FS6500, FS4500

Safety power system basis chip with CAN FD and LIN
transceivers
l Rev. 7.0 — 11 November 2020 Product data sheet

1 General description

The FS6500/FS4500 SMARTMOS devices are a multi-output, power supply, integrated
circuit, including CAN Flexible Data (FD) and/or LIN transceivers, dedicated to the
automotive market.

Multiple switching and linear voltage regulators, including low-power mode (32 pA) are
available with various wake-up capabilities. An advanced power management scheme is
implemented to maintain high efficiency over a wide range of input voltages (down to 2.7
V) and output current ranges (up to 2.2 A).

The FS6500/FS4500 includes configurable fail-safe/fail silent safety behavior and
features, with two fail-safe outputs, becoming a full part of a safety oriented system
partitioning, to reach a high integrity safety level (up to ASIL D).

The built-in CAN FD interface fulfills the 1SO 11898-2""®) and -5%) standards. The LIN
interface fulfills LIN protocol specifications 2.0, 2.1%%, 2224 and SAE J2602-21%°).

High temperature capability up to Tp = 125 °C and T, = 150 °C, compliant with AEC-
Q100 Grade 1 automotive qualification.

2 Features and benefits

» Battery voltage sensing and MUX output pin
 Highly flexible SMPS pre-regulator, allowing two topologies: non-inverting buck-boost
and standard buck

e Family of devices to supply MCU core from 1.0 V to 5.0 V, with SMPS (0.8 A, 1.5 Aor
22A)orLDO (0.5A)

* Linear voltage regulator dedicated to auxiliary functions, or to sensor supply (Vcca
tracker or independent), 5.0 V, or 3.3 V

* Linear voltage regulator dedicated to MCU Analog/Digital (A/D) reference voltage or
I/0s supply (Vcca), 5.0V, 0r 3.3V

* 3.3V keep alive memory supply available in low-power mode

e Long duration timer, counting up to 6 months with 1.0 s resolution

* Multiple wake-up sources in low-power mode: CAN, LIN, 10s, LDT

 Five configurable I/Os

3 Applications

* Drive Train Electrification (BMS, Hybrid EV and HEV, Inverter, DC-DC, Alterno Starter)

 Drive Train - Chassis and Safety (Active Suspension, Steering, Safety Domain
Gateway)

e Power Train (EMS, TCU, Gear Box)

ADAS (LDW, Radar, Sensor Fusion Safety area)
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4 Simplified application diagrams

FS6500-FS4500

+battery

m

VCORi
Bt VDD
(KL30) 1T % J Pt _L _L _L _L 11 % I 4 _L
w 0 1
4
solgl ULof IIIL) /8 [18 11
BECI L 2 & w8 Lo ==
|olo| = & | o = S
<
552 3 g 3 8 e
FB_CORE
VSENSE
VAUX_E
1: VAUX_B COMP_CORE ~
Vaux VAUX MCU
Vere T SELECT xF;iME
Lj T oAN-sv VCCA B
DEBUG _ it VCCA Veea A[I)‘ ref.
mode VooIo Veore voltage
or T
Vee
ignition key 10_0 T A
(KL15) N
D MUX_OUT
= ADC Input
T L
= = FS6500C T
o ewitch 0.4 10_5/VKAM = Vstandby
MOsI
CANH s
CAN BUS CANL SCLK SPI
NCS
VPU-FS INTB
NMI
L
T [—V
= DDIO
o RSTB T Reset
fail-safe e
delay o T
CAN
Vopio RXD
fail-safe 103 [—* Vboio
drive 10_2 Fccu
Lt:l—{h

lGNDA lGND,COM lDGND

L = = 22a-037730

Figure 1. FS6500C simplified application diagram - buck boost configuration - FS1B
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Figure 2. FS6500L simplified application diagram - buck configuration - LIN - Vcca =100
mA
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Figure 3. FS4500C simplified application diagram - buck boost configuration - FS1B

5 Ordering information

FS6500-FS4500

5.1 Part number definition

MC33FS ¢ 5 x y z AE/R2

Table 1. Part number breakdown

Code Option Variable Description
c 4 series Vcore type Linear
6 series DC-DC
X 0 Vcore current 0.5A0r0.8A
1 1.5A
2 22A
y 0 Functions None
1 FS1B
2 LDT
3 FS1B, LDT
4 LDT, VKAM ON by default
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Code Option Variable Description
z N Physical interface None
C CAN FD
L CAN FD and LIN

5.2 Part numbers list

Table 2. Orderable part variations

Part Number Temperature Package FS1B | LDT | VCORE VCORE VKAM CAN LIN | Notes
(Ta) type on FD
MC33FS4500CAE 0 0 05A Linear by SPI 1 0
MC33FS4500LAE 0 0 05A Linear by SPI 1 1
MC33FS4500NAE 0 0 05A Linear by SPI 0 0
MC33FS4501CAE 1 0 0.5A Linear by SPI 1 0
MC33FS4501NAE 1 0 05A Linear by SPI 0 0
MC33FS4502CAE 0 1 05A Linear by SPI 1 0
MC33FS4502LAE 0 1 0.5A Linear by SPI 1 1
MC33FS4502NAE 0 1 05A Linear by SPI 0 0
MC33FS4503CAE 1 1 05A Linear by SPI 1 0
MC33FS4503NAE 1 1 0.5A Linear by SPI 0 0
MC33FS6500CAE 0 0 08A DC-DC by SPI 1 0
MC33FS6500LAE 0 0 08A DC-DC by SPI 1 1
MC33FS6500NAE 0 0 08A DC-DC by SPI 0 0
MC33FS6501CAE 1 0 08A DC-DC by SPI 1 0
MC33FS6501NAE 1 0 08A DC-DC by SPI 0 0
MC33FS6502CAE 40°C 0 1 08A DC-DC by SPI 1 0
MC33FS6502LAE to :fggge'a%';i 0 1 0.8A DC-DC by SPI 1 1 (i
MC33FS6502NAE 125°C 0 1 08A DC-DC by SPI 0 0
MC33FS6503CAE 1 1 08A DC-DC by SPI 1 0
MC33FS6503NAE 1 1 08A DC-DC by SPI 0 0
MC33FS6504LAE 0 1 08A DC-DC | bydefault | 1 1
MC33FS6510CAE 0 0 15A DC-DC by SPI 1 0
MC33FS6510LAE 0 0 15A DC-DC by SPI 1 1
MC33FS6510NAE 0 0 15A DC-DC by SPI 0 0
MC33FS6511CAE 1 0 15A DC-DC by SPI 1 0
MC33FS6511NAE 1 0 15A DC-DC by SPI 0 0
MC33FS6512CAE 0 1 15A DC-DC by SPI 1 0
MC33FS6512LAE 0 1 15A DC-DC by SPI 1 1
MC33FS6512NAE 0 1 15A DC-DC by SPI 0 0
MC33FS6513CAE 1 1 15A DC-DC by SPI 1 0
MC33FS6513NAE 1 1 15A DC-DC by SPI 0 0
MC33FS6514LAE 0 1 15A DC-DC | bydefault | 1 1
MC33FS6520CAE 0 0 22A DC-DC by SPI 1 0

FS6500-FS4500
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Part Number Temperature Package FS1B | LDT | VCORE VCORE VKAM CAN LIN | Notes
(Ta) type on FD
MC33FS6520LAE 0 0 22A DC-DC by SPI 1 1
MC33FS6520NAE 0 0 22A DC-DC by SPI 0 0
MC33FS6521CAE 1 0 22A DC-DC by SPI 1 0
MC33FS6521NAE 1 0 22A DC-DC by SPI 0 0
MC33FS6522CAE 0 1 22A DC-DC by SPI 1 0
MC33FS6522LAE 0 1 22A DC-DC by SPI 1 1
MC33FS6522NAE 0 1 22A DC-DC by SPI 0 0
MC33FS6523CAE 1 1 22A DC-DC by SPI 1 0
MC33FS6523NAE 1 1 22A DC-DC by SPI 0 0

(1
[2]

To order parts in tape and reel, add the R2 suffix to the part number.
LIN and FS1B functions are exclusive. The differentiation is made by part numbers. When LIN is available, FS1B is not, and vice versa. VKAM on by
default is available on certain part numbers only.

FS6500-FS4500
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6 Block diagram
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Figure 4. FS6500/FS4500 with CAN and LIN simplified internal block diagram
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7.1 Pinning information
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Figure 5. FS6500 pinout with CAN and FS1B
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7.2 Pin description

A functional description of each pin can be found in Section 11.

Table 3. FS6500/FS4500 pin definition

Pin Pin name Type Definition

number

1 VSUP1 A IN Power supply of the device. An external reverse battery protection diode in series is
mandatory

2 VSUP2 A IN Second power supply. Protected by the external reverse battery protection diode
used for VSUP1. VSUP1 and VSUP2 must be connected together externally.

3 VSENSE A_IN Sensing of the battery voltage. Must be connected prior to the reverse battery
protection diode.

4 VSUP3 A_IN Third power supply dedicated to the device supply. Protected by the external
reverse battery protection diode used for VSUP1. Must be connected between the
reverse protection diode and the input PI filter.

5 LIN A_IN/OUT  |LIN single-wire bus transmitter and receiver.

or FS1B D_OuUT Second output of the safety block (active low). The pin is asserted low at start-up
and when a fault condition is detected, with a configurable delay or duration versus
FSOB output terminal. Open drain structure.

LIN and FS1B functions are exclusive. The differentiation is made by part numbers. When LIN is available, FS1B

is not, and vice versa. If neither LIN, nor FS1B functions are used, this pin must be left open.

6 GND_COM |GROUND Dedicated ground for physical layers

7 CAN_5V A _OUT Output voltage for the embedded CAN FD interface

8 CANH A_IN/OUT | CAN output high. If CAN function is not used, this pin must be left open.

9 CANL A_IN/OUT | CAN output low. If CAN function is not used, this pin must be left open.

10 10_4 D_IN Can be used as digital input (load dump proof) with wake-up capability or as an

A_OUT output gate driver
Digital input: Pin status can be read through the SPI. Can be used to monitor error
signals from another IC for safety purposes (when used with 10_5).
Wake-up capability: Can be selectable to wake-up on edges or levels.
Output gate driver: Can drive a logic level low-side NMOS transistor. Controlled by
the SPI.

11 I0_5/VKAM |A_IN Can be used as digital input with wake-up capability or as an analog output

D_IN providing keep alive memory supply in low-power mode.

A_OUT Analog input: Pin status can be read through the MUX output terminal
Digital input: Pin status can be read through the SPI. Can be used to monitor error
signals from another IC for safety purposes (when used with 10_4).
Wake-up capability: Can be selectable to wake-up on edges or levels.
Supply output: Provide keep alive memory supply in low-power mode

VKAM can be enabled or disabled by default at power up. The differentiation is made by part numbers.
12 10_0 A_IN Can be used as analog or digital input (load dump proof) with wake-up capability

D_IN (selectable)
Analog input: Pin status can be read through the MUX output terminal
Digital input: Pin status can be read through the SPI.
Wake-up capability: Can be selectable to wake-up on edges or levels.

FS6500-FS4500
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Pin Pin name Type Definition

number

13 FCRBM A_IN Feedback core resistor bridge monitoring: For safety purposes, this pin is used to
monitor the middle point of a redundant resistor bridge connected on V¢oge (in
parallel to the one used to set the Vcore voltage). If not used, this pin must be
connected directly to FB_CORE.

14 FSOB D_OuUT First output of the safety block (active low). The pin is asserted low at start-up and
when a fault condition is detected. Open drain structure.

15 DEBUG D_IN Debug mode entry input

16 AGND GROUND | Analog ground connection

17 MUX_OUT |A OUT Multiplexed output to be connected to a MCU ADC. Selection of the analog
parameter is available at MUX-OUT through the SPI.

18 10_2:3 D_IN Digital input pin with wake-up capability (logic level compatible)

19 Digital input: Pin status can be read through the SPI. Can be used to monitor
FCCU error signals from MCU for safety purposes.

Wake-up capability: Can be selectable to wake-up on edges or levels.

20 TXD D_IN Transceiver input from the MCU which controls the state of the CAN-bus. Internal
pull-up to VDDIO.

If CAN function is not used, this pin must be left open.

21 RXD D_OuUT Receiver output which reports the state of the CAN-bus to the MCU
If CAN function is not used, this pin must be left open.

22 TXDL D_IN Transceiver input from the MCU controlling the state of the LIN bus. Internal pull-up
to VDDIO.

orVPU_FS |A OUT Pull-up output for FS1B function.
LIN and FS1B functions are exclusive. The differentiation is made by part numbers. When LIN is available, FS1B
is not, and vice versa.
If neither LIN, nor FS1B functions are used, this pin must be left open.
23 RXDL D_OuUT Receiver output reporting the state of the LIN bus to the MCU.
If LIN function is not used, this pin must be left open.

24 RSTB D_OuUT This output is asserted low when the safety block reports a failure. The main
function is to reset the MCU. Reset input voltage is also monitored in order to detect
external reset and fault condition. Open drain structure.

25 MISO D_OuUT SPI bus. Master input slave output

26 MOSI D_IN SPI bus. Master output slave input

27 SCLK D_IN SPI Bus. Serial clock

28 NCS D_IN Not chip select (active low)

29 INTB D_OuUT This output pin generates a low pulse when an Interrupt condition occurs. Pulse
duration is configurable. Internal pull-up to VDDIO.

30 VDDIO A_IN Input voltage for MISO output buffer. Allows voltage compatibility with MCU 1/Os.

31 SELECT D_IN Hardware selection pin for VAUX and VCCA output voltages

32 FB_CORE |A_IN VCORE voltage feedback. Input of the error amplifier.

33 COMP_ A_OUT Compensation network. Output of the error amplifier.

CORE For FS4500 series, this pin must be left open (NC).

34 VCORE_ A_IN VCORE input voltage sense

SNS

FS6500-FS4500
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Pin Pin name Type Definition
number
35 SW_CORE |A OUT VCORE output switching point for FS6500 series

or VCORE |A OUT VCORE output voltage for FS4500 series
36 BOOT_ A_IN/OUT |Bootstrap capacitor for VCORE internal NMOS gate drive

CORE For FS4500 series, this pin must be left open (NC).
37 VPRE A_IN VPRE input voltage sense
38 VAUX A_OUT VAUX output voltage. External PNP ballast transistor. Collector connection
39 VAUX_B A_OUT VAUX voltage regulator. External PNP ballast transistor. Base connection
40 VAUX_E A_OUT VAUX voltage regulator. External PNP ballast transistor. Emitter connection
41 VCCA_E A_OUT VCCA voltage regulator. External PNP ballast transistor. Emitter connection
42 VCCA_B A_OUT VCCA voltage regulator. External PNP ballast transistor. Base connection
43 VCCA A_OUT VCCA output voltage. External PNP ballast transistor. Collector connection
44 GATE_LS |A_OUT Low-side MOSFET gate drive for non-inverting buck-boost configuration
45 DGND GROUND Digital ground connection
46 BOOT_PRE |A_IN/OUT |Bootstrap capacitor for the VPRE internal NMOS gate drive
47 SW_PRE2 |A_OUT Second pre-regulator output switching point
48 SW_PRE1 |A_OUT First pre-regulator output switching point

8 Maximum ratings

Table 4. Maximum ratings

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

Symbol Ratings Value ‘ Unit ‘ Notes
Electrical ratings

Vsup1/2/3 DC voltage at power supply pins -1.0t0 40 \% o]
Vsense DC voltage at battery sense pin (with ext R in series mandatory) -14t0 40 \%

Vswi2 DC voltage at SW_PRE1 and SW_PRE2 Pins -1.0t0 40 \%

VpRe DC voltage at VPRE Pin -0.3t0 8 \%

VGATE LS DC voltage at Gate_LS pin -0.3t0 8 \%

VB0oOT PRE DC voltage at BOOT_PRE pin -1.0to 50 \%
Vsw_CORE DC voltage at SW_CORE pin -1.0to 8 \%
VCOoRE_SNs DC voltage at VCORE_SNS pin 0.0to 8 \%
VBOOT_CORE DC voltage at BOOT_CORE pin 0.0to 15 \%
VEB_CORE DC voltage at FB_CORE pin -0.3t025 \%
Vcomp_core DC voltage at COMP_CORE pin -0.3t025 \%

VECRBM DC voltage at FCRBM pin -0.3t0 8 \%
Vaux_B,E DC voltage at VAUX_B, VAUX_E pins —-0.3to 40 \%

Vaux DC voltage at VAUX pin -2.0t0 40 \%

Veea BE DC voltage at VCCA_B, VCCA_E pins -0.3t0 8 \%

FS6500-FS4500
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Symbol Ratings Value Unit | Notes
Veea DC voltage at VCCA pin -0.3t0 8 \%
Vppio DC voltage at VDDIO pin -0.3t0 8 \%
Vean_sv DC voltage on CAN_5V pin -0.3t0 8 \%
Vpu_Fs DC voltage at VPU_FS pin -0.3t0 8 \%
VEsxs DC voltage at FSOB, FS1B pins (with ext R in series mandatory) -0.3t040 \%
VpeBUG DC voltage at DEBUG pin -0.3t0 40 \%
Vio 04 DC voltage at 10_0, IO_4 pins (with ext R in series mandatory) -0.3t040 \%
Vio s DC voltage at 10_5 pin -0.3t020 \%
Vikam DC voltage at VKAM pin -0.3t0 8 \Y
Vbic DC voltage at INTB, RSTB, MISO, MOSI, NCS, SCLK, MUX_OUT, RXD, TXD, RXDL, -0.3t08 Vv
TXDL, 10_2, 10_3 pins
VseLecT DC voltage at SELECT pin -0.3t0 8 \%
VBUS_CAN DC voltage on CANL, CANH pins -27 t0 40 \%
VBUS_LIN DC voltage on LIN pin -181t0 40
I_lsense Vsense maximum current capability -5.0t0 5.0 mA
1 10g, 4,5 I0s maximum current capability (I0_0, I0_4, 10_5) -5.0t05.0 mA
ESD voltage
Human body model (JESD22/A114)@ —-100 pF, 1.5 kQ
VESD-HBMA « All pins 2.0 kV @l
VEsD-HBM2 * VSUP1, 2, 3, VSENSE, VAUX, 10_0,4, FS0B, FS1B, DEBUG 4.0 kv
VEsD-HBM3 » CANH, CANL 16.0 kv
VEsD-HBM4 e LIN 8.0 kv
Charge device model (JESD22/C101)@:
VESD-cDM1 * All pins +500 \Y
VEsp-com2 e Corner pins +750 \
System level ESD (gun test)
* VSUP1, 2, 3, VSENSE, VAUX, I0_0, 4, 5, FS0B, FS1B
VESD-GUN1 330 Q/150 pF unpowered according to IEC 61000-4-2:("" 8.0 kv
VESD-GUN2 330 Q/150 pF unpowered according to OEM LIN, CAN, FlexRay Conformance +8.0 kV
VESD-GUN3 2.0 kQ/150 pF unpowered according to ISO 1060518) +8.0 kv
VESD-GUN4 2.0 kQ/330 pF powered according to 1ISO 10605® +8.0 kv
* CANH, CANL
VESD-GUNS5 330 Q/150 pF unpowered according to IEC 61000-4-2:17) +15.0 kv
VESD-GUN6 330 Q/150 pF unpowered according to OEM LIN, CAN, FlexRay Conformance +12.0 kV
Vesp-cun7 2.0 kQ/150 pF unpowered according to ISO 10605!"®’ $15.0 kv
VEsD-GUN8 2.0 kQ/330 pF powered according to 1SO 10605'®) +12.0 kv
* LIN
VEsD-GUNg 330 Q/150 pF unpowered according to IEC 61000-4-2:11") +12.0 kv
VESD-GUN10 330 Q/150 pF unpowered according to OEM LIN, CAN, FlexRay conformance +12.0 kV
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Symbol Ratings Value Unit | Notes
VESD-GUN11 2.0 kQ/150 pF unpowered according to 1ISO 10605'® +12.0 kv
VESD-GUN12 2.0 kQ/330 pF powered according to 1ISO 10605® +12.0 kv
Thermal ratings

Ta Ambient temperature -40to 125 °C

T, Junction temperature —40 to 150 °C

Tste Storage temperature -55 to 150 °C
Thermal resistance

Rgia Thermal resistance junction to ambient 30 °C/W B
Rgyctop Thermal resistance junction to case top 23.8 °C/W “
RgycsoTTOM Thermal resistance junction to case bottom 0.9 °C/W 8]

[11  All Vsyps (Vsup1/2/3) must be connected to the same supply (Figure 73).
[2] Compared to AGND.

[B1  Per JEDEC JESD51-6!" with the board (JESD51-7)"® horizontal.

[41  Thermal resistance between the die and the case top surface as measured by the cold plate method (MIL SPEC - 883 Method 1012.1)

(22)

[5] Thermal resistance between the die and the solder pad on the bottom of the packaged based on simulation without any interface resistance.

9 Static electrical characteristics

Table 5. Static electrical characteristics

Ta =-40 °C to 125 °C, unless otherwise specified. Vsyp = Vsyp yv 1 to 36 V, unless otherwise specified. All voltages

referenced to ground. When 28 V < Vgyp < 36 V, thermal dissipation must be considered (see Figure 32).

Symbol Parameter ‘ Min. ‘ Typ. ‘ Max. ‘ Unit ‘ Notes

Power supply

Isup123 Power supply current in normal mode — — 15.0 mA

Isups Power supply current for VSUP3 in normal mode — 3.5 5.0 mA

Isup_LPOFF1 Power supply current in LPOFF (Vgyp = 14 V at T4 = 25 °C) — 32 — pA ]

Isup_LPOFF2 Power supply current in LPOFF (Vgyp = 18 V at T4 = 80 °C) — 42 60 MA

Vsns_uv Power supply undervoltage warning 7.0 8.0 9.0 \

VsNs_uv_HYST Power supply undervoltage warning hysteresis 0.1 — 0.5 \%

Vsup_IPFF Iprg input voltage detection 21 — 27 \

Vsup ipFF HysT | lpFr input voltage hysteresis 0.2 — — \Y

Vsup_uv 7 Power supply undervoltage lockout (power up) 7.0 — 8.0 \

Vsup uv_ 5 Power supply undervoltage lockout (power up) — — 5.6 \

Vsup uv L Power supply undervoltage lockout (falling — boost — — 2.7 \
configuration)

Vsup_uv L B Power supply undervoltage lockout (falling — buck — — 4.5 \% 121
configuration)

Vsup_uv_Lrorr | Power supply undervoltage lockout in LPOFF — — 4.5 \ Bl

Vsup_uv_HYST Power supply undervoltage lockout hysteresis — 0.1 — \ “
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Symbol Parameter ‘ Min. ‘ Typ. Max. ‘ Unit ‘ Notes
Vpge voltage pre-regulator
VpRE VpRg output voltage
« Buck mode (Vsup > Vaup uv 7) 6.25 — 6.75 v
* Buck mode (Vsup_yv 72 Vsyp24.5V) Vere_uv_4p3| Vsup — —
Rps(on)_PRE
* Ipre
» Boost mode (Vgyp 22.7 V) 6.0 — 7.0
IpRE Vpre maximum output current capability A 1“4
* Buck or boost with Vsyp > Vsup_uv 7 2.0 — —
* Buck with Vgyp yv 72 Vsyp24.5V 0.5 2.0 —
* Boost with Vsyp uv 72 Vsup 26.0 V 2.0 — —
* Boostwith6.0V =Vgyp24.0V 1.0 — —
* Boostwith 4.0V 2Vgp22.7V 0.3 — —
IPRE_LIM1 SW_PRE output current limitation in buck—boost mode (Vgyp < 3.5 — — A
28V)
IPRE_LIM2 SW_PRE output current limitation in buck mode (Vgyp <28 V) 2.5 — — A
IpRE_OC SW_PRE overcurrent detection threshold in buck mode (Vgyp 4.5 — — A
<28V)
VPRE_Uv Vpgre undervoltage detection threshold (falling) 5.5 — 6.0 \Y
VPRE_UV_HYST Vpre undervoltage hysteresis 0.05 — 0.15 \ (51
VPRE_UV_4P3 Vpgre shut-off threshold (falling — buck and buck/boost) 4.1 — 4.5 \%
VpRe_uv_4p3_HysT Vere Shut-off hysteresis 0.05 — 0.15 Y 51
Rpson_PRE VpRe pass transistor on resistance with Vgyp <28 V — — 200 mQ
LR vPRE Vpge line regulation — 20 — mV 2
LORvpre Buck | VpRe load regulation for Coyt vere = 57 WF — 100 — mV 5]
¢ |pre from 50 mA to 2.0 A - buck mode
LORvpRE_BoosT |Vrre load regulation for Coyr vere = 57 WF — 500 — mV 5]
¢ |pre from 50 mA to 2.0 A - boost mode
VPRE_LL_H VpRe pulse skipping thresholds — 200 — mV
VPRE_LL_L — 180 —
TwARN_PRE Vpre thermal warning threshold — 125 — °C
Tsp_pre Vpgre thermal shutdown threshold 160 — — °C
Tsp_pRe_HYsT Vpre thermal shutdown hysteresis — 10 — °C 5]
VG Ls_oH LS gate driver high output voltage (Ioyt = 50 mA) Vpre — 1 — VpRre \Y
Ve s oL LS gate driver low level (Ioyt = 50 mA) — — 0.5 \Y
Ic_ Ls LS gate driver current capability — 300 — mA
Re_sHorT GATE_LS pin short to GND resistance to detect buck mode — — 10 Q
only
Vcore VoOItage regulator
VCoRE_FB Vcore feedback input voltage 0.784 0.8 0.816 \%
Ipp_core Vcore internal pull-down current (active when Vcor g is 5.0 12 25 mA
enabled)

FS6500-FS4500

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

© NXP B.V. 2020. All rights reserved.

Product data she

et

Rev. 7.0 — 11 November 2020

14/153



NXP Semiconductors

FS6500, FS4500

Safety power system basis chip with CAN FD and LIN transceivers

Symbol Parameter Min. Typ. Max. Unit Notes
lcore Vcore output current capability in normal mode
* FS450x — — 0.5 A
* FS650x — — 0.8
* FS651x — — 1.5
* FS652x — — 22
IcorE_LIM Vcore output current limitation
* FS450x 0.55 — 1.7 A
* FS650x 1 — 2
* FS651x 1.8 — 2.8
* FS652x 2.5 — 3.5
RpsoN_core VcoRre pass transistor on resistance — — 200 mQ
FS65_ Vcore transient load regulation — 1.2 V range -60 — 60 mV
LORvcore 12 | Cout vcore =40 WF, Icore = 10 MA to 2.2 A, dicore/dt < 2.0 4
Alus
FS65_ Vcore transient load regulation — 3.3 V range -100 — 100 mV
LORvcore 33 | Cout vcore =40 WF, Icore = 10 mA to 1.5 A, dicore/dt < 2.0 4
Alus
FS65_ Vcore transient load regulation — 5.0 V range -150 — 150 mV
LORvcoRE 5 Court_vcore = 20 YF, Icore = 10 mA to 0.8 A, dlcore/dt < 2.0 [4]
Alus
FS45_ Vcore transient load regulation — 1.2 V range -60 — 60 mV
LORycore 12 | Cout vcore = 20 pF, Icore = 10 mA to 0.2 A, dicore/dt < 0.5 t
Alus
FS45_ Vcore transient load regulation — 3.3 V range -100 — 100 mV
LORycore 33 | Cout vcore = 20 pF, Icore = 10 mA to 0.35 A, dicore/dt < 0.5 [4]
Alus
FS45_ Vcore transient load regulation — 5 V range -150 — 150 mV
LORvcoRE 5 Court_vcore = 20 YF, Icore = 10 mA to 0.5 A, dlcore/dt < 0.5 [4]
Alus
VCORE_LL_H VcoRre pulse skipping thresholds — 180 — mV
VCoRE_LL_L — 160 —
TwARN_CORE Vcore thermal warning threshold — 125 — °C
TSD_CORE VCORE thermal shutdown threshold 160 —_— —_— °C
Tsp_core_HysT | Vcore thermal shutdown hysteresis — 10 — °C “l
Vcca voltage regulator
Veea Vcca output voltage
* 5.0 V configuration with Internal ballast at 100 mA 4.95 5.0 5.05 \%
+ 5.0 V configuration with external ballast at 200 mA 4.9 5.0 5.1
+ 5.0 V configuration with external ballast at 300 mA 4.85 5.0 5.15 el
« 3.3 V configuration with Internal ballast at 100 mA 3.267 3.3 3.333
+ 3.3 V configuration with external ballast at 200 mA 3.234 3.3 3.366
+ 3.3 V configuration with external ballast at 300 mA 3.201 3.3 3.399
lcca N V¢ca output current (int. MOSFET) — — 100 mA
lcca_out Vcca output current (external PNP) — — 300 mA
ICCA_LIM_INT VCCA output current limitation (int. MOSFET) 100 — 675 mA
lcca_Lim_out V¢ca output current limitation (external PNP) 300 — 675 mA
lcca LM FB Vcca output current limitation foldback 60 — 240 mA
Vcea LM FB Vcca output voltage foldback threshold 0.6 — 1.2 \%
Veea LIM_HYST V¢ca output voltage foldback hysteresis 0.03 — 0.3 \
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Symbol Parameter Min. Typ. Max. Unit Notes
lcca_BASE_sc Vcca base current capability — —-20 =30 mA
lcca_BASE_sk 20 65 —
TwaRN_ccA Vcca thermal warning threshold (int. MOSFET only) — 125 — °C
TSDcca Vcea thermal shutdown threshold (int. MOSFET only) 160 — — °C
TSDcca HysT Vcea thermal shutdown hysteresis — 10 — °C 51
LORycca V¢ca static load regulation
* lcca = 10 mA to 100 mA (internal MOSFET) — 15 — mvV sl
* Icca = 10 mA to 300 mA (external ballast)
LORTvcca Vcca transient load regulation
*Icca = 10 mA to 100 mA (internal MOSFET) — — 1.0 % 2

* lcca = 10 mA to 300 mA (external ballast)

Rep cca Vcca internal pull-down resistor (active when V¢ca is disabled) 50 — 170 Q

Vaux voltage regulator

Vaux_s Vaux output voltage (5.0 V configuration) 4.85 5.0 5.15 \Y

Vaux 33 Vaux output voltage (3.3 V configuration) 3.2 3.3 3.4 \%

VAUX_TRK Vaux tracking error (Vaux_s and Vaux_33) -15 — +15 mV

laux_out Vaux output current — — 400 mA

laux_LIM Vaux output current limitation 400 — 800 mA
Iaux_LIM_FB Vaux output current limitation foldback 60 — 240 mA
VAUX_LIM_FB Vaux output voltage foldback threshold 0.6 — 1.2 Y]
VAUX_LIM_HYST Vaux output voltage foldback hysteresis 0.03 — 0.3 \%
laux_BAsE_sc Vaux base current capability — -15 -7.0 mA
Inux_BASE_Sk 7.0 30 —

TSDaux Vaux thermal shutdown threshold 160 — — °c

TSDaux HysT | Vaux thermal shutdown hysteresis — 10 — °C Bl
LORvauUx Vaux static load regulation (Iaux out = 10 mA to 400 mA) — 15 — mvV Bl
LORTyaux Vaux transient load regulation — — 1.0 % 51

. IAUXﬁOUT =10 mA to 400 mA

Rpp_aux Vaux internal pull-down resistor (active when Vpyx is disabled) 50 — 170 Q

CAN_5V voltage regulator

Vean Vcan output voltage 4.8 5.0 5.2 \%
Vsup > 6.0 Vin buck mode
VSUP > VSUP_UV_L in boost mode

lcan_ouT Vcan output current _ — 100 mA
lcan_Lim Vean output current limitation 100 — 250 mA

TSDcan Vcan thermal shutdown threshold 160 — — °c
TSDcaN_HYST Vcan thermal shutdown hysteresis — 10 _ °C [8]
Vean_uv Vcan undervoltage detection threshold 4.25 — 4.8 \Y;
VCAN_UV_HYST Vcan undervoltage hysteresis 0.07 _ 0.22 v

Vean_ov Vcan overvoltage detection threshold (rising) 5.2 — 5.85 Vv
Vean ov HysT | Vean overvoltage hysteresis 0.07 — 0.22 \Y;

LORycan Vcan transient load regulation — 100 _ mv 5

. ICANfOUT =0 mAto 50 mA
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Symbol Parameter Min. ‘ Typ. Max. ‘ Unit ‘ Notes
VKAM voltage regulator
Vkam Vkam output voltage 3.0 3.5 4.0 \%
lkam_ouT Vkam output current — — 3.0 mA
Ikam_LIM Vkam output current limitation 4.0 — 10.0 mA
Isup_kaAM Vkawm current consumption from Vgyps
* lkam_out = 0 mA — — 25 pA
* lkam_out < 1.0 MA — — 150 pA
* 1.0 mA < Ikam_out < 3.0 mA — — 2.15 mA
Long duration timer
ILoT Timer current consumption (from Vgyps) — ‘ 5.0 10 ‘ MA
Fail-safe machine voltage supervisor
VPRE oV VpRe overvoltage detection threshold 7.2 — 8.0 \Y
VPRE_OV_HYST VpRre overvoltage hysteresis — 0.1 — \ (51
VCORE_FB_UV Vcore FB undervoltage detection threshold 0.67 — 0.773 \%
Veore FB_ UV D | Vcore FB undervoltage detection threshold - degraded mode 0.45 — 0.58 \%
VCORE_FB_UV_ Vcore FB undervoltage hysteresis 10 — 27 mV 5]
HYST
VCoRE_FB_OV Vcore FB overvoltage detection threshold 0.84 — 0.905 \
VCORE_FB OV_ Vcore FB overvoltage hysteresis 10 — 30 mV 5]
HYST
Vcore FB DRIFT | Vcore_ e drift versus FCRBM 50 100 150 mV
Veea uv s Vcea undervoltage detection threshold (5.0 V configuration) 4.5 — 4.75 \%
Veea uv_sp Vcca undervoltage detection threshold (degraded 5.0 V) 3.0 — 3.2 \Y
Veea uv 33 Vcea undervoltage detection threshold (3.3 V configuration) 3.0 — 3.2 \%
Veea ov s Vcca overvoltage detection threshold (5.0 V configuration) 5.25 — 5.5 \%
Veea ov 33 Vcca overvoltage detection threshold (3.3 V configuration) 3.4 — 3.6 \Y
Vcea 5 HysT Vcca undervoltage and overvoltage hysteresis (5.0 V — 0.105 — \% 5]
configuration)
Vcea 33 HYsT Vcea undervoltage and overvoltage hysteresis (3.3 V — 0.07 — \Y 5]
configuration)
Vaux_uv_s Vaux undervoltage detection threshold (5.0 V configuration) 4.5 — 4.75 \Y
VAUxX_Uv_5D Vaux undervoltage detection threshold (degraded 5.0 V) 3.0 — 3.2 \%
Vaux_uv_33 Vaux undervoltage detection threshold (3.3 V configuration) 3.0 — 3.2 \%
Vaux_ov_ 5 Vaux overvoltage detection threshold (5.0 V configuration) 5.25 — 5.5 \Y
Vaux_ov 33 Vaux overvoltage detection threshold (3.3 V configuration) 3.4 — 3.6 \%
Vaux_5_HYST Vaux undervoltage and overvoltage hysteresis (5.0 V — 0.105 — \Y 5]
configuration)
VAUX_33_HYST Vaux undervoltage and overvoltage hysteresis (3.3 V — 0.07 — \ 5]
configuration)
Fail-safe outputs
VRsTB_OL Reset low output level (I_RSTB = 2.0 mA) — — 0.5 \Y
IRSTB_LIM Reset output current limitation 12 — 25 mA
VRsTB_IL Reset low level detection threshold (falling) 1.0 — — \%
VRSTB_H Reset high level detection threshold (rising) — — 2.0 \Y
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Symbol Parameter Min. Typ. Max. Unit Notes

VRSTB_HYST Reset hysteresis 200 — — mV

RSTBpyLLpown | RSTB pull-down resistor — 1.0 — MQ

VEsoB_oL FSOB low output level (I_FSOB = 2.0 mA) — — 0.5 \Y

IFsoB_LIM FSOB output current limitation 4.0 — 16 mA

VEsoB_IL FSOB low level detection threshold (falling) 1.0 — — \%

VEsoB_H FSOB high level detection threshold (rising) — — 2.0 \Y

VEsoB_HYST FSOB hysteresis 100 — — mV

FSOBpyLL.pown | FSOB pull-down resistor — 4.0 — MQ

VEsiB_oL FS1B low output level (I_FS1B = 2.0 mA) — — 0.5 \Y

lFs1B_LIM FS1B output current limitation 4.0 — 16 mA

VEs1B_IL FS1B low level detection threshold (falling) 1.0 — — \%

VEs1B_H FS1B high level detection threshold (rising) — — 2.0 \Y

VEs1B_HYST FS1B hysteresis 100 — — mV

FS1BpyLL.pown | FS1B pull-down resistor — 4.0 — MQ

Fail-safe pull-up

lvpu_Fs VPU_FS circuitry consumption — 5.0 10 MA

Vvpu_Fs_TH VPU_FS falling threshold to assert FS1B (FS1B_trig) 29 3.2 3.5 \%

RvPU_Fs Resistor between VPRE and VPU_FS — 1.0 15 kQ sl

Digital input

Vio_H Digital high input voltage level (I0_0, 10_4, 10_5) 2.6 — — \%

Vio23_H Digital high input voltage level (I0_2, 10_3) 2.0 — — \Y

Vio 1L Digital low input voltage level (I0_0, I0_4, 10_5) — — 21 \Y

Vio_HvsT Input voltage hysteresis (I0_0, 10_4, 10_5) 50 120 500 mv 5]

