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1 Overview

Features

+ SMPS with integrated switches up to 750 mA (DC/DC buck) with 5.0 V
output voltage

« DC/DC Boost converter for low V,, supply voltage with integrated switch
at6.5Vv,8V,10Vand 12V

+ Low-Drop Voltage Regulator with external PNP device with configurable 5.0 V,3.3V, 1.8 Vand 1.2 V output
voltage, protected for off-board usage

« Very low quiescent current consumption in Stop and Sleep Mode

+ Dedicated pin for 1/0 voltage supply selection

« Four CAN Transceivers compliant to CAN Flexible Data-rate (FD)

« 150 11898-2:2016 standard up to 5 Mb

« Oneuniversal High-Voltage Wake Input for voltage level monitoring including wake up capability
+ Cyclic wake feature via an integrated timer

+ Reset Output to ensure stable supply to the MCU

« Fail Output to activate external load in case of system malfunctions are detected

+ Output voltage supervision functions in all output supply voltages

+ Fast Battery Voltage Monitoring Feature

« 16-bit Serial Perpheral Interface (SPI)

« Overtemperature and short circuit protection feature

+ Wideinput voltage and temperature range

« Software Compatibility to other SBC family members for the TLE926x and TLE927x families
+ Green Product (RoHS compliant) & AEC Qualified

« 7x7mm PG-VQFN-48 package

Potential applications

« Gateways

+ Body control modules
+ Driver assistance

+ Chasis control
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Overview

Product validation
Qualified for automotive applications. Product validation according to AEC-Q100/101.

Description

Infineon’s TLE9278BQX offers the highest level of integration at smallest footprint for automotive applications
requiring multiple channels of CAN transceivers like gateways and high-end Body Control Modules (BCM). A
high-efficient Switch Mode Power Supply (SMPS) buck regulator provides an external 5.0 V output voltage at
up to 750 mA while an additional DC/DC boost converter supports applications or conditions at low supply
input voltages. The device is controlled and monitored via a 16-bit Serial Peripheral Interface (SPI). Additional
features include a time-out/window watchdog circuit with reset, fail output and undervoltage reset. The
device offers low-power modes in order to support applications that are connected permanently to the
battery. A wake-up from the low-power mode is possible via a message on the buses, via the bi-level sensitive
monitoring/wake-up input as well as via the timer. The TLE9278BQX is offered in a very small footprint,
exposed pad PG-VQFN-48 (7 x 7 mm) power package.

Type Package Marking
TLE9278BQX PG-VQFN-48 TLE9278BQX
Datasheet 2 Rev.1.5
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Block Diagram
2 Block Diagram
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3 Pin Configuration

3.1 Pin Assignment
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Figure2  Pin Configuration TLE9278BQX
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Pin Configuration

3.2 Pin Definitions and Functions

Pin Symbol Function

1 CANHO CAN High 0 Bus Pin.

2 CANLO CAN Low 0 Bus Pin.

3 GND Ground. CANO and CAN1 common ground.

4 CANL1 CAN Low 1 Bus Pin.

5 CANH1 CAN High 1 Bus Pin.

6 GND Ground. Analog GND.

7 CANH2 CAN High 2 Bus Pin.

8 CANL2 CAN Low 2 Bus Pin.

9 GND Ground. CAN2 and CAN3 common ground.

10 CANL3 CAN Low 3 Bus Pin.

11 CANH3 CAN High 3 Bus Pin.

12 PCFG Configuration pin. For power up hardware configuration (refer to Chapter 5.1.1).

13 TXDCANO Transmit CANO.

14 RXDCANO Receive CANO.

15 TXDCAN1 Transmit CAN1.

16 RXDCAN1 Receive CAN1.

17 TXDCAN2 Transmit CAN2.

18 RXDCAN2 Receive CAN2.

19 VCAN Supply Input for internal HS-CAN modules.

20 TXDCAN3 Transmit CAN3.

21 RXDCAN3 Receive CAN3.

22 VCC1 Buck Regulator. Input feedback for Buck Converter.

23 VIO 1/0 voltage supply, reference voltage for over-/undervoltage monitoring
(see Chapter 5.1.1).

24 RSTN Reset Output. Active LOW, internal pull-up.

25 INTN Interrupt Output. Active LOW.

26 GND Ground. Buck regulator ground.

27 BCKSW Buck regulator switch node output.

28 n.c. not connected. Not bondend internally.

29 VS Buck Supply Voltage. Connected to Battery Voltage or Boost output voltage
with reverse protection diode. Use a filter against EMC in case that the Boost is
not used.

30 VS Buck Supply Voltage. Connected to Battery Voltage or Boost output voltage
with reverse protection diode. Use a filter against EMC in case that the Boost is
not used.

31 n.c. not connected. Not bondend internally.

32 GND Ground. Boost regulator ground.

33 GND Ground. Boost regulator ground.

Datasheet 8 Rev. 1.5
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Pin Configuration

Pin Symbol Function
34 n.c. not connected. Not bondend internally.
35 BSTD Boost Transistor Drain. Connected between inductor and diode for boost

functionality (refer to Chapter 14.1 for additional information). Connect to
ground if the Boost regulator is not used.

36 BSTD Boost Transistor Drain. Connected between inductor and diode for boost
functionality (refer to Chapter 14.1 for additional information). Connect to
ground if the Boost regulator is not used.

37 CSN SPI Chip Select Not Input.

38 SDO SPI Data Output. Out of SBC (=MISO).

39 SDI SPI Data Input. Into SBC (=MOSI).

40 CLK SPI Clock Input.

41 GND Ground. Common digital ground.

42 WK Wake Input.

43 VBSENSE Battery Voltage Monitoring Input.

44 VEXTIN Input Supply Voltage for VEXT. Connected to Battery Voltage with Reverse
Protection Diode and Filter against EMC.

45 VEXTSH VEXTSH. Emitter connection for external PNP, shunt connection to VEXTIN.

46 VEXTB VEXTB. Base connection for external PNP.

47 VEXTREF VextREF. Collector connection for external PNP, reference input.

48 FO/TEST Fail Output. active LOW, open-drain;

TEST. Connect to GND to activate SBC Development Mode; Integrated pull-up
resistor. Connect to VS with a pull-up resistor or leave open for normal operation.

Cooling |GND Cooling Tab - Exposed Die Pad; For cooling purposes only, do not use as an
Tab electrical ground.?
1) Theexposed die pad at the bottom of the package allows better power dissipation of heat from the SBC via the PCB.

The exposed die pad is not connected to any active part of the IC and can be left floating or it can be connected to
GND (recommended) for the best EMC performance.

Note: All VS pins must be connected to battery potential or insert a reverse polarity diodes where required;
All GND pins as well as the Cooling Tab must be connected to one common GND potential.

Datasheet 9 Rev. 1.5
2019-09-27
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Pin Configuration

3.3 Unused Pins

It must be ensured that the correct configurations are also selected, i.e. in case functions are not used that
they are disabled via SPI:

« CANHx, CANLx, TXDCANx, RXDCANX: leave pins open.

« BSTD: connect to GND.

+  WK: connect to GND and disable WK input via SPI.

« RSTN/INTN: leave open.

+ FO/TEST: connect to GND during power-up to activate SBC Development Mode; connect to VS or leave
open for normal user mode operation.

+ VBSENSE: connect to VS in case that Fast Battery Voltage Monitoring and Boost deactivation features are
not used and keep them disabled.

« VEXT: See Chapter 7.5.
+ n.c.:leave open.

« Unused pins routed to an external connector which leaves the ECU should feature a zero ohm jumper
(depopulated if unused) or ESD protection.

Datasheet 10 Rev. 1.5
2019-09-27
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General Product Characteristics

4 General Product Characteristics

4.1 Absolute Maximum Ratings

Table 1

Absolute Maximum Ratings”

T;=-40°C to +150°C; all voltages with respect to ground, positive current flowing into pin

(unless otherwise specified)

Parameter Symbol Values Unit |Noteor Number
Min. Typ. Max. Test Condition

Voltages
Supply Voltage VS and Vs1, max -0.3 - 28 Y - P_4.1.1
VEXTIN pin
Supply Voltage VS and Vs, max -0.3 - 40 \Y Load Dump, P_4.1.2
VEXTIN pin max. 400 ms
Boost drain Voltage BSTD | Vgstpy, max | -0-3 - 28 \% - P_4.1.3
pin
Boost drain Voltage BSTD | Vgsrpy, max | -0-3 - 40 v Load Dump, P_4.1.4
pin max. 400 ms
Buck switch BCKSW pin Vocksw,max | 03 |- Vs +0.3 |V - P_4.1.8
Buck Regulator feedback, |Vic; max  |-0-3 - 5.5 \Y - P_4.19
pin VCC1
External Voltage Regulator | Viyrrer max | -0-3 - 28 v Vexrrer =40V for |P_4.1.26
(VEXTREF) Load Dump,

max. 400 ms
External Voltage Regulator | Viyrg max | -0-3 - Veern |V Vexrg =40V for  |P_4.1.27
(VEXTB) +10 Load Dump,

max. 400 ms
External Voltage Regulator | Viyrsy max | Vextin Veern |V - P_4.1.11
(VEXTSH) -0.3 +0.3
Battery Voltage Monitoring | Vigsense, |18 - 40 \Y - P_4.1.12

max

Wake Input Vik, max | 0-3 - 40 Y - P_4.1.13
Fail Pins FO/TEST womac |03 - 40 Vv - P_4.1.14
Interrupt/Configuration Pin | Viyry max |03 - 5.5 v - P_4.1.15
INTN
Configuration Pin PCFG Vocrs, max |03 - 40 Y - P_4.1.25
Configuration Pin VIO Vo, max | 0.3 - 5.5 v - P_4.1.28
CANH, CANL Vous,max | -40 - 40 Vv - P_4.1.16
Digital Input / Output pin’s | Vg 1 -0.3 - 5.5 v - P_4.1.17
VCAN Input Voltage Vyean, max | ~0-3 - 5.5 v - P_4.1.18
Maximum Differential CAN | Veay pirr, |5 - 10 v - P_4.1.30
Bus Voltage max
Datasheet 11 Rev. 1.5
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General Product Characteristics

Table 1 Absolute Maximum Ratings® (cont’d)

T;=-40°C to +150°C; all voltages with respect to ground, positive current flowing into pin
(unless otherwise specified)

Parameter Symbol Values Unit |Noteor Number
Min. Typ. Max. Test Condition

Temperatures

Junction Temperature T, -40 - 150 °C - P_4.1.19

Storage Temperature stg -55 - 150 °C - P_4.1.20

ESD Susceptibility

ESD Resistivity to GND Veso -2 - 2 kv HBM?) P_4.1.21

ESD Resistivity to GND, Veso -8 - 8 kv |HBM??) P_4.1.22

CANH, CANL

ESD Resistivity to GND Vesp 500 |- 500 v com? P_4.1.23

ESD Resistivity Pin 1, Vesprioisa |-750 |- 750 v cDM? P_4.1.24

12,13,24,25,36,37,48 (COMNer | 45363748

pins) to GND

1) Not subject to production test, specified by design.
2) ESD susceptibility, HBM according to ANSI/ESDA/JEDEC JS-001 (1.5 kQ, 100 pF).

3) ESD “GUN” Resistivity with £6 KV (according to IEC61000-4-2 “GUN test” (300 Q, 150 pF)) it is shown in Application
Information and test will be provided from IBEE institute.

4) ESD susceptibility, Charged Device Model “CDM” EIA/JESD22-C101 or ESDA STM5.3.1, usually not tested but rather
ESD SDM.

Notes

1. Stresses above the ones listed here may cause permanent damage to the device. Exposure to absolute
maximum rating conditions for extended periods may affect device reliability.

2. Integrated protection functions are designed to prevent IC destruction under fault conditions described in the
data sheet. Fault conditions are considered as “outside” normal operating range. Protection functions are
not designed for continuous repetitive operation.

Datasheet 12 Rev. 1.5
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General Product Characteristics

4.2 Functional Range

Table 2 Functional Range

Parameter Symbol Values Unit |Noteor Number
Min. |Typ. |Max. Test Condition

Supply Voltage Vs func Veor - 28 v Dy, rseesection |P_4.2.1
Chapter 12.12

CANx Supply Voltage Vean 4.75 - 5.25 v - P_4.2.2

SPI frequency fspi - - 4 MHz | see P_4.2.3
Chapter 13.7 for
fSPI,max

Junction Temperature T, -40 - 150 °C - P_424

1) Including Power-On Reset, Over- and Undervoltage Protection.

Note: Within the functional range the IC operates as described in the circuit description. The electrical
characteristics are specified within the conditions given in the related electrical characteristics
table.

Device Behavior Outside of Specified Functional Range:

« 28V <Vsq,, <40 V: Device will still be functional; the specified electrical characteristics might not be
ensured anymore. The absolute maximum ratings are not violated. However, a thermal shutdown might
occur due to high power dissipation.

o Vean<4.75V: The undervoltage bit VCAN_UV will be setin the SPIregister BUS_STAT_0 and the transmitter
will be disabled as long as the UV condition is present.

+ 525V <V, <5.5V: CANx transceiver still functional. However, the communication might fail due to out-
of-spec operation.

* Vpor<Vs<5.5V: Device will be still functional; the specified electrical characteristics might not be ensured
anymore:

- Thevoltage regulators will enter the low-drop operation mode.
- VIO_UV reset could be triggered depending on the VRTx settings.

Datasheet 13 Rev. 1.5
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General Product Characteristics

4.3 Thermal Resistance

Table 3 Thermal Resistance®

Parameter Symbol Values Unit |Noteor Number
Min. |Typ. |Max. Test Condition

Junction to Soldering Point | Ry, sp - 7 - K/W | Exposed Pad P_4.3.1

Junction to Ambient Rina - 33 - K/w |2 P_4.3.2

1) Not subject to production test, specified by design.

2) According to Jedec JESD51-2,-5,-7 at natural convection on FR4 2s2p board for 1.5 W. Board: 76.2 x 114.3 x 1.5 mm?
with 2 inner copper layers (35 um thick), with thermal via array under the exposed pad . Top and bottom layers are
70 um thick.

4.4 Current Consumption

Table 4 Current Consumption

Current consumption values are specified at 7,= 25°C, Vs = 13.5 V, all outputs open
(unless otherwise specified)

Parameter Symbol Values Unit |Noteor Number
Min. |Typ. |Max. Test Condition
SBC Normal Mode
Normal Mode current INormal - 10 16 mA |Vs=5.5Vto28V; P_4.4.1
consumption T;=-40°C to +150°C;
BOOST/VEXT/CANx=
OFF
SBC Stop Mode
Stop Mode current Istop25 - 55 70 wA |V BuckinPFM P_4.4.2
Consumption BOOST/VEXT = OFF;

No load on VCC1
VBSENSE_EN =04

CANx/WK not wake

capable

Watchdog = OFF
Stop Mode current Istop.as - 95 - wA P T,=85°C; P_4.4.3
Consumption, T;=85°C Buckin PFM

BOOST/VEXT = OFF;
No load on VCC1
VBSENSE_EN =0,

CANx/WK not wake
capable
Watchdog = OFF
SBC Sleep Mode
Sleep Mode current Isteep 25 - 30 50 HA BOOST/VEXT = OFF; |P_4.4.4
consumption VBSENSE_EN =0,
CANx/WK not wake
capable
Datasheet 14 Rev. 1.5
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General Product Characteristics

Table 4

Current Consumption (cont’d)

Current consumption values are specified at 7, = 25°C, V5= 13.5 V, all outputs open

(unless otherwise specified)

Parameter Symbol Values Unit |Noteor Number
Min. |Typ. |Max. Test Condition

Sleep Mode current Istcep.as - 65 - wA P T,=85%; P_4.4.5
consumption, TJ =85°C BOOST/VEXT = OFF;

VBSENSE_EN =0,

CANx/WK not wake

capable
Feature Incremental Current Consumption
Current consumption per | lcay rec - 2 3 mA | SBC Normal Mode; |P_4.4.6
CAN module, recessive state CAN Normal Mode;

Vean =5V,

Vixocan = Vios

no RL on CANXx
Current consumption per | /cay dom - 3 4.5 mA |2 SBC Normal Mode; | P_4.4.7
CAN module, dominant CAN Normal Mode;
state Vean =5V;

Vixpcan= GND;

no RL on CANx
Current consumption per | lcay revoniyn |~ 0.4 0.6 mA |2 CAN Receive Only |P_4.4.8
CAN module, Receive Only |, Mode; Veay=5V;
Mode, SBC Normal Mode Vixoean = Yios

no RL on CANXx
Current consumption per | lcan revonty,st |~ 1 1.4 mA  |? CAN Receive Only |P_4.4.25
CAN module, Receive Only |, Mode; Vean=5V;
Mode, SBC Stop Mode Vixoean = Vios

no RL on CANXx
Currentconsumption forWK | hyaiewkas |- 0.5 1.5 uA  |3¥ SBCSleep Mode; |P_4.4.11
wake capability CANx = OFF
Current consumption forWK | lyaiewkes |- 2.0 4.0 uA | P34 SBCSleepMode; |P_4.4.12
wake capability T;=85°C T;=85°C;

CANx =OFF
Current consumption for | lyaecanas |- 4.5 6 uA | Y3 SBCSleep Mode; |P_4.4.13
CAN wake capability WK = OFF

tsience xpired
Current consumptionfor | hyaecanes |- 6 10 uA |23 SBCSleepMode; | P_4.4.14
CAN wake capability T;=85°C;

WK = OFF

tsience expired
Current consumption for ISteepvextas |~ 45 60 HA 3 SBC Sleep Mode;  |P_4.4.15
VEXT in SBC Sleep Mode VEXT = ON (no load);

CANx / WK = OFF
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Table 4

Current Consumption (cont’d)

Current consumption values are specified at 7, = 25°C, V5= 13.5 V, all outputs open

(unless otherwise specified)

Parameter Symbol Values Unit |Noteor Number
Min. |Typ. |Max. Test Condition

Current consumption for | Igeepvexras | - 55 70 uA | P SBCSleep Mode; |P_4.4.16
VEXT in SBC Sleep Mode, T;=85°C; VEXT =ON
T;=85°C (no load);

CANx / WK = OFF
Current consumption for | ls,0 o5 - 20 26 uA |39 SBC Stop Mode; |P_4.4.17
cyclic wake function WD = OFF
Current consumption for | ls0 cas - 24 35 WA |23 SBC Stop Mode; |P_4.4.18
cyclic wake function, T;=85°C;
T,=85°C WD = OFF
Current consumption for Istop, w25 - 20 26 HA 2/ SBC Stop Mode; P_4.4.19
watchdog active in Stop Watchdog running
Mode
Current consumption for Istop,wpss - 24 35 HA 2/ SBC Stop Mode; P_4.4.20
watchdog active in Stop T;=85°C;
Mode Watchdog running
Current consumption for Istop,Fo - 0.5 1.5 mA |2 All SBC Modes; P_4.4.21
active fail output (FO) T;=25°C;

FO =0ON (no load);
Current consumption Fast | /gy, rau - 5 - HA 2/ SBC Stop Modes; | P_4.4.30
Battery Monitoring in SBC VBSENSE_EN =1,
Stop Mode T;=25°C;
Additional Vg current ls00sT,0N - 10 20 mA  |? SBC Normal/Stop |P_4.4.31
consumption with Boost Modes;
Module Active Vasty < Vo< VisT th

BOOST_EN =1;;

1) Current consumption for CANx transceiver and WK input to be added if set to be wake capable or receiver only.

2) Not subject to production test, specified by design.

3) Current consumption adders of features defined for SBC Sleep Mode also apply for SBC Stop Mode and vice versa
(unless otherwise specified).

4) No pull-up or pull-down configuration selected.
5) Cyclic wake configuration: Timer with 20 ms period.
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5 System Features

This chapter describes the system features and behavior of the TLE9278BQX:
+ State machine and SBC mode control.

+ Device configurations.

« State of supply and peripherals.

+ Wake features.

+ Supervision and diagnosis functions.

The System Basis Chip is controlled via a 16-bit SPI interface. A detailed description can be found in
Chapter 13. The configuration as well as the diagnosis is handled via the SPI. The SPI mapping of the
TLE9278BQX is compatible to other devices of TLE926x and TLE927x family.

The System Basis Chip (SBC) offers six operating modes:

« SBC Init Mode: power-up of the device and after soft reset.

+ SBC Normal Mode: the main operating mode of the device.

« SBC Stop Mode: the first-level power saving mode with the main voltage regulator enabled.
+ SBC Sleep Mode: the second-level power saving mode with Buck regulator disable.

« SBCRestart Mode: anintermediate mode after a wake event from SBC Sleep or SBC Fail-Safe Mode or after
afailure (e.g. WD failure in config 1/3) to bring the microcontroller into a defined state via a reset. Once the
failure condition is not present anymore, the device will automatically change to SBC Normal Mode after a
delay time (tgp,)-

+ SBC Fail-Safe Mode: a safe-state mode after critical failures (e.g. TSD2 thermal shutdown) to bring the
system into a safe state and to ensure a proper restart of the system. Buck regulator is disabled.

A special mode called SBC Development Mode is available during software development or debugging of the
system. All of the operating modes mentioned above can be accessed in this mode. However, the watchdog
counter is stopped and does not need to be triggered. This mode can be accessed by setting the TEST pin to
GND during SBC Init Mode.

5.1 State Machine Description and SBC Mode Control

The different SBC Modes are selected via SPI by setting the respective SBC MODE bits in the register
M_S_CTRL.

The SBC MODE bits are cleared when going trough SBC Restart Mode, so the current SBC mode is always
shown.

Figure 3Figure 4 shows the SBC State Diagram.
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First battery connection SBC Soft Reset
anfig.: settings can be configured in SBC Init Mode *
this SBC mode; (Long open window )
Fixed: settings stay as defined in VCC1 VEXT® def. Boost
SBC Normal Mode ON @ | by PCFG pin OFF
FO CAN WD | CycWake
K i [©)] i
* The SBC Development Mode is a inact. | OFF Config. | OFF Any SPI
super set of state machine where the command
WD timer is stopped and CANx
behavior differs in SBC Init Mode.
Otherwise, there are no differences in
behavior (see also Chapter 5.1.7).
(1) After Fail-Safe Mode entry, the device will stay for at least SBC Normal Mode
typ. 1s in this mode (with RO low) after a TSD2 event and min.
typ. 100ms after other Fail-Safe Events. Only then the device ) o o
can leave the mode via a wake-up event. Wake events are
stored during this time . i > VCC1 VEXT de'f- Boost
(2) The behaviour depends of the PCFG configuration . If PCFG ON by PCFG pin | conf./OFF
is open, the VEXT is by default off and it can be acivated from WD trigger
the iC with one of the four configurable output voltages . If FO CAN WD CycWake|
PCFG = GND, the VEXT follows the VCC1 in the state machine ) (3 ! X
with fixed output voltage value at 3.3V act/inact | Config."” | Config. | config.
(3) For SBC Development Mode CAN is in Normal Mode in
SBC Init Mode and will stay ON when going from there to SBC A
Normal Mode Automatic SPlomd 4=
(4) See chapter CAN for detailed behavior in SBC Restart Mode L - Resetis released
(5) CAN transceiver can be SWK capable , depending on * WD starts with long open window
configuration == SPIcmd = SPI cmd
(6) The Boost regulator activation depends from the VS value
SBC Sleep Mode SBC Stop Mode
VCC1 | VEXT®def. | Boost VCC1®@ | VEXT®def. | Boost®
OFF by PCFG pin OFF ON by PCFG pin | fixed/OFF
VIO over voltage
Config 1/3 (if VIO_OV_RST set) FO Cv'?/\’\;l( ® | wp CycWake FO CAN® | WD |cycwake
* fixed | capiorr | OFF | OFF fixed | fixed | fixed | fixed
SBC Restart Mode L Wake up event
Watchdog Failure : (RO pin is asserted) via CANx or WK
Config 1/3 (MAX_3_RST not set) > 5 2 5 4th consecutive VIO
& 1st WD failure in Config4 VvCC1 @ | VEXT®@def. Boost® VIO over voltage under voltage event
o ON by PCFG pin | fixed/OFF P Config 2/4 (if VIO_OV_RST set)  (if VS > VS_UV_TO)
VIO U g > =~
acf::ticv)el %\/AKN (4/) WD CycWake
oken
fixed OFF OFF | OFF
. TSD2 event
A SBC Fail-Safe Mode ——
1st Watchdog Failure Config 2,
VCC1 VEXT Boost wawluw , Config 4
R OFF OFF OFF
' FO g’AkN WD CycWake| VIO Short to GND
CANx, WK wake-up event fixed capaab('fe OFF OFF ¢

Figure 3
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First battery connection SBC Soft Reset

P

Config.: settings can be configured in SBC Init Mode *

this SBC mode; (Long open window )

Fixed: settings stay as defined in VCC1 VEXT® def. Boost

SBC Normal Mode ON @ | by PCFG pin OFF

FO CAN WD | CycWake
. 3 X

* The SBC Development Mode is a inact. | OFF © Config. OFF Any SPI
super set of state machine where the command

WD timer is stopped and CANx
behavior differs in SBC Init Mode.
Otherwise, there are no differences in
behavior (see also Chapter 5.1.7).

