(infineon

SPOC+ 12V

BTS56033-LBA

SPI| Power Controller

Data Sheet

Rev. 1.0, 2013-03-24


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

@| neon SPOC+ BTS56033-LBA

Revision History

Page or Item ‘ Subjects (major changes since previous revision)
Rev. 1.0, 2013-03-24
All ‘ Data Sheet released

Trademarks of Infineon Technologies AG

AURIX™ BlueMoon™, C166™, CanPAK™, CIPOS™, CIPURSE™, COMNEON™, EconoPACK™, CoolMOS™,
CoolSET™, CORECONTROL™, CROSSAVE™, DAVE™, EasyPIM™,6 EconoBRIDGE™, EconoDUAL™,
EconoPIM™, EiceDRIVER™, eupec™, FCOS™, HITFET™, HybridPACK™, [2RF™, ISOFACE™, |IsoPACK™,
MIPAQ™, ModSTACK™, my-d™, NovalithIC™, OmniTune™, OptiMOS™, ORIGA™, PRIMARION™,
PrimePACK™, PrimeSTACK™, PRO-SIL™, PROFET™, RASIC™, ReverSave™, SatRIC™, SIEGET™,
SINDRION™,  SIPMOS™, SMARTI™, SmartLEWIS™, SOLID FLASH™, TEMPFET™, thinQ!™,
TRENCHSTOP™, TriCore™, X-GOLD™, X-PMU™, XMM™  XPOSYS™.

Other Trademarks

Advance Design System™ (ADS) of Agilent Technologies, AMBA™, ARM™,  MULTI-ICE™, KEIL™,
PRIMECELL™, REALVIEW™ THUMB™, uVision™ of ARM Limited, UK. AUTOSAR™ is licensed by AUTOSAR
development partnership. Bluetooth™ of Bluetooth SIG Inc. CAT-ig™ of DECT Forum. COLOSSUS™,
FirstGPS™ of Trimble Navigation Ltd. EMV™ of EMVCo, LLC (Visa Holdings Inc.). EPCOS™ of Epcos AG.
FLEXGO™ of Microsoft Corporation. FlexRay™ is licensed by FlexRay Consortium. HYPERTERMINAL™ of
Hilgraeve Incorporated. IEC™ of Commission Electrotechnique Internationale. IrDA™ of Infrared Data
Association Corporation. ISO™ of INTERNATIONAL ORGANIZATION FOR STANDARDIZATION. MATLAB™ of
MathWorks, Inc. MAXIM™ of Maxim Integrated Products, Inc. MICROTEC™, NUCLEUS™ of Mentor Graphics
Corporation. Mifare™ of NXP. MIPI™ of MIPI Alliance, Inc. MIPS™ of MIPS Technologies, Inc., USA. muRata™
of MURATA MANUFACTURING CO., MICROWAVE OFFICE™ (MWO) of Applied Wave Research Inc.,
OmniVision™ of OmniVision Technologies, Inc. Openwave™ Openwave Systems Inc. RED HAT™ Red Hat, Inc.
RFMD™ RF Micro Devices, Inc. SIRIUS™ of Sirius Satellite Radio Inc. SOLARIS™ of Sun Microsystems, Inc.
SPANSION™ of Spansion LLC Ltd. Symbian™ of Symbian Software Limited. TAIYO YUDEN™ of Taiyo Yuden
Co. TEAKLITE™ of CEVA, Inc. TEKTRONIX™ of Tektronix Inc. TOKO™ of TOKO KABUSHIKI KAISHA TA.
UNIX™ of X/Open Company Limited. VERILOG™, PALLADIUM™ of Cadence Design Systems, Inc. VLYNQ™
of Texas Instruments Incorporated. VXWORKS™, WIND RIVER™ of WIND RIVER SYSTEMS, INC. ZETEX™ of
Diodes Zetex Limited.

Last Trademarks Update 2010-10-26

Data Sheet 2 Rev. 1.0, 2013-03-24


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

SPOC+ BTS56033-LBA

Table of Contents

Tableof Contents . .........................

Listof Figures ........... ... ... .. ........

Listof Tables .. ............. ... ... ... ......
1 Overview ...... ... ... ...
2 Block Diagram .. ...........................
2.1 Terms ...
3 Pin Configuration ..........................
3.1 Pin Assignment SPOC+ BTS56033-LBA
3.2 Pin Definitions and Functions ..................
4 Electrical Characteristics . . ..................
4.1 Absolute Maximum Ratings ...................
4.2 Thermal Resistance .........................
5 Power Supply ....... ... .. .. ... ..
51 Power Supply Modes . .......... ... .. ... .....
5.1.1 Stand-byMode ........... ... .. ... .. ...,
51.2 IdleMode ......... ... .. .. ..
51.3 Device Wake-up ..........................
5.2 Reset ... ...
5.21 Power-OnReset ......... ... ... ...........
5.2.2 ResetCommand ..........................
523 LimpHomeMode .........................
5.3 Electrical Characteristics .....................
6 PowerStages .............................
6.1 Output ON-State Resistance ..................
6.2 InputCircuit . ........ ... .
6.3 Input Status Monitor . ............ ... .. ... ..
6.4 Power Stage Output . ........................
6.4.1 BubandLEDMode ........................
6.4.2 Switching Resistive Loads ...................
6.4.3 Switching Inductive Loads ...................
6.4.4 Switching Channels in Parallel
6.5 Electrical Characteristics .....................
7 Protection Functions . ......................
71 Over Load Protection ........................
711 Over Temperature Protection
7.2 Reverse Polarity Protection ...................
7.3 Over Voltage Protection ......................
7.4 Undervoltage Protection .. ....................
7.5 LossofGround . .......... ... ... ... ... ...
7.6 Lossof Vg oo
7.7 Electrical Characteristics .....................
8 Diagnosis . ............. .. ... . .. ..
8.1 DiagnosisWordatSPI .......................
8.2 Load Current Sense Diagnosis
8.2.1 CurrentSense Signal ... ....................
Data Sheet