Vio2s L Digital low input voltage level (I0_2, 10_3) — — 0.9 \Y

Vi023_HyST Input voltage hysteresis (I0_2, 10_3) 200 450 700 mV (51

o IN 2:4 Input current for 1I0_2, 10_3 and 10_4 -5.0 — 5.0 MA

lio_IN_LPOFF Input current for 10_0:5 in LPOFF -1.0 — 1.0 HA

Analog input - multi-purpose 10s

Vio_ANA WD Measurable input voltage (wide range) 3.0 — 19 \%

Vio_ANA_TG Measurable input voltage (tight range) 3.0 — 9.0 \%

lio IN_ANA Input current for I0_0 and 10_5 -5.0 — 100 MA 1

Output gate driver (10_4)

Vio4_oH High output level at ljo4_out =—2.0 mA Vpre — 1.5 — VpRre \Y

Vios oL Low output level at liog_out = +2.0 mA 0.0 — 1.0

Vio4_ouT sk Output current capability 2.0 — — mA

Vio4_out_sc — — 2.0

Analog multiplexer

Vamux_Acc Voltage sense accuracy (Vsns, 10_0, 10_5) using 5.1 kQ -5.0 — 5.0 % 18]
resistor

VaMUux_wp_5 Divider ratio (wide input voltage range) at Vppjo = 5.0 V — 5.0 — il

Vamux wp_3ps | Divider ratio (wide input voltage range) at Vppio = 3.3 V — 7.0 — 20
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Symbol Parameter Min. Typ. Max. Unit Notes
VaMUX_TG_5 Divider ratio (tight input voltage range) at Vpp;o = 5.0 V — 2.0 —
VAMUX_TG_3P3 Divider ratio (tight input voltage range) at Vpp,o = 3.3V — 3.0 —
VAMUX_REF1 Internal voltage Reference with 6.0 V < Vgyp <19V 2.475 25 2.525 \Y
VAMUX_REF?2 Internal voltage reference with Vgyp < 6.0 V, or Vgup 219 V 2.468 25 2.532 \
VaMUX_TP_co Internal temperature sensor coefficient — 9.9 — mV/°C 5]
Vamux_TpP Temperature sensor MUX_OUT output voltage (at T; = 165 °C) 2.08 2.15 2.22 \%
Interrupt
VINTB_ OL Low output level (It = 2.5 mA) — — 0.5 \%
Rpy_INT Internal pull-up resistor (connected to VDDIO) — 10 — KQ
INT LK Input leakage current — — 1.0 MA
Digital interface
MISOy High output level on MISO (lyso = 1.5 mA) VD(?E — — Y,
MISO_ Low output level on MISO (lyiso = 2.0 mA) — — 0.4 \Y
Imiso Tri-state leakage current (Vppjo = 5.0 V) -5.0 — 5.0 MA
Vpbio Supply voltage for MISO output buffer 3.0 — 5.5 \%
IVppio Current consumption on VDDIO — 1.0 3.0 mA
SPIk SCLK, NCS, MOSI input current -1.0 — 1.0 pA
Vspi_H SCLK, NCS, MOSI high input threshold 2.0 — — \
Vspi L SCLK, NCS, MOSI low input threshold — — 0.8 \Y
Rspi NCS, MOSI internal pull-up (pull-up to VDDIO) 200 400 800 KQ
Debug
VbEBUG_IL Low input voltage threshold 2.1 2.35 2.8 \
VDbEBUG_IH High input voltage threshold 4.35 4.6 4.97 \%
IpEBUG LK Input leakage current -10 — 10 MA
CAN transceiver (FD 2.0 Mbit/s)
CAN logic input pin (TXD)
V1xp_IH TXD high input threshold 0.7 x — — \Y
Vbbio
V1xp_IL TXD low input threshold — — 0.3 x \
Vobio
TXDpyLL-up TXD main device pull-up 20 33 50 KQ
TXD g TXD input leakage current, Vtxp = Vppio -1.0 — 1.0 HA
CAN logic output pin (RXD)
VRXD_OL1 Low level output voltage (Irxp = 250 pA) — — 0.4 \%
VRxD_oL2 Low level output voltage (Irxp = 1.5 mA) — — 0.9 \%
VOUTHiGH High level output voltage (Irxp = —250 pA, Vppio =3.0Vto 5.5 Vppio — —
V) -04
CAN output pins (CANH, CANL)
Vpirr_com_mope | Differential input comparator common mode range in normal -20 — 20 \Y
mode
VIN_DIFF Differential input voltage threshold in normal mode 0.5 — 0.9 \
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Symbol Parameter Min. Typ. Max. Unit Notes
Voirr_com sLeep | Differential input comparator common mode range in sleep -12 — 12 \
mode
VIN_DIFF_SLEEP Differential input voltage threshold in sleep mode 0.4 — 1.1 \%
VIN_HYST Differential input hysteresis (in TX, RX mode) 50 — — mV
RIN_cHeL CANH, CANL input resistance 5.0 — 50 kQ
RIN_DIFF CAN differential input resistance 10 — 100 kQ
RiNSLEEP CANH, CANL input resistance device supplied and in CAN 5.0 — 50 kQ
sleep mode
RIN_MATCH Input resistance matching -3.0 — 3.0 %
Cin_cm Common mode input capacitance — 20 — pF 5]
CiN_DIFF Differential input capacitance — 10 — pF
VCANH CANH output voltage (45 Q < Rgys < 65 Q)
* TX dominant state 2.75 — 4.5 \%
* TX recessive state 2.0 2.5 3.0
VeanL CANL output voltage (45 Q < Rgys < 65 Q)
* TX dominant state 0.5 — 2.25 \%
* TX recessive state 2.0 2.5 3.0
VCANfSYM CAN dominant voltage symmetry (VcanL + Veann) 4.5 5.0 5.5 \%
Von-VoL Differential output voltage
» TX dominant state (45 Q < Rgys < 65 Q) 1.5 2.0 3.0 \%
* TX recessive state -50 0.0 50 mV
IcANL-SK CANL sink current under short-circuit condition (Vcan, £ 12V, 40 — 100 mA
CANL driver ON, TXD low)
IcANH-sC CANH source current under short-circuit condition (VcanH = -100 — —40 mA
—2.0 V, CANH driver ON, TXD low)
VeaNLP CANL, CANH output voltage in sleep modes. No termination -0.1 0.0 0.1 \
load.
lcan CANH, CANL input current, device unsupplied, (Vcan, VcanL
=50V) [10]
* Vsyp and Vcan connected to GND -10 — 10 MA
* Vgyp and Vgan connected to GND via 47 kQ resistor -10 — 10 HA
ToT Overtemperature detection 160 — — °C
ThysT Overtemperature hysteresis — — 20 °C

LIN transceiver (when 7.0 V < Vgyp1,2,3 < 18 V, unless otherwise specified)

LIN logic input pin (TXDL)

VTxpL_H TXDL high input threshold 2.0 — — \%
VxoL_IL TXDL low input threshold — — 0.8 \Y
TXDLpyL-up TXDL internal pull-up (to VDDIO) 20 33 50 kQ
TXDL TXD input leakage current, Vyxp, = VDDIO -1.0 — 1.0 MA
LIN logic input pin (RXDL)
VRXDL_OL1 Low level output voltage (IrxpL = 250 pA) — — 0.4 \Y
VRXDL_OL2 Low level output voltage (IrxpL = 1.5 mA) — — 0.9 \%
VrxoL_ouT HicH | High level output voltage (IrxpL = —250 YA, Vppio = 3.0 V to Vppio — — \%
5.5V) -04
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Symbol Parameter ‘ Min. ‘ Typ. ‘ Max. ‘ Unit ‘ Notes
LIN output pin
Isus_PAs_DOM Input leakage current at the receiver. dominant state (Driver -1.0 — — mA 1]
OFF, VBAT =12V, VBUS =0 V)
IBus_PAs_REC Input leakage current at the receiver. recessive state (Driver — — 20 MA
OFF,8.0V < VBAT <18V,8.0V< VBUS <18V, VBUS 2 VBAT)
VDRIVER_DOM Driver dominant voltage — — 0.251 \
x Vsup
VBuUs_pom Receiver dominant state — — 0.4 x \%
Vsup
VBUs_REC Receiver recessive state 0.6 x Vgup — — \%
VBus_wu LIN wake-up detection threshold (7.0 V < Vgyp < 18 V) 0.4 x Vgup — 0.6 x \Y
Vsup
VLIN_uv Vsup undervoltage threshold — — 7.0 \%
VSER_DIODE Series diode voltage drop (DSER_MASTER and DSER_INT in pU”- 0.4 0.7 1.0 \%
up path)
lsus_Lim Current limitation for driver dominant state (Vgys = 18 V) 40 — 200 mA (2
RsLave LIN pull-up resistor 20 — 60 kQ
VSHIFT_GND Ground shift (Vsnirt_eND = VeND_ECU — VGND_BATTERY) 0.0 — 1.5 % \Y
Vgat
VSHIFT_BAT Battery voltage shift (Vsnirt_sat = VBATTERY — VSHIFT_GND— 0.0 — 1.5 % \4 (3]
VBaT) Vear
VSHIFT DIF Difference between battery shift and ground shift 0.0 — 8.0 % \% 4]
(VsHIFT_DIF = VSHIFT_BAT — VSHIFT_GND) Veat
VBUS_oNT VBus_cnT = (VTH_Rrec *+ VTH_bom)/2 0.475 — 0.525 \ [15]
* Vsup * Vsup
Viyst VhysT = VTH_REC — VTH_DOM — — 0.175 \Y
x Vsup
IBUS_NO_GND Ground disconnection. GND = VSUP, 0V <Vgys< 18V, VgaT = -1.0 — 1.0 mA
12 V. Loss of local GND does not affect communication in the (16l
remaining network
IBUSfNOfBAT VBAT disconnection. Vgyp = GND, 0 V < Vgys < 18 V. Node — — 30 MA
sustains the current which can flow under this condition. BUS
remains operational.
LINTsp LIN thermal shutdown 150 175 — °C sl
LINTsD_HysT LIN thermal shutdown hysteresis 20 °C
CLuN LIN internal capacitor — — 10 pF 5]

[11 Long duration timer and VKAM disable.

[2]  Vsup_uv_L B = VPRE Uv_4P3 + Rpson_PRE * IPRe-

[3] Vsup min to guarantee Vgay and main logic supply in LPOFF.

[4] Guaranteed by characterization.

[5] Guaranteed by design.

[6] External PNP gain within 150 to 450.

[7]  Valid for Vgypz 2 10_5.

[8] If a higher resistor value than recommended is used, the accuracy degrades.

[9] Wide range accuracy for input voltage from 9.0 Vto 19 V.

[10] Guaranteed by design and characterization.

[11] Vgar is the voltage at the input of the control unit.

[12] Current flowing inside the pin. A transceiver must be capable to sink at least 40 mA.

[13] Vgar: voltage across the battery connectors of the vehicle. Vgnp gcu: voltage on the local ECU ground connector with respect to battery ground of the
vehicle (VGND_BATTERY)-

[14] This constraint refers to duty cycle D1 and D2 only.

[15] V1H powm: receiver threshold of the recessive to dominant LIN bus edge. V1 rec receiver threshold of the dominant to recessive LIN bus edge.

[16] Vsup is the voltage at the input of the device (different from Vgat when a reverse current protection diode is implemented.
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10 Dynamic electrical characteristics

Table 6. Dynamic electrical characteristics

Ta=-40 °C to 125 °C, unless otherwise specified. Vsyp = Vsyp_uv 1 to 36 V, unless otherwise specified. All voltages
referenced to ground. When 28 V < Vgyp < 36 V, thermal dissipation must be considered (see Figure 32).

Symbol Parameter ‘ Min. ‘ Typ. ‘ Max. ‘ Unit ‘ Notes
Digital interface timing
fspi SPI operation frequency (50 % DC) 0.5 — 8.0 MHz
tmiso_TRANS MISO transition speed, 20 — 80 %
* Vopio = 5.0V, Cioap = 50 pF 5.0 — 30 ns
* Vppio = 5.0V, CLoap = 150 pF 5.0 — 50
toLn Minimum time SCLK = HIGH 62 — — ns
toLL Minimum time SCLK = LOW 62 — — ns
tecLD Propagation delay (SCLK to data at 10 % of MISO rising edge) — — 30 ns
tcspv NCS = low to data at MISO active — — 75 ns
tscLcH S)CLK low before NCS low (setup time SCLK to NCS change H/ 75 — — ns
L
theLeL SCLK change L/H after NCS = low 75 — — ns
tscLp SDI input setup time (SCLK change H/L after MOSI data valid) 40 — — ns
thelp SDI input hold time (MOSI data hold after SCLK change H/L) 40 — — ns
tscLeL SCLK low before NCS high 100 — — ns
tHeLcH SCLK high after NCS high 100 — — ns
tpcHD NCS L/H to MISO at high-impedance — — 75 ns
tonnes NCS min. high time 500 — — ns
tnes_MIN NCS filter time 10 — 40 ns
NCS PR
tscLeH | tHeLeL tcLH toLL tscLeL tHcLCH

tPCHD — r

Tri-state tespv
MISO—<_’k Notused X  MSB X LSB —

tscLp thcLp
MOSI X wmse X s X
aaa-037738
Figure 9. SPI timing diagram
— [+ 500 ns min
NCS 3.5 us min
Any Fail-safe Any main Any Fail-safe
register access register access register access
aaa-037739
Figure 10. Register access restriction
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Symbol Parameter ‘ Min. ‘ Typ. ‘ Max. ‘ Unit ‘Notes

Functional state machine

twu_GeN General wake-up signal deglitch time (for any wake-up signal 60 70 80 us
on IOs)

Fail-safe state machine

CLKEgg Fail-safe oscillator 406 — 495 kHz
CLKrs mon Fail-safe oscillator monitoring 200 — 950 kHz
tic_ERR 10_4:5 Ext. IC filter time 4.0 — 20 us

tack Fs Acknowledgment counter (used for IC error handling 10_5) 7.0 — 9.7 ms
trccu_ERR I0_2:3 FCCU filter time 4.0 — 8.0 us

tbFS_RECOVERY 10_0 filter time to recover from deep reset and fail state 0.8 — 1.3 ms
tcore_priFT_mon | FCRBM filter time 1.0 — 2.0 ms

Fail-safe output

trsTB_FB RSTB feedback filter time 8.0 — 15 us
trsos_FB FSOB feedback filter time 8.0 — 15 ys
trs1B_FB FS1B feedback filter time 8.0 — 15 us
trRsTB_BLK RSTB feedback blanking time 180 — 320 us
trsoB_BLK FSOB feedback blanking time 180 — 320 us
trs1B_BLK FS1B feedback blanking time 180 — 320 us
trsTB_POR Reset delay time (after a power-on reset or from LPOFF) 12.5 16.5 24.3 ms M
trsTB LG Reset duration (long pulse) 8.0 — 10 ms
trsTB_ ST Reset duration (short pulse) 1.0 — 13 ms
trRsTB_IN External reset delay time 8.0 — 15 us
toiac_sc Fail-safe output diagnostic counter (RSTB, FSOB, FS1B) 500 — 800 us

Vsense voltage supply

tysns_uv Vsns undervoltage filtering time ‘ 1.0 ‘ — ‘ 3.0 ‘ us ‘

Vsyp voltage supply

tvsup_IPFF Ipeg input voltage filtering time 1.0 — 5.0 us

Csup Minimum capacitor on Vgyp 47 — — uF

Vpge voltage pre-regulator

fsw_PRE VpRe switching frequency 412 437.5 463 kHz

tsw_PRE Vsw_pre 0n and off switching time — — 30 ns 2
tPRE_SOFT Vpre soft start duration (Cout_vere < 100 UF) 500 — 700 us
tPRE_BLK_LIM Vpge current limitation blanking time 200 — 600 ns

tiPrRE_OC Vpgre overcurrent filtering time 30 — 120 ns 2
tprE_UV VpRre undervoltage filtering time 20 — 40 us
tPRE_UV_4p3 Vpgre shutoff filtering time 3.0 — 7.0 us

diprE/DT Vpge load regulation variation — — 25 A/ms 2
tPRE_WARN Vpgre thermal warning filtering time 30 — 40 us

tpRE_TSD Vpgre thermal detection filtering time 1.0 — 3.0 us

tLs RISE/FALL LS gate voltage switching time (Ioyt = 300 mA) — — 50 ns

teeTO GATE_LS boost transistor timeout detection — 120 — us
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Symbol Parameter Min. ‘ Typ. ‘ Max. ‘ Unit ‘ Notes
Vcore VoOItage regulator

tcoRE BLK LIM Vcore current limitation blanking time 20 — 40 ns
fsw_core Vcore switching frequency 2.2 2.34 2.48 MHz
tsw_core Vsw_core on and off switching time — — 12 ns
VcoRre_soFT Vcore soft start (Cout_vcore = 100 pF max) — — 10 Vims
tcORE_WARN Vcore thermal warning filtering time 30 — 40 us
tcore_TsD Vcore thermal detection filtering time 1.0 — 3.0 us
Vcca voltage regulator

tcea_Lim Vcca output current limitation filter time 1.0 — 3.0 us
tcca LIM OFF1 Vcca output current limitation duration 10 — 15 ms
tCCA:LIM:OFFZ 50 — 60

tcca waARN Vcca thermal warning filtering time (int. MOSFET) 30 — 40 us
tcca Tsp Vcca thermal detection filter time (int. MOSFET) 1.0 — 3.0 us
dl_oap/dt Veen load transient — 2.0 — A/ms 2
Veea_soFT Vcea soft start (5.0 V and 3.3 V) — — 50 V/ms
Vaux voltage regulator

taux_LIm Vaux output current limitation filter time 1.0 — 3.0 us
tAUX LIM OFF1 Vaux output current limitation duration 10 — 15 ms
tAux:LIM:OFFZ 50 — 60

taux_TsD Vaux thermal detection filter time 1.0 — 3.0 us
dlaux/dt Vaux load transient — 2.0 — A/ms (2]
Vaux_soFT Vaux soft start (5.0 V and 3.3 V) — — 50 V/ms
CAN_5V voltage regulator

tcAN LM Output current limitation filter time 2.0 — 4.0 us
tcan_TsD Vcan thermal detection filter time 1.0 — 3.0 us
tcan_uv Vcan undervoltage filtering time 4.0 — 7.0 us
tcan_ov Vcan overvoltage filtering time 100 — 200 us
dlcan/dt Vean load transient — 100 — A/ms 2
Fail-safe machine voltage supervisor

tprE OV VpRe overvoltage filtering time 128 — 234 us
tPrRE_OV R VpRrg overvoltage reaction time — — 314 us
tcore_uv Vcore FB undervoltage filtering time 4.0 — 10 us
tcore uv R Vcore FB undervoltage reaction time — — 15 us
tcore_ov Vcore FB overvoltage filtering time 128 — 234 us
tcore_ov R Vcore FB overvoltage reaction time — — 314 us
tcca uv Vcca undervoltage filtering time 4.0 — 10 us
tcca uv R Vcca undervoltage reaction time — — 15 us
tcea_ov V¢ca overvoltage filtering time 128 — 234 us
tcca ov R Vcca overvoltage reaction time — — 314 us
taux_uv Vaux undervoltage filtering time 4.0 — 10 us
taux_uv R Vaux undervoltage reaction time — — 15 us
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Symbol Parameter Min. Typ. Max. Unit Notes
taux_ov Vaux overvoltage filtering time 128 — 234 us
taux_ov R Vaux overvoltage reaction time — — 314 us
Digital input — multi-purpose 10s
Fio N Digital input frequency range 0.0 — 100 ‘ kHz ‘
Analog multiplexer
tmMux_READY SPI selection to data ready to be sampled on Mux_out
*Vppio=5.0V, CMUXﬁOUT =1.0nF — — 10 us
Interrupt
tinTe LG INTB pulse duration (long) 90 100 — us
tinTB ST INTB pulse duration (short) 20 25 — us
Long duration timer
CLK pT Long duration timer oscillator 31129 32768 34407 Hz
CLK pT % Long duration timer oscillator accuracy
» from —40 °C to 125 °C -5.0 — 5.0 %
« from —20 °C to 85 °C and calibration -2.0 — 2.0
CAN dynamic characteristics (FD 2.0 Mbit/s)
tbouT TXD dominant state timeout 0.8 — 5.0 ms
tbom Bus dominant clamping detection 0.8 — 5.0 ms
tLoopr Propagation loop delay TXD to RXD
* R oap = 120 Q, C between CANH and CANL = 100 pF, C at — — 255 ns
RXD < 15 pF
t1pwu First pulse wake-up time 0.5 — 3.5 us
tapwu Second and third pulse wake-up time 0.5 — 1.0 us
t3pTO1 Multiple pulse wake-up timeout (short) 100 120 — us
tapTO2 Multiple pulse wake-up timeout (long) 2400 2800 — us
tcAN_READY Delay to enable CAN by SPI command (NCS rising edge) to — — 100 us
CAN to transmit (device in normal mode and CAN interface in 3]
TX/RX mode)
teiT(BUS) Transmitted recessive bit width at 2.0 Mbit/s 435 — 530 ns
teIT(RXD) Received recessive bit width at 2.0 Mbit/s 400 — 550 ns
tRec Receiver timing symmetry at 2.0 Mbit/s -65 — 40 ns
LIN dynamic characteristics (when 7.0 V < Vgyp1, 2, 3 <18 V, unless otherwise specified)
trRx_PD Receiver propagation delay (Trx_pp = MAX (trec_pDR. — — 6.0 us
trRec_PDF))
tRx_sym Symmetry of receiver propagation delay (Trx_sym = tRec_poF - -2.0 — 2.0 us
trec_PDR)
tsus_wu BUS wake-up filter time — — 250 us
txp_pom TXD_L permanent dominant state detection — 5.0 — ms
tun_sHORT eNp | LIN Short-circuit to GND deglitcher — 15 — ms
BDgasT Fast baud rate — — 100 KB/s
D1 Duty cycle D1 0.396 — — %
THRec(max) = 0.744 x Vsup, THpom(max) = 0.581 x Vgup “
Vsup 7.0 V to 18 V, tg;r = 50 ps, D1 = tgys—rec(min)/(2tg7)
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Symbol Parameter Min. Typ. Max. Unit Notes

D2 Duty cycle D2 — — 0.581 %
THRec(min) = 0.422 x Vgyp, THpom(min) = 0.284 x Vgup 351!
Vsup 7.6 V to 18 V, tg;r = 50 ys, D2 = tgys—rec(max)/(2tgt)

D3 Duty cycle D3 0.417 — — %
THRec(max) = 0.778 x Vup, THpom(max) = 0.616 x Vsup 354!
Vsup7.0Vto 18V, tg1=96 pus, D3 = tBUS—rec(min)/(ZtB|T)

D4 Duty cycle D4 — — 0.590 %
THRec(min) = 0.389 x Vyp, THpom(min) = 0.251 x Vsup 354!
VSUP 76Vto18V, teiT = 96 S, D4 = tBUS—rec(max)/(2t5|T)

[1]  This timing is not guaranteed in case of fault during startup phase (after power-on reset of from LPOFF).

[2] Guaranteed by characterization.

[3] For proper CAN operation, TXD must be set to high level before CAN enable by the SPI, and must remain high for at least Tcan ReADY-
[4]  LIN Driver, bus load conditions (CBUS, RBUS): 1.0 nF; 1.0 kQ / 6.8 nF; 660 Q / 10 nF; 500 Q. h

11 Functional pin description

111

11.2

11.3

FS6500-FS4500

Introduction

The FS6500/FS4500 is the fourth generation of the system basis chip, combining:

* High efficiency switching voltage regulator for MCU, and linear voltage regulators for
integrated CAN FD and LIN interfaces.

¢ External ICs such as sensors, accurate reference voltage for A to D converters, and
keep alive memory supply in low-power mode for MCU static RAM.

* Built-in CAN flexible data interface at 2.0 Mbit/s (ISO 11898-2"*) and -SM), and
LIN interface (LIN up to Rev. 2.2%% #/5AE)2602-2%%)), with local and bus failure
diagnostic, protection, and fail-safe operation mode.

* Low-power mode, with ultra low-current consumption.

» Various wake-up capabilities.

¢ Long duration timer available in normal and low-power mode.

* Enhanced safety features with multiple fail-safe outputs and a scheme to support ASIL
D applications.

Power supplies (VSUP1, VSUP2, VSUP3)

VSUP1 and VSUP2 are the input pins for the internal supply dedicated to the SMPS
regulators. VSUP3 is the input pin for internal voltage reference. VSUP1, 2, and 3 are
robust against ISO 763719 pulses. VSUP1, 2, and 3 must be connected to the same
supply (Figure 73).

Vsense input (VSENSE)

This pin must be connected to the battery line (before the reverse battery protection
diode), via a serial resistor. It incorporates a threshold detector to sense the battery
voltage, and provide a battery early warning. It also includes a resistor divider to measure

VSENSE voltage via the MUX-OUT pin. The VSENSE pin is robust against ISO 76371
pulses.
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11.5

11.6

11.7
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Pre-regulator (VPRE)

A highly flexible SMPS pre-regulator is implemented in the FS6500/FS4500. It can
be configured as a 'non-inverting buck-boost converter’ (Figure 34) or 'standard buck
converter’ (Figure 33), depending on the external configuration (connection of pin
GATE_LS). The configuration is detected automatically during start-up sequence.

The SMPS pre-regulator is working in current mode control and the compensation
network is fully integrated in the device. The high-side switching MOSFET is also
integrated to make the current control easier. The pre-regulator delivers a typical output
voltage of 6.5 V, which is used internally. Current limitation, overcurrent, overvoltage, and
undervoltage detectors are provided. VPRE is enabled by default.

VCORE output (from 1.0 V to 5.0 V range)

The VCORE block of the FS6500 series is an SMPS regulator. The voltage regulator
is a step down DC-DC converter operating in voltage control mode. The stability of the
converter is done externally, by using the COMP_CORE pin. The VCORE block of the
FS4500 series is a linear regulator. In this case, BOOT_CORE and COMP_CORE pins
must be left open.

The output voltage of FS6500/FS4500 is configurable to any voltage froma 1.0 V to 5.0
V range using an external resistor divider connected between VCORE and the feedback
pin (FB_CORE) (as example in Figure 1, or Figure 73). Current limitation, overvoltage,
and undervoltage detectors are provided. VCORE can be turned on or off via a SPI
command, however it is not recommended to turn off VCORE with the SPI when VCORE
is configured safety critical (both overvoltage and undervoltage have an impact on
fail-safe outputs). VCORE overvoltage information disables VCORE. Diagnostics are
reported in the dedicated register and generate an Interrupt. VCORE is enabled by
default. For safety purpose, a second resistor bridge (R3/R4 duplicated) connected to
FCRBM should be used to detect an external resistor drift.

VCCA output, 5.0 V, or 3.3 V selectable

The VCCA voltage regulator is used to provide an accurate voltage output (5.0 V, 3.3 V)
selectable through an external resistor connected to the SELECT pin.

The VCCA output voltage regulator can be configured using an internal transistor
delivering very good accuracy (1.0 % for 5.0 V configuration and £1.5 % for 3.3 V
configuration), with a limited current capability (100 mA) for an analog to digital converter,
or with an external PNP transistor, giving higher current capability (up to 300 mA) with
lower output voltage accuracy (£3.0 % for 300 mA) when using a local ECU supply.

Current limitation, overvoltage, and undervoltage detectors are provided. VCCA can be
turned on or off via a SPI command, however it is not recommended to turn off VCCA
with the SPI when VCCA is configured safety critical (both overvoltage and undervoltage
have an impact on fail-safe outputs). VCCA overcurrent (with the use of external PNP
only) and overvoltage information disables VCCA. Diagnostics are reported in the
dedicated register and generate an Interrupt. VCCA is enabled by default.

VAUX output, 5.0 V, or 3.3 V selectable

The VAUX pin provides an auxiliary output voltage (5.0 V, 3.3 V) selectable through an
external resistor connected to SELECT pin. It uses an external PNP ballast transistor for
flexibility and power dissipation constraints. The VAUX output voltage regulator can be
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11.8.1

11.8.2
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used as 'auxiliary supply’ (local ECU supply) or 'sensor supply’ (external ECU supply)
with the possibility to be configured as a tracking regulator following VCCA.

Current limitation, overvoltage, and undervoltage detectors are provided. VAUX can be
turned on or off via a SPI command, however it is not recommended to turn off VAUX
with the SPI when VAUX is configured safety critical (both overvoltage and undervoltage
have an impact on fail-safe outputs). Vayx overcurrent and overvoltage information
disables VAUX, reported in the dedicated register, and generates an Interrupt. VAUXis
enabled by default.

SELECT input pin

VCCA, VAUX voltage configuration

VCCA and VAUX output voltage configurations are set by connecting an external resistor
between the SELECT pin and Ground or the SELECT pin and VPRE. According to the
value of this resistor, the voltage of VCCA and VAUX are configured after each power-
on reset, and after a wake-up event when the device is in LPOFF. Information latches
until the next hardware configuration read. Regulator voltage values can be read on the
dedicated register via the SPI. See Figure 75.

Table 7. Vcca/Vaux voltage selection

Veea(V) Vaux(V) R select Recommended value!"
3.3 3.3 <6.0 kQ 5.1kQ 5.0 %
5.0 5.0 10.8 << 13.2kQ 12kQ 5.0 %
3.3 5.0 21.6 << 26.2kQ 24 kQ 5.0 %
5.0 3.3 45.9 << 56.1 kQ 51kQ 5.0 %

[1] If the SELECT pin is detected open, the VCCA and VAUX regulators start at their minimum output voltage 3.3 V.

Deep fail-safe configuration

Deep fail-safe function is enabled when the SELECT pin is connected to ground and
disabled when the SELECT pin is connected to VPRE. The configuration is done after
each power-on reset, and after a wake-up event when device is in LPOFF by both

the main and the fail-safe logics. The Information is latched until the next hardware
configuration read (Figure 11).

|VPRE

VPRE
FS6500 FS6500
RSELECT SELECT RSELECT SELECT
= Deep fail-safe enabled Deep fail-safe disabled

aaa-037740

Figure 11. Deep fail-safe enable/disable
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CAN_5V voltage regulator

The CAN_5V voltage regulator is a linear regulator dedicated to the internal CAN

FD interface. An external capacitor is required. Current limitation, overvoltage, and
undervoltage detectors are provided. If the internal CAN transceiver is not used, the
CAN_5V regulator can supply an external load (see Section 12.7.6). CAN_5V is enabled
by default.

Interrupt (INTB)

The INTB output pin generates a low pulse when an Interrupt condition occurs. The INTB
behavior as well as the pulse duration are set through the SPI during INIT phase. INTB
has an internal pull-up resistor connected to VDDIO.

CANH, CANL, TXD, RXD

These are the pins of the CAN FD physical interface. The CAN FD transceiver provides
the physical interface between the CAN FD protocol controller of an MCU and the
physical dual wires CAN-bus. The CAN FD interface is connected to the MCU via the
RXD and TXD pins.

TXD

TXD is the device input pin to control the CAN-bus level. TXD is a digital input with an
internal pull-up resistor connected to VDDIO. In the application, this pin is connected to
the microcontroller transmit pin. In normal mode, when TXD is high or floating, the CANH
and CANL drivers are off, setting the bus in a recessive state. When TXD is low, the
CANH and CANL drivers are activated and the bus is set to a dominant state. TXD has a
built-in timing protection disabling the bus when TXD is dominant for more than tpgyt. In
LPOFF mode, VDDIO is off, pulling this pin to GND.

RXD

RXD is the bus output level report pin. In the application, this pin is connected to the
microcontroller receive pin. In normal mode, RXD is a push-pull structure. When the bus
is in a recessive state, RXD is high. When the bus is dominant, RXD is low. In LPOFF
mode, this pin is in the high-impedance state.

CANH and CANL

These are the CAN-bus pins. CANL is a low-side driver to GND, and CANH is a high-
side driver to CAN_5V. In normal mode and TXD high, the CANH and CANL drivers are
off, and the voltage at CANH and CANL is approximately 2.5 V, provided by the internal
bus biasing circuitry. When TXD is low, CANL is pulled to GND and CANH to CAN_5V,
creating a differential voltage on the CAN-bus.

In LPOFF mode, the CANH and CANL drivers are off, and these pins are pulled to GND
via the device R|y cHcL resistors. CANH and CANL have integrated ESD protection and
extremely high robustness versus external disturbance, such as EMC and electrical
transients. These pins have current limitation and thermal protection.
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LIN, TXDL, RXDL

These are the pins of the LIN physical interface. The LIN transceivers provides the
physical interface between the MCU and the physical single wire LIN bus. The LIN
interface is connected to the MCU via the RXDL and TXDL pins.

TXDL

The TXDL input pin is the MCU interface to control the state of the LIN output. TXDL is a
digital input with an internal pull-up resistor connected to VDDIO. In the application, this
pin is connected to the microcontroller transmit pin.

In normal mode, when TXDL is high or floating, the LIN output transistor is OFF, setting
the bus in recessive state. When TXDL is low, the LIN output transistor is on and the bus
is set to a dominant state. TXDL has a built-in timing protection disabling the bus when
TXDL is dominant for more than Txp pom. In LPOFF mode, VDDIO is off, pulling this pin
to GND.

RXDL

RXDL is the bus output level report pin. In the application, this pin is connected to the
microcontroller receive pin. In normal mode, RXD is a push-pull structure. When the bus
is in a recessive state, RXD is high. When the bus is dominant, RXD is low. In LPOFF
mode, this pin is in the high-impedance state.

LIN

This is the LIN bus pin. The LIN driver is a low-side MOSFET with internal overcurrent
thermal shutdown. An internal pull-up resistor with a serial diode structure is integrated
so no external pull-up components are required for the application in a slave node. An
additional pull-up resistor of 1.0 kQ must be added when the device is used in the master
node. In normal mode and TXDL high, the LIN transistor is off, and the voltage at LIN

is approximately VSUP3, provided by the pull-up resistor with a serial diode structure.
When TXD is low, LIN is pulled to GND.

The device has two selectable baud rates: 20 kbit/s for normal baud rate and 10 kbit/s for
slow baud rate. An additional fast baud rate (100 kbit/s) is implemented. It can be used
to flash the MCU or in the garage for diagnostic. The LIN consortium specification does
not specify electrical parameters for this baud rate. The communication only must be
guaranteed. In LPOFF mode, the LIN transistor is off, and this pin is pulled up to VSUP3.
LIN has integrated ESD protection and extremely high robustness versus external
disturbance, such as EMC and electrical transients.

Multiplexer output MUX_OUT

The MUX_OUT pin (Figure 12) delivers analog voltage to the MCU ADC input. The
voltage to be delivered to MUX_OUT is selected via the SPI, from one of the following
parameters:

¢ VSENSE

* VIO O

* VKAM

Internal 2.5 V reference

* Internal die temperature sensor T(°C) = (Vamux — Vamux_1P)/Vamux_tp_co + 165
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Voltage range at MUX_OUT is from GND to VDDIO (3.3 V or 5.0 V)

P —————— = L]
VSENSE | |
[,
| |
| R1 SPI selection | MUX_OUT
| |
| I
| R2 R3 |
| |
| |
: RS Ra : SPI s<lalect|on
| | >—\?’0—<— Internal 2.5 V reference
| 33V 33V 50V fe50V !
Ratio #1 Ratio #2 Ratio #2 Ratio #1
: : »—*—4— Internal temp sensor
|
L e e e e ——————— 4 ;
oo FfFTTTTTTTTTTTTTTTTTTT 1 reTT— =777 7 10_5/VKAM
o0— Same as VsensE - Same as VsensE
b e e e — - 4 Lo e — - 4
aaa-037741
Figure 12. Simplified analog multiplexer block diagram

11.14 1/O pins (1/0_0:1/0_5)

The FS6500/FS4500 includes five multi-purpose 1/0s (1/0_0 to I/0O_5). 1/0_0 and I/O_4

are load dump proof and robust against ISO 763711 pulses. An external serial resistor
must be connected to those pins to limit the current during ISO pulses. I/0_2 and I/O_3
are not load dump proof. I/0_5 requires an external protection (resistor and Zener diode)

to be load dump proof and robust against ISO 763719 pulses.

Table 8. 1/0s configuration

/10 Digital input wake-up |Analog |Output gate VKAM |FCCU Ext. IC
number |capability input driver monitoring | monitoring
10_0 X X

10_2 X X

10_3 X X

10_4 X X X
10_5 X X X X

¢ |O_0is selectable as follows:

Analog input (load dump proof) sent to the MCU through the MUX_OUT pin. Wake-up
input on the rising or falling edge or based on the previous state. Digital input (logic level)
sent to the MCU through the SPI.