SBC Normal Mode
(1) After Fail-Safe Mode entry, the device will stay for at least
typ. 1s in this mode (with RO low) after a TSD2 event and min.
typ. 100ms after other Fail-Safe Events. Only then the device VCC1@ | VEXT?def. | Boost®
can leave the mode via a wake-up event. Wake events are - .
stored during this time.. ON by PCFG pin | conf./OFF
) : WD trigger
(2) The behaviour depends of the PCFG configuration . If PCFG
if. )opeg, ine VEXT it{g;f: efaitoft and i can ?)e a‘tclwated from FO CA’\(‘3) WD | CycWake
PCEG = GND, the VEXT follows the VCC1 in the state machine act/inact | Config.” | Config. | config.
with fixed output voltage value at 3.3V.
(3) For SBC Development Mode CAN is in Normal Mode in Automatic A
SBC Init Mode and will stay ON when going from there to SBC SPIcmd o=
Norml L - Resetis released
(4) See chapter CAN for detailed behavior in SBC Restart Mode = WD starts with long open window
(5) The Boost regulator activation depends from the VS value X spicma X spicma
SBC Sleep Mode SBC Stop Mode
VCC1 | VEXT®def. | Boost vcC1@ | VEXT®def. | Boost®
OFF | by PCFGpin | OFF ON by PCFG pin | fixed/OFF
VIO over voltage
Config 113 (if VIO_OV_RST sef) FO CAN WD | CycWake FO CAN WD | CycWake
* fixed | canioer | OFF | OFF fixed | fixed | fixed | fixed
SBC Restart Mode L Wake up event
Watchdog Failure : (RO pin is asserted) via CANx or WK
Config 1/3 (MAX_3_RST not set) : 4th consecutive VIO
& 1st WD failure in Config4 VvCC1 @ | VEXT®@def. Boost® VIO over voltage under voltage event
o ON by PCFG pin | fixed/OFF P Config 2/4 (if VIO_OV_RST set)  (if VS > VS_UV_TO)
vio U g
- acf::ticv)el %\/AKN (4/) WD CycWake h
oken
fixed OFF OFF | OFF
. TSD2 event
A SBC Fail-Safe Mode ——
1st Watchdog Failure Config 2,
VCC1 VEXT Boost wawluw , Config 4
. OFF OFF OFF
' FO CAN WD CycWake| VIO Short to GND
CANX, WK wake-up event fixed C\Q’paakbfe OFF OFF ¢
Figure4  State Diagram showing the SBC Operating Modes
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5.1.1 Device Configuration and SBC Init Mode

The SBC Init Mode is the mode where the hardware configuration of the SBC is stored and where the
microcontroller finishes the initialization phase.

The SBC starts up in SBC Init Mode after crossing the power-on reset Vpop  threshold (see also Chapter 12.3)
and the watchdog will start with a long open window (t,,, typical 200ms) after the RSTN is released.
During this power-on phase following configurations are stored in the device:

+ Supply and Power up configurability.

« Thedevice behaviorregarding a watchdog trigger failure and a VIO overvoltage condition is determined by
the external circuitry on the INTN pin (see below).

+ The selection of the normal device operation or the SBC Development Mode (watchdog disabled for
debugging purposes) will be set depending on the voltage level of the FO/TEST pin (see also
Chapter 5.1.7).

5.1.1.1 Supply and Power up configurability

The TLE9278BQX has the possibility to define the level of the digital 10’s using a dedicated pin (VIO). A separate
pin (PCFG) is available to store the 1/0O supply voltage configuration during power-up. The respective
configuration will be stored for all conditions and can only be changed by powering down the device (Vs <

VPOR,f)'
Depending of the configuration, the supervision functions can refer to VCC1 or VEXT.
The Table 5 shows the only allowed combinations and related behavior.

Table 5 Supply and power up Configurability

VCC1 PCFG pin | VIO Supply |uC Supply |VEXT VEXT Supervision
Output Output voltage |Behavior Functions
Voltage
Ve, =5V Open VCC1 VCC1 Configurable via | SPI Supervision
SPl using configurable, functions on VIO
VEXT_VCFG OFF after Power |with 5V level;
Up VREG_UV SPI
status bit active
Ve, =5V GND VEXT VEXT Ve =3.3V Follow the VCC1 |Supervision
(fixed) (ON at Power up |functions on VIO
/SBC Normal/ |with3.3Vlevel;
Stop / Sleep / VREG_UV status
Fails-Safe Mode) | not active but
reroutedtoVCC1

Note: VIO can be connected only to VCCI or VEXT.

5.1.1.2 Watchdog trigger failure configuration

There are four different device configurations (Table 6) available defining the watchdog failure and the VIO
overvoltage behavior. The configurations can be selected via the external connection on the INTN pin and the
SPI bit CFG2 in the HW_CTRL_O register (see also Chapter 13.4):

+ Awatchdog trigger failures leads to SBC Restart Mode (Config 1/3) and depending on CFG2 the Fail Output
(FO) are activated after the 1st or 2nd watchdog trigger failure;
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If VIO_OV_RST is set and in Config 1/3, then SBC Restart Mode will be entered in case of VIO_OV and the

FOis

activated.

+ Awatchdog trigger failures leads to SBC Fail-Safe Mode (Config 2/4) and depending on CFG2 the Fail
Output (FO) are activated after the 1st or 2nd watchdog trigger failure. The first watchdog trigger failure in
Config 4 will lead to SBC Restart Mode;
IfVIO_OV_RST is set and in Config 2/4, then SBC Fail-Safe Mode will be entered in case of VIO_OV and the

FOis

activated.

The respective device configuration can be identified by reading the SPI bits CFG2_STATE and CFG1_STATE
in the WK_LVL_STAT register.

Table 6 Watchdog Trigger Failure Configuration

Config | Event FO Activation SBC Mode Entry SPI Bit CFG2 | INTN Pin
(CFG1_STATE)

1 1 x Watchdog Failure |after 1st WD Failure |SBC Restart Mode 1 External pull-up

2 1 x Watchdog Failure |after 1st WD Failure |SBC Fail-Safe Mode |1 No ext. pull-up

3 2 x Watchdog Failure | after 2nd WD Failure | SBC Restart Mode 0 External pull-up

4 2 x Watchdog Failure | after 2nd WD Failure | SBC Fail-Safe Mode |0 No ext. pull-up

The respective configuration will be stored for all conditions and can only be changed by powering down the
device (Vs <Vpory)-

Table 7 shows the possible SBC hardware configurations.

Table 7 SBC Configuration
Configuration |Description FO/Test |INTNPin |CFG2_STA |CFG1_STA
Pin (CFG1_ST |TE TE
ATE)

Config0 SBC Development Mode: no reset is 0 - X X
triggered in case of watchdog trigger
failure. After the Power Up, one
arbitrary SPI command must be sent.

Config1 After missing the WD trigger for the first |Openor  |External |1 1
time, the state of VCC1 remains >Viestn pull-up to
unchanged, FO pin is active, SBC in Vio
Restart Mode

Config 2 After missing the WD trigger for the first |Openor | Open or 1 0
time,VCC1 turns OFF, FO pin are active, |>Vyggr GND
SBC in Fail-Safe mode

Config 3 After missing the WD trigger for the Open or External |0 1
second time, the state of VCC1 remains | >Vygsr y pull-up to
unchanged, FO pin is active, SBC in Vio
Restart Mode

Config4 After missing the WD trigger for the Openor |Openor 0 0
second time,VCC1 turns OFF, FO pinis | >Vygsr y GND
active, SBC in Fail-Safe mode
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In case of 3 consecutive resets due to WD fail, it is possible in Config 1 and 3 not to generate additional reset
by setting the MAX_3_RST on WD_CTRL.

Figure 5 shows the timing diagram of the hardware configuration selection. The hardware configuration is
defined during SBC Init Mode. The INTN pin is internally pulled LOW with a weak pull-down resistor during the
reset delay time tgp,, i.e. after VIO crosses the reset threshold VRT1 and before the RSTN pin goes HIGH. The
INTN pin is monitored during this time and the configuration (depending on the voltage level at INTN) is read
and stored at the rising edge of RSTN (with a filter time of tegg ¢).

m

Veor,r | = = — —

\
N
v

-

W |

I tcre F

| Config Select filter time
|
Va4 1 » t
77 tRD1 ' |

Configuration selection monitoring period

-,-.____--____.-__
=

Figure5 Hardware Selection Timing Diagram

Note: Ifthe POR bit is not cleared then the internal pull-down resistor will be reactivated every time RSTN
is pulled LOW the configuration will be updated at the rising edge of RSTN. Therefore it is
recommended to clear the POR bit right after initialization.

5.1.1.3 SBC Init Mode

In SBC Init Mode, the device waits for the microcontroller to finish its startup and initialization sequence. In
the SBC Init Mode any SPI command will bring the SBC to SBC Normal Mode. During the long open window
the watchdog has to be triggered. Thereby the watchdog will be automatically configured. A missing
watchdog trigger during the long open window will cause a watchdog failure and the device will enter SBC
Restart Mode.

Wake events are ignored during SBC Init Mode and will therefore be lost.
Note: Any SPI command will bring the SBC to SBC Normal Mode even if non-valid (see Chapter 13.2).

Note: For a safe start-up, it is recommended to use the first SPl command to trigger and to configure the
watchdog (see Chapter 12.2).
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Note: At power up, no VIO_UV will be issued nor will FO be triggered as long as VIO is below the Vyr,
threshold and Vs is below the VIO short circuit detection threshold V . The RSTN pin will be kept
low as long as VIO is below the selected V., threshold. As soon as the VIO is higher than V;,, the
RSTN is released after tgp;.

5.1.2 SBC Normal Mode

The SBC Normal Mode is the standard operating Mode for the SBC. All configurations have to be done in SBC
Normal Mode before entering a low-power mode (see also Chapter 5.1.6 for the device configuration defining
the Fail-Safe Mode behavior). A wake-up event on CANx and WK will create an interrupt on pin INTN however,
no change of SBC Mode will occur. The configuration options are listed below:

« VCClis active, Buck in PWM Mode.
« VEXT can be switched ON or OFF in accordance with Table 5.

+ CANXxis configurable (OFF coming from SBC Init Mode; OFF or wake capable coming from SBC Restart
Mode, see also Chapter 5.1.5).

+ Wake pin level can be monitored and can be selected to be wake capable.

+ Cyclic wake period can be configured using TIMER_CTRL_O and enabled by setting TIMER1_WK_ EN.
+  Watchdogis configurable.

+ FOis OFF by default.

In SBC Normal Mode, there is the possibility of testing the FO output, i.e. to verify if setting the FO pin to low
will create the intended behavior within the system. The FO output can be enabled and then disabled again
by the microcontroller by setting the FO_ON SPI bit. This feature is only intended for testing purposes.

5.1.3 SBC Stop Mode

The SBC Stop Mode is the first level technique to reduce the overall current consumption. All kind of settings
have to be done before entering SBC Stop Mode. In SBC Stop Mode any kind of SPI write commands are
ignored and the SPI_FAIL bit is set, except for changing to SBC Normal Mode, triggering a SBC Soft Reset,
refreshing the watchdog, changing modulation of the buck. The configuration options are listed below:

+ VCClis ON, Buckin PFM Mode if lycc; < lppum.pwm,TH-

« VEXT is fixed ON or OFF in accordance with Table 5 and SPI configuration.

+ CANx can be selected for ‘Receive Only Mode’, to be wake capable or OFF.

« WK pin can be selected to be wake capable, PWM_BY_WK (switch PFM/PWM buck modulation) or OFF.
« Wake capability via cyclic wake can be selected.

« Watchdog is fixed or OFF (if WD disable sequence was executed).

A wake-up event on CANx and WK will create an interrupt on pin INTN however, no change of SBC Mode will
occur.

In SBC Stop Mode, it is allowed to use the Boost module (enabled before to enter in SBC Stop Mode) in case of
the Vs is dropping. The Boost works only in PWM and therefore the total amount of current consumption will
increase.

Note: It is not possible to switch directly from SBC Stop Mode to SBC Sleep Mode. Doing so will also set the
SPI_FAIL flag and will bring the SBC into Normal Mode via SBC Restart Mode.
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5.14 SBC Sleep Mode

The SBC Sleep Mode is the second level technique to reduce the overall current consumption to a minimum
needed to react on wake-up events.

All settings must be done before entering SBC Sleep Mode. In case that SPI configurations in Sleep Mode have
been sent to the SBC, the commands are ignored and no reactions from the SBC.

The configuration options are listed below:

+ VCClis OFF.

« VEXT is fixed ON or OFF in accordance with Table 5 and SPI configuration.
« CANXx can be selected to be wake capable or OFF.

« WK pin can be selected to be wake capable or OFF.

A wake-up event on CANx or WK pin will bring the device via SBC Restart Mode into SBC Normal Mode again
and signal the wake event and corresponding sources.

It is not possible to switch off all wake sources in Sleep Mode. This will lead to SBC Normal Mode via SBC
Restart Mode instead.

In order to enter SBC Sleep Mode successfully, all wake source signalization flags from WK_STAT_0 and
WK_STAT_2 need to be cleared. If a failure to do so, will result in an immediate wake-up from SBC Sleep Mode
by going via SBC Restart to Normal Mode.

Note: As soon as the Sleep Command is sent, the Reset will go low to avoid any undefined behavior
between SBC and microcontroller.

5.1.5 SBC Restart Mode

There are multiple reasons to enter the SBC Restart Mode. The purpose of the SBC Restart Mode is to reset the
microcontroller:

+ From SBC Normal and Stop Mode, it is reached in case of undervoltage on VIO. In case of 4 consecutive
VIO_UV events, SBC Fail-Safe Mode is entered.

+ From SBC Normal and Stop Mode it is reached in case of overvoltage on VIO in config 1/3 if VIO_OV_RST is
set.

+ Incorrect Watchdog triggering (depending of the configuration).
« From SBC Sleep and Fail-Safe Mode to ramp up VIO supply after wake event.

From SBC Restart Mode, the SBC goes automatically to SBC Normal Mode, i.e the mode is left automatically
by the SBC without any microcontroller influence once the VIO_UV condition is not present anymore and
when the reset delay time (tgp,) has expired. The Reset Output (RSTN) is released at the transition.

Entering or leaving the SBC Restart Mode will not result in deactivation of the Fail output.
The following functions are not changed in SBC Restart mode:

+ VEXT is fixed ON or OFF in accordance with Table 5 and SPI configuration.

+ VCClis ON or ramping up.

+ BOOST is fixed or OFF.

Table 8 contains detailed descriptions of the reason to restart:
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Table 8 Reasons for Restart - State of SPI Status Bits after Return to Normal Mode

SBC Mode Event DEV_STAT |WD_FAIL VIO_UV VIO_OV
Normal Watchdog Failure 01 01 X X
Normal VIO undervoltage reset 01 XX 1 X
Normal VIO overvoltage (VIO_OV_RST=1) |01 XX X 1
Sleep Mode Wake-up event 10 XX X X
Stop Mode Watchdog Failure 01 01 X X
Stop Mode VIO undervoltage reset 01 XX 1 X
Stop Mode VIO overvoltage (VIO_OV_RST=1) |01 XX X 1
Fail-Safe Wake-up event 01 see “Reasons for Fail-Safe, Table 9”

5.1.6 SBC Fail-Safe Mode

The purpose of this mode is to bring the system in a safe status after a failure condition by turning off the VCC1
and VEXT supply and the FO pin is automatically activated. After a wake-up event the system is then able to
restart again.

The Fail-Safe Mode is automatically reached in case of:

« Overtemperature condition (TSD2).

+ After 1 or 2 watchdog fails (depending on config setting).

+ Atthe 4th consecutive VIO undervoltage event.

+ From SBC Normal and Stop Mode, in case of overvoltage on VIO in config 2/4, if VIO_OV_RST is set.
+ VIOisshorted to GND.

VIO is below the VRTx for time longer than tyq .

In this case, the default wake sources are activated, the wake-up events are cleared in the register WK_STAT_0
and WK_STAT_2.

The mode will be maintained for at least tygp, in case of TSD2 event and tgg i, in case of other failure events
to avoid any fast toggling behavior. All wake sources will be masked during this time but the wake-up events
will be stored. Stored wake-up events and wake-up event after this minimum waiting time, will lead to SBC
Restart Mode. Leaving the SBC Fail-Safe Mode will not result in deactivation of the Fail Output pin.

The following functions are influenced during SBC Fail-Safe Mode:

« FOoutputis activated.

« VCC1is OFF.

o VEXTis OFF.

« CANxis wake capable.

+ WK s wake capable (in case that PWM_BY_WK was set, moving to SBC Fail-Safe Mode will clear the bit).
« Cyclic wake is disabled.

Table9 Reasons for Fail-Safe - State of SPI Status Bits after Return to Normal Mode

Mode Config |Event DEV_STAT |TSD2 WD_FAIL |VIO_UV |VIO_SC |VIO_OV
Normal 2 1 x watchdog 01 X 01 X 0 X
failure
Normal 4 2 x watchdog 01 X 10 X 0 X
failure
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Table 9 Reasons for Fail-Safe - State of SPI Status Bits after Return to Normal Mode (cont’d)

Mode Config |Event DEV_STAT |TSD2 WD_FAIL |VIO_UV |VIO_SC |VIO_oV
Normal 1,2,3,4|TSD2 01 1 XX X 0 X
Normal 1,2,3,4|VIO short to GND 01 X XX 1 1 X
Normal 2,4 VIO overvoltage 01 X XX X 0 1
(VIO_OV_RST=1,
CFG2-1)
Stop Mode |2 1 x watchdog 01 X 01 X 0 X
failure
Stop Mode |4 2 x watchdog 01 X 10 X 0 X
failure
Stop Mode |1,2,3,4|TSD2 01 1 XX X 0 X
Stop Mode |1,2,3,4|VIO shortto GND 01 X XX 1 1 X
Stop Mode |2,4 VIO overvoltage 01 X XX X 0 1
(VIO_OV_RST=1,
CFG2-1)

5.1.7 SBC Development Mode

The SBC Development Mode is used during development phase of the application, especially for software
development.

Compared to the default SBC user mode operation, this mode is a super set of the state machine. The device
will start also in SBC Init Mode and it is possible to use all the SBC Modes and functions with following
differences:

+ Watchdog is stopped and does not need to be triggered. Therefore no reset is triggered due to watchdog
failure.

+ SBC Fail-Safe and Restart Mode are not reached due to watchdog failure but the other reasons to enter
these modes are still valid.

« CANx default value in SBC INIT MODE is ON instead of OFF.

The mode is reached by setting the FO/TEST pin to LOW for the entire SBC INIT Mode and by sending an
arbitrary SPI command. The SBC Init Mode is reachable after the power-up or sending a software reset.

SBC Development Mode can only be left by a power-down or by providing a SBC Software Reset using the
MODE bits on M_S_CTRL register regardless the FO/TEST pin level.

When the FO/TEST pin is left open, or connected to Vg during the start-up, the SBC starts into normal
operation. The FO/TEST pin has an integrated pull-up resistor (switched ON only during SBC Init Mode) to
prevent the SBC device from starting in SBC Development Mode during normal life of the vehicle. To avoid any
disturbances, the FO/TEST pin is monitored during the SBC Init Mode when the RSTN is HIGH until SBC Init
Mode is left. Only if the FO/TEST pin is LOW for the Init Mode time when the RSTN is HIGH, SBC Development
Mode is reached and stored.
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5.2 Wake Features

Following wake sources are implemented in the device:

« Static Sense: WK input is permanently active (see Chapter 9).

« Cyclic Wake: internal wake source controlled via internal timer (see Chapter 5.2.1).
« CANx wake: wake-up via CAN message (see Chapter 8).

The wake source must be set before entering in SBC Sleep Mode. In case of critical situation, when the device
will be set into SBC Fail-Safe mode, all default wake sources will be activated. For additional information
about setting, refer to the respective chapters.

5.2.1 Cyclic Wake

The cyclic wake feature is intended to reduce the quiescent current of the device and application.

When the cyclic wake is enabled, a periodic INTN is generated in SBC Normal and Stop Mode based on the
setting of TIMER_CTRL_O.

The correct sequence to configure the cyclic wake is shown in Figure 6. The sequence is as follows:

+ Disable the cyclic wake feature to ensure that there is not unintentional interrupt when activating cyclic
wake (TIMER1I_WK_EN = 0).

« Configure the cyclic wake timer period in TIMER_CTRL_O register.
« Enable the cyclic wake as a wake-up source in the register WK_CTRL_0 (TIMER1_WK_EN =1).

Cyclic Wake Configuration

Reset the TIMER1_WK_EN bit on
WK CTRL 0 register To avoid unintentional interrupts
\ J
Select Timer Period in Periods: 10, 20, 50, 100, 200ms, 1s, 2s
TIMER_CTRL_0
Set the TIMER1 WK EN bit on No interrupt will be generated,
WK CTRL_O reaister if the timer is not enabled as a wake source

Cyclic Wake starts / ends by
setting / clearing On-time

INT is pulled low at every rising edge
of On-time except first one

Figure6  Cyclic Wake: Configuration and Sequence

5.2.2 Internal Timer

The integrated timer is typically used to wake up the microcontroller periodically (cyclic wake).
Following periods can be selected via the register TIMER_CTRL_O:

« Period: 10ms/20ms/50ms/100ms/200ms/1s/2s
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6 DC/DC Regulator
6.1 Block Description

The SMPS module in the TLE9278BQX is implemented as a cascade of a step-up regulator followed by a step-
down post-regulator. The step-up regulator (DC/DC Boost converter) provides a Vs level which permits the
step-down post-regulator (DC/DC Buck converter) to regulate without entering a low-drop condition.

The SMPS module is active in SBC Normal, Stop and Restart Mode. In SBC Sleep and Fail-Safe Mode, the SMPS
module is disabled.

Comparator *l

Boost SPI
Converter

vbat P! L1 D2
at | VSUP ol vs

‘/'_L_L-

M | Tl

38
CHO o — L ——

Feedforward

Buck
Converter BoKsw L2
—I_’ ST
Cc4 C5
Bandgap GND
Reference
Soft Start vee

Ramp
Generator T

Figure7 DC/DC Block Diagram

Functional Features

.

5V SMPS (DC/DC) Buck Regulator with integrated high-side and low-side power switching transistor.
SMPS (DC/DC) Boost Regulator for low Vg, supply voltage with integrated power transistor.
Adjustable output DC/DC Boost pre-regulator voltage via SPI.

Fixed switching frequency for Buck and Boost Regulator in SBC Normal Mode in PWM (Pulse Width
Modulation).

PFM (Pulse Frequency Modulation) for Buck converter in SBC Stop Mode to reduce the quiescent current.
Automatic transition PFM to PWM in SBC Stop Mode.
Soft start-up.
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+ Edge Shaping for better EMC performances for Buck and Boost regulator.
+ Undervoltage monitoring via VIO pin with adjustable reset level (refer to Chapter 12.7).

+ Overvoltage detection via VIO pin activates the FO pin in case that VIO_OV_RST bit is set and if PCFG is
open (refer to Chapter 12.8).

+ Buck short circuit detection.

+ Buck 100% Duty Cycle at low V; operation.
» Buckovercurrent peak detection.

« Boost overcurrent peak detection.

6.1.1 Functional Description of the Buck Converter

Logic

vbat > Vsur - M
NI .
1 - L] Feedforward
c1 c2 c3
Buck
L2
Converter BCKS‘”-
B o}
—l_; 1 L
Cc5 Ccé
Bandgap GND
Reference [~
Soft Start veet
Ramp
Generator

Figure8 Buck Block Diagram

The DC/DC Buck converterisintended as post-regulator (VCC1) and it provides a step down converter function
transferring energy from Vs to a lower output voltage with high efficiency (typically more than 80%). The
output voltage is 5V in a current range up to 750 mA. It is regulated via a digital loop with a precision of +2%.

It requires an external inductor and capacitor filter on the output switching pin (BCKSW). The Buck regulator
has integrated high-side and low-side power switching transistors. The compensation of the regulation loop
is done internally and no additional external components are needed.

A typical application example and external components proposal is available in Chapter 14.1.

The Buck converter is active in SBC Normal, Stop and Restart Mode and it is disabled in SBC Sleep and Fail-
Safe Mode.

Depending on the SBC Mode, the Buck converter works in two different modes:

«  PWM Mode (Pulse Width Modulation): This mode is available in SBC Normal Mode, SBC Restart Mode and
SBC Stop Mode (only for automatic or manual PFM to PWM transitions. Refer to Chapter 6.2.2). In PWM,
the Buck converter operates with a fixed switching frequency (fg,x). The duty cycle is calculated internally
based on input voltage, output voltage and output current. The precision is 2% or +3% based on input
supply and output current range (refer to Figure 13 for more information). In PWM Mode, the Buck
converter is capable of a 100% duty cycle in case of low V conditions. In order to reduce EMC, the edge
shaping feature has been implemented to control the activation and deactivation of the two power
switches.
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+ PFM Mode (Pulse Frequency Modulation): This mode is activated automatically when the SBC Stop Mode
is entered. The PFM Mode is an asynchronous mode. PFM Mode does not have a controller switching
frequency. The switching frequency depends on conditions of the Buck regulator such as the following:
input supply voltage, output voltage, output current and external components. A typical timing diagram is
shown in Figure 9. The Buck converter in PFM Mode has a tolerance of +4%. The transition from PFM mode
to PWM mode is described in Chapter 6.2.2.