Table of Contents

Rev. 1.0, 2013-03-24


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

@ neon SPOC+ BTS56033-LBA

8.2.2
8.3
8.4
8.5

9

9.1
9.2
9.3
9.4
9.5
9.6
9.6.1
9.6.2
9.7
9.71
9.7.2
9.7.3
9.74
9.7.5
9.7.6
9.8

10
11

/

Table of Contents

Current Sense Multiplexer . . ... ... 44
Switch Bypass Monitor Diagnosis . . . ... ... 44
Gate Back Regulation . . ... . . . 45
Electrical Characteristics .. ... ... 46
Serial Peripheral Interface (SPI) ... ... ... . . . . . . e 50
SPI Signal DescCriplion . . ... . 50
Daisy Chain Capability . .. ... ... ... e 51
TimIiNg Diagrams . . . . ..o 52
Electrical Characteristics . .. ... ... . . 53
SPI ProtOCOl . .. 55
SPI Diagnosis Registers . ... ... . 57

Standard Diagnosis . . . . ..ot e 57

Errors Diagnosis . ... .o e 58
SPI Configuration Registers . .. ... .. . 59

Output Configuration Register . ... ... .. 59

Swap Configuration Register . .. ... . 59

LED Mode Configuration Register . .. ... ... e e 60

Gate Back Regulation Register .. ... . . . 60

Hardware Configuration Register ... ... ... . . . 60

Diagnosis Control Register . .. ... ... e 61
SPI Registers OVerViEW ... ... e e 63
Application Description . . .......... . . . . . 64
Package Outlines SPOC+ BTS56033-LBA ... ........ ... ... .. . ... i, 66

Data Sheet 4 Rev. 1.0, 2013-03-24


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

@| neon SPOC+ BTS56033-LBA

List of Figures

List of Figures

Figure 2-1
Figure 2-2
Figure 3-1
Figure 5-1
Figure 6-1
Figure 6-2
Figure 6-3
Figure 6-4
Figure 6-5
Figure 6-6
Figure 6-7
Figure 7-1
Figure 7-2
Figure 7-3
Figure 7-4
Figure 7-5
Figure 8-1
Figure 8-2
Figure 8-3
Figure 8-4
Figure 8-5
Figure 8-6
Figure 9-1
Figure 9-2
Figure 9-3
Figure 9-4
Figure 9-5
Figure 9-6
Figure 9-7
Figure 9-8
Figure 9-9
Figure 10-1
Figure 11-1
Figure 11-2

Data Sheet

Block Diagram SPOC+ BTS56033-LBA . . ... ... e 9
Voltage and Current Definition . . . ... ... . 10
Pin Configuration TSON-24-3 . .. ... . . e 11
Limp Home Activation as functionof Vg . ... .. .. 19
Typical On-State Resistance as function of 7;(ch. 2,3,4)........................ ... ... 22
Typical On-State Resistance as function of V'g(ch.2,3,4) .. ... ... ... ... ... ... ... ... ... 23
Typical On-State Resistance as function of 7, (ch. 1,5,6). .............................. 23
Typical On-State Resistance as function of V'5(ch.1,5,6) ......... ... ... ... ... ... ... ... 24
INnput SWitch MatriX . . . . ... e 25
Power Stage OutpULt . . . . ... 26
Switching a Load (resistive) . . ... ... 26
Current Limitation Channel 2, 3, 4 (typical values). . . ... .. . 33
Current Limitation Channels 1, 5, 6 (typical values) . .. .. ... .. . i 33
Dynamic Temperature Sensor Operations - Short Circuit .. .......... .. ... .. ... .. ... .... 35
Dynamic Temperature Sensor Operations - Overload Condition. ......................... 36
Undervoltage Behavior. . .. .. ... 37
Block Diagram: Diagnosis. . . . . . .o oo e 40
Current Sense Ratio & ;g Channel 2,3, 4 (Bulbmode) ........... ... ... i, 42
Current Sense Ratio & ;s Channel 2, 3,4 (LEDmode) ..., 43
Current Sense Ratio kg Channel 1,5, 6. . ... .. ... . 43
Current Sense Signal Timings . . ... ... e e e 44
Current Sense Multiplexer Timings. . . . .. ... i e e 44
Serial Peripheral Interface . .. ....... .. . . . e 50
Combinatorial Logic for TER Flag. . . . . ... e 50
Daisy Chain Configuration . . ... .. e 51
Data Transfer in Daisy Chain Configuration. .. ... ... .. ... . . . . . . i 52
Timing Diagram SPl ACCESS. . . ..ottt e e 52
Relationship between Sl and SO during SPI communication. ... ......................... 55
Register content sentback to HC . . . . .. ... 55
BTS56033-LBA response after a errorin transmission .. ............. ... ... . ... . oo... 55
BTS56033-LBA response after coming out of Power-Onresetat V... .......... ... ... 56

Application Circuit Example . . .. ... 64
TSON-24-3 Package drawing. . . .. ... i e e e 66
TSON-24-3 Package pads and stencil . . ........... . . i 67

5 Rev. 1.0, 2013-03-24


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

@ neon SPOC+ BTS56033-LBA

/

List of Tables
List of Tables
Table 1-1  ProducCt SUMMary . ... ... e e e 7
Table 4-1  Absolute Maximum Ratings . . . ... . 13
Table 4-2  Thermal Resistance . . . . ... ... e e 16
Table 5-1  Electrical Characteristics Power Supply . ...... ... .. . . . i 20
Table 6-1  Electrical Characteristics Power Stages . ........... .. . i 28
Table 7-1  Electrical Characteristics Protection Functions . ........... ... . ... ... .. . . . . ... ... .... 38
Table 8-1  Operation Modes . .. ... ... e 41
Table 8-2  Electrical Characteristics Diagnosis . . . . .. ... . i 46
Table 9-1  Electrical Characteristics Serial Peripheral Interface (SPI) .......... ... .. ... ... ....... 53
Table 9-2  SPICommand SUMMaArY .. ... ...t e e e e e e e 56
Table 10-1 Suggested Component values . . ... e e e 65
Data Sheet 6 Rev. 1.0, 2013-03-24


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

infineon

SPOC+ BTS56033-LBA

AN RoHS
= Y4
AEC"

Qualified

1 Overview

Features

+ 8 bit serial peripheral interface (daisy chain capable SPI) for control
and diagnosis

*+  CMOS compatible parallel input pins for four channels

» Selectable AND-/ OR-combination for parallel inputs (PWM control)

» Load type configuration via SPI (bulbs or LEDs) for optimized load
control

* Very low stand-by current TSON-24-3

» Device ground independent from load ground

+  Green Product (RoHS-Compliant) Package Marking
» AEC Qualified TSON-24-3 BTS56033-LBA

Description

The SPOC+ BTS56033-LBA is a six channel high-side smart power

switch in TSON-24-3 package providing embedded protective functions. It is specially designed to control
standard exterior lighting in automotive applications. In order to use the same hardware, the device can be
configured to bulb or LED mode. As a result, both load types are optimized in terms of switching and diagnosis
behavior.