Safety purpose: I0_0 is the only wake-up input to resume from deep fail-safe mode.
¢ |O_2:3 are selectable as follows:

Digital input (logic level) sent to the MCU through the SPI. Wake-up input on the rising or
falling edge or based on the previous state. Safety purpose: Digital input (logic level) to
monitor MCU error signals (both 10_2 AND IO_3 are used if configured as safety inputs).
Only bi-stable protocol is available.
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When IO_2:3 are used as safety inputs to monitor FCCU error outputs from the NXP
MCU, the monitoring is active only when the fail-safe sate machine is in 'normal WD’
state (Figure 17) and all the phases except the ‘'normal phase’ are considered as an
error.

Reset phase
f— HiZ —<— Normal phase —*«——— Error phase —+— Config. phase —|

FCCU_eout[0] r=====

FCCU_eout[1] p == ===

aaa-037742

Figure 13. 10_2:3 MCU error monitoring: bi-stable protocol

¢ |O_4 is selectable as follows:

Digital input (logic level) sent to the MCU through the SPI. Wake-up input (load dump
proof) on rising or falling edge or based on previous state. Output gate driver (from Vpgrg)
for low-side logic level MOSFET.

¢ |O_5 is selectable as follows:

Analog input (20 V max.) sent to the MCU through the MUX_OUT pin. Digital input (logic
level) sent to the MCU through the SPI. Wake-up input on rising or falling edge or based
on previous state. VKAM output supply.

¢ |O_4:5 are selectable as follows:

Safety purpose: Digital input (logic level) to perform an IC error monitoring (both 10_4
AND 10_5 are used if configured as safety inputs, see Figure 14).

Error signal (I0_4 input)

Acknowledgment counter
Internal 10_4

signal latched

»|
Restart Acknowledgment
counter

Reset |
counter :

|
Acknowledgement signal |

from MCU (10_5 input) !
— | Filter time

RSTB

|
FSO0B :

1
The error is acknowledged
by the MCU then, internal ._
I0_4 signal is released

The error is NOT acknowledged
by the MCU. FSOB is activated
at the end of the counter.

aaa-037743

Figure 14. External error signal handling
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SAFE output pins (FS0B, FS1B, RSTB)

FSOB pin

FSOB pin is the primary safe output pin. FSOB is asserted low when a fault event occurs
(see Section 12.5.5). The objective of this pin is to drive an electrical safe circuitry
independent from MCU to deactivate the whole system and set the ECU in a protected
and known state.

After each power-on reset or after each wake-up event (LPOFF), the FSOB pin is
asserted low. The MCU can decide to release the FSOB pin, when the application is
ready to start. An external pull-up circuitry is mandatory connected to VDDIO or VSUP3.

* If the pull-up is connected to VDDIO, the value recommended is 5.0 kQ, there is no
current in LPOFF since VDDIO is off in LPOFF mode.

« |f the pull-up is connected to VSUP3, the value must be above 10 kQ, there is a current
in the pull-up resistor to consider at application level in LPOFF mode.

FS1B pin

FS1B pin is the secondary safe output pin. FS1B is asserted low with a configurable
delay (tpgLay) or duration (tpyr) when FSOB is asserted low (see Section 12.5.6). This
pin can be used to:

* Open the phases of a motor after a configurable delay starting when FSOB is asserted,
to demagnetize the motor coils and reduce the inductive effect when the switch is open.

» Disable an external physical layer during a configurable duration starting when FSOB is
asserted, to avoid miscommunication when the module is in fail mode.

¢ Be a redundant safe output pin to FSOB when tpg ay = 0. In this case, FS1B is
asserted at the same time than FSOB.

¢ Any other use case where a second safety pin is needed.

After each power-on reset or after each wake-up event (LPOFF), the FS1B pin is
asserted low. Then the MCU can decide to release the FS1B pin, when the application
is ready to start. An external pull-up circuitry is mandatory, connected to VPU_FS or
VDDIO.

RSTB pin

The RSTB pin must be connected to MCU and is active low. An external pull-up resistor
must be connected to VDDIO. In default configuration, the RST delay time has three
possible values depending on the mode and product configuration:

* The longest one is used automatically following a power-on reset or when resulting
from LPOFF mode (low-power off).

¢ The two reset durations are then available in the INIT_FSSM register, which are 1.0 ms
and 10 ms. The configured duration is finally used in the normal operation when a fault
occurs leading to a reset activation. The INIT_FSSM register is available (writing) in the
INIT_FS phase.

VPU_FS (fail-safe pull-up)

This pin is intended to be the pull-up terminal of FS1B, internally attached to Vpgrg
through a reverse diode protection. When FS1B is used in tpg ay configuration, a
configurable external RC network provides a minimum backup delay, in case of a loss
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of the internal fail-safe oscillator or loss of supply. This independent pull-up (compared
to FSOB pull-up) avoids common cause failures between the two safe outputs and
guarantee FS1B activation with a delay compared to FSOB in all conditions. When FS1B
is used with tpg_ay = 0 or in tpyr configuration, a pull-up to Vpp,o is also possible, taking
into account the common cause failure with the same pull-up as FSOB in the safety
analysis.

DEBUG input (entering in debug mode)

The DEBUG pin allows the product to enter debug mode. To activate the debug mode,
voltage applied to the DEBUG pin must be within the Vpegyg 1L and Vpegug 11 range at
start-up. If the voltage applied to DEBUG pin is out of these limits, during the SELECT
pin configuration, the device settles into normal mode.

In debug mode, the watchdog window is fully open and no watchdog refresh is required.
This allows an easy debug of the hardware and software routines (i.e. SPI commands).
However, the whole watchdog functionality is kept on (seed, LFSR, WD refresh counter,
WD error counter,...). WD errors are detected and counted with reaction according to
WD_IMPACT bit configuration. When the debug mode is activated, the fail-safe outputs
(FSOB, FS1B) are asserted low at start-up. The release procedure and the assertion
conditions are the same than in normal mode. When the Debug mode is activated, there
is no deep fail-safe state.

The CAN transceiver is set to normal operation mode by default allowing CAN
communication without SPI configuration (FS1B_CAN_IMP bit = 0). To exit debug mode,
the pin must be tied to ground through an external pull-down resistor and a power-on
reset or wake-up from LPOFF occurs.

12 Functional device operation

12.1

1211

FS6500-FS4500

Mode and state description of the main state machine

The device has several operation modes. The transition and conditions to enter or
leave each mode are illustrated in the functional state diagram (Figure 16). Two state
machines work in parallel. The main state machine controls the power management
(VPRE, VCORE, VCCA, VAUX,...) and the fail-safe state machine controls all the safety
aspects (WD, RSTB, FSOB, FS1B,...).

Buck or buck boost configuration

An external low-side logic level MOSFET (N-type) is required to operate in non-inverting
buck-boost converter. The connection of the external MOSFET is detected automatically
during the start-up phase (after a power-on reset or from LPOFF).

* |f the external low-side MOSFET is not connected (GATE_LS pin connected to PGND),
the product is configured as a standard buck converter.

« [f the external low-side MOSFET is connected (GATE_LS pin connected to external
MOSFET gate), the product is configured as a non-inverting buck-boost converter.

The automatic detection is done by pushing 300 yA current on Gate LS pin and
monitoring the corresponding voltage generated. If a voltage >120 mV is detected before
the 120 ps timeout, the non-inverting buck-boost configuration is locked. Otherwise, the
standard buck configuration is locked. The boost driver has a current capability of £300
mA.
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VpRe ON

Pre-regulator is an SMPS regulator. In this phase, the pre-regulator is switched on and a
soft start with a specified duration tpre_sort controls the VPRE output capacitor charge.

SELECT pin configuration

This phase detects the required voltage level on VAUX and VCCA, according to the
resistor value connected between the SELECT pin and Ground or VPRE, and configures
the deep fail-safe function.

Vcore/Vaux/Veca on

In this stage, the three regulators VCORE, VAUX, VCCA are switched on at the same
time with a specified soft start duration. The CAN_5V is also started at this time.

INIT main

This mode is automatically entered after the device is ‘powered on’. When RSTB is
released, initialization phase starts where the device can be configured via the SPI.
During INIT phase, some registers can only be configured in this mode (see Table 19
and Table 20). Other registers can be written in this mode, and also in normal mode.

Once the INIT registers configurations are complete, a last register called 'INIT_INT’
must be configured to switch to normal mode. Writing data in this register (even
same default values), automatically locks the INIT registers, and the product switches
automatically to normal mode in the main state machine.

Normal

In this mode, all device functions are available. This mode is entered by a SPI command
from the INIT phase by writing in the INIT_INT register. While in normal mode, the device
can be set to low-power mode (LPOFF) using secured SPI command.

Low-power mode off

The main state machine has three LPOFF modes with different conditions to enter and
exit each LPOFF mode, as described hereafter. After wake-up from LPOFF, all the
regulators are enabled by default. In LPOFF, all the regulators are switched off, except
VKAM. The register configuration and the ISO pulse requirement are valid for the three
LPOFF modes.

LPOFF - sleep

Entering in low-power mode LPOFF - sleep is only available if the product is in normal
mode by sending a secured SPI command. In this mode, all the regulators are turned off
and the MCU connected to the Vcore regulator is unsupplied. Only VKAM is available if
VKAM is used (specific part number for VKAM on by default).

Once the FS6500/FS4500 is in LPOFF - sleep, the device monitors external events to
wake-up and leave the low-power mode. The wake-up events can occur and depending
on the device configuration from:

* Physical layer (CAN or LIN)
¢ |/O inputs

All information provided in this document is subject to legal disclaimers. © NXP B.V. 2020. All rights reserved.

Product data sheet

Rev. 7.0 — 11 November 2020
35/153



NXP Semiconductors FSGSOO, FS4500

Safety power system basis chip with CAN FD and LIN transceivers

e Timer

When a wake-up event is detected, the device starts the main state machine again by
detecting the VPRE configuration (buck or buck-boost), the wake-up source is reported to
the dedicated SPI register, and the fail-safe state machine is also restarted.

12.1.7.2 LPOFF - auto WU

LPOFF - auto WU is entered when the device is in the INIT or normal mode and if the
VpRe Vvoltage level is passing the Vpre uv L 4p3 threshold (typ 4.3 V). It can be also
entered by sending a secured SPI command if the product is in normal mode. It allows
a POR and complete restart of the fail-safe state machine. After 1.0 ms, the device
attempts to recover by switching on Vpgrg again.

12.1.7.3 LPOFF - deep FS

LPOFF - deep FS is entered when the device is in deep fail-safe and if the key is off
(10_0 is low). To exit this mode, a transition to high level on 10_0 is required. IO_0 is
usually connected to the key on key off signal (see Section 12.3).

12.1.7.4 Register configuration in LPOFF

In LPOFF, the register settings of the main state machine are kept because the internal
2.5 V main digital regulator is available for wake-up operation. However, the register
settings of the fail-safe state machine are erased because the 2.5 V fail-safe digital
regulator is not available in LPOFF. As a consequence, after a wake-up event, the
configuration of the fail-safe registers must be done again during initialization phase (256
ms open window).

12.1.7.5 ISO pulse in LPOFF

If the application has to sustain ISO pulses on Vgat in LPOFF mode, the connection of
an external Zener diode and a serial resistor to the ground is mandatory (see Figure 15).
During repetitive ISO pulses on VgaT, the capacitors connected on Vgp line are more
and more charged and cannot be discharged due to the extremely low-current needed
to maintain wake-up capabilities on 10s, CAN, and LIN. As a consequence, if a leakage
path is not created artificially with those discrete components, the voltage on Vgp line
can exceed the absolute maximum rating supported by this pin.

[ ]
[T 1

VSUP3

VBAT N
7|

VSUP1
VSUP2

VSENSE
| — °
L

= aaa-037744

Figure 15. Components involved under ISO pulse in LPOFF
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12.2

12.2.1

12.2.2

12.2.3

Mode and state description of fail-safe state machine

LBIST

Included in the fail-safe machine, the logic built-in self-test (LBIST) verifies the correct
functionality of the FSSM at start-up. The fail-safe state machine is fully checked. If an
issue is reported, the SAFE output pins FSOB and FS1B stays low and a flag is reported,
the RSTB pin is released to allow diagnostic by the MCU. LBIST is run at start-up and
after each wake-up event when the device is in LPOFF mode.

LBIST fail does not gate the RSTB pin release, but prevents the FSOB and FS1B pins
release. It allows the MCU diagnostic keeping the application in a safe sate.

Select pin configuration

This phase detects the required voltage level to apply on VAUX and VCCA according

to the resistor value connected between the SELECT pin and Ground or VPRE, and

the deep fail-safe configuration. This mode is the equivalent mode seen in the main
state machine. In the fail-safe machine this detection is used to internally set the UV/
OV threshold on VCCA and VAUX for the voltage supervision, and to enable/disable the
deep fail-safe feature.

ABIST

Included in the fail-safe machine, the analog built-in self-test (ABIST) verifies the correct
functionality of the analog part of the device like the overvoltage and undervoltage
detections of the voltage supervisor and the fail-safe outputs feedback. ABIST fail does
not gate the RSTB pin release, but prevents the FSOB and FS1B pins release. It allows
the MCU diagnostic, keeping the application in safe sate.

12.2.3.1 ABIST1
The first ABIST1 (Table 9) is always run at start-up and after each wake-up event when
device is in LPOFF mode.
Table 9. Regulators and fail-safe pins checked during ABIST1
Parameters Overvoltage Undervoltage OK/NOK
VPRE X
VCORE X X
(including FCRBM)
VCCA X X
RSTB X
FSOB X
12.2.3.2 ABIST2

The second ABIST2 (Table 10) is run on demand by a SPI command from the MCU.
ABIST2 must be executed and pass for FS1B and VAUX, when VAUX is declared safety
critical (overvoltage and/or undervoltage have an impact on fail-safe outputs) to release
the FSOB pin. Consequently, ABIST2 must be executed at start-up and after each wake-
up event when device is in LPOFF mode, to release the fail-safe pin FSOB.
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Table 10. Regulators and fail-safe pins checked during ABIST2

Parameters Overvoltage Undervoltage OK/NOK
VAUX X X
FS1B X

Release RSTB

In this state, the device releases the RSTB pin.

INIT_FS

This mode is automatically entered after the device is 'powered on’ and the built-in self-
tests (logic LBIST and analog ABIST1) have been executed. This INIT_FS mode starts
as soon as RSTB is released.

In this mode, the device can be configured via the SPI within a maximum time of 256 ms,
including first watchdog refresh. Some registers can only be configured in this mode and
is locked when leaving INIT_FS mode (see Table 19 and Table 20). It is recommended,
to configure the device first before sending the first WD refresh. As soon as the first good
watchdog refresh is sent by the MCU, the device leaves this mode and goes into normal
WD mode.

Normal WD

In this mode, the device waits for a periodic watchdog refresh coming from the MCU,
within a specific configured window timing. Configuration of the watchdog window period
can be set during INIT_FS phase or in this mode. This mode is exited if a fault occurs
leading to an RSTB activation (external reset request included).

Assert RSTB

When the reset pin is asserted low by the device, a delay runs, to release RSTB, if there
are no faults present. The reset low duration time is configurable via the SPI in the INIT_
FSSM register, which is accessible for writing only in the INIT_FS phase.

Assert FSxB and ABIST2

These functions are executed in parallel to INIT_FS or normal WD states of the fail-safe
state machine.

Deep fail-safe state

When the deep fail-safe function is enabled, the fail-safe state machine monitors and
counts the number of faults happening, in case of fault detection (see Section 12.5.3).
As soon as either the fault error counter reaches its final value or the RESET pin
remains asserted low for more than 8.0 s, the device moves to deep fail-safe state in the
functional state diagram (Figure 16).

When the device is in deep fail-safe state, all the regulators are off (except VKAM if
VKAM was on), RSTB, FS0B, and FS1B are activated. To exit this state, a key off/key on
action is needed. 10_0 is usually connected to key signal. Key off (I0_0 low) moves the
device to LPOFF-deep FS, and key on (IO_0 high) wakes up the device.
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During power up phase, the 8.0 s timer starts when the fail-safe state machine enters in
the 'Wait_Vpgrg' state and stops when the RSTB pin is released. During 'INIT_FS’ state,
the 8.0 s timer can be disabled in the register INIT_FS_IMPACT. During 'normal WD’
state, the 8.0 s timer is activated at each RSTB pin assertion.

12.4 Functional state diagram
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Figure 16. Simplified state diagram
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12.5 Fail-safe machine

To fulfill safety critical applications, the FS6500/FS4500 integrates a dedicated fail-safe
machine (FSM). The FSM is composed of three main sub-blocks: the voltage supervisor
(VS), the fail-safe state machine (FSSM), and the fail-safe output driver (FSO).The FSM
is electrically independent from the rest of the circuitry, to avoid common cause failure.

For this reason, the FSM has its own voltage regulators (analog and digital), dedicated
band gap, and its own oscillator. Three power supply pins (VSUP 1, 2, and 3) are used to
overtake a pin lift issue. The internal voltage regulators are directly connected on VSUP

FS6500-FS4500
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(one bonding wire per pin is used). Additionally, the ground connection is redundant as
well to avoid any loss of ground.

All the voltages generated in the device are monitored by the voltage supervisor (under
and overvoltage) owing to a dedicated internal voltage reference (different from the one
used for the voltage regulators). The result is reported to the MCU through the SPI and
delivered to the fail-safe state machine (FSSM) for action, in case of a fault. All the safety
relevant signals feed the FSSM, which handles the error handling and controls the fail-
safe outputs.

There are three fail-safe outputs: RSTB (asserted low to reset the MCU), FS0B, and
FS1B (asserted low to control any fail-safe circuitry). The fail-safe machine is in charge of
bringing and maintaining the application in a fail-safe state.
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12.5.1 Fail-safe machine state diagram
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Figure 17. Detailed fail-safe state diagram
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12.5.2 Watchdog operation

12.5.2.1

FS6500-FS4500

A windowed watchdog is implemented in the FS6500/FS4500 and is based on the
"question/answer" principle (challenger). The watchdog must be continuously triggered
by the MCU in the open watchdog window, otherwise an error is generated. The error
handling and watchdog operations are managed by the fail-safe state machine. For
debugging purpose, this functionality can be inhibited by setting the right voltage on the
DEBUG pin at start-up.

The watchdog window duration is selectable through the SPI during the INIT_FS phase
or in normal mode. The following values are available: 1.0 ms, 2.0 ms, 3.0 ms, 4.0 ms,
6.0 ms, 8.0 ms, 12 ms, 16.0 ms, 24 ms, 32 ms, 64 ms, 128 ms, 256 ms, 512 ms, and
1024 ms. The watchdog can also be inhibited through the SPI register in INIT_FS phase
to allow "reprogramming"” (i.e. at vehicle level thru CAN).

An 8-bit pseudo-random word is generated by implementing a linear feedback shift
register in the FS6500/FS4500. The MCU can send the seed of the LFSR or use the
LFSR generated by the FS6500/FS4500 during the INIT phase and performs a pre-
defined calculation. The result is sent through the SPI during the "open" watchdog
window and verified by the FS6500/FS4500. When the result is right, a new LFSR is
generated and the watchdog window is restarted. When the result is wrong, the WD error
counter is incremented, the watchdog window is restarted, an INTB is generated, and the
LFSR value is not changed. Any access to the WD register during the "closed" watchdog
window is considered a wrong WD refresh.

Normal operation (first watchdog refresh)

At power up, when the RSTB is released as high (after around 16.5 ms), the INIT phase
starts for a maximum duration of 256 ms, and this is considered as a fully open watchdog
window. During this initialization phase the MCU sends the seed for the LFSR, or uses
the default LFSR value generated by the FS6500/FS4500 (0xB2), available in the
WD_LFSR register (Table 90). Using this LFSR, the MCU performs a simple calculation
based on this formula. As an example, the result of this calculation based on LFSR
default value (0xB2) is 0x4D.

LFSR_OUTI[7:0] —> WD_answer{7:0]

é aaa-037747

Figure 18. Watchdog answer calculation

The MCU sends the results in the WD_ANSWER register (Table 92). When the
watchdog is properly refreshed during the open window, the 256 ms open window is
stopped and the initialization phase is finished. A new LFSR is generated and available
in the WD_LFSR register (Table 90). If the watchdog refresh is wrong or if the watchdog
is not refreshed during this 256 ms open window (INIT_FS phase), the device asserts the
RSTB, FSO0B, and the fault error counter is incremented by '1".

After a good watchdog refresh, the device enters the Normal WD refresh mode,
where open and closed windows are defined either by the configuration made during
initialization phase in the WD_WINDOW register (Table 88), or by the default value
already present in this register (3.0 ms).
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12.5.2.2 Normal watchdog refresh

12.5.2.3

12.5.2.4

12.5.2.5

The watchdog must be refreshed during every open window of the window period
configured in the register WD_ANSWER. Any WD refresh restarts the window. This
ensures the synchronization between MCU and FS6500/FS4500.

The duration of the 'window' is selectable through the SPI with no access restriction,
meaning the window duration can be changed in the INIT phase or normal mode. Doing
the change in normal operation allows the system integrator to configure the watchdog
window duration on the fly:

* The new WD window duration (except after disable) is taken into account when a write
in the WD_ANSWER register occurs (good or bad WD answer) or when the previous
WD window is finished without any writing (WD timeout).

* The new WD window duration after disable is taken into account when the SPI
command is validated.

The duty cycle of the window is set to 50 % +10 % and is not modifiable.

_ — | — |
—————— 1 1 L et 1 L il 1
I 1 L_ I FSCLK 1 1 ! I FSCLK 1|1
I | _.: accuracy | _.: | _’: accuracy _.:
L= E1- L === Lk L=
O 1 S 1 b o] o
window period
CLOSED OPEN CLOSED OPEN
refresh refresh
slot slot
aaa-037748
Figure 19. Windowed watchdog with FS clock accuracy

Watchdog in debug mode

When the device is in debug mode (entered via the DEBUG pin), the watchdog continues
to operate, but does not affect the device operation by asserting a reset of the fail-safe
pins. For the user, operation appears without the watchdog. If needed and to debug the
watchdog itself, the user can operate as in normal mode and check LFSR values, the
watchdog refresh counter, the watchdog error counter, and the reset counter. This allows
the user to debug their software and ensure a good watchdog strategy in the application.

Wrong watchdog refresh handling

Error counters and strategy are implemented in the device to manage wrong watchdog
refreshes from the MCU. According to consecutive numbers of wrong watchdog
refreshes, the device can decide to assert the RSTB and/or FSOB pin, depending on the
safety configuration set during the INIT_FS phase (WD_IMPACT bit in INIT_SF_IMPACT
register, Table 86).

Watchdog error counter

The watchdog error counter is implemented in the device to filter the incorrect watchdog
refresh. Each time a watchdog failure occurs, the device increments this counter by 2.
The WD error counter is decremented by 1 each time the watchdog is properly refreshed.
This principle ensures a cyclic’'OK/NOK’ behavior converges to a failure detection. To
allow flexibility in the application, the maximum value of this counter is configurable in the
INIT_WD register, but only when device is in INIT_FS mode.

FS6500-FS4500
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Watchdog Error Counter
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Figure 20. Watchdog error counter configuration (INIT_WD register, Bits
WD_CNT_ERR_1:0)

12.5.2.6 Watchdog refresh counter

FS6500-FS4500

The watchdog refresh counter is used to decrement the fault error counter. Each time the
watchdog is properly refreshed, the watchdog refresh counter is incremented by ’1’. Each
time the watchdog refresh counter reaches ’6’ and if next WD refresh is also good, the
fault error counter is decremented by ’1’ (case with WD_CNT_RFR_1:0 configured at 6).

Whatever the position the watchdog refresh counter is in, each time there is a wrong
refresh watchdog, the watchdog refresh counter is reset to '0’. To allow flexibility in the
application, the maximum value of this watchdog refresh counter is configurable in the
INIT_WD register, but only when device is in INIT_FS mode.
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Watchdog Refresh Counter
WD_CNT_refresh = 6

Watchdog Refresh Counter
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aaa-037750

Figure 21. Watchdog refresh counter configuration (INIT_WD register, WD_CNT_RFR_1:0)

Table 11. Watchdog error table

Window
CLOSED OPEN
BAD key WD_NOK WD_NOK
SPI GOOD key WD_NOK WD_OK
None (timeout) No_issue WD_NOK

Any access to the watchdog register during the 'closed’ watchdog window is considered
as a wrong watchdog refresh. Watchdog timeout, meaning no WD refresh during closed
or open windows, is considered as a wrong WD refresh.

Fault error counter

The fault error counter manages and counts the number of faults occurring in the
application. This counter is incremented not only for the fault linked to consecutive wrong
refresh watchdogs, but also for other sources of fault (undervoltage, overvoltage, external
reset,...).

The fault error counter is incremented by 1, each time RSTB and/or FSOB pin is
asserted. When FSOB is asserted, the fault error counter is incremented by 1, every time
the watchdog error counter maximum value is reached. The fault error counter has two
output values (intermediate and final).

* The intermediate value can be used to force the FSOB activation or to generate a
RSTB pulse depending on the FLT_ERR_IMP_1:0 bit configuration in INIT_FAULT
register.

¢ The final value is used to handle the transition to deep fail-safe when the SELECT
pin is connected to Ground. If the SELECT pin is connected to VPRE, the main state
machine remains in normal mode and the regulators remain on.

The intermediate value of the fault error counter is configurable to "1’ or '3’ using the
FLT_ERR_FS bit in the INIT_FAULT register (Table 83). The final value of the fault error
counter is based on the intermediate configuration. This configuration must be done
during INIT_FS phase.
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e FLT_ERR_FS = O/Intermediate = 3; Final = 6 (Figure 22).
* FLT_ERR_FS = 1/Intermediate = 1; Final = 2 (Figure 23).

In any condition, if the RSTB pin is asserted low for a duration longer than eight seconds,
the device goes to:

* Deep fail-safe if the DFS function is enabled (SELECT pin connected to ground)
¢ LPOFF-sleep if the DFS function is disabled (SELECT pin connected to VPRE)

Conditions leading to an increment of the fault error counter, and according to the
product configuration are:

* Watchdog refresh not OK or watchdog timeout during INIT phase
e Watchdog error counter = max value (6 by default)

* VPRE Overvoltage

* VCORE, VCCA, VAUX undervoltage

* VCORE, VCCA, VAUX overvoltage

* FCRBM follows VCORE configuration

* 10_23 error detection (FCCU)

* |O_45 error detection (external IC error)

¢ ABIST1, ABIST2 fail

¢ RSTB short to high (by cascaded effect of FSOB assertion)

* SPIDED

» External reset (except reset extension by MCU after reset assertion by the device)

WD Refresh counter =7

Py

POR
WU from LPOFFl INCR WD Refresh counter = 7 if cfg

¢

INCR WD Refresh counter = 7 if cfg

X

INCR WD Refresh counter = 7 if cfg

* Assert FSO if cfg
INCR = WD error counter = WD_CNT_ERR[1:0] | * Assert RST if cfg

WD refresh NOK during INIT_FS |
1023/45_ERR | INCR WD Refresh counter = 7 if cfg

UV/OV/FCRBM |
ABIST1/2 | * Assert RST if cfg

RSTB_short_high |

SPIDED | INCR WD Refresh counter = 7 if cfg
External Reset |

KX

* Assert RST if cfg

X

INCR WD Refresh counter = 7 if cfg

Turn OFF regulators
*DFSif cfg

g€

7

RSTB assrted for 8 seconds if cfg
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Figure 22. Fault error counter (FLT_ERR_FS =0, WD_CNT_RFR = 6)
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WD Refresh counter = 7

Ry
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turn off regulators
* DFS if cfg

X

A7

RSTB asserted for 8 seconds if cfg
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Figure 23. Fault error counter (FLT_ERR_FS =1, WD_CNT_RFR = 6)

Fault error counter intermediate value

Figure 24 illustrates the fault error counter increment when the watchdog error counter
maximum value is reached.

1st WD refresh OK after New fully OPEN
INIT phase. Start of the window of 256 ms
WD window

L1 L1

WD error
counter

(=]
N
IN
wj
[9)]
IN
[}

Fault error
counter

RSTB 1, . RSTB
| delay time

WD Refresh
counter

aaa-037753

Figure 24. Example of WD operation generating a reset (WD_CNT_ERR = 6)

Figure 25 illustrates the RSTB and FSOB possible behavior at the fault error counter
intermediate value depending on WD_IMPACT _1:0 and FLT_ERR_IMP_1:0 bits
configurations:

e #1, WD_IMPACT_1:0 =01 and FLT_ERR_IMP_1:0 ='01": WD impact on RSTB only
and FSOB is asserted low if FLT_ERR_CNT 2 intermediate value

e #2, WD_IMPACT_1:0 =10’ and FLT_ERR_IMP_1:0 =’10": WD impact on FSOB
only and RSTB is asserted low if FLT_ERR_CNT 2 intermediate value and WD error
counter = WD_CNT_ERR][1:0]
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# WD refresh counter max value +1 WD error counter = 6 WD error counter = 6
consecutive WD answers OK WD answer OK or or
WD not OK INIT_FS WD not OK INIT_FS
WD error WD error WD error WD error counter = 6
Cold reset FS}Og; counter counter counter or
(start-up) write =6 = = WD not OK INIT_FS
FLT_ERR_CNT [ 1 0 3 4 5 6] DFS
. RSTB __| L L || L
1
FS0B
RSTB __ | LI |
#2
FSO0B I 1
aaa-037754
Figure 25. Example of RTSB and FSOB behavior when FLT_ERR_CNT 2 intermediate value

12.5.3.2 Fault error counter at start-up or resuming from LPOFF mode

At start-up or when resuming from LPOFF mode, the fault error counter starts at level

1 and FSOB is asserted low. To release FSOB, the fault error counter must go back to
a0’ value due to several consecutive good watchdog refreshes. The right command

is sent to the RELEASE_FSxB register (Figure 27). With the default watchdog refresh
counter configuration (WD_RFR_CNT = 6), seven consecutive good watchdog refreshes
decrease the fault error counter to 0 (Figure 26).

New fully OPEN
window of 256 ms

WD window
NOK OK OK OK OK OK OK OK OK
WD error
counter 4 6 0
Fault error
counter -1 2 1
RSTB 1
L kRSTB.
WD refresh :L ( Odelay time T 5 3 7 3 5 5 7
counter
aaa-037755

Figure 26. Example of WD operation leading a decrement of the fault error counter
(WD_refresh_cnt = 6)
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# WD refresh counter max value + 1
consecutive WD answers OK

WD error counter =6
or WD not OK INIT_FS

# WD refresh counter max value + 1
consecutive WD answers OK

# WD refresh counter max value + 1
consecutive WD answers OK

Cold reset FS_OUT WD error
(start-up) write OK counter =6
0

FLT_ERR_CNT 1

FS_ouTt
write OK

WD error
counter =6

WD error counter = 6
or WD not OK INIT_FS

FS_OuT
write OK

1 0 1 2 | 3 2 1 0 |

RsTB__ |

Fso0B
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Figure 27. Fault error counter and FS0B deactivation sequence (FLT_ERR_FS =0 and

WD_CNT_ERR = 6)

RESET (RSTB) activation

The activation of RSTB depends on the fail-safe state machine configuration performed
during the INIT_FS phase.

The following faults impact on RSTB activation can be configured:

* Watchdog error counter = max value (6 by default)
VCORE, VCCA, VAUX undervoltage

VCORE, VCCA, VAUX overvoltage

FCRBM follows VCORE configuration

* 10_23 error detection (FCCU)

 Fault error counter level

The following faults impact on RSTB activation cannot be configured:

* VPRE overvoltage

* Watchdog refresh not OK or watchdog timeout during INIT phase
¢ FSOB short to high

* RSTB pulse requested by SPI

Fail-safe output (FS0B) activation

The activation of FSOB depends on the fail-safe state machine configuration performed
during the INIT_FS phase.

The following faults impact on FSOB activation can be configured:

* Watchdog error counter = max value (6 by default)
VCORE, VCCA, VAUX undervoltage

VCORE, VCCA, VAUX overvoltage

FCRBM follows VCORE configuration

* |O_23 error detection (FCCU)

¢ |O_45 error detection (external IC error)

Fault error counter level

The following faults impact on FSOB activation cannot be configured:

* VPRE overvoltage

* Watchdog refresh not OK or watchdog timeout during INIT phase
LBIST, ABIST1/2 fail

RSTB, FS1B short to high

FSOB low requested by SPI
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» SPI DED

12.5.6 Fail-safe output (FS1B) activation

The activation of FS1B follows the activation of FSOB with a configurable delay (tpgLay)
or for a configurable duration (tpyr).

FS1B SIMPLIFIED ARCHITECTURE
VPRE

diode D1

err_signal

by default, OFF _, switch S1
backup, OFF
Rvpu_fs
VPU_FS
from from
Vsns Vsup
Cpd | |Rpd | [Rpu
4 T
from L L
FS logic

FS1B to external

—F— sare circuitry

Vpu_fs_th

driver

MUX signal:
- default, from FS logic —_—
- err => backup, Vpu_fs_th

aaa-037757

Figure 28. FS1B simplified architecture

VPU_FS is internally connected to VPRE with a reverse diode protection and protected
against short-circuit by Rypy rs. The R_FS1B resistor is needed to be robust against ISO

763719 pulses.

12.5.6.1 tpgLay Operation

In tpg Ay configuration, FS1B is asserted low with a delay after FSOB is activated, and
remains asserted until it is released by the SPI.

The delay between FSOB and FS1B activation is configurable via the SPI from 0 ms to
3150 ms with the combination of FS1B_TIME_3:0 and FS1B_TIME_RANGE bits. This
digital delay is generated by the fail-safe logic with an accuracy of £10 %. FS1B can be
activated at the same time as FSOB if tpg ay = O or after a programmable delay if tpg ay
> 0 (Figure 29).

Failure detected

FSOB | Device and ECU is safe state

FSOB release by the SPI

FS18 FS1B asserted after tpg| ay

S
tDELAY FS1B release by the SPI
aaa-037758

Figure 29. tpg Ay Operation
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To ensure the FS1B delay is guaranteed in all system failure cases,VPU_FS pin must be
used as a FS1B pull-up (Figure 28).

The Rpp/Cpp components at VPU_FS provide a configurable backup delay under system
failure (loss of internal fail-safe oscillator or loss of power supply). VPU_FS circuit
consumption is negligible (~1.0 yA). Consequently, the external components Rpp/Cpp
can be easily calculated for the desired backup delay (Figure 30).

FS1b

Vpu_FS

Vpu_FS_th
(3.2 V typ)

time

Backup delay

from Rpd/Cpd 282-037759

Figure 30. Backup delay operation

Rpp/Cpp _calculation:

* Rrot = RinT // Rpp With Ryt = 1.0 M 50 %

* Vpu_rs = [(Vere - Vbiobe) X Rrot/(Rrot + Rveu_rs)]
* Vpu_rs_tH = Vpu_rs X e(-tpeLay/RrotCpp)

* toeLay = —RrotCpp X LN (Vpy_Fs TH/VPU Fs)

Rpp/Cpp typical use case:

* tpELAYy =33 ms, Vpy s 1H=3.2V, Vpy s =55V
° RpD =16 KQ, CPD =3.3 UF

The switch S1 is opened by default and must be closed by a SPI command, due to the
FS1B_DLY_REQ bit in the SF_OUTPUT_REQUEST register, before releasing the FS1B
pin. Vpy s rise time is limited by the time constant of Rypy rs X Cpp. 95 % of Vpy fs is
reached after 3 x Rypy rs X Cpp = 15 ms. It is recommended to select high Rpp resistor
value to be negligible versus Rypy s and low Cpp capacitor value to reduce Vpy Fs
rising time. - -

The external Rpp/Cpp components connected to VPU_FS are used to generate an FS1B
backup delay. This backup delay can be verified at the application level to cover latent
faults on these components, by opening the internal switch connecting VPRE to VPU_FS
with the FS1B_DLY_REQ bit in the SF_OUPUT_REQ register (FSOB must be asserted
first). The backup delay accuracy depends only on external component accuracy.

tburaTiON Operation

In tpuraTION CONfiguration, FS1B is asserted low at the same time as FSOB for a
configurable duration, and is automatically released after tpyraTion timing (Figure 31).
The FS1B activation duration is configurable via the SPI from 0 ms to 3150 ms with the
combination of the FS1B_TIME_3:0 and FS1B_TIME_RANGE bits. This digital duration
is generated by the fail-safe logic with an accuracy of £10 %.
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Failure detected

FSOB Device and ECU is safe state |

FSOB release
by the SPI

FS1B

FS1B asserted after tpyraATION

If
DURATION FS1B automatic release

after tpyraTION
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Figure 31. tpyraTiON OpPEration

Fail-safe outputs (FSOB and FS1B) release

When the fail-safe outputs FSOB and consequently FS1B are asserted low by the device
due to a fault, some conditions must be validated before allowing these pins to be
released by the device. These conditions are:

e ABIST2_FS1B_OK=1 if part number with FS1B

ABIST2_VAUX_OK=1 except if VAUX_FS_OV_1:0=VAUX_FS_UV_1:0="00"

* Fault is removed

Fault error counter must be at ’0’

* Close the S1 switch if FS1B backup delay was engaged (FS1B_DLY_DRYV bit = 1)
RELEASE_FSxB register must be filled with the right value

RELEASE_FSxB register

When a fault is removed and the fault error counter changes back to level '0’, a right
word must be filled in the RELEASE_FSxB register. The value depends on the current
WD_LFSR. LSB, MSB must be swapped, and a negative operation per bit must be
applied.