Tristate
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T
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Figure9 Typical PFM timing diagram

6.1.1.1 Startup Procedure (Soft Start)

The Startup Procedure (Soft Start) permits to achieve the Buck regulator output voltage avoiding large
overshoot on the output voltage. This feature is activated during the power-up, from SBC Sleep to Restart
Mode and from SBC Fail-Safe to SBC Restart Mode.

When the Buck regulator is activated, it starts in open loop with a minimum duty cycle which is maintained for
a limited number of switching periods. After this first phase, the duty cycle is linearly increased by a fixed step
and it is maintained for a limited number of switching periods for each duty cycle step. This procedure is
repeated until the target output voltage value of the Buck regulator is reached. As soon as the Buck regulator
output voltage is reached, the regulation loop is closed and it starts to operate normally using PWM Mode
adjusting the duty cycle according to the Buck input and output voltages and the output current.

6.1.1.2 Buckregulator Status register

The register SMPS_STAT contains information about the open or short conditions on BCKSW pin. No SBC
Mode or configuration changes are triggered if one bit on SMPS_STAT register is set.

6.1.1.3 External components

The Buck converter needs one inductor and output capacitor filter. The inductor has a fixed value of 47 uH.
Secondary parameters such as saturation current must be selected based on the maximum current capability
needed in the application.

The output filter capacitors are two parallel 22 uF ceramic capacitor. For additional information, refer to
Chapter 14.1.
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6.1.2 Functional Description of the Boost Converter
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Figure 10 Boost Block Diagram

The Boost converter is intended as a pre-regulator and it provides a step up converter function. It transfers
energy from an input supply Vg, (battery voltage after reverse protection circuit) to a higher output voltage
(V) with high efficiency (typically more than 80%).

The regulator integrates the power switching and the sense resistor for overcurrent detection.

The Boost regulator can be enabled in SBC Normal Mode via SPI (register HW_CTRL_O, bit BOOST_EN) and
four output voltage values are selectable viaBOOST_V. The Boost regulator can also be active in SBC Stop and
Restart Mode. The selected boost output voltage will automatically define the voltage thresholds where the
boost will be ON (Vgsr 11, Vest 2> Vist,rhz @Nd Vpsr rua)- If the Boost regulator is enabled, it switches ON
automatically when Vs falls below the selected threshold voltage and switches OFF when crossing this
threshold including hysteresis again. The bit BST_ACT on SMPS_STAT register indicates that the Boost has
been activated.

The Boost output voltage can be changed only if BOOST_EN is set to 0. In case that the boost output voltage
configuration changes with BOOST_EN set to 1, the SPI_FAIL bit is set and the command is ignored.

Figure 11 shows the typical timing for enabling the Boost converter.

VSUP
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Y
VesTiiy = =—— —— — —
T
VBST,Hysx
0
BST ACT
BSTD

Figure 11 Boost converter activation
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The Boost regulator works in PWM Mode with fixed frequency (fgs7) and a tolerance of +3%.
If the Boost is enabled in Stop Mode, the quiescent current in the SBC is increased (P_4.4.31).

6.1.2.1 Boost Regulator Status register

Theregister SMPS_STAT containsinformation about the open or short conditions on Boost pinsincluding loss
of GND detection. No SBC mode or configuration is triggered if one bit is set on the SMPS_STAT register.

6.1.2.2 External Components

The Boost converter requires a number of external components such as the following: input buffer capacitor
on the battery voltage, inductor, freewheeling diode and filter capacitors.

For recommend external components and corresponding values, refer to Chapter 14.1.
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6.2 Power Scenarios

The chapter describes the features and performance of the Buck regulator according to SBC modes. The Boost
module works only in SBC Normal or Stop Mode using PWM modulation (refer also to Chapter 6.1.2).

6.2.1 Buck behavior in SBC Normal Mode

In SBC Normal Mode the Buck works is in PWM mode with fixed switching frequency. All supervision functions
for Buck converter are available in SBC Normal Mode and available depending the device configuration
(Chapter 5.1.1). For additional details on the supervision functions, refer to Chapter 12.7, Chapter 12.8,
Chapter 12.9 and Chapter 12.11.

6.2.2 Buck behavior in SBC Stop Mode

The SBC Stop Mode operation is intended to reduce the total amount of quiescent current while still providing
output voltage. In order to achieve this, the Buck regulator changes the modulation from PWM (Pulse Width
Modulation) to PFM (Pulse Frequency Modulation) when entering SBC Stop Mode.

In SBC Stop Mode, the Buck modulation can change as follow:

« Buck module always in PFM modulation (default setting).

+ Automatically change from PFM to PWM (setting PWM_AUTO).

+ Modulation is controlled by the WK pin (setting PWM_BY_WK).

If the PWM_BY_WK and PWM_AUTO are set at the same time, the PWM_AUTO has highest priority and PWM
automatic transition will be used.

If PWM_BY_WK and PWM_AUTO are at the same time set to 0, the buck module remains in PFM in SBC Stop
Mode.

If in SBC Stop Mode the Buck modulation is PWM, the buck output voltage tolerance and output current
capability are like SBC Normal Mode (P_6.5.1 and P_6.5.45).

6.2.2.1 Automatic Transition from PFM to PWM in SBC Stop Mode

If more current is needed, an automatic transition from PFM to PWM mode is implemented. When the Buck
regulator output current exceeds the lpgy pyy,tw threshold, the Buck module changes the modulation to PWM
and an INTN event is generated. In addition, the PFM_PWM bit on WK_STAT_0 is set.

In order to set the Buck modulation again in PFM mode, a SBC Stop Mode command has to be write to
M_S_CTRL register. This command has to be sent when the required Buck output current is below the Ipgy,.
pwwm,th threshold.

By default, the feature is disable. To enable the automatic transition from PFM to PWM, the PWM_AUTO bit in
HW_CTRL_0 has to be set before entering SBC Stop Mode.

When entering SBC Stop Mode, the automatic transition from PFM to PWM mode is activated after the
transition time (t,,), during which the Buck regulator loop changes the modulation technique. Figure 12
shows the timing transition from SBC Normal to Stop Mode.

The transition time t,,, is always implemented in case of transition from PWM to PFM modulation.
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Figure 12 Transition from SBC Normal to SBC Stop Mode

The ti.g CaN be configured via SPI using the PWM_TLAG in HW_CTRL_O register.

The automatic transition from PFM to PWM can be disabled by setting the PWM_AUTO to 0 in the HW_CTRL_O
register.

6.2.2.2 Manual Transition from PFM to PWM in SBC Stop Mode

The PFM to PWM transition can also be controlled by the microcontroller or an external signal by using the WK
pin as a trigger signal in SBC Stop Mode.

When the PWM_BY_WAK bit is set to 1, the Buck regulator can be switched from PFM to PWM using the WK pin.

A LOW level at the WK pin will switch the Buck converter to PFM mode, a HIGH level will switch the Buck
converter to PWM Mode. In this configuration, the transition time t,,, is not taken into account because a
defined signal from microcontroller or external source is expected.

6.2.2.3 SBC Stop to Normal Mode transition
The microcontroller sends an SPI command to switch from SBC Stop Mode to SBC Normal Mode. In this
transition, the Buck regulator changes the modulation from PFM to PWM.

Once the SPI command for the SBC Normal Mode transition is received, the Buck output current is able to rise
above the specified maximum Stop Mode current (lpgy_pwm,th)-

If the transition from SBC Stop Mode to SBC Normal Mode is carried out when the Boost is enabled and
operating, it will continue to operate without any changes.

6.2.3 Buck behavior in SBC Sleep or Fail Safe Mode

In SBC Sleep or Fail Safe Mode, the Buck and Boost converter are off and not operating. The lowest quiescent
current is achievable.

6.2.3.1 SBC Sleep/Fail Safe Mode to SBC Normal Mode transition

In case of a wake-up event from WK pin or transceivers, the SBC will be set to SBC Restart Mode and as soon
as the reset is released, into SBC Normal Mode.

In SBC Restart Mode, the Buck regulator is activated and ramping-up. The Boost regulator is activated and
ramping-up again (in case the V; is below the selected threshold) in according the configuration selected in
SBC Normal Mode. As soon as the Buck output voltage exceeds the reset threshold, the RSTN pin is released.
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6.3 Electrical Characteristics

Table 10 Electrical Characteristics

T;=-40°Cto +150°C; Vs = 5.5V to 28 V; all voltages with respect to ground, positive current flowing into pin
(unless otherwise specified)

Parameter Symbol Values Unit |Noteor Number
Min. |Typ. Max. Test Condition

Buck Regulator

OutputVoltage PWMincluding | Ve oyn |49 |50 |51 |V SBC Normal Mode P_6.5.1

Line and Load regulation (PWM)

1 mA<lyc; <750 mA
6.5V<V <28V

OutputVoltage PWMincluding | Vecy oyrn |4-85 |5.0  |5.15 |V U SBC Normal Mode | P_6.5.45
Line and Load regulation (PWM)

lycey = 400 mA
V=55V
Boost Disable

Output Voltage PFMincluding | Ve oy |48 [5.0 |52 |V SBC Stop Mode (PFM) |P_6.5.2

Line and Load regulation 10 pA < lyeer < lppm-
PWM,TH
6.5V<V,<28V
Output Voltage PFM including | Ve o3 |4.85 [5.0 |5.15 |V SBC Stop Mode (PFM) |P_6.5.47
Line and Load regulation 10 pA <lyce; <50 mA
6.5V<V<28V
Power Stage on-resistance Rpsonius |~ - 1.3 [Q V¢=6.5V P_6.5.3
High-Side lys=100 mA
Power Stage on-resistance Rpsonits |- - 1.3 |Q lgcksw = 100 mA P_6.5.20
Low-Side
Overcurrent peak limitation | /gek 7y |0.85 [1.05 |12 |A Vs>6.5V P_6.5.40
internal high side
Buck switching frequency fauk 405 450 [495 |kHz |SBCNormalMode P_6.5.5
(PWM)
Automatic transition PFM to lpem- 80 110 [150 |mA |YSBC Stop Mode P_6.5.6
PWM threshold PWM,TH (PFM)
6.5V<V,<28V
Transition time from PWMto  |¢,,, - 1 - ms |V PWM_TLAG=1 P_6.5.15
PFM (on HW_CTRL_0)
Transition time from PWM to | t,, - 100 |- us ) PWM_TLAG=0 P_6.5.16
PFM (on HW_CTRL_0)

Boost Regulator
Boost Voltage 1 including Line | Vgsr; 65 |67 |69 |V 2 SBC Normal Mode  |P_6.5.7

and Load regulation Vsup=3V
lys =550 mA
Boost enabled
BOOST_V =00g4
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Table 10

Electrical Characteristics (cont’d)

infineon

T;=-40°Cto +150°C; Vs = 5.5V to 28 V; all voltages with respect to ground, positive current flowing into pin

(unless otherwise specified)

Parameter Symbol Values Unit | Noteor Number
Min. |Typ. Max. Test Condition
Boost Voltage 2 including Line | Vgsr, 7.76 |8 8.24 |V 2 SBC Normal Mode |P_6.5.8
and Load regulation Veup =3V
lys = 450 mA
Boost enabled
BOOST_V =01,
Boost Voltage 3 including Line | Vggrs 9.7 |10 103 |V 2)SBC Normal Mode |P_6.5.28
and Load regulation Vsup=3V
lys =300 mA
Boost enabled
BOOST_V =10,
Boost Voltage 4 including Line | Vggr, 11.64 |12 12.36 |V 2)SBC Normal Mode |P_6.5.31
and Load regulation Vsup=3V
lys =250 mA
Boost enabled
BOOST_V=11,
Boost Switch ON voltage Vesttiy |6.50 |7 730 |V Boost enabled, Vg P_6.5.9
falling
BOOST_V =00,
Boost Switch ON voltage Vestrip | 790 |85 8.90 |V Boost enabled, Vg P_6.5.18
falling
BOOST_V=01,
Boost Switch ON voltage Vestns |9-80 |10.5 |10.80 |V Boost enabled, Vg P_6.5.34
falling
BOOST_V =10,
Boost Switch ON voltage Vesttie |11.7 |12.5 |13.0 |V Boost enabled, Vg P_6.5.35
falling
BOOST_V=11,
Boost Switch ON/OFF Vestwys 035 |05 |0.70 |V Boost enabled P_6.5.10
hysteresis
Overcurrent peak limitation | lgsr |y (1.7 |20 |23 |A Boost enable P_6.5.11
internal switch Vsupz3V
Boost switching frequency fast 405 450 [495 |kHz |SBCNormalMode P_6.5.12

(PWM)

1) Not subject to production test, specified by design.
2) Values verified in characterization with Boost converter external components specified in Chapter 14.1. No subject
to production test; specified by design. Refer to Figure 14 for additional information.

Datasheet

36

Rev. 1.5
2019-09-27



o~ _.
TLE9278BQX Infineon
Multi-CAN Power+ System Basis Chip '

DC/DC Regulator

800

VCCH1 tolerance +/-3% VCC1 tolerance +/-2%

750 |

700 |

lvcet (MA)
[<2] [<2}
[=] a
o o

o
a
o

500 |

450 |

400

55 56 57 58 59 6 61 62 63 64 65 8 10 12 18 20 24 28
Vs (V)

Figure 13 Maximum DCDC Buck current capability versus Vg

Note: Figure 13 is based on characterization results overtemperature with external components specified
in Chapter 14.1.
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Figure 14 Maximum DCDC Boost current capability versus Vg,
Note: Figure 14 is based on simulation results (specified by design), with Boost converter external
components specified in Chapter 14.1.
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7 External Voltage Regulator
7.1 Block Description
VEXTIN VEXTSH VEXTB VEXTREF

1 1 I 1
L T LT

Ree ;

J |lExTbase

VExTIN = VEXTshunt
> Vshunt_threshold

V
State Machine REF

Figure 15 Functional Block Diagram

Functional Features
+ Low-drop voltage regulator with external PNP transistor (up to 400 mA with 470 mQ shunt resistor).
« Four high voltage pins are used: VEXTIN, VEXTB, VEXTSH, VEXTREF.

+ Dedicated supply input VEXTIN to supply from V or from VCC1 (Buck regulator output voltage) depending
on the application.

« Configurable output voltages via SPI: 5.0V, 3.3V (default), 1.8 Vand 1.2 V.

+ =47 uF ceramic capacitor at output voltage for stability, with ESR <150 mQ @ f = 10 kHz to achieve the
voltage regulator control loop stability based on the safe phase margin (bode diagram).

« Overcurrent limitation can be configured with external shunt resistor.
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7.2 General Description

The external voltage regulator can be used as an independent voltage regulator or as microcontroller supply
with fixed VEXT output voltage (depending on the PCFG pin setting). For additional information, refer to
Chapter 5.1.1.1, in particular the Table 5.

The regulator will act in the respective SBC Mode as described in Table 11.

The maximum current lgyr 1 is defined by the shunt used. To protect the VEXT against overtemperature
condition, the base driver has a dedicate temperature sensor. For detailed temperature protection features,
refer to Chapter 12.11.

The status of VEXT is reported in the SUP_STAT_1 register (for detailed protection features refer to
Chapter 12.10).

Table11l External Voltage Regulator State by SBC Mode
SBC Mode Voltage Regulator Behavior Voltage Regulator Behavior
(PCFG =Open) (PCFG = GND)

INIT Mode OFF ON,VEXT=3.3V

Normal Mode Configurable VEXT = 3.3V (fixed)

Stop Mode Fixed VEXT = 3.3V (fixed)

Sleep Mode Fixed OFF

Restart Mode Fixed VEXT = 3.3V (fixed)

Fail-Safe Mode OFF OFF

Note: The configuration of the VEXT voltage regulator behavior must be implemented immediately when
the SBC Normal Mode is reached after power-up of the device. As soon as the bit VEXT_ON s set for
the first time, the configuration for VEXT cannot be changed anymore. The configuration cannot be
changed as long as the device is supplied.

Note: If the VEXT output voltage is supplying external off-board loads, the application must consider the
series resonance circuit built by cable inductance and decoupling capacitor at load. Sufficient
damping must be provided(e.q. series resistor with capacitor directly at device or 100 Q Resistor
between PNP collector and VEXTREF with 10 uF cap on collector (see Figure 16).

7.2.1 Functional Description

This regulator offers with VEXT a second supply which could be used as off-board supply e.g. for sensors due
to the integrated HV pins VEXTB, VEXTSH, VEXTREF.
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Figure 16 VEXT Hardware Setup

VEXT can be switched ON or OFF but the output voltage configuration cannot no longer be changed once
activated.

An overcurrent detection function is realized with the external shunt (see Chapter 7.4 for calculating the
desired shunt value) and output current shunt voltage threshold (Vguynt threshota)- When this threshold is
reached, IEXT is limited and only the overcurrent detection bit VEXT_OC is set (no other reactions). This bit can
be cleared via SPI once the overcurrent condition is no longer present. If the overcurrent detection feature is
not needed, connect the VEXTSH pin to VEXT supply (VEXTIN pin).

If PCFG pin is left open, VEXT has the undervoltage signaling enabled and an undervoltage event is signaled
with the bit VREG_UV in the SUP_STAT_O. If PCFG is connected to GND, the VEXT undervoltage is signaled
with the bit VIO_UV on SUP_STAT_1 register (refer to Chapter 12.7 for additional information).

7.3 External Components

The characterization is done with the BCP52-16 from Infineon (/g < 200 mA) and with MJD253 from ON
Semi.Other PNP transistors can be used. The functionality must be checked in the application.

Figure 16 shows the hardware set up used.

Table 12 Bill of Materials for VEXT with BCP52-16

Device Vendor Reference [ Value

C2 Murata 10 uF/10V GCM31CR71A106K64L

RSHUNT - 10

T1 Infineon BCP52-16

Note: The SBC is not able to ensure a thermal protection of the external PNP transistor. The power

handling capabilities for the application must therefore be chosen according to the selected PNP
device and according to the PCB layout and the properties of the application to prevent thermal
damage.
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Table 13  Bill of Materials for VEXT with MJD-253

Device Vendor Reference [ Value

C2 Murata 10 uF/10V GCM31CR71A106K64L
RSHUNT - 470 mQ

T1 ON-Semi MJD253

7.4 Calculation of Ryt

The maximum current lgy; .., Where the overcurrent detection bit is set (VEXT_OC = 1 on the SUP_STAT_1
register), is determined by the shunt resistor Ry, y; and the Output Current Shunt Voltage Threshold

(vshunt_threshold)'
The resistor can be calculated as following:

I/shunt __threshold

Rgunr = 7 (7.1)
EXT _max
7.5 Unused Pins
In case the VEXT is not used in the application, connect the unused pins of VEXT as followed:
+ Connect VEXTSH, VEXTIN to V; or leave open.
+ Leave VEXTB open.
+ Leave VEXTREF open.
« Keep VEXT disabled.
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7.6 Electrical Characteristics

Table14 Electrical Characteristics

Vs=5.5V1t028V; T;=-40°Cto +150°C; SBC Normal Mode; all outputs open; all voltages with respect to ground;
positive current defined flowing into pin (unless otherwise specified)

Parameter Symbol Values Unit |Note or Test Condition |Number

Min. Typ. Max.

Parameters independent from Test Set-up

External Regulator |/eyrpase 40 60 80 mA Vextbase = 13.5V P_7.6.1
Control Drive
Current Capability

Input Current lextret - 3 10 pA Vexrrer=3.3V,5V,1.8V, |P_7.6.2
VEXTref 1.2V

Input Current Veyr | fexrshunt 1 3 10 WA Vextshunt = Vs P_7.6.3
Shunt Pin

Output Current Vepunt threshold | 180 245 310 mv |Y P_7.6.4
Shunt Voltage

Threshold

Leakage current of | /eyrpase - - 5 HA Vextbase = Vs P_7.6.7
Vexrbase When VEXT T,=25°C

disabled

Leakage current of | leyrepunt - - 5 pA Vextshunt = Vs P_7.6.25
Vextshunt When VEXT T;=25°C

disabled

Base to emitter Rge 120 150 185 kQ VexTbase = Vs - 0.3 V; P_7.6.9
resistor Vexr OFF

Active Peak IexT ipeakr - 50 - MA | Drive current| gyppage; | P_7.6.26
Threshold VEXT lextbase F1SING

(Transition Vs=13.5V;

threshold between -40°C<T;<150°C

high-power and
low-power mode

regulator)

Active Peak IexT ipeak f - 30 - MA |2 Drive current |_gyqpaees | P_7.6.27
Threshold VEXT lexthase falling

(Transition Ve=13.5V;

threshold between -40°C<T;<150°C

high-power and
low-power mode

regulator)

Parameters dependent on the Test Set-up (with external PNP device MJD-253)

External Regulator | Veyr oy 4.9 5 5.1 v 3) SBC Normal Mode; P_7.6.10
Output Voltage VEXT_VCFG=00,4

including Line and 55V <Vpxr <28V

Load regulation 10 mA < /gy <400 mA;
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Table 14 Electrical Characteristics (cont’d)

Vs=5.5Vt028V; T;=-40°C to +150°C; SBC Normal Mode; all outputs open; all voltages with respect to ground;
positive current defined flowing into pin (unless otherwise specified)

Parameter Symbol Values Unit |Note or Test Condition |Number
Min. Typ. Max.

External Regulator | Veyr oy 4.8 5 5.2 v 3) SBC Stop, Sleep Mode; |P_7.6.21

Output Voltage VEXT_VCFG=00,4

including Line and 55V < Ve <28V

Load regulation 10 PA <Igyp <20 mA;

External Regulator | Viyr ouis 3.23 3.3V 3.37 v 3) SBC Normal Mode; P_7.6.11

Output Voltage VEXT_VCFG=01,

including Line and 55V <Vpxr <28V

Load regulation 10 mA < /g <300 mA;

External Regulator |Viyr gy 3.15 3.3V 3.45 v 3) SBC Stop, Sleep Mode; |P_7.6.12

Output Voltage VEXT_VCFG=01g

including Line and 55V <Vpxr <28V

Load regulation 10 PA < /gy <20 MA;

External Regulator | Veyr ous 1.75 1.8 1.85 Vv %) SBC Normal Mode; P_7.6.13

Output Voltage VEXT_VCFG=10,4

including Line and 55V <Vyexr <28V

Load regulation 10 mA < /g <300 mA;

External Regulator | Veyr oue 1.7 1.8 1.9 v %) SBC Stop, Sleep Mode; |P_7.6.14

Output Voltage VEXT_VCFG=10,4

including Line and 55V <Vyexr <28V

Load regulation 10 pA < /gy <20 mA;

External Regulator | Veyr oy 1.16 1.2 1.24 v 3 SBC Normal Mode; P_7.2.22

Output Voltage VEXT_VCFG=11,4

including Line and 55V <Vexr <28V

Load regulation 10 mA < /gy <300 mA;

External Regulator | Veyr ous 1.15 1.2 1.25 v %) SBC Stop, Sleep Mode; |P_7.6.23

Output Voltage VEXT_VCFG=11,4

including Line and 55V<Vexr <28V

Load regulation 10 pA < /gy <20 mA;

1) Threshold at which the current limitation starts to operate.

2) Notsubject to production test, specified by design.

3) Toleranceincludes load regulation and line regulation.
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8 High Speed CAN Transceiver
8.1 Block Description
VCAN
SPI Mode Vio
H * Control
CANHX 1€ Driver R
CANL > 0::2;; Temp.- [ ﬂ ] TXDCANX
= —l/] H Protection t'"lem‘t

l To SPI diagnostic

L_—e JI MUX :}_[:] RXDCANX

I 1
| S
Receiver :I.

Vs?

Wake
Receiver

Figure 17 Functional Block Diagram

8.2 Functional Description

The Controller Area Network (CAN) transceiver part of the SBC provides high-speed (HS) differential mode
data transmission (up to 5Mb) and reception in automotive and industrial applications. It works as an
interface between the CAN protocol controller and the physical bus lines compatible with ISO 11898-2, 11898-
5 as well as SAE J2284.

The CAN transceiver offers low power modes to reduce current consumption. This supports networks with
partially powered down nodes. To support software diagnostic functions, a CAN Receive-only Mode is
implemented.

It is designed to provide excellent passive behavior when the transceiver is switched off (mixed networks,
clamp15/30 applications).

A wake-up from the CAN wake capable mode is possible via a message on the bus. Thus, the microcontroller
can be powered down or idled and will be woken up by the CAN bus activities.

The CAN transceiver is designed to withstand the severe conditions of automotive applications and to support
12 V applications.

The different transceiver modes can be controlled via the SPI CANx bits.
Figure 18 shows the possible transceiver mode transitions when changing the SBC mode.
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SBC Mode CAN Transceiver Mode

SBC Stop Mode | Receive Only | |Wake Capable| OFF

t 1 ™~ t
SBC Normal Mode | Receive Only | |Wake Capable| | Normal Mode | | OFF |

S~ }

SBC Sleep Mode OFF
v v

SBC Restart Mode OFF

Wake Capable

SBC Fail-Safe Mode

| 'after a wake event on CAN Bus |

enavior a 1€ - eep viode aue 1o 4 dKe Uup orine respe e uan elve
Ifthe transceivers had been configured to NormalMode, or Receive Only Mode, then the mode will be changed toWake
Capable. Ifit was Wake Capable then it will remain Wake Capable. If it had been OFF before SBC Restart Mode, then it

will remain OFF.