It is designed to drive exterior lamps up to 27 W and 10 W, or the equivalent LED light.

Table 1-1 Product Summary

Operating Voltage Power Switch Vs 55...28V
Logic Supply Voltage Vob 3.8...55V
Over Voltage Protection Vs(az,min) 42V
Maximum Stand-By Current at 25 °C I5orF) 3 pA
Maximum ON State Resistance at 7; = 150 °C Rps(onmax) 78 mQ
Channel 2, 3, 4

Maximum ON State Resistance at 7; = 150 °C Rps(onmax) 220 mQ
Channel 1, 5, 6

SPI Access Frequency JscLk(max) 2.5 MHz
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Overview

Configuration and status diagnosis are done via SPI. An 8 bit serial peripheral interface (SPI) is used. The SPl is
daisy chain capable.

The device provides a current sense signal per channel that is multiplexed to the diagnosis pin IS. It can be
enabled and disabled via SPI commands. An over temperature flag per output is provided in the SPI diagnosis
word. A multiplexed switch bypass monitor provides short-circuit to Vg diagnosis.

Channels 2, 3 and 4 can be configured to bulb or LED mode for maximum flexibility.

The SPOC+ BTS56033-LBA provides a fail-safe feature via a Limp Home Input (LHI) pin and direct INput pins.

The power transistors are built by N-channel vertical power MOSFETs with charge pumps. The device is
monolithically integrated in SMART technology.

Applications

» High-side power switch for 12 V in automotive or industrial applications such as lighting, heating, motor driving,
energy and power distribution

Especially designed for standard exterior lighting like position light, tail light, brake light, parking light, license
plate light, indicators and equivalent in the LED technology

Replaces electromechanical relays, fuses and discrete circuits

Protective Functions

Reverse battery protection with external components

Short circuit to ground protection

» Stable behavior at under voltage

* Current limitation

» Absolute and and dynamic temperature sensor

» Thermal shutdown with latch after a limited amount of retries
» Overvoltage protection

» Loss of ground protection

» Electrostatic discharge protection (ESD)

Diagnostic Functions

» Multiplexed proportional load current sense signal (IS)

+ Enable function for current sense signal configurable via SPI

» High accuracy of current sense signal at wide load current range
« Current sense ratio (k; ,5) configurable for LEDs or bulbs

* Very fast diagnosis in LED mode

» Feedback on over temperature via SPI

+ Short circuit to Vg detection

* Monitoring of Input pins status

Application Specific Functions

» Fail-safe activation via LHI pin and control via input pins

* Enhanced electromagnetic compatibility (EMC) for bulbs as well as LEDs
* LED mode selection available

» SPI with daisy chain capability

+ Switch bypass monitoring for detecting short circuit to Vg
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Block Diagram

2 Block Diagram
[IJVS
1 power
VDL supply P temperature clamp for
[~ sensor inductive
INT o load —
» gate control —H |
IN2 L clj”".er > & + k_}i
ogic
IN3 [ | charge pump —
ouT6
IN4 - load current
< load current limitation . OouUT5
sense 5
- — b gi ouT4
channel —
OouT3
protection
IS < current sense multiplexer OuUT1
LHI _| .| limp home LED mode ||switch bypass
™ control control monitor
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SCLK
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SI
—
J
GND
BlockDiagram _033.emf

Figure 2-1 Block Diagram SPOC+ BTS56033-LBA
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Block Diagram

21 Terms
Figure 2-2 shows all terms used in this data sheet, with associated convention for positive values.

Vs Lls
L
VS
VDD
SO
SI
I Vbsiy
cs OUTI[—=
Vourt
SCLK le Voo
OuT2[} 2
LHI Vout2
I3 Vosay
OUT3[—=
Vours
I|_4 VDSAV
IN1 ouT4[ }—=
Vouts
IN2 Is Vossy,
N3 OUT5[ —=—,
Vouts
IN4 Iis Vbsey
ouT6[ —=
1S Vours
GND
[ 1
LIGND
Y YYYVYY \4 Yvyvy \4 \4 \4 \4 \4 \4

q

Terms_033.emf

Figure 2-2 Voltage and Current Definition

In all tables of electrical characteristics, symbols related to channels without channel number are valid for each
channel separately (e.g. Vg specification is valid for Vpgq ... Vpgs)-

All SPI register bits are marked as follows: ADDR. PARAMETER (e.g. HWCR. STB) with the exception of the bits in
the Diagnosis frames which are marked only with PARAMETER (e.g. VSMON).
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Pin Configuration

3 Pin Configuration
3.1 Pin Assignment SPOC+ BTS56033-LBA
(top view)
GND 1@ 24 | OUT1
VDD | 2 23 | OUT1
SO 3 22 | OUT2
Sl 4 21 | OUT2
SCLK | 5 20 | OUTS3
CS | 6 19 | OUT3
LHI 7 18 | OUT4
IN1 8 17 | OUT4
IN2 9 16 | OUTH
IN3 10 15 | OUT5
IN4 11 14 | OUT6
IS 12 13 | OUT6
Pinout_033.emf

Figure 3-1 Pin Configuration TSON-24-3
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Pin Configuration

3.2 Pin Definitions and Functions

Pin Symbol ‘ /10 ‘ Function

Power Supply Pins

25 VS - Positive power supply for high-side power switch
1 GND - Ground connection

2 VDD - Logic supply (5 V)

SPI & Diagnosis Pins

3 SO 0] Serial output of SPI interface

4 SI I Serial input of SPI interface (“high” active)

5 SCLK I Serial clock of SPI interface (“high” active)

6 CS I Chip select of SPI interface (“low” active); Integrated pull up do VDD
12 IS 0] Current sense output signal

Limp Home Input Pin (integrated pull-down, leave unused Limp Home Input pin unconnected)

7 ‘ LHI ‘ I ‘ Limp home activation signal ("high" active)

Parallel Input Pins (integrated pull-down, leave unused pins unconnected)

8 IN1 I Input signal of channel 1 ("high" active)
9 IN2 I Input signal of channel 2 ("high" active)
10 IN3 I Input signal of channel 3 ("high" active)
11 IN4 I Input signal of channel 4 ("high" active)