FSOB and FS1B can be released independently or at the same time, depending on
the configuration of the first three bits of the RELEASE_FSxB register (Table 12).The
RELEASE_FSxB write command should be done after a WD_LFSR read command. If
FSOB and FS1B are released sequentially, the procedure must be done a first time for
FSOB, and a second time for FS1B.

Table 12. RELEASE_FSxB register based on LFSR value

WD_LFSR_7:0 b7 | b6 | b5 | b4 | b3 | b2 | b1 | b0
Release FSOB RELEASE FSxB 70 | 0 | 1 ' 1 |b0O bT | b2 | b3 | b4
Release FS1B RELEASE FSxB 70 | 1 | 1 0 |[b3 b4 b5 | b6 |b7
Release FSOB and FS1B RELEASE FSxB 70 | 1 | 0 ' 1 |[b0O bT | b2 | b6 |b7

SPI DED

Some SPI registers affect some safety critical aspects of the fail-safe functions, and
therefore are required to be protected against SEU (single event upset). Only fail-

safe registers are concerned. During INIT_FS mode, access to fail-safe registers for
product configuration is open. Once the INIT_FS phase is over, the Hamming circuitry is
activated to protect registers content.
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At this stage, if there is one single bit flip, the detection is made due to Hamming code,
the error is corrected automatically (fully transparent for the user), and a flag is sent. If
there are two errors (DED - dual error detection), the detection is made due to Hamming
code but detected errors cannot be corrected. The flag is sent and FSOB is activated.

Input voltage range

Due to the flexibility of the pre-regulator, the device can cover a wide battery input
voltage range. However, a more standard voltage range can still be covered using only
the buck configuration.

Vsup

Buck-boost Buck only

40V

Extended voltage range
Potencial Vprg
thermal limitation

Extended voltage range
Potencial Vprg
thermal limitation

28V

19V

Vsup_uv_7
Extended voltage range
VpRE output
current limitation

Extended voltage range
VpRE output
current limitation

45V

27V

aaa-037761

Figure 32. Input voltage range

e Vgup > 28 V: Potential Vprg thermal limitation
Rps(on), Current limitation and overcurrent detection are specified for Vgyp <28 V.
* Vgup > 19 V: MUX_OUT limitation

Vsense and 1O_0 maximum analog input voltage range is 19 V. Internal 2.5 V reference
voltage accuracy degraded.

* Buck only, Vsyp < Vsup uv 7:

CAN communication is guaranteed for Vgyp > 6.0 V. LIN communication stopped when
Vgup < 7.0 Vif LIN_J2602_DIS bit is not set. For Vcca and Vayx 5.0 V configuration,
undervoltage triggers at low Vsyp (See Section 9, Vcea uv s5and Vaux_uv s)-
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12.7 Power management operation

12.7.1

FS6500-FS4500

A thermal sensor is implemented as close as possible to the pass transistor of each
regulator (Vpre, Vcore: Veca, Vean) and an associated individual thermal shutdown
(Tsp) protects these regulators independently. When the Tgp threshold of a specific
regulator is reached, this regulator only is switched off and the information is reported
in the main state machine. The regulator restarts automatically when the junction
temperature of the pass transistor decrease below the Tgp threshold.

VPRE voltage pre-regulator

A highly flexible SMPS pre-regulator is implemented in the FS6500/FS4500. Depending
on the input voltage requirement, the device can be configured as 'non-inverting buck-
boost converter’ (Figure 34) or 'standard buck converter’ (Figure 33). An external logic
level MOSFET (N-type) is required to operate in 'non-inverting buck-boost converter’.
The connection of the external MOSFET is detected automatically during the start-up
phase.

The converter operates in current control mode in any configuration. The high-side
switching MOSFET is integrated to make the current control easier. The PWM frequency
is fixed at a typical 440 kHz. The compensation network is fully integrated. The Vprg
output voltage is regulated between 6.0 Vand 7.0 V.

If the full current capability is not used for VCORE, VCCA, VAUX, and CAN_5V, an
additional external LDO can be connected to VPRE to fulfill application needs, while the
current load remains below the maximum current capability in all conditions.

__________ AP —————-
[N

<100mQ 3, <10mQ

1
|

PGND = =
RSNUB_VPRE PGND PGND PGND PGND

L_VPRE

CSNUB_VPRE ZND_VpRE

e —————
1 COUT_VPRE1

COUT_VPRE2
1 COUT_VPRE3
COUT_VPRE4

]

1
H—A

! &

[ SR -

== CBOOT_PRE

-
l —

Q —————
———

PGND

SW_PRE1
SW_PRE2
BOOT_PRE
GATE_LS
VPRE
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Figure 33. Pre-regulator: buck configuration
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Figure 34. Pre-regulator: buck boost configuration

When the converter is set up to work in boost mode at low Vg p, the transition between
buck and boost mode is automatically handled by the device at the Vgyp yy 7 threshold.
Transition between buck mode and boost mode is based on hysteresis (Figure 35).

* When VSUP > Vgyp yv 7, the converter works in buck mode and the VPRE output is
regulated at 6.5 V typ.

* When VSUP < Vgyp yv_7, the converter works in boost mode and the VPRE output is
regulated at 6.3 V typ.

D (%) Vere (V)
100
6.5
66
£2]
3
50 s D buck
4
>
Ny
33+
25+
D boost
0 : : s
7.5 12 18 24 ViN (V)
I
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Figure 35. Transition between buck and boost

All information provided in this document is subject to legal disclaimers. © NXP B.V. 2020. All rights reserved.

Product data sheet

Rev. 7.0 — 11 November 2020
55/153



NXP Semiconductors FSGSOO, FS4500

Safety power system basis chip with CAN FD and LIN transceivers

12.7.1.1 Power up and power down sequence

V. 4
VsuP UV 5 / SNS_UV
Vsup UV L_B w

Vbattery
v

Vsup

Buck_Boost Mask Buck Buck Buck

Vpre_EN

Vpre 7

Veore | VCORE_FB_UV * (R3+R4)/R4)
INTB
RSTB |

aaa-037765

Figure 36. Buck configuration power up and power down

Vsup_uv_L

Vbattery
v "

Vsup

Buck_Boost Mask Boost Buck Boost Buck Boost

Vpre_EN

Vpre

Veore / VCORE_FB_UV * ((R3+R4)/R4)
INTB

RSTB |

madad

aaa-037766

Figure 37. Buck boost configuration power up and power down

12.7.1.2 Cranking management

When VPRE is set up to work in buck only mode, the application can work down to VSUP
=Vsup uv_L B = 4.5 V with a minimum of 500 mA current guaranteed on VPRE..
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Buck_Boost
Mask

VPRE_EN

VpRE

VCORE

INTB

RSTB

VSENSE

Vsup
VsNs_uv

Vsup_uv_L B

N —

Buck

VCORE_FB_UV *
((R3+R4)/R4)

Figure 38. Behavior during cranking (buck configuration)

aaa-037767

When VPRE is set up to work in buck-boost mode, the application can work down to
VSUP = Vgyp yv L = 2.7 V with a minimum of 300 mA current guaranteed on VPRE. The
buck-boost configuration helps to pass the LV 124 specification requiring a minimum of
3.2 V on Vgat supply during cold cranking conditions.

Buck_Boost
Mask

VPRE_EN

VPRE

VcoRre

INTB

RSTB

Vsup
Vsup_uv_7

Vsup_uv_L

D

Buck

Buck

Boost |

Boost

VCORE_FB_UV *
((R3+R4)/R4

N~
N

Figure 39. Behavior during cranking (buck boost configuration)
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Light load condition

To improve the converter efficiency and avoid any unwanted output voltage increase, the
VPRE voltage regulator operates in pulse skipping mode during light load conditions.

The transition between normal mode and pulse skipping mode is based on the
comparison between the error amplifier output (EA_out) and pre-defined thresholds
Vpre_LL_H and Vpre - When the error amplifier output reaches Vpre | 1, the
VPRE high-side transistor is switched off. When the error amplifier output reaches
Vpre_LL_H, the VPRE high-side transistor is switched on again for the next switching

period (Figure 40).

VPRE VSUP1/2 EA_out /
light load

an(:;r)rl?fli’er comparator VPRE HS Vpre_LL_H \/\/
(Hyst20 mV)  driver Vpre_LL_L
Light load

Ref flag
HS gate

GND Vpre LL L SW_PRE
drive | | | |

aaa-037769

Figure 40. Description of light load conditions

Input power feed forward condition

To improve the converter efficiency during high input power conditions, the VPRE
switching frequency is reduced from 440 kHz to 220 kHz, when VSUP > Vgyp |prF, to
decrease the switching losses. The transition between the two frequencies is transparent

for the application.

VsuP_IPFF
VsuP_IPFF \
Vsup

IPFF

ATATARAR O CE LT PO T e Tanimn

440 kHz 220 kHz 440 kHz
aaa-037770

VPRE_FSW

Figure 41. Input power feed forward principle

Overcurrent detection and current limitation

Overcurrent protection:

To ensure the integrity of the high-side MOSFET, an overcurrent detection is
implemented. The regulator is switched off by the main state machine when the lpre oc
overcurrent detection threshold is reached three consecutive times. The overcurrent
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detection is blanked when the pass transistor is switched on during tpre_oc to avoid
parasitic switch off of the high-side gate driver.

The VPRE output voltage decrease causes an undervoltage condition on one of the
cascaded regulators (VCORE, VCCA, VAUX) and brings the device into fail-safe state.
The overcurrent protects the regulator in case the SW_PRE pin is shorted to GND. The
overcurrent works in buck mode only.

Current limitation:

A current limitation is also implemented to avoid uncontrolled power dissipation inside the
device (duty cycle control) and limits the current. VPRE current limitation is automatically
set based on the buck or buck-boost configuration. In buck only mode, the lowest current
limitation Iprg Lm2 is applied while in buck-boost mode, the highest current limitation

lpre Lim1 is applied. The current limitation is blanked when the pass transistor is switched
on during trre_BLK_LIM to allow short-circuit detection on the SW_PRE pin.

When lpre v threshold is reached during buck mode, the high-side integrated MOSFET
is switched off. When the Iprg v threshold is reached during boost mode, the external
low-side MOSFET is switched off. In both cases, the MOSFET is not switched on again
before the next rising edge of the switching clock.

The current limitation induces a duty cycle reduction and leads to the VPRE output
voltage gradually dropping, which may cause an undervoltage condition on one of the
cascaded regulators (VCORE, VCCA, VAUX) and bring the device to the fail-safe state.
The current limitation does not switch off the regulator. The current limitation protects the
regulator when the VPRE pin is shorted to GND.

IPRE_OC
IPRE_LIM / /
PREsw— L L1 L4111 L a1
swpre— L1 L1 L 1L 0L 1L 0L 1L LI |
—| < TPRE_BLK_ILIM —| |« TPRE_OC
VPRE

T

aaa-037771

Figure 42. Overcurrent and current limitation scheme

12.7.1.6 VPRE voltage monitoring

FS6500-FS4500

The overvoltage detection switches off the regulator. The undervoltage detector is
disabled when the regulator is switched off, reporting an undervoltage. Diagnostic
is reported in the dedicated register and generates an Interrupt. The undervoltage
detection does not switch off the regulator. However, Vpre decrease may induce
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an undervoltage on a regulator attached to Vprg (VCORE, VCCA, VAUX, or
CAN_5V), and bring the application in fail-safe state depending on the supervisor
configuration (registers INIT_VCORE_OVUV_IMPACT, INIT_VCCA_OVUV_IMPACT,
INIT_VAUX_OVUV_IMPACT).

VPRE efficiency

VPRE efficiency versus current load is given for information based on typical external
component criteria described in Figure 43, close to the graph and at typical automotive
Vgup voltage(14 V). The efficiency is valid in buck mode only and above a 200 mA load
on VPRE, to be in continuous mode on the 22 uH inductor. The efficiency is calculated
and has to be verified by measurement at the application level.

EXT. DEVICES
COUT VPRE 57 F 100 VpRE efficency vs. Ipre
ESR VPRE
CouT_VPRE 100 mQ efficiency
- (%)
L coil 22 pH 96
DCR coil 60 mQ
VDIODE 0.35V Vsup =14V -B
92
MOSFET switch [~
Rps(on) 200 m0 Vsup = 14 V -BOB
Cs 600 pF 88
p \\\
tsw_oN 30 ns
tsw_oFF 30 ns
— 84
Overdrive 10V
Converter 80
VpRE 6.50 V 0 0.4 0.8 1.2 1.6 2.0 2.4
Freq 440 kHz IPRE current (A)
aaa-037772
Figure 43. Vpge efficiency

VCORE voltage regulator

This voltage regulator is a step-down DC-DC converter in the FS6500 series and a linear
regulator in the FS4500 series.

VCORE DC-DC converter

The FS6500 voltage regulator is a step-down DC-DC converter operating in voltage
control mode. The high-side switching MOSFET, connected to VPRE, is integrated in
the device, and the PWM frequency is fixed at 2.4 MHz typical. The output voltage is
configurable from a 1.0 V to 5.0 V range, and adjustable around these voltages with
an external resistor divider (R3/R4) connected between VCORE and the feedback pin
(FB_CORE) (Figure 44) VcoRE = VCORE_FB X ((R3 + R4)/R4)

The voltage accuracy is +2.0 % (without the external resistor bridge R3/R4 accuracy)
and the max output current is 2.2 A. The stability of the overall converter is done by an
external compensation network (R1/C1/R2/C2) connected to the pin COMP_CORE. ltis
recommended to use 1.0 % accuracy resistors and set R4 = 8.06 kQ and adjust R3 to
obtain the final VcoRrg voltage needed for the MCU core supply.
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Figure 44. VCORE buck regulator

Light load condition

To improve the converter efficiency and avoid any unwanted output voltage increase,
the VCORE voltage regulator operates in pulse skipping mode during light load
conditions. The principle is the same as the VPRE implementation described in detail in
Section 12.7.1.3.

Current limitation

A current limitation is implemented to avoid uncontrolled power dissipation inside the
device (duty cycle control) and limits the current below Icore 1 im- The current limitation
is banked when the pass transistor is switched on during tcore Lk Lim to avoid parasite
detection. When the Icore Lm threshold is reached, the high-side integrated MOSFET
is switched off. The MOSFET is not switched on again before the next rising edge of the
switching clock.

The current limitation induces a duty cycle reduction and leads to the VCORE output
voltage to fall gradually and may cause an undervoltage condition, bringing the device
into a fail-safe state. The current limitation does not switch off the regulator.

Voltage monitoring

The overvoltage detection switches off the regulator. The regulator remains on during
an undervoltage detection. Diagnostic is reported in the dedicated register, generates
an interrupt, and may bring the application into the fail-safe state, depending on the
supervisor configuration (register INIT_VCORE_OVUV_IMPACT).

For safety purposes, the FCRBM pin monitors the external resistor bridge (R3/R4) used
to set up the final VoRre voltage through a second resistor bridge (R3b/R4b) to detect
an external resistor drift or disconnection. The monitoring compares the FB_CORE and
FCRBM pins (Figure 45) and triggers when FB_CORE — FCRBM > +150 mV max.
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VcoRE Voltage

1

R3 | |R3b
FB_CORE I
activate RSTB PGND
and/or FSxB FCRBM R4 | [Ra4b
GND GND
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Figure 45. Feedback core resistor bridge monitoring (FCRBM)

If the second resistor bridge (R3b/R4b) is not mounted, FCRBM must be connected
directly to FB_CORE to satisfy FB_ CORE = FCRBM in all conditions.

VCORE efficiency

Vcore efficiency versus current load is given for information based on typical external
component criteria described in Figure 46, close to the graph and at three typical

Vcore Voltages (5.0 V, 3.3V, and 1.2 V), covering most of the MCU supply ranges. The
efficiency is valid above a 200 mA load on V¢oge to be in continuous mode in the 2.2

pH inductor. The efficiency is calculated and has to be verified by measurement at the
application level. One major contributor degrading the efficiency at Vcore = 1.2 V is the
external diode during the recirculation phase. The lower the diode forward voltage (V) is,
the better the efficiency.

EXT. Devices
CoUT VCORE 20 uF o VcoRre Efficency vs. Icore
ESR VCORE | VcoRE=50V
CoUT VCORE 5.0mQ efficiency ‘ £
(%) VCORE =3.3V
L coil 2.2uH 85
DCR caoll 20 mQ
VDIODE 0.35V
75
MOSFET switch VCORE =1.2V
Rps(on) 200 mQ
Cao 300 pF 65 =
tsw_oN 12 ns
tsw_oFF 12ns
— 55
Overdrive 10.0V
Converter 45
VCORE 1.2V,33V,5.0V 0 0.4 0.8 1.2 1.6 2.0 2.4
Freq 2400 kHz IcorE current (A)
aaa-037775
Figure 46. Vcoge efficiency

VCORE linear regulator

The FS4500 voltage regulator is a linear regulator. The pass device, connected to VPRE,
is integrated. The output voltage range is configurable from 1.0 V to 5.0 V, and adjustable
around these voltages with an external resistor divider (R3/R4) connected between
Vcore and the feedback pin (FB_CORE) (see Figure 47) VcoRre = VCORE_FB X ((R3 +
R4)/R4).
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The voltage accuracy is 2.0 % (without the external resistor bridge R3/R4 accuracy)
and the max. output current is 0.5 A. In this case, the BOOT_CORE and COMP_CORE
pins (used in buck converter mode only) must be left open. It is recommended to use
1.0 % accuracy resistors and set R4 = 8.06 kQ and adjust R3 to obtain the final Vcore
voltage needed for the MCU core supply. When VCORE is used in linear mode, the
power dissipation must be taken into account at low-voltage.

Vcore VOLTAGE

L

%)
W g I COUT_VCORE
I
8 e [] R3 R3b =
I o PGND
= &)
) >
FB_CORE
ﬂm R4b
GND  GND
FCRBM
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Figure 47. VCORE linear regulator

Current limitation

Similar to the buck converter mode, a current limitation is implemented to avoid
uncontrolled power dissipation inside the device (see Section 12.7.2.3).

Voltage monitoring

The linear regulator has the same voltage monitoring than the DC-DC buck converter
(see Section 12.7.2.4).

Charge pump and bootstrap

Both switching MOSFETSs of VPRE and VCORE SMPS are driven by external bootstrap
capacitors. Additionally, a charge pump is implemented to ensure 100 % duty cycle for
both converters. Each converter uses a 100 nF external capacitor minimum to operate

properly.

VCCA voltage regulator

VCCA is a linear voltage regulator mainly dedicated to supply the MCU 1/Os, especially
the ADC. The output voltage is selectable at 5.0 V, or 3.3 V. Since this output voltage
can be used to supply MCU 1/Os, the output voltage selection is done using an external
resistor connected to the SELECT pin and ground or VPRE. When VCCA is used with
the internal MOS transistor, the VCCA_E pin must be connected to VPRE. The voltage
accuracy is £1.0 % for 5.0 V configuration and £1.5 % for 3.3 V configuration with an
output current capability at 100 mA.

When VCCA is used with an external PNP transistor to boost the current capability up

to 300 mA, the connection is detected automatically during the start-up sequence of the
FS6500/FS4500. In such condition, the internal pass transistor is switched off and all the
current is driven through the external PNP to reduce the internal power dissipation. The
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output voltage accuracy with an external PNP is reduced to £3.0 % at 300 mA current
load. The VCCA output voltage is used as a reference for the auxiliary voltage supply
(Vaux) when VAUX is configured as a tracking regulator.

Current limitation

A current limitation is implemented to avoid uncontrolled power dissipation of the internal
MOSFET or external PNP transistor. By default, the current limitation threshold is
selected based on the auto detection of the external PNP during start-up phase.

¢ When the internal MOSFET transistor is used, the current is limited to Icca v inT @nd
the regulator is kept on -

* When the external PNP transistor is used, the current is limited to Icca LM out and the
regulator is switch off after a dedicated duration tcca Lim ore under current limitation. A
SPIl command is needed to restart the regulator.

In case of an external PNP configuration only, the lowest current limitation threshold can
be selected by the SPI in the register INIT_VREG instead of the highest one. A current
limitation foldback scheme is implemented to reduce the current limitation to lcca Lim FB
when VCCA is below Vcca Lim e, limiting the power dissipation in the external PNP
transistor during a short-circuit to GND of the VCCA pin.

Voltage monitoring

The overvoltage detection switches off the regulator. The regulator remains on if an
undervoltage is detected. A diagnostic is reported in the dedicated register, generating an
Interrupt and may bring the application into fail-safe state, depending on the supervisor
configuration (register INIT_VCCA_OVUV_IMPACT).

VAUX voltage regulator

VAUX is a highly flexible linear voltage regulator, which can be used either as an
auxiliary supply dedicated to additional device in the ECU or as a sensor supply
(i.e. outside the ECU). An external PNP transistor must be used (no internal current
capability).

If VAUX is not used in the application, the VAUX, VAUX_E, and VAUX_B pins
must be left open. It is recommended to turn the Vayx driver off and disable the
Vaux safety impact by the SPI (VAUX_EN=0 in REG_MODE register and all bits of
INIT_VAUX_OVUV_IMPACT register at 0).

If VAUX is used as an auxiliary supply, the output voltage is selectable between 5.0 V
and 3.3 V. Since this voltage rail can be used to supply MCU IOs, the selection is done
with an external resistor connected between the SELECT pin and ground or VPRE. In
such case, the voltage accuracy is £3.0 %, with a maximum output current capability of
400 mA.

If VAUX is used as a sensor supply rail, the output voltage is selectable between 5.0 V
and 3.3 V. VCCA can be used as reference for the sensor supply used as tracker. In

this case, the Vayx voltage must match Vcap, limiting the resistor configuration at the
SELECT pin to 5.1 kQ (Vaux = Veea = 3.3 V) and 12 kQ (Vaux = Veea = 5.0 V). The
tracker mode selection is done during the INIT phase and secured (bit VAUX_TRK_EN in
the INIT_VREG register). The tracking accuracy is 15 mV.
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100 nF %D“ c1o I40 uF
PGND []Ra R1 PGND
SW1/2 | BOOT_CORE VCORE_SNS
FB1
DR . MCU
GND
—
Cc11
V_Peripherals
VCCA - LDO1 Veer 50V AND I/0
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VAUX_E e
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Figure 48. Example of Vpyx used in tracker mode

Current limitation

A current limitation is implemented to avoid uncontrolled power dissipation of the external
PNP transistor. The current is limited to Iayx_|m and the regulator is switch off after a
dedicated duration tayx 1 im oFr under current limitation. A SPI command is needed to
restart the regulator. A current limitation foldback scheme is implemented to reduce

the current limitation to Iayx Lm F8 When Vayx is below Vayx Lim Fa, limiting the power
dissipation in the external PNP transistor during a short-circuit to GND of the VAUX pin.

VAuX
33Vor50V

VAUX

VAUX_LIM FB - = -==--~--=---------=

IAUX

!
IAUX_LIM_FB

IAUX_LIM

aaa-037778

Figure 49. Vayx current limitation scheme with foldback mechanism
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Voltage monitoring

The overvoltage detection switches off the regulator. The regulator remains on if an
undervoltage is detected. A diagnostic is reported in the dedicated register, generating
an interrupt and may bring the application into the fail-safe state, depending on the
supervisor configuration (register INIT_VAUX_OVUV_Impact).

CAN_5V voltage regulator

The CAN_5V voltage regulator is a linear regulator fully dedicated to the internal CAN
interface. By default, the CAN_5V regulator and the undervoltage detector are enabled
and the overvoltage detector is disabled. The overvoltage detector can be enabled by the
SPI during INIT_MAIN state.

If the overvoltage detector is enabled, the CAN_5V regulator switches off when an
overvoltage is detected. The undervoltage detector is disabled when the regulator is
switched off reporting an undervoltage. A diagnostic is reported in the dedicated register,
generating an Interrupt. The CAN_5V regulator is not a safety regulator. Consequently,
the CAN_5V voltage monitoring (overvoltage, undervoltage) never asserts the RSTB or
FSOB fail-safe pins.

If the FS6500/FS4500 internal CAN FD transceiver is not used in the application, the
CAN_5V regulator can be used to supply an external standalone CAN or FLEX-RAY
transceiver, provided the current load remains below the maximum current capability in
all conditions. In this case, the internal CAN FD transceiver must be put into sleep mode
without wake-up capability.

VKAM

The keep alive memory supply is shared with 10_ 5 pin. When VKAM is used, 10_5 is not
available and vice versa. Depending on the part number selection (Section 5.2), VKAM
can be on or off by default.

* If VKAM is on by default, VKAM starts as soon as VSUP3 is > 4.5 V. VKAM can still be
turned off/on by the SPI.

¢ If VKAM is off by default, VKAM is turned on/off by the SPI.

I
e ]

S I S——

W

\
Enable by SPI Cranking
default enable

VPRE =

aaa-037779

Figure 50. VKAM start-up strategy

VKAM is the only supply available in low-power mode (LPOFF). VKAM can be used to
supply the MCU static RAM or any other external IC which does not exceed the current
capability. A current limitation is implemented. Neither voltage monitoring, nor thermal
shutdown are implemented. VKAM can be selected at the MUX_OUT pin to be monitored
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by the MCU ADC. The VKAM supply is available down to Vsyp = Vsyp yv | = 2.7 V when
the device is in normal mode, and down to Vgyp = 4.5 V when the device is in low-power
mode off.

Power dissipation

The FS6500/FS4500 provides high performance SMPS and linear regulators to supply
high end MCUs in automotive applications. Each regulator can deliver:

* VpRrE (65 V) up to 20A

* Veore (from 1.0 V1o 5.0 Vrange) up to 2.2 A

* Veea (3.3 Vor 5.0 V) up to 100 mA (with internal MOS) or up to 300 mA (with external
PNP)

* Vaux (3.3 Vor5.0V) up to 400 mA (with external PNP)

* Vean (5.0 V) up to 100 mA

A thermal dissipation analysis has to be performed based on the application use case to
ensure the maximum silicon junction temperature does not exceed 150 °C.

Two use cases covering the two main VoRrg voltage configurations are provided in
Figure 51.

e use case 1: VCORE =3.3V, ICORE =0.7 A, VCCA with int. MOS

e use case 2: Vcore = 1.2V, lcore = 1.4 A, Vcca with ext. PNP

Both use cases have a total internal power dissipation below 0.9 W. A junction to ambient
thermal resistivity of 30 °C/W allows the application to work up to an ambient temperature

of 125 °C. A good soldering of the package expose pad is highly recommended to
achieve such thermal performance.
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use case 1: Vcore = 3.3V, Icore = 0.7 A, Vcca with int. MOS

Vsyp = 14 V and 25 % of CAN traffic

Regulator Voltage Current | Comment Regulator Voltage Current | Comment
Vpre 6V 670 mA Vpre 6V 800 mA
Vcore 3.3V 700 mA Vcore 33V 1.4 A
Vcca 3.3V 50 mA int. MOS Vceca 33V 200 mA | ext. PNP
Vaux 5V 200 mA Vaux 5V 200 mA

Main contributors to the IC's Power dissipation

— Vcca
21 %

Vaux
5%

CAN transceiver

Main contributors to the IC's Power dissipation

— Vcca
2%

Vaux
5%

8 % .
Internal IC CAN tr7az1/sce|ver
8% Internal IC °
7%
| TOTALPDIS= | 0.765W TOTALPDIS= | 0.829 W

1) CAN transceiver dissipation includes CAN_5V regulator dissipation.

2) 25 % CAN traffic means the CAN bus is dominant for 25 % of time and recessive for the remaining 75 %.

Figure 51. Power dissipation use case

use case 2: Vcore = 1.2V, Icore = 1.4 A, Vcca with ext. PNP

aaa-037780

The main contributors to the device power dissipation are the Vprg, Vcore, and Veca
(when used with an internal PMOS) regulators. In comparison, the power dissipation from
the Internal IC, VAUX, and CAN transceiver are negligible. VPRE power dissipation is
mainly induced by the loading of the regulators it is supplying, mainly Vcore, Veca, and
Vaux Which are application dependent. The total device power dissipation, depending

on the variation of these three regulators, is detailed in Figure 52 with the environmental
conditions in the associated table.
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Power dissipation vs. Ipre
1.4
Pgis vs. IcORE |  Pais vs. Icca Pdis Vs. IPRE _Power
dissipation
VPRE 6.5V 6.5V 6.5V W)
1.2 =
IcorE * Icca IcoRE * Icca
IPRE + Taux * loAN Flaux +loan | om 0510 2A
VCORE 33Vand1.2V 33V 3.3V 1.0
ICORE from0.25t0 1.5 A 0.7A 0.3A
Vcea 3.3V 33Vand5V 3.3V 0.8 L~
Icca 50 mA 20 to 100 mA 50 mA
Vaux 3.3V 3.3V 3.3V 06 | —
1AUX 200 mA 200 mA 200 mA
CAN_5V 5V 5V 5V
IcaN 33 mA 33 mA 33mA 04 Vsup =14V
— Vgyp =18V
0.2 | | |
0.4 0.8 1.2 1.6 2.0
IPRE (A)
Power dissipation vs. Icore Power dissipation vs. Icca
Power 1.4 B
dlss(l\s)va)tlon Power 1.0 1
1.2 dissipation L+
VA W) 09 = L
0 Z/ s | —1 ///
' s ' ——
0.7
08 Z
0.6
|
0.6 — 0.5
Vsup =14 V,Vcorg =3.3V 0.4 Vsup=14V,Vcca=5V i
0.4 —— Vsup =18V, Vcore =3.3V | — Vsup=18V,Vcca=5V
Vsyp =14 V,VcoRre = 1.2V 0.3 Vsup=14V,Vcca=3.3V |
—— Vgup =18V, Vcorg =12V | — Vguyp =18V, Vcca=3.3V
0.2 0.2
0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 0.01 0.03 0.05 0.07 0.09 0.1
Icore (A) Icca (A)
aaa-037781
Figure 52. Power dissipation versus Icogre; lcca, Or Ipre

12.7.9 Start-up sequence

To provide a safe and well known start-up sequence, the FS6500/FS4500 includes an
undervoltage lockout. This Vgyp yv 5undervoltage lockout applies when the device is
under a power-on reset condition or released from LPOFF. All the different voltage rails
start automatically as described in Figure 53.
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Figure 53. Start-up scheme

The final value of Vayx and Ve depends on the hardware configuration (resistor values
at the SELECT pin). The typical start-up sequence takes around 16.5 ms to release
RSTB. RSTB can be pulled low after those 16.5 ms by the MCU, if it is not ready to run
after power up. See Section 12.7.7 for the VKAM start-up sequence.

12.8 Long Duration Timer

The device includes a long duration timer, with an integrated oscillator. The timer is
configurable by the SPI and can operate in normal mode and low-power mode. It
provides several functions and offers a large range of counting periods, as well as a
calibration mechanism, for internal oscillator compensation.

The timer is not part of the safety circuitry, and is not covered by LBIST (logic built in
self-test). However it can be activated in normal mode, and all prescaler options can be
selected, to allow timer circuitry verification. The timer is based on a 24-bit counter, with a
32768 Hz oscillator, allowing a 1.0 s timebase.
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Figure 54. Long duration timer block diagram
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1
—+— INT

Timer characteristics

In normal operation, the timer can count up to 194 days, with 1 second resolution. In
calibration mode, the prescaler 2 is bypassed and the timer can count up to 2.28 hours,
with 488 us resolution. The calibration principle consists in activation of the counter

for a dedicated and accurate duration, due to the MCU accurate clock and timing. The
MCU then reads back the timer count, compares the count versus the accurate time of
activation, then calculates a time offset. It is recommended to perform the calibration
between -20 °C and +85 °C.

Table 13. Long duration timer characteristics

Osc freq | Osc period | Prescaler Counter Max count
resolution
Operation 32768 Hz 30.52 us 16 x 2048 1s 4660 Hrs 194 days
Calibration 32768 Hz 30.52 us 16 488 ps 8192 s 2.28 Hrs

Calibration example:

¢ Select the timer function 1 and set the after run value at 65535 (~32 s)
« Start the counter
* Read the counter when the MCU RTC reaches 20 s (must be less than 30 s with £5.0

% oscillator accuracy)

« |f the oscillator period is at exact typical value (absolutely no deviation error), expected
reading is 40960
¢ The exact reading calculates the error correction factor ECF = exact_reading /
expected_reading
¢ ECF < 1 if the oscillator is faster than the exact typical value
* ECF > 1 if the oscillator is slower than the exact typical value

« After calibration, the new after run or wake-up values to set the counter are "after run x
ECF" and "wake-up x ECF"
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Timer functions

* Function 1: In normal mode, count and generate a flag or an Interrupt when the
counter reaches the after run value.
¢ Function 2: In normal mode, count until the counter reaches the after run value and

enters into low-power mode.

¢ Function 3: In normal mode, count until the counter reaches the after run value and
enters into low-power mode. Once in low-power mode, count until the counter reaches
the wake-up value and wakes up.

* Function 4: In low-power mode, count until the counter reaches the wake-up value and

wakes up.

* Function 5: In low-power mode, count and do not wake-up unless the counter overflow
occurs, or if the device wakes up by another source (CAN, LIN, IO).

FUNCTIONS

NORMAL MODE

LOW-POWER MODE (LPOFF)

Function 1

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

SPI: write START

INTB when after run value reached

timer counts

After run value reached

INTb

No entry in low-power

|
1
|
|
|
| mode controlled by LDT
|
|
|
|
|
T

Function 2

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

timer counts

|
Y Entry in low-power

SPI: configure timer function 3
SPI: write after run register
SPI: write wake-up register
SPI: write START

Entry in LPOFF after run value
reached and wake-up when
wake-up value reached

timer counts

Entry in low-power
mode when after run

SPI: write START " mode when after run
i Afterrun 1 value reached
Entry in LPOFF after run value value reached !
reached |
|
|
]
Function 3 :
|
y
1

After run
value reached

Entry in init mode

value reached Wake-up

value reached

/
7

WAKE-UP
|

~d

timer counts

after wake-up by timer

Function 4

SPI: configure timer function 4
SPI: write wake-up register
SPI: go to LPOFF

Wake-up when wake-up
value reached

Entry in init mode

Entry in low-power

mode by SPI Wake-up

value reached
//
WAKE-UP
]

timer counts

after wake-up by timer

Function 5

SPI: configure timer function 5
SPI: go to LPOFF

Wake-up when other

wake-up event occurs (ex CAN)

Entry in init mode
after CAN wake-up

|
i
’
|
!
T
t
|
[
|
|
|
i
Y
|
|
T
|
|

Entry in low-power
mode by SPI
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|
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T
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Figure 55. Long duration timer functions
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12.8.3 Timer operation

The timer is configured and operates with the LONG_DURATION_TIMER register.
The 16-bit after-run value and the 24-bit wake-up value are configured and read in the
corresponding registers.

Figure 56 describes the independent state machine of long duration timer (LDT). After a
POR of the device, the LDT is in idle mode waiting for configuration. The after-run timer
function starts when the LDT_ENABLE bit is set by SPI. The wake-up timer function
starts when the device enters in LPOFF mode.

* When function 1 is selected and the counter reaches the after run value (EOT), an
interrupt is generated and the counter is stopped. The counter must be disabled
(~ENABLE) before reading its value and enabled again.

¢ When function 2 is selected and the counter reaches the after run value (EOT), the
device goes to LPOFF mode and the counter is stopped. The counter must be disabled
(~ENABLE) before reading its value and enabled again.

* When function 3 is selected and the counter reaches the after run value (EOT), the
device goes to LPOFF mode. The counter is reset and restart to count. When the
counter reaches the wake-up value (EOT), the device wakes up and the counter
is stopped. The counter must be disabled (~ENABLE) before reading its value and
enabled again.

* When function 4 is selected and the counter reaches the wake-up value (EOT), the
device wakes up and the counter is stopped. The counter must be disabled (~ENABLE)
before reading its value and enabled again.

* When function 5 is selected and the counter overflows (OVRFLW), the device wakes
up and the counter is stopped. The counter must be disabled (~ENABLE) before
reading its value and enabled again. Overflow means counter max value is reached (all
24 bits at logic 1).

¢ When function 5 is selected and the devices wakes up by CAN, LIN, or 10, the counter
is running. The counter must be disabled (~ENABLE) before reading its value and
enabled again.

