditions as Tgjygus) < 1 Mb/s
Teigus) < 2
I(IVIb/s) Rectangular pulse signal Ttxpc = 3000 ns, high 435 500 | 530 E.057

pulse 500 ns, low pulse 2500 ns
Conditions as TBit(BUS) <1 Mb/s

Teitgus) < 5
'(Mb,s) Rectangular pulse signal Trxpc = 1200 ns, high 1551 200 | 210 E.058
pulse 200 ns, low pulse 1000 ns

55V <Vgreg <18V
RL =60 Q £1%

Atrec < 2 Mbls Cu=100pF 65 - 40 E.050
Receiver timing Crxp = 15 pF
symmetry (TgiyRrxD) - Rectangular pulse signal Ttxpc = 3000 ns, high ns
TaitBUS)) pulse 500 ns, low pulse 2500 ns
5.5V < Vgreg < 18 V
MRec <5 Mb/s RL =60 Q +1% -45 - 15 E.060

CL = 100 pF
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CAN FD transceiver

symoos | parmoer |~ canion i e i o

Receiver timing Crxp = 15 pF
symmetry (TeiyRxD) - Rectangular pulse signal Ttxpc = 1200 ns, high ns
TaitBUS)) pulse 200 ns, low pulse 1000 ns

CAN permanent

dominant time out Tested by scan 600 700 900 s E.O061

tcan'®

time between WUP  \Nake-up-pattern wake-up
twup - Vcansup | on the CAN bus until . 0 - 200 ps E.062
Vcansup goes active 70% Vpirr - 90% Vcansup(min)

time between WUP
) on the CAN bus  Wake-up-pattern wake-up

t -RXD until RXD is active }
WUP (i.e. the CAN signal RXD output enabled 0 1 ms | E.063

is represented at the ' Tested by scan
RXD output)

Filter time needed to
tvcansuplow | display CANSUPIlow | Tested by scan - 5 - us | EA11
flag
1. TBIt(RXD) for the highest supported data rate has to be specified (1 Mb/s, 2 Mb/s or 5 Mb/s).
2. At the expiration of this filter time a flag is set.
3. Time starts with the end of last dominant phase of the WUP.

Table 49. CAN receiver input resistance

symoos | puamair | Coraion | in Ty ex o o |

Unpowered device; VeanH =5 V; VeanL =5V

Vsrea < Vpor_F!"

ILeakagey (2) .
CANH.105 Vsrea, Vcansup'® connected via 0 Q to GND -10 10  pA E.064
VsreaG, Veansup? connected via 47 kQ to GND

Input leakage current T,=-40°C10105°C

CANH Unpowered device; VcanH =5 V; VeanL =5V

Vsrea < Veor_f!"

ILeakagey .
V. V @) 1 Q to GND - .
CANH.130 SREG: Vcansup'” connected via 0 Q to G 12 12 | pA | E.065

Vsree, Veansup'?
T;=130°C
Unpowered device;

VeanH =5 V; VeanL =5V

ILeakage VsRreG < VPOR_Fm
’ -10 10 | uA E.066
CANL105 Vsree, Veansup'Pconnected via 0 Q to GND

Vsrea: Veansup

Input leakage current T,=-40 °C to 105 °C
CANL

Unpowered device;

VeanH =5 V; VeanL =5V
ILeakage: V <V )
CANL,130 SREG POR_F 12 12 | pA E.067
Vsrea: Veansup'® connected via 0 Q to GND

Vsrea. Vcansup connected via 47 kQ to GND)
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LIN transceiver (only for SPSB0815 and SPSB0813)

T S LT

Input leakage current - °
CANL T;=130°C

1. Vsgreg not floating.

2. Related to the external supply pin of the CAN-transceiver. If the transceiver supply is generated entirely inside of the device
the parameter is measured with respect to the supply of the device.

3. Related to the external supply pin of the CAN-transceiver. If the transceiver supply is generated entirely inside of the device
the parameter is measured with respect to the supply of the device; if the transceiver is supplied by its own supply pin, this
pin has to fulfill this specification as well as the supply that is used to generate the transceiver voltage in case it is on the
same device.

4. Related to the external supply pin of the CAN-transceiver. If the transceiver supply is generated entirely inside of the device
the parameter is measured with respect to the supply of the device; if the transceiver is supplied by its own supply pin, this
pin has to fulfill this specification as well as the supply that is used to generate the transceiver voltage in case it is on the
same device. It is connected via 47 kQ to GND.

Table 50. Biasing control timings

e e

tilter CAN activity filter time Tested by scan E.068
twake Wake-up time out Tested by scan 0.8 1 5 ms E.069
tsilence CAN timeout Tested by scan 600 700 1200 ms E.070
Taias CAN bias reaction time - - - 250 us E.112

5.14 LIN transceiver (only for SPSB0815 and SPSB0813)
LIN ISO 17987-4:2016 compliant. For data rates up to 20 Kbit/s
The voltages are referred to GND and currents are assumed positive, when the current flows into the pin.
6V <Vgreg <18V, T, =from -40 °C to 150 °C unless otherwise specified.

Table 51. LIN transmit data input: pin TxD

T N Y AT

VTxpLow Input voltage dominant level Active mode 1.45 - E.071
VTXDHIGH Input voltage recessive level Active mode - 1.85 2.3 \% E.072
VTXDHYS VTXDHIGH - VTXDLOW Active mode 0.2 0.4 - \Y E.073

Rtxppu TXD pulls up resistor Active mode 13 29 49 kQ E.074

Table 52. LIN receive data output: pin RxD

T T T T T

VrxpLow | Output voltage dominant level Active mode E.075

VrxpHIGH | Output voltage recessive level Active mode V1-0.5 V1-0.2 - V E.076

Table 53. LIN transmitter and receiver: pin LIN

symoal | rameor | Coniton | Win o | x| un on

Receiver threshold
VTHdom | Vvoltage recessive to - 04*Vsreg 045*Vgreg 0.5*Vsreg | V| E.O77
dominant state
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LIN transceiver (only for SPSB0815 and SPSB0813)

symbos | poramaer | Gonton | n—| o |t un en

Receiver dominant

VBusdom | giote - - 04*Vsreg =V E.O78
Receiver threshold
VTHrec voltage dominant to - 05" Vsreg | 0.55 * Vsreg 0.6 * VsreG VvV | E.079
recessive state
Receiver recessive
V - 0.6 *V - -
Busrec state SREG V  E.080
Receiver threshold
VTHhys | hysteresis: Vyprec - - 0.07 *Vsreg | 0.1*Vsreg 0.175*Vgreg | V| E.081
VTHdom
Receiver tolerance
VTHent center value: (Vryrec *+ | - 0.475*Vsreg  0.5* Vsreg | 0.525*Vsreg ' V | E.082
VTHdom)/2
Receiver wakeup
VTHwkup | threshold activation - 0.5*Vsreg | 0.55*Vgreg | 0.6 * Vsreg V E.083
voltage (rising edge)
Receiver wakeup
VTHwkdwn | threshold activation - 0.4 *Vgreg | 0.45*Vgsreg | 0.5 * Vsgreg V E.084
voltage(falling edge)
_ LIN Bus wake-up Sleep mode; edge: rec-
tinbus dominant filter time dom; tested by scan 40 64 80 us E.085
LIN Bus wake-up Sleep mode; edge: rec- _ )
tdom LIN | Gominant filter time dom-rec; tested by scan 28 us  E.086
Transmitter input V1xp = VTxpLow
ILINDomsc | current limit in 40 100 180 mA E.087
dominant state VLN = VBar =18V
V1xp = VIXDHIGH
Input leakage current | v |y =0V
lbus_PAS_dom | at the receiver incl. -1 - - mA E.088
pull-up resistor Vear =12V
slave mode
In standby modes
o VXD = VTXDHIGH
Transmitter input
lbus_PAS_rec | current in recessive Vun>8YV - - 20 pA | E.089
state Vgar < 18V
VLN > = VBaT
GND = VSREG
lbus NO_GND I(g,zlg :?gz\r/]itcg lossof gy < Vin <18V -1 - 1 mA | E.090
VBAT =12V
Input current if loss of GND = Vsrec
lbus ; - - 30 WA | E.091
VpaT at device 0V<V N<18V
Active mode;
LIN voltage level in
VLINdom dominant state VTXD_VTXDLOW - - 1.2 \Y E.092
Rbus = 500 Q
Active mode;
VLiNrec LIN voltage level in V1xp = VIXDHIGH 0.8 * Vsreg - - V | E.093
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LIN transceiver (only for SPSB0815 and SPSB0813)

S T T e e e

LIN output pulls up ViN=0V 60 kQ E.094

R
LINup resistor

Cun'™ LIN input capacitance | - - R 30 pF E.095

1. Guaranteed by design.

Table 54. LIN transceiver timing

symoo | puamair | Conttn i T x| uni o |

trRxpd = Max (trxpdr» tRxpdf)
trxpdf = 1(0.5 Vrxp) - (0.45 V| N)
trxpdr = 1(0.5 VRrxp) - 1(0.55 V| N)
trRxpd Receiver propagation delay time Vsreg = 12V, Crxp = 20 pF - - 6 us | E.096
Rous = 1k Q, Cpus = 1 nF
Rbus = 660 Q, Cpys = 6.8 NF
Rpus =500 Q, Cpys = 10 nF

trRxpd_sym = tRxpdr - tRxpdf

Symmetry of receiver propagation delay Vsreg =12V

time (rising vs. falling edge) Roue = 1kQ, Cpue = 1 nF -2 - 2 us | E.097

tRxpd_sym

Crxp = 20 pF

THRec(Max) = 0.744 * Vgreg
THpom(max) = 0.581 * Vsreg
VSREG = 7...18 V, tyit= 50 ps

D1 Duty cycle 1 D1 = tous, rec(min)/(2xtoi) 03%6 - - - E098
Rpus = 1 KkQ, Cpys = 1 nF
Rpus = 660 Q, Cpys = 6.8 nF
Rpus =500 Q, Cpys = 10 nF
THRec(Min) = 0.422 * Vsreg
THpom(min) = 0.284 * Vgreg
VsreG = 7.6...18 V, tyit = 50 s

D2 Duty cycle 2 D2 = tyys_rec(max)/(2xtpit) R . 0581 - |E.099
Rpus = 1 kQ, Cpys = 1 nF
Rous = 660 Q, Cpys = 6.8 nF
Rpus =500 Q, Cpys = 10 nF
THRec(Max) = 0.778 * Vgreg

THpom(max) = 0.616 * Vsrec
VsReg=7...18 V, tyit = 96 ps

D3 Duty cycle 3 D3 = tpus_rec(Min)/(2xtyit) 0417 | - ) _ |E100
Rpus = 1 KQ, Cpys = 1 nF
Rpus = 660 Q, Cpys = 6.8 nF
Rpus =500 Q, Cpys = 10 nF
THRec(min) = 0.389 * Vsreg

D4 Duty cycle 4 - - 10590 - E.101
THpom(min) = 0.251 * Vsreg
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SPI

symbos | parmer | Gondton 1o e un en

Vsreg = 7.6...18 V, tpt = 96 s
D4 = thus_rec(Max)/(2xtyir)

Rpus = 1 KQ, Cpys = 1 nF

Rpus = 660 Q, Cpyus = 6.8 nF
Rous = 500 Q, Cpys = 10 nF

tdom(txpL) = TXDL dominant time-out Tested by scan - 12 - ms | E.102
LN LIN permanent recessive time-out Tested by scan - 40 - us | E.103
Tdom(bus) LIN Bus permanent dominant time-out Tested by scan - 12 - ms | E.104

Figure 34. LIN transmit, receive timing

—- ..‘_Tlud‘ — - __‘_[Lud
VTxD
time
V_N =
VL\N
20%
time
VRxD
time
— - -l —— —-— Lol ——
R Xpdf R Xpdr
5.15 SPI

The voltages are referred to ground and currents are assumed positive, when the current flows into the pin.
6 V < Vgreg < 18 V; all outputs open; T; = from -40 °C to 150 °C, unless otherwise specified.