Power Output Pins

23,24 OuUT1 O | Protected high-side power output of channel 1
21,221 ouT2 0] Protected high-side power output of channel 2
19,20 OuT3 O |Protected high-side power output of channel 3
17,18V OuT4 O |Protected high-side power output of channel 4
15,16 " ouT5 O |Protected high-side power output of channel 5

13,14 OouUT6 0] Protected high-side power output of channel 6

1) All outputs pins of each channel must be connected together on the PCB. All pins of an output are internally connected
together. PCB traces have to be designed to withstand the maximum current which can flow.
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Electrical Characteristics

4 Electrical Characteristics

4.1 Absolute Maximum Ratings

T;=-40 to +150 °C; all voltages with respect to ground

Typical resistive loads connected to the outputs (unless otherwise specified):
Channel 2, 3, 4: R, =6.8 Q (33 Q when LGCR.LEDn = 1)

Channel 1,5,6: R, =18 Q

Table 4-1 Absolute Maximum Ratings "

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

Supply Voltage
Power supply voltage Vs -0.3 28 V - P 4.1.1
Logic supply voltage Vob -0.3 5.5 Vv - P 41.2
Reverse polarity voltage Ve | 16 \ 2 P 413

Tistan = 25 °C

t <2 min.

See Chapter 10 for

setup
Supply voltage for short circuit Vsisc) 0 24 \% 3) P 414
protection (single pulse) Recy =20 mQ

[=0o0or5m

Reope = 16 mQ/m

Lcapie = 1 pH/m
Permanent short circuit Number NRrsct - 100 k %) P_4.1.6
channel activations Vop =5V
All channels fon = 300ms
Voltage at power transistor Vbs - 42 \% - P 418
Supply voltage for load dump Vswo) - 42 \% 4) P 4.1.9
protection R=20Q

=400 ms
Current through ground pin Isno -100 25 mA  |t<2min. P_4.1.10
Current through VDD pin Inp -25 12 mA  [£<2min. P 4.1.11
Power Stages
Load current |1, - Low |A %) P_4.1.12
Maximum energy dissipation Exg - 45 mJ 6) P_4.1.15
S|ng|e pulse = IL(nom) ]—](0) = 150 OC
Channel 2, 3, 4 1L 0) = 1 nom)

P_6.6.17
Maximum energy dissipation Eps - 20 mJ |? P_4.1.16
single pulse - 1, (yom) Ti0) =150 °C

P_6.6.18
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Electrical Characteristics

Table 4-1  Absolute Maximum Ratings (cont'd)"

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

Diagnosis Pin

Voltage at sense pin IS Vis -0.3 Vs V - P_4.1.24

Current through sense pin IS Iig -10 40 mA  |£<2 min. P_4.1.25

Input Pins

Voltage at input pins VN -0.3 6.0 \% - P_4.1.26

Current through input pins N -0.75 0.75 |mA |- P_4.1.27

Current through input pins Iy -2.0 2.0 mA  |[1<2min P_4.1.28

SPI Pins

Voltage at chip select pin Ves -0.3 6.0 V - P_4.1.29

Current through chip select pin Ics -0.75 0.75 |mA |- P_4.1.30

Current through chip select pin Ies -2.0 2.0 mA  |[1<2min P_4.1.31

Voltage at serial input pin Vs -0.3 6.0 \% - P_4.1.32

Current through serial input pin I -0.75 0.75 |mA |- P 4.1.33

Current through serial input pin I -2.0 2.0 mA  [£<2 min. P 4.1.34

Voltage at serial clock pin Vscik -0.3 6.0 \Y, - P_4.1.35

Current through serial clock pin Iscik -0.75 0.75 |mA |- P_4.1.36

Current through serial clock pin Iscik -2.0 2.0 mA  |t<2min. P_4.1.37

Current through serial output pin SO | I54 -0.75 0.75 |mA |- P_4.1.38

Current through serial output pin SO | /54 -2.0 2.0 mA | £<2 min. P_4.1.39

Limp Home Input Pin

Voltage at Limp Home Input pin Vi -0.3 6.0 V - P_4.1.40

Current through Limp Home Input pin | 1 -0.75 0.75 mA |- P_4.1.41

Current through Limp Home Input pin | -2.0 2.0 mA [f<2min P_4.1.42

Temperatures

Junction temperature T; -40 150 °C - P_4.1.45

Dynamic temperature increase while | AT - 60 K - P_4.1.46

switching

Storage temperature Tyq -55 150 °C - P_4.1.47

ESD Susceptibility

ESD susceptibility HBM Vesp -4 4 kV 8) P_4.1.48

OUT pins vs. VS HBM

ESD susceptibility HBM Vesp -1.5 15 kV 8) P_4.1.54

all pins vs. VDD HBM

ESD susceptibility HBM Vesp -2 2 kv 8) P_4.1.49

other pins vs. GND incl. OUT pins vs. HBM

GND
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Electrical Characteristics

Table 4-1  Absolute Maximum Ratings (cont'd)"

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

ESD Resistivity to GND Veso v 9 P_4.1.51
-500 500 CDM

ESD Resistivity Pin 1, 12, 13, 24 Vesor, 12, v 9 P_4.1.52

(corner pins) to GND 13, 24 -750 750 CDM

1)

Not subject to production test, specified by design.

2) Device is mounted on an FR4 2s2p board according to Jedec JESD51-2,-5,-7 at natural convection; The product (chip and
package) was simulated on a 76.4 * 114.3 * 1.5 mm board with 2 inner copper layers (2 * 70 ym Cu, 2 * 35 ym Cu). Where
applicable, a thermal via array under the package contacted the first inner copper layer.

3) EOL tests according to AECQ100-012. Threshold limit for short circuit failures: 100 ppm. Please refer to the legal disclaimer
for short-circuit capability at the end of this document.

4) R, is the internal resistance of the load dump pulse generator.

5) Current limitation is a protection feature. Protection features are not designed for continuous repetitive operation.

6) Pulse shape represents inductive switch off: Iny = Ip(0) % (1 - £/ fyyse); 0 < £ < tyse

7) Pulse shape represents inductive switch off: Ipy = Ip(0) X (1 -1/ f5e); 0 < 1 < fpyee

8) ESD resistivity, HBM according to ANSI/ESDA/JEDEC JS-001-2010

9) ESD susceptibility, Charged Device Model “CDM” EIA/JESD22-C101 or ESDA STM5.3.1

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.
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4.2 Thermal Resistance

Electrical Characteristics

Note: This thermal data was generated in accordance with JEDEC JESD51 standards. For more information, go

to www.jedec.org.