POR

ENABLE &
LPOFF & (F4|F5)

ENABLE &
(F1|F2|F3)

~ ENABLE

*F5 & WU
by CAN, LIN, 10

F3 & EOT
* F3 & EOT -> LPOFF

~ENABLE

((F3|F4) & EOT) | (F5 & OVRFLW)
* (F3|F4) & EOT -> WU
* F5 & OVRFLW -> WU

(F1|F2) & EOT
*F1 & EOT -> INTB
*F2 & EOT -> LPOFF

EOT: End Of Timer
OVRFLW: Timer Overflow
FX: Function X selected
WU: Wake up
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Figure 56. Long duration timer state machine
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12.9 CAN transceiver

12.9.1

12.9.1.1

The CAN (controller area network) transceiver provides the physical interface between

the CAN protocol controller of an MCU and the physical dual wires CAN-bus. The

FS6500/FS4500 integrated CAN interface is compliant with flexible data standard at 2.0
Mbit/s. It offers excellent EMC and ESD performance, and meets the ISO 11898-211%

and 1SO 11898-5") standards.

CANH

1
LCAN L

BUS
BIASING
|
lp(e 25V Rin
1 driver L
1 e | Rin
! CAN_5V T
1
1 Vbpio N_\ !
1
p! P
: t@lr MODE driver |
. AND oo __ s
1 ) CONTROL v
1 main - - - — — — — > DDIO
' logic « — — - — — ] —(OVERTEMPERATURE ) T
' DIFFERENTIAL
X RECEIVER
1 Vsup3
1
: WUreport ] WAKE-UP } - — — — - — — — — — — 4
1 to main logic RECEIVER | _
1

Figure 57. CAN simplified block diagram
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Operating modes

Normal mode

When the CAN mode bit configuration is '11’ (CAN in normal operation), the device is
able to transmit information from TXD to the bus and report the bus level to the RXD pin.
When TXD is high, CANH and CANL drivers are off and the bus is in the recessive state
(unless it is in an application where another device drives the bus to the dominant state).
When TXD is low, the CANH and CANL drivers are on and the bus is in the dominant
state. When the CAN mode bit configuration is '01’ (CAN in listen only), the device is only
able to report the bus level to the RXD pin. The TXD driver is off and the device is not
able to transmit information from TXD to the bus. TXD is maintained high by an internal
pull-up resistor TXDpy | -yup connected to VDDIO.
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high
TXD
low

CANH

CANL

dominant

0.9V
VDIFF
(CANH - CANL)

recessive

high
0.7 VDDIO
RXD
0.3VDDIO

low

— tLoor (R-D) J

Figure 58. CAN timing diagram

— tLoopP (D-R)
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Sleep mode

When the device is in LPOFF mode, the CAN ftransceiver is automatically set in sleep
mode with or without wake-up capability, depending on the CAN mode bit configuration.
In this case, the CANH and CANL pins are pulled down to GND via the internal Ry
resistor, the TXD and RXD pins are pulled to GND, and both driver and receiver are

off. The CAN mode is automatically changed to sleep with wake-up capability if not
configured to sleep without wake-up capability when the device enters is LPOFF. After
LPOFF, the initial CAN mode prior to enter LPOFF is restored (Figure 59).

CAN state before entering LPOFF CAN state after LPOFF CAN state after entering LPOFF
CAI\[lEgiode CAN state CA'\[‘ES}Ode CAN state CAI\E{aode CAN state
00 Sleep, no wake-up capability 00 Sleep, no wake-up capability 00 Sleep, no wake-up capability
01 Listen only 01 Listen only
10 Sleep, wake-up capability 10 Sleep, wake-up capability 10 Sleep, wake-up capability
11 Normal 1 Normal

aaa-037788

Figure 59. CAN transition when device goes to LPOFF

Fault detection

TXD permanent dominant (timeout)

If TXD is set low for a time longer than tpoyT, the CAN drivers are disabled and the CAN-
bus returns to the recessive state. The CAN receiver continues to operate. This prevents
the bus to be set in the dominant state permanently in case a failure sets the TXD input
to a permanent low level.

The CAN_MODE MSB bit is set to 0 and the flag TXD_dominant is reported in the
DIAG_CAN_1 register. The device recovers from this error detection after setting the
CAN_MODE to normal operation and when a high level is detected on TXD. The TXD

All information provided in this document is subject to legal disclaimers. © NXP B.V. 2020. All rights reserved.

Product data sheet

Rev. 7.0 — 11 November 2020
751153



NXP Semiconductors FSGSOO, FS4500

12.9.2.2

12.9.2.3

FS6500-FS4500

Safety power system basis chip with CAN FD and LIN transceivers

failure detection is operating when the CAN transceiver is in normal mode and listen only
mode.

recovery condition: TXD high

w o I e

recessive
BUS ——  dominant dominant dominant

toout w toout toout w

TXD dom timeout expired

1 — high
RXD | | | |
low
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Figure 60. TXD dominant timeout detection

RXD permanent recessive

If RXD is detected high for seven consecutive receive/dominant cycles, the CAN drivers
and receiver are disabled and the CAN-bus returns to the recessive state. This prevents
a CAN protocol controller from starting a CAN message on the TXD pin, while RXD is
shorted to a recessive level and seen from a CAN controller as a bus idle state.

The CAN_MODE MSB bit is set to 0 and the flag RXD_REC is reported in the
DIAG_CAN_1 register. The device recovers from this error detection after setting the
CAN_MODE to normal operation. The RXD failure detection is operating when the CAN
transceiver is in normal mode and listen only mode.

CAN-bus short-circuits

CANL/CANH short to GND and CANL/CANH short to the battery are detected and
reported to the device main logic. The CAN driver and receiver are not disabled. They
are detected and reported to the device main logic.

CANL short to GND is detected when CANL is < 0.5V, 500 ns after TXD is activated low,
and five consecutive times, as illustrated for CANL short to GND on Figure 61. CANH
short to the battery is detected when CANH is > 5.2 V, 500 ns after TXD is activated

low, and five consecutive times. CANL short to the battery and CANH short to GND are
detected when IcanL Or Icann > 75 mA (typ), 500 ns after TXD is activated low, and five
consecutive times.
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to GND — f—o — f—o — f—o — f—o — f—o
500 ns 500 ns 500 ns 500 ns 500 n‘s
CANL short to |
GND detection

aaa-037790

Figure 61. lllustration of CANL short to GND detection mechanism

If the CAN-bus is dominant for a time longer than tpopm, due for instance to an external
short-circuit from another CAN node, the flag CAN_DOM is reported in the DIAG_CAN_1
register. This failure does not disable the bus driver. The CAN-bus dominant failure
detection is operating when the CAN transceiver is in normal mode and listen only mode.

CAN current limitation

The current flowing in and out of the CANH and CANL driver is limited to 100 mA, in case
of a short-circuit (parameters lcani-sk and lcanH-sc)-

CAN overtemperature

If the driver temperature exceeds the TSD (ToT), the CAN drivers are disabled and the
CAN-bus returns to the recessive state. The CAN receiver continues to operate. The
CAN_MODE MSB bit is set to 0 and the flag CAN_OT is reported in the DIAG_CAN_LIN
register.

A hysteresis is implemented in this protection feature. The device overtemperature and
recovery conditions are shown in Figure 62. The CAN drivers remain disabled until the
temperature has fallen below the OT threshold minus hysteresis. The device recovers

from this error detection after setting the CAN_MODE to normal operation and when a
high level is detected on TXD.
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12.9.2.6 Distinguish CAN diagnostics and CAN errors

12.9.3
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Overtemperature threshold

/ Hysteresis Hysteresis
Temperature Event 1 Event 1
/ Event 2
Event 2
Event 3 Event 4 Event 3
— high
TXD |
low
recessive
dominant dominant dominant p——
BUS

Event 1: overtemperature detection. CAN driver disable.

Event 2: temperature falls below ‘overtemp. threshold minus hysteresis’ => CAN driver remains

disable.

Event 3: temperature below 'overtemp. threshold minus hysteresis’ and TXD high to low transition

= CAN driver enable.

Event 4: temperature above 'overtemp. threshold minus hysteresis’ and TXD high to low transition

2> CAN driver remains

disable.

Figure 62. Overtemperature behavior

aaa-037791

The CAN errors can generate an interruption while the CAN diagnostics are reported
in the digital for information only. The interruption generated by the CAN errors can be
inhibited setting the INT_INH_CAN bit in the INIT_INH_INT register. The list of CAN
diagnostic and CAN error bits is provided in Table 14.

Table 14. CAN diagnostic and CAN error bits

Register Bit Flag type Effect

DIAG_CAN_FD CANH_BATT Diagnostic No impact on CAN transceiver
CANH_GND Diagnostic No impact on CAN transceiver
CANL_BATT Diagnostic No impact on CAN transceiver
CANL_GND Diagnostic No impact on CAN transceiver

CAN_DOM Error Turn off CAN transceiver

RXD_REC Error Turn off CAN transceiver

TXD_DOM Error Turn off CAN transceiver

DIAG_CAN_LIN CAN_OT Error Turn off CAN transceiver
CAN_OC Diagnostic No impact on CAN transceiver

Wake-up mechanism

The device includes bus monitoring circuitry to detect and report bus wake-ups when the
device is in LPOFF and when CAN mode configuration is different from sleep/no wake-
up capability. Multiple dominant pulse wake-up detection is implemented. The event must

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

© NXP B.V. 2020. All rights reserved.

Product data sheet

Rev. 7.0 — 11 November 2020

78/153



NXP Semiconductors FSGSOO, FS4500

12.9.3.1

12.10

FS6500-FS4500

Safety power system basis chip with CAN FD and LIN transceivers

occur within the t3ptox timeout. tsptox = t3pT01 OF t3pTo2, depending on the SPI selection.
The wake-up events are reported in the WU_SOURCE register.

Multiple pulse detection

To activate wake-up report, three events must occur on the CAN-bus:
- event 1: a dominant level longer than typy followed by

- event 2: a dominant level longer than t3pyy followed by

- event 3: a dominant level longer than t3pyy.

The three events and the timeout function avoiding a permanent dominant state on the
bus generates permanent wake-up situation which would prevent system to enter in low-
power mode.

5xTbit 1xThit 1XTbit 1XTbit
\ Vg \ Vg \___/
Bus — 72— 72— — D
Output of Wake up | | |
Receiver
w <—>‘ T_3pwu <—>‘
T wake up detected
T_3pto >

aaa-037792

Figure 63. Multiple pulse wake-up pattern illustration

LIN transceiver

The local interconnect network (LIN) is a serial communication protocol, designed to
support automotive networks in conjunction with a controller area network (CAN). The
LIN transceiver is operational from a Vgyp of 7.0 V to 18 V DC, and compatible with LIN

protocol specification 2.0, 2.1%%) 2 2?4 gnd SAEJ2602-2%°).
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12.10.1 Simplified block diagram

I LIN Wake up I I LIN overtemperature I

r LIN transmitter .: r LIN transmitter .:
Land receiver Enabledj !_ in Recessive State J

I Normal Baud Rate (20 kbps) |

SR_control : Slow Baud Rate (10 kbps)

| FastBaud Rate (100 kbps)

VSUP3

LIN transmitter in | LIN INTERFACE
Vsup Undervoltage Recessive State Sleep_mode —!

15
r

" | LIN transmitter in |

TXD Dominant | Recessive State |
15

_____________ - 30 kQ 725kQ

LIN

LIN driver
35 A l

TXD I\_/

t+—> GND
RXD receiver
Vedd

aaa-037793

Figure 64. LIN simplified block diagram

12.10.2 Operating modes

12.10.2.1 Normal mode

When the LIN mode bit configuration is *11’ (LIN in normal operation), the device is able
to transmit information from TXDL to the bus and report the bus level to the RXDL pin.
When TXDL is high, the LIN driver is off and the bus is in the recessive state (unless it is
in an application where another device drives the bus to the dominant state). When TXDL
is low, the LIN driver is on and the bus is in the dominant state.

When the LIN mode bit configuration is '01’ (LIN in listen only), the device is only able to
report the bus level to the RXDL pin. The TXDL driver is off and the device is not able to
transmit information from TXDL to the bus. TXDL is maintained high by the internal pull-
up resistor TXDLpy, (-up connected to VDDIO.

12.10.2.2 Sleep mode

When the device is in LPOFF mode, the LIN transceiver is automatically set into sleep
mode with or without wake-up capability, depending on the LIN mode bit configuration. In
this case, the LIN pin is pulled up to Vgyp via the internal resistor and diode structure, the
TXDL and RXDL pins are driven to GND.

12.10.3 Baud rate selection

The device has two selectable baud rates: 20 kB/s for normal baud rate and 10 kB/s for
slow baud rate. An additional fast baud rate (100 kB/s) can be used to flash the MCU, or
in the garage for diagnostic. The LIN consortium specification does not specify electrical
parameters for this baud rate. The communication only is guaranteed. The baud rate
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selection is done by the SPI setting during the INIT phase of the main logic. Depending
on the baud rate setting, the corresponding LIN slope control is automatically selected.

TBIT

<~— tgus_rec(MIN)

TXD
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vV <~ tBus_bom(MAX)
LIN_REC
74.4 %V,
THrRec(MAX) — ——°¥Syp
58.1 % V
THDOMMAX) — — — —
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422 % V.
THRECMIN) — ————SYP\
28.4 % Vs(p
THpoMMINY — — — — 7 — <] ———————————
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RXD

output of receiving Node 1

tBus_REC(MAX) —————

—| = tREC_PDF(1) —-

RXD

output of receiving Node 2

< tREC_PDR(1)

tREC_PDR(2) =1 |=—

Figure 65. LIN timings for normal baud rate (20 kB/s)
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Figure 66. LIN timings for slow baud rate (10 kB/s)
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VLIN_REC

60 % V.
VBUSREC — ————SWP \ _ __ __ ______

40 % V. LIN BUS SIGNAL
VBusDOM— —— —— 3P _

Vsup

RXD ———

S

|
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|
tREC_PDF —~ = I=— tREC_PDR
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Figure 67. LIN receiver timings

Fault detection

VSUP undervoltage

A Vgyp undervoltage (Vi n_yyv) detection is implemented to be compliant with

SAEJ2602-2) standard. At low Vsup voltage (Vsyp<VLiN_uv), the LIN bus goes into
recessive state to avoid wrong communication.

TXDL permanent dominant (timeout)

If TXDL is set low for a time longer than the txp pom parameter, the LIN driver is disabled
and the LIN bus returns to the recessive state. This prevents the bus from being set in
dominant state permanently, in case a failure sets the TXDL input permanently to a low
level.

The LIN receiver continues to operate. The LIN_mode MSB bit is set to 0 and the
TXDL_DOM flag is reported in the DIAG_CAN_LIN register. The device recovers from
this error detection after setting the LIN_mode to normal operation, and when a high level
is detected on TXDL. The TXDL failure detection is operating when the LIN transceiver is
in normal mode and listen only mode.

RXDL permanent recessive

If RXDL is detected high for seven consecutive receive/dominant cycles, the LIN driver
and receiver are disabled and the LIN bus returns to the recessive state. The LIN_mode
MSB bit is set to 0 and the RXDL_REC flag is reported in the DIAG_CAN_LIN register.
The device recovers from this error detection after setting the LIN_mode to normal
operation, and after a LIN dominant transition. The RXDL failure detection is operating
when the LIN transceiver is in normal mode and listen only mode.

LIN bus short-circuit

If the LIN bus is dominant for a time longer than t |\ sHorT cnD, due for instance to an
external short-circuit to GND, the detection is reported to the device main logic. The BUS
bus failure detection is operating when the LIN transceiver is in normal mode and listen
only mode.
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LIN current limitation

In case of a LIN short-circuit to the battery, the current flowing out of the LIN driver is
limited to 200 mA (lgus_rim), and the LIN driver is not shutdown. The LIN bus goes into
the recessive state when the current limitation occurs and returns in the same functional
mode as before the failure when the current fell below the current limitation value.

LIN overtemperature

If the driver temperature exceeds TSD (f |y sp), the LIN driver is disabled and the LIN
bus returns to the recessive state. The LIN receiver continues to operate. The LIN_mode
MSB bit is set to 0 and the LIN_OT flag is reported in the DIAG_CAN_LIN register. A
hysteresis is implemented in this protection feature. The LIN driver remains disabled until
the temperature has fallen below the OT threshold minus hysteresis. The device recovers
from this error detection after setting the LIN_mode to normal operation, and when a high
level is detected on TXDL.

LIN errors

The interruption generated by the LIN errors can be inhibited setting INT_INH_LIN bit in
INIT_INH_INT register. The list of LIN error bits is provided in Table 15.

Table 15. LIN error bits

Register Bit Flag type Effect
LIN_DOM Error No impact on LIN transceiver
RXDL_REC Error Turn off LIN transceiver
DIAG_CAN_LIN
TXDL_DOM Error Turn off LIN transceiver
LIN_OT Error Turn off LIN transceiver

Wake-up mechanism

The device can wake-up by a LIN dominant pulse longer than tgys_wy. Dominant pulse
means: a recessive to dominant transition, wait for t > tgys_wu, then a dominant to
recessive transition.

VLIN_REC VLIN_REC

tsus_wu

LIN Wake-up
validation

aaa-037797

Figure 68. LIN wake-up pattern illustration
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13 Serial peripheral interface

13.1 High level overview

13.1.1 SPI

The device uses a 16-bit SPI, with the following arrangement:
MOSI, Master Out Slave In bits:

* Bit 15 read/write
¢ Bit 14 main or fail-safe register target

* bit 13 to 9 (A4 to A0) to select the register address. Bit 8 is a parity bit in write mode,
next bit (=0) in read mode.

* bit7 to 0 (D7 to DO): control bits
MISO, Master IN Slave Out bits:

* bits 15 to 8 (S15 to S8) are device status bits

* bits 7 to 0 (Do7 to Do0) are either extended device status bits, device internal control
register content or device flags.

Figure 69 is an overview of the SPI implementation.

13.1.2 Parity bit 8 calculation

The parity is used for write to register command (bit 15,14 = 01). It is calculated based on
the number of logic ones contained in bits.

15-9, 7-0 sequence (this is the whole 16-bits of the write command except bit 8).
Bit 8 must be set to 0 if the number of 1 is odd.

Bit 8 must be set to 1 if the number of 1 is even.

13.1.3 Device status on MISO

When a write operation is performed to store data or a control bit in the device, the

MISO pin reports a 16-bit fixed device status composed of two bytes: device fixed

status (bits 15 to 8) + extended device status (bits 7 to 0). In a read operation, MISO
reports the fixed device status (bits 15 to 8), and the next eight bits are content of the
selected register. A standard serial peripheral interface (SPI) is integrated to allow
bidirectional communication between the FS6500/FS4500 and the MCU. The SPI is used
for configuration and diagnostic purposes.
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Bit 15 | Bit 14 | Bit 13 | Bit 12 | Bit 11 | Bit 10| Bit9 | Bit8 Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | BitO
MOSI | RIW |M/FS | A4 A3 A2 A1 A0 P D7 D6 D5 D4 D3 D2 D1 DO
——
register address Parity data
MISO| S15 | S14 | S13 | S12 | S11 | S10 | S9 | S8 | | Do7 | Do6 | Do5 | Do4 | Do3 | Do2 | Do1 | Do0 |
Device status Extended device status, Register control bits or device flags
NCS active low. Must be raised at end of 16 clocks,
NCS | | for write commands, MOSI bits [15] = [1].
SCLK _,_|—,_|— -_——— —|_|— SCLK signal is low outside of NCS active
MOSI Don'tcareX C1 X co XIDon'tcare MOSI and MISO data changed at SCLK rising edge

and sampled at falling edge. MSB first.

Miso TristateX__X_S15_X_S14 (" Do0  XTristate MISO tri-state outside of NCS active

aaa-037798

Figure 69. SPI overview: SPl waveform and signals polarity

The device contains several registers. Their address is coded on 7 bits (bits 15 to 9).
Each register controls or reports part of the device function. Data can be written to the
register, to control the device operation or set default value or behavior. Every register
can also be read back to ensure its content (default setting or value previously written) is
correct.

Register description

Although the minimum time between two NCS low sequences is defined by tonncs
(Figure 70), two consecutive accesses to the fail-safe registers must be done with a 3.5
ps minimum NCS high time in between. Although the minimum time between two fail-
safe registers accesses is 3.5 ys, some SPI accesses to the main registers can be done
in between (Figure 70).

Detailed operation

SPI command organization

bit 15 bit 14 bit 13 bit 12 bit 11 bit 10 bit 9 bit 8 bit 7 bit 6 bit5 bit4 bit 3 bit 2 bit 1 bit 0
MOSI M/FS A4 A3 A2 Al A0 D7 D6 D5 D4 D3 D2 D1 DO

bit 15 bit 14 bit 13 bit 12 bit 11 bit 10 bit 9 bit8 bit7 bit6 bits bit 4 bit 3 bit2 bit 1 bit0
MISO sPlLG | wuG |can G | LN G 10_G | VPRE_G | VCORE_G | VOTHERS_G
Bits 15:8 always sent by Main digital Extended diagnosis: sent by Main or Fail safe based on bits 15:9 on MOSI

aaa-037799

Figure 70. MOSI /MISO SPI command organization

Description Set if it is a read or write command
R/W 0 Read
1 Write
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Description Split the addresses between fail-safe state machine and main logic
M/FS 0 Main

1 Fail-safe

Description Set the address to read or write
A4:0 0

1 See register mapping

Description Parity bit (only use in write mode). Set to 0 in read mode
P 0 Number of '1’ (bit 15:9 and bit 7:0) is odd

1 Number of "1’ (bit 15:9 and bit 7:0) is even

Description Data in write mode. Must be set to 00h in read mode
D7:0 0

y See register details

13.2.2 Main logic general diagnostic

bit 15 bit 14 bit 13 bit 12 bit 11 bit 10 bit 9 bit 8
MISO SPI_G WU_G CAN_G LIN_G 10_G VPRE_G VCORE_G | VOTHERS_G
Bits 15:8 alwayssent by Main digital
aaa-037800
Figure 71. MISO SPI bits 15:8

Table 17. MISO bits description

Description Report an error in the SPI communication
— 0 No failure
- 1 Failure
Reset condition Power on reset/read
Description Report a wake-up event. Logical OR of all wake-up sources
WU G2 0 No WU_G event
- 1 WU_G event
Reset condition Power on reset/when initial event cleared on read
Description Report a CAN event (diagnostic)
CAN G 0 No event
- 1 CAN event
Reset Condition  |Power on reset/when initial event cleared on read
Description Report a LIN event (diagnostic)
LN GH 0 No event
- 1 LIN event

Reset condition

Power on reset/when initial event cleared on read

FS6500-FS4500
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Description Report a change in 10s state
o Gl 0 No IO transition
B 1 IO transition
Reset condition Power on reset/when initial event cleared on read
Description Report an event from Vpre.reguLaTOR @nd battery monitoring (status change or
failure)
VPRE G 0 No event
B 1 Event occurred
Reset condition Power on reset/when initial event cleared on read
Description Report an event from Vcore regulator (status change or failure)
VCORE G 0 No event
1 Event occurred
Reset condition Power on reset/when initial event cleared on read
Description Report an event from Vcca, Vaux, or Vean regulators (status change or failure)
VOTHERS_G" Mo event

1

Event occurred

Reset condition

Power on reset/when initial event cleared on read

11 SPLG = SPI_ERR or SPI_CLK or SPI_REQ or SPI_PARITY or SPI_FS_ERR or SPI_FS_CLK or SPI_FS_REQ or SPI_FS_PARITY
2] WU_G=10_5 WU orl0_4_WU or I0_3_WU or I0_2_WU or IO_0_WU or PHY_WU

[3] CAN_G = CANH_BATT or CANH_GND or CANL_BATT or CANL_GND or CAN_DOM or RXD_REC or TXD_DOM or CAN_OT or CAN_OC

[4] LIN_G = LIN_OT or RXDL_REC or TXDL_DOM or LIN_DOM

[5] 10_G=10_50rl0_40rl0_30rl0O_20rlO_0

[6] VPRE_G =VSNS_UV or VSUP_UV_7 or IPFF or ILIM_PRE or TWARN_PRE or BOB or IVPRE_STATE or VPRE_OV or VPRE_UV
[71 VCORE_G = TWARN_CORE or IVCORE_STATE or VCORE_OV or VCORE_UV
[8] VOTHERS_G = ILIM_CCA or TWARN_CCA or TSD_CCA or ILIM_CCA_OFF or VCCA_UV or VCCA_OV or ILIM_AUX or TSD_AUX or ILIM_AUX_OFF

or VAUX_QOV or VAUX_UV or ILIM_CAN or VCAN_UV or VCAN_OV or TSD_CAN

13.2.3 Fail-safe logic general diagnostic

bit 7

bit 6 bit 5 bit 4

bit 3

bit 2

bit 1

bit 0

Miso | SPI_FS_ERR

SPI_FS_CLK | SPI_FS_REQ | SPI_FS PARTY

Extended diagnosis: sent by Main or Fail safe based on bits 15:9 on MOSI

Figure 72. MISO SPI bits 7:4

aaa-037801

Table 18. MISO bits description

SPI_FS_ERR

Description

Secured SPI communication check, concerns fail-safe logic only.

0

No error

Error detected in the secured bits

Reset condition

Power on reset

FS6500-FS4500
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Description SCLK error detection, concerns internal error in fail-safe logic only and external
errors (at pin level) for both main and fail-safe logics. Other errors flagged by SPI_
CLK_ bit
SPI_FS_CLK 0 16 clock cycles during NCS low
1 Wrong number of clock cycles (<16 or >16)
Reset condition Power on reset
Description Invalid SPI access (wrong write or read, write to INIT registers in normal mode,
wrong address), concerns fail-safe Logic only
sp_Fs_REQq 0 No error
1 SPI violation

Reset condition

Power on reset

SPI_FS_PARITY

Description

SPI parity bit error detection, concerns fail-safe logic only

Parity bit OK

Parity bit error

Reset condition

Power on reset

13.2.4 Main logic register address table

Table 19 is a list of device registers and addresses coded in bits 13 to 9 in MOSI for main

logic.

Table 19. Register mapping of main logic

Address
Register Write description Table ref.
FSIM | A4 | A3 | A2 A1 A0 Hex

INIT_VREG 0 0 0 0 0 1 #1(01h) Write during INIT phase then read only Table 22
INIT_WU1 0 0 0 0 1 0 #2(02h) Write during INIT phase then read only Table 24
INIT_WuU2 0 0 0 0 1 1 #3(03h) Write during INIT phase then read only Table 26
INIT_INT 0 0 0 1 0 0 #4(04h) Write during INIT phase then read only Table 28
INIT_INH_INT 0 0 0 1 0 1 #5(05h) Write during INIT phase then read only Table 30
LONG_DURATION_TIMER 0 0 0 1 1 0 #6(06h) Write during normal and read Table 32
NOT USED 0 0 0 1 1 1 #7(07h) N/A N/A
HW_CONFIG 0 0 1 0 0 0 #8(08h) Read only Table 34
WU_SOURCE 0 0 1 0 0 1 #9(09h) Read only Table 36
DEVICE_ID 0 0 1 0 1 0 #10(0Ah) Read only Table 38
I0_INPUT 0 0 1 0 1 1 #11(0Bh) Read only Table 40
DIAG_VPRE 0 0 1 1 0 0 #12(0Ch) Read only Table 42
DIAG_VCORE 0 0 1 1 0 1 #13(0Dh) Read only Table 44
DIAG_VCCA 0 0 1 1 1 0 #14(0Eh) Read only Table 46
DIAG_VAUX 0 0 1 1 1 1 #15(0Fh) Read only Table 48
DIAG_VSUP_VCAN 0 1 0 0 0 0 #16(10h) Read only Table 50
DIAG_CAN_FD 0 1 0 0 0 1 #17(11h) Read only Table 52
DIAG_CAN_LIN 0 1 0 0 1 0 #18(12h) Read only Table 54
DIAG_SPI 0 1 0 0 1 1 #19(13h) Read only Table 56
NOT USED 0 1 0 1 0 0 #20(14h) N/A N/A
MODE 0 1 0 1 0 1 #21(15h) Write during normal and read Table 58
REG_MODE 0 1 0 1 1 0 #22(16h) Write during normal and read Table 60
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Address
Register Write description Table ref.
FSIM | A4 A3 A2 A1 A0 Hex

10_OUT_AMUX 0 1 0 1 1 1 #23(17h) Write during normal and read Table 62
CAN_LIN_MODE 0 1 1 0 0 0 #24(18h) Write during normal and read Table 64
NOT USED 0 1 1 0 0 1 #25(19h) N/A N/A
LDT_AFTER_RUN_1 0 1 1 0 1 0 #26(1Ah) Write during normal and read Table 66
LDT_AFTER_RUN_2 0 1 1 0 1 1 #27(1Bh) Write during normal and read Table 68
LDT_WAKE_UP_1 0 1 1 1 0 0 #28(1Ch) Write during normal and read Table 70
LDT_WAKE_UP_2 0 1 1 1 0 1 #29(1Dh) Write during normal and read Table 72
LDT_WAKE_UP_3 0 1 1 1 1 0 #30(1Eh) Write during normal and read Table 74

13.2.5 Fail-safe logic register address table

Table 20 is a list of device registers and addresses coded in bits 13 to 9 in MOSI for fail-

safe logic
Table 20. Register mapping of fail-safe logic
Register Address Write description Table ref.

FS/IM |A4 A3 A2 A1 A0 Hex

INIT_FS1B_TIMING 1 0 0 0 0 1 #33(21h) Write during INIT phase then read only Table 76
BIST 1 0 0 0 1 0 #34(22h) Write (No restriction) and read Table 78
INIT_SUPERVISOR 1 0 0 0 1 1 #35(23h) Write during INIT phase then read only Table 80
INIT_FAULT 1 0 0 1 0 0 #36(24h) Write during INIT phase then read only Table 82
INIT_FSSM 1 0 0 1 0 1 #37(25h) Write during INIT phase then read only Table 84
INIT_SF_IMPACT 1 0 0 1 1 0 #38(26h) Write during INIT phase then read only Table 86
WD_WINDOW 1 0 0 1 1 1 #39(27h) Write (no restriction) and read Table 88
WD_LFSR 1 0 1 0 0 0 #40(28h) Write (no restriction) and read Table 90
WD_ANSWER 1 0 1 0 0 1 #41(29h) Write (no restriction) and read Table 92
RELEASE_FSxB 1 0 1 0 1 0 #42(2Ah) Write (no restriction) and read Table 94
SF_OUTPUT_REQUEST 1 0 1 0 1 1 #43(2Bh) Write (no restriction) and read Table 96
INIT_WD_CNT 1 0 1 1 0 0 #44(2Ch) Write during INIT phase then read only Table 98
DIAG_SF_IOs 1 0 1 1 0 1 #45(2Dh) Read only Table 100
WD_COUNTER 1 0 1 1 1 0 #46(2Eh) Read only Table 102
DIAG_SF_ERR 1 0 1 1 1 1 #47(2Fh) Read only Table 104
NOT USED 1 1 0 0 0 0 #48(30h) N/A N/A
INIT_VCORE_OVUV_IMPACT |1 1 0 0 0 1 #49(31h) Write during INIT phase then read only Table 106
INIT_VCCA_OVUV_IMPACT 1 1 0 0 1 0 #50(32h) Write during INIT phase then read only Table 108
INIT_VAUX_OVUV_IMPACT 1 1 0 0 1 1 #51(33h) Write during INIT phase then read only Table 110
DEVICE_ID_FS 1 1 0 1 0 0 #52(34h) Read only Table 112

13.2.6

FS6500-FS4500

Secured SPlI command

Some SPI commands must be secured to avoid unwanted change of the critical bits. The
secured bits in the fail-safe machine and the main state machine are calculated from the
data bits sent as follows:

Table 21. Secured SPI

Bit7 Bit6

Bit5

Bit4

Bit3 Bit2 Bit1

Bit0

Data 3 Data 2

Data 1

Data 0

Secure 3 | Secure2

Secure 1

Secure 0
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* Secure 3 = NOT(Bit5)
* Secure 2 = NOT(Bit4)
» Secure 1 = Bit7
» Secure 0 = Bit6

Detail of main logic register mapping

INIT_VREG

Table 22. INIT_VREG register description

Write

bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8 bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0
MOsI 1 0 0 0 0 0 1 P ICCA_LIM | TCCA_ IPFF_DIS | VCAN_ 0 TAUX_ VAUX_ 0
LIM_OFF OV_MON LIM_OFF | TRK_EN
MISO SPI_G WU_G CAN_G LIN_G 10_G VPRE VCORE VOTHERS | ICCA_LIM | TCCA_ IPFF_DIS | VCAN_ RESERV | TAUX_ VAUX_ BAT_FAIL
G G G LIM_OFF OV_MON |ED LIM_OFF |TRK_EN
Read
bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8 bit7 bité bit5 bit4 bit3 bit2 bit1 bit0
MOsI 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0
MISO SPI_G WU_G CAN_G LIN_G 10_G VPRE VCORE VOTHERS | ICCA_LIM | TCCA_ IPFF_DIS | VCAN_ RESERV | TAUX_ VAUX_ BAT_FAIL
G _G G LIM_OFF OV_MON ED LIM_OFF | TRK_EN

Table 23. INIT_VREG description and configuration of the bits (default value in bold)

Description Configure the current limitation threshold for VCCA. Only available for
external PNP.
ICCA LIM 0 ICCA_LIM_OUT
1 ICCA_LIM_INT
Reset condition |Power on reset
Description Configure the current limitation duration before VCCA is switched off. Only
available for external PNP.
TCCA_LIM_OFF 0 10 ms
1 50 ms
Reset condition |Power on reset
Description DISABLE the input power feed forward (IPFF) function of Vprg
0 Enabled
IPFF_DIS
1 Disabled

Reset condition

Power on reset

VCAN_OV_MON

Description CAN_5V overvoltage monitoring
0 Off. Vcan ov is not monitored. Flag is ignored.
1 On. Vcan ov is monitored. If OV the CAN_5V regulator is switched off.

Reset condition

Power on reset
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Description Configure the current limitation duration before VAUX is switched off.
0 10 ms
TAUX_LIM_OFF
1 50 ms
Reset condition |Power on reset
Description Configure VAUX regulator as a tracker of VCCA
0 NO tracking.
VAUX_TRK_EN
1 Tracking mode enabled and latched
Reset condition |Power on reset
Description Report a battery disconnection (POR of the main logic)
0 NO POR
BAT_FAIL" 1 POR occurred

Reset condition

Clear condition

Power on reset

Read

1

BAT_FAIL = POR_M or Vgyp yv L or BG_OK (reset sources of main logic). BAT_FAIL bit is cleared by a SPI read.