Table 55. Input: CSN

T T KT AT TN

VCSNLOW Input voltage low level Normal mode, V1 =5V 1.45 - B.001
VCSNHIGH Input voltage high level Normal mode, V1 =5V - 1.85 2.3 V B.002
VCSNHYS | VCSNHIGH - VCSNLOW Normal mode, V1 =5V 0.2 0.4 - \ B.003

ICSNPU CSN pull up resistor Normal mode, V1 =5V 13 29 46 kQ B.004

Table 56. Inputs: CLK, DI

symon | parameor = Conen i Ty o un e

Switching from V1_standby mode to active
Delay time from V1_standby mode = mode using SPI wake- up access. Time until
to active mode output drivers(p-channel) are enabled after
CSN going to high

DS14048 - Rev 2 page 75/136

tset - 60 - us | B.005



‘,_l SPSB081

SPI

symoa | pwamaer | ondion i e o

Tested by scan

VinL | Input low level V1=5V 1.0 145 - VvV | B.007
Vinv | Input low level V1=5V - 1.8 23 V B.008
VinHyst | Input hysteresis V1=5V 02 04 - VvV  B.009
lin Pull down current at input Vihn=1V 5 30 60  pA B.010

Input capacitance at input CSN,

c..(
""" CLK, DI and PWMj 5

0V<V1<53V - 10 15 | pF B.0M

fcik | SPIinput frequency at CLK Tested by scan - - 10 MHz B.012

1. Value of input capacity is not measured in production test. Parameter guaranteed by design.

Table 57. DI, CLK and CSN timing

S N [T T (O Y

tcik | Clock period V1 =5V, tested by scan | 100 B.013
tcikn | Clock high time V1i=5V 40 - - ns B.014
tcike | Clock low time V1i=5V 40 - - ns B.015
tsetcsn | CSN setup time, CSN low before rising edge of CLK V1i=5V 150 - - ns B.016
tsetcLk | CLK setup time, CLK high before rising edge of CSN V1i=5V 150 - - ns | B.017
tsetpi | DI setup time V1i=5V 25 - - ns B.018
thold o1 | DI hold time V1=5V 25 - - ns B.019
trin Rise time of input signal DI, CLK, CSN V1=5VD - - 25 ns B.020
tfin Fall time of input signal DI, CLK, CSN V1=5Vv" - - 25  ns | B.021

1. Guaranteed by design.

Table 58. Output: DO

N T I AT K C1

VpoL Output low level V1=5V,Ipo=-4 mA B.022
VpoH Output high level V1=5V, Ipo=4 mA V1-0.5 - - \Y B.023
IpoLk | Tristate leakage current Vesn = V1, 0V < Vpgo <'V1 -10 - 10 MA | B.024
Cpo'" | Tristate input capacitance Vesn=V1,0V<V1<53V - 10 15 pF | B.025

1. Guaranteed by design.

Table 59. DO timing

T T I M [T 3 T (Y

trpo! DO rise time CL =50 pF, lipag = -1 mA ns  B.026
trpo”) | DO fall time CL = 50 pF, lioaq = 1 MA - | - | 25  ns B.027
DO enable time CL =50 pF, lipag = 1 mA
ten DO tri L - 50 100 ns B.028
from tristate to low level Pull-up load to V1

C|_ =50 pF, IIoad =4 mA
tasispo L il | DO disable time from low level to 3-state - | 50 100 ns @B.029
Pull-up load to V1
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SPI

symbos | puameir | Condin i T e U

C|_ =50 pF, IIoad =-1mA
tenpotrin'"’ | DO enable time from tristate to high level - 50 100 ns @ B.030
Pull-down load to GND
Vpo <0.3V1orVpp>0.7 V1,
typo'”’ DO delay time - 25 30 ns B.031
C|_ =50 pF

1. Guaranteed by design.

Table 60. CSN timing

symool | paramair | comin ity x| un o |

Transfer of SPI-command to input

tCSN_HI,min" ' Minimum CSN HI time, active mode )
- register

05 - | - | us B.032

tCSNfail¥ | CSN low timeout - 20 35 50 ms B.033
1. Guaranteed by design.

Figure 35. SPI — transfer timing diagram

CSN high to low: DO enabled
CSN F - _I .
” time
CLK
DI
DO
fault bit CSN low to high: actual da time
Input transferred to output power switches
n &
Data old data X newdala '
Register -

The SPI can be driven by a microcontroller with its SPI peripheral running in the following mode:
CPOL =0 and CPHA = 0.

For this mode input data is sampled by the low to high transition of the clock CLK, and output data is changed
from the high to low transition of CLK.
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SPI

Figure 36. SPI input timing

- 0.8 VCC
CSN

- 02VCC

taet CSN CLKH taet CLK

- 02VvCC

08 VvVCC

t%t Dl thuld o] tCLKL

- 0.8 VCC

- 02VCC
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Figure 37. SPI output timing
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Figure 38. SPI CSN - output timing

CSN ,
\ ——l—— 0,5%V4

ta_Hs_oFF
ta 1s on

OuUTx

OouUTXx

Figure 39. SPI-CSN low to high transition and global status bit access

CSN high to low and CLK stays low: status information of data bit 0 (fault condition) is transferred to DO

[
Y

CSN
Eme

CLK

Y >
time
DI

f time
DI: data is not accepted

DO 0A A.A.“A‘A‘.A‘A’A‘.A“A’.A"A’.A’.A"A‘A‘A’A’A‘A‘A’A’A‘A‘A

time
DO: status information of data bit O (fault condition) will stay as long as CSN is low
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Debug input

5.16 Debug input
The voltages are referred to ground and currents are assumed positive, when the current flows into the pin.
6V <Vgreg =18V, Ty = from -40 °C to 150 °C, unless otherwise specified.
Table 61. Debug input
NI N L L L
VaiL Input voltage low level V1=33V;5V 1.45 A.043
VdiH Input voltage high level V1=33V;5V - 1.8 2.3 A.044
VdiHYs Input hysteresis V1=33V;5V 0.2 0.4 - A.045
Rin Pull-down resistor - 13 29 45 kQ A.046
5.17 Interrupt output
The voltages are referred to ground and currents are assumed positive, when the current flows into the pin.
6V <Vsreg <18V, T = from -40 °C to 150 °C, unless otherwise specified.
Table 62. Interrupt output
m-mmm
V1=33V
VINTL Output low level - 0.2 0.5 A.047
5V, iNT=-4 mA
v V1=33V
Output high level V1-0.5 V1-0.2 - \% A.048
INTH puthig 5V, it =4 mA
IINTLK Tristate leakage current OV <Vpr<V1 -10 - 10 uA A.049
tinterrupt | Interrupt pulse duration (RxD_L) Tested by scan 42 56 70 us A.050
RNINT NINT pull up int. resistor - 10 25 40 kQ A.074
5.18 Timer1 and Timer2

6V <Vsreg =18V, Tj=from -40 °C to 150 °C, unless otherwise specified.

Table 63. Timer1 and Timer2 values

ton1 Timer on time Tested by scan F.006
ton2 Timer on time Tested by scan - 0.3 - ms F.007
ton3 Timer on time Tested by scan - 1 - ms F.008
tona Timer on time Tested by scan - 10 ms F.009
tons Timer on time Tested by scan - 20 ms F.010
T1 Timer period Tested by scan - 10 ms F.011
T2 Timer period Tested by scan - 20 ms F.012
T3 Timer period Tested by scan - 50 ms F.013
T4 Timer period Tested by scan - 100 ms F.014
T5 Timer period Tested by scan - 200 ms F.015
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SGND loss comparator

Timer period Tested by scan ms F.016
T7 Timer period Tested by scan - 1000 - ms F.017
T8 Timer period Tested by scan - 2000 - ms F.018
5.19 SGND loss comparator

T, = from -40 °C to 150 °C, unless otherwise specified.

Table 64. SGND loss comparator

I T T T T AT A

VSGNDIloss Input voltage low level Vsreg = 13.5V mV A.052
VSREG =135V

tSGNDIoss Filter time - 7 - us A.053
Tested by scan
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Application
6 Application
Figure 40. Typical application diagram
Vbat
é"‘F lvs
1|.|FI
M VSRE!
- vi VREG1 |—|
NRESET ©
External V2 VTRCKZ || =
T Load g
P— = 24 — L ourtro, 14oma
M gle ol — 1T LarnF **
o ), ' 0,1 -
TxD C L ]
RxD_C @n’ = 8t T Z470F
outd, VY P OUT3(TE, 140mAly | Contact
Microcontroller 1 1K WU E ==X Lo N
u ﬁ DI 2 Flaw [T 140 for Wake Up
1 Ko E s = 47nF
-E CM
e EBUG -[:]- I be
L

1) 5T ESDCANO4-ZBWY Is needed only for SAE J2962-2 compliance
2; ST ESDLIN1524BJ is needed onlw SAE J2962-1 compliance
3) In case a LINCAN conformance test has to be executed on the device, sultable capacitors have to be placed on the Fixed-Function-Unit pins
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SPI registers

7 SPI registers

71 Global status byte (GSB)

Table 65. Global status byte (GSB)

Global status byte (GSB)

) (R) (R) ) ) 0(R) 0(R)

1R 0 (R) 0 0 0(R 0(R
GSBN RSTB SPIE PLE FE DE GW FS
Physical layer )
Global status Reset SPI error error Functional ' b ice error Global Fail safe
bit inverted error warning
(CAN, LIN)

Table 66. Global status byte (GSB) description

e T R

Global status bit inverted
The GSBN is a logically NOR combination of GSB bits 24 to bit 30(")

31 GSBN This bit can also be used as global status flag without starting a complete communication frame as it is present
at SDO directly after pulling CSN low