Table 4-2 Thermal Resistance

Parameter Symbol Values Unit |Note/ Test Condition | Number
Min. Typ. Max.
Junction to Soldering Point Ryysp - 2 - Kw |V P _4.2.1
Ti)=105°C
measured to pin 25
Junction to Ambient Ria - 21 - Kw |12 P_422
Ty =105 °C

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

2) Specified Ry, values is according to Jedec JESD51-2,-5,-7 at natural convection on FR4 2s2p board; The product (chip
and package) was simulated on a 76.4 * 114.3 * 1.5 mm board with 2 inner copper layers (2 * 70 ym Cu, 2 * 35 ym Cu).
Where applicable, a thermal via array under the package contacted the first inner copper layer.
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Power Supply

5 Power Supply

The SPOC+ BTS56033-LBA is supplied by two voltage sources: Vg and Vpp. The Vg supply line is used by the
power switches. The V' supply line is used by the SPI related circuitry and for driving the SO line. A capacitor
between pins Vpp and GND is recommended as shown in Chapter 10.

There is a power-on reset function implemented for the V5 logic power supply which affect SPI registers status
(see P_5.3.17), and a undervoltage shutdown for Vg influencing the status of the outputs (see P_5.3.2 and
Chapter 7.4 for further details). After start-up of the logic power supply, all SPI registers are reset to their default
values. The SPI interface including daisy chain function is active as soon as V' is provided in the specified range
independent of V5. The first SPI transmission after a reset contains at pin SO the Standard Diagnosis information,
with the transmission error bit TER set.

51 Power Supply Modes

The following table shows all possible power supply modes for Vs V' and the pin LHI.

Power Supply Modes | Off Off SPIl on |Reset | Off Limp Home |Normal Limp Home
Mode operation |Mode with
without SPI sPI"

Vs oV oV ov oV 135V [135V 135V 13.5V

Vob oV oV 5V 5V oV ov 5V 5V

LHI oV 5V ov 5V oV 5V oV 5V

Power stage, protection |— - - - - Ve v Vel

Limp Home - - - - - v - v

SPI (logic) - - v Reset |Reset |Reset v Reset

Stand-by current - - - - v - Vel -

Idle current - - - - - - Vo -

Diagnosis - - - - - - v /9

1) SPI read only.

2) Protection with unlimited reactivation and without latch off.

Protection with limited reactivation and latch off.

When DCR.MUX = 1114

When all channels are in OFF-state and DCR.MUX # 111g.
Current sense disabled in Limp Home Mode.

I NG
Loz =

D O

51.1 Stand-by Mode

Stand-by mode is entered as soon as the current sense multiplexer (DCR.MUX) is in default (stand-by) position".
As soon as stand-by mode is entered, register STB is set. All channels are deactivated in stand-by mode. Refer
to the Chapter 5.2.3 for further information.

5.1.2 Idle Mode

Idle mode parameters are valid, when all channels are switched off, but the current sense multiplexer is not in
default position, and Vpp supply is available.

1) Not affected by the inputs state
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51.3 Device Wake-up

To wake-up the device, the current sense multiplexer (DCR.MUX) is programmed to a value different from default
position (stand-by).

Limp Home Input (LHI = “high”) will wake-up the device and is working without V55 supply. As a result, channels
can be activated via the dedicated input pins.

5.2 Reset

There are several reset triggers implemented in the device. They reset the SPI registers and errors flags to their
default values.

The first SPI transmission after any kind of reset contains at pin SO the Standard Diagnosis information, the
transmission error bit TER is set.

5.21 Power-On Reset

The power-on reset is released, when Vpp, voltage level is higher than Vpp i) The SPI interface can be accessed
after wake up time #yypo)-

5.2.2 Reset Command

There is a reset command available to reset all register bits of the register bank and the diagnosis registers. As
soon as HWCR.RST bit is set to 1, a reset is triggered equivalent to power-on reset. The SPI interface can be
accessed after transfer delay time 7554 plus reset command delay time Zyrgr) -

5.2.3 Limp Home Mode

The Limp Home Mode will be activated as soon as the pin LHI is set to “high” for a time longer than 7 y(¢)-

In Limp Home Mode, the SPI write-registers are reset. To prevent unexpected SPI reset by a non consistent signal
at LHI pin, Vg monitoring is implemented.

The monitoring allows in Limp Home Mode, to reset the SPI write-registers, if LHI is set to “high” for longer than
lLhiae) @nd Vs > Vayon (P_5.3.12). Otherwise any glitch on LHI is filtered and has no effect on the SPI.

After an SPI reset, Output OUTn will follow the input INn configuration only for the channels where an direct INput
pin is present. All other channels will be switched OFF. For application example refer to Chapter 10. The SPI
interface is operating normally, so the Limp Home register bit LHI as well as the error flags can be read, but any
write command will be ignored.

For the protection functions in Limp Home Mode, refer to Chapter 7.1.1.
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LHI
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LHI
bit

SPI state

Vs> Vswon

t < fLHitag) min
—

Vs < Vsmon

t < tLHI(ac)min
>

v

v

fiHigac)

Normal operation

v

Reset |‘

\4

fiHiac)

Normal operation

»