Table 24. INIT_WU1 register description

Write
bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8 bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0
MOSI 1 0 0 0 0 1 0 P WU_ WuU_ WU_ WU_ WU_ WU_ WuU_ WU_
100_1 100_0 102_1 102_0 103_1 1030 104_1 104_0
MISO SPI_G WU_G CAN_G LIN_G 10_G VPRE VCORE |VOTHERS_| WU_ WU_ WuU_ WuU_ WU_ WU_ WU_ WuU_
G G G 100_1 100_0 102_1 102_0 103_1 103_0 104_1 104_0

Read
bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8 bit7 bit6é bit5 bit4 bit3 bit2 bit1 bit0

MOSI 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0

MISO SPI_G WU_G CAN_G LIN_G 10_G VPRE VCORE |VOTHERS_ Wu_ Wu_ Wu_ Wu_ WuU_ Wu_ Wu_ Wu_
G G 100_1 100_0 102_1 102_0 103_1 103_0 104_1 104_0

Table 25. INIT_WU1 description and configuration of the bits (default value in bold)

WU_I00_1:0

Description 10_0 wake-up configuration

00 NO wake-up capability

01 Wake-up on rising edge - or high level
10 Wake-up on falling edge - or low level

11 Wake-up on any edge

Reset condition

Power on reset
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Description 10_2 wake-up configuration
00 NO wake-up capability

WU_102_1:0 01 Wake-up on rising edge - or high level
10 Wake-up on falling edge - or low level
11 Wake-up on any edge
Reset condition |Power on reset
Description 10_3 wake-up configuration
00 NO wake-up capability

WU_I03_1:0 01 Wake-up on rising edge - or high level
10 Wake-up on falling edge - or low level
11 Wake-up on any edge
Reset condition |Power on reset
Description 10_4 wake-up configuration
00 NO wake-up capability

WU_104_1:0 01 Wake-up on rising edge - or high level
10 Wake-up on falling edge - or low level
11 Wake-up on any edge
Reset condition |Power on reset

Table 26. INIT_WU2 register description
Write
bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8 bit7 bité bit5 bit4 bit3 bit2 bit1 bit0
MOSI 1 0 0 0 0 1 1 P WU_IO5_ | WU_IO5_ | CAN_ CAN_ 0 LIN_ LIN_SR_1 |LIN_SR_O
1 0 DIS_CFG |WU_TO J2602_
DIS
MISO SPI_G WU_G CAN_G LIN_G 10_G VPRE VCORE | VOTHERS|WU_IO5_ |WU_IO5_ | CAN_ CAN_ RESERV | LIN_ LIN_.SR_1 |LIN_SR_0
G G G 0 DIS_CFG |WU_TO ED J2602_
- - DIS
Read
bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8 bit7 bité bit5 bit4 bit3 bit2 bit1 bit0
MOSI 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0
MISO SPI_G WU_G CAN_G |LIN_G 10_G VPRE VCORE | VOTHERS|WU_IO5_ |WU_IO5_ | CAN_ CAN_ RESERV | LIN_ LIN_SR_1 | LIN_SR_O
G G G 0 DIS_CFG |WU_TO |ED J2602_
DIS

Table 27. INIT_WU2 description and configuration of the bits (default value in bold)

Description

10_5 wake-up configuration

00

NO wake-up capability

01

Wake-up on rising edge - or high level

WU_I05_1:0
10

Wake-up on falling edge - or low level

11

Wake-up on any edge

Reset condition

Power on reset
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Description Define CAN behavior when FS1B is asserted low
0 CAN in RX only mode (when FS1B_CAN_ IMPACT =1 in INIT_FAULT
CAN_DIS_CFG register)
1 CAN in sleep mode (when FS1B_CAN_ IMPACT = 1 in INIT_FAULT register)
Reset condition |Power on reset
Description Define the CAN wake-up timeout
0 120 ps
CAN_WU_TO
1 2.8 ms
Reset condition |Power on reset
Description To comply with J2602 standard. Recessive mode when VSUP < 7.0 V
0 Compliant with J2602 standard
LIN_J2602_dis
1 Not compliant with J2602 standard
Reset condition |Power on reset
Description Configure the LIN slew rate
00 20 kbit/s
LIN_SR_1:0 01 10 kbit/s
1X Fast baud rate (Max: 100 kbit/s)
Reset condition |Power on reset
13.3.4 INIT_INT
Table 28. INIT_INT register description
Write
bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8 bit7 bité bit5 bit4 bit3 bit2 bit1 bit0
MosSI 1 0 0 0 1 0 0 P INT_ INT_INH_ | INT_INH_ [INT_INH_ |INT_INH_ [INT_INH_ |INT_INH_ | INT_INH_
DURATION | LIN ALL VSNS VPRE VCORE VOTHER CAN
MISO SPI_G WU_G CAN_G |LIN_G 10_G VPRE VCORE VOTHERSJ[WL INT_INH_ ‘INTﬁINHi ‘INTﬁINHi INT_INH_ | INT_INH_ ‘INTﬁINHi ‘INTﬁINHi
G G DURATION| LIN ALL VSNS VPRE VCORE VOTHER CAN
Read
bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8 bit7 bité bit5 bit4 bit3 bit2 bit1 bit0
MOSI 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0
MISO SPI_G WU_G CAN_G |LIN_G 10_G VPRE VCORE VOTHERSJVNT_ INT_INH_ | INT_INH_ [INT_INH_ |INT_INH_ [INT_INH_ |INT_INH_ |INT_INH_
G G DURATION | LIN ALL VSNS VPRE VCORE VOTHER CAN

Table 29. INIT_INT description and configuration of the bits (default value in bold)

Description Define the duration of the interrupt pulse
0 100 ps
INT_DURATION
1 25 us
Reset condition |Power on reset
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Description Inhibit the interrupt for LIN error bits
0 All INT sources
INT_INH_LIN
1 LIN error bits change INHIBITED
Reset condition |Power on reset
Description Inhibit ALL the interrupt
0 All INT sources
INT_INH_ALL
1 All INT inhibited
Reset condition |Power on reset
Description Inhibit the interrupt for Vsns_uv
0 All INT sources
INT_INH_VSNS
1 Vsns_uv INT inhibited
Reset condition |Power on reset
Description Inhibit the interrupt for Vprg status event
0 All INT sources
INT_INH_VPRE
1 Vpgre status change inhibited

Reset condition

Power on reset

INT_INH_VCORE

Description Inhibit the interrupt for Vcore status event
0 All INT sources
1 Vcore status change inhibited

Reset condition

Power on reset

INT_INH_VOTHER

Description Inhibit the interrupt for Voca/Vaux and Vean status event
0 All INT sources
1 VeeaVaux/Vean status change inhibited

Reset condition

Power on reset

Description Inhibit the interrupt for CAN error bits
0 All INT sources
INT_INH_CAN
1 CAN error bits change inhibited
Reset condition |Power on reset
13.3.5 INIT_INH_INT

Table 30. INIT_INH_INT register description

Write

bit15 bit14

bit13

bit12 bit11

bit10 bit9 bit8 bit7 bité bit5 bit4 bit3 bit2 bit1

bit0

MOsI 1 0

0

0 1

0 1 P 0 0 0 INT_INH_ | INT_INH_ | INT_INH_
5

INT_INH_

INT_INH_

MISO SPIG wU_G

CAN_G

LIN_G 10_G

VPRE
G

VCORE
G

RESERV
ED

RESERV
ED

INT_INH_
5

VOTHERS‘{ RESERV

INT_INH_ | INT_INH_
4 3

INT_INH_ ‘

INT_INH_
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Read
bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8 bit7 bité bit5 bit4 bit3 bit2 bit1 bit0
MOSI 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0
MISO SPI_G WU_G CAN_G LIN_G 10_G VPRE VCORE VOTHERS‘{ RESERV RESERV RESERV INT_INH_ [ INT_INH_ [INT_INH_ [INT_INH_ | INT_INH_
G G ED ED ED 5 3
Table 31. INIT I0_WU2 description and configuration of the bits (default value in bold)
Description Inhibit the interrupt pulse for IO_5 (masked in I0_G)
0 INT not masked
INT_INH_5
1 INT masked
Reset condition | Power on reset
Description Inhibit the interrupt pulse for IO_4 (masked in 10_G)
0 INT not masked
INT_INH_4
1 INT masked
Reset condition | Power on reset
Description Inhibit the interrupt pulse for IO_3 (masked in 10_G)
0 INT not masked
INT_INH_3
1 INT masked
Reset condition | Power on reset
Description Inhibit the interrupt pulse for IO_2 (masked in 10_G)
0 INT not masked
INT_INH_2
1 INT masked
Reset condition | Power on reset
Description Inhibit the interrupt pulse for IO_0 (masked in 10_G)
0 INT not masked
INT_INH_O
1 INT masked
Reset condition | Power on reset
13.3.6 LONG_DURATION_TIMER

Table 32. LONG_DURATION_TIMER register description

Write
bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8 bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0
MOsI 1 0 0 0 1 1 0 P F2 F1 FO REG_SE 0 MODE LDT_ 0
ENABLE
MISO SPI_G WU_G CAN_G LIN_G 10_G VPRE VCORE VOTHERS | F2 F1 FO REG_SE LDT_ MODE LDT_ LDT_INT
G G G RUNNING ENABLE
Read
bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8 bit7 bité bit5 bit4 bit3 bit2 bit1 bit0
MOsI 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0
MISO SPI_G WU_G CAN_G LIN_G 10_G VPRE VCORE VOTHERS | F2 F1 FO REG_SE |LDT_ MODE LDT_ LDT_INT
G G G RUNNING ENABLE
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Table 33. LONG_DURATION_TIMER description and configuration of the bits (default value in bold)

Description Select timer operating function
000 Function 1: in normal mode count and generate flag or INT when
counter reaches the after run value.
001 Function 2: in normal mode count until after run value is reached, then enters
in LPOFF.
010 Function 3: in normal mode count until after run value is reached, then enters
F2:FO in LPOFF. Once in LPOFF, count until wake-up value is reached and wake-
up.
011 Function 4: in LPOFF, count until wake-up value is reached and wake-up.
100 Function 5: in LPOFF, count and do not wake-up. Counter value is stored in
wake-up register.
101... 111 N/A
Reset condition |Power on reset
Description Counter register selection
0 Read programmed wake-up register
REG_SE 1 Read real time counter into wake-up register (after counter is stopped with
LDT_ENABLE bit)
Reset condition |Power on reset
Description Operating mode selection
0 Calibration mode (488 ps resolution)
MODE
1 Normal mode (1 s resolution)
Reset condition |Power on reset
Description LDT counter control
0 LDT counter stop
LDT_ENABLE
1 LDT counter start
Reset condition |Power on reset
Description Counter status
0 Counter not running
LDT_RUNNING
1 Counter running
Reset condition |Power on reset
Description Counter interrupt generation when function 1 is selected
0 No INT generated
LDT_INT

1

INT generated when counter reach after run value

Reset condition

Power on reset/read
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Table 34. HW_CONFIG register description

Read

G G ‘{ DETECT ED PNP_DET |HW HW

bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8 bit7 bité bit5 bit4 bit3 bit2 bit1 bit0
MOSI 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0
MISO SPI_G WU_G CAN_G LIN_G 10_G VPRE VCORE VOTHERS | LS RESERV | VCCA_ VCCA_ VAUX_ 1 DFS_HW1 | DBG_HW

Table 35. HW_CONFIG description and configuration of the bits (default value in bold)

LS_DETECT

Description Report the hardware configuration of Vprg
0 Buck-boost
1 Buck only

Reset condition

Power on reset/refresh after LPOFF

VCCA_PNP_DET

Description Report the connection of an external PNP on V¢ca
0 External PNP connected
1 Internal MOSFET

Reset condition

Power on reset/refresh after LPOFF

Description Report the hardware configuration for Veca
0 3.3V

VCCA_HW
1 50V
Reset condition | Power on reset/refresh after LPOFF
Description Report the hardware configuration for Vayx
0 50V

VAUX_HW
1 3.3V
Reset condition |Power on reset/refresh after LPOFF
Description Report the deep fail-safe hardware configuration (main logic)
0 Deep fail-safe disable

DFS_HWA1
1 Deep fail-safe enable
Reset condition |Power on reset/refresh after LPOFF
Description Report the configuration of the DEBUG mode
0 Normal operation

DBG_HW
1 Debug mode selected

Reset condition

Power on reset/refresh after LPOFF
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Table 36. WU_SOURCE register description

Read

bit15 bit14 bit13 bit12 bit11 bit10 bit9 bits bit7 bit6 bits bit4 bit3 bit2 bit1 bitd
MoSI 0 ] 0 1 0 0 1 0 0 0 0 0 0 0 0 0
MISO SPIG wU_G CAN_G |LIN_G 10_G VPRE VCORE 10_4_WU [10_3_ WU [I0_2 WU [IO_0_WU |AUTO_ |LDT_WU |PHY_WU

VOTHERS{ 10_5_WU
G

G wu

_G

Table 37. WU_SOURCE description and configuration of the bits (default value in bold)

Description Report a wake-up event from IO_5
0 No wake-up
I0_5 WU
1 Wake-up event detected
Reset condition |Power on reset/read
Description Report a wake-up event from IO_4
0 No wake-up
10_4 WU
1 Wake-up event detected
Reset condition |Power on reset/read
Description Report a wake-up event from IO_3
0 No wake-up
10_3_ WU
1 Wake-up event detected
Reset condition |Power on reset/read
Description Report a wake-up event from [0_2
0 No wake-up
10_2 WU
1 Wake-up event detected
Reset condition |Power on reset/read
Description Report a wake-up event from IO_0
0 No wake-up
10_0_ WU
1 Wake-up event detected
Reset condition |Power on reset/read
Description Report an automatic wake-up event
0 No wake-up
AUTO_WU
1 Wake-up event detected
Reset condition |Power on reset/read
Description Report a wake-up event from long duration timer
0 No wake-up
LDT_WU
1 Wake-up event detected
Reset condition |Power on reset/read
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Description Report a wake-up event from CAN or LIN
0 No wake-up
PHY_WU
1 Wake-up event detected
Reset condition | Power on reset/read CAN_WU or/and LIN_WU

13.3.9 DEVICE _ID

Table 38. DEVICE_ID register description

Read
bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8 bit7 bité bit5 bit4 bit3 bit2 bit1 bit0
MOSI 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0
MISO SPI_G WU_G CAN_G LIN.G 10_G VPRE VCORE VOTHERS{ VCORE_1 |VCORE_0 |PHY_1 PHY_0 VKAM DEV_ ‘ DEV_ DEV_
e G G REV_2 REV_1 REV_0
Table 39. DEVICE_ID description and configuration of the bits (default value in bold)
Description VCORE current capability
00 1.5A
01 0.8A
VCORE_1:0
10 05A
1 22 A
Reset condition |Power on reset
Description CAN or LIN physical layer
00 No CAN/no LIN
01 CAN only
PHY_1:0
10 LIN only
11 CAN and LIN
Reset condition |Power on reset
Description VKAM supply
0 VKAM off by default
VKAM
1 VKAM on by default
Reset condition |Power on reset
Description Device silicon revision
000 Silicon Rev. xxx
DEV_REV_2:0
111
Reset condition |Power on reset
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Table 40. 10_INPUT register description

13.3.10

10_INPUT

Safety power system basis chip with CAN FD and LIN transceivers

Read

bit15 bit14 bit13 bit12 bit11 bit10 bit9 bits bit7 bit6 bits bit4 bit3 bit2 bit1 bitd
MoSI 0 ] 0 1 0 1 1 0 0 0 0 0 0 0 0 0
MISO SPIG wU_G CAN_G |LIN_G 10_G VPRE VCORE 10_4 0 10_3 10_2 0 0 10_0

G

VOTHERS{ 0.5

G

_G

Table 41. I0_INPUT description and configuration of the bits

Description Report 10_5 digital state in normal mode. No update in LPOFF mode since
wake-up features available
105 0 Low
- 1 High
Reset condition |Power on reset/read
Description Report 10_4 digital state in normal mode. No update in LPOFF mode since
wake-up features available
10 4 0 Low
- 1 High
Reset condition |Power on reset/read
Description Report 10_3 digital state in normal mode. No update in LPOFF mode since
wake-up features available
10 3 0 Low
- 1 High
Reset condition |Power on reset/read
Description Report 10_2 digital state in normal mode. No update in LPOFF mode since
wake-up features available
10 2 0 Low
- 1 High
Reset condition |Power on reset/read
Description Report 10_0 digital state in normal mode. No update in LPOFF mode since
wake-up features available
10 0 0 Low
- 1 High

Reset condition

Power on reset/read

13.3.11 DIAG_VPRE

Table 42. DIAG_VPRE register description

Read
bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8 bit7 bité bit5 bit4 bit3 bit2 bit1 bit0
MOSI 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0
MISO SPI_G |WU_G |CAN_G |LIN_G 10_G VPRE VCORE | VOTHERSBoB VPRE_ | TWARN_ |TSD_ VPRE_ |VPRE_ |ILIM_ 0
G G G STATE |PRE PRE ov uv PRE
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Table 43. DIAG_VPRE description and configuration of the bits (default value in bold)

Description Report a running mode of Vpre

0 Buck
BoB

1 Boost

Reset condition |Power on reset

Description Report the activation state of Vprg SMPS

0 SMPS off
VPRE_STATE

1 SMPS on

Reset condition |Power on reset

Description Report a thermal warning from Vpgre

0 No thermal warning (T; < T\warN PRE)
TWARN_PRE =

1 Thermal warning (T, > TwarN_PRE)

Reset condition |Power on reset/read

Description Thermal shutdown of Vpre

0 No TSD (TJ < TSD PRE)
TSD_PRE =

1 TSD occurred (T > Tsp _pRE)

Reset condition |Power on reset/read

Description VpRe overvoltage detection

0 No overvoltage (Vpre < Vpre ov)
VPRE_OV =

1 Overvoltage detected (Vpre > VPRe_ov)

Reset condition |Power on reset/read

Description VpRe undervoltage detection

0 No undervoltage (Vpre > Vpre uv)
VPRE_UV =

1 Undervoltage detected (Vpre < Vpre uv)

Reset condition |Power on reset/read

Description Report a current limitation condition on Vprge

0 No current limitation (lpre pk < IPre LIM)
ILIM_PRE = =

1 Current limitation (lpRE_pK > IPRE_LIM)

Reset condition |Power on reset/read

13.3.12 DIAG_VCORE

Table 44. DIAG_VCORE register description

Read
bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8 bit7 bité bit5 bit4 bit3 bit2 bit1 bit0
MOsI 0 0 0 1 1 0 1 0 0 0 0 0 0 0 0 0
MISO SPI_G WU_G CAN_G LIN_G 10_G VPRE VCORE VOTHERS | 0 VCORE_ | TWARN_ |TSD_ VCORE_ |VCORE_ |0 0
G G G STATE CORE CORE FB_OV FB_UV
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Table 45. DIAG_VCORE description and configuration of the bits (default value in bold)

Description Report the activation state of Vcorg SMPS

0 SMPS off
VCORE_STATE

1 SMPS on

Reset condition |Power on reset

Description Report a thermal warning from Vcore

0 No thermal warning (T; < T co
TWARN_CORE g (T, < TwaRN_CORE)

1 Thermal warning (T, > TwarN_CORE)

Reset condition |Power on reset/read

Description Thermal shutdown of Vcore

0 No TSD (T,< Tsp co
TSD_CORE (T< Tso_core)

1 TSD occurred (Ty > Tsp_core)

Reset condition |Power on reset/read

Description Vcore overvoltage detection
VCORE_FB_OV 0 No overvoltage (Vcore_rs < Vcore_FB_ov)

1 Overvoltage detected (Vcore_Fs > Vcore_FB_ov)

Reset condition |Power on reset/read

Description Vcore Undervoltage detection
VCORE_FB_UV 0 No undervoltage (Vcore_rs > Vcore_FB_uv)

1 Undervoltage (Vcore_rs < Vcore_FB_uv)

Reset condition |Power on reset/read

13.3.13 DIAG_VCCA

Table 46. DIAG_VCCA register description

Read

bit15 bit14 bit13 bit12 bit11 bit10 bitd bits bit7 bit6 bits bitd bit3 bit2 bit1 bitd

MosI 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0

MISO SPI_G WU_G CAN_G |LIN_G 10_G VPRE VCORE VOTHERS{O 0 TWARN_ | TSD_CCA |VCCA_OV |VCCA_UV |ILIM_CCA | ILIM_CCA_
G G CCA OFF

Table 47. DIAG_VCCA description and configuration of the bits (default value in bold)

Description Report a thermal warning from Vca. Available only for internal pass
MOSFET
TWARN CCA 0 No thermal warning (T, < Twarn_cca)
1 Thermal warning (T, > Twarn_cca)

Reset condition |Power on reset/read

Description Thermal shutdown of V¢ca
0 NOTSD (T, <T
TSD_CCA (Ty <Tsp_cca)
1 TS8D occurred (T > Tsp cca)

Reset condition |Power on reset/read
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Description Vcca overvoltage detection

0 No overvoltage (Vcca < Veca ov)
VCCA_OQV =

1 Overvoltage detected (Vcca > Veea_ov)

Reset condition |Power on reset/read

Description Vcca undervoltage detection

0 No undervoltage (Vcea > Veea uv)
VCCA_UV =

1 Undervoltage detected (Vcca < Veca wv)

Reset condition |Power on reset/read

Description Report a current limitation condition on Vcca

0 No current limitation (Icca < lcca Lim)
ILIM_CCA =

1 Current limitation (Icca > lcca_Lim)

Reset condition |Power on reset/read

Description Maximum current limitation duration. Available only when an external PNP is

connected

ILIM_CCA_OFF 0 T_umiration < Teea_Lim_oFF

1

T Limitation >Tcea LM oFF

Reset condition

Power on reset/read

13.3.14 DIAG_VAUX

Table 48. DIAG_VAUX register description

Read

bit15 bit14 bit13 bit12 bit11 bit10 bit9 bits bit7 bit6 bits bitd bit3 bit2 bit1 bitd
MosI 0 0 0 1 1 1 1 0 0 0 0 0 0 0 0 0
MISO SPI_G WU_G CAN_G |LIN_G 10_G VPRE VCORE 0 0 TSD_AUX | VAUX_OV |VAUX_UV |ILIM_AUX |ILIM_AUX_

VOTHERS | 0
G

G OFF

_G

Table 49. DIAG_VAUX description and configuration of the bits (default value in bold)

Description Thermal shutdown of Vayx
0 No TSD (T, <T
TSD_AUX (Ty<Tsp_aux)
1 TS8D occurred (T > Tsp aux)
Reset condition |Power on reset/read
Description Vaux overvoltage detection
0 No overvoltage (V <V
VAUX_OV ge (Vaux < Vaux_ov)
1 Overvoltage detected (Vaux > Vaux_ov)
Reset condition |Power on reset/read
Description Vaux undervoltage detection
0 No undervoltage (V >V,
VAUX_UV ge (Vaux > Vaux_uv)
1 Undervoltage detected (Vaux < Vaux_uv)

Reset condition

Power on reset/read
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Description Report a current limitation condition on Vayx

0 No current limitation (Iayx < laux Lim)
ILIM_AUX =

1 Current limitation (Iayx > IAUX_LIM)

Reset condition |Power on reset/read

Description Maximum current limitation duration

0 T LimitaTion < Taux_LiM_OFF
ILIM_AUX_OFF

1

T LimitaTion >Taux_LIM_OFF

Reset condition

Power on reset/read

13.3.15 DIAG_VSUP_VCAN

Table 50. DIAG_VSUP_VCAN register description

Read

bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8 bit7 bité bit5 bit4 bit3 bit2 bit1 bit0
MOsI 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
MISO SPI_G WU_G CAN_G LIN_G 10_G VPRE VCORE VSUP_ IPFF TSD_CAN | VCAN_OV |VCAN_UV |ILIM_CAN |0

G

G

VOTHERS‘{ VSNS_UV

Table 51. DIAG_VSUP_VCAN description and configuration of the bits (default value in bold)

Description Detection of battery voltage below Vsns yv
0 Vgat > V
VSNS_UV BAT ~ VSNS_Uv
1 VBat < Vsns_uv
Reset condition |Power on reset/read
Description Detection of Vgyp below Vsyp yv 7
0 V >V
VSUP_UV_7 SUP > VsupP_uv_7
1 Vsup < Vsup_uv_7
Reset condition |Power on reset/read
Description Input power feed forward (IPFF)
0 Normal operation
IPFF
1 IPFF mode activated
Reset condition |Power on reset/read
Description Thermal shutdown of Vcan
0 NOTSD (T, <T
TSD_CAN (Ty <Tsp_can)
1 TSD occurred (T, > TSD_CAN)
Reset condition |Power on reset/read
Description Vcan overvoltage detection
0 No overvoltage (V <V
VCAN_OV ge (Vcan < Vean ov)
1 Overvoltage detected (Vcan > Vean_ov)
Reset condition |Power on reset/read
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Description Vcan Undervoltage detection

0 No undervoltage (Vcan > Vean uv)
VCAN_UV =

1 Undervoltage detected (Vcan < Vean_uv)

Reset condition |Power on reset/read

Description Report a current limitation condition on Vcan

0 No current limitation (Ican < lcan Liv)
ILIM_CAN =

1 Current limitation (Ican > lcan_Lim)

Reset condition

Power on reset/read

13.3.16 DIAG_CAN_FD

Table 52. DIAG_CAN_FD register description

Read

bit15 bit14 bit13 bit12 bit11 bit10 bit9 bits bit7 bit6 bits bit4 bit3 bit2 bit1 bitd
MosI 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0
MISO SPIG wU_G CAN_G |LIN_G 10_G VPRE VCORE CANH_ | CANL_ CANL_  |CAN 0 RXD_REC | TXD_

G BATT GND BATT GND DOM

G

VOTHERS{ CANH_

DOM

Table 53. DIAG_CAN_FD description and configuration of the bits (default value in bold)

Description CANH short-circuit to battery detection
0 No failure
CANH_BATT
1 Failure detected
Reset condition |Power on reset/read
Description CANH short-circuit to GND detection
0 No failure
CANH_GND
1 Failure detected
Reset condition |Power on reset/read
Description CANL short-circuit to battery detection
0 No failure
CANL_BATT
1 Failure detected
Reset condition |Power on reset/read
Description CANL short-circuit to GND detection
0 No failure
CANL_GND
1 Failure detected
Reset condition |Power on reset/read
Description CAN-bus dominant clamping detection
0 No failure
CAN_DOM
1 Failure detected

Reset condition

Power on reset/read
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Description RXD recessive clamping detection (short-circuit to 5.0 V)
0 No failure
RXD_REC
1 Failure detected
Reset condition |Power on reset/read
Description TXD dominant clamping detection (short-circuit to GND)
0 No failure
TXD_DOM
1 Failure detected
Reset condition |Power on reset/read

13.3.17 DIAG_CAN_LIN

Table 54. DIAG_CAN_LIN register description

Read

bit15 bit14 bit13 bit12 bit11 bit10 bit9 bits bit7 bit6 bits bit4 bit3 bit2 bit1 bitd
MosI 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0
MISO SPIG wU_G CAN_G |LIN_G 10_G VPRE VCORE TXDL_ 0 RXDL_ LN_OT |0 CAN_OT | CAN_OC

G DOM REC

G

VOTHERS‘{ LIN_DOM

Table 55. DIAG_CAN_LIN description and configuration of the bits (default value in bold)

Description LIN bus dominant clamping detection
0 No failure
LIN_DOM
1 Failure detected
Reset condition |Power on reset/read
Description LIN TXD dominant clamping detection (short-circuit to GND)
0 No failure
TDXL_DOM
1 Failure detected
Reset condition |Power on reset/read
Description LIN RXD recessive clamping detection (short-circuit to 5.0 V)
0 No failure
RXDL_REC
1 Failure detected
Reset condition |Power on reset/read
Description LIN overtemperature detection
0 No failure
LIN_OT
1 Failure detected
Reset condition |Power on reset/read
Description CAN overtemperature detection
0 No failure
CAN_OT
1 Failure detected
Reset condition |Power on reset/read
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Description CAN overcurrent detection
0 No failure

CAN_OC
1 Failure detected

Reset condition |Power on reset/read

13.3.18 DIAG_SPI

Table 56. DIAG_SPI register description

Read

bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8 bit7 bité bit5 bit4 bit3 bit2 bit1 bit0
MOSI 0 0 1 0 0 1 1 0 0 0 0 0 0 0 0 0
MISO SPIL_G WU_G CAN_G LIN_G 10_G VPRE VCORE VOTHERS{ SPI_ERR 0 SPI_CLK 0 SPI_REQ |0 SPI_ 0
G G G PARITY
Table 57. DIAG_SPI description and configuration of the bits (default value in blue)
Description Secured SPI communication check
0 No error
SPI_ERR - :
1 Error detected in the secured bits
Reset condition |Power on reset/read
Description SCLK error detection
0 16 clock cycles during NCS low
SPI_CLK
1 Wrong number of clock cycles (<16 or > 16)
Reset condition |Power on reset/read
Description Invalid SPI access (wrong write or read, write to INIT registers in normal
mode, wrong address)
SPl REQ 0 No error
1 SPI violation
Reset condition |Power on reset/read
Description SPI parity bit error detection
0 Parity bit OK
SPI_PARITY ——
1 Parity bit error
Reset condition |Power on reset/read
13.3.19 Mode
Table 58. Mode register description
Write
bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8 bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0
MOSI 1 0 1 0 1 0 1 P VKAM_EN | LPOFF_ GO_ INT_REQ |Secure_3 |Secure_2 |Secure_1 |Secure_0
AUTO_WU LPOFF
MISO SPI_G WU_G CAN_G LIN_G 10_G VPRE VCORE VOTHERS{ VKAM_EN | RESERVED | RESER ‘ RESERV INIT NORMAL | DFS LPOFF
_G G G VED ED
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Read

bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8 bit7 bit6 bits bit4 bit3 bit2 bit1 bit0
MOSI 0 0 1 0 1 0 1 0 0 0 0 0 0 0 0 0
MISO SPI_G WU_G CAN_G LIN_G 10_G VPRE VCORE RESERVED | RESER RESERV | INIT NORMAL | DFS LPOFF

G VED ED

e

VOTHERS{ VKAM_EN

Table 59. Mode description and configuration of the bits (default value in bold)

VKAM_EN

Description

Vkam control (default state depends on part number)

0

DISABLED

1

ENABLED

Reset condition

Power on reset

LPOFF_AUTO_WU

Description

Configure the device in LPOFF_AUTO_WU

0

No action

1

Go to LPOFF mode and wake-up automatically after 1.0 ms

Reset condition

Power on reset/refresh after LPOFF

Description Configure the device in LPOFF-SLEEP
0 No action
GO_LPOFF
1 Go to LPOFF mode and wait for wake-up event
Reset condition |Power on reset/refresh after LPOFF
Description Request for an INT pulse
0 No Request
INT_REQ
1 Request for an INT pulse
Reset condition |Power on reset
Description Report if INIT mode of the main logic state machine is entered
0 Not in INIT mode
INIT
1 INIT mode
Reset condition |Power on reset
Description Report if normal mode of the main logic state machine is entered
0 Not in normal mode
NORMAL
1 Normal mode
Reset condition |Power on reset
Description Report if the device resumes from deep fail-safe mode
0 Not in deep fail-safe
DFS
1 Resume from deep fail-safe
Reset condition |Power on reset/read
Description Report if the device resumes from LPOFF-sleep or LPOFF_AUTO_WU mode
0 Not in LPOFF
LPOFF

1

Resume from LPOFF

Reset condition

Power on reset/read
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Secured bits based on write bits

Secured_3 = NOT(bit5)
Secured_2 = NOT(bit4)
Secured_1 = bit7
Secured_0 = bit6

Description

Secure 3:0

13.3.20 REG_MODE

Table 60. REG_MODE register description

Write

bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8 bit7 bité bit5 bit4 bit3 bit2 bit1 bit0

MOsI 1 0 1 0 1 1 0 P VCORE_

EN

VCCA_EN | VAUX_EN |VCAN_EN |Secure_3 |Secure_2 | Secure_1 Secure_0

MISO SPI_G WU_G CAN_G LIN_G 10_G VPRE VCORE VOTHERS | RESERV RESERV RESERV RESERV VCORE_ |VCCA_EN |VAUX_EN | VCAN_EN
G G ED ED ED ED EN
Read
bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8 bit7 bité bit5 bit4 bit3 bit2 bit1 bit0
MOsI 0 0 1 0 1 1 0 0 0 0 0 0 0 0 0 0
MISO SPI_G WU_G CAN_G LIN_G 10_G VPRE VCORE VOTHERS | RESERV RESERV RESERV RESERV VCORE_ |VCCA_EN | VAUX_EN | VCAN_EN
Ke G G ED ED ED ED EN

Table 61. REG_MODE description and configuration of the bits (default value in bold)

Description Vcore control (switch off not recommended if Vcore is safety critical)
0 Disabled
VCORE_EN
1 Enabled
Reset condition |Power on reset
Description Vcca control (switch off not recommended if Vcp is safety critical)
0 Disabled
VCCA_EN
1 Enabled
Reset condition |Power on reset
Description Vaux control (switch off not recommended if Vayx is safety critical)
0 Disabled
VAUX_EN
1 Enabled
Reset condition |Power on reset
Description Vean control
0 Disabled
VCAN_EN
1 Enabled
Reset condition |Power on reset
Description Secured bits based on write bits
Secured_3 = NOT(bit5)
Secure 3:0 Secured_2 = NOT(bit4)
Secured_1 = bit7
Secured_0 = bit6
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13.3.21 10_OUT_AMUX
Table 62. 10_OUT_AMUX register description
Write
bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8 bit7 bité bit5 bit4 bit3 bit2 bit1 bit0
MOSI 1 0 1 0 1 1 1 P 10_OUT_ |10_OUT 4 |0 0 0 AMUX_2 |AMUX_1 | AMUX_0
4_EN
MISO SPIL_G WU_G CAN_G LIN_G 10_G VPRE VCORE VOTHERS‘{ I0_OUT_ |I10_OUT_4 | RESERV RESERV RESERV AMUX_2 AMUX_1 AMUX_0
_G _G ED ED ED
Read
bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8 bit7 bité bit5 bit4 bit3 bit2 bit1 bit0
MOSI 0 0 1 0 1 1 1 0 0 0 0 0 0 0 0 0
MISO SPI_G WU_G CAN_G LIN_G 10_G VPRE VCORE VOTHERS{ 10_OUT_ |I0_OUT 4 |RESERV |RESERV |RESERV |[AMUX_ 2 |AMUX_1 |AMUX_0
G G ED ED ED
Table 63. 10_OUT_AMUX description and configuration of the bits (default value in bold)
Description Enable the output gate driver capability for 10_4
0 High-impedance (I0_4 configured as input)
I0_OUT_4_EN
1 Enabled (I0_4 configured as output gate driver)
Reset condition |Power on reset
Description Configure 10_4 output gate driver state
0 Low
I0_OUT_4
1 High
Reset condition |Power on reset
Description Select AMUX output
000 VRer
001 Vsns wide range
010 10_0 wide range
011 10_5 wide range
AMUX_2:0
100 Vsns tight range
101 10_0 tight range
110 10_5 tight range/VKAM
111 Die Temperature Sensor
Reset condition |Power on reset
13.3.22 CAN_LIN_MODE
Table 64. CAN_LIN_MODE register description
Write
bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8 bit7 bité bit5 bit4 bit3 bit2 bit1 bit0
MosSI 1 0 1 1 0 0 0 P CAN_ CAN_ CAN_ LIN_ LIN_ LIN_ 0 0
MODE_1 |MODE_0 |AUTO_ MODE_1 |MODE_0 |AUTO_
DIS DIS
MISO SPI_G WU_G CAN_G LIN_G 10_G VPRE VCORE | VOTHERS | CAN_ CAN_ CAN_ LIN_ LIN_ LIN_ CAN_WU | LIN_WU
G G G MODE_1 |MODE_0 |AUTO_ MODE_1 |MODE_0 |AUTO_
DIS DIS
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Read

bit15 bit14 bit13 bit12 bit11 bit10 bit9 bits bit7 bité bits bit4 bit3 bit2 bit1 bitd
MOSI 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0
MISO SPI_G WU_G CAN.G [LIN_G 10_G VPRE VCORE | VOTHERS_| CAN_ CAN_ CAN_ LIN_ LIN_ LIN_ CAN_WU | LIN_WU
G G MODE_1 |MODE_0 |AUTO_ |MODE_1 |MODE_0 |AUTO_
- DIS DIS

Table 65. CAN_LIN_MODE description and configuration of the bits (default value in bold)

CAN_MODE_1:0!"