Behavior in SBC Development Mode
CAN default value in SBC INIT MODE and entering SBC Normal Mode from SBC Init Mode is ON instead of OFF

Figure 18 CAN Mode Control Diagram

CAN FD Support

CAN FD stands for ‘CAN with Flexible Data Rate’. It is based on the well established CAN protocol as specified
in ISO 11898-1. CAN FD still uses the CAN bus arbitration method. The benefit is that the bit rate can be
increased by switching to a shorter bit time at the end of the arbitration process and then returning to the
longer bit time at the CRC delimiter before the receivers transmit their acknowledge bits. See also Figure 19.
In addition, the effective data rate is increased by allowing longer data fields. CAN FD allows the transmission
of up to 64 data bytes compared to the 8 data bytes from the standard CAN.

CAN Header

Standard CAN
message

Data phase
(Byte 0 —Byte 7)

CAN Footer

o
-
-
-
-
-
-

-
—
-

CAN FD with

-
-

Example:

reduced bit time - Arbitration Phase

- Data Phase
-> average bit rate

- 11 bit identifier + 8Byte data

500kbps
2Mbps
1.14Mbps

Figure 19 Bit Rate Increase with CAN FD vs. Standard CAN

CAN FD has to be supported by both the physical layer and the CAN controller. If the CAN controller cannot
support CAN FD, then the respective CAN node must at least tolerate CAN FD communication. This CAN FD
tolerant mode is implemented in the physical layer.
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8.2.1 CAN OFF Mode

The CAN OFF Mode is the default mode after power-up of the SBC. It is available in all SBC Modes and is
intended to completely stop CAN activities or when CAN communication is not needed. The CANH/L bus
interface acts as a high impedance input with a very small leakage current. In CAN OFF Mode, a wake-up event
on the bus will be ignored.

8.2.2 CAN Normal Mode

The CAN Transceiver is enabled via SPI in SBC Normal Mode. CAN Normal Mode is designed for normal data
transmission/reception within the HS-CAN network. The mode is only available in SBC Normal Mode or SBC
Init Mode if the SBC Development Mode is used. The bus biasing is set to VCAN/2.

Transmission

The signal from the microcontroller is applied to the TXDCANXx input of the SBC. The bus driver switches the
CANH/L output stages to transfer this input signal to the CAN bus lines.

Enabling sequence

The CAN transceiver requires an enabling time tc,y gy before a message can be sent on the bus. This means
that the TXDCANXx signal can only be pulled LOW after the enabling time. If this is not ensured, then the
TXDCANXx needs to be set back to HIGH (=recessive) until the enabling time is completed. Only the next
dominant bit will be transmitted on the bus. Figure 20 shows different scenarios and explanations for CAN
enabling.

|28

Txocan A

(L/ \ / (c / \ >
JY JJ t
CAN tCAN EN tCAN EN tCAN EN
Mode ’ ' '
CAN
NORMAL[
CAN
OFF )( >
t
VCAND\FF
Dominant
Recessive (C 2 >
33 3 ‘
i recessive
Correct sequence , tean, en not ensured , no é?,iﬁigj,g&%’: toan, en ot ensured, TXDCAN
Bus is enabled after touy, ey transmission on bus e e, no transmission on bus level required

Figure 20 CAN Transceiver Enabling Sequence

Reduced Electromagnetic Emission

To reduce electromagnetic emissions (EME), the bus driver controls CANH/L slopes symmetrically.

The slope control can be disabled using the CAN_x_Flash bits to achieve bite rate higher than 5 Mb.
Reception

Analog CAN bus signals are converted into digital signals at RKDCANXx via the differential input receiver.

8.2.3 CAN Receive Only Mode

In CAN Receive Only Mode (RXD only), the driver stage is de-activated but reception is still operational. This
mode is available in SBC Normal and Stop Mode. The bus biasing is set to VCAN/2.
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8.2.4 CAN Wake Capable Mode

This mode can be used in SBC Stop, Sleep, Restart and Normal Mode and it is used to monitor bus activities. It
is automatically accessed in SBC Fail-Safe Mode. A valid wake-up pattern (WUP) on the bus results in a change
of behavior of the SBC, as described in Table 15. As a signalization to the microcontroller, the RXDCANX pin is
set LOW and will stay LOW until the CANx transceiver is changed to any other mode. After a wake-up event, the
transceiver can be switched to CAN Normal Mode for communication using SPI command.

As shown in Figure 21, a wake-up pattern is signaled on the bus by two consecutive dominant bus levels for
at least tyy, e, (filter time t>ty,,,.1), €ach separated by a recessive bus level of less than ty,e,-

Entering low-power mode, (
when selective wake-up

function is disabled
. or not supported Ini Bus recessive > twakE1 Wait

Bias off Bias off

Bus dominant > twake1
optional:
1 tWAKE2 exelred >
Bias off z
Bus recessive > twake1

optional:

Bias off

Bus dominant > twake1

tsilence expired AND

Entering CAN Normal Device in low-power mode /

(o

Bias on

or CAN Recive Only

Bus dominant > twake1 Bus recessive > twake1

tsience expired AND
device in low-power mode /

Bias on

PP

Figure21 WUP detection following the definition in 1ISO 11898-5

Rearming the Transceiver for Wake Capability

After a bus wake-up event, the transceiver is woken. However, the CANx transceiver mode bits will still show

wake capable (=°01’) so that the RXDCAN signal will be pulled low. There are two possibilities how the CAN

transceiver’s wake capable mode is enabled again after a wake event:

« The CAN transceiver mode must be toggled, i.e. switched from Wake Capable Mode to CAN Normal Mode,
CAN Receive Only Mode or CAN Off, before switching to CAN Wake Capable Mode again.

+ Rearmingis done automatically when the SBC is changed to SBC Stop, Sleep, or SBC Fail-Safe Mode to
ensure wake-up capability.
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Note: It is not necessary to clear the CAN wake-up bit CAN_x_WU to become wake capable again. It is
sufficient to toggle the CAN mode.

High Speed CAN Transceiver

Wake-Up in SBC Stop and Normal Mode

In SBC Stop Mode, if a wake-up is detected, it is always signaled by the INTN output and in the WK_STAT_0,
WK_STAT_2 SPI registers. It is also signaled by RXDCANXx pulled to low. The same applies for the SBC Normal
Mode. The microcontroller should set the device from SBC Stop Mode to SBC Normal Mode; there is no
automatic transition to SBC Normal Mode.

For functional safety reasons, the watchdog will be automatically enabled in SBC Stop Mode after a bus wake
eventin case it was disabled before (if bit WD_EN_WK_ BUS was configured to HIGH before).

Wake-Up in SBC Sleep Mode

Wake-up is possible via a CAN message (filter time t > ty,,..;)- The wake-up automatically transfers the SBC into
the SBC Restart Mode and from there to Normal Mode the corresponding RXDCANXx pin in set to LOW. The
microcontroller is able to detect the low signal on RXDCANx and to read the wake source out of the
WK_STAT_0 or WK_STAT_2 register via SPI. No interrupt is generated when coming out of SBC Sleep Mode.
The microcontroller can now for example switch the CAN transceiver into CAN Normal Mode via SPI to start
communication.

Table15 Action due to CAN Bus Wake-Up

SBC Mode SBC Mode after Wake VCC1 INTN RXD
Normal Mode Normal Mode ON LOW LOwW
Stop Mode Stop Mode ON LOW LOW
Sleep Mode Restart Mode Ramping Up HIGH LOW
Restart Mode Restart Mode ON HIGH LOW
Fail-Safe Mode Restart Mode Ramping up HIGH LOW

8.2.5 TXD Time-out Feature

If the TXDCANX signal is dominant for a time t > typ can_ 1o, iN CAN Normal Mode, the TXD time-out function
deactivates the transmission of the signal at the bus. This is implemented to prevent the bus from being
blocked permanently due to an error. The transmitter is disabled and the transceiver is switched to Receive
Only Mode. The failure is stored in the SPI flag CAN_x_FAIL. The CAN transmitter stage is activated again after
the dominant time-out condition is removed and the transceiver is automatically switched back to CAN
Normal Mode.The transceiver configuration stays unchanged.

8.2.6 Bus Dominant Clamping

If the HS-CAN bus signal is dominant for a time t > tgys cay 10, régardless of the CAN transceiver mode a bus
dominant clamping is detected and the SPI bit CAN_x_FAIL is set. The transceiver configuration stays
unchanged.

8.2.7 Undervoltage Detection

The voltage at the CAN supply pin is monitored in CAN Normal Mode and CAN Receiver Only Mode . In case of
VCAN undervoltage, the bit VCAN_UV is set and the SBC disables the transmitter stage. If the undervoltage
condition is not present anymore (VCAN >V, yy¢), the transceiver is automatically switched back to CAN
Normal Mode. The transceiver configuration stays unchanged.
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8.3 Electrical Characteristics

Table16 Electrical Characteristics

Vs=5.5V 1028 V; T, =-40°C to +150°C; 4.75 V < V¢, < 5.25 V; R, = 60 Q; CAN Normal Mode; all voltages with
respect to ground, positive current flowing into pin (unless otherwise specified)

Parameter Symbol Values Unit |Noteor Number
Min. |Typ. |Max. Test Condition
CAN Supply Voltage
CAN Supply undervoltage | Veay yvs 4.5 - 475 |V CAN Normal Mode; |P_8.3.1
detection threshold VCAN falling;
CAN Bus Receiver
Differential Receiver Vit d_n - 0.80 |0.90 |V Vigier = Veann - Veanss P_8.3.2
Threshold Voltage, -12V =VCM(CAN) =<
recessive to dominant edge +12V,
CAN Normal Mode
Dominant state differential | Vg p range | 0.9 - 8.0 v DV e =Veann - Veanss | P_8.3.60
input voltage range -12V < VCM(CAN) =<
+12V;
CAN Normal Mode
Differential Receiver Vit dr N 0.50 0.60 - \Y Ve = Veann ~Veanss P_8.3.3
Threshold Voltage, -12V<VCM(CAN) <
dominant to recessive edge +12V,
CAN Normal Mode
Recessive state differential | Vg g range |-3-0 - 0.5 v DV =Veann - Veanss | P_8.3.61
input voltage range -12V < VCM(CAN) =<
+12V;
CAN Normal Mode
Common Mode Range CMR -12 - 12 Vv 2 P_8.3.4
CANH, CANL Input R; 20 40 50 kQ CAN Normal /Wake |P_8.3.5
Resistance capable Mode;
-2V<VCANH/L<+7V
Recessive state
Differential Input Resistance | Ry 40 80 100 kQ |CAN Normal/Wake |P_8.3.6
capable Mode;
-2V<VCANH/L<+7V
Recessive state
Input Resistance Deviation |DR, -3 - 3 % U Recessive state P_8.3.7
between CANH and CANL VCANH =VCANL =5V
Input Capacitance CANH, Cin - 20 40 pF 2 Vixp=5V P_8.3.8
CANL versus GND
Differential Input Caif - 10 20 pF |2 Vyp=5V P_8.3.9
Capacitance
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Table 16 Electrical Characteristics (cont’d)

Vs=5.5Vto28V; T;=-40°C to +150°C; 4.75 V < V¢, < 5.25 V; R, = 60 Q; CAN Normal Mode; all voltages with
respect to ground, positive current flowing into pin (unless otherwise specified)

Parameter Symbol Values Unit |Noteor Number
Min. |Typ. |Max. Test Condition

Wake-up Receiver Vi, rd_w - 0.8 115 |V -12V=<VCM(CAN)= |P_8.3.10
Threshold Voltage, +12V;
recessive to dominant edge CAN Wake Capable

Mode
Wake-up Receiver Dominant |V p range | 1.15 - 8.0 \Y U _12V<VCM(CAN) < |P_8.3.62
state differential input w +12V;
voltage range CAN Wake Capable

Mode
Wake-up Receiver Vi, dr w 0.4 0.7 - \Y -12V<VCM(CAN)= |P_8.3.11
Threshold Voltage, +12V;
dominant to recessive edge CAN Wake Capable

Mode
Wake-up Receiver Recessive | Vyigg range w|-3-0 - 0.4 \Y .12V <VCM(CAN) < |P_8.3.63
state differential input +12V;
voltage range CAN Wake Capable

Mode
CAN Bus Transmitter
CANH/CANL Recessive Veanimnm | 2.0 - 3.0 v CAN Normal Mode; |P_8.3.12
Output Voltage Vivo = Yo
(CAN Normal Mode) no load
CANH/CANL Recessive Ve |01 |- 0.1 Vv CAN Wake Capable |P_8.3.13
Output Voltage Mode; Viyp = Vo;
(CAN Wake Capable Mode) no load
CANH, CANL Recessive Vigitt r N -500 |- 50 mV | CAN Normal Mode P_8.3.14
Output Voltage Difference Vixo = Vios
Vaits = Veann - Veant no load
CANH, CANL Recessive Viite r w -100 |- 100 mV | CAN Wake Capable |P_8.3.15
Output Voltage Difference Mode;
Vaits = Veann = Veant Vixo = Vios

no load
CANL Dominant Output Veant 0.5 - 225 |V CAN Normal Mode; |P_8.3.16
Voltage Vixp =0V;

50Q=<R =650
CANH Dominant Output Veann 2.75 - 4.5 v CAN Normal Mode; |P_8.3.17
Voltage Vixp =0V;

50Q=<R =650
CANH, CANL Dominant Vit d n 1.5 2.0 2.5 Y CAN Normal Mode; |P_8.3.18
Output Voltage Difference Vixo=0V;
Vaitr = Veann - Veant 50Q=R =650
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Table 16

Electrical Characteristics (cont’d)

Vs=5.5Vto28V; T;=-40°C to +150°C; 4.75 V < Vs < 5.25 V; R, = 60 Q; CAN Normal Mode; all voltages with
respect to ground, positive current flowing into pin (unless otherwise specified)

Parameter Symbol Values Unit |Noteor Number
Min. |Typ. |Max. Test Condition
CANH, CANL Dominant Vit d_n 1.5 - 5.0 \Y ) CAN Normal Mode; | P_8.3.58
Output Voltage Difference Visg=0V;
Vaitr = Veann = Veane ON R =22400
extended bus load range
CANH, CANL output voltage |V sope ra | - - 70 V/us | 30% to 70% of P_8.3.47
difference slope, recessive measured
to dominant differential bus
voltage,
€, =100 pF,R =60 Q
CANH, CANL output voltage | Vg siope dr - 70 V/us | Y 70% to 30% of P_8.3.48
difference slope, dominant measured
to recessive differential bus
voltage,
€, =100 pF,R =60 Q
CANH Short Circuit Current | /canmsc -100 |-80 -50 mA | CAN Normal Mode; |P_8.3.20
Veanrshort = -3V
CANL Short Circuit Current | /canisc 50 80 100 mA  |CAN Normal Mode  |P_8.3.21
Veantshor = 18V
Leakage Current leanm,k - 5 7.5 HA Vs=Vean=0V; P_8.3.22
(unpowered device) leant, ik OV<Veanp=5V;
%) Riest = 0/ 47 kQ
Receiver Output RXD
HIGH level Output Voltage | Vgyp 0.8x |- - \Y CAN Normal Mode P_8.3.23
Vio [Rxp(can) = -2 MA;
LOW Level Output Voltage | Viyp - - 0.2x |V CAN Normal Mode P_8.3.24
Vio [expcan) =2 MA;
Transmission Input TXD
HIGH Level Input Voltage Vixo.n - - 0.7x |V CAN NormalMode | P_8.3.25
Threshold Vio recessive state
LOW Level Input Voltage Vixo.L 03x |- - \Y CAN Normal Mode  |P_8.3.26
Threshold Vio dominant state
TXD Input Hysteresis Vixo,nys - 0.12x |- mv |V P_8.3.27
Yio
TXD Pull-up Resistance Rixp 20 40 80 kQ - P_8.3.28
CAN Transceiver Enabling | tcay en 8 13 18 us 8 CSN = HIGH to first |P_8.3.29
Time valid transmitted
TXD dominant
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Table 16 Electrical Characteristics (cont’d)

Vs=5.5Vto 28 V; T;=-40°C to +150°C; 4.75 V < Vs < 5.25 V; R, = 60 Q; CAN Normal Mode; all voltages with
respect to ground, positive current flowing into pin (unless otherwise specified)

Parameter Symbol Values Unit |Noteor Number
Min. |Typ. |Max. Test Condition

Dynamic CAN-Transceiver Characteristics
Driver Symmetry Vsym 45 - 5.5 Vv 14 CAN Normal P_8.3.19
Vs = Veann + Veant Mode;

Vig=0V/5V;

Vean=5V;

50Q=R =600
Min. Dominant Time for Bus | t.xe; 0.5 1.2 1.8 us -12V<VCM(CAN)=< |P_8.3.30
Wake-up +12V;

CAN Wake capable

Mode
Wake-up Time-out, twake2 0.5 - 10 ms  |® CAN Wake capable |P_8.3.31
Recessive Bus Mode
WUP Wake-up twu_ wup - - 100 |ps | *9® wake-up P_8.3.32
Reaction Time reaction time after a

valid WUP on CAN

bus;
ISO: Loop Delay (recessive to | i, ¢ - 150 255 ns CAN Normal Mode  |P_8.3.33
dominant) C, =100 pF;

R =60Q;

Crxp =15 pF

(see Figure 22)
ISO: Loop Delay (dominant |t , - 150 255 ns CAN Normal Mode  |P_8.3.34
to recessive) C, =100 pF;

R, =60 Q;

Crxp = 15 pF

(see Figure 22)
Propagation Delay taw.T - 50 - ns CAN Normal Mode P_8.3.35
TXD LOW to bus dominant C, =100 pF;

R =600,

(see Figure 22)
Propagation Delay tagT - 50 - ns CAN Normal Mode P_8.3.36
TXD HIGH to bus recessive C, =100 pF;

R =60Q;

(see Figure 22)
Propagation Delay taw R - 100 - ns CAN Normal Mode P_8.3.37
bus dominant to RXD LOW C, =100 pF;

R, =60 Q;

Crxp =15 pF

(see Figure 22)
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Table 16 Electrical Characteristics (cont’d)

Vs=5.5Vto28V; T;=-40°C to +150°C; 4.75 V < V¢, < 5.25 V; R, = 60 Q; CAN Normal Mode; all voltages with
respect to ground, positive current flowing into pin (unless otherwise specified)

Parameter Symbol Values Unit |Noteor Number
Min. |Typ. |Max. Test Condition

Propagation Delay ta R - 100 - ns CAN Normal Mode P_8.3.38
bus recessive to RXD HIGH C, =100 pF;

R =600Q;

Cryxp = 15 pF

(see Figure 22)
Received Recessive bit width |ty rxp) 400 - 550 ns CAN Normal Mode P_8.3.45
CAN FD up to 2 Mbps C, =100 pF

R =60Q

Crxp =15 pF

tyit(rxp) = 200 Ns
Parameter definition
in according to

Figure 23.
Transmitted Recessive bit |ty pys) 435 - 530 ns CAN Normal Mode  |P_8.3.52
width C, =100 pF
CAN FD up to 2 Mbps R =600

Crxp =15 pF

tyir(rxp) = 500 Ns
Parameter definition
in according to

Figure 23.
Received Recessive bit width |t exp) 120 - 220 ns CAN Normal Mode  |P_8.3.46
CAN FD up to 5 Mbps C, =100 pF

R =600

Crxp = 15 pF

tyir(rxp) = 200 Ns
Parameter definition
in according to

Figure 23.
Transmitted Recessive bit | t,5ys) 155 - 210 ns CAN Normal Mode  |P_8.3.53
width ¢, =100 pF
CAN FD up to 5 Mbps R =60Q

Crxp = 15 pF

tyit(rxp) = 200NS
Parameter definition
in according to
Figure 23.
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Table 16 Electrical Characteristics (cont’d)

Vs=5.5Vto 28 V; T, = -40°C to +150°C; 4.75 V < Vs < 5.25 V; R, = 60 Q; CAN Normal Mode; all voltages with
respect to ground, positive current flowing into pin (unless otherwise specified)

Parameter Symbol Values Unit |Noteor Number
Min. |Typ. |Max. Test Condition
Receiver timing symmetry” | Atg.. -65 - 40 ns "' CAN Normal Mode |P_8.3.39
CAN FD up to 2 Mbps C, =100 pF
R =600
Cryxp = 15 pF

tyit(rxp) = 200 NS
Parameter definition
according to

Figure 23.
Receiver timing symmetry | Atg,. -45 - 15 ns ' CAN Normal Mode |P_8.3.43
CAN FD up to 5 Mbps C, =100 pF

R =600

Crxp = 15 pF

tyit(rxp) = 200 Ns
Parameter definition
according to

Figure 23.

TXD Permanent Dominant |ty can 10 | = 2 - ms  |® CAN Normal Mode |P_8.3.40
Time-out
BUS Permanent Dominant | tgys can 10 |~ 2 - ms  |¥ CAN Normal Mode |P_8.3.41
Time-out
Time-out for bus inactivity | te, ence 0.6 - 1.2 s 8) P_8.3.44
1) Not subject to production test, specified by design.
2) Not subject to production test, specified by design, S2P - Method; f= 10 MHz.
3) Riest between V¢/V, and 0V (GND).

)

4) Vgyyshallbeobserved duringdominant and recessive state and also during the transition from dominant to recessive

and vice versa while TxD is simulated by a square signal (50% duty cycle) a frequency of 1 MHz.

5) Wake-up is signalized via INTN pin activation in SBC Stop Mode and via VCC1 ramping up with wake from SBC Sleep
Mode.

6) Time starts with end of last dominant phase of WUP.

) Dtpec = thigexn) - thitpus)

8) Not subject to production test, tolerance defined by internal oscillator tolerance.
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Wake Input

9.1 Features

(infineon
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PD_WK -
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Figure 24 Wake Input Block Diagram

Features

One HIGH-voltage inputs with V,,, threshold voltage.

Wake-up capability for power saving modes.

Switch feature for DC/DC Mode (PFM/PWM) in SBC Stop Mode.
Sensitive for level changes LOW to HIGH and HIGH to LOW.

Pull-up and Pull-down current, selectable via SPI.

In SBC Normal and Stop Mode, the WK pin level can be read via SPI.

9.2 Functional Description

The SBC can wake up following a voltage level change at the wake input. The WK input pin is sensitive to level
changes. This means that both transitions, HIGH to LOW and LOW to HIGH, result in SBC signalling (see also
Figure 25). The signal is created in one of the following ways:

By triggering the interrupt in SBC Normal and SBC Stop Mode.
By waking up the device in SBC Sleep and SBC Fail-Safe Mode.
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WK_LVL_STAT
WK
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| |
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VWKth,min VWKth, max VWK

Figure 25 Wake Input Threshold Levels and Hysteresis

The wake-up capability, using WK pin, can be enabled or disabled via SPI command.

When the WK is enabled (WK_EN set to 1 on WK_CTRL_1 register), the device wakes up from Sleep Mode with
a HIGH to LOW or LOW to HIGH transition on the WK pin. In SBC Stop and Normal Mode, an Interrupt will be
generated after tg, (filter time). In SBC Fail-Safe Mode, the WK is automatically selected as wake-up source
and the device will always go to SBC Restart Mode with a HIGH to LOW or LOW to HIGH transition. The wake
source for WK pin can be read in the register WK_STAT_0 at the bit WK_WU.The state of the WK pin (LOW or
HIGH) can always be read in SBC Normal and Stop Mode at the bit WK on register WK_LVL_STAT.

The WK pin can also be configured as a selection pin for PFM / PWM mode in SBC Stop Mode using the bit
PWM_BY_WK of register HW_CTRL_O. In this case a LOW level at the WK pin will switch the Buck converter to
PFM mode, a HIGH level will switch the Buck converter to PWM Mode maintaining the SBC in SBC Stop Mode.
The filter time is not taken into account because a defined signal is expected (refer to Chapter 6.2.2.2).

In case that the PWM_BY_WK is used, it is still possible to use the WK pin to wake-up from SBC Sleep Mode to
SBC Normal Mode.

Figure 26 shows a typical wake-up timing:

VWK A
VWKth — _v_ — - ! —_— _VWKth
|
|
| |
! ! .
L] (A ot
ViNTn A trwk tFWK:
—>
tINTN
»
t
No Wake Event Wake Event

Figure 26 Wake-up Filter Timing for Static Sense

9.2.1 Wake Input Configuration

To ensure a defined and stable voltage level at the internal comparator input, it is possible to configure an
integrated current source via the SPI register WK_PUPD_CTRL.

Table 17 shows the possible pull-up and pull-down current configuration.
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Table17  Pull-Up / Pull-Down Resistor

WK_PUPD_1 |WK_PUPD_0 | Output Current |Note
0 0 no current WK is floating if left open (default setting)
source
0 1 pull-down WK input internally pulled to GND
current
1 0 pull-up current |WKinputinternally pulled to 5V
1 1 automatic If a HIGH level is detected, the pull-up current is activated
switching If low level is detected, the pull down current is activated.
Note: If there is no pull-up or pull-down configured on the WK input, then the respective input should be

tied to GND or Vs on board to avoid unintended floating and waking of the pin.