0 = Error detected (1 or several GSB bits from 24 to 30 are set)
1 = No error detected (default after power on)
Reset

The RSTB indicates a device reset and is set in case of the following events:

SR1 (0x31)
. VPOR
WDFAIL
30 RSTB .
. V1UV (when UV is more than tyy1)
. FORCED SLEEP TSD2/V1SC
0 = No reset signal has been generated (default)
1 = Reset signal has been generated
RSTB is cleared by a read and clear command to all bits in status register 1 causing the reset event.
SPI error bit

The SPIE indicates errors related to a wrong SPI communication

SR7 (0x7)

2" SPI_INV_CMD
29 SPIE® | gp| sCK_CNT
The bit is also set in case of an SPI CSN time-out detection
0 = No error (default)
1 = Error detected
Physical layer error
The PLE is a logical OR combination of errors related to the LIN and CAN transceivers

SR2 (0x32) and SR6 (0x36)
«  LIN_PERM_DOM
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Global status byte (GSB)

T

. LIN_TXD_DOM
. LIN_PERM_REC
. CAN_RXD_REC
. CAN_PERM_REC
. CAN_PERM_DOM
. CAN_TXD_DOM
0 = No error (default)
1 = Error detected
PLE is cleared by a read and clear command to all related bits in status registers 2
Functional error bit
The FE is a logical OR combination of errors coming from functional blocks
SR2 (0x32)
. V28C
SR3 (0x33)
27 FE |- OUTx OC
SR4 (0x34)©)
. OUTx OL
0 = No error (default)

1 = Error detected
FE is cleared by a read and clear command to all related bits in status registers 2, 3, 4

Device error bit
DE is a logical OR combination of global errors related to the device

SR1 (0x31)
«  TSD1

SR2 (0x32)
. VS OV

26 DE . VS UV
. VSREG_OV
. VSREG_UV
. V1_0OV

0 = No error (default)

1 = Error detected

DE is cleared by a read and clear command to all related bits in status registers 2
Global warning bit

GW is a logical OR combination of warning flags. Warning bits do not lead to any device state change or switch
off of functions

SR2 (0x32)
- VIFALL
- V2FALL
- CAN_RXD_REC
25 Gw@ ¢ TWE
. SPLINV_CMD
«  SPISCKCNT

SR6 (0x36)
< CAN_SUP_LOW

0 = No error (default)

1 = Error detected
GW is cleared by a read and clear command to all related bits in status register 2
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Global status byte (GSB)

T

Failsafe

The FS bit indicates that the device was forced into a safe state due to the following failure conditions

SR1 (0x31)

. WDFAIL

. V1UV (when UV is more than 2ms)
. TSD2

. FORCED SLEEP TSD/V1SC
SR2(0x32)

. FORCED SLEEP V10V

SR6 (0x36)

. SGNDLOSS
All control Registers are set to default
Control registers are blocked for WRITE access except the following bits

CR1 (0x01)
- TRIG
«  CAN_ACT

CR2 (0x02)
. Timer settings (bits 8...13 and bits 16...21)

CR5 (0x05)

. OUT1_x (bits 0...2)

. OUT2_x (bits 4...6)

. OUT3_x (bits 8...10)

. OUT4_x (bits 12...14)

. CR9 (0x09) to CR11 (0x0B) PWM frequency and duty cycles

24 FS

Config register (0x3F)

. V2_0

. V2_1

0 = Fail-safe inactive (default)
1 = Fail-safe active

FS is cleared upon exit from fail-safe mode (refer to Section 3.7 Fail safe mode)

1. Individual failure flags may be masked in the CR1 (0x26).
2. Bit may be masked in the configuration register (Ox3F), that is, the bit will not be included in the global status bit (GSB).

3. Open load status flags may be masked in the Configuration register (Ox3F), that is the open load flag will be included in the
FE flag, but will not set the GSB. TW failure status flags may be masked in the Configuration register (0x3F), that is the TW
flag will be included in the GW flag, but will not set the GSB.
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7.2

0x00

0x01

0x2

0x3

Oxa

0x5

0x6

GSBN

CR1

CR2

CR3

CR4

CR5

CR6

Control registers overview

MSB

LSB
MSB

LSB

MSB

LSB

MSB

LSB
MSB

LSB
MSB

LSB
MSB

RSTB

SPIE

Table 67. Global control registers

PLE

Table 68. Control registers overview

= [ = [ & [ = [ ®» | @& [ ® [ © |

I =R R
FE DE GW FS

R

o [ »w [ % [ ® [ @ | @ [ o [ & |
e s e e s e e e

RES
RES

RES

RES
RES
V1_RESET 1

VSREG_LOCK_
EN

RES
RES
RES
RES
RES
RES
RES
RES
RES

RES
RES

CAN
_REC_ONLY

RES
RES
V1_RESET_0

VS_LOCK_EN

RES
RES
RES
RES
RES
RES

ouUT4 2

ouT2 2
RES

WU2_PU
RES

CAN_ACT

T2 ON_2
T1_ON_2
V1_OVP

RES

RES
RES
RES
RES
RES
RES
ouT4 1
ouT2 1
RES

Reserved
Reserved
Reserved
WU1_PU RES RES WU2_EN
RES WU2_FILT_1 WU2_FILT_0 WU1_FILT_1
LIN_WU_ EN CAN_WU_EN TIMEgETINT TIMER_WU_ EN
T2_ON_1 T2_ON_O T2_PER_2 T2_PER_1
T1_ON_1 T1_ON_O T1_PER_2 T1_PER_1
WD_TIME V2_TKR V2_RAIL STBY_SEL
RES VS_OV_SD_EN VS_UV_SD_EN RES
RES RES RES RES
RES RES RES RES
RES RES RES RES
RES RES RES RES
RES RES RES RES
RES RES RES RES
OuUT4_0 RES OuUT3_2 OUT3_1
ouUT2_0 RES OouT1_2 OouT1_1
RES RES RES RES

WU1_EN
WU1_FILT_0

TRIG

T2_PER 0
T1_PER 0
GO_STBY

RES

RES
RES
RES
RES
RES
RES

OUT3_0

OUT1_0
RES

R/W

R/W

R/W

R/W

R/W
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0x6

0x7

0x8

0x9

0x0A

0x0B

0x0C

0x32

0x0D

O0x0E

CR6

CR7

CR8

CR9

CR10

CR11

CR12

CR5

CR13

CR14

LSB
MSB

LSB
MSB

LSB
MSB

LSB
MSB

LSB
MSB

LSB
MSB

LSB
MSB

LSB
MSB

LSB
MSB

LSB

RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES

PWM1_DC_3
PWM2_DC_7
RES
PWM3_DC_3
PWM4_DC_7
RES
RES
RES
PWM9_DC_3

PWM10_DC_7
RES
RES
RES
RES
RES
RES

RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES

PWM1_DC_2
PWM2_DC_6
RES
PWM3_DC_2
PWM4_DC_6
RES
RES
RES
PWM9_DC_2

PWM10_DC_6
RES
RES
RES
RES
RES
RES

cM
RES
RES
RES
RES
RES
RES
RES
RES
RES
PWM1_DC_9
PWM1_DC_1
PWM2_DC_5
PWM3_DC_9
PWM3_DC_1
PWM4_DC 5
RES
RES
RES
PWM9_DC_9
PWM9_DC_1
PWM10_DC_5
RES
RES
RES
RES
RES
RES

RES
RES
RES
RES
RES
RES
RES
RES
RES
RES

PWM1_DC_8
PWM1_DC_0
PWM2_DC_4
PWM3_DC_8
PWM3_DC_0
PWM4_DC 4
RES
RES
RES
PWM9_DC_8
PWM9_DC_0

PWM10_DC_4
RES
RES
RES
RES
RES
RES

RES
RES
RES
RES
RES
RES
RES
RES
RES

PWM4_FREQ

PWM1_DC_7
RES

PWM2_DC_3

PWM3_DC_7
RES

PWM4_DC_3
RES
RES
RES

PWM9_DC_7

PWM10_DC_3

RES
RES
RES
RES
RES
RES

RES
RES
RES
RES
RES
RES
RES
RES
RES

PWM3_FREQ

PWM1_DC_6
RES

PWM2_DC_2

PWM3_DC_6
RES

PWM4_DC_2
RES
RES
RES

PWM9_DC_6

PWM10_DC_2

RES
RES
RES
RES
RES
RES

CM_SEL_1
RES
RES
RES
RES
RES
RES
RES
RES

PWM2_FREQ
PWM1_DC_5
PWM2_DC_9
PWM2_DC_1
PWM3_DC_5
PWM4_DC_9
PWM4_DC_1
RES
RES
RES
PWM9_DC_5
PWM10_DC_9
PWM10_DC_1
RES
RES
RES
RES
RES
RES

= [ = [ = [ = [ ®» | @& [ ® [ @ |

= [ e [ % [ = = @ [ ® | = [ & |
e s e e s e T e ]
RES RES RES RES RES RES RES RES

CM_SEL_0
RES
RES
RES
RES
RES
RES
RES
RES
PWM1_FREQ
PWM1_DC_4
PWM2_DC_8
PWM2_DC_0
PWM3_DC_4
PWM4_DC_8
PWM4_DC_0
RES
RES
RES
PWM9_DC_4
PWM10_DC_8
PWM10_DC_0
RES
RES
RES
RES
RES
RES

R/W

R/W

R/W

R/W

R/W

R/W
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= MSB RES RES RES RES RES RES RES RES
0xOF CR15 RES RES RES RES RES RES RES RES R/W
LSB RES RES RES RES RES RES RES RES
MSB RES RES RES RES RES RES RES RES
0x10 CR16 RES RES RES RES RES RES RES RES R/W
LSB RES RES RES RES RES RES RES RES
MSB RES RES RES RES RES RES RES RES
0x11  CR17 RES RES RES RES RES RES RES RES R/W
LSB RES RES RES RES RES RES RES RES
MSB RES RES RES RES RES RES RES RES
0x12 CR18 RES RES RES RES RES RES RES RES R/W
LSB RES RES RES RES RES RES RES RES
MSB RES RES RES RES RES RES RES RES
0x13 CR19 RES RES RES RES RES RES RES RES R/W
LSB RES RES RES RES RES RES RES RES
MSB RES RES RES TSD—CEHSTER OUT4_CCM_EN OUT3_CCM_EN OUT2_CCM_EN OUT1_CCM_EN
CAEICR RES RES RES RES RES RES RES RES XA
LSB RES RES RES RES RES RES RES RES
MSB - - - - - - - -
0x3B CR14 HS0_3 HS0_2 HSO_1 HS0_0 HS15_3 HS15_2 HS15_1 HS15_0 R/W
LSB HS14_3 HS14_2 HS14_1 HS14_0 HS13_3 HS13_2 HS13_1 HS13_0
MSB RES RES RES RES RES RES RES RES
0x15 CR21 RES RES RES RES RES RES RES RES R/W
LSB RES RES RES RES RES RES RES RES
MSB RES RES RES RES RES RES RES RES
0x16 CR22 RES RES RES RES RES RES RES RES R/W
é LSB RES RES RES RES RES RES RES RES
§ 0x17 CR23 MSB RES RES RES RES RES RES RES RES R/W
&
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0x17