v

PowerSupply_LimpHomeActive emf

Figure 5-1 Limp Home Activation as function of Vg
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5.3 Electrical Characteristics
Unless otherwise specified: Vg =7V to 18V, Vpp=3.8 V10 5.5V, 7;=-40 °C to +150 °C
Typical values: Vg =135V, Vpp =43V, 7;=25°C
Typical resistive loads connected to the outputs (unless otherwise specified):
Channel 2, 3, 4: R, =6.8 Q (33 Q when LGCR.LEDn = 1)
Channel 1, 5,6: R, =18 Q
Table 5-1 Electrical Characteristics Power Supply
Parameter Symbol Values Unit |Note/ Number
Min. ‘Typ. ‘ Max. Test Condition
VS pin
Operating voltage power switch | Vg(op 5.5 - 28" V Vps <0.5V P_5.3.1
Undervoltage shutdown Vswv) - - 4.5 \Y OUTn =ON P_5.3.2
From Vpg <1V
tol,,=0A
(see Figure 7-5)
Undervoltage shutdown Vswvs) |~ 350 - mv |7 P_5.3.3
Hysteresis
Stand-by current for whole device | Iygstg) |- 0.1 3 pA | P_53.7
with loads Vop =0V
T;=25°C
Stand-by current for whole device | Iygstg) |- 0.1 3 pA | P_5.3.8
with loads Vop =0V
Vi =0V
T;=85°C
Stand-by current for whole device | Iygsg) |~ 4 58 MA Vop =0V P_5.3.26
with loads V=0V
T;=150°C
Idle current for whole device with | /g - 25 8 mA Vop =5V P_5.3.10
loads, all channels off. DCR.MUX = 1105
Operating current for whole Isno - 10 25 mA  |fsck = 0 MHz P_5.3.28
device
V5 threshold for Limp Home Vsmon 0.6 1.2 1.8 \Y, VSMON = 1 P_5.3.12
validation
VDD pin
Logic supply voltage Voo 3.8 - 55" |V fsolk = 2 MHz P_5.3.13
Logic supply current Normal Inp - 125 270 MA  |fsck = 0 MHz P_5.3.14
operation Ves=Vpp=5V
DCR.MUX # 1113
Logic Stand-by current Iopste) |~ 40 90 MA  |fsck = 0 MHz P_5.3.16
DCR.MUX = 1115
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Table 5-1 Electrical Characteristics Power Supply (cont'd)
Parameter Symbol Values Unit |Note/ Number
Min. Typ. Max. Test Condition
Power-On reset threshold Voopoy |20 2.8 3.8 \Y, SI=0V P_5.3.17
voltage SCLK=0V
CsS=0V
SO from 0 to Z
LHI Input Characteristics
L-input level at pin LHI Vi -0.3 - 1.0 \Y LHI =1 (see P_5.3.18
Chapter 9.6.1)
H-input level at pin LHI Vi) 26 - 6.0 \ - P_5.3.19
L-input current through pin LHI | 7, 27 75 pA Vim=10V P_5.3.20
H-input current through pin LHI | 7, 1y 30 75 MA Vim=26V P_5.3.21
Timings
Power-On wake up time twupoy |- 200 - us R P_5.3.22
Limp Home acknowledgement | 7, () 5 - 200 [V Vop =5V P_5.3.23
time polling of Standard
Diagnosis (see
Chapter 9.6.1) until
LHI =STB =1
Reset command delay time lyRsT) - - 100 V&S R P_5.3.25

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

Note: Characteristics show the deviation of parameter at the given supply voltage and junction temperature.
Typical values show the typical parameters expected from manufacturing at Vg =13.5V, V,,=4.3 Vand

T,=25°C
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6 Power Stages

The high-side power stages are built by N-channel vertical power MOSFETs with charge pumps. There are six
channels implemented in the device. Each channel can be switched on via SPI register OUT or via an input pin,
when available. Channels 2, 3 and 4 provide a load type configuration for bulbs or LEDs in register L.GCR (see
Chapter 9.7.3). The load type configuration can be changed in ON- as well as in OFF-state.

6.1 Output ON-State Resistance

The ON-state resistance Rpgon) depends on the supply voltage Vs as well as on the junction temperature T,
Figure 6-1, Figure 6-2 (channels 2, 3 and 4), Figure 6-3, Figure 6-4 (channels 1, 5 and 6) show those
dependencies. The behavior in reverse polarity mode is described in Chapter 7.

80
70
/ -~

60 -
_ -
g —
et ,/
: 50 /
g
I3 -
[:4

40 /

—
’ //
—_—

20

10

0

-40 0 40 80 120 160
Junction Temperature (°C)

Figure 6-1 Typical On-State Resistance as function of 7; (ch. 2, 3, 4)
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Figure 6-2 Typical On-State Resistance as function of V5 (ch. 2, 3, 4)
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Figure 6-3 Typical On-State Resistance as function of 7, (ch. 1, 5, 6)
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Figure 6-4 Typical On-State Resistance as function of V5 (ch. 1, 5, 6)
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6.2 Input Circuit

There are two ways of using the input pins in combination with the OUT register by programming bit HWCR.COL

in register HWCR (see Chapter 9.7.5).

+ HWCR.COL = 0: A channel is switched ON either by the according OUT register bit or by the input pin.

+ HWCR.COL = 1: A channel is switched ON by the according OUT register bit only, when the input pin is "high".
In this configuration, a PWM signal can be applied to the input pin and the channel is activated by the SPI
register OUT (see Chapter 9.7.1).

The default state (HWCR.COL = 0) is the OR-combination of the input signal and the SPI-bit. In Limp Home Mode

(LHI pin set to “high”) the combinatorial logic is switched to OR-mode to enable a channel activation via the input

pins only.

Figure 6-5 shows the complete input switch matrix.

The zener diode protects the input circuit against ESD pulses. The current sink to ground ensures that the input
signal is low in case of an open input pin.

6.3 Input Status Monitor

The level of the input stage can be monitored via the input status monitor. The input status is indicated in the 0UT
register for the available input pin. After setting the bit SWCR.SWR, the readout the output register OUT shows the
state of the input pins.

The input status monitor is operational only when SPOC+ BTS56033-LBA is not in stand-by operation. During
stand-by operation this function is not supported.

’ OUT6 l OUT5 l OUT4 l OUT3 I OUT2 I OUT1 ‘
[
[ e 4
° 5| OR 1
IN1 ;i o - Gate Driver 1
Iin & |4
Y
*+>0R
IN2 i * bl RN » Gate Driver 2
IIN2 & 4
y
[
. OR |3
IN3 uip LN~ » Gate Driver 3
IIN2 & e
}
* >
° » OR 1
IN4 T G » Gate Driver 4
I'n3 & |-
4
Gate Driver 5
A A . A
’ INST H \ ' \ \' » Gate Driver 6
] |
’ INST4 l INST3 l INST2 IINSTl‘ ’ COoL ‘
PowerStage InputMatrix 033 emf

Figure 6-5 Input Switch Matrix
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6.4 Power Stage Output
The power stages are built to be used in high side configuration (Figure 6-6).

The power DMOS switches with a dedicated slope, which is optimized in terms of EMC emission. Defined slew
rates allow lowest EMC emissions during PWM operation at low switching losses.