Description Configure the CAN mode
00 Sleep/no wake-up capability
01 Listen only

10 Sleep/wake-up capability
11 Normal operation mode

Reset condition

Power on reset

CAN_AUTO _DIS

Description Automatic CAN TX disable
0 NO auto disable
1 Reset CAN_MODE from ’11’ to 01’ on CAN_OT or TXD_DOM or RXD_

REC event

Reset condition

Power on reset

Description Configure the LIN mode
00 Sleep/no wake-up capability
01 Listen only
LIN_MODE_1:0
10 Sleep/wake-up capability
11 Normal operation mode
Reset condition |Power on reset
Description Automatic LIN mode disable
0 No auto disable
LIN_AUTO_DIS 1 Reset LIN_mode from 11’ to 01’ on LIN_OT or TXDL_DOM or RXDL_
REC event
Reset condition |Power on reset
Description Report a wake-up event from the CAN
0 No wake-up
CAN_WU
1 Wake-up detected
Reset condition |Power on reset/read
Description Report a wake-up event from the LIN
0 No wake-up
LIN_WU
1 Wake-up detected

Reset condition

Power on reset/read

11

CAN mode is automatically configured to 'sleep + wake-up capability[10] if CAN mode was different than ’sleep + no wake-up capability [00] before the

device enters in LPOFF. After LPOFF, the initial CAN mode prior to enter LPOFF is restored.
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13.3.23 LDT_AFTER_RUN_1

Table 66. LDT_AFTER_RUN_1 register description

Write
bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8 bit7 bité bit5 bit4 bit3 bit2 bit1 bit0
MOSI 1 0 1 1 0 1 0 P B15 B14 B13 B12 B11 B10 B9 B8
MISO SPI_G ‘ WU_G CAN_G LIN_G 10_G VPRE VCORE VOTHERS‘{ B15 B14 B13 B12 B11 B10 B9 ‘ B8
G G G
Read
bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8 bit7 bité bit5 bit4 bit3 bit2 bit1 bit0
MOSI 0 0 1 1 0 1 0 0 0 0 0 0 0 0 0 0
MISO SPI_G ‘ WU_G CAN_G LIN_G 10_G VPRE VCORE VOTHERS{ B15 B14 B13 B12 B11 B10 B9 B8
G G G
Table 67. LDT_AFTER_RUN_1 description and configuration of the bits (default value in bold)
Description Long duration timer - after run value
B15:8 00 to FF After run value (8 most significant bits)
Reset condition |Power on reset
13.3.24 LDT_AFTER_RUN_2
Table 68. LDT_AFTER_RUN_2 register description
Write
bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8 bit7 bité bit5 bit4 bit3 bit2 bit1 bit0
MOsI 1 0 1 1 0 1 1 P B7 B6 B5 B4 B3 B2 B1 BO
MISO SPI_G ‘ WU_G CAN_G LIN_G 10_G VPRE VCORE VOTHERS‘{ B7 B6 B5 B4 B3 B2 B1 ‘ BO
G G G
Read
bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8 bit7 bité bit5 bit4 bit3 bit2 bit1 bit0
MOsSI 0 0 1 1 0 1 1 0 0 0 0 0 0 0 0 0
MISO SPI_G ‘WU_G CAN_G LIN_G 10_G VPRE VCORE VOTHERS{ B7 B6 B5 B4 B3 B2 B1 BO
G G G
Table 69. LDT_AFTER_RUN_2 description and configuration of the bits (default value in bold)
Description Long duration timer - after run value
B7:0 00 to FF After run value (8 least significant bits)
Reset condition |Power on reset
13.3.25 LDT_WAKE_UP_1
Table 70. LDT_WAKE_UP_1 register description
Write
bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8 bit7 bité bit5 bit4 bit3 bit2 bit1 bit0
MOSI 1 0 1 1 1 0 0 P B23 B22 B21 B20 B19 B18 B17 B16
MISO SPI_G ‘ WU_G CAN_G LIN_G 10_G VPRE VCORE VOTHERS‘{ B23 B22 B21 B20 B19 B18 B17 B16
G G G
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Read
bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8 bit7 bité bit5 bit4 bit3 bit2 bit1 bit0
MOSI 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0
MIsO SPI_G ‘ WU_G CAN_G LIN_G 10_G VPRE VCORE VOTHERS{ B23 B22 B21 B20 B19 B18 B17 B16
_G _G

Table 71. LDT_WAKE_UP_1 description and configuration of the bits (default value in bold)

B23:16

Description

Long duration timer — wake-up value

00 to FF

Wake-up value (8 most significant bits)

Reset condition

Power on reset

13.3.26 LDT_WAKE_UP_2

Table 72. LDT_WAKE_UP_2 register description

Write
bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8 bit7 bit6é bit5 bit4 bit3 bit2 bit1 bit0
MOSI 1 0 1 1 1 0 1 P B15 B14 B13 B12 B11 B10 B9 B8
MISO ‘ SPI_G ‘ WU_G CAN_G LIN_G 10_G VPRE VCORE VOTHERS{ B15 B14 B13 B12 B11 B10 B9 ‘ B8
_G _G G
Read
bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8 bit7 bité bit5 bit4 bit3 bit2 bit1 bit0
MOSI 0 0 1 1 1 0 1 0 0 0 0 0 0 0 0 0
MISO ‘ SPI_G ‘ WU_G CAN_G LIN_G 10_G VPRE VCORE VOTHERS{ B15 B14 B13 B12 B11 B10 B9 B8
G G G
Table 73. LDT_WAKE_UP_2 description and configuration of the bits (default value in bold)
Description Long duration timer — wake-up value
B15:8 00 to FF Wake-up value (8 intermediate bits)
Reset condition |Power on reset
13.3.27 LDT _WAKE_UP_3
Table 74. LDT_WAKE_UP_3 register description
Write
bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8 bit7 bité bit5 bit4 bit3 bit2 bit1 bit0
MOsI 1 0 1 1 1 1 0 P B7 B6 B5 B4 B3 B2 B1 BO
MISO ‘SPLG ‘wufe CAN_G LIN.G 10_G VPRE VCORE VOTHERS{ B7 B6 B5 B4 B3 B2 B1 ‘ BO
_G _G G
Read
bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8 bit7 bité bit5 bit4 bit3 bit2 bit1 bit0
MOSI 0 0 1 1 1 1 0 0 0 0 0 0 0 0 0 0
MISO ‘ SPI_G ‘ WU_G CAN_G LIN_G 10_G VPRE VCORE VOTHERS{ B7 B6 B5 B4 B3 B2 B1 BO
G G G
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Table 75. LDT_WAKE_UP_3 description and configuration of the bits (default value in bold)

B7:0

Description

Long duration timer — wake-up value

00 to FF

Wake-up value (8 least significant bits)

Reset condition | Power on reset

13.4 Detail of fail-safe logic register mapping

13.4.1

INIT_FS1B_TIMING

Table 76. INIT_FS1B_TIMING register description

Write

bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8 bit7 bité bit5 bit4 bit3 bit2 bit1 bit0
MOSI 1 1 0 0 0 0 1 p FS1B_ FS1B_ FS1B_ FS1B_ SECURE_ | SECURE_ | SECURE_ | SECURE_
TIME3 |TIME2 | TIME_1 TIMEO |3
MISO SPI_G WU_G CAN.G |LIN_G 10_G VPRE VCORE |VOTHERS|SPI_FS_ |SPLFS_ |SPI_FS_ |SPI_FS_ |FS1B_ FS1B_ FS1B_ FS1B_
_G _G ERR CLK REQ PARITY TIME_3 TIME_2 TIME_1 TIME_O
Read
bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8 bit7 bité bit5 bit4 bit3 bit2 bit1 bit0
MOSI 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0
MISO SPI_G WU_G CAN_G |LIN_G 10_G VPRE VCORE |VOTHERS|SPI_FS_ |SPILLFS_ |[SPLFS_ |SPIFS_ |FS1B_ FS1B_ FS1B_ FS1B_
G G ERR CLK REQ PARITY | TIME_3 TIME_2 TIME_1 TIME_0

Table 77. INIT_FS1B_TIMING. Description and configuration of the bits (Default value in bold)

FS1B_TIME_3:0
(timing made with

fail-safe oscillator)

Description FS1B timing range factor x1 FS1B timing range factor x8
(FS1B_TIME_RANGE bit = 0) (FS1B_TIME_RANGE bit = 1)

0000 0 0

0001 10 ms 80 ms

0010 13 ms 104 ms

0011 17 ms 135 ms

0100 22 ms 176 ms

0101 29 ms 228 ms

0110 37 ms 297 ms

0111 48 ms 386 ms

1000 63 ms 502 ms

1001 82 ms 653 ms

1010 106 ms 848 ms

1011 138 ms 1103 ms

1100 179 ms 1434 ms

1101 233 ms 1864 ms

1110 303 ms 2423 ms

1111 394 ms 3150 ms

Reset condition |Power on reset
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Description Secured bits based on write bits
Secured_3 = NOT(bit5)
Secure3:0 Secured_2 = NOT(bit4)
Secured_1 = bit7
Secured_0 = bit6
13.4.2 BIST

Table 78. BIST register description

Write

bit15

bit14

bit13

bit12 bit11

bit10

bit9

bit8

bit7

bit6

bit5

bit4

bit3

bit2

bit1

bit0

MOSI 1 1 0 0 0 1 0 P 0 ABIST2_ |ABIST2_ |0 Secure_3 | Secure_2 Secure_1 Secure_0
FS1B VAUX

MISO SPI_G WU_G CAN_G |LIN_G 10_G VPRE VCORE |VOTHERS|SPI_FS_ |SPI_FS_ |SPI_FS_ |SPI_FS_ |[LBIST_ |ABIST2_ ABIST2_ ABIST1_
G G G ERR CLK REQ PARITY | OK FS1B_OK |VAUX_OK |OK

Read

bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8 bit7 bité bit5 bit4 bit3 bit2 bit1 bit0

MOsI 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0

MISO SPI_G WU_G CAN.G |LIN.G 10_G VPRE VCORE |VOTHERS|SPIFS_ |SPILFS_ |SPILFS_ |SPILFS_ |[LBIST_ |ABIST2_ ABIST2_ ABIST1_
G G G ERR CLK REQ PARITY OK FS1B_OK VAUX_OK OK

Table 79. BIST description and configuration of the bits (default value in bold)

Description Request ABIST execution on FS1B
0 No action
ABIST2_FS1B
1 Launch ABIST on FS1B
Reset condition | Fail-safe power-on-reset
Description Request ABIST execution on VAUX
0 No action
ABIST2_VAUX
1 Launch ABIST on VAUX
Reset condition | Fail-safe power-on-reset
Description Secured bits based on write bits
Secured_3 = NOT(bit5)
Secure3:0 Secured_2 = NOT(bit4)
Secured_1 = bit7
Secured_0 = bit6
Description Diagnostic of fail-safe logic BIST (automatically executed)
0 LBIST fail
LBIST_OK
1 LBIST pass

Reset condition

Fail-safe power-on-reset

ABIST2_FS1B_OK

Description Diagnostic of FS1B Analog BIST2 (executed on demand)
0 FS1B ABIST fail or not executed
1 FS1B ABIST pass

Reset condition

Fail-safe power-on-reset
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ABIST2_VAUX_OK

Description Diagnostic of VAUX Analog BIST2 (executed on demand)
0 VAUX ABIST fail or not executed
1 VAUX ABIST pass

Reset condition

Fail-safe power-on-reset

ABIST1_OK

Description Diagnostic of analog BIST1 (automatically executed)
0 ABIST1 fail
1 ABIST1 pass

Reset condition

Fail-safe power-on-reset

Table 80. INIT_SUPERVISOR register description
Write
bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8 bit7 bité bit5 bit4 bit3 bit2 bit1 bit0
MOSI 1 1 0 0 0 1 1 P VCORE_ |VCCA 5D |VAUX_5D |FS1B_TIME_ |Secure_3 |Secure_2 |Secure_1 | Secure_0
5D RANGE
MISO SPI_G WU_G CAN_G |LIN_G 10_G VPRE VCORE |VOTHERS|SPIFS_ |[SPI_FS_ |SPILFS_ |[SPI_FS_ VCORE_ |VCCA_ |VAUX_ FS1B_TIME_
G G G ERR CLK REQ PARITY 5D 5D 5D RANGE
Read
bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8 bit7 bité bit5 bit4 bit3 bit2 bit1 bit0
MOsSI 0 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0
MISO SPI_G WU_G CAN_G |LIN_G 10_G VPRE VCORE |VOTHERS|SPI_FS_ |[SPI_FS_ |SPI_LFS_ |[SPI_FS_ VCORE_ |VCCA_ |VAUX_ FS1B_TIME_
G _G G ERR CLK REQ PARITY 5D 5D 5D RANGE

Table 81. INIT_SUPERVISOR description and configuration of the bits (default value in bold)

Description Configure the V¢ore undervoltage in degraded mode. Only valid for 5.0 V
0 Normal 5.0 V undervoltage detection threshold (Vcore Fs_uv)
VCORE_5D 1 Degraded mode, lower undervoltage detection threshold applied
(Vcore_FB_uv D)
Reset condition |Power on reset
Description Configure the Vcca undervoltage in degraded mode. Only valid for 5.0 V
0 Normal 5.0 V undervoltage detection threshold (Vcca v 5)
VCCA_5D —=
1 Degraded mode, lower undervoltage detection threshold applied (Vcca_uv p)
Reset condition |Power on reset
Description Configure the Vayx undervoltage in degraded mode. Only valid for 5.0 V
0 Normal 5.0 V undervoltage detection threshold (Vayx uv 5)
VAUX_5D -
1 Degraded mode; lower undervoltage detection threshold applied (Vaux_uv sp)

Reset condition

Power on reset

FS1B_TIME_RANGE

Description Configure the FS1B timing range factor x1 or x8
0 x1 timing range factor
1 x8 timing range factor

Reset condition

Power on reset
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Description Secured bits based on write bits
Secured_3 = NOT(bit5)
Secure3:0 Secured_2= NOT (bit4)
Secured_1=bit7
Secured_0=bit6
Table 82. INIT_FAULT register description
Write
bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8 bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0
MOSI 1 1 0 0 1 0 0 P FLT_ FS1B_CAN_ |FLT_ERR_ |FLT_ERR_ | Secure_3 | Secure_2 Secure_1 Secure_0
ERR_FS IMPACT IMP_1 IMP_0
MISO SPI_G WU_G CAN_G |LIN_G 10_G VPRE VCORE |VOTHERS|SPI_FS_ |SPI_FS_CLK |SPI_FS_ SPI_FS_ FLT_ FS1B_CAN_ |FLT_ERR_ |FLT_ERR_
G G ERR REQ PARITY ERR_FS |IMPACT IMP_1 IMP_0
Read
bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8 bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0
MOsI 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0
MISO SPI_G WU_G CAN_G |LIN_G 10_G VPRE VCORE |VOTHERS|SPI_FS_ |SPI_FS_CLK |SPI_FS_ SPI_FS_ FLT_ FS1B_CAN_ |FLT_ERR_ |FLT_ERR_
G G G ERR REQ PARITY ERR_FS | IMPACT IMP_1 IMP_0

Table 83. INIT_FAULT description and configuration of the bits (default value in bold)

FLT_ERR_FS

Description Configure the values of the fault error counter
0 intermediate = 3; final = 6
1 intermediate = 1; final = 2

Reset condition

Power on reset

FS1B_CAN_IMPACT

Description Configure CAN behavior when FS1B is asserted low
0 No effect
1 CAN in RX only or sleep mode when FS1B is asserted (depends on

CAN_DIS_CFG bit in INIT_WU2 register)

Reset condition

Power on reset

FLT_ERR_IMP_1:0

Description Configure RSTB and FSOB behavior when fault error counter 2 intermediate
value

00 No effect on RSTB and FSOB

01 FSOB is asserted low if FLT_ERR_CNT = intermediate value

10 RSTB is asserted low if FLT_ERR_CNT = intermediate value and WD error
counter = WD_CNT_ERR][1:0]

11 FSOB is asserted low if FLT_ERR_CNT 2 intermediate value

RSTB is asserted low if FLT_ERR_CNT 2 intermediate value and WD error
counter = WD_CNT_ERR[1:0]

Reset condition

Power on reset
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Description Secured bits based on write bits
Secured_3 = NOT(bit5)
Secure3:0 Secured_2 = NOT(bit4)
Secured_1 = bit7
Secured_0 = bit6
13.4.5 INIT_FSSM
Table 84. INIT_FSSM register description
Write
bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8 bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0
MOSI 1 1 0 0 1 0 1 P 10_45_FS |10_23_FS |PS RSTB_ Secure_3 | Secure_2 | Secure_1 | Secure_0
DURATION
MISO SPI_G WU_G CAN_G LIN_G 10_G VPRE VCORE |VOTHERS|SPI_FS_ |SPI_FS_ |SPI_FS_ |SPI_FS_ 10_45_FS |10_23_FS |PS RSTB_
_G G ERR CLK REQ PARITY DURATION
Read
bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8 bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0
MOsI 0 1 0 0 1 0 1 0 0 0 0 0 0 0 0 0
MISO SPI_G WU_G CAN_G LIN_G 10_G VPRE VCORE |VOTHERS|SPI_FS_ |SPI_FS_ |SPI_FS_ |SPIFS_ 10_45_FS |10_23_FS |PS RSTB_
G G G ERR CLK REQ PARITY DURATION

Table 85. INIT_FSSM description and configuration of the bits (default value in bold)

Description Configure the couple of I0_4:5 as safety inputs for external IC error
monitoring
10 45 FS 0 Not safety
1 Safety critical
Reset condition |Power on reset
Description Configure the couple of I0_3:2 as safety inputs for FCCU monitoring
0 Not safety
I0_23 FS
1 Safety critical
Reset condition |Power on reset
Description Configure the Fccy polarity
. 0 Fccu_eaout_1:0 active high
1 Fccu_eaout_1:0 active low
Reset condition |Power on reset
Description Configure the RSTB low duration time
0 10 ms
RSTB_DURATION
1 1.0ms
Reset condition |Power on reset

FS6500-FS4500

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

© NXP B.V. 2020. All rights reserved.

Product data sheet

Rev. 7.0 — 11 November 2020

118 /153



NXP Semiconductors

FS6500, FS4500

Safety power system basis chip with CAN FD and LIN transceivers

Secure3:0

Description

Secured bits based on write bits

Secured_3 = NOT(bit5)
Secured_2 = NOT(bit4)
Secured_1 = bit7
Secured_0 = bit6

13.4.6

INIT_SF_IMPACT

Table 86. INIT_SF_IMPACT register description

Write

bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8 bit7 bit6é bit5 bit4 bit3 bit2 bit1 bit0
MOSI 1 1 0 0 1 1 0 P TDLY_ DIS_8S WD_ WD_ Secure_3 Secure_2 | Secure_1 Secure_0
TDUR IMPACT_1 | IMPACT_0
MISO SPI_G WU_G CAN_G |[LIN_G 10_G VPRE VCORE |VOTHERS|SPI_FS_ |SPIFS_ |SPI_FS_ |SPI_FS_ |TDLY_ DIS_8S WD_ WD_
_G G ERR CLK REQ PARITY TDUR IMPACT_1 | IMPACT_0
Read
bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8 bit7 bité bit5 bit4 bit3 bit2 bit1 bit0
MOsI 0 1 0 0 1 1 0 0 0 0 0 0 0 0 0 0
MISO SPI_G WU_G CAN.G |[LIN.G 10_G VPRE VCORE |VOTHERS|SPIFS_ |SPILFS_ |SPLFS_ |SPILFS_ |TDLY_ DIS_8S WD_ WD_
G G G ERR CLK REQ PARITY TDUR IMPACT_1 | IMPACT_0

Table 87. INIT_SF_IMPACT description and configuration of the bits (default value in bold)

Description FS1B delay or FS1B duration mode selection
0 FS1B t mode
TDLY_TDUR PELAY
1 FS1B tpyraTion Mmode
Reset condition |Power on reset
Description Disable the 8.0 s timer used to enter deep fail-safe mode
0 Enabled
DIS_8S
1 Disabled

Reset condition

Power on reset

WD_IMPACT_1:0

Description Watchdog impact on RSTB and/or FSOB assertion

00 No effect on RSTB and FSOB if WD error counter = WD_CNT_ERR[1:0]

01 RSTB only is asserted low if WD error counter = WD_CNT_ERR[1:0]

10 FSOB only is asserted low if WD error counter = WD_CNT_ERR[1:0]

11 RSTB and FSOB are asserted low if WD error counter = WD_CNT_ERR([1:0]

Reset condition

Power on reset

Secure3:0

Description

Secured bits based on write bits

Secured_3 = NOT(bit5)
Secured_2 = NOT(bit4)
Secured_1 = bit7
Secured_0 = bit6
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13.4.7 WD_WINDOW

Table 88. WD_WINDOW register description

Write!"!
bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8 bit7 bité bit5 bit4 bit3 bit2 bit1 bit0
MOSI 1 1 0 0 1 1 1 P WD_ WD_ WD_ WD_ Secure_3 | Secure_2 | Secure_1 Secure_0
WINDOW_ | WINDOW_ | WINDOW_ | WINDOW_
3 2 1 0
MISO SPI_G WU_G CAN.G |LIN.G 10_G VPRE VCORE |VOTHERS|SPIFS_ |SPIFS_ |SPI_FS_ |SPLFS_ |wD_ WD_ WD_ WD_
G G G ERR CLK REQ PARITY WINDOW_ | WINDOW_ | WINDOW_ | WINDOW_
- - 3 2 1 0
Read
bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8 bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0
MOSI 0 1 0 0 1 1 1 0 0 0 0 0 0 0 0 0
MISO SPI_G WU_G CAN_G |[LIN.G 10_G VPRE VCORE | VOTHERS| SPI_FS_ |SPI_FS_ |SPI_FS_ |SPI_FS_ |wD_ WD_ WD_ WD_
G G G ERR CLK REQ PARITY WINDOW_ | WINDOW_ | WINDOW_ | WINDOW_
- - 3 2 1 0

[11  Any write command to the WD_WINDOW register in the normal mode should be followed by a read command to verify the correct change of the WD
window duration.

Table 89. WD_WINDOW description and configuration of the bits (default value in bold)

Description Configure the watchdog window duration. Duty cycle if set to 50 %

0000 Disable (in INIT phase only)

0001 1.0 ms

0010 20ms

0011 3.0 ms

0100 4.0 ms

0101 6.0 ms

0110 8.0 ms

0111 12ms

WD_WINDOW_3:0

1000 16 ms

1001 24 ms

1010 32ms

1011 64 ms

1100 128 ms

1101 256 ms

1110 512 ms

1111 1024 ms

Reset condition |Power on reset

Description Secured bits based on write bits
Secured_3 = NOT(bit5)

Secure3:0 Secured_2 = NOT(bit4)

Secured_1 = bit7
Secured_0 = bit6
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Table 90. WD_LFSR register description

Write
bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8 bit7 bité bit5 bit4 bit3 bit2 bit1 bit0
MOsI 1 1 0 1 0 0 0 P WD_ WD_ WD_ WD_ WD_ WD_ WD_ WD_
LFSR_7 LFSR_6 LFSR_5 LFSR_4 LFSR_3 LFSR_2 LFSR_1 LFSR_0
MISO SPI_G WwU_G CAN.G |LIN.G 10_G VPRE VCORE | VOTHERS | WD_ WD_ WD_ WD_ WD_ WD_ WD_ WD_
G G LFSR7 |LFSR 6 |LFSR5 |[LFSR 4 |LFSR.3 |FSR 2 LFSR_1 LFSR_0
Read
bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8 bit7 bité bit5 bit4 bit3 bit2 bit1 bit0
MOSI 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0
MISO SPI_G WU_G CAN_G LIN_G 10_G VPRE VCORE VOTHERS | WD_ WD_ WD_ WD_ WD_ WD_ WD_ WD_
G G G LFSR_7 LFSR_6 LFSR_5 LFSR_4 LFSR_3 LFSR_2 LFSR_1 LFSR_0

Table 91. WD_LFSR description and configuration of the bits (default value in bold)

WD_LFSR_7:0

Description

0...

1.

WD 8 bits LFSR value. Used to write the seed at any time

[t%i]t7:bit0: 10110010 default value at start-up or after a power-on-reset: oxB2™

Reset condition

Power on reset

(1
[2]

Table 92. WD_ANSWER register description

Value Bit7:Bit0: 1111 1111 is prohibited.
During a write command, MISO reports the previous register content.

13.4.9 WD_ANSWER

Write
bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8 bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0
MOSI 1 1 0 1 0 0 1 P WD_ WD_ WD_ WD_ WD_ WD_ WD_ WD_
ANSWER_ | ANSWER_ | ANSWER_ | ANSWER_ | ANSWER_ | ANSWER_ | ANSWER_ | ANSWER_
7 6 5 3 2 1 0
MISO SPI_G WU_G CAN_G |LIN_G 10_G VPRE VCORE | VOTHERS| RSTB FSxB WD_BAD_ | FSO_G I0_FS_G |WD_BAD_ |ERR_INT_ | ERR_INT_
G G G DATA TIMING HW sw
Read
bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8 bit7 bité bit5 bit4. bit3 bit2 bit1 bit0
MOSI 0 1 0 1 0 0 1 0 0 0 0 0 0 0 0 0
MISO SPI_G WU_G CAN_G LIN_G 10_G VPRE VCORE VOTHERS| RSTB FSxB WD_BAD_ | FSO_G I0_FS_G WD_BAD_ |ER_INT_ ER_INT_
_G G G DATA TIMING HW sSwW

Table 93. WD_ANSWER description and configuration of the bits (default value in bold)

WD_ANSWER_7:0

Description

WD answer from the MCU

0...

Answer = (NOT(((LFSR x 4)+6)-4))/4

Reset condition

Power on reset/RSTB low
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Description Report a reset event
0 No reset
RSTB
1 Reset occurred
Reset condition |Power on reset/read
Description Report a fail-safe event
0 No fail-safe
FSxB 1 Fail-safe event occurred (default state at power up and after LPOFF as

FSOB/FS1B are asserted low)

Reset condition

Power on reset/read

WD_BAD_DATA

Description

Report a watchdog data refresh error

0

WD data refresh OK

1

Reset condition

Wrong WD data refresh

Power on reset/read

Description Report a fail-safe output failure
Fso Gl 0 No failure

1 Failure

Reset condition |Power on reset/read

Description Report an 10 monitoring error
0 Fs G2 0 No error

1

Error detected

Reset condition

Power on reset/read

WD_BAD_TIMING

Description

Report a watchdog timing refresh error

0

WD timing refresh OK

1

Wrong WD timing refresh

Reset condition

Power on reset/read

Description Report an error from an internal redundant structure of the fail-safe state
machine
ERR_INT_HW 0 No error
1 Error detected
Reset condition |Power on reset/read
Description Report an error from the EDC of the fail-safe state machine (error detection
correction)
ERR_INT_SW 0 No error

1

Error detected

Reset condition

Power on reset/read

[11 FSO_G = RSTB_short_high or FSOB_short_high or FSOB_short_low or FS1B_short_high or FS1B_short_low
[2] 10_FS_G =10_23_fail or I0_45_fail
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consecutive SPI accesses to WD_COUNTER and DIAG_SF_ERR registers or access
(read or write) WD_ANSWER register first.

Example1: read or write WD_ANSWER to update the registers, read WD_COUNTER
and DIAG_SF_ERR to report the latest information

Example2: read WD_COUNTER to update the register, read again WD_COUNTER to
report the latest information

13.4.10 RELEASE_FSxB

Table 94. RELEASE_FSxB register description

Write
bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8 bit7 bité bit5 bit4 bit3 bit2 bit1 bit0
MOsI 1 1 0 1 0 1 0 P RELEASE_ | RELEASE_ | RELEASE_ | RELEASE_ | RELEASE_ | RELEASE_ | RELEASE_ | RELEASE_
FSxB_7 FSxB_6 FSxB_5 FSxB_4 FSxB_3 FSxB_2 FSxB_1 FSxB_0
MISO SPI_G WwU_G CAN.G |LIN.G 10_G VPRE VCORE |VOTHERS|SPI_FS_ |SPIL.FS_ |SPILFS_ |SPIFS_ |RESERV |FS1B_ FSOB_ RSTB_
G G ERR CLK REQ PARITY ED SNS SNS SNS
Read
bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8 bit7 bité bit5 bit4 bit3 bit2 bit1 bit0
MOSI 0 1 0 1 0 1 0 0 0 0 0 0 0 0 0 0
MISO SPI_G WU_G CAN.G |LIN_G 10_G VPRE VCORE |VOTHERS|SPI_FS_ |SPI_FS_ |SPI_FS_ |SPI_FS_ |RESERV |FS1B_ FSOB_ RSTB_
G G ERR CLK REQ PARITY ED SNS SNS SNS

Table 95. RELEASE_FSxB description and configuration of the bits (default value in bold)

RELEASE_FSxB_7:0

Description

Secured 8 bits word to release the FSOB and FS1B pins

0...

Depends on LFSR_out value and calculation

Reset condition

Power on reset -> default = 00h

Description Sense of FS1B pad

0 FS1B pad sense low
FS1B_SNS

1 FS1B pad sense high

Reset condition |Power on reset

Description Sense of FSOB pad

0 FSO0B pad sense low
FSOB_SNS

1 FSOB pad sense high

Reset condition |Power on reset

Description Sense of RSTB pad

0 RSTB pad sense low
RSTB_SNS

1 RSTB pad sense high

Reset condition

Power on reset
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Table 96. SF_OUTPUT_REQUEST register description

Write

bit15 bit14

bit13

bit12 bit11

bit10

bit9

bit8

bit7

bité

bit5

bit4

bit3

bit2 bit1

bit0

MOSI 1 1 0 1 0 1 1 P FS1B_ FS1B_ FSOB_ RSTB_ Secure_3 | Secure_2 | Secure_1 | Secure_0
REQ DLY_REQ |REQ REQ

MISO SPI_G WU_G CAN.G |LIN.G 10_G VPRE VCORE |VOTHERS|SPIFS_ |SPIFS_ |SPIFS_ |SPI_FS_ |FS1B_ FS1B_ FSOB_ RSTB_
G G ERR CLK REQ PARITY DRV DLY_DRV |DRV DRV

Read

bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8 bit7 bité bit5 bit4 bit3 bit2 bit1 bit0

MOSI 0 1 0 1 0 1 1 0 0 0 0 0 0 0 0 0

MISO SPI_G WU_G CAN_G |LIN_G 10_G VPRE VCORE |VOTHERS|SPI_FS_ |SPILLFS_ |SPLFS_ |[SPI_FS_ |FS1B_ FS1B_ FSOB_ RSTB_
_G _G ERR CLK REQ PARITY DRV DLY_DRV | DRV DRV

Table 97. SF_OUTPUT_REQUEST description and configuration of the bits (default value in bold)

FS1B_REQ

Description Request FS1B to be asserted low
0 No request
1 Request FS1B assertion with immediate assertion, no delay

Reset condition

Power on reset

FS1B_DLY_REQ

Description Request activation of FS1B internal pull-up (open/close switch S1)
0 Close S1
1 Open S1

Reset condition

Power on reset

Description Request FSOB to be asserted low
0 No request
FSOB_REQ
1 Request FSOB assertion
Reset condition |Power On reset
Description Request a RSTB low pulse
0 No request
RSTB_REQ
1 Request a RSTB low pulse
Reset condition |Power on reset
Description Secured bits based on write bits
Secured_3 = NOT(bit5)
Secure3:0 Secured_2 = NOT(bit4)
Secured_1 = bit7
Secured_0 = bit6
Description Sense of FS1B driver command from fail-safe logic (digital)
0 FS1B digital driver sense low
FS1B_DRV
1 FS1B digital driver sense high

Reset condition

Power on reset
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FS1B_DLY_DRV

Description Sense of FS1B driver command from internal pull-up (analog)
0 FS1B analog driver sense low
1 FS1B analog driver sense high

Reset condition

Power on reset

Description Sense of FSOB driver command from fail-safe logic
0 FSOB driver sense low
FSOB_DRV
1 FSOB driver sense high
Reset condition |Power on reset
Description Sense of RSTB driver command from fail-safe logic
0 RSTB driver sense low
RSTB_DRV
1 RSTB driver sense high

Reset condition

Power on reset

13.4.12

INIT_WD_CNT

Table 98. INIT_WD_CNT register description

Write

bit15

bit14

bit13

bit12 bit11

bit10

bit9 bit8 bit7

bité

bit5

bit4

bit3

bit2 bit1

bit0

MOSI 1 1 0 1 1 0 0 P WD_CNT_ |[WD_CNT_ |WD_CNT_ | WD_CNT_ | Secure_3 Secure_2 Secure_1 Secure_0
ERR_1 ERR_0 RFR_1 RFR_O

MISO SPI_G WU_G CAN_G |LIN.G 10_G VPRE VCORE |VOTHERS|SPI.FS_ |SPIFS_ |[SPLFS_ |SPI_FS_ |WD_CNT_ |WD_CNT_ |WD_CNT_ |WD_CNT_
G G G ERR CLK REQ PARITY ERR_1 ERR_O RFR_1 RFR_0

Read

bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8 bit7 bité bit5 bit4 bit3 bit2 bit1 bit0

MOsSI 0 1 0 1 1 0 0 0 0 0 0 0 0 0 0 0

MISO SPI_G WU_G CAN_G |LIN_G 10_G VPRE VCORE |VOTHERS|SPI_FS_ |SPI_FS_ |SPIFS_ |SPI_FS_ |WD_CNT_ |WD_CNT_ |WD_CNT_ |WD_CNT_
G G G ERR CLK REQ PARITY ERR_1 ERR_0 RFR_1 RFR_0

Table 99. INIT_WD_CNT description and configuration of the bits (default value in bold)

WD_CNT_ERR_1:0

Description Configure the maximum value of the WD error counter
00 6
01 6
10 4
11 2

Reset condition

Power on reset

WD_CNT_RFR_1:0

Description Configure the maximum value of the WD refresh counter
00 6
01 4
10 2
11 1

Reset condition

Power on reset
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Secured bits based on write bits

Secured_3 = NOT(bit5)
Secured_2 = NOT(bit4)
Secured_1 = bit7
Secured_0 = bit6

Description

Secure3:0

13.4.13 DIAG_SF_IOs

Table 100. DIAG_SF_IOs register description

Read

bit15 bit14 bit13 bit12 bit11 bit10 bit9 bits bit7 bit6 bits bit4 bit3 bit2 bit1 bitd

MoSI 0 1 0 1 1 0 1 0 0 0 0 0 0 0 0 0

MISO SPI_G wU_G CAN_G |LIN_G 10_G VPRE VCORE | VOTHERS | RSTB_ RSTB_ FSOB_ FSOB_ FS1B_ FS1B_ 10_23_ lo_45_
G G G EXT DIAG DIAG_1 |DIAGO |DIAG1 |DIAG0 |FAIL FAIL

Table 101. DIAG_SF_IOs description and configuration of the bits (default value in bold)

Description Report an external RSTB
RSTB_EXT 0 No external RSTB
1 External RSTB
Reset condition |Power on reset/read
Description Report a RSTB short-circuit to high
RSTB DIAG 0 No Failure
1 Short-circuit high
Reset condition |Power on reset/read
Description Report a failure on FSOB
00 No Failure
FSOB_DIAG_1:0 01 Short-circuit low/open load
1X Short-circuit high
Reset condition |Power on reset/read
Description Report a failure on FS1B
00 No Failure
FS1B_DIAG_1:0 01 Short-circuit low/open load
1X Short-circuit high
Reset condition |Power on reset/read
Description Report an error in the FCCU protocol
0 No error
10_23 FAIL
1 Error detected
Reset condition |Power on reset/read
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Description Report an error in the 10_45 protocol
0 No error

I0_45_FAIL
1 Error detected

Reset condition

Power on reset/read

13.4.14 WD_COUNTER

Table 102. WD_COUNTER register description

Read

bit15 bit14 bit13 bit12 bit11

bit10 bit9 bit8 bit7 bité bit5 bit4 bit3 bit2 bit1 bit0

MOsI 0 1 0 1 1

1 0 0

MISO SPIG wU_G CAN_G |LIN_G 10_G

VPRE
G

VCORE
_G

WD_
ERR_1

WD_
ERR_0

RESERV
ED

WD_RFR_
2

WD_RFR_
1

WD_RFR_
0

RESERV
ED

VOTHERS | WD_
G ERR_2

Table 103. WD_COUNTER description and configuration of the bits (default value in bold)

Description Report the value of the watchdog error counter

000 From 0 to 5 (6 generate an increase of the FLT_ERR_CNT and this counter is
WD_ERR_20 reset to O)

to 110

Reset condition |Power on reset

Description Report the value of the watchdog refresh counter

000 From 0 to 6 (7 generate a decrease of the FLT_ERR_CNT and this counter is
WD_RFR_20 reset to O)

to 111

Reset condition |Power on reset

13.4.15 DIAG_SF_ERR

Table 104. DIAG_SF_ERR register description

Read

bit15 bit14 bit13 bit12 bit11

bit10 bit9 bit8 bit7 bité bit5 bit4 bit3 bit2 bit1 bit0

MOsI 0 1 0 1 1

1 1 0

MISO SPI_G wU_G CAN_G |LIN_G 10_G

VPRE
G

VCORE
G

FLT_
ERR_2

FLT_
ERR_1

RESERV
ED

FLT_
ERR_0

V2P5_M_
A_OV

V2P5_M_
D_OV

FCRBM_
ov

FCRBM_
w

VOTHERS{

Table 105. DIAG_SF_ERR description and configuration of the bits (default value in bold)

Description Report the value of the fault error counter

000 Error counter is set to 1 by default
FLT_ERR_2:0 001

110

Reset condition |Power on reset
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Description Report an overvoltage on V2P5 main analog regulator
0 No overvoltage (Vops_m_a < Vaps_m_a_ov)
V2P5_M_A OV - -
1 Overvoltage detected (V2p5_M_A > V2P5_M_A_OV)
Reset condition |Power on reset/read
Description Report an overvoltage on V2P5 main digital regulator
0 No overvoltage (V2ps m_p < Vaors_m_p_ov)
V2P5_M_D_OV — — =
1 Overvoltage detected (V2P5_M_D > V2P5_M_D_OV)
Reset condition |Power on reset/read
Description Report an overvoltage on FCRBM
0 No overvoltage (FB_Core — FCRBM < 150 mV)
FCRBM_OV
1 Overvoltage detected (FB_Core — FCRBM > 150 mV)
Reset condition |Power on reset/read
Description Report an undervoltage on FCRBM
0 No undervoltage (FB_Core — FCRBM > —-150 mV)
FCRBM_UV
1 Undervoltage detected (FB_Core — FCRBM < —150 mV)
Reset condition |Power on reset/read
13.4.16 INIT_VCORE_OVUV_IMPACT
Table 106. INIT_VCORE_OVUV_IMPACT register description
Write
bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8 bit7 bité bit5 bit4 bit3 bit2 bit1 bit0
MOSI 1 1 1 0 0 0 1 P VCORE_ VCORE_ VCORE_ VCORE_ Secure_3 Secure_2 Secure_1 Secure_0
FS_.OV_1 |FS_OV.0 |FS_UV.1 |FS_UV. O
MISO SPI_G WU G |CANG |LIN.G 10_G VPRE VCORE VOTHERS‘»SPLFSi ‘spufsﬁ ‘spufsﬁ ‘SPLFQ VCORE_ |VCORE_ |VCORE_ |VCORE_
G G ERR CLK REQ PARITY FS_OV_1 |FS_OV.0 |FS_UV_1 |[FS_UV. 0
Read
bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8 bit7 bité bit5 bit4 bit3 bit2 bit1 bit0
MOsSI 0 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0
MISO SPI_G WU_G |CAN_G |LIN.G 10_G VPRE VCORE VOTHERS‘»SPI_FS_ SPI_FS_ SPI_FS_ SPI_FS_ |VCORE_ |VCORE_ |VCORE_ |VCORE_
G G ERR CLK REQ PARITY FS_OV_1 |FS_OV.0 |FS_UV_1 |[FS_UV_0

Table 107. INIT_VCORE_OVUV_IMPACT description and configuration of the bits (default value in bold)