0x22

0x3F

CR23

CR34

Conf
Reg

LSB
MSB

LSB

MSB

LSB

= [ = [ = [ = [ ®» | @& [ ® [ @ |

RES
RES
RES
RES

CAN_LOOP_EN

MASK_FE

RES
RES
RES
RES

LIN_TXD_TOUT
_EN

MASK_DE

RES
RES
RES
RES

LIN_WU_config
MASK_TW

RES

RES
RES
RES
RES

CANTO_NINT_
MASK

MASK_RSTB

CAN_AUTO_BIA
S

RES
RES
RES
RES

WU_NINT_MAS
K

MASK_OL

DIR/WU2_EN

RES
RES
RES
IWK

DIAGN_EXT
RES

V2.1

= [ e [ % [ = = @ [ ® | = [ & |
e s e e s e T e ]
RES RES RES RES RES RES RES RES

RES
RES
RES
ICMP

RIW
RES
RES
RES RIW
ICMP_SET

ICMP_CONFIG_ = WD_CONFIG_E

EN
MASK_PLE

V2.0

N
MASK_GW R/W

RES
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7.3 Status register overview

Table 69. Global status registers

GSBN RSTB SPIE

o
(7]
-
™
=)
5
®
|

5
<

N

Table 70. Status registers overview

“-““-“

WU2 WAKE ~ WU1 WAKE = WAKE_CAN WAKE LIN  WAKE TIMER DEBUGE ACTIV
0x31  SR1 ViUV Vi_ Vi_ Vi_ WDFAIL_CNT 3 WDFAIL_CNT 2 WDFAIL CNT 1 WDFAIL CNT 0 R
RESTART 2 | RESTART 1 RESTART 0 _CNT_ _CNT_. _CNT_ _CNT_
DEVICE__ DEVICE Forced Sleep. T FORCED_SLEE
LSB  SyATE 1 STATE 0 TSD2 TSD1 SD2V1SC P WD WDFAIL VPOR
msg LIN-PERM_DO '\ |\ 1xp DOM  LIN_PERM_REC CAN_RxD REc CAN-PERM_RE  CAN_PERM CAN_TXD_ CANTO
M c DOM DOM
Bez | e FO'T,C'\E/?B“T’/LEE RES RES RES SPIINV._CMD = SPI_SCK_CNT V1 OV W X
LSB V2sC V2FAIL VAFAIL RES VSREG_OV VSREG_UV VS OV VS_UV
MSB RES RES OUT4_OC OUT3_0C 0UT2 OC OUT1_OC RES RES
0x33  SR3 RES RES RES RES RES RES RES RES R
LSB RES RES RES RES RES RES RES RES
MSB RES RES OUT4 OL OUT3_OL OUT2 OL OUT1 OL RES RES
0x34 SR4 RES RES RES RES RES RES RES RES R
LSB RES RES RES RES RES RES RES RES
WD_TIMER_ST = WD_TIMER_ST
MSB ATE 1 ATE O RES RES WU2_STATE = WU1_STATE RES RES
s e RES RES RES RES RES RES RES RES
3 LSB RES RES RES RES RES RES RES RES
«Q
@ 0x36 | SR6 | MSB RES RES RES RES RES RES RES RES
»
(2]
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RES RES RES RES RES RES RES RES

o
(7]
=
™
=)
5
®
2
<

N
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0x36  SR6 R
LSB RES RES SGNDLOSS IP_SUP_LOW | CAN_SUP_LOW RES RES RES
MSB RES RES RES RES TSD1 CL4 TSD1 CL3 TSD1 CL2 TSD1 CL1

0x37  SR7 RES RES RES RES RES RES RES RES R
LSB RES RES RES RES RES RES RES RES
MSB RES RES RES RES TW CL4 TW CL3 TW CL2 TW CL1

0x38 SR8 RES RES RES RES RES RES RES RES R
LSB RES RES RES RES RES RES RES RES

9¢1/26 abed
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Control registers

7.4 Control registers

Table 71. Control register CR1 (0x01)

[ TelzlalalelelvleElelslefaels sy Tal=Tels Tz [i]e]

—
>-
E 7
g T2 TS ° > & e
Nz 2
name o> D z  z 5 5 5B t 5 Yo 2 %
o T W e i e o < é’ §| o o
w o YN - o o Y =T o o o o YN g - = %) z z Iz 4w o
S5 O S5 O 5 5 O > = s =
¥ £ £ T & # £ £ & ¥ ¥ ¥ T £ £ t8 ¢ 3353 FEEE
Access O(R) ORMW) OR)  1(RW) 0 (R) 0 (RIW) 0(R) 0(RMW) 1(RW) 0 (RMW)

Table 72. CR1 signals description

I

23 RES Reserved

22 RES Reserved

21 Wwu2_PU Wake-up Input x (WUXx): configuration of internal current source
0 = Pull-down (default)

20 WU1_PU 1 = Pull-up

19 RES Reserved

18 RES Reserved

17 WU2_EN Wake-up Input x (WUx) enable

0 = WUx disabled
1 = WUx enabled (default)

1 WOTER Note: For WU2 the setting is only valid if input is configured as wake-up input in configuration register
(0x3F).
15 RES Reserved
14 RES Reserved
13 RES Reserved
12 RES Reserved
1 WU2_FILT_1 WUx FILT_1, 0
10 WU2_FILT_O 00 = Wake-up inputs monitored in static mode (filter time twy_stat) (default)
9 WU1_FILT 1 01 = Wake-up inputs monitored in cyclic mode with Timer2 (filter time: twy_cyciic; blanking time 80% of timer
ON time)"
10 = Wake-up inputs monitored in cyclic mode with Timer1 (filter time: twy_cyciic; blanking time 80% of timer
8 WU1_FILT_O ON time)'"
11 = Invalid setting; command is ignored, and SPI INV CMD is set
7 RES Reserved
CAN Receive only Mode
6 CAN _REC_ONLY 0= CAN Receive only mode disabled (default)

1 = CAN Receive only mode enabled (CAN Trx must be activated, see CAN_ACT bit)

CAN Transceiver activation
5 CAN_ACT
0 = CAN Trx low power mode (default)
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Lo | e i

1= CAN Trx active mode

At exit from active mode, this bit is set to ‘0" automatically
Enable wake-up by LIN

0 = Disabled

4 LIN_WU_EN®
1 = Enabled (default)
Note: The wake-up behavior is configurable in the configuration register (0x3F)
Enable wake-up by CAN
0 = Disabled
3 CAN_WU_EN®

1 = Enabled (default)
Note: Wake-up occurs at a wake-up event according to ISO 11898-2.
Select timer for wake-up from standby modes
2 TIMER_NINT _SEL 0 = Timer2 (default)
1 =Timer1
Enable timer wake-up from standby modes
0 = Timer wake-up disabled (default)
1 TIMER_WU _EN 1 = Timer wake-up enabled
V1stby mode: device wakes-up after timer expiration and generates NINT pulse

Vbatstby mode: device wakes-up after timer expiration and generates Nreset
0 TRIG Watchdog trigger bit

Lower is the timer duration and major is the contribution of output tyop.

2. For SPSB0815 and SPSB0813 either LIN, CAN or WUx must be enabled as wake-up source. For
SPSB081C devices (without LIN), the LIN_WU_EN is forced to 0. If DIR_WUZ2_EN is set to 0, setting
all bits 3, 4, 16 and 17 to ‘0’ is an invalid setting. If DIR_WUZ2_EN is set to 1, setting all bits 3, 4, 16 to ‘0’
is an invalid setting. In case of invalid setting, all wake-up sources will be configured according to default
setting and SPI error bit (SPIE) in global status register will be set.

Table 73. Control register CR2 (0x02)

[ I=lzlal=elelelezwlzalwlelel7 =] & T[Tz ] e]

~— o
| |
Bit N o N TS o~ o N T 9 I I g o >
(%)) =

Jane 2| 2|2 |5 5|5 Z Z Z2 & & & 3 9 3 F £ 5 2 5
& & (@) O o o o o & w (@] O (@] o o o ¥ o | D| | | E o

x ¢ & R P PP g e E FEEEEESS S 2S5 Y800

Access 0 (R) 0 (RIW) 0R) 0 (RIW) 1\/3?/ 0 (RIW)

Table 74. CR2 signals description

Lo | hane | i

23 RES Reserved
22 RES Reserved
21 T2 ON_2 Configuration of Timer2 on-time(")
20 T2 ON_1 000 = tonq (default)
001 = tonp
19 T2 ON_0 010 = ton3
011 =tona
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I S

100 = tons
101 = invalid setting; command is ignored and SPI INV CMD is set

18 T2 PER_2 Configuration of Timer2 period ()
17 T2 PER_1 000 = T1 (default)
001=T2
010=T3
011=T4
16 T2 PER_O 100 =T5
101="T6
10=T7
11=Ts
15 RES Reserved
14 RES Reserved
13 T10N_2 Configuration of Timer1 on-time(")
12 T1ON_1 000 = tynq (default)
001 = ton2
010 = tons
011 = tona
1 T10ON_O 100 = tons

101 = Invalid setting; command is ignored and SPI INV CMD is set
110 = Invalid setting; command is ignored and SPI INV CMD is set
111 = Invalid setting; command is ignored and SPI INV CMD is set

10 T1PER 2 Configuration of Timer1 period(")
9 T1 PER_1 000 = T1 (default)

001=T2

010=T3

011="T4
8 T1 PER_O 100 =T5

101=T6

10=T7

111=T8

~

V1 RESET_1 Voltage regulator V1 reset level
00 = Vg4 (default)
01=VRr3
10 = VRrr2
1= VR

[«

V1 RESET_0

Voltage regulator V1 overvoltage protection set
5 V1_OVP 0 = Disabled
1 = Enabled (default)
Window watchdog trigger time
0 = TSW1 (default)
1=TSW2
Writing to WD_TIME is blocked unless WD CONFIG EN = 1
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The modified WD trigger time is valid only after the next trig event. Before it, old TSW value is kept

Voltage regulator V2 configurable as a linear independent LDO or a tracker of the V1 voltage regulator
3 V2_TKR 0 = Linear independent LDO (default)
1 = Tracker of the V1 voltage regulator

Voltage regulator V2 rail configuration

2 V2_RAIL 0=V2 = 3.3V (default)
1=V2=5V
1 STBY SEL Following are the valid settings:

11 = Go to V1 standby
10 = No transition to standby
01 = Go to VBAT_standby

0 GO STBY

00 = No transition to standby (default)

1. When the configuration of a timer is changed, the timer is automatically restarted using the new
configuration.

Table 75. Control register CR3 (0x03)

[ Telzlalalelele ez =lelwlalalel= sl T2l 0]
<

pd
|.u|< z
pd
x | Z w o w
Bit Q W L
o [a e
name_lltx) R
O3 > | >
w3 o | D
¥ 0 o 9 T n o n 0 o o o o n o 0o 0o 0o 0o 0o 0 o6 0 o0
® v Wwow o»w v WU oW W ow W oW oW oW oWwWwwwwuw w oW ow
S S ¥ o > S ¥ ¥ o ox ¥ oo rKe oK xxx©ox© o
Access 1 (R/W) 0(R) 1 (RIW) 0 (R) 0 (R)
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Table 76. CR3 signals description

I

Lockout of Vgreg related outputs after Vsrgg over-/undervoltage shutdown
0 = VgReg related outputs are turned on automatically and status bits (VSREG_UV, VSREG_QV) are cleared
23 | VSREG_LOCK_EN | { = ygecq related outputs remain turned off until status bits (VSREG_UV, VSREG_OV) are cleared (default)

Note: Lockout is always disabled in standby modes in order to ensure supply of external contacts and
detect wake-up conditions.