0
VS|
Vbs
A, [ g }
v
—
ouT
— GND Vout
\ 4
PowerStage Outputemf

Figure 6-6 Power Stage Output

6.4.1 Bulb and LED Mode

Channels 2, 3 and 4 can be configured in bulb and LED mode via the SPI initialization registers LGCR when
SWCR. SWR = 0. The default state is LGCR.LEDN = 0. During LED mode the following parameters are changed for
an optimized functionality with LED loads: ON-state resistance Rpg o), switching timings (Zgejayon) Zdetay(orF) Zons
torr), slew rates dV/diqy and dV/dioee, load current protections / , and current sense ratio kj s.

6.4.2 Switching Resistive Loads
When switching resistive loads the following switching times and slew rates can be considered.

IN
OUTx
»
ton torr
Y A ldelay ON) tdelay (OFF)
ouT
90% of Vs \
70% of Vs 70%
dv/ dav/
dton dtorr
30% of Vs 30%
10% of Vs
i »
PowerStage SwitchON.emf

Figure 6-7 Switching a Load (resistive)
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6.4.3 Switching Inductive Loads

When switching off inductive loads with high-side switches, the voltage V,; drops below ground potential,
because the inductance intends to continue driving the current. To prevent the destruction of the device due to
overvoltage, there is a voltage clamp mechanism implemented which limits that negative output voltage to a
certain level (Vpgc() (Chapter 6.5)). See Figure 6-6 for details.Please refer also to Chapter 7.3. The maximum
allowed load inductance is limited.

6.4.4 Switching Channels in Parallel

In case of appearance of a short circuit with channels in parallel driving a single load, SPOC+ BTS56033-LBA
output stages are not synchronized in the restart event. When all channels connected to the same load are in
temperature limitation, the channel which has cooled down the fastest doesn’t wait for the other ones to be cooled
down as well to restart. Thus, it is not recommended to use the device with channels in parallel.
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6.5 Electrical Characteristics

Unless otherwise specified: Vg=7 V1o 18V, Vpp =3.8V1t0 5.5V, T;=-40 °C to +150 °C
Typical values: Vg=13.5V, Vpp =43V, T;=25°C

Typical resistive loads connected to the outputs (unless otherwise specified):
Channel 2, 3, 4: R, =6.8 Q (33 Q when LGCR.LEDn = 1)
Channel 1, 5,6: R, =18 Q

Table 6-1 Electrical Characteristics Power Stages

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

Output Characteristics
On-State resistance Rps(ony - 39 - mQ |7 P_6.6.9
Channel 2, 3, 4 Vs=9Vto18V

[, =26A

T;=25°C

LGCR.LEDn =0
On-State resistance Rpson - - 78 mQ Vs=9Vto18V P_6.6.10
Channel 2, 3, 4 1, =26A

T;=150°C

LGCR.LEDN =0
On-State resistance Rosiony - 137 |- mQ |V P_6.6.11
Channel 2, 3, 4 Vs=9Vto18V

1, =06A

T,=25°C

LGCR.LEDn =1
On-State resistance Rpson - - 275 mQ Vs=9Vto18V P_6.6.12
Channel 2, 3, 4 [, =06A

T;=150 °C

LGCR.LEDN = 1
On-State resistance Rosion) - 110 |- mQ |? P_6.6.13
Channel 1, 5, 6 Vs=9Vto18V

[ =2A

T;=25°C
On-State resistance Rpsony - - 220 |mQ Vs=9Vto18V P_6.6.14
Channel 1, 5, 6 [ =2A

T,=150°C
Nominal load current 1 (nom) - 2 - A R P_6.6.17
Channel 2, 3, 4 T,=85°C

T;<150°C
(all channels active)
Nominal load current 1 (nom) - 12 |- A 2 P_6.6.18
Channel 1, 5, 6 T,=85°C

T;<150 °C
(all channels active)
Output clamp Vos(cr) 42 47 54 \Y% 1, =20 mA P_6.6.19
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Table 6-1 Electrical Characteristics Power Stages (cont'd)
Parameter Symbol Values Unit |Note / Test Condition Number
Min. |[Typ. |Max.
Output leakage current |/, oer, - 0.02 (05 |puA |¥ P_6.6.22
per channel VN =0V or floating
T;=85°C OUT.OUTn =0
Channel 2, 3, 4 T;=85°C
Stand-by or idle mode
Output leakage current |/, e, - 0.02 |05 |pA 4) P 6.6.23
per channel Vin =0V or floating
T;=85°C OUT.OUTn =0
Channel 1, 5, 6 T;=85°C
Stand-by or idle mode
Output leakage current |/, orf, - 1.5 10 MA Vin =0V or floating P_6.6.26
per channel ouT.ouTn =0
T;=130°C T;=150°C
Channel 2, 3, 4 Stand-by or idle mode
Output leakage current |/ e, - 0.8 10 MA Vin =0V or floating P_6.6.27
per channel OUT.oUTn =0
T;=150°C T;=150°C
Channel 1, 5, 6 Stand-by or idle mode
Input Characteristics
L-input level Vinw -0.3 |- 1.0 V - P_6.6.28
H-input level Ving) 26 - 6.0 \Y, - P_6.6.29
L-input current I 3 27 75 MA Vn=10V P_6.6.30
H-input current Lingy 7 30 75 MA Vn=26V P_6.6.31
Timings
Turn-ON delay to Ldelay(ON) 10 30 70 us V=135V P_6.6.36
10% Vg (Logical LGCR.LEDN =0
propagation delay from
input INn to output OUTn)
Channel 2, 3, 4
Turn-ON delay to Ldelay(ON) 3 10 25 ys Vs=135V P_6.6.37
10% Vg (Logical LGCR.LEDN = 1
propagation delay from
input INn to output OUTn)
Channel 2, 3, 4
Turn-ON delay to Ldelay(ON) 10 30 70 [V V=135V P_6.6.38
10% Vg (Logical
propagation delay from
input INn to output OUTn)
Channel 1, 5, 6
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Table 6-1 Electrical Characteristics Power Stages (cont'd)

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

Turn-OFF delay to Ldelay(OFF) 10 30 70 V& Vs=135V P_6.6.43

90% Vg (Logical LGCR.LEDN =0

propagation delay from

input INn to output OUTn)

Channel 2, 3, 4

Turn-OFF delay to lyelay(OFF) |3 10 25 us Vs=135V P_6.6.44

90% Vg (Logical LGCR.LEDN = 1

propagation delay from

input INn to output OUTn)

Channel 2, 3, 4

Turn-OFF delay to lyelayorr) | 10 30 70 ys Vs=135V P_6.6.45

90% Vg (Logical

propagation delay from

input INn to output OUTn)