VCORE_FS_OV_1:0

Description Vcore_FB overvoltage safety impact

00 No effect of Vcore Fs_ov on RSTB and FSOB

01 Vcore_rB_ov does have an impact on RSTB only

10 Vcore_rB_ov does have an impact on FSOB only

1 Vcore_rB_ov does have an impact on RSTB and FSOB

Reset condition

Power on reset
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Description Vcore_rs Undervoltage safety impact

00 No effect of Vcore Fs_uv 0N RSTB and FSOB

01 Vcore FB uv does have an impact on RSTB only
VCORE_FS_UV_1:0 -

10 Vcore_rB_uv does have an impact on FSOB only

11 Vcore_rB_uv does have an impact on RSTB and FS0B

Reset condition | Power on reset

Description Secured bits based on write bits
Secured_3 = NOT(bit5)
Secure3:0 Secured_2 = NOT(bit4)

Secured_1 = bit7
Secured_0 = bit6

13.4.17 INIT_VCCA_OVUV_IMPACT

Table 108. INIT_VCCA_OVUV_IMPACT register description

Write
bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8 bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0
MOSI 1 1 1 0 0 1 0 P VCCA_FS_ | VCCA_FS_ | VCCA_FS_ | VCCA_FS_ | Secure_3 Secure_2 Secure_1 Secure_0
ov_1 0ov_0 uv_1 uv_o
MISO |SPLG |WUG |CANG |LNG |I0G VPRE | VCORE VOTHERS‘»SPI_FS_ ‘SPI_FS_ ‘SPI_FS_ ‘SPI_FS_ VCCA_FS_ | VCCA_FS_ | VCCA_FS_ | VCCA FS_
G G ERR CLK REQ PARITY ov_1 ov_o uv_1 uv_o
Read
bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8 bit7 bité bit5 bit4 bit3 bit2 bit1 bit0
MOSI 0 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0
MISO SPILG WU_G CAN_G |LIN_G 10_G VPRE VCORE VOTHERS‘»SPLFSi SPI_FS_ |SPIFS_ |SPILFS_ |VCCA FS_ |VCCA FS_ |VCCA FS_ | VCCA FS_
G G G ERR CLK REQ PARITY oV_1 ov_0 uv_1 uv_o
Table 109. INIT_VCCA_OVUV_IMPACT description and configuration of the bits (default value in bold)
Description Vcca overvoltage safety impact
00 No effect of Voea oy on RSTB and FSOB
01 Veea ov does have an impact on RSTB only
VCCA_FS_OV_1:0 = :
10 Vcea_ov does have an impact on FSOB only
1 Vcea_ov does have an impact on RSTB and FS0B
Reset Condition |Power on reset
Description Vcea undervoltage safety impact
00 No effect of Vcca yv on RSTB and FSOB
01 Veea uv does have an impact on RSTB only
VCCA_FS_UV_1:0 = -
10 Vcea_uv does have an impact on FSOB only
11 Vcea_uv does have an impact on RSTB and FSOB
Reset Condition |Power on reset
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Description Secured bits based on write bits
Secured_3 = NOT(bit5)
Secure3:0 Secured_2 = NOT(bit4)

Secured_1 = bit7
Secured_0 = bit6

13.4.18 INIT_VAUX_OVUV_IMPACT

Table 110. INIT_VAUX_OVUV_IMPACT register description

Write
bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8 bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0
MOSI 1 1 1 0 0 1 1 P VAUX_FS_ | VAUX_FS_ | VAUX_FS_ | VAUX_FS_ | Secure_3 Secure_2 Secure_1 Secure_0
ov_1 0ov_0 uv_1 uv_o
MISO SPIG WU_G CAN_G |LIN_G 10_G VPRE VCORE VOTHERS‘»SPI_FS_ SPILFS_ |SPILFS_ |SPILFS_ |VAUX_FS_ |VAUX_FS_ | VAUX_FS_ | VAUX_FS_
G G ERR CLK REQ PARITY ov_1 ov_o uv_1 uv_o
Read
bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8 bit7 bité bit5 bit4 bit3 bit2 bit1 bit0
MOsI 0 1 1 0 0 1 1 0 0 0 0 0 0 0 0 0
MISO SPILG WU_G CAN_G |LIN_G 10_G VPRE VCORE VOTHERS‘»SPLFSi SPI_FS_ |SPIFS_ [SPIFS_ |VAUX_FS_ | VAUX_FS_ | VAUX_FS_ | VAUX_FS_
G G G ERR CLK REQ PARITY oV_1 ov_0 uv_1 uv_o
Table 111. INIT_VAUX_OVUV_IMPACT description and configuration of the bits (default value in bold)
Description Vaux overvoltage safety impact
00 No effect of Vayx_ov on RSTB and FS0B
01 Vaux ov does have an impact on RSTB only
VAUX_FS_OV_1:0 = -
10 Vaux_ov does have an impact on FSOB only
1 Vaux_ov does have an impact on RSTB and FS0B
Reset condition |Power on reset
Description Vaux undervoltage safety impact
00 No effect of Vayx_yv on RSTB and FSOB
01 Vaux uv does have an impact on RSTB only
VAUX_FS_UV_1:0 = :
10 Vaux_uv does have an impact on FSOB only
11 Vaux_uv does have an impact on RSTB and FS0B
Reset condition |Power on reset
Description Secured bits based on write bits
Secured_3 = NOT(bit5)
Secure3:0 Secured_2 = NOT(bit4)
Secured_1 = bit7
Secured_0 = bit6
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13.4.19 DEVICE_ID_FS

Table 112. DEVICE_ID_FS register description

Read

bit15 bit14

bit13

bit12 bit11 bit10 bit9 bit8 bit7 bit6é bit5 bit4 bit3 bit2 bit1 bit0

MOSI 0 1

1

0 1 0 0 0 0 0 0 0 0 0 0 0

MISO SPILG |WU_G

CAN_G

RESERV
ED

RESERV
ED

RESERV
ED

VPRE F$1

_G

VCORE
_G

RESERV
ED

RESERV
ED

LN.G |l0_G DFS_HW2

VOTHERS| RESERV
G ED

Table 113. DEVICE_ID_FS description and configuration of the bits (default value in bold)

Description Report the deep fail-safe hardware configuration (fail-safe logic)
0 Deep fail-safe disable
DFS_HW2
1 Deep fail-safe enable
Reset condition |Power on reset
Description Report the FS1B function availability (depends on part number)
0 Disabled
FS1
1 Enabled

Reset condition | Power on reset

14 List of interruptions and description

The INTB output pin generates a low pulse when an Interrupt condition occurs. The INTB

behavior as well as the pulse duration are set through the SPI during INIT phase. It is
possible to mask some Interruption source (see Section 13.3).

Table 114. Interruptions list

Event Description

Vsns_uv Detection of VgatTERY bElOW 8.5V

Vsup uv 7 Detection of Vgyp below 7.0 V (after reverse current protection diode)
IpEE Input power feed forward. Based on Vsyp and Ipre_peak
ILm_PRE Pre-regulator current limitation

TwARN_PRE Temperature warning on the pass transistor

BoB Return the running state of Vprg converter (buck or boost mode)
VPRE_STATE Return the activation state of Vprg DC-DC converter
(VPRE_SMPS_EN)

Vpre OV Report a Vpre overvoltage detection

Vpre UV Report a Vpre undervoltage detection

TwWARN_CORE Temperature warning on the pass transistor

VCORE_STATE Return the activation state of Vcore DC-DC converter
(Vcore_smPs_EN)

Vcore OV Report a Vcore overvoltage detection

Veore UV Report a Vcore undervoltage detection

ILm_cca Vcea current limitation
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Event Description

ILim_cca_oFF Current limitation maximum duration expiration. Only used when external PNP connected.
TwaRN_cca Temperature warning on the pass transistor (internal pass transistor only)
TSDycca Temperature shutdown of the VCCA

Veea OV Report a Vcca overvoltage detection

Veea UV Report a Vcca undervoltage detection

ILim_Aux Vaux current limitation

ILim_Aux_oFF Current limitation maximum duration expiration. Only used when external PNP connected.
TSDyaux Temperature shutdown of the VAUX

Vaux OV Report a Vpyx overvoltage detection

Vaux UV Report a Vpayx undervoltage detection

ILim_caN Vean current limitation

Vean OV Report a Vcan overvoltage detection

TSDcan Temperature shutdown on the pass transistor. Auto restart when T; < (TSDcan— TSDcan_HysT)-
Vean UV Report a Vcan undervoltage detection

I0_0 Report I0_0 digital state change

10_2 Report I0_2 digital state change

10_3 Report I0_3 digital state change

10_4 Report I0_4 digital state change

I0_5 Report I0_5 digital state change

1I0_0 WU Report I0_0 wake-up event

10_2 WU Report I0_2 wake-up event

10_3 WU Report I0_3 wake-up event

10_4 WU Report I0_4 wake-up event

I0_5 WU Report I0_5 wake-up event

CAN_WU Report a CAN wake-up event

CAN_OT CAN overtemperature detection

RXD_REC CAN RXD recessive clamping detection (short-circuit to 5.0 V)
TXD_DOM CAN TXD dominant clamping detection (short-circuit to GND)
CAN_DOM CAN-bus dominant clamping detection

LIN_WU Report a LIN wake-up event

LIN_OT LIN overtemperature detection

RXDL_REC LIN RXDL recessive clamping detection (short to high)

TXDL_DOM LIN TXDL dominant clamping detection (short to GND)

LIN_DOM LIN bus dominant clamping detection

INT_REQ MCU request for an interrupt pulse

LDT_F1 Long duration timer configured in function 1 and after run value is reach
SPI_ERR Secured SPI communication check
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Event Description

SPI_CLK
machine

Report a wrong number of CLK pulse different than 16 during the NCS low pulse in main state

SPI_REQ

Invalid SPI access (wrong write or read, write to INIT registers in normal mode, wrong address)

SPI_PARITY Report a parity e

rror in main state machine

15 Typical applications

snubber values must
be tuned based on

capacitors must be
close to Vpre pin

snubber values must
be tuned based on

PCB layout performance (ESR cap. <100 mQ) PCB layout performance Efg)ca%
it o m
i ——— | | | ‘ Veore
-L | =T -L -L -L -L 2.2 pH T | i -L -L voltage
} 2 L2210 } | 2 L 10| L1o
WF =T uF nF | WF TuF nF
ey 1 H | T | | T
Vbat——P> T | w ! |
w | o R3 ct | R3 |
PR 5l o ¢ o | 2 g 8 T
| | SFATVF I”uF I“uF <l ol Bl B &‘ S| | PGND PGND J 8 ©, 1 | ' PGND
el £ = = 3| 2| 2| 2| 8 B Loponal g2l g row ‘ |
| [GND  |GND  PGND 2| 2| 3| 3| 3 & HREE RE | |Ra]
| oo | VSUP3 FB_CORE } }
| optional | _L I =<
L optional | GND |
51k T VSENSE 4 c2 | optional |
1 0F GND
T u VAUX_E COMP_CORE 2
GND VAUX_B VCORE_SNS
ESR cap. VAUX_PNP = i y i
<100 mQ - SELECT pin configuration for VCCA and VAUX FCRBM
VAUX (RselectconnectedtoGND) | [
L 47 F | capacitor dlose Veea | Vaux | Rselect (kQ) | Value VCCA_E ! optional |
T —_ toVauxpin T can-sv 33V | 33v <6 51kQ5% VCCA B I I
T L 5v | 5V | 108<<132 12kQ£5% = Veca PP | ESR cap.
GND o 33V | 5V | 216<<264 24kQ 5% VCCA | | <100mQ
[ Rselect SELECT 5V | 33V | 45.9<<56.1 51kQ5% T — T
|| optional | ] VDDIO capacitor closed ATVF
| L resistor must be o Vosapin L1
keyon | GND close to Select pin Typical Components selection for Vcore voltage 00nF pin - —|-
(can be optimized with CNC tool) T GND
_ N L
10,0 | | |Vcorevoltage R3(t%) R4(t%) RI(t% C1 R2(£5%) C2  Cout GND E?:';:ﬁfc‘:e‘z :;C\C;;;’e"fn"‘:; be connected
} 123V 432KQ  8.06KQ 2000 220pF  39kQ  1nF 210 uF MOSI closed to Vicore output capacitors)
i 33V 249kQ  8.06kQ 5100 680pF 18kQ 150 pF 2*10 uF MISO B
| 50V 43kQ 8.06 kQ 240 330pF 62kQ 82pF 210 uF SCLK MCU sPI
example a NCS
of 10 ————— .
connection Optional FCCU monitoring ! MUX_ouT .
and usage from NXP MCU ! T MCU Inputs
] INTB onF
. Vcea (5 V or 3.3 V), available configurations _L voDIo T
‘ i Whithout Ext. PNP: 100 mA capability 1 % accuracy 1nF =
i 10_4 connection | With Ext. PNP: < 200 mA # 2 % accuracy I GND
__ fWrnotused [ ] With Ext. PNP: 300 mA capability + 3 % accuracy &o 5.1k MCU int.
RSTB
MCU RESET
Vaux (5V or 3.3 V) 1 VDDIO or VSUP3
400 mA capability + 3 % accuracy I 1nF
= 5.1 kQ if connected to VDDIO
MUX_OUT (output selected by SPI) ros GND Z1oKafcomecedio Veups
Vsense or VIO_0 or o1k ] o
CANH 105 or VKAM or _L  I— _L to fail safe circuitry
Internal 2.5 V reference voltage (2.5 + 1 %) 220F VPU_FS or VDDIO 220F
CANBUS | |1200 T T
CANL Ground Connections GND 10k GND
PGND ground plane connected to DGND pin FS1B 5.1kQ to fail safe circuitry
RXD GND ground plane connected to AGND and GND_COM pins — (Tdelay config with
—RXD PGND (DGND) and GND (AGND and GND_COM) connected I Vpre 1 RC at VPU_FS)
MCU CAN XD together far from PGND ground plane T 220k T 22nF
10kQ L
******* ND GND
[ optional | VPU F G
| ‘ U_FS -« DEBUG mode
RC values for | _L | DEBUG
35ms Tdelay | 33pF | [16kQ |
to be recalculated
or amother Telay } } GNDA GND_COM DGND 2nF 11kQ
| 1 | T
| GND | = =
,,,,,,, J oD oND PGND GND GND aaa-037802

Figure 73. FS6500 simplified application schematic with CAN, FS1B, VKAM, buck/boost Vpre configuration
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snubber values must capacitors must be
be tuned based on close to Vpre pin
PCB layout performance (ESRcap. <100 mQ)
Tl e T 2 I~ ) Vcore
T 1227 22 yH I T | voltage
L 100! ToF | L2 L2z Lo I I/ Lo Lo
T } N T uF T uF | TR } | WF T nF
g F====1 e 8Q i |
Vbat——P>t— T | | | |
| | J_ J_ J_ P w R
- ol = = I =
| | =4TuF aTvF zmazer | L W) Wl oa —| PGND  PGND & I | GND
‘ 1| 55 S 2B P(;[\]D e 4 N | ;
| loNo  |eND  PGND 22 3 3 8 § S RS oLJre
} GND } VSUP3 FB_CORE DI }
optional | GND |
L————7 51k
T VSENSE R4 | optionai |
T VAUX_E VCORE_SNs = GND
o = SELECT pin configuration for VCCA and VAUX ECRBM
‘r ESR cap.j\ GNI\]/AUX onp VAUX_B (R select connected to GND)
| <100mQ | - VAUX Veca | Vaux | Rselect (kQ) |Recommended Value VCCA_E [~ 70;“(;;';
T I f
| | ) 33V |33V <6 51kQ+5% | —_
} J_4 7 F } fai\’lac""f,c"’sed 14 5V | 5V | 108<<132 12kQ+5% VCCA B ‘ Veca PNP | | ESRcap. |
L _ _ 4 oVauxpin CAN-5V 33V | 5V | 216<<264 24kQ+5% | - | | <100mQ |
E it 5V | 33V | 459<<56.1 51kQ+5% VCCA 1 t + +
GND -5 e |vobo @@ -
[ GND Rselect SELECT - VDDIO capacitor closed |
| optional | Components selection for Vcore voltage J_ 100F to Vcea pin
| Vbat | =  resistor must be Vcore voltage R3(x 1 %) R4(x 1 %) I "
GND close to Select pin i
! keyon | 13;233\\/ 2435 tg ggg :g GND connected to Vcca or Vcore
F ’0 v 45 «Q 8.06 @ MOsI (if connected to Vcore, must be connected
} 5 . MISO 4 closed to Vcore output capacitors)
| SCLK MCU SPI
| Vcca (5 V or 3.3 V), available configurations NCS
| Whithout Ext. PNP: 100 mA capability +1 % accuracy
example N
of 10 With Ext. PNP: <200 mA + 2 % accuracy MUX_OUT .
. With Ext. PNP: 300 mA capability + 3 % accuracy ! MCU inputs
connection INTB J_
and usage I“)“F
Vaux (5 V or 3.3V) J-m: VDDIO =
400 mA capability + 3 % accuracy I GND
wake up source = =
5.1kQ 105 GND 5.1kQ .
Vbat — T} ’ = MUX_OUT (output selected by SPI) MCU int.
VSUP3 J_ Vsense or VIO_0 or RSTB | MCU RESET
10_5 or VKAM or J_
I I L Internal 2.5 V reference voltage (2.5V £+ 1 %) 1nF VDDIO
N N Gl:lD I or VSUP3
Ground Connections GND
. 5.1 kQ if connected to VDDIO
LINBUS LN PGND ground plane connected to DGND pin >10 k0 if connected o Vsup3
GND ground plane connected to AGND and GND_COM pins FSOB to fail safe
CANH PGND (DGND) and GND (AGND and GND_COM) connected ' ' circuitry
together far from PGND ground plane J. 22 nF Vpre S1ka J. 22 nF
CANBUS | |1200 I 1oka I
CANL GND
~<-——-DEBUG mode
DEBUG
= TXBL l 220F 11kQ
MCU CAN MCU LIN
__TXD,| | RxoL | I
lGNDA leNoﬁcom lDGND GND GND
GND GND PGND 2aa-037803
Figure 74. F4500 simplified application schematic with CAN, LIN, I10_5, buck only Vpgg configuration

VAUX_E vcea g | optional
Veca PNP = = : Veca PNP
F=—m———q VAUX_B lpm === ——n
I ESRCap | FS6500/FS4500 1 ESRCAP. 1|
1 <100mQ | VAUX 1o<100mQ |

GND

Figure 75. Vayux/Vcca connection, deep fail-safe enabled
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IVPRE
VAUX_E

ne. _! VCCA_E
VAUX_B VCCA_B P ————— - -
nc. ——— n.c. I ESRCAP. |
ne VAUX| FS6500/FS4500 |VCCA 1 <100mQ |
.C. ——— T T
| l |
1 Cout_Vcca |
RSelect SELECT 1 I 1
L Y e 4+

aaa-037805

Figure 76. Vayx not used, Vcca configuration up to 100 mA, deep fail-safe disabled

VPRE
r=———n
VAUX_E VCCA E ! optional 1
ne - | Voca_PNP
VAUX_B Ipm————— .
n.c. ——————
11 ESRCAP. 1
VAUX| FS6500/FS4500 1 <100mQ 1
n.c. ———— T T
- Cout_Vcca |
= I ————— o<
RSelect SELECT =
—

aaa-037806

Figure 77. Vcca connection, Vayx not used, deep fail-safe disabled

P - 1
VAUX E VCCA E ! optional 1
n.c. — = | :
VAUX_B . | pmmmm .
n.c. — T RVeea PPy Esrcap o
nc. —VAUX FS6500/FS4500 |VCCA 1 11 <100mQ 1
R R
1 Cout_Vcca
RSelect SELECT 1 1
ot - - - - o
GND GND
aaa-037807

Figure 78. V¢cca connection, Vayx not used, deep fail-safe enabled

16.1

FS6500-FS4500

Package mechanical dimensions

Package dimensions are provided in package drawings. To find the most current
package outline drawing, go to www.nxp.com and perform a keyword search for the
drawing’s document number.
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Table 115. Package mechanical dimensions

Package Suffix Package outline drawing number

7.0 x 7.0, 48-Pin LQFP exposed pad, AE 98ASA00173D
with 0.5 mm pitch, and a 4.5 x 4.5
exposed pad

16.2 Package outline

4X 12 TIPS
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& PIN 1 s “ r_@ i
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1 < 1 36 A
7]
2
\ , _— El
T | ol

Tt

24

12 /Jl\\\ 25

S/
A\

71

/A

El

DETAIL E

DETAIL G
1.6 MAX
)
I (™ ]0.08][C]
pv/aulilililiiihiiioaeG
b g
F | SEATING F
PLANE [¢]0.08@|c[A-BID|

© NXP SEMICONDUCTORS N.V. ALL RIGHTS RESERVED DATE: 14 DEC 2017
MECHANICAL OUTLINE STANDARD: DRAWING NUMBER: REVISION:
PRINT VERSION NOT TO SCALE | JEDEC MS—-026 BBC SOT1571-1 F

Figure 79. SOT1571-1 Rev F

FS6500-FS4500 All information provided in this document is subject to legal disclaimers.

Product data sheet Rev. 7.0 — 11 November 2020

© NXP B.V. 2020. All rights reserved.

136 /153



NXP Semiconductors FSGSOO, FS4500

Safety power system basis chip with CAN FD and LIN transceivers

il
/ —— =
[
[
[
|
‘ 5.4 MAX
44X 0.5 3.7 MIN
B bonsons LA A
DETAIL E |
4X Vi i AN
—— g /V //? T
5.4 MAX  —— X T 1
 —— -
3.7 MIN :;'-—7[—-—*'—-— - —-'—:I:I
 —— -
[
 —— -
—— / i —
— — | T 1
EXPOSED :
S LLEREGEEEEL
1.45
1.35 (0.15) VIEW G—=0C
0.15 Tﬁ—
0.05 o
0.25
DETAIL F GAUGE
——(1) PLANE
© NXP SEMICONDUCTORS N.V. ALL RIGHTS RESERVED DATE: 14 DEC 2017
MECHANlCAL OUTUNE STANDARD: DRAWING NUMBER: REVISION:
PRINT VERSION NOT TO SCALE | JEDEC MS—-026 BBC SOT1571-1 F
Figure 80. SOT1571-1 Rev. F Detail View
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NOTES:
1. DIMENSIONS ARE IN MILLIMETERS.
2. DIMENSIONING AND TOLERANCING PER ASME Y14.5M—-1994.

&PIN 1 FEATURE SHAPE, SIZE AND LOCATION MAY VARY.

4. DATUMS A, B AND D TO BE DETERMINED AT DATUM PLANE H.

@DIMENSION TO BE DETERMINED AT SEATING PLANE C.

THIS DIMENSION DOES NOT INCLUDE DAMBAR PROTRUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL NOT CAUSE THE LEAD WIDTH TO EXCEED THE UPPER LIMIT
BY MORE THAN 0.08MM AT MAXIMUM MATERIAL CONDITION. DAMBAR CANNOT BE
LOCATED ON THE LOWER RADIUS OR THE FOOT. MINIMUM SPACE BETWEEN
PROTRUSION AND ADJACENT LEAD SHALL NOT BE LESS THAN 0.07MM.

&THIS DIMENSION DOES NOT INCLUDE MOLD PROTRUSION. ALLOWABLE PROTRUSION
IS 0.25MM PER SIDE. THIS DIMENSION IS MAXIMUM PLASTIC BODY SIZE DIMENSION
INCLUDING MOLD MISMATCH.

EXACT SHAPE OF EACH CORNER IS OPTIONAL.

HATCHED AREA TO BE KEEP OUT ZONE FOR PCB ROUTING.

© NXP SEMICONDUCTORS N.V. ALL RIGHTS RESERVED DATE: 14 DEC 2017
MECH ANlCAL OUTUNE STANDARD: DRAWING NUMBER: REVISION:
PRINT VERSION NOT TO SCALE | JEDEC MS—-026 BBC SOT1571-1 F

Figure 81. SOT1571-1 Rev F Notes
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17 Soldering

(3.8)

PACKAGE
OUTLINE

PCB DESIGN GUIDELINES — SOLDER MASK OPENING PATTERN

THIS SHEET SERVES ONLY AS A GUIDELINE TO HELP DEVELOP A USER SPECIFIC SOLUTION.
DEVELOPMENT EFFORT WILL STILL BE REQUIRED BY END USERS TO OPTIMIZE PCB MOUNTING
PROCESSES AND BOARD DESIGN IN ORDER TO MEET INDIVIDUAL/SPECIFIC REQUIREMENTS.

© NXP SEMICONDUCTORS N.V. ALL RIGHTS RESERVED DATE: 14 DEC 2017
MECHANICAL OUTLINE STANDARD: DRAWING NUMBER: REVISION:
PRINT VERSION NOT TO SCALE | JEDEC MS—-026 BBC SOT1571-1 F

Figure 82. SOT1571-1 Rev. F - PCB design guidelines - solder mask opening pattern
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11X 0.5

0.25

—‘ ‘——(48)( 0.27)

II ﬂ
(48X 1.5)

= | ]

[ g ——
11X 0.25 |

4 57
.

PACKAGE X HEE
OUTLINE

~—(3.7)
4.25

PCB DESIGN GUIDELINES — 1/0 PADS AND SOLDERABLE AREA

THIS SHEET SERVES ONLY AS A GUIDELINE TO HELP DEVELOP A USER SPECIFIC SOLUTION.
DEVELOPMENT EFFORT WILL STILL BE REQUIRED BY END USERS TO OPTIMIZE PCB MOUNTING
PROCESSES AND BOARD DESIGN IN ORDER TO MEET INDIVIDUAL/SPECIFIC REQUIREMENTS.

© NXP SEMICONDUCTORS N.V. ALL RIGHTS RESERVED

DATE: 14 DEC 2017

MECHANICAL OUTLINE STANDARD:
PRINT VERSION NOT TO SCALE | JEDEC MS-026 BBC

DRAWING NUMBER:

SOT1571-1

REVISION:

F

Figure 83. SOT1571-1 Rev. F - PCB design guidelines - I/O pads and solderable area
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PACKAGE |
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(4X 1.5) 2X 0.9

STENCIL THICKNESS 0.125 OR 0.150

PCB DESIGN GUIDELINES — SOLDER PASTE STENCIL

THIS SHEET SERVES ONLY AS A GUIDELINE TO HELP DEVELOP A USER SPECIFIC SOLUTION.
DEVELOPMENT EFFORT WILL STILL BE REQUIRED BY END USERS TO OPTIMIZE PCB MOUNTING
PROCESSES AND BOARD DESIGN IN ORDER TO MEET INDIVIDUAL/SPECIFIC REQUIREMENTS.

© NXP SEMICONDUCTORS N.V. ALL RIGHTS RESERVED DATE: 14 DEC 2017
MECHANICAL OUTLINE STANDARD: DRAWING NUMBER: REVISION:
PRINT VERSION NOT TO SCALE | JEDEC MS—-026 BBC SOT1571-1 F

Figure 84. SOT1571-1 Rev. F - PCB design guidelines - solder paste stencil
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Obtain additional information on related NXP products and application solutions through
the documents and URLSs listed below.

AN5238 - FS6500 and FS4500 Safe System Basis Chip Hardware Design and Product Guidelines - Application Note
https://www.nxp.com/AN5238-DOWNLOAD

AN4388 - Quad Flat Package (QFP)
https://www.nxp.com/files/analog/doc/app_note/AN4388.pdf

FS6500-FS4500PDTCALC - Power dissipation tool (Excel File)
https://www.nxp.com/files/analog/software_tools/FS6500-FS4500-power-dissipation-calculator.xlsx

Vcore compensation network simulation tool (CNC)“]
FMEDA - FS6500/FS4500 FMEDA!"

FS6500-FS4500SMUG - FS6500/FS4500 Safety manual — user guide
https://www.docstore.nxp.com/products/product-hierarchy?query=Sm5509

KITFS6522LAEEVM - FS6522, System Basis Chip, DC-DC 2.2 A Vcore LDT, CAN, LIN
http://www.nxp.com/KITFS6522LAEEVM

KITFS6523CAEEVM - FS6523, System Basis Chip, DC-DC 2.2A Vcore FS1B LDT CAN
https://www.nxp.com/KITFS6523CAEEVM

KITFS4503CAEEVM - FS4503, System Basis Chip, Linear 0.5 A Vcore, FS1b, LDT, CAN
https://www.nxp.com/KITFS4503CAEEVM

FS6500 product summary page -
https://www.nxp.com/FS6500

FS4500 product summary page -
https://www.nxp.com/FS4500

Analog power management homepage -
https://www.nxp.com/products/power-management

ISO 11898-2:2003 - Road vehicles — Controller area network (CAN) — Part 2: High-speed medium access unit
https://www.iso.org/standard/33423.html

ISO 11898-5:2007 - Road vehicles — Controller area network (CAN) — Part 5: High-speed medium access unit with
low-power mode

https://www.iso.org/contents/data/standard/04/12/41284.html

ISO 7637-2:2011 - Road vehicles — Electrical disturbances from conduction and coupling — Part 2: Electrical
transient conduction along supply lines only

https://www.iso.org/standard/50925.html

ISO 10605:2008 - Road vehicles — Test methods for electrical disturbances from electrostatic discharge
https://www.iso.org/standard/41937.html

IEC 61000-4-2:2008 - Electromagnetic compatibility (EMC) - Part 4-2: Testing and measurement techniques -
Electrostatic discharge immunity test

https://webstore.iec.ch/publication/4189

JESD51- 6 - INTEGRATED CIRCUIT THERMAL TEST METHOD ENVIRONMENTAL CONDITIONS - FORCED
CONVECTION (MOVING AIR)

JESD51-7 - HIGH EFFECTIVE THERMAL CONDUCTIVITY TEST BOARD FOR LEADED SURFACE MOUNT
PACKAGES

JESD22-A114F - ELECTROSTATIC DISCHARGE (ESD) SENSITIVITY TESTING HUMAN BODY MODEL (HBM)
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(21) JESD22-C101F - FIELD-INDUCED CHARGED-DEVICE MODEL TEST METHOD FOR ELECTROSTATIC
DISCHARGE WITHSTAND THRESHOLDS OF MICROELECTRONIC COMPONENTS

(22) MIL-STD-883-1, Method 1012.1 - TEST METHOD STANDARD MICROCIRCUITS

(23) LIN Specification Package Revision 2.1:2006
https://www.lin-cia.org/fileadmin/microsites/lin-cia.org/resources/documents/LIN-Spec_Pac2_1.pdf

(24) LIN Specification Package Revision 2.2A:2010
https://www.lin-cia.org/fileadmin/microsites/lin-cia.org/resources/documents/LIN _2.2A.pdf

(25) SAE J2602-2:201211 - LIN Network for Vehicle Applications Conformance Test
https://www.sae.org/standards/content/j2602/2_201211/

[1]1  Available upon request.
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19 Revision history

Table 116. Revision history

Document ID Release date Data sheet status Change notice Supersedes
FS6500-FS4500 v.7.0 20201111 Product data sheet CIN 2020110121 | FS6500-FS4500

v.6.0
Modifications * Updated as per CIN 202011012l

* The format of this data sheet has been redesigned to comply with the new identity
guidelines of NXP Semiconductors, N.V. Legal texts have been adapted to the new
company name where appropriate.

¢ Changed product status from "Advance information" to "Product data sheet".

¢ Global: Performed minor grammar, punctuation, and typographical changes
throughout the document.

* Revised all images in Figures 1 through 78.

» Section 1, added new paragraph beginning with "High temperature capability...."
* Section 8, Table 4, added footnote on Vegp Hgi1, "Compared to AGND."

e Section 9, Table 5, revised as follows:

- VDRIVER_DOM! VBUS_DOM and VHYST: added multiplication operand between the
coefficient and Vgyp in the Max column.

— Vpus_Rrec: added multiplication operand between the coefficient and Vgyp in the
Min column.

— VBus_wu VBus_cnt: added multiplication operand between the coefficient and Vgyp
in the Min and Max columns.

» Section 12.5.7.1, revised the second paragraph

» Section 12.8.1, Added table title "Long duration timer characteristics" to Table 13.

» Section 16.2, updated the package outline images and created separate figures for
each drawing in Figure 79, Figure 80, and Figure 81

» Section 17, added new Soldering section and Figure 82, Figure 83, and Figure 84.

» Section 18, Updated reference to FS6500-FS4500SMUG - FS6500/FS4500 Safety
Manual — user guide and added industry standard documents referenced in the

narrative.
FS6500-FS4500 v.6.0 10/2017 Advance Information CIN 2017090271 | FS6500-FS4500
v.5.0
Modifications * Updated as per CIN 2017090271

* Updated pinout diagrams (Figure 5, Figure 6, Figure 7, and Figure 8)
* Reduced max. value for Vcca ov 5from 5.6 V t0 5.5V and Veea oy 33from 3.7 V to
3.6 VinTable 5

* Reduced max. value for Vayx oy s from 5.6 V t0 5.5 V and Vayx_ov 33from 3.7 V to
3.6 Vin Table 5

¢ Reduced max. value for t4pyyy from 5.0 ys to 3.5 ps in Table 6
* Updated Section 12.5.8

¢ Updated Section 12.10.4.3

¢ Updated the effect for LIN._DOM bit in Table 15

* Updated package drawings

FS6500-FS4500 v.5.0 1/2017 Advance Information — FS6500-FS4500
v.4.0

Modifications Added Cin_cm and Ciy_pirr parameters in Table 5
* Reduced Igys no_gaT high limit from 100 pA to 30 pA in Table 5
* Added Figure 77

* Applies for silicon revision DEV_REV_2:0 ="010" in DEVICE_ID register
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Document ID Release date Data sheet status Change notice Supersedes
FS6500-FS4500 v.4.0 1/2017 Advance Information — FS6500-FS4500
v.3.0

Modifications

Corrected Rg ctop Value in Table 4

Updated Section 12.5.7

Updated Figure 22 and Figure 23

e Corrected typos

* Applies for silicon revision DEV_REV_2:0 = "010" in DEVICE_ID register

FS6500-FS4500 v.3.0

6/2016 Advance Information —

Modifications

* Corrected LIN parameters (Vgys_cnt, D2, D3) in Table 5 and Table 6 to be compliant
with LIN standard

» Applies for silicon revision DEV_REV_2:0 ="010" in DEVICE_ID register

FS6500-FS4500 v.2.0

FS6500-FS4500
v.1.0

6/2016 Advance Information —

Modifications

* PPAP release
» Applies for silicon revision DEV_REV_2:0 = "010" in DEVICE_ID register

FS6500-FS4500 v.1.0

9/2015 Product preview

Modifications

* |nitial release
* Applies for silicon revision DEV_REV_2:0 ="001" in DEVICE_ID register
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20 Legal information

20.1 Data sheet status

Document status!"12 Product status® Definition

Objective [short] data sheet Development This document contains data from the objective specification for product
development.

Preliminary [short] data sheet Qualification This document contains data from the preliminary specification.

Product [short] data sheet Production This document contains the product specification.

[1]  Please consult the most recently issued document before initiating or completing a design.

[2] The term 'short data sheet' is explained in section "Definitions".

[3] The product status of device(s) described in this document may have changed since this document was published and may differ in case of multiple
devices. The latest product status information is available on the Internet at URL http://www.nxp.com.

20.2 Definitions

Draft — A draft status on a document indicates that the content is still
under internal review and subject to formal approval, which may result
in madifications or additions. NXP Semiconductors does not give any
representations or warranties as to the accuracy or completeness of
information included in a draft version of a document and shall have no
liability for the consequences of use of such information.

Short data sheet — A short data sheet is an extract from a full data sheet
with the same product type number(s) and title. A short data sheet is
intended for quick reference only and should not be relied upon to contain
detailed and full information. For detailed and full information see the
relevant full data sheet, which is available on request via the local NXP
Semiconductors sales office. In case of any inconsistency or conflict with the
short data sheet, the full data sheet shall prevail.

Product specification — The information and data provided in a Product
data sheet shall define the specification of the product as agreed between
NXP Semiconductors and its customer, unless NXP Semiconductors and
customer have explicitly agreed otherwise in writing. In no event however,
shall an agreement be valid in which the NXP Semiconductors product

is deemed to offer functions and qualities beyond those described in the
Product data sheet.

20.3 Disclaimers

Limited warranty and liability — Information in this document is believed
to be accurate and reliable. However, NXP Semiconductors does not

give any representations or warranties, expressed or implied, as to the
accuracy or completeness of such information and shall have no liability
for the consequences of use of such information. NXP Semiconductors
takes no responsibility for the content in this document if provided by an
information source outside of NXP Semiconductors. In no event shall NXP
Semiconductors be liable for any indirect, incidental, punitive, special or
consequential damages (including - without limitation - lost profits, lost
savings, business interruption, costs related to the removal or replacement
of any products or rework charges) whether or not such damages are based
on tort (including negligence), warranty, breach of contract or any other
legal theory. Notwithstanding any damages that customer might incur for
any reason whatsoever, NXP Semiconductors’ aggregate and cumulative
liability towards customer for the products described herein shall be limited
in accordance with the Terms and conditions of commercial sale of NXP
Semiconductors.
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