Lockout of Vg related outputs after Vg over-/undervoltage shutdown
0 = Vg related outputs are turned on automatically and status bits (VS_UV, VS_QV) are cleared
22 VS_LOCK_EN 1 = Vg related outputs remain turned off until status bits (VS_UV, VS_OV) are cleared (default)

Note: Lockout is always disabled in standby modes in order to ensure supply of external contacts and
detect wake-up conditions.

21 RES Reserved
20 RES Reserved
19 RES Reserved
18 RES Reserved

17 RES
Reserved

16 RES

15 RES
Reserved

14 RES

13 RES
Reserved

12 RES
11 RES Reserved
10 RES Reserved
9 RES Reserved
8 RES Reserved
7 RES Reserved
6 RES Reserved
5 RES Reserved
4 RES Reserved
3 RES Reserved
2 RES Reserved
1 RES Reserved
0 RES Reserved

Table 77. Control register CR4 (0x04)

| |2 z2]21]20 /19 [ ]16]15 1413121 10]9]8]7]6]5]a]a]2]1]0]
Bitwmmmw&m&mwmmmmwmmmmm

n
L L L L L L L L L L L L w oo o owoww
name [h4 o o o o o o 14 14 14 12 12 o o r ¢ r ¢ o o o

Access 0 (R)

RES
RES
RES
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Table 78. CR4 signals description

Co e | i

23 RES Reserved
22 RES Reserved
21 RES Reserved
20 RES Reserved
19 RES Reserved
18 RES Reserved
17 RES Reserved
16 RES Reserved
15 RES Reserved
14 RES Reserved
13 RES Reserved
12 RES Reserved
11 RES Reserved
10 RES Reserved
9 RES Reserved
8 RES Reserved
7 RES Reserved
6 RES Reserved
5 RES Reserved
4 RES Reserved
3 RES Reserved
2 RES Reserved
1 RES Reserved
0 RES Reserved

Table 79. Control register CR5 (0x05)

| | 23/22/21 /20191817 1615/ 1413 12| 1 [10]9]8| 7 |6 /5[4] 3 [2]1]0]
; ST N9 DN NS

N ~— o
Bit <+ < < o o o NN N LY N
mame ® 0w o o o o o o o E E E o FE EE o EEE o E E E
L L L L L L L L L 2 2 2 L 2 2 2 L i R B | L 2 2O 2
14 o o o o o o o [i4 O (@] o x O O O 14 o o O x o O O
Access 0(R) ORW) OR) ORW) O0(R) ORMW) 0(R) 0(RMW)

Table 80. CR5 signals description

I

23 RES Reserved
22 RES Reserved
21 RES Reserved
20 RES Reserved
19 RES Reserved
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Co | hane | i

18 RES Reserved

17 RES Reserved

16 RES Reserved

15 RES Reserved

14 OouT4_2 High side driver OUT4 configuration
13 OUT4_1 0ouUT4_2,1,0:

000 = Off (default)
001 =0n

010 = Timer1

011 = Timer2

100 = PWM4

101 = DIR/WU2
110 = Off

111 = Off

12 OouUT4_0

11 RES Reserved

10 OuUT3_2 High side driver OUT3 configuration
9 OuUT3_1 OuUT3_2,1,0:

000 = Off (default)

001 =0n

010 = Timer1

011 = Timer2

100 = PWM3

101 = DIR/WU2

110 = Off

111 = Off

8 ouUT3 0

7 RES Reserved

6 ouT2_2 High side driver OUT2 configuration
5 ouT2_1 ouT2_2,1,0:

000 = Off (default)
001 =0n

010 = Timer1

011 = Timer2

100 = PWM2

101 = DIR/WU2
110 = Off

111 = Off

4 ouUT2. 0

3 RES Reserved
2 OouT1_2 High side driver OUT1 configuration
1 OUT1_1 OuUT1_2,1,0:
000 = Off (default)
001 =0n
0 OUT1_0 010 = Timer1
011 = Timer2
100 = PWM1
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101 = DIR/WU2
110 = Off
111 = Off

Table 81. Control register CR6 (0x06)

[ EzlEmelelvelelel=lelwlelofel= e s TalsTa]]]

AR
Bit o o
name o v o o o o o o o o o o o o 0 0o 0 0 n o o 29
| w | L | w | w | | | L | W oW ow W ow = W w w = =
o [\4 o [\4 o [\4 o [v4 o [v4 o [\4 o o ¥ ¢ o O ¥ o o O

Access 0 (R) 1VE/|?/ 0 (R/W)

Table 82. CR6 signals description

Lo | hane | e

23 RES Reserved
22 RES Reserved
21 RES Reserved
20 RES Reserved
19 RES Reserved
18 RES Reserved
17 RES Reserved
16 RES Reserved
15 RES Reserved
14 RES Reserved
13 RES Reserved
12 RES Reserved
1" RES Reserved
10 RES Reserved
9 RES Reserved
8 RES Reserved
7 RES Reserved
6 RES Reserved

Current monitor:

5 CM 0 = Off (tristate)
1 = On (default)
3 RES Reserved
4 RES Reserved
2 RES Reserved
1 CM SEL_1 A current image of the selected binary coded output is multiplexed to the CM output

CM SEL_1, 0, selected output
00 = OUT1 (default)
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01=0UT2
10 = OUT3
11 =0UT4

Table 83. Control register CR7 (0x07)

| |2 22]21]20 19 18] 16]15 4] 13 )12 1 10]9 8 |7]6]5]a]3]2]1]0]
Bit ()] ()] ()] ()] n (] ()] ()] ()] %] %] w0 0
L w w

%) %) n on oo n n o n o

wo oW W oW oW W oW W ow MWW oW oW W oW oW W oo W W

name ¢ ¥ & ¥ ¢ ¥ ¢ ¥ ¥ ¥ ¥ & & ¥ ¥ K K ¥ K K @ K X &
Access 0 (R)

Table 84. CR7 signals description

Lo | hane | i

23 RES Reserved
22 RES Reserved
21 RES Reserved
20 RES Reserved
19 RES Reserved
18 RES Reserved
17 RES Reserved
16 RES Reserved
15 RES Reserved
14 RES Reserved
13 RES Reserved
12 RES Reserved
1 RES Reserved
10 RES Reserved
9 RES Reserved
8 RES Reserved
7 RES Reserved
6 RES Reserved
5 RES Reserved
4 RES Reserved
3 RES Reserved
2 RES Reserved
1 RES Reserved
0 RES Reserved
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Table 85. Control register CR8 (0x08)
| (»zafzlele7iel5]u4lalez]nlwlolel7[elsa]s]2]1]0]
Bit [ [0} [0} [} w n (2] (2] (2] (9] [0} [0} w n w o
11| L L L L L L L 11| 11| L L L L L 11|
name ¥ ¥ ¥ ¥ ¢ ¥ ¥ ¥ ¥ ¥ X ¥ X X & X
Access 0 (R)

RES
RES
RES
RES
RES
RES
RES
RES

Table 86. CR8 signals description

Lo | hame | i

23 RES Reserved
22 RES Reserved
21 RES Reserved
20 RES Reserved
19 RES Reserved
18 RES Reserved
17 RES Reserved
16 RES Reserved
15 RES Reserved
14 RES Reserved
13 RES Reserved
12 RES Reserved
1" RES Reserved
10 RES Reserved
9 RES Reserved
8 RES Reserved
7 RES Reserved
6 RES Reserved
5 RES Reserved
4 RES Reserved
3 RES Reserved
2 RES Reserved
1 RES Reserved
0 RES Reserved

Table 87. Control register CR9 (0x09)

[ Elelalz el [ElElvelelale sl ]l a2 0]

g o o «C
ww i}
. ¥ o o o
Bit TR TR TR T
name I Q9 =
o o o o o o o o o o o o o o o o o o006 = = = 2
| | w | | w w w | | | | | U wwwwuwww =z = = 2
['a [va [va [vd [vd 14 4 4 4 ['a [va [vd [vd ¥y o o ¥ ¢ ¢ £ o o o o
Access 0 (R) 0 (R/W)
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Table 88. CR9 signals description

I -

23 RES Reserved
22 RES Reserved
21 RES Reserved
20 RES Reserved
19 RES Reserved
18 RES Reserved
17 RES Reserved
16 RES Reserved
15 RES Reserved
14 RES Reserved
13 RES Reserved
12 RES Reserved
11 RES Reserved
10 RES Reserved
9 RES Reserved
8 RES Reserved
7 RES Reserved
6 RES Reserved
5 RES Reserved
4 RES Reserved

Select PWM4 frequency

3 PWM4_FREQ 0 = fpywm1 = 125 Hz (default)
1 =fpwmz = 250 Hz
Select PWM3 frequency

2 PWM3_FREQ 0 = fpwm1 = 125 Hz (default)
1= fpwimz = 250 Hz
Select PWM2 frequency

1 PWM2_FREQ 0 = fpywm1 = 125 Hz (default)
1 = fpwimz = 250 Hz
Select PWM1 frequency

0 PWM1_FREQ 0 = fpywm1 = 125 Hz (default)
1 =fpwmz = 250 Hz

Table 89. Control register CR10 (0x0A)

| | 23[22]21[20[19] 8171615 14[13][12/ 1 w0 o]8]7]6]5]a][3]2]1]0]
IR ) BRI

Op R @ | | AR OOy ©p e N @ o
. O 0o 0o 0o 0 O O o o o O 0 0 0 0 o0 0 o0 o0 O
Bit A a a & a a a a a & A A Aa aadaaad b aad
name e e e e e B i NN NN NN NN NN
w o = =S S =S 5§ 5 5 5 5 S ¢ 4o S S s =S5 :s s ¢+
o ow = = = s = = =2 = = S oy