& Vwkth_min * Viwkth_max
hwk

Pulldown
cumant

\
|
|
F *I Viwkth
\
|
l

Pullup
curfent

Figure 27 Illustration for Pull-Up / Down Current Sources with Automatic Switching Configuration
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9.3 Electrical Characteristics

Table 18 Electrical Characteristics

T;=-40°C to +150°CT; = -40°C to +150°C; V5= 5.5 V to 28 V; all voltages with respect to ground, positive current
flowing into pin (unless otherwise specified)

Parameter Symbol Values Unit |Noteor Numbe
Min. Typ. Max. Test Condition r

WK Input Pin characteristics

Wake-up/monitoring threshold | Vi, 2 3 4 \Y Falling and rising P_9.3.1

voltage edge included

Threshold hysteresis Viuknithpys | 0-1 - 0.7 v |2 P_9.3.2

WK pin Pull-up Current Ioy wi -20 -10 -3 MA [V n=4V P_9.3.3

WK pin Pull-down Current Iop wi 3 10 20 MA [V n=2V P_9.3.4

Input leakage current lk, -2 - 2 MA [0V <V y<Vst0.3 VY| P_9.3.5

Timing

Wake-up filter time te |12 16 20 |ps [? P_9.3.6

1) With pull-up, pull down current disabled.
2) Not subject to production test; specified by design.
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10 Interrupt Function
10.1 Block and Functional Description
VIO
:}—[] INTN
Time
Interrupt logic out 1

Figure 28 Interrupt Block Diagram

The interrupt is used to signal wake-up events in real time to the microcontroller. The interrupt block is
designed as a push/pull output stage as shown in Figure 28. An interruptis triggered and the INTN pin is pulled
low (active low) for t,ygy in SBC Normal and Stop Mode and it is released again once t,y, is expired. The
minimum HIGH-time of INTN between two consecutive interrupts is t,y;p. An interrupt does not automatically
cause a SBC mode change.

The following wake-up events will be signalized via INTN:

+ All wake-up events stored in the wake status SPI register WK_STAT_0 and WK_STAT_2.
« Ifthe bit CANTO_x s set and if it was not masked out.

+ TheVBAT (at pin VBSENSE) monitoring threshold is triggered.

« Aninterruptis only triggered if the respective function is also enabled as a wake source.
« Automatic transition from PFM to PWM mode in SBC Stop Mode.

The register WK_LVL_STAT is not generating interrupt events.

In addition to this behavior, an INTN will be triggered when the SBC is sent to SBC Stop Mode and not all bits
were cleared in the WK_STAT_0 and WK_STAT_2registers.

The SPI status registers are updated at every falling edge of the INTN pulse. All interrupt events are stored in
the respective register (except the register WK_LVL_STAT) until the register is read and cleared via an SPI
command. The interrupt behavior is shown in Figure 29.
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WK event 1 WK event 2
intndd |
ﬁ thTD

tnT :I |

! ! l >

| |

v v

Update of Update of
WK_STAT register WK_STAT register
SPI optional
Read & Clear t t t t
WK_STAT WK event 1 no WK WK event 2 no WK
contents
SPI
Read & Clear No SPI Read & Clear t t
Command sent
WK_STAT WK event 1 and WK no WK
contents event 2
Figure 29 Interrupt Signaling Behavior
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10.2 Electrical Characteristics

Table 19 Interrupt Output

Vs=6Vto 28 V; T, =-40°C to +150°C; SBC Normal Mode; all voltages with respect to ground; positive current
defined flowing into pin (unless otherwise specified)

Parameter Symbol Values Unit |Noteor Number
Min. Typ. Max. Test Condition

Interrupt output; Pin INTN

INTN HIGH OutputVoltage | Viyryy 0.8 % Vg | - - % intn = -2 MA; P_10.2.1
INTN = OFF

INTN LOW Output Voltage |Viyry, |- - 0.2xVy|V Iintn =2 MA; P_10.2.2
INTN =ON

INTN Pulse Width tinn 80 100 120 us 2 P_10.2.3

INTN Pulse Minimum tinTo 80 100 120 us 1 Between P_10.2.4

Delay Time consecutive pulses

Configuration Select; Pin INTN

Config Pull-down Rers - 250 - kQ V=5V P_10.2.5
Resistance
Config Select Filter Time |teeg ¢ |6 8 10 us 2 P_10.2.6

1) Not subject to production test; specified by design.
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11 Fail Output
11.1 Functional Description

5V_int
SBC Init | Thest
Mode
RTEST

1 FO/TEST

1

Tro

Failure Logic

Figure 30 Fail Output Block Diagram

The Fail Output consists of a failure logic block and one LOW-side switch. In case of a failure, the FO output is
activated and the SPI bit FO_ON_STATE, in the register DEV_STAT, is set.

The Failure Output is activated due to the following failure conditions.

Failure Conditions

+ After one or two Watchdog Trigger failures depending on the configuration.
+ Thermal Shutdown TSD2.

+ VIO short to GND.

+ VIO overvoltage in case that VIO_OV_RST bit is set.

+ After four consecutive VIO undervoltage detection.

Configurations

Four different configurations can be selected. The selection is done using the pin INTN and the SPI bit CFG2.

Table20 Reasons for Fail

Config Event Fail-Safe Mode Entered |SPI CFG2 bit INTN pin

1 1 x watchdog failure no 1 External pull-up

2 1 x watchdog failure yes 1 No ext. pull-up
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Table20 Reasons for Fail (cont’d)

Config Event Fail-Safe Mode Entered |SPI CFG2 bit INTN pin
3 2 x watchdog failure no 0 External pull-up
4 2 x watchdog failure yes 0 No ext. pull-up

In order to deactivate the Fail Output, the failure conditions (e.g. TSD2) must not be present anymore and the
bit FO_ON_STATE needs to be cleared via SPI command.

In case of Watchdog fail, the deactivation of the Fail Output is only allowed after a successful WD trigger, i.e.
the FO_ON_STATE bit must be cleared.

Note: The Fail Output pin is triggered for any of the above described failure and not only for failures
leading to the SBC Fail-Safe Mode.

Datasheet 64 Rev. 1.5
2019-09-27



o~ _.
TLE9278BQX Infineon
Multi-CAN Power+ System Basis Chip '

Fail Output

11.2 Electrical Characteristics

Table21 Interrupt Output

Vs=6Vto 28 V; T, =-40°C to +150°C; SBC Normal Mode; all voltages with respect to ground; positive current
defined flowing into pin (unless otherwise specified)

Parameter Symbol Values Unit |Noteor Number
Min. Typ. Max. Test Condition

Fail Output; Pin FO/TEST

FO LOW output voltage VeoL - 0.6 1 v leg =5 mA P_11.2.1

(active)

FO HIGH output leakage leon 0 - 2 HA Veg=28V P_11.2.2

current (inactive)

FO/TEST HIGH-input voltage | Vigsry |- - 35 v - P_11.2.3

threshold

FO/TEST LOW-input voltage |Vigsr, |1.5 - - v - P_11.2.4

threshold

FO/Pull-up Resistance at pin |Rygs; | 2.5 5 10 kQ Y V=0V P_11.2.6

TEST

FO/TEST Input Filter Time | tresr 52 64 81 us 2 P_11.2.7

1) Not subject to production test; specified by design.

Datasheet 65 Rev. 1.5
2019-09-27



TLE9278BQX

Multi-CAN Power+ System Basis Chip

infineon

Supervision Functions

12 Supervision Functions
12.1 Reset Function
VIO
JRSTN
Resetlogic |
Incl. filter & delay

Figure 31 Reset Block Diagram

12.1.1 Reset Output Description

The reset output pin RSTN provides a reset information to the microcontroller, e.g. when the VIO voltage falls
below the undervoltage threshold Vr, /3. In case of a reset event due to an undervoltage on V, the reset
output RSTN is pulled to LOW after the filter time tg and stays LOW as long as the reset event is present plus
a reset delay time tgp,. When connecting the SBC to battery voltage, the reset signal remains LOW initially.
When the output voltage V|, has reached the default reset threshold Viy, ¢, the reset output RSTN is released
to HIGH after the reset delay time tgp,. A reset can also occur due to a Watchdog trigger failure. The reset
threshold can be adjusted via SPI; the default reset threshold is Vgy, . The RSTN pin has an integrated pull-up

resistor. In case reset is triggered, RSTN will pull LOW for Vs = Vpgg ¢

The RSTN trigger timing regarding the VIO undervoltage and watchdog trigger is shown in Figure 32.

A
VIO \ /
—VRT1
t< tRF The reset threshold can be
—> configured via SPI in SBC
Normal Mode, default is Vrr1
undervoltage
t i t t » t
RD1 t cw g OW. t cw
t e e D T i A
SPI cw ow ! : 4__>‘ :
SPI WD WD SPI
Init Trigger Trigger Init
» t
A tre
RSTN -—
t,w= long open window
tew= closed window
tow= open window
>t
SBC Init A SBC Normal A SBC Restart A SBC Normal
Figure 32 Reset Timing Diagram
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12.1.2  Soft Reset Description

In SBC Normal and Stop Mode, It is also possible to trigger a Soft Reset via an SPI command in order to bring
the SBCinto a defined state in case of failures. In this case the microcontroller must send an SPl command and
set the MODE bits to ‘11’ in the M_S_CTRL register. As soon as this command becomes valid, the SBC is set
back to SBC Init Mode and all SPI registers are set to their default values (see SPI Chapter 13.5 and
Chapter 13.6).

As soon as the SBCis in SBC Init Mode due to a software reset, it is possible to change the device configuration
according to the FO/Test, INTN pins and CFG2 bit value. For more information, refer to Chapter 5.1.1.

Two different soft reset configurations are possible via the SPI bit SOFT_RESET_ RSTN:

+ Thereset output (RSTN) is triggered when the soft reset is executed (default setting, the same reset delay
time tgp, applies).
+ Thereset output (RSTN) is not triggered when the soft reset is executed.

Note: The device must be in SBC Normal Mode or SBC Stop Mode when sending this command.
Otherwise, the command will be ignored.

12.2 Watchdog

The watchdog is used to monitor the software execution of the microcontroller and to trigger a reset if the
microcontroller stops serving the watchdog due to a lock up in the software.

Two different types of watchdog functions are implemented and can be selected via the bit WD_WIN on the
WD_CTRL register:

+ Time-Out Watchdog (default value).

+  Window Watchdog.

The respective watchdog function can be selected and programmed in SBC Normal Mode. The configuration
remains unchanged in SBC Stop Mode.

Refer to Table 22 to match the SBC Modes with the respective Watchdog Modes.

Table22 Watchdog Functionality by SBC Modes

SBC Mode Watchdog Mode Remarks

INIT Mode Start with Long Open Window | Watchdog starts with Long Open Window after RSTN
is released.

Normal Mode WD Programmable Window Watchdog, Time-Out watchdog or switched
OFF for SBC Stop Mode.

Stop Mode Watchdog is fixed or OFF

Sleep Mode OFF SBC will start with Long Open Window when
entering Normal Mode.

Restart Mode OFF SBC will start with Long Open Window when
entering Normal Mode.

Fail-Safe Mode OFF SBC will start with Long Open Window when

entering Normal Mode.

Watchdog timing is programmed via an SPI command. As soon as the Watchdog is programmed, the timer
starts with the new setting and the Watchdog must be served.

The Watchdog is triggered by sending a valid SPI command with write access to WD_CTRL register. The trigger
SPI command is executed when the Chip Select input (CSN) becomes HIGH.
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When coming from SBC Init, Restart or in certain cases Stop Mode, the watchdog timer starts with a long open
window.

The long open window (t,,) allows the microcontroller to run its initialization sequences and then to trigger
the Watchdog via the SPI.

The watchdog timer period can be selected via the watchdog timing bit field (WD_TIMER on WD_CTRL
register) and it is in the range of 10 ms up to 1000 ms. The timer setting is valid for both watchdog types.

The following Watchdog timer periods are available:
« WD Setting 1: 10 ms

« WD Setting 2: 20 ms

+ WD Setting 3: 50 ms

+ WD Setting 4: 100 ms

+ WD Setting 5: 200 ms (reset value)

« WD Setting 6: 500 ms

« WD Setting 7: 1000 ms

In case of a watchdog reset, SBC Restart Mode is started or SBC Fail-Safe Mode is entered according to the
configuration and WD_FAIL bits are set.

Once the RSTN goes HIGH again, the watchdog immediately starts with a long open window and the SBC
enters automatically in SBC Normal Mode.

In SBC Development Mode, no reset is generated due to watchdog failure; the watchdog is OFF.

In case of 3 consecutive resets due to WD fail, it is possible in config 1/3 not to generate additional resets by
setting the MAX_3_RST bit on WD_CTRL register.

12.2.1 Time-Out Watchdog

The time-out watchdog is an easier and less secure watchdog than a window watchdog as the watchdog
trigger can become active at any time within the configured watchdog timer period.

A correct watchdog service immediately results in starting a new watchdog timer period. Taking the
tolerances of the internal oscillator into account leads to the safe trigger area defined in Figure 33.

Typical timout watchdog trigger period
twp x 1.90
open window
< Watchdog Timer Period (WD_TIMER) ————,
0 (WD-TIMER) tp X 1.20 two X 1.80
g > t / [two_timer]
safe trigger area
Figure 33 Time-Out Watchdog Definitions
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If the time-out watchdog period elapses, a watchdog reset is created by setting the reset output RSTN LOW
and the SBC switches to SBC Restart or SBC Fails-Safe Mode.

12.2.2 Window Watchdog

Compared to the time-out watchdog, the characteristic of the window watchdog is that the watchdog timer
period is divided between a closed and an open window. The watchdog must be triggered inside the open
window.

A correct watchdog trigger results in starting the window watchdog period by a closed window followed by an
open window.

The watchdog timer period is at the same time the typical trigger time and defines the middle of the open
window.

Taking the oscillator tolerances into account leads to a safe trigger area of:
twp X 0.72 < safe trigger area <t x 1.20.

The typical closed window is defined to a width of 60% of the selected window watchdog timer period. Taking
the tolerances of the internal oscillator into account leads to the timings as defined in Figure 34.

A correct Watchdog service immediately results in starting the next closed window.

Should the trigger signal meet the closed window or should the watchdog timer period elapse, a watchdog
reset is created by setting the reset output RSTN LOW and the SBC switches to SBC Restart or Fail-Safe Mode.

¢— twox0.6 g two x 0.9
|

Typ. open window

T
twox0.72  twox1.0 twp X 1.20/\tva x 1.80

Typ. closed window

two x 0.48

closed window open window

Watchdog Timer Period (WD_TIMER) ———®

-
hl

-
»

- - t/ [two_Tmer]
safe trigger area

Figure 34 Window Watchdog Definitions

12.2.3 Checksum

A checksum bit is part of the SPI command to trigger the watchdog and to set the watchdog setting. The sum
of the 8 bits in the register WD_CTRL needs to be even. This is realized by either setting the bit CHECKSUM to
“0” or “1”. If the checksum is wrong, the SPI command is ignored (watchdog not triggered, settings not
changed) and the bit SPI_FAIL is set.

The checksum is calculated by taking all 8 data bits into account.

(12.1)

CHKSUM = Bitl5® ... @ Bit8
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12.2.4 Watchdog during Stop Mode

The watchdog can be disabled via SPI in Stop Mode.

For safety reasons, there is a special sequence to be ensured in order to disable the watchdog as described in
Figure 35. Two dedicated SPI bits (WD_STM_EN_0 and WD_STM_EN_1) in the registers WD_CTRL and
WK_CTRL_O.

If this sequence is not fulfilled, then the bit WD_STM_EN_1 will be cleared and the sequence has to be started
again. As soon as the SBC is set to SBC Normal Mode, then the bits WD_STM_EN_1 and WD_STM_EN_0 are
cleared and this sequence must be followed again to switch OFF the watchdog.

The watchdog can be enabled by triggering the watchdog in SBC Stop Mode or by switching back to SBC
Normal Mode via SPI. In both cases, the watchdog will start with a long open window and the bits
WD_STM_EN_1 and WD_STM_EN_O0 are cleared. After the long open window, the watchdog has to be served
as configured in the WD_CTRL register.

Correct WD disabling Sequence Errors

sequence
e Missing to set bit
Set bit WD_STM_EN_O with the
WD_STM EN_1 =1 next watchdog trigger after

having setWD_STM_EN _1

with next WD Trigger . .
e Staying in Normal Mode

Set bit
WD_STM EN_O = 1

\
Before subsequent WD Trigger
v

Change to Will enable the WD :
SBC Stop Mode e Switching back to SBC

Normal Mode
( WD is switched off )

Figure 35 Watchdog Disabling Sequence

e Triggering the watchdog

Note: The bit WD_STM_EN_0 will be cleared automatically when the sequence is started and it was “1”
before.

12.2.4.1 Watchdog Start in SBC Stop Mode due to BUS Wake

In SBC Stop Mode the watchdog can be disabled. In addition a feature can be enabled to start the watchdog
with any BUS wake during Stop Mode. The feature is enabled by setting the bit WD_EN_WK_ BUS. The bit can
only be changed in SBC Normal Mode and needs to be programmed before entering SBC Stop Mode: it is not
reset by the SBC. The sequence described in Chapter 12.2.4 needs to be followed to disable the WD.

With the function enabled, the watchdog will start again with any wake on CANx. The wake on CANx will
generate an interrupt and the RXDCANX is pulled to low. The watchdog starts a with long open window. The
watchdog can be triggered in SBC Stop Mode or the SBC can be switched to SBC Normal Mode. To disable the
watchdog again, the SBC needs to be switched to Normal Mode and the sequence needs to be sent again.

The sequence is shown in Figure 36.
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Correct WD disabling
sequence Sequence Errors

e Missing to set bit
WD_STM_EN_0 with the
next watchdog trigger after

v having set WD_STM_EN_ 1

Set bit e Staying in Normal Mode
WD_STM_EN_1=1
\

with next WD Trigger

Set bit
WD_EN_WK_BUS = 1

Will enable the WD:

Set bit e Switching back to SBC
WD_STM‘_EN_O =1 Normal Mode
Before subsequvent WD Trigger ° Triggering the WatCthg

e Wake on CANx

Change to
SBC Stop Mode

( WD is switched off )

Figure 36 Watchdog Disabling Sequence (with wake via BUS)

12.3 Vs Power ON Reset

When powering up, the device detects the Vs Power ON Reset when Vg > Vpqp ¢, and the POR is set to indicate
that all SPI registers are set to POR default setting. The Buck regulator starts up. The RSTN output is kept LOW
and is only released when VIO has exceeded Vgy, , and after tg;,, has elapsed.

If Vs<Vpop, an internal reset is generated and the SBC is switched OFF. The SBC will restart in SBC INIT Mode
when Ve>Vpqg , rising. Timing behavior is shown in Figure 37.
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VIO : :
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| |
Very F———— L_—¢——- !
RT1,r | | The reset threshold can be | |
I configured via SPI in SBC L. VRxf
| : Normal Mode, default is Vs A
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I T Ll
| | | |
| | | |
RSTN | | |
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| | | |
| 1
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' [ I' [ SBC Restart Mode is
I | | entered whenever the
| I | Reset is triggered
| | |
t T ¢ > t
| | r— | |
I tro1 I |
SBC Mode ! 1
A | | |
| | |
SBC OFF | SBC INIT MODE Any SBC MODE sl?ae;t | SBC OFF
> t
?SPI
Command

Figure 37 Ramp up [ down example of Supply Voltage

12.4 Measurement Interface

The measurement interface is sensing the voltage on WK and VBSENSE pin, converting to digital using a 8 bit
SAR high input voltage analog to digital converter and store the value in ADC_STAT.
The input selection (between WK pin or VBSENSE pin) is made by ADC_SEL bit on HW_CTRL_1 register.

The feature is available only in SBC Normal Mode. In SBC Stop, Sleep and Fail Safe Mode, the feature is
automatically disabled to reduce current consumption. Figure 38 shows the block diagram.

External Voltage 1 VK 8 bit ADC
L ADC_STAT

I VBSENSE 1 MUX ﬂm

External Voltage 2 {1 ‘

Figure 38 Measure Interface: basic concept implementation.
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12.5 Fast Battery Voltage Monitoring

A battery monitoring feature is implemented in the TLE9278BQX in order to provide a fast signalization path
to the microcontroller in case of low battery voltage condition.
The block diagram is shown in Figure 39. The functionality is as follows:

« The battery voltage is monitored on the dedicated pin VBSENSE (see also the application diagramin
Chapter 14.1).

+ Ifthe voltage falls below the selected threshold, an interrupt is triggered at the INTN pin and the bit
VBAT_UV_LATCH in the register WK_STAT_2 is set.

+ The bit can be cleared via an SPI if the voltage is above the thresholds again.

+ Thebit VBAT_UV_STATE in the register WK_LVL_STAT is showing the actual level of the comparator
output, i.e. if the battery voltage is below or above the selected monitoring threshold.

« The monitoring threshold can be selected via SPI bit with VBSENSE_CFG in the WK_CTRL_O register. The
feature can be enable in SBC Normal, Stop and Restart Mode using VBSENSE_EN bit on the WK_CTRL_0
register. Four thresholds are available: Vgggysgo f---Vasenses, -

+ The Fast Battery voltage monitoring feature is filtered with the time tg ypsense-

VBSENSE []—l

Vref

AN
_ State L INTN

SPI Machine
i ® controlled

I_.

1 ]
L]
GND

Figure 39 Fast Battery Voltage Monitoring Block Diagram

12.6 VBSENSE Boost deactivation

In case of low battery voltage conditions, where the Boost module can operate out of nominal functional
range, it is possible to disable the boost and supply the VS pin only with the output boost capacitor.
The BST_VB_UV_ OFF bit enable this feature.

As soon as the battery voltage is crossing the Boost 4, threshold, the boost is disabled and VB_UV_BST is
set.

The Boost is automatically enabled when the VBSENSE is crossing Boost,y, 4, threshold.
The VB_UV_BST bit has to be cleared manually.
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12.7 VIO Undervoltage and Undervoltage Prewarning

A first-level voltage detection threshold is implemented as a prewarning for microcontroller. The prewarning
event is signaled with the bit VIO_WARN. No other actions are taken.

As described in Chapter 12.1 and shown in Figure 40, when the VIO voltage reaches the undervoltage
threshold (Vir,), a reset will be triggered (RSTN pulled ‘LOW’), the bit VIO_UV is set and the SBC will enter SBC
Restart Mode.

Note: The VIO_WARN and VIO_UV bits are not set in SBC Sleep Mode as VIO =0V in this case.
A
VIO
e VRTx
>t
A trr > | < trD1 >
RSTN
>t
SBC Normal A SBC Restart A SBC Normal

Figure 40 VIO Undervoltage Timing Diagram

An additional safety mechanism is implemented to avoid repetitive VIO undervoltage resets:
+ Acounterisincreased for every consecutive VIO undervoltage event.
+ The counter is active in SBC Init, Normal and Stop Mode and as Vs >V ;.

+ A4th consecutive VIO undervoltage events will lead to SBC Fail-Safe Mode entry and to setting the bit
VIO_UV_FS.

« The counteris cleared when:
- SBC Fail-Safe Mode is entered.
- ThebitVIO_UV s cleared.
- ASoft Reset is triggered.

Note: It is recommended to clear the VIO_UV bit once it was set and detected.

12.8 VIO Overvoltage

For fail safe reasons, a configurable VIO overvoltage detection feature is implemented.

In case the Vg oy, threshold is crossed, the SBC triggers following measures depending on the configuration:

« The bit VIO_OV is always set.

+ Ifthe bit VIO_OV_RST is set in config 1/3, then SBC Restart Mode is entered. The FO output is activated.
After the reset delay time (tgp,), the SBC Restart Mode is exited and SBC Normal Mode is resumed even if

the VIO overvoltage event is still present (see also Figure 41). The VIO_OV_RST bit is cleared
automatically.

+ Ifthe bit VIO_OV_RST is set in config 2/4, then SBC Fail-Safe Mode is entered and FO output is activated.
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If the VIO_OV_RST bit is not set, one overvoltage event on VIO pin will set the VIO_OV bit but no reset is
generated and FO remains OFF. The SBC doesn’t change the SBC mode.

A
VIO

I VIO,OV

tov st

A
RSTN tro1

SBC Normal A SBC Restart A SBC Normal

Figure 41 VIO Overvoltage Timing Diagram

12.9 VIO Short Circuit

The following protection feature is implemented for VIO:

+ IfPCFG=GND: when VIO stays below the undervoltage threshold VRTx for more than ty,q ¢, the SBC enters
SBC Fail-Safe Mode and turns off VCC1 and VEXT. This feature is available only if Vs > Vg ,,, and
VCC1 >V, yy- In addition, the SPI status bit VIO_SC is set. The SBC can exited SBC Fail Safe Mode via a
wake-up event on CANx and/or WK pin.

+ If PCFG = Open: when VIO stays below the undervoltage threshold VRTx for more than ty,q ¢, the SBC
enters SBC Fail-Safe Mode and turns off VCCL. This feature is available only if V, > Vs . In addition the SPI
status bit VIO_SCis set. The SBC can exited SBC Fail Safe Mode via a wake-up event on CANx and/or WK pin.

12.10 VEXT Undervoltage

Following protection feature is implemented for VEXT if PCFG = Open:

« IfVEXT drops below the Vg, threshold, the SPI bit VREG_UV is set and can only be cleared via SPI.
If PCFG = GND, the VREG_UV refers to VCC1 undervoltage (VCC1 < V¢, yy)-

Note: The VREG_UV flag is not set during turn-on or turn-off of VEXT.

12.11 Thermal Protection

The thermal protection mechanism is designed in such a way that the individual modules (VCC1, CANx, Boost
and VEXT) can remain active on as long as possible in case of high temperature. The following thermal
protection features are available and signaled via SPI:

+ Thermal Prewarning T;py
« Overtemperature Protection:

- Overtemperature shut down with 2 levels of priority (TSD1 for peripherals and TSD2 for
microcontroller supply).

- The TSD1 status bit is a combination of CANx, Boost and VEXT thermal shutdown (if PCFG is open).
- The TSD2 status bit is related to VCC1 only if PCFG = open, and VCC1 together with VEXT if PCFG=GND.
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- IfPCFGis open and the VEXT base driver sensor detected that Tj;sp, has been reached, it is switched
OFF as an initial protection measure. The control bits (VEXT_ON bits on M_S_CTRL register) are reset
and the bits VEXT_OT and TSD1 are set. The other output stages are not affected if their Tjzgp,
threshold is not reached. When the overtemperature event is not present anymore, the VEXT must be
switched ON by setting the VEXT_ON bit.

- IfPCFG=GND and the VEXT base driver sensor detected that Tj;p, has been reached, it is switched OFF
as an initial protection measure. The VEXT_OT and TSD2 are set.

- Ifone of the CANx output stages reaches the Tj;¢p; temperature threshold, then the transmitter is
switched OFF individually as first-level protection measure. The respective control bits are not reset
and the TSD1 and CAN_x_FAIL bits are set. The CANx drivers are automatically switched on again when
the overtemperature condition is no longer present. The user has to reset the BUS_STAT_0 and
BUS_STAT_2 registers via SPI.

- IfVCC1 reaches the Tj;qp, temperature threshold, the SBC is sent to SBC Fail-Safe Mode. The SBC stays
in SBC Fail-Safe Mode for at least t;gp, (typ.1s) after the TSD2 event is not present anymore. The
VCC1_OT is set.The default wake sources CANx and WK are enabled together with the Fail Safe output.

- Boost Switched OFF in case of TSD1 along with the BOOST_OT bit. The Boost has to activate again
setting the BOOST_EN after the thermal shutdown event.

- Oncetherespective bits (TSD1, TSD2) are set, they can be cleared via SPI if the condition is not present
anymore.

12,11.1 Temperature Prewarning

As a next level of thermal protection a temperature prewarning is implemented if the main supply VCC1
reaches the thermal prewarning temperature threshold Tjpy,. Then the status bit TPW is set. This bit can only
be cleared via SPI once the overtemperature is not present anymore. The thermal prewarning is only active if
the VCC1is in PWM mode.
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12.12

Table 23

Electrical Specification

Electrical Characteristics

Vs=5.5V1t028V; T;=-40°C to +150°C; SBC Normal Mode; all voltages with respect to ground; positive current
defined flowing into pin (unless otherwise specified)

Parameter Symbol Values Unit |Noteor Number
Min. |Typ. |Max. Test Condition

VIO Monitoring, Reset Generator with VIO =VCC1 =5V and PCFG open; Pin RSTN
Undervoltage Prewarning | Vpy 4.6 4.7 4.85 v VIO falling, P_12.10.50
Threshold Voltage VIO_WARN bit is

set
Undervoltage Prewarning | Vpy 465 480 495 |V VIO rising P_12.10.51
Threshold Voltage
Reset Threshold Varis 4.5 4.6 475 |V default setting; P_12.10.1
Voltage RT1,f VIO falling
Reset Threshold Verir 4.6 4.7 4.85 v Default setting; P_12.10.2
Voltage RT1,r VIO rising
Reset Threshold Veros 3.75 39 4.05 v SPI option; P_12.10.3
Voltage RT2,f VIO falling
Reset Threshold Varar 3.85 4.0 4.15 v SPI option; P_12.10.4
Voltage RT2,r VIO rising
Reset Threshold Varas 315 |33 345 |V SPI option; P_12.10.5
Voltage RT3,f Vs=4V,

VIO falling
Reset Threshold Vera, 3.25 34 3.55 v SPI option; P_12.10.6
Voltage RT3,r Vsz4V;

VIO rising
Reset Threshold Viras 2.4 2.55 2.8 \Y SPI option; P_12.10.52
Voltage RT4,f Vs=4V,

VIO falling
Reset Threshold Virar 25 2.75 2.9 v SPI option; P_12.10.53
Voltage RT4,r Vs=4V,

VIO rising
VIO Monitoring, Reset Generator with VIO =VEXT =3.3 V and PCFG to GND; Pin RSTN
Undervoltage Prewarning | Vpy 3.0 31 3.2 v VIO falling, P_12.10.57
Threshold Voltage VIO_WARN bit is

set
Undervoltage Prewarning | Vpy, 310 (3.2 327 |V VIO rising P_12.10.58
Threshold Voltage
Reset Threshold Veris 2.95 3.05 3.15 v Default setting; P_12.10.34
Voltage RT1,f VIO falling
Reset Threshold Verir 3.0 31 3.2 v Default setting; P_12.10.35
Voltage RT1,r VIO rising
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Table 23  Electrical Specification (cont’d)

Vs=5.5Vt028V; T,=-40°C to +150°C; SBC Normal Mode; all voltages with respect to ground; positive current
defined flowing into pin (unless otherwise specified)

Parameter Symbol Values Unit |Noteor Number
Min. Typ. Max. Test Condition

Reset Threshold Veras 2.5 2.6 2.7 v SPI option; P_12.10.36
Voltage RT2,f VIO falling
Reset Threshold Verar 2.55 2.65 2.75 v SPI option; P_12.10.37
Voltage RT2,r VIO rising
Reset Threshold Viras 2.2 2.3 2.4 v SPI option; P_12.10.38
Voltage RT3,f Vsz4V;

VIO falling
Reset Threshold Vira, 225 235 245 |V SPl option; P_12.10.39
Voltage RT3,r Vs=4V;

VIO rising
Reset Threshold Vrr3as 2.0 2.1 2.2 v SPI option; P_12.10.55
Voltage RT4,f Vs=4V,

VIO falling
Reset Threshold Virar 2.05 2.15 2.25 v SPI option; P_12.10.56
Voltage RT4,r Vs=4V,;

VIO rising
VIO Monitoring, Overvoltage detection
VIO Overvoltage Detection | Vi oy, 5.3 5.5 5.7 Vv Y Rising VIO P_12.10.8
Threshold Vecr =V0=5V;

PCFG = open;
VIO Overvoltage Detection | Viq ¢ 5.2 5.4 5.6 v Y Falling VIO P_12.10.44
Threshold Vecr =V0=5V;

PCFG = open;
VIO Overvoltage Detection | Vi oy, 3.5 363 375 |V Y Rising VIO P_12.10.41
Threshold Vexr =Vo=3.3V

PCFG=GND
VIO Overvoltage Detection | Vg oy ¢ 3.45 3.56 3.7 v Y Falling VIO P_12.10.45
Threshold Vexr =V,0=3.3V

PCFG=GND
VIO Overvoltage filter time |ty oy 12 15 21 us | Y P_12.10.60
VIO Monitoring, Reference Supply Undervoltage detection
VS Undervoltage Detection | Vs 5.3 5.65 6.0 \Y Supply UV P_12.10.11
Threshold supervision for

VIO PCFG = open;

includesrisingand

falling threshold
VCC1 Undervoltage Veer,uv 4.5 4.6 4.75 v Supply UV P_12.10.78
Detection Threshold supervision for

VIO
VIO Short to GND Filter Time | ;0 s 3.2 4 4.8 ms | P_12.10.10
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Table 23

Electrical Specification (cont’d)

Vs=5.5Vt028V; T,=-40°C to +150°C; SBC Normal Mode; all voltages with respect to ground; positive current
defined flowing into pin (unless otherwise specified)

Parameter Symbol Values Unit |Noteor Number
Min. Typ. Max. Test Condition
Electrical Characteristics RSTN
Reset LOW Output Voltage | Vesryiow |- 0.2 0.4 \Y Irsty = 1 mA for P_12.10.12
Vigz1V
Reset HIGH Output Voltage | Vpsrypign 07X |- Vot |V lrstn = -20 A P_12.10.13
Vio 0.3V
Reset Pull-up Resistor Restn 10 20 40 kQ Vestn =0V P_12.10.14
Reset Filter Time ter 4 10 26 us | YV < Virix P_12.10.15
toRSTN =L
Reset Delay Time teo: 15 2 2.5 ms |12 P_12.10.16
VEXT Monitoring (PCFG = Open)
Vexr Undervoltage Detection | Viyr yy 4.5 4.6 4.75 v 5V option P_12.10.17
VEXT_VCFG=00j
falling
Vexr Undervoltage Detection | Viyr yy 2.65 2.85 3.00 |V 3.3Voption P_12.10.46
VEXT_VCFG=01,
falling
Vexr Undervoltage Detection | Viyy yy 1.45 1.52 1.6 v 1.8V option P_12.10.61
VEXT_VCFG=10,4
falling
Vexr Undervoltage Detection | Viyy yy 0.94 1.03 1.1 v 1.2V option P_12.10.62
VEXT_VCFG=11,
falling
Vexr Undervoltage detection | Veyr py pys |20 100 (250 |mv |Y P_12.10.63
hysteresis
Watchdog Generator
Long Open Window tow 160|200 |240 |ms |V P_12.10.18
Internal Oscillator feiksac 0.8 1.0 1.2 MHz P_12.10.19
Minimum Waiting Time during SBC Fail-Safe Mode
Min. waiting time in Fail-Safe | tes i1 80 |10 [120 |ms | P_12.10.20
Power-ON Reset, Over-/Undervoltage Protection
V, Power ON reset rising Voor s 4.5 - 5 \Y V, increasing P_12.10.21
V, Power ON reset falling Voor - - 3 v V, decreasing P_12.10.22
Battery Voltage Monitoring
VBSENSE Monitoring Vesenseos | 7-5 8.0 8.5 v VBSENSE P_12.10.24
Threshold 0 decreasing
VBSENSE Monitoring Vesensers | 5-7 6.0 6.3 v VBSENSE P_12.10.25
Threshold 1 decreasing
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Table 23

Electrical Specification (cont’d)

Vs=5.5Vt028V; T,=-40°C to +150°C; SBC Normal Mode; all voltages with respect to ground; positive current
defined flowing into pin (unless otherwise specified)

Parameter Symbol Values Unit |Noteor Number
Min. |Typ. |Max. Test Condition

VBSENSE Monitoring Vesensezs |42 4.5 4.8 v VBSENSE P_12.10.26

Threshold 2 decreasing

VBSENSE Monitoring Vosensess | 3-2 35 3.8 v VBSENSE P_12.10.27

Threshold 3 decreasing

VBSENSE Monitoring Vesensenys | 50 100 (200 |mv |Y P_12.10.28

Threshold Hysteresis

VBSENSE Monitoring Filter | t; ygsense 13 16 21 us 2 P_12.10.48

Time

VBSENSE Boostdeactivation | Boostoeey, |1.5 175 |2 v VBSENSE falling |P_12.10.49

threshold

VBSENSE Boost activation | Boostyyy, |2.5 2.75 3 \Y VBSENSE rising P_12.10.80

threshold

Overtemperature Shutdown

Thermal Prewarning ON Tipw 125 145 165 °C 2 P_12.10.29

Temperature

Thermal Shutdown TSD1 Tirsp1 165 185 200 °C 2 P_12.10.30

Thermal Shutdown TSD2 Tirsp2 165 185 200 °C 2 P_12.10.31

Thermal Shutdown Tavs - 20 - °c |Y P_12.10.81

Hysteresis

Deactivation time after trson 0.8 1 1.2 s 2 P_12.10.32

thermal shutdown TSD2

Measurement Interface

Resolution - 8 Bits | Inputvoltage full |P_12.10.70
scale=0V.39V

Guarantee offset error - -1 - +1 LSB |Inputvoltage full |P_12.10.71
scale=0V.39V

Gain error - -1.5 - 1.5 %FSR | Full scale range P_12.10.72

Differential non-linearity - -1.5 - 1.5 LSB |Inputvoltage full |P_12.10.73

(DNL) scale=0V..39V

Integral non-linearity (INL) |- -1.5 - 1.5 LSB |Inputvoltagefull |P_12.10.74
scale=0V..39V

1) Not subject to production test; specified by design.

2) Thereset delay time will start when VIO crosses above the selected VRTx threshold.
3) Thistime applies for all failure entries except a device thermal shutdown (TSD2 has a 1 s waiting time t;gp,).
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13 Serial Peripheral Interface

13.1 SPI Protocol Description

The 16-bit wide Control Input Word is read via the data input SDI, which is synchronized with the clock input
CLK provided by the microcontroller. The output word appears synchronously at the data output SDO (see
Figure 42).The transmission cycle begins when the chip is selected by the input CSN (Chip Select Not), LOW
active. After the CSN input returns from LOW to HIGH, the word that has been read is interpreted according to
the content. The SDO output switches to tristate status (HIGH impedance) at this point, thereby releasing the
SDO bus for other use.The state of SDI is shifted into the input register with every falling edge on CLK. The state
of SDO is shifted out of the output register after every rising edge on CLK. The SPI of the SBC is not daisy-chain
capable.

CSN high to low: SDO is enabled. Status information transferred to output shift register

!
csN | ‘

4 time

CSN low to high: data from shift register is transferred to output functions

time

l I Actual data New data

SDI: will accept data on the falling edge of CLK signal

Actual status New status

SDO: will change state on the rising edge of CLK signal

Figure 42 SPI Data Transfer Timing (note the reversed order of LSB and MSB shown in this figure
compared to the register description)
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13.2 Failure Signalization in the SPI Data Output

When the microcontroller sends a wrong SPI command to the SBC, the SBC ignores the information. Wrong
SPI commands are either invalid SBC mode commands or commands which are prohibited by the state
machine to avoid undesired device or system states (see below). In this case the diagnosis bit ‘SPI_FAIL’ is set
and the SPI Write command is ignored (mostly no partial interpretation). This bit can only be reset by actively
clearing it via a SPI command.

Invalid SPI Commands leading to SPI_FAIL are listed below:

+ lllegal state transitions: going from SBC Stop to SBC Sleep Mode. In this case the SBC additionally enters
the SBC Restart Mode.
Trying to go to SBC Stop or SBC Sleep mode from SBC Init Mode. In this case SBC Normal Mode is entered.

« Uneven parity in the data bit of the WD_CTRL register. In this case either the watchdog trigger is ignored
or the new watchdog settings are ignored.

+ In SBC Stop Mode: attempting to change any SPI settings , e.g. changing the watchdog configuration
during SBC Stop Mode.
the SPI command is ignored in this case.

The following are allowed in SBC Stop Mode: WD trigger, returning to SBC Normal Mode, triggering a SBC
Soft Reset, set to SBC Stop Mode (to return from PWM to PFM following an automatic Buck mode
transition) and Read & Clear status register commands are valid SPI commands in SBC Stop Mode.

+  When entering SBC Stop Mode and WK_STAT_0 and WK_STAT_2 are not cleared; SPI_FAIL will not be set
but the INTN pin will be triggered.

«  When changing from SBC Stop to Normal Mode, any attempt to change the bits on the M_S_CTRL register
will be ignored (SBC remains in SBC Stop Mode). Only VIO_OV_RST and VIO_RT set the SPI_FAIL bit.

+ SBC Sleep Mode: attempt to go to Sleep Mode when all bits in the BUS_CTRL_0, BUS_CTRL_2,
BUS_CTRL_3 and WK_CTRL_1 registers are cleared (i.e. no wake sources are activated). In this case the
SPI_FAIL bit is set and the SBC enters SBC Restart Mode.

Even though the SBC Sleep Mode command is not entered in this case, the rest of the command (e.g
modifying VEXT) is executed and the values stay unchanged during SBC Restart Mode.

Note: at least one wake source must be activated in order to avoid a deadlock situation in SBC Sleep Mode,
i.e. the SBC would not be able to wake up anymore.

No failure handling occurs for the attempt to go to SBC Stop Mode when all bits in the registers
BUS_CTRL_0, BUS_CTRL_2,BUS_CTRL_3 and WK_CTRL_1 are cleared because the microcontroller can
leave this mode via SPI.

+ After the first VEXT on command, the VEXT_VCFG bits can no longer be changed. if the microcontroller
tries to modify the VEXT_VCFG bits, then the rest of the command is executed but VEXT_VCFG will remain
unchanged.

+ TheBoost output voltage can be changed only if BOOST_EN is set to 0. If the Boost output voltage is
changed with BOOST_EN=1, the SPI_FAIL bit is set and the SPI command is ignored.

+ SDIstuck at HIGH or LOW, e.g. SDI received all ‘0’ or all ‘1’

Signalization of the ERR flag in the SPI data output (see Figure 42):

The ERR flag presents an additional diagnosis possibility for the SPI communication. The ERR flag is being set
for the following conditions:

« In case the number of received SPI clocks is not 0 or 16.
+ Incase RSTN is LOW and SPI frames are being sent at the same time.
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Note: In order to read the SPI ERR flag property, CLK must be low when CSN is triggered, i.e. the ERR bit is
not valid if the CLK is high on a falling edge of CSN.

The number of received SPI clocks is not 0 or 16:

The number of received input clocks is supervised to be 0 or 16 clock cycles and the input word is discarded in
case of a mismatch (0 clock cycle to enable ERR signalization). The error logic also recognizes if CLK was high
during the CSN edges. Both errors, 0 bit and 16 bit CLK mismatch or CLK high during CSN edges are flagged in
the following SPI output by a “HIGH” at the data output (SDO pin, bit ERR) before the first rising edge of the
clock is received. The error logic also recognizes if CLK was HIGH during CSN edges. The entire SPI command
isignored in these cases.

RSTN is LOW and SPI frames are being sent at the same time:

The ERR flag will be set when the RSTN pin is triggered (during SBC Restart Mode) and SPI frames are being
sent to the SBC at the same time. The behavior of the ERR flag signaled at the next SPI command when the
condition below are present:

+ Ifthe command begins when RSTN is HIGH and ends when RSTN is LOW.

« Ifan SPIcommand is sent while RSTN is LOW.

+ Ifan SPI command begins when RSTN is LOW and ends when RSTN is HIGH.
And the SDO output will behave as follows:

+ When RSTN is LOW, SDO is always HIGH.

+  When SPI command begins with RSTN is LOW and ends when RSTN is HIGH, then the SDO should be
ignored because wrong data will be sent.

Note: Itis possible to quickly check for the ERR flag without sending any data bits. i.e. only the CSN is pulled
low and SDO is observed - no SPI clocks are sent in this case.

Note: The ERR flag could also be set after the SBC has entered SBC Fail-Safe Mode because SPI
communication stops immediately.
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13.3 SPI Programming

For TLE9278, 7 bits are used for the address selection (6...0). Bit 7 is used to control the SPI Access, i.e. to decide
between Read Only (if set to ‘0’) and Read_Clear (if set to ‘1’) for the status bits, and between Write (if set to
‘1’) and Read Only (if set to ‘0’) for configuration bits. For the actual configuration and status information, 8
data bits (15...8) are used.

Writing, clearing and reading is done byte wise. SPI configuration and status bits are not cleared automatically
and must be cleared by the microcontroller, e.g. if the TSD2 was set due to overtemperature. The
configuration bits will be partially automatically cleared by the SBC (refer to the description of the individual
registers for detailed information). During SBC Restart, Sleep or Fail-Safe mode, the SPI communication is
ignored by the SBC, i.e. it is not interpreted.

There are two types of SPI registers:
+ Control registers: Those are the registers to configure the SBC, e.g. SBC mode, watchdog trigger, etc.

« Status registers: Those are the registers where the status of the SBC is signalled, e.g. wake-up events,
warnings, failures, etc.

For the status registers, the requested information is given in the same SPl command in DO.

For the control registers, also the status of the respective bit is shown in the same SPI command, but if the
setting is changed this is only shown with the next SPI command (it is only valid after CSN HIGH) of the same
register.

The SBC status information from the SPI status registers, is transmitted in a compressed way with each SPI
response on SDO in the so called Status Information Field register (see also Figure 43).

LSB MSB
Dl O|1|2|3|4|5|6|7 8|9|10|11|12|13|14|15|
Address Bits R/W Data Bits
HEEEE o e x  xfx] x
Register content of
selected address
DOO|1|2|3|4|5|6|7 8|9|10|11|12|13|14|15|
Status Information Field Data Bits
HEEEEEEEERERREERE
time
LSB is sent firstin SPI message

Figure 43 SPI Operation Mode

The purpose of this register is to quickly signal the information to the microcontroller if there was a change in
one of the SPI status registers. In this way, the microcontroller does not need to read constantly all the SPI
status registers but only those registers, which were changed. Each bit in the Status Information Field
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represents a SPI status register or a combinational OR of two status registers (see Table 24). As soon as one
bit is set in one of the status registers, the respective bit in the Status Information Field register is set. The
register WK_LVL_STAT is not included in the status information field. This is listed in Table 24:

Table 24 Status Information Field

Status Information Bit | Symbol Address Bit Status Register

0 100 0001 SUP_STAT_0 & SUP_STAT_1 (Combinational OR):
Supply Status (VCC1 and VEXT), POR

1 100 0010 THERM_STAT: Thermal Protection Status

2 1000011 DEV_STAT: Device Status - Mode before Wake, WD Fail,
SPI Fail, Failure

100 0100 BUS_STAT_O0: Bus Failure Status: CANO, VCAN

4 1000101 BUS_STAT_2 & BUS_STAT_3 (Combinational OR): Bus
Failure Status: CAN1, CAN2 and CAN3

5 1000110 WK_STAT_0: Wake Source Status for CANO, WK, Timer
and PFM-to-PWM transition

6 1001001 WK_STAT_2: Wake Source Status for CAN1, CAN2,
CAN3, and VBAT_UV

7 1001100 SMPS_STAT: SMPS Status

For example if bit 2 in the Status Information Field is set to 1, one or more bits of the register DEV_STAT is set
to 1. Then this register needs to be read in a second SPI command. The bit in the Status Information Field will
be set to 0 when all bits in the register DEV_STAT are set back to 0.
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13.4 SPI Bit Mapping

13.4.1 SPI Mapping Structure

Figure 44 and Figure 45 show the mapping of the SPI bits and the respective registers.

Depending on bit 7, the bits are only read or also written. The Control Registers ‘000 0001’ to ‘011 1111’ are
READ/WRITE Registers.

The new setting of the bit after write can be seen with the next read / write command. .

The registers ‘100 0000’ to ‘111 1110’ are Status Registers and can be read or read with clearing the bit (if
possible) depending on bit 7. To clear a Data Byte of one of the Status Registers, bit 7 must be set to 1. The
register WK_LVL_STAT is an exception as it shows the actual voltage level at the respective pin (LOW/HIGH)
and thus can not be cleared.

When changing to a different SBC Mode, certain configurations and status bits will be modified by the SBC:
+ The SBC Mode bits are updated to the actual status, e.g. when returning to SBC Normal Mode.

+ In SBC Sleep Mode the CANx control bits will be modified in CANx wake capable if they were ON before.
FO will stay activated if it was triggered before.

+ In general, the configurations is only possible in SBC Normal Mode. Diagnosis are also active in SBC Stop
Mode (e.g. UV, OT). VEXT can be also active in Low power mode (Stop/Sleep).