Access 0 (R) 0 (R/W) 0 (R) 0 (R/W)
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Table 90. CR10 signals description

I -

23 RES Reserved
22 RES Reserved
21 PWM1 DC_9 Binary coded on-dutycycle of PWM channel PWMx(")
20 PWM1 DC_8 PWM1_DC_9,8...0 duty cycle
19 PWM1 DC_7 0000000000 = Off
18 PWM1 DC 6 0000000001 = 1*100/1024
17 PWM1 DC_S 0000000010 = 2*100/1024
1111111101 = 1021*100/1024
16 PWMTDC_4 1111111110 = 1022*100/1024
1111111111 = 1023*100/1024
15 PWM1 DC_3
14 PWM1 DC_2
Binary coded on-duty cycle of PWM channel PWM1 (see above)
13 PWM1 DC_1
12 PWM1 DC_0
1" RES Reserved
10 RES Reserved
9 PWM2 DC_9
Binary coded on-dutycycle of PWM channel PWM2 (see below)
8 PWM2 DC_8
7 PWM2 DC_7 Binary coded on-dutycycle of PWM channel PWM2(")
6 PWM2 DC_6 PWM2_DC_9,8...0 duty cycle
5 PWM2 DC_5 0000000000 = Off
4 PWM2 DC 4 0000000001 = 1*100/1024
3 PWM2 D0:3 0000000010 = 2*100/1024
2 PWM2DC_2 77T
b PWM2 DC._1 1111111101 = 1021*100/1024
1111111110 = 1022*100/1024
0 PWM2 DC_0 1111111111 = 1023*100/1024

1. To have a duty cycle equal to 100%, the output configuration shall be set in ON mode.

Table 91. Control register CR11 (0x0B)

-ﬂﬂﬂﬂﬂﬂﬂﬂﬂnﬂﬂﬂlﬂﬂﬂlﬂﬂﬂ

OOl I\l | O’)l F 03 oo I\ @ LD V C") N \— O
. O O O O O O O O O O O O O O O O O O O O
Bit a a a o [m] [m] [m)] [m) [m] [m] a [m) a Qo o a [m) a [m] o
name — — — — — — — — — — NN NN NN NN NN
w o = S = S = = = = =S S ¢ o == == === =2 =2 +°=
u w = = =2 2 =2 =2 =2 2 2 =2 Wow =22 2 =2 =2 =2 == == =
[v4 [v4 o o o o o o o o o o o o o o o o o o o o o o
Access 0 (R) 0 (R/W) 0 (R) 0 (R/W)
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Table 92. CR11 signals description

I S

23 RES Reserved
22 RES Reserved
21 PWM1 DC_9 Binary coded on-dutycycle of PWM channel PWMx(")
20 PWM1 DC_8 PWM1_DC_9,8...0 duty cycle
19 PWM1 DC_7 0000000000 = Off
18 PWM1 DC 6 0000000001 = 1*100/1024
17 PWM1 DCiS 0000000010 = 2*100/1024
1111111101 = 1021*100/1024
16 PWMTDC_4 1111111110 = 1022*100/1024
1111111111 = 1023*100/1024
15 PWM1 DC_3
14 PWM1 DC_2
Binary coded on-duty cycle of PWM channel PWM1 (see above)
13 PWM1 DC_1
12 PWM1 DC_0
11 RES Reserved
10 RES Reserved
9 PWM2 DC_9
Binary coded on-dutycycle of PWM channel PWM2 (see below)
8 PWM2 DC_8
7 PWM2 DC_7 Binary coded on-dutycycle of PWM channel PWM2(")
6 PWM2 DC_6 PWM2_DC_9,8...0 duty cycle:
5 PWM2 DC_5 0000000000 = Off
4 PWM2 DC 4 0000000001 = 1*100/1024
3 PWM2 D0:3 0000000010 = 2*100/1024
2 PWM2DC_2 77T
b PWM2 DC._1 1111111101 = 1021*100/1024
1111111110 = 1022*100/1024
0 PWM2 DC_0 1111111111 = 1023*100/1024

1. To have a duty cycle equal to 100%, the output configuration shall be set in ON mode.

Table 93. Control register CR12 (0x0C)

Bit (2] (2] (2] (2] (2] n n n n (2] (2] (2] (2] n w  u o
L L L L L L L L L L L L L L wowow
name o o o o o o o o o o 12 12 o o r x

Access 0 (R)

RES
RES
RES
RES
RES
RES
RES

Table 94. CR12 signals description

I S

23 RES Reserved
22 RES Reserved
21 RES Reserved
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20 RES Reserved
19 RES Reserved
18 RES Reserved
17 RES Reserved
16 RES Reserved
15 RES Reserved
14 RES Reserved
13 RES Reserved
12 RES Reserved
11 RES Reserved
10 RES Reserved
9 RES Reserved
8 RES Reserved
7 RES Reserved
6 RES Reserved
5 RES Reserved
4 RES Reserved
3 RES Reserved
2 RES Reserved
1 RES Reserved
0 RES Reserved

Table 95. Control register CR13 (0x0D)

| |z z2]21 20198 [7]16]15 1413121 10]9]8]7]6]5]a]a]2]1]0]
Bt w  »w »w »n wu o »u »un »u u | o un un u un u u

L L L L Ll L L L L L L L L L w o wow
name o 12 12 o o o o o o o 12 14 14 14 r o o

Access 0 (R)

RES
RES
RES
RES
RES
RES
RES

Table 96. CR13 signals description

I

23 RES Reserved
22 RES Reserved
21 RES Reserved
20 RES Reserved
19 RES Reserved
18 RES Reserved
17 RES Reserved
16 RES Reserved
15 RES Reserved
14 RES Reserved
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13 RES Reserved
12 RES Reserved
11 RES Reserved
10 RES Reserved
9 RES Reserved
8 RES Reserved
7 RES Reserved
6 RES Reserved
5 RES Reserved
4 RES Reserved
3 RES Reserved
2 RES Reserved
1 RES Reserved
0 RES Reserved

Table 97. Control register CR14 (0x0E)

[ I=lzlalzlelwle ez =lelwalalel= sz T2 ]
Bit n (2] [%2] (2] (2] n n n n (2] (2] (2] (2] n w o 0 0 un n n

n | w
L L L L L L L L L L L L L L w oo oo owowoww
name 14 12 14 14 o o o o 14 14 12 14 o o r o ¥ ¥ ¥ o o x o

Access 0(R)

RES

Table 98. CR14 signals description

I S

23 RES Reserved
22 RES Reserved
21 RES Reserved
20 RES Reserved
19 RES Reserved
18 RES Reserved
17 RES Reserved
16 RES Reserved
15 RES Reserved
14 RES Reserved
13 RES Reserved
12 RES Reserved
1" RES Reserved
10 RES Reserved
9 RES Reserved
8 RES Reserved
7 RES Reserved
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6 RES Reserved
5 RES Reserved
4 RES Reserved
3 RES Reserved
2 RES Reserved
1 RES Reserved
0 RES Reserved

Table 99. Control register CR15 (0x0F)

| |2 2]21]20 19 18] 16]15 1413121 10]9]8|7]6]5]a]3]2]1]0]
Bitwwwww&wwwwwwwwwwwwwm

n
L L L L L L L L L L L L L w o owowow oo w
name 14 14 14 14 14 o o 14 14 14 14 14 14 14 r £ ¥ xx ¥ o o«

Access 0 (R)

[P}
w o ow
X o«

RES

Table 100. CR15 signals description

Lo | hane | i

23 RES Reserved
22 RES Reserved
21 RES Reserved
20 RES Reserved
19 RES Reserved
18 RES Reserved
17 RES Reserved
16 RES Reserved
15 RES Reserved
14 RES Reserved
13 RES Reserved
12 RES Reserved
1" RES Reserved
10 RES Reserved
9 RES Reserved
8 RES Reserved
7 RES Reserved
6 RES Reserved
5 RES Reserved
4 RES Reserved
3 RES Reserved
2 RES Reserved
1 RES Reserved
0 RES Reserved
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Table 101. Control register CR16 (0x10)

-ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂlﬂﬂﬂlﬂﬂﬂ

n
LLI LLI LLI LLI LIJ LIJ LIJ LLI LLI LLI LLI LLI LLI LIJ LIJ LLI L
name o 12 12 o o o o o o o 12 14 x 14 r o o

Access 0 (R)

RES
RES
RES
RES
RES
RES
RES

Table 102. CR16 signals description

Lo | e i

23 RES Reserved
22 RES Reserved
21 RES Reserved
20 RES Reserved
19 RES Reserved
18 RES Reserved
17 RES Reserved
16 RES Reserved
15 RES Reserved
14 RES Reserved
13 RES Reserved
12 RES Reserved
1" RES Reserved
10 RES Reserved
9 RES Reserved
8 RES Reserved
7 RES Reserved
6 RES Reserved
5 RES Reserved
4 RES Reserved
3 RES Reserved
2 RES Reserved
1 RES Reserved
0 RES Reserved

Table 103. Control register CR19 (0x13)

-ﬂﬂﬂﬂﬂﬂﬂﬂﬂnﬂﬂﬂlﬂﬂﬂlﬂﬂﬂ

w o o un o
LI.I LI.I LI.I LIJ LIJ LIJ LIJ LIJ LI.I LI.I LI.I LI.I LIJ LIJ LIJ LI.I w o wowoww
name [h4 o o o o o o 14 14 14 14 14 14 o r ¢ ¢ o o o

Access 0 (R)

RES
RES
RES
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Table 104. CR17 to CR19 signals description

I

23 RES Reserved
22 RES Reserved
21 RES Reserved
20 RES Reserved
19 RES Reserved
18 RES Reserved
17 RES Reserved
16 RES Reserved
15 RES Reserved
14 RES Reserved
13 RES Reserved
12 RES Reserved
11 RES Reserved
10 RES Reserved
9 RES Reserved
8 RES Reserved
7 RES Reserved
6 RES Reserved
5 RES Reserved
4 RES Reserved
3 RES Reserved
2 RES Reserved
1 RES Reserved
0 RES Reserved

Table 105. Control register CR20 (0x14)

[ I=lzlal = =wle[@[sle[=clzlal= ozl = e s 2T e]

z z z |z =z
b owooww
Bit 8 = s s s
name o O O O o
2 O O O o
O [ I N
| ™ N -
w o o Ao E B E E o o o o o o o 0o 0o 0o 0 0 0 0 0 0
U w w o 2 2 D2 DO W W W W W w uww oo w w o uw w w
¥ ¢ | - O O O O ¥ rr rr rr rr rr r r rr ¥ ¥ ¥ ¢ ¥ o o
0 (R/
Access 0(R 0(R
(R) W) (R)