+ Depending on the respective configuration, CANx transceivers will be either OFF, woken or still wake
capable.
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13.4.2

SPI Mapping Tables

(infineon

7 6...0
Register Short Name banked Access Address
Control A6...A0
CONTROL REGISTERS
M S _CTRL no read/write 0000001
HW_CTRL 0 no read/write 0000010
WD CTRL no read/write 0000011
BUS_CTRL_0 no read/write 0000100
WK_CTRL_0 no read/write 0000110
WK _CTRL_1 no read/write 0000111
WK PD CTRL no read/write 0001000
BUS_CTRL_2 no read/write 0001010
BUS _CTRL_3 no read/write 0001011
TIMER_CTRL no read/write 0001100
HW_CTRL 1 no read/write 0001110
SYS STAT CTRL no read/write 0011110
STATUS REGISTERS
SUP_STAT 1 no read/clear 1000000
SUP_STAT 0 no read/clear 1000001
THERM STAT no read/clear 1000010
DEV STAT no read/clear 1000011
BUS STAT 0 no read/clear 1000100
WK STAT 0 no read/clear 1000110
WK LVL STAT no read 1001000
WK STAT 2 no read/clear 1001001
BUS STAT 2 no read/clear 1001010
BUS STAT 3 no read/clear 1001011
SMPS_STAT no read/clear 1001100
ADC STAT no read/clear 1011000

FAMILY AND PRODUCT REGISTERS

FAM PROD STAT |

no | read

| 1111110

Figure 44 SPI Register Mapping
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15 | 14 | 13 | 12 | 11 | 10 | 9 | 8 7 |
Register Short Name Data Bit 15...8 banked
D7 [ D6 [ D5 [ D4 [ D3 [ D2 [ D1 [ DO [ty (@)
CONTROL REGISTERS
M_S_CTRL MODE _1 MODE _0 VEXT_ON VIO_OV_RST VIO_RT 1 VIO_RT_0 no read/write
HW_CTRL 0 PWM_TLAG FO_ON PWM_BY_WK | PWM AUTO BOOST_EN CFG2 no read/write
WD_CTRL CHECKSUM | WD_STM_EN 0 WD_WIN __ |WD_EN_WK BUS| MAX 3 RST | WD_TIMER 2 | WD_TIMER 1 | WD_TIMER 0 no read/write
BUS_CTRL 0 CANO_1 CANO_O no read/write
WK_CTRL_0 TIMER_WK_EN |VBSENSE_CFG 1|VBSENSE_CFG 0 WD_STM_EN 1 VBSENSE_EN no read/write
WK _CTRL 1 WK _EN no read/write
WK _PUPD CTRL WK_PUPD_1 WK_PUPD_0 no read/write
BUS_CTRL_2 CAN_2 FLASH | CAN_1_FLASH CAN2_1 CAN2_0 CAN1_1 CAN1_0 no read/write
BUS CTRL_3 CAN_O_FLASH | CAN_3 FLASH CAN3_1 CAN3_0 no read/write
TIMER_CTRL_0 TIMER PER 2 | TIMER PER 1 | TIMER PER 0 no read/write
HW_CTRL_1 OFT_RESET_RST|BST_VB_UV_OFF BOOST_V_1 BOOST_V 0 | VEXT VCFG 1 | VEXT VCFG 0 | no read/write
SYS_STAT CTRL SYS STAT 7 | SYS STAT 6 | SYS STAT 5 | SYS STAT 4 | SYS STAT 3 | SYS STAT 2 | SYS STAT 1 SYS_STAT 0 no read/write
STATUS REGISTERS
SUP_STAT 1 BVB_UV_BST VS W VEXT_OC VREG_ WV VEXT_OT VIO_OV VIO_WARN no read/clear
SUP_STAT 0 POR VIO_SC VIO_UV_FS VIO_UV no read/clear
THERM_STAT VCC1_OT BOOST_OT TSD2 TSD1 TPW no read/clear
DEV_STAT DEV_STAT_1 DEV_STAT_0 WD_FAIL_1 WD_FAIL_O SPI_FAIL FO_ON_STATE no read/clear
BUS_STAT 0 CAN O_FAIL 1 | CAN 0_FAIL 0 VCAN_ UV no read/clear
WK_STAT 0 PFM_PWM CAN_0_WU TIMER_ WU WK_WU no read/clear
WK_LVL_STAT TEST CFG1_STATE | CFG2 STATE | PCFG STATE |VBAT UV_STATE WK no read
WK_STAT_2 VBAT_UV_LATCH CAN_3 WU CAN_2 WU CAN_1_WU no read/clear
BUS_STAT 2 CAN 2 FAIL_1 | CAN 2 FAIL 0 CAN 1_FAIL_ 1 | CAN1_FAILO | no read/clear
BUS_STAT 3 CAN 3 FAIL 1 | CAN3 FAL O | no read/clear
SMPS_STAT BST_ACT BST_SH BST_OP. BCK_SH BCK_OP no read/clear
FAMILY AND PRODUCT REGISTERS
FAM_PROD_STAT | FAM 3 [ FAM 2 [ FAM 1 [ FAM 0 [ PROD3 [ PROD2 | PROD1 | PRODO | no | read |

Figure 45 Detailed SPI Bit Mapping
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13.5 SPI Control Registers

Read / Write Operation (see Chapter 13.3):

+ The ‘POR/ Soft Reset Value’ defines the register content after POR or SBC Software Reset.

+ The ‘Restart Value’ defines the register content after SBC Restart; ‘x’ means the bit is unchanged.
« ‘y’in‘Restart Value’ means the bit can be changed by SBC.

« One 16-bit SPI command consist of two bytes:
- the 7-bit address and one additional bit for the register access mode and
- following the data byte
The numbering of following bit definitions refers to the data byte and correspond to the bits DO...D7 and to
the SPI bits 8...15.

+ There are three different bit types:
‘r = READ; read only bits (or reserved bits).
- ‘rw’ = READ/WRITE; readable and writable bits.
- ‘rwh’=READ/WRITE/HARDWARE; as rw with the possibility that the hardware can change the bits.
+ Readingaregister is done byte wise by setting the SPI bit 7 to “0” (= Read Only).
« Writing to a register is done byte wise by setting the SPI bit 7 to “1”.

« SPlcontrol bits are not cleared or changed automatically. This must be done by the microcontroller via SPI
programming.

The registers are addressed wordwise.
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13.5.1 General Control Registers
Mode- and Supply Control
M_S_CTRL

Mode- and Supply Control (Address 000 0001;)
POR / Soft Reset Value: 0000 0000,; Restart Value: 00x"0 00xx,

7 6 5 4 3 2 1 0
MODE VEXT_ON Reserved VIO_OV_RST VIO_RT
I’V\Ilh rwh Ir rwh r\IN

1) Thevalueisxin case of PCFG=1. The valueis 1 if PCFG=0.

Field Bits Type |Description

MODE 7:6 rwh | SBC Mode Control

005 SBC Normal Mode

01y SBC Sleep Mode

10, SBC Stop Mode

11; SBC Reset: Soft Reset is executed (configuration of RSTN triggering
in bit SOFT_RESET_RSTN)

VEXT_ON 5 rwh | If PCFG is left open, VEXT Mode Control

0  VEXT OFF

13 VEXTisenabled (asindependent voltage regulator)

If PCFG is connect to GND, VEXT Mode Control always reads as 1 (VEXT

is enable)
Reserved 4:3 r Reserved, always reads as 0
VIO_OV_RST 2 rwh | VIO Overvoltage Reset / Fail-Safe enable

0g VIO_OVissetin case of VIO_OV; no SBC Restart or Fail-Safe is
entered for VIO_OV

1z VIO_OVis setin case of VIO_OV; depending on the device
configuration SBC Restart or SBC Fail-Safe Mode is entered (see
Chapter 5.1.1);

VIO_RT 1:0 rw VIO Reset Threshold Control

005 Vrtl selected (highest threshold)
01y Vrt2 selected

105 Vrt3selected

115 Vrt4 selected

Notes

1. Itis not possible to change from SBC Stop to Sleep Mode via an SPI Command. See also the State Machine
Chapter.

2. After entering SBC Restart Mode, the MODE bits will be automatically set to SBC Normal Mode.

3. The SPIoutput will always show the previously written state with a Write Command (what has been
programmed before).
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Hardware Control 0

HW_CTRL_O
Hardware Control 0 (Address 000 0010;)
POR/ Soft Reset Value: 0000 0000,;  Restart Value: 0x0x Xxxxg

7 6 5 4 3 2 1 0
Reserved PWM_TLAG FO_ON PWM_BY_WK| PWM_AUTO Reserved BOOST_EN CFG2
r rw rwh rwh rw r rwh rw
Field Bits Type |Description
Reserved 7 r Reserved, always reads as 0
PWM_TLAG 6 rw PWM Lag time
This bit permits to set the time between the PWM to PFM transition.
0z  100us
1; 1ms
FO_ON 5 rwh Failure Output activation

This bit is used to activate the Fail Output by software.
0 FOnot activated by software, FO can be activated by defined failure
13 FO activated by software.

PWM_BY WK |4 rwh PWM of Buck converter enabled by WK pin

0g  Buck converter uses PFM in SBC Stop Mode

1l Buck converter can be switched between PFM and PWM by the WK
pinin SBC Stop Mode.

PWM_AUTO 3 rw Automatic transition PFM-PWM in SBC Stop Mode

This bit is used to activate the automatic transition PFM to PWM.

0  Buckconverter always uses PFM in SBC Stop Mode (default)

1l Buck converter uses automatic transition PFM to PWM in case large
current needed in SBC Stop Mode. To come back in PFM, write a SBC
Stop Mode command to M_S_CTRL.

Reserved 2 r Reserved, always reads as 0

BOOST_EN 1 rwh Boost converter enable
0y Boost Off
1, Boost enabled, automatic switch ON for LOW V; Voltage

CFG2 0 rw Configuration Select 2
0  Fail Output (FO) enabled after 2nd watchdog trigger fail
Config 3/4
1  Fail Output (FO) enabled after 1st watchdog trigger fail
Config1/2
Notes

1. The FO_ON bitis cleared by the SBC after SBC Restart Mode. Clearing the bit via SPI or via SBC Restart Mode
will not disable the FO output, if the failure condition is still present. See also Chapter 11 for FO activation and
deactivation. Setting the FO output via an SPI should be used for testing purposes only.

2. The selection between Config 1/3 respectively Config 2/4 is done by the pin INTN. The INTN pin defines if the
SBC enters to SBC Fail-Safe Mode with VCC1 OFF in case of a watchdog failure.
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Watchdog Control

WD_CTRL

Watchdog Control (Address 000 0011;)
POR/ Soft Reset Value: 0001 0100,;  Restart Value: xOxx x100,

7

6

5 4 3 2 1 0

CHECKSUM

WD_STM_EN
0

WD_WIN

WD_EN_WK_

BUS MAX_3_RST WD_TIMER

rw

rwh

rw rw rw rwh

Field

Bits

Type

Description

CHECKSUM

7

Watchdog Setting Checksum Bit

The sum of bits 7:0 needs to have even parity
0  Counts as 0 for checksum calculation
1,  Countsas 1 for checksum calculation

WD_STM_EN_O |6

rwh

Watchdog Deactivation during SBC Stop Mode, bit 0 (Chapter 12.2.4)
0g Watchdog is active in Stop Mode
1z Watchdog is deactivated in Stop Mode

WD_WIN

rw

Watchdog Type Selection
0 Watchdog works as a Time-Out watchdog
1,  Watchdog works as a Window watchdog

WD_EN_WK_
BUS

rw

Watchdog Enable after Bus (CANx) Wake in SBC Stop Mode
0g  Watchdog will not start after a CANx wake
1z Watchdog starts with a long open window after CANx Wake

MAX_3_RST

rw

Limit number of resets due to a Watchdog failure

0 Always generate a reset in case of WD fail

1z  After 3 consecutive resets due to WD fail, no further reset is
generated (only valid in config 1/3)

WD_TIMER

2:0

rwh

Watchdog Timer Period
000 10ms

0015 20ms

0105 50ms

011 100ms

1005 200ms

101, 500ms

1105 1000ms

1115 reserved

Notes

1. See Chapter 12.2.3 for calculating the checksum.
2. See also Chapter 12.2.4 for more information on disabling the watchdog in SBC Stop Mode.
3. See Chapter 12.2.4 for more information on the effect of the bit WD_EN_WK_BUS.
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Bus Control 0

BUS_CTRL_O
Bus Control 0 (Address 000 0100;)
POR / Soft Reset Value: 0000 0000,; Restart Value: 0000 00yy,

(infineon

7 . 6 5 4 . 3 . 0
Reserved CANO
' r ' rwh
Field Bits Type |Description
Reserved 7:2 r Reserved, always reads as 0
CANO 1:0 rwh HS-CAN_O0 Module Modes
005 CAN OFF

01; CANiswake capable
10, CAN Receive Only Mode
11; CAN Normal Mode

Notes

1. See Figure 18 for detailed state changes of the CAN Transceiver for different SBC modes.

2. Failure Handling Mechanism: When the SBC enters SBC Fail-Safe Mode due to a failure (e.g. TSD2, WD-
Failure), then the bus and wake registers are modified by the SBC in order to ensure that the device can be

woken again. Refer to the respective register descriptions.
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Internal Wake Input Control 0

WK_CTRL_0O
Internal Wake Input Control 0 (Address 000 0110;)
POR/ Soft Reset Value: 0000 0001,; Restart Value: 0xxx 000x,

7 6 5 4 3 2 1 0
Reserved TIME';:I‘WK‘ VBSENSE_CFG Reserved WD_ST1M_EN Reserved |VBSENSE_EN
r rw w r rwh r rw
Field Bits Type |Description
Reserved 7 r Reserved, always reads as 0
TIMER1I_WK_ |6 rw Wake Source Control (for cyclic wake)
EN 0g Cyclic wake disabled
1,  Cyclic wake enabled as a wake source
VBSENSE_CFG |5:4 rw Battery Voltage Monitoring Threshold Selection
005 VBSENSEO threshold selected (highest threshold)
01z VBSENSE1 threshold selected
105 VBSENSE2 threshold selected
11, VBSENSE3 threshold selected
Reserved 3 r Reserved, always reads as 0
WD_STM_EN_1 |2 rwh | Watchdog Deactivation during Stop Mode, bit 1 (Chapter 12.2.4)
0 Watchdogis active in Stop Mode
1y Watchdogis deactivated in Stop Mode
Reserved 1 r Reserved, always reads as 0
VBSENSE_EN |0 rw Enable the fast battery voltage monitoring
0 FastVbatt Monitoring disabled
1,  FastVbatt Monitoring enabled
Note: See also Chapter 12.2.4 for more information on disabling the watchdog in SBC Stop Mode.
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External Wake Source Control 1

WK_CTRL_1
External Wake Source Control 1 (Address 000 0111;)
POR/ Soft Reset Value: 0000 0001,; Restart Value: 0000 000x,

7 6 5 4 3 2 1 0
Reserved WK_EN
I r I I rwh
Field Bits Type |Description
Reserved 7:1 r Reserved, always reads as 0
WK_EN 0 rwh | WK Wake Source Control

0 WK wake disabled
1z WKisenabled as a wake source

Notes

1. Failure Handling Mechanism: When the device enters SBC Fail-Safe Mode due to a failure (e.g. TSD2, WD-
Failure), the WK_CTRL_1 is modified to the value ‘0000 0001’ in order to ensure that the device can be woken
again.
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Wake Input Level Control

WK_PUPD_CTRL
Wake Input Level Control (Address 000 1000;)
POR / Soft Reset Value: 0000 0000,; Restart Value: 0000 00xx,

7 6 5 4 3 2 1 0
Reserved WK_PUPD
' r ' w
Field Bits Type |Description
Reserved 7:2 r Reserved, always reads as 0
WK_PUPD 1:0 rw WK Pull-Up / Pull-Down Configuration

005 No pull-up / pull-down selected

01 Pull-down resistor selected

105 Pull-up resistor selected

11, Automatic switching to pull-up or pull-down
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Bus Control 2

BUS_CTRL_2
Bus Control 2 (Address 000 1010;)
POR / Soft Reset Value: 0000 0000,; Restart Value: xx0y yOyyg

(infineon

7 6 5 4 3 2 0
CAN_2_Flash|CAN_1_Flash| Reserved CAN2 Reserved CAN1

rw rw r rwh r rwh
Field Bits Type |Description
CAN_2_Flash 7 rw CAN2 Flash Mode activation

0  Flash Mode disabled: CAN communication up to 5MBaud
1l Flash Mode enabled: CAN communication for higher than 5MBaud
(higher emission on CAN bus - no slew rate control)

CAN_1_Flash 6 rw CAN1 Flash Mode activation

0g Flash Mode disabled: CAN communication up to 5MBaud
1l Flash Mode enabled: CAN communication for higher than 5MBaud
(higher emission on CAN bus - no slew rate control)

Reserved 5 r Reserved, always reads as 0
CAN2 4:3 rwh HS-CAN_2 Module Modes
005 CAN OFF

01; CAN iswake capable
10, CAN Receive Only Mode
11, CAN Normal Mode

Reserved 2 r Reserved, always reads as 0
CAN1 1:0 rwh HS-CAN_1 Module Modes
005 CAN OFF

01; CANiswake capable
10, CAN Receive Only Mode
115 CAN Normal Mode

Notes

1. See Figure 18 for detailed state changes of the CAN Transceiver for different SBC modes.
Failure Handling Mechanism: When the device enters SBC Fail-Safe Mode due to a failure (e.g. TSD2, WD-

Failure), then the bus and wake registers are modified by the SBC in order to ensure that the device can be

woken again. Refer to the respective register descriptions.
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Timer_0 Control and Selection

TIMER_CTRL_O
Timer_0 Control and Selection (Address 000 1100;)
POR / Soft Reset Value: 0000 0000,; Restart Value: 0000 0000,

7 6 5 4 3 2 1 0

Reserved TIMER_O_PER

r rwh

Field Bits Type |Description

Reserved 7:3 r Reserved, always reads as 0

TIMER_O_PER |2:0 rwh | Cyclic Wake Period Configuration
0005 10ms

001; 20ms

0105 50ms

011; 100ms

1005 200ms

101, 1s

1105 2s

1115 reserved
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Hardware Control 1

HW_CTRL_1

Hardware Control 1 (Address 000 1110)
POR / Soft Reset Value: 0000 00yy,; Restart Value: 0X0x xxxxg

7 6 5 4 3 2 1 0
SOFT_RESET |[BST_VB_UV_
ADC_SEL _RSTN OFF Reserved BOOST_V VEXT_VCFG
rw rw rw r w rwh
Field Bits Type |Description
ADC_SEL 7 rw 8 bit ADC input channel selector
0y WKpinisselected
1y VBSENSE pin is selected
SOFT_RESET_ |6 rw Soft Reset Configuration
RSTN 0 RSTN will be triggered (pulled low) during a Soft Reset (default)
13 NoRSTN triggering during a Soft Reset
BST_VB_UV_ 5 rw Boost switch-off control on VBSENSE low voltage condition
OFF 0  Boost automatic switch-off disable
1, Boost automatic switch-off enable
Reserved 4 r Reserved, always reads as 0
BOOST_V 3:2 rw BOOST Output voltage configuration
005 6.7V output (default)
01; 8Voutput
10; 10V output
11; 12V output
VEXT_VCFG 1:0 rwh | VEXT Output voltage configuration
005 5.0Voutput
01; 3.3Voutput (default)
105 1.8V output
11; 1.2Voutput
Notes

1. Aftertriggering a SBC Software Reset the bits VEXT_VCFG remain unchanged, as shown by the ‘y’ in the
POR/Soft Reset Value.
2. The VEXT_VCFG can not be accessed if the PCFG pin is connected to GND. Always read ‘01’
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Bus Control 3

BUS_CTRL_3
Bus Control 3 (Address 000 1011;)
POR / Soft Reset Value: 0000 0000,; Restart Value: 000x x0yy,

7 6 5 4 3 2 1 0
Reserved CAN_O_Flash|CAN_3_Flash| Reserved CAN3
I r rw rw r rwh
Field Bits Type |Description
Reserved 7:5 r Reserved, always reads as 0
CAN_O_Flash |4 rw CANO Flash Mode activation

0g Flash Mode disabled: CAN communication up to 5MBaud
1l Flash Mode enabled: CAN communication for higher than 5MBaud
(higher emission on CAN bus - no slew rate control)

CAN_3_Flash |3 rw CANS3 Flash Mode activation

0g Flash Mode disabled: CAN communication up to 5MBaud

1l Flash Mode enabled: CAN communication for higher than 5MBaud
(higher emission on CAN bus - no slew rate control)

Reserved 2 r Reserved, always reads as 0
CAN3 1:0 rwh HS-CAN_3 Module Modes
005 CAN OFF

01; CAN iswake capable
105 CAN Receive Only Mode
11, CAN Normal Mode

Notes

1. See Figure 18 for detailed state changes of CAN Transceiver for different SBC modes.

2. Failure Handling Mechanism: When the device enters Fail-Safe Mode due to a failure (e.g. TSD2, WD-Failure),
then the bus and wake registers are modified by the SBC in order to ensure that the device can be woken
again. Refer to the respective register descriptions.

Datasheet 100 Rev. 1.5
2019-09-27



TLE9278BQX
Multi-CAN Power+ System Basis Chip

Serial Peripheral Interface

System Status Control

SYS_STATUS_CTRL
System Status Control (Address 001 1110;)

(infineon

POR Value: 0000 0000; Restart Value/Soft Reset Value: xxxx xxxxg
7 . 6 5 4 . 3 2 . 0
SYS_STAT
. - .
Field Bits Type |Description
SYS_STAT 7:0 rw System Status Control Byte (bit0=LSB; bit7=MSB)

microcontroller

Dedicated byte for system configuration, access only by

Notes

1. The SYS_STATUS_CTRL register is an exception for the default values, i.e. it will keep its configured value

even after a Software Reset.

2. Thisbyteisintended for storing system configurations of the ECU by the microcontroller and is only accessible
in SBC Normal Mode. The byte is not accessible by the SBC and is also not cleared after SBC Fail-Safe or
Restart Mode. It allows the microcontroller to quickly store the system configuration without losing the data.
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13.6 SPI Status Information Registers

Read/Clear Operation (see Chapter 13.3):

« One 16-bit SPI command consist of two bytes:
- the 7-bit address and one additional bit for the register access mode and
- following the data byte will be ignored when accessing a status register
The numbering of following bit definitions refers to the data byte and correspond to the bits D0...D7 and to
the SPI bits 8...15.

« There are three different bit types:
- ‘r’ = READ: read only bits (or reserved bits)
- ‘rc’ = READ/CLEAR: readable and clearable bits
- ‘rh’ = READ/HARDWARE: readable and the possibility that the hardware can change the bits

+ Readingaregister is done byte wise by setting the SPI bit 7 to “0” (= Read Only)
+ Clearing aregister is done byte wise by setting the SPI bit 7 to “1”

« SPIstatus registers are in general not cleared or changed automatically (an exception are the WD_FAIL
bits). This must be done by the microcontroller via SPI command

The registers are addressed wordwise.
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13.6.1 General Status Registers
Supply Voltage Fail Status 1
SUP_STAT_1

Supply Voltage Fail Status 1 (Address 100 0000;)
POR/ Soft Reset Value: 0000 0000,;  Restart Value: xx0x Xxxxg

7 6 5 4 3 2 1 0
VB_UV_BST VS_uv Reserved VEXT_OC VREG_UV VEXT_OT VIO_OV VIO_WARN
rc rc r rc rc rc rc rc
Field Bits Type |Description
VB_UV_BST 7 rc VBSENSE low voltage detection

0y  NoVBSENSE low voltage detected
1z VBSENSE low voltage detected

VS_Uuv 6 rc VS Undervoltage Detection (Vs )
0g No Vgundervoltage detected
1z Vsundervoltage detected

Reserved 5 r Reserved, always reads as 0
VEXT_OC 4 rc VEXT Overcurrent Detection
0g NoOC
1 OCdetected
VREG_UV 3 rc If PCFG is left open, the status is related to VEXT

0g  No VEXT UV detection
1l VEXT UV Fail detected
If PCFG is connect to GND, the status is related to VCC1
0 NoVCC1 UV detection
1z VCC1 UV Fail detected

VEXT_OT 2 rc VEXT Overtemperature Detection
0  Noovertemperature

1, VEXT overtemperature detected
Vio_ov 1 rc VIO Overvoltage Detection (V,q o ,)

0 NoVIO overvoltage warning
1; VIO overvoltage detected

VIO_WARN 0 rc VIO Undervoltage Prewarning (Vy, ()
0 NoVIO undervoltage prewarning
13 VIO undervoltage prewarning detected

Notes

1. The VIO undervoltage prewarning threshold Vpy, ¢ is a fixed threshold and independent of the VIO
undervoltage reset thresholds.

2. VIO_WARN bit setting: It is never updated in SBC Restart Mode. In SBC Init Mode it is only updated after RSTN
was released for the first time. It is always updated in SBC Normal and Stop Mode. It is never updated in SBC
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Sleep Mode and it is always updated in any SBC modes in a VIO_SC condition (after VIO_UV = 1 longer than

two,sc) .
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Supply Voltage Fail Status 0

SUP_STAT_O
Supply Voltage Fail Status 0 (Address 100 0001;)
POR/ Soft Reset Value: y000 0000,;  Restart Value: x000 Oxxxg

7 6 5 4 3 2 1 0
POR Reserved VIO_SC VIO_UV_FS VIO_UV
rc I" I rc rc rc
Field Bits Type |Description
POR 7 rc Power-On Reset Detection
0 NoPOR
1l PORoccurred
Reserved 6:3 r Reserved, always reads as 0
VIO_SC 2 rc VIO Short to GND Detection
0 Noshort
1 VIO short to GND detected
VIO_UV_FS 1 rc VIO UV-Detection (due to VRTxX reset)
0  No Fail-Safe Mode entry due to 4th consecutive VIO_UV
1  Fail-Safe Mode entry due to 4th consecutive VIO_UV
VIO_UV 0 rc VIO UV-Detection (due to VRTx reset)
0 NoVIO_UV detection
1l VIO UV-Fail detected
Notes

1. The MSB of the POR/Soft Reset value is marked as ‘y’: the default value of the POR bit is set after Power-on
reset (POR value = 1000 0000). However it will be cleared after a SBC Software Reset command (Soft Reset

value = 0000 0000).

2. During SBC Sleep Mode, the bits VIO_SC, VIO_OV and VIO_UV will not be set because the regulator suppling

VIO is off.