Table 106. CR20 signals description

I -

23 RES Reserved
22 RES Reserved
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21 RES Reserved

Enables thermal warning and shutdown of outputs by cluster
20 TSD_Cluster EN 0 =TSD and TW by cluster off (default)

1 =TSD and TW by cluster on

Enable constant current mode for OUT4(")
19 OUT4_CCM_EN 0 = Disable (default)

1 =Enable

Enable constant current mode for OUT3(")
18 OUT3_CCM_EN 0 = Disable (default)

1 =Enable

Enable constant current mode for OUT2(")
17 OUT2_CCM_EN 0 = Disable (default)

1 =Enable

Enable constant current mode for OUT1(")
16 OUT1_CCM_EN 0 = Disable (default)

1 =Enable
15 RES Reserved
14 RES Reserved
13 RES Reserved
12 RES Reserved
11 RES Reserved
10 RES Reserved
9 RES Reserved
8 RES Reserved
7 RES Reserved
6 RES Reserved
5 RES Reserved
4 RES Reserved
3 RES Reserved
2 RES Reserved
1 RES Reserved
0 RES Reserved

1. Referto Section 3.19 Constant current mode for the correct sequence of constant current mode activation.

Table 107. CR21(0x15) to CR24 (0x18)

| |z z2]21]20 /198 [7]16]15 14 13121 10]9]8]7]6]5]a]a]2]1]0]
Bitwmmmm&mwmwmmmmwmmmmmm

[P
L L L L L L L L L L L L L w  wow ow o owowoww
name o o o o o o o 14 14 14 12 12 o o r r r ¢ ¢ o ¢ ¢ ©«

Access 0(R)

RES
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Table 108. CR21(0x15) to CR24 (0x18) signals description

I

23 RES Reserved
22 RES Reserved
21 RES Reserved
20 RES Reserved
19 RES Reserved
18 RES Reserved
17 RES Reserved
16 RES Reserved
15 RES Reserved
14 RES Reserved
13 RES Reserved
12 RES Reserved
11 RES Reserved
10 RES Reserved
9 RES Reserved
8 RES Reserved
7 RES Reserved
6 RES Reserved
5 RES Reserved
4 RES Reserved
3 RES Reserved
2 RES Reserved
1 RES Reserved
0 RES Reserved

Table 109. Control register CR34 (0x22)

[ ElzlEaeleleelsBlEelale el els =]zl ]

m
Bit a)l
nme o o o o o 0 o o o o o o o o 0o 0o o o o o o v = <
Wow oW oW ow oW oW ow oW oW ow owow owwwwwwwwys33
¥y ¥ ¥ & ¥ ¢ & ¢ & ¢ ¥ & ¢ ¥ ¥ ¥ ¥ ¥ ¥ & & = © O

Access 0 (R/W) 0 (R/W)

Table 110. CR34 signals description

I

23 RES Reserved
22 RES Reserved
21 RES Reserved
20 RES Reserved
19 RES Reserved
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18 RES Reserved
17 RES Reserved
16 RES Reserved
15 RES Reserved
14 RES Reserved
13 RES Reserved
12 RES Reserved
1 RES Reserved
10 RES Reserved
9 RES Reserved
8 RES Reserved
7 RES Reserved
6 RES Reserved
5 RES Reserved
4 RES Reserved
3 RES Reserved

Wake-up event on CAN and wake-up pins in V1standby mode

2 IWK 0 = Device moves in active mode (default)
1 = Device remains in V1_standby mode. Interrupt generated on NINT pins
V1 load current supervision

0 = Enabled: watchdog is disabled in V1_standby when |4 < Igpp (default)

1 omP 1 = Disabled: watchdog is disabled upon transition into V1_standby mode
Setting ICMP = 1 is only possible when ICMP_config_en = 1
Set thresholds for ICMP:

0 ICMP_SET 0 = Low values for rising and falling (default)

1 = High values for rising and falling

Table 111. Configuration register (0x3F)

EREEEEEE DA R EERREERE R R RN

g 23 @
[ < £ =z %)
. & 5 2 > = O & | o =
Bit o o E = = Z & 9 o w o
ey d S35 29z E 2 8 @68 B
S I I I | | I I 2
2 [ 5B 2121°% 8% alald!8|8|al3838e2E ol o
2 z z Z © o w w < < < w £ <4< w g ¥ Jdd oW
o i J O S ¥ x = =2 = x = = = == xx oo > >
Access OV\(,';U 1\/\(/?/ 0 (RIW) 0(R) 0 (RIW) 0(R)

DS14048 - Rev 2 page 113/136



‘,_l SPSB081

Control registers

Table 112. Configuration register signals description

I

CAN Looping of TxD_C to RxD_C
23 CAN_LOOP_EN 0 = CAN looping disabled (default)
1 = CAN looping enabled
LIN TxD timeout detection
22 LIN_TXD_TOUT_EN | 0 = LIN TxD timeout detection disabled
1 = LIN TxD timeout detection enabled (default)
Configuration of LIN wake-up behaviour

21 LIN WU confi 0 = Wake-up at recessive - dominant - recessive with t_dom > 28 ps (default), (according to LIN ISO
- - ¢ 17987-4/2016 and Hardware Requirements for Transceivers version 1.3)
1 = Wake-up at recessive - dominant or dominant - recessive transition
0 = CAN communication timeout is not masked (default)
20 | CANTO_NINT_MASK
1 = CAN communication timeout is masked
0 = Wake-up is not masked (default)
19 WU_NINT_MASK
1 = Wake-up is masked
Fail safe output configuration by DIAGN pin

0 = Only fail safe mode is considered (for example watchdog failure; V1 failure; thermal shutdown TSD2),
18 DIAGN_EXT (default).

1 = DIAGN pin reflects one or more errors such as reported in the GLOBAL STATUS BYTE register by global
status bit not (GSBN)

0 writing ICMP = 1 is blocked (writing ICMP=0 is possible); (default)
17 ICMP_CONFIG_EN | 1 writing ICMP = 1 is possible with next SPI command

bit is automatically reset to 0 after next SPI command

0 = Writing to WD configuration (CR2 [0:1] is blocked (default)

16 WD_CONFIG_EN ' 1 = writing to WD configuration bits is possible with next SPI command bit is automatically reset to 0 after next
SPI command

15 RES Reserved
14 RES Reserved
0 = Thermal warning is not masked (default)
13 MASK_TW 1 = Thermal warning is masked
For example it is reported as a global warning (GSB bit 1) but not as a global error (GSB bit 7)
0 =V1_UV reset condition is not masked (default)
12 MASK_RSTB 1 =V1_UV reset condition is masked
For example reported as a reset (GSB bit 6) but not as a global error (GSB bit 7)
0 = Open load condition at all outputs are not masked (default)
1 MASK_OL 1 = Open load condition at all outputs are masked
For example. it is reported as a functional error (GSB bit 27) but not as a global error (GSB bit 31)
10 RES Reserved
0 = Physical layer errors are not masked (default)
9 MASK_PLE 1 = Physical layer errors are masked
For example reported as a physical layer error (GSB bit 4) but not as a global error (GSB bit 7)
0 = Global warning conditions are not masked (default)
8 MASK_GW 1 = Global warning conditions are masked
For example reported as a global warning (GSB bit 1) but not as a global error (GSB bit 7)
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0 = Functional error conditions are not masked (default)
7 MASK_FE 1 = Functional error conditions are masked
For example reported as a functional error (GSB bit 27) but not as a global error (GSB bit 31)
0 = Device error conditions are not masked (default)
6 MASK_DE 1 = Device error conditions are masked
For example reported as a device error (GSB bit 2) but not as a global error (GSB bit 7)
5 RES Reserved
CAN automatic biasing activation
4 CAN_AUTO_BIAS | 0 = Auto biasing disabled (default)
1 = Auto biasing enabled
Enable DIR input for direct drive of OUT1..4
3 DIR/WU2_EN() | 0 = WU2 configured as wake-up input (default)
1 = DIR function enabled
2 V2_1 Voltage regulator V2 configuration:
00 = V2 OFF in all modes (default)
01 =V2 ON in active mode; OFF in standby modes

1 V2_0
- 10 =V2 ON in active and V1 standby mode; OFF in VBAT_standby mode
11 =V2 ON in all modes
0 RES Reserved
7.5 Status registers

Table 113. Status register SR1 (0x31)

[ Telzlal=le=lelslezls]eamasv]elelaleT21]]

FORCED_SLEEP_WD

Bit
name

DEVICE_STATE_1

FORCED_SLEEP_TSD2/V1SC

RES
RES
WU2_WAKE
WU1_WAKE
WAKE_CAN
WAKE_LIN
WAKE_TIMER
DEBUG_ACTIVE
V1UV
V1_RESTART 2
V1_RESTART 1
V1_RESTART_0
WDFAIL_CNT 3
WDFAIL_CNT 2
WDFAIL_CNT _1
WDFAIL_CNT 0
DEVICE_STATE_0
TSD2

TSD1

WDFAIL

VPOR

Py

Access R R/C R/C

Table 114. SR1 description

Lo | hane | i

23 RES Reserved

22 RES Reserved

21 WU2 WAKE Shows wake-up source
20 WU1 WAKE 1= wake-up

Bits are latched until a “read and clear” command
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19 WAKE CAN Shows wake-up source
18 WAKE LIN 1" = wake-up
17 WAKE TIMER Bits are latched until a “read and clear” command

Indicates device is in debug mode
16 DEBUG _ACTIVE | ‘1’ = debug mode

Bit is latched until a “read and clear” command

Indicates undervoltage condition at voltage regulator V1 (V1 < VrTx)
15 ViUV ‘1’ = undervoltage

Bit is latched until a “read and clear” command

14 V1_RESTART_2 Indicates that the number of TSD2 events that caused a restart of voltage regulator V1

13 V1_RESTART_1 Bits cannot be cleared; the counter is automatically cleared if no additional TSD2 event occurs within 1
12 VI_RESTART_o  Minute.
1" WDFAIL_CNT_3

10 WDFAIL_CNT_2 Indicates number of subsequent watchdog failures

9 WDFAIL_CNT_1 Bits cannot be cleared; they are cleared with a valid watchdog trigger
8 WDFAIL_CNT_0
7 DEVICE_STATE_1 | 00 = Active mode after power-on, or after read and clear command

01 = Active mode after wake-up from V_standby mode (before read and clear command)

10 = Active mode after wake-up from VBAT_standby mode (before read and clear command)

6 DEVICE_STATE_O0 | 11 = Not used
Bit is latched until a read&clear command
After a “read and clear access”, the device state is updated
Thermal shutdown 2 was reached
5 TSD2
Bit is latched until a “read and clear” command for Cluster 4 (bit 22 in SR7)
Thermal shutdown 1 was reached
4 TSD1
Bit is latched until a “read and clear” command for all clusters (bit 16-23 in SR7)
Device entered forced sleep mode due to:
FORCED SLEEP TS . Thermal shutdown or
3 D2/V1SC . Short circuit on V1 during startup
Bit is latched until a read and clear command
) FORCED SLEEP W  Device entered forced sleep mode due to multiple watchdog failures
D Bit is latched until a read and clear command
Watchdog failure
1 WDFAIL
Bit is latched until a “read and clear” command
VREG power-on seset threshold (Vpor)!" reached
0 VPOR

Bit is latched until a “read and clear” command

1. If Vpor is set after a cold startup, the device comes from a power-on reset.
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Table 115. Status register SR2 (0x32)

[ IElzlzazlele[w[clel=lel=]x el sl s s 2]
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Table 116. SR2 description

I

LIN bus signal is dominant for t > Tgom(bus)

23 LIN_PERM_DOM
Bit is latched until a “read and clear” command
TxD_L pin is dominant for t > tyomTxpL)

22 LIN_TXD_DOM The LIN transmitter is disabled until the bit is cleared
Bit is latched until a “read and clear” command
LIN bus signal does not follow TxD_L within t| |

21 LIN_PERM_REC | The LIN transmitter is disabled until the bit is cleared
Bit is latched until a “read and clear” command
RxD_C has not followed TxD_C for 4 times

20 CAN_RXD_REC The CAN transmitter is disabled until the bit is cleared
Bit is latched until a “read and clear” command
CAN bus signal did not follow TxD_C for 4 times

19 CAN_PERM_REC | The CAN transmitter is disabled until the bit is cleared
Bit is latched until a “read and clear” command
CAN bus signal is dominant for t > tcan

18 CAN_PERM_DOM
Bit is latched until a “read and clear” command
TxD_C pin is dominant for t > tyom(txpc)

17 CAN_TXD_DOM | The CAN transmitter is disabled until the bit is cleared
Bit is latched until a “read and clear” command
CAN communication timeout
Bit is set if there is no communication on the bus for t > tgjience

16 CANTO
CANTO indicates that there was a transition from BIASON to BIASOFF

Bit is latched until a read and clear access

15 FORCED SLEEP V1 Device entered forced sleep mode due to an overvoltage occurrence on V1

ov Bit is latched until a “read and clear” command
14 RES Reserved
13 RES Reserved
12 RES Reserved
» SPI INV CMD Invalid SPI command

‘1’ indicates one of the following conditions was detected:
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. access to undefined address

. Write operation to status register
. DI stuck at '0' or '1'

. CSN timeout

. Parity failure

. invalid or undefined setting

The SPI frame is ignored
Bit is latched until a “read and clear” command
SPI clock counter
10 SPI SCK CNT ‘1’ indicates that an SPI frame with the wrong number of CLK cycles was detected
Bit is latched until a valid SPI frame
V1 overvoltage
9 V1_0OV ‘1’ indicates the voltage at V1 has reached the overvoltage threshold
Bit is latched until a “read and clear” command
Thermal warning
8 TW ‘1’ indicates that the temperature has reached the thermal warning threshold
Bit is latched until a “read and clear” command
V2 short circuit detection
‘1" indicates that a short circuit to GND condition of V2 at turn-on of the regulator
(V2 < V2_fail for t > tv2_short)

Bit is latched until a “read and clear” command

7 V2SC

V2 failure detection
‘1’ indicates that a V2 fail event occurred since last readout
(V2 < V2_fail for t > tv2_fail)

Bit is latched until a “read and clear” command

6 V2FAIL

V1 failure detection
‘1" indicates that a V1 fail event occurred since last readout
(V1 < V1_fail for t > tv1_fail)

Bit is latched until a “read and clear” command

5 V1FAIL

4 RES Reserved

VsReg overvoltage

w

VSREG_OV ‘1’ indicates that the voltage at Vgrgg has reached the overvoltage threshold
Bit is latched until a “read and clear” command
Vsreg undervoltage
2 VSREG_UV ‘1’ indicates that the voltage at Vgrgg has reached the undervoltage threshold
Bit is latched until a “read and clear” command
Vs overvoltage
1 VS_OV ‘1" indicates that the voltage at Vg has reached the overvoltage threshold
Bit is latched until a “read and clear” command
Vs undervoltage
0 VS_UvV ‘1’ indicates that the voltage at Vg has reached the undervoltage threshold

Bit is latched until a “read and clear” command
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Table 117. Status register SR3 (0x33)
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Table 118. SR3 description

Lo | hane | i

23 RES Reserved

22 RES Reserved

21 OUT4_0OC

20 0UT3 OC Overcurrent shutdown
‘1" indicates the output was shut down due to overcurrent condition.

19 ouT2_0¢ Bit is latched until a “read and clear” command

18 OUT1_OC

17 RES Reserved

16 RES Reserved

15 RES Reserved

14 RES Reserved

13 RES Reserved

12 RES Reserved

1 RES Reserved

10 RES Reserved

9 RES Reserved

8 RES Reserved

7 RES Reserved

6 RES Reserved

5 RES Reserved

4 RES Reserved

3 RES Reserved

2 RES Reserved

1 RES Reserved

0 RES Reserved

Table 119. Status register SR4 (0x34)
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Table 120. SR4 description

I

23 RES Reserved
22 RES Reserved
21 OUT4_OL
20 oUT3_OL Open-load
‘1’ indicates an open-load condition was detected at the output
19 ouT2_ ot Bit is latched until a “read and clear” command
18 OUT1_OL
17 RES Reserved
16 RES Reserved
15 RES Reserved
14 RES Reserved
13 RES Reserved
12 RES Reserved
11 RES Reserved
10 RES Reserved
9 RES Reserved
8 RES Reserved
7 RES Reserved
6 RES Reserved
5 RES Reserved
4 RES Reserved
3 RES Reserved
2 RES Reserved
1 RES Reserved
0 RES Reserved

Table 121. Status register SR5 (0x35)
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Table 122. SR5 description

T -

WD_TIMER_STATE_ ' Watchdog timer status:

23 1
00=0-33%
01=233-66%
22 WD_TIME(I):{_STATE_ 1= 66 - 100%
10 = Invalid configuration
21 RES Reserved
20 RES Reserved
19 WU2_STATE State of WUx input
0 = Input level is low
18 WU1_STATE 1 = Input level is high
The bit shows the momentary status of WUx and cannot be cleared (“live bit”)
17 RES Reserved
16 RES Reserved
15 RES Reserved
14 RES Reserved
13 RES Reserved
12 RES Reserved
1 RES Reserved
10 RES Reserved
9 RES Reserved
8 RES Reserved
7 RES Reserved
6 RES Reserved
5 RES Reserved
4 RES Reserved
3 RES Reserved
2 RES Reserved
1 RES Reserved
0 RES Reserved

Table 123. Status register SR6 (0x36)
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Table 124. SR6 description

I

23 RES Reserved
22 RES Reserved
21 RES Reserved
20 RES Reserved
19 RES Reserved
18 RES Reserved
17 RES Reserved
16 RES Reserved
15 RES Reserved
14 RES Reserved
13 RES Reserved
12 RES Reserved
11 RES Reserved
10 RES Reserved
9 RES Reserved
8 RES Reserved
7 RES Reserved
6 RES Reserved

Loss of ground status bit
5 SGNDLOSS ‘1’ indicates that ground at SGND pin has been lost

Bit is not latched
4 IP_SUP_LOW Internal IP voltage supply (analog and/or digital) is less than 3 V

Bit is latched until a “read and clear” command

Voltage at the CAN supply pin reached the CAN supply low warning threshold
3 CAN_SUP_LOW  Vcansup < VcaNSUPIow

Bit is latched until a “read and clear” command

2 RES Reserved
1 RES Reserved
0 RES Reserved

Table 125. Status register SR7 (0x37)
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Table 126. SR7 description

Co e | i

23 RES Reserved

22 RES Reserved

21 RES Reserved

20 RES Reserved

10 TSD1_CL4 Thermal shutdown of Cluster x
18 TSD1_CL3 ‘1" indicates Cluster x has reached the thermal shutdown threshold (TSD1) and the output cluster was shut
17 TSD1_CL2 down

16 TSD1_CL1 Bit is latched until a “read and clear” command of this bit only
15 RES Reserved

14 RES Reserved

13 RES Reserved

12 RES Reserved

11 RES Reserved

10 RES Reserved

9 RES Reserved

8 RES Reserved

7 RES Reserved

6 RES Reserved

5 RES Reserved

4 RES Reserved

3 RES Reserved

2 RES Reserved

1 RES Reserved

0 RES Reserved

Table 127. Status register SR8 (0x38)
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Table 128. SR8 description

I S

23 RES Reserved
22 RES Reserved
21 RES Reserved
20 RES Reserved

19 TW CL4 Thermal warning for Cluster x

‘1’ indicates Cluster x has reached the thermal warning threshold
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18 TW_CL3

17 TW_CL2 Bit is latched until a “read and clear” command of this bit only
16 TW_CL1

15 RES Reserved
14 RES Reserved
13 RES Reserved
12 RES Reserved
1 RES Reserved
10 RES Reserved
9 RES Reserved
8 RES Reserved
7 RES Reserved
6 RES Reserved
5 RES Reserved
4 RES Reserved
3 RES Reserved
2 RES Reserved
1 RES Reserved
0 RES Reserved
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8 Package information
In order to meet environmental requirements, ST offers these devices in different grades of ECOPACK packages,
depending on their level of environmental compliance. ECOPACK specifications, grade definitions and product
status are available at: www.st.com. ECOPACK is an ST trademark.

8.1 QFN32L Epad (5.0x5.0x1.0 mm) package information

Figure 41. QFN32L Epad (5.0x5.0x1.0 mm) package outline
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Table 129. QFN32L Epad (5.0x5.0x1.0 mm) package mechanical data

Dimension in mm

Symbol _
T R

A 0.80 0.90 1.00
A1 0 - 0.05
A2 - 0.2 REF -
A3 0.1 - -
D 5.00 BSC
D2 3.40 3.50 3.60
E 5.00 BSC
E2 3.40 3.50 3.60
el 0.5BSC
k 0.20 - -
L1 - . 0.05
La 0.40 0.50 0.50
bA 0.20 0.25 0.30
h - 0.19 REF -
h1 - 0.19 REF -
LB 0.45 0.5 0.55
bB 0.20 0.25 0.30
N 32
R1 - - 0.1

Tolerance of form and position

aaa 0.15
bbb 0.10
cce 0.10
ddd 0.05
eee 0.08
fff 0.10
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Table 130. Document revision history

I T S

05-Oct-2022 1 Initial release.

Updated:

. Section Features;

. Table 3. ESD protection;

. Table 72. CR1 signals description;

. Table 106. CR20 signals description.

12-Dec-2022 2 Minor text changes in:
. Section 3.11.1 Features;
. Section 3.11.3 Wake-up from standby modes;
. Section 3.12.1 Features;
. Table 8. Functional overview.

Minor text changes to improve readability.
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