3. The VIO_UV bitis never updated in SBC Restart Mode. In SBC Init Mode, it is only updated after RSTN was
released for the first time. It is always updated in SBC Normal and Stop Mode, and it is always updated in any

SBC modes in a VIO_SC condition (after VIO_UV = 1 longer than tq ).
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Thermal Protection Status

THERM_STAT
Thermal Protection Status (Address 100 0010;)
POR/ Soft Reset Value: 0000 0000,;  Restart Value: 0xx0 Oxxxg

7 6 5 4 3 2 1 0
Reserved VCC1_0T BOOST_OT Reserved TSD2 TSD1 TPW
r rc rc ;‘ rc rc rc
Field Bits Type |Description
Reserved 7 r Reserved, always reads as 0
VCC1_OT 6 rc VCC1 Overtemperature detection

0y  NoVCCl1 overtemperature
1y VCC1overtemperature detected

BOOST_OT 5 rc Boost Overtemperature detection
0  No Boost overtemperature
1,  Boost overtemperature detected

Reserved 4:3 r Reserved, always reads as 0

TSD2 2 rc TSD2 Thermal Shut-Down Detection
0 NoTSD2event
1, TSD2 OT detected - leading to SBC Fail-Safe Mode

TSD1 1 rc TSD1 Thermal Shut-Down Detection
0 No TSD1 fail
1, TSD1 OT detected

TPW 0 rc Thermal Pre Warning
0z NoThermal Pre warning
1y Thermal Pre warning detected

Note: TPW, TSD1 and TSD2 are not reset automatically, even ifthe overtemperature pre warning or TSD1/2
conditions are not longer present.
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Device Information Status

DEV_STAT
Device Information Status (Address 100 0011;)
POR/ Soft Reset Value: 0000 0000,;  Restart Value: xx00 xxxxg

7 6 5 4 3 2 1 0
DEV_STAT Reserved WD_FAIL SPI_FAIL FO_OBIIE_STAT
rlc I" rh rc rc
Field Bits Type |Description
DEV_STAT 7:6 rc Device Status before Restart Mode

005 Cleared (Register must be actively cleared)

01; Restart due to failure described in Table 8 and Table 9.
10, Sleep Mode

115 Reserved

Reserved 5:4 r Reserved, always reads as 0
WD_FAIL 3:2 rh Number of WD-Failure Events (1/2 WD failures depending on INTN)
00 No WD Fail

01; 1xWD Fail, FOx activation- Config 1/2
10, 2x WD Fail, FOx activation- Config 3/4
11; Reserved (never reached)

SPI_FAIL 1 rc SPI Fail Information

0  No SPIfail

1 Invalid SPIcommand detected
FO_ON_STATE |0 rc Activation of Fail Output FO

0; NoFailure
1y Failure occurred, FO is activated

Notes

1. The WD_FAIL bits are configured as a counter and are the only status bits, which are cleared automatically
by the SBC. They are cleared after a successful watchdog trigger and when the watchdog is stopped (also in
SBC Sleep and Fail-Safe Mode unless it was reached due to a watchdog failure). See also Chapter 11.1.

2. The SPI_FAIL bitis cleared only by SPI command.

3. With Config 2/4, the WD_Fail counter is frozen in case of WD trigger failure until a successful WD trigger occurs.
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Bus Communication Status 0

BUS_STAT_O
Bus Communication Status 0 (Address 100 0100;)
POR/ Soft Reset Value: 0000 0000,; Restart Value: 0000 Oxxx,

7 6 5 4 3 2 1 0
Reserved CAN_O_FAIL VCAN_UV
I r I rlc rc
Field Bits Type |Description
Reserved 7:3 r Reserved, always reads as 0
CAN_O_FAIL 2:1 rc CAN_O Failure Status

00z Noerror

01 CANTSD shutdown

105 CAN_TXD_DOM: TXD dominant time out for more than 2ms
11; CAN_BUS_DOM: BUS dominant time out for more than 2ms

VCAN_UV 0 rc Undervoltage CAN Bus Supply
0z Normal operation
1, CAN Supply undervoltage detected. Transmitter disabled

Notes

1. CANO Recovery Conditions:
1.) TXD Time Out: TXDCANO goes HIGH or transmitter is switched off or the transceiver is wake capable.
2.) Bus dominant time out: Bus will become recessive or transceiver is set to wake capable or switched off.
3.) Supply undervoltage: as soon as the threshold is crossed again, i.e. VCAN > VCAN_UV.
4.) In all cases (also for TSD shutdown): to enable the Bus transmission again, TXDCANO needs to be HIGH for
a certain time (transmitter enable time).

2. The VCAN_UV comparator is enabled if the mode bit CANx_1=1’, i.e. in CAN Normal or CAN Receive Only
Mode.
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Wake-up Source and Information Status 0

WK_STAT_O
Wake-up Source and Information Status 0 (Address 100 0110;)
POR/ Soft Reset Value: 0000 0000,;  Restart Value: xOxx 000x,

7 6 5 4 3 2 1 0
PFM_PWM Reserved CAN_O0O_WU |TIMER_O_WU Reserved WK_WU
rc r rc rc r I rc
Field Bits Type |Description
PFM_PWM 7 rc PFM_PWM automatic transition detected
0g Noautomatic PFM_PWM transition detected
1z Automatic PFM_PWM transition detected
Reserved 6 r Reserved, always reads as 0
CAN_0_WU 5 rc Wake up via CAN_O Bus
0 NoWakeup
1,  Wakeup
TIMER_O_WU |4 rc Wake up via cyclic wake
0 NoWakeup
1, Wakeup
Reserved 3:1 r Reserved, always reads as 0
WK_WU 0 rc Wake up via WK
0 NoWakeup
1 Wakeup
Note: The respective wake source bit will also be set when the device is woken from SBC Fail-Safe Mode.
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WK Input Level

WK_LVL_STAT
WK Input Level (Address 100 1000;)

POR / Soft Reset Value: xx0x 000xg;

Restart Value: xxxx x00xg

7 6 4 3 2 1 0
TEST CFG1_STATE | CFG2_STATE | PCFG_STATE VBA-I;\‘Tl:EV‘ST Reserved WK
r r r r II’ r
Field Bits Type |Description
TEST 7 r Status of SBC Development Mode
0 LOW Level (=0), Normal User Operation, SBC Development Mode is
disabled
15 HIGH Level (=1), SBC Development Mode is enabled, no reset
triggered due to wrong Watchdog trigger
CFG1_STATE 6 r Status of INTN Pin
This bit shows the level of the INTN pin regarding the device configuration
0; LOW Level; Fail-Safe Mode entered due to WD failure (1 or 2 failure)
depending on CFG2 bit) Config 2/4
1 HIGH Level; Fail-Safe Mode not entered, due to WD failure, Config 1/3
CFG2_STATE |5 r Status of CFG2 bit on HW_CTRL_O register
This bit shows the setting in bit CFG2
0g LOW Level (=0), Fail Outputs (FOx) are active after 2nd watchdog
trigger fail Config 3/4
1 HIGH Level (=1); Fail Outputs (FOx) are active after 1st watchdog
trigger fail Config 1/2
PCFG_STATE |4 r Status of PCFG Pin
0y LOW Level;the VEXT isfix at 3.3V and it has to be connected to VIO to
supply the microcontroller (connected to GND)
15 HIGH Level; the microcontroller is supplied from the VCC1 and
VIO=VCC1. The VEXT is fully configurable (left OPEN)
VBAT_UV_ 3 r VBSENSE Undervoltage Detection Status
STATE 0z NoVBSENSE undervoltage detected
1, VBSENSE undervoltage detected
Reserved 2:1 r Reserved, always reads as 0
WK 0 r Status of WK
0y LOW Level (=0)
1, HIGH Level (=1)
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Wake-up Source and Information Status 2

WK_STAT_2
Wake-up Source and Information Status 2 (Address 100 1001;)
POR/ Soft Reset Value: 0000 0000,;  Restart Value: x000 Oxxxg

7 6 5 4 3 2 1 0
VBA-:_‘Cl:_IV‘LA Reserved CAN_3_WU | CAN_2_WU | CAN_1_WU
rc I" I rc rc rc
Field Bits Type |Description
VBAT_UV_ 7 rc VBSENSE Undervoltage Detection
LATCH 0g  NoVBSENSE undervoltage detected
1, VBSENSE undervoltage detected (latched status)
Reserved 6:3 r Reserved, always reads as 0
CAN_3_WU 2 rc Wake up via CAN_3 Bus
0 Nowakeup
1,  Wakeup
CAN_2_WU 1 rc Wake up via CAN_2 Bus
0 Nowakeup
1, Wakeup
CAN_1_WuU 0 rc Wake up via CAN_1 Bus
0 Nowakeup
1l  Wakeup
Note: The respective wake source bit will also be set when the device is woken from SBC Fail-Safe Mode.
Datasheet 111 Rev. 1.5

2019-09-27



infineon

TLE9278BQX
Multi-CAN Power+ System Basis Chip

Serial Peripheral Interface

Bus Communication Status 2

BUS_STAT_2
Bus Communication Status 2 (Address 100 1010;)
POR/ Soft Reset Value: 0000 0000,; Restart Value: 00xx 00xxg

7 6 5 4 3 2 1 0
Reserved CAN_2_FAIL Reserved CAN_1_FAIL
r rc r rc
Field Bits Type |Description
Reserved 7:6 r Reserved, always reads as 0
CAN_2_FAIL 5:4 rc CAN_2 Failure Status
00z Noerror
01 CANTSD shutdown
105 CAN_TXD_DOM: TXD dominant time out for more than 2ms
11; CAN_BUS_DOM: BUS dominant time out for more than 2ms
Reserved 3:2 r Reserved, always reads as 0
CAN_1_FAIL 1:0 rc CAN_1 Failure Status
005 Noerror
01 CANTSD shutdown
10, CAN_TXD_DOM: TXD dominant time out for more than 2ms
115 CAN_BUS_DOM: BUS dominant time out for more than 2ms
Notes

1. CAN Recovery Conditions:
1.) TXD Time Out: TXDCANX goes HIGH or transmitter is switched off or the transceiver is wake capable.
2.) Bus dominant time out: Bus will become recessive or transceiver is set to wake capable or switched off.
3.) Supply undervoltage: as soon as the threshold is crossed again, i.e. VCAN > VCAN_UV.
4.)In all cases (also for TSD shutdown): to enable the Bus transmission again, TXDCANx needs to be HIGH for
a certain time (transmitter enable time).
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Bus Communication Status 3

BUS_STAT_3
Bus Communication Status 3 (Address 100 1011;)
POR / Soft Reset Value: 0000 0000,; Restart Value: 0000 00xx,

7 6 5 4 3 2 1 0
Reserved CAN_3_FAIL
' r ' rc
Field Bits Type |Description
Reserved 7:2 r Reserved, always reads as 0
CAN_3_FAIL 1.0 rc CAN_3 Failure Status

00z Noerror

01 CANTSD shutdown

105 CAN_TXD_DOM: TXD dominant time out for more than 2ms
11; CAN_BUS_DOM: BUS dominant time out for more than 2ms

Notes

1. CAN Recovery Conditions:
1.) TXD Time Out: TXDCAN3 goes HIGH or transmitter is switched off or the transceiver is wake capable.
2.) Bus dominant time out: Bus will become recessive or transceiver is set to wake capable or switched off.
3.) Supply undervoltage: as soon as the threshold is crossed again, i.e. VCAN > VCAN_UV.
4.)In all cases (also for TSD shutdown): to enable the Bus transmission again, TXDCAN3 needs to be HIGH for
a certain time (transmitter enable time).
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SMPS state

SMPS_STAT
SMPS state (Address 100 1100;)
POR/ Soft Reset Value: 0000 0000,;  Restart Value: xxx0 0xx0g

7 6 5 4 3 2 1 0
BST_ACT BST_SH BST_OP Reserved BCK_SH BCK_OP Reserved
rc rc rc ;‘ rc rc r
Field Bits Type |Description
BST_ACT 7 rc Boost Regulator Active

0g Boostnotactive
1;  Boost active

BST_SH 6 rc BSTD short detection

0 Noshort detected on BSTD pin

1,  BSTD shortto supply

BST_OP 5 rc BSTD open detection

0z Noopendetected on BSTD pin

1, BSTD loss of diode detected or loss of Boost GND
Reserved 4:3 r Reserved, always reads as 0

BCK_SH 2 rc BCKSW pin short detection

0 No BCKSW short detected

1 Shortto GND or short to V detected on BCKSW pin
BCK_OP 1 rc BCKSW pin open detection

0 No BCKSW open detected

1, BCKSW loss of freewheeling or BCKSW loss of GND

Reserved 0 r Reserved, always reads as 0
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ADC state

ADC_STAT
ADC state (Address 101 1000;)
POR/ Soft Reset Value: 0000 0000;;  Restart Value: Xxxx XXxxg

7 6 5 4 3 2 1 0
ADC
1 r'Ic 1 1
Field Bits Type |Description
ADC 7:0 rc ADC output
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13.6.2 Family and Product Information Register
Family and Product Identification Register
FAM_PROD_STAT

Family and Product Identification Register (Address 111 1110;)
POR/ Soft Reset Value: 0100 yyyy ;; Restart Value: 0100 yyyy,

7 6 5 4 3 2 1 0
FAM PROD
1 \r ;- 1
Field Bits Type |Description
FAM 7:4 r SBC Family Identifier (bit4=LSB; bit7=MSB)

0001gDriver SBC Family

00 105DC/DC-SBC Family

00 11;Mid-Range SBC Family

0 1 005Multi-CAN Power+ SBC Family
0101,LITE SBC Family

01 00gMid-Range+ SBC Family

PROD 3:0 r SBC Product Identifier (bit0O=LSB; bit3=MSB)
0000gTLE9278-3BQX

000 15TLES278-3BQX V33

0010zTLES278BQX

00115TLE9278BQX V33

Notes

1. The actual default register value after POR, Soft Reset or Restart of PROD depends on the respective product.
Therefore the value ‘y’ is specified.
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13.7 Electrical Characteristics

Table25 Electrical Characteristics: Power Stage

Vs=5.5Vt028V, T;=-40°Cto +150°C, all voltages with respect to ground, positive current flowing into pin
(unless otherwise specified)

Parameter Symbol Values Unit |Noteor Number
Min. |Typ. |Max. Test Condition
SPI frequency
Maximum SPI frequency | fop; max - - 4.0 MHz |V P_13.7.1
SPI Interface; Logic Inputs SDI, CLK and CSN
H-input Voltage Threshold |V, - - 0.7x |V - P_13.7.2
VIO
L-input Voltage Threshold |V, 03x |- - v - P_13.7.3
Vio
Hysteresis of input Voltage |V}, - 02x |- \Y . P_13.7.4
Vio
Pull-up Resistance at pin Ricsn 20 40 80 kQ Vesn=0.7x Vg P_13.7.5
CSN
Pull-down Resistance at pin | R, «/spi 20 40 80 kQ Vopyyck =0.2% Vo |P_13.7.6
SDland CLK
Input Capacitance at pin o - 10 - pF b P_13.7.7
CSN, SDl or CLK
Logic Output SDO
H-output Voltage Level Vepon Vio-0.4|V,,-0.2 |- v loon =-1.6 MA P_13.7.8
L-output Voltage Level VspoL - 0.2 0.4 v lpoL = 1.6 MA P_13.7.9
Tri-state Leakage Current  |/spouk -10 - 10 pA Vesn = Yios P_13.7.10
0V <Vpo<Vpo
‘Tri-state Input Capacitance | Cqp - 10 15 pF 2 P_13.7.11
Data Input Timing?
Clock Period tocik 250 - - ns - P_13.7.12
Clock HIGH Time oLk 125 - - ns - P_13.7.13
Clock LOW Time okt 125 - - ns - P_13.7.14
Clock LOW before CSN LOW | t, 125 - - ns - P_13.7.15
CSN Setup Time tiead 250 - - ns - P_13.7.16
CLK Setup Time tiag 250 - - ns - P_13.7.17
Clock LOW after CSN HIGH | ¢, 125 - - ns - P_13.7.18
SDI Setup Time toisu 100 - - ns - P_13.7.19
SDI Hold Time tomo 50 - - ns - P_13.7.20
Input Signal Rise Time at pin | ¢, - - 50 ns - P_13.7.21
SDI, CLK and CSN
Input Signal Fall Time at pin |t - - 50 ns - P_13.7.22
SDI, CLK and CSN
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Table25 Electrical Characteristics: Power Stage

Vs=5.5Vt028V, T;=-40°Cto +150°C, all voltages with respect to ground, positive current flowing into pin
(unless otherwise specified)

Parameter Symbol Values Unit |Noteor Number
Min. |Typ. |Max. Test Condition

Delay Time for Mode tbel Mode - - 5 Hs - P_13.7.23

Changes?

CSN HIGH Time tesn(high) 3 - - us - P_13.7.24

Data Output Timing?

SDO Rise Time tsoo - 30 80 ns C, =100 pF P_13.7.25

SDO Fall Time ttspo - 30 80 ns C, =100 pF P_13.7.26

SDO Enable Time tenspo - - 50 ns LOW impedance P_13.7.27

SDO Disable Time toisspo - - 50 ns HIGH impedance |P_13.7.28

SDO Valid Time tuaso - - 50 ns |C_=100pF P_13.7.29

1) Not subject to production test; specified by design.
2) Appliesto all mode changes triggered via SPl commands.

24
-
CSN X %
%5»e—16 —» «*«—13 —>» l«—14 —» X 17 —»<— 18
CLK / /
‘ <+ 19 —» |« 20 » 887
SDI not defined LSB 88) MSB
<27 > - 29 P 28 ‘
& -
SDO Flag LSB MSB
& -

Figure 46 SPI Timing Diagram

Note: Numbers in drawing correlate with the last 2 digits of the Number field in the Electrical
Characteristics table.
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14 Application Information
14.1 Application Diagram
Note: The following information is given as a hint for the implementation of the device only and shall not

be regarded as a description or warranty of a certain functionality, condition or quality of the device.

RsHunt Tz
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11

ﬂFo
WK

GND
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Figure 47 TLE9278BQX Application Diagram
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Vexi=3.3V

Rsunt T2

CLK
GND CsN

GND SDI
SDO

__V RSTN
s INTN
T TLE9278x PCFG
TXDCANO
RXDCANO
Z TXDCAN{

Ve o RXDCANT
TXDCAN2

-L — WK RXDCAN2
S, L R TXDCAN3
R, o RXDCAN3
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CANHO CANH2

CANLO CANL2
CANH1 CANH3

CANL1 GND CANL3

T

Figure 48 TLE9278BQX Application Diagram where the microcontroller is supplied by VEXT with 3.3V
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Table26  Bill of Material

Ref. Typical Value Purpose /| Comment

Capacitances

C1 47 uF £ 20% Buffering capacitor to cut off battery spikes, depending on the
Electrolytic application. The voltage rating depends on the application.

C1fil 100 nF +20%, 50 V Input filter battery capacitor for optimum EMC behavior.
ceramic

C2 100 uF £20%, 50V, Output Boost capacitor. ESR < 1Q over the temperature range.
Electrolytic

C3 1..10 pF £20%, 50 V Input Buck capacitor. Low ESR.
Ceramic

C4,C5 22 UF £20%, 16V Output Buck capacitor, for optimum current capability and
Ceramic dynamic behavior. Low ESR.

Ce 10 uF £20%, 16 V Y v, Output capacitor. Low ESR.
ceramic

(o 470 pF +20%, 16 V Vexr Filter capacitor (only needed if used for off-board supply).
ceramic

Cq 22nF+20%, 16V Vasense blocking capacitor. Low ESR.
ceramic

Cs 22 nF+20%, 16V Spikes filtering, as required by application. Mandatory
ceramic protection for off-board connection.

Cyean 1 uF £20%, 16V Input filter CAN supply. The capacitor must be placed close to
ceramic the VCAN pin. For optimum EMC and CAN FD performances, the

capacitor hasto be = 4.7 uF
Ceanx 47 nF / OEM dependent Split termination stability.

Resistances

Renunt 10+1% Sense shunt for VEXT current limitation (configured to typ.
235 mA with 1 Q shunt).

R, 10k0..22 kQ + 5% Selection of hardware configuration 1/3,i.e. in case of WD failure
SBC Restart Mode is entered.
If not connected, then the hardware configuration 2/4 is
selected.

R, 10kQ +5% 2 Limit the VBSENSE pin input current.

R3 10kQ +5% Wetting current of the switch, as required by application.

R4 10kQ +5% Limit the WK pin input current, e.g. for ISO pulses.

Reantx 60 Q / OEM dependent CAN bus termination.

Reant 60 Q / OEM dependent CAN bus termination.

Inductors

L, 22 uH..47 uH £ 20% 3 Boost regulator coil. The saturation current depends on the
application.

L, 47 uH £ 20% %) Buck regulator coil. The saturation current depends on the

application.

Active Components
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Table 26  Bill of Material (cont’d)

Ref. Typical Value Purpose /| Comment

D1 e.g.SS34HE3/9AT (Vishay) |Reverse polarity protection.
or similar

D2 e.g. SL04-GS08 (Vishay) or | Boost regulator power diode. Forward current depends on the
SS34HE3/9AT application.

T, BCP 52-16, Infineon Power element of VEXT, current limit to be configured via shunt

RSHUNT’

MJD253, ON Semi Alternative power element of VEXT.

pcC e.g. XC2xxx Microcontroller.

1) Foroptimized EMC performance, one additional filter capacitor < 10 nF £ 20% 16 V ceramic is required.

3

)
2) ForISO7637-2 pulse robustness, a higher value might be needed.
) The saturation current must be define according to the maximum current capability by the application.

5V_int

SBC Init
Mode

Failure Logic

|'-\)TEST

Connector/
FO/TEST _ Jumper

N

]

i .

~

R EXT

Figure 49 Hint for Increasing the Robustness of pin FO/TEST during Debugging or Programming
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14.2 ESD Tests

Tests for ESD robustness according to IEC61000-4-2 “GUN test” (150 pF, 330 Q) have been performed.
The results and test condition are available in a test report. The values for the tests are listed below.

Table27 ESD “GUN Test”"?)
Performed Test Result Unit Remarks

ESD at pin VS, VBSENSE, |>6 kv positive pulse
VEXTIN, VEXTREF, WK,
CANHXx, CANLx versus GND

ESD at pin VS, VBSENSE, |<-6 kv negative pulse

VEXTIN, VEXTREF, WK,

CANHXx, CANLx versus GND

1) ESD susceptibility “ESD GUN” according to EMC 1.3 Test Specification, Section 4.3 (IEC 61000-4-2). Tested by external
test house (IBEE Zwickau, EMC Test report No. 09-12-18).

2) ESD Test “GUN Test” is specified with external components for pins VS, VBSENSE, VEXTIN, VEXTREF and WK. See the
application diagrams in Chapter 14.1 for more information.

EMC and ESD susceptibility tests according to SAE J2962-2 (V. 2014-01-23) have been performed. Tested by
external test house (Jakob Mooser GmbH, Test report No. 434/2016).
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14.3 Thermal Behavior of Package

The figure below shows the thermal resistance (Rth_JA) of the device vs. the cooling area on the bottom of the
PCB for Ta = 85°C. Every line reflects a different PCB and thermal via design.

70 T
Tamb=85°C
60
50 \
) \
é \
< e
-
K=
=
1
30 ]
—— —=
20
10
0 100 200 300 400 500 600
Bottom Cooling area (mm?)
—==252p - 16 vias(standard) =l 2s2p - 25vias (standard) =fll=2s0p - 16vias (standard)
e=@==250p - 25vias (standard) === 2s2p - 16vias (35um) =il 252p - 25vias (35um)
Figure 50 Thermal Resistance (Rth_JA) vs. Cooling Area
Cross Section (JEDEC 2s2p) with Cooling Area Cross Section (JEDEC 2s0p) with Cooling Area
<+ 70um modelled (traces) —
£ E—— 35pum, 90% metalization* £
€ €
'3 N ——— 35pum, 90% metalization* :~
4——70pum / 5% metalization + cooling area—»

*: means percentual Cu metalization on each layer

. Wil

Wi
I

AN

PCB (top view) PCB (bottom view) standard solder pads

Figure 51 Board Setup

The Board setup is defined according to JESD 51-2,-5,-7.
Board: 76.2 x 114.3 x 1.5 mm? with 2 inner copper layers (35 pum thick), with thermal via array under the
exposed pad contacting the first inner copper layer and the cooling area on the bottom layer (70 um).
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15 Package Outlines
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1) Vertical burr 0.03 max., all sides
2) These four metal areas have exposed diepad potential PGQFNAB25. 3150 V05

Figure 52 PG-VQFN-48Y

Green Product (RoHS compliant)

To meet the world-wide customer requirements for environmentally friendly products and to be compliant
with government regulations the device is available as a green product. Green products are RoHS-Compliant
(i.e Pb-free finish on leads and suitable for Pb-free soldering according to IPC/JEDEC J-STD-020).

Further information on packages

https://www.infineon.com/packages

1) Dimensionsin mm
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16 Revision History

Revision | Date Changes

1.5 2019-09-27 | Datasheet updated:
+ General

- corrected typo “ISO 11989-1” to “11898-1"
- changed “SBC Software Development Mode” to “SBC Development Mode”

« Updated description of the leave procedure in SBC Development Mode (FO/TEST
pin condition)

+ Figure 7 and Figure 10: added dot between VS and Boost Converter
« Updated Table 16
- added P_8.3.47 and P_8.3.48 (no product change)
- tightened P_8.3.18
- tightened P_8.3.8 and P_8.3.9 by additional footnote
« Corrected Bit 6 Address (Status Information Field) in Table 24
+ Added footnote for R, in Table 26 (Bill of Material)
+ Added Figure 49
1.4 2019-01-23 | Initial Release.
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