Channel 1, 5, 6

Turn-ON time to fon 30 75 180 VIS Vs=13.5V P_6.6.50

90% Vg LGCR.LEDN =0

Channel 2, 3, 4

Turn-ON time to foN 10 25 55 V& Vs=135V P_6.6.51

90% Vg LGCR.LEDN =1

Channel 2, 3, 4

Turn-ON time to ton 30 75 180 |ps V=135V P_6.6.52

90% Vg

Channel 1, 5, 6

Turn-OFF time to toFF 30 75 180 V& Vs=135V P_6.6.57

10% Vg LGCR.LEDN =0

Channel 2, 3, 4

Turn-OFF time to torF 10 25 55 VIS Vs=13.5V P_6.6.58

10% Vg LGCR.LEDN =1

Channel 2, 3, 4

Turn-OFF time to torF 30 75 180 V& Vs=135V P_6.6.59

10% Vg

Channel 1, 5, 6

Turn-ON/OFF matching |#on- forr  |-30 0 50 us V=135V P_6.6.68

Channel 2, 3, 4 LGCR.LEDNn =0
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Table 6-1 Electrical Characteristics Power Stages (cont'd)

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

Turn-ON/OFF matching |#on- forr  |-20 0 20 V& Vs=135V P_6.6.69

Channel 2, 3, 4 LGCR.LEDN =1

Turn-ON/OFF matching |#on- forr  |-30 0 50 V& Vs=135V P_6.6.70

Channel 1, 5, 6

Turn-ON slew rate dVi dtgy 0.1 0.25 |05 Vigys | V5=135V P_6.6.75

30% to 70% Vg LGCR.LEDN =0

Channel 2, 3, 4

Turn-ON slew rate dVi degy 0.35 |0.88 |1.75 |Viuys |Vg=13.5V P_6.6.76

30% to 70% Vg LGCR.LEDN =1

Channel 2, 3, 4

Turn-ON slew rate dVi dtoy 0.1 0.25 |0.5 Viuys | V5=135V P_6.6.77

30% to 70% Vg

Channel 1, 5, 6

Turn-OFF slew rate -dVIdtgee 0.1 0.25 |0.5 Vius | Vg=13.5V P_6.6.82

70% to 30% Vg LGCR.LEDN =0

Channel 2, 3, 4

Turn-OFF slew rate -dVidtgee |0.35 |0.88 [1.75 |Vius |Vg=13.5V P_6.6.83

70% to 30% Vg LGCR.LEDN =1

Channel 2, 3, 4

Turn-OFF slew rate -dVIdtgee 0.1 0.25 |0.5 Vius | V5=135V P_6.6.84

70% to 30% Vg

Channel 1, 5, 6

Output Voltage Drop

Output voltage drop Vosinw - 10 25 mV 1, =50 mA P_6.6.94

limitation at small load LGCR.GBRN = 1

currents

Channel 2, 3, 4

Output voltage drop Vosinw - 15 30 mV [, =20 mA P_6.6.95

limitation at small load

currents

Channel 1, 5, 6

1) Not subject to production test, specified by design.
2) Not subject to production test, specified by design.
3) Testedat7;=-40°C
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4) Testedat7,=-40°C
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7 Protection Functions

The device provides embedded protective functions, which are designed to prevent IC destruction under fault
conditions described in this data sheet. Fault conditions are considered as “outside” normal operating range.
Protective functions are neither designed for continuous nor for repetitive operation.

71 Over Load Protection

The load current /| is limited by the device itself in case of over load or short circuit to ground. There are multiple
steps of current limitation which are selected automatically depending on the voltage V5 across the power DMOS.
Please note that V1 = Vs - Vps. Please refer to following figures for details.

Current limitation to the value 7, ( , is realized by increasing the resistance of the output channel, which leads to
fast DMOS temperature rise.

40

@
S

Current Limit I3 4sc) (A)

)
S

4 9 14 19 24

Drain Source Voltage (V)

Figure 7-1 Current Limitation Channel 2, 3, 4 (typical values)

20

Current Limit I, 4 5.5sc, (A)

4 9 14 19 24
Drain Source Voltage (V)

Figure 7-2 Current Limitation Channels 1, 5, 6 (typical values)
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711 Over Temperature Protection

Each channel incorporates both an absolute 7;c, and a dynamic A7, temperature sensor. Activation of either
sensor will cause an overheated channel to switch OFF to prevent destruction. Any protective switch OFF latches
the output until the temperature has reached an acceptable value.

Each time a channel is switched OFF the error counter of that channel will be incremented by one. The number of
automatic reactivations is limited by n If this number of retries is reached the channel turns OFF and latches
OFF.

The error information related to the given channel will be available on the Standard Diagnosis and Errors
Diagnosis. After switching OFF and latching OFF, the only way to switch ON again, is to clear all thermal counters
and errors on all channels by setting HWCR.CTC bit to 1. If the channel is active (either OUT.OUTn = 1 or INn =
1) it will be turned on immediately after the SPI command.

retry-

For the condition n < n,,, the counter of automatic reactivations will be reset by every channel activation if

HWCR.RCR bit is set to 1.

In Limp Home Mode, the thermal counters of the protection functions are still operative only if V' is provided in
the specified range. Otherwise the counters are not active and all channels are in ,unlimited restart* mode.

It is not possible to reset the counters using HWCR.CTC bit as long as the SPI is in Limp Home Mode, even if the
Vop is provided.
Refer to Figure 7-3 and Figure 7-4 for details.
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Figure 7-3 Dynamic Temperature Sensor Operations - Short Circuit
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Figure 7-4 Dynamic Temperature Sensor Operations - Overload Condition

7.2 Reverse Polarity Protection

In reverse polarity condition, power dissipation is caused by the intrinsic body diode of each DMOS channel as
well as each ESD diode of the logic pins. The reverse current through the channels has to be limited by the
connected loads.The current through ground pin GND, sense pin IS, logic power supply pin Vpp, SPI pins, input
pins and Limp Home Input pin has to be limited as well (please refer to the maximum ratings listed on
Chapter 4.1).
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Note: No protection mechanism like temperature protection or current limitation is active during reverse polarity.

7.3 Over Voltage Protection

In the case of supply voltages between Vgscimax @nd Vsaz) the output transistors are still operational and follow
the input or the OUT register. Parameters are not warranted and lifetime is reduced compared to nominal voltage
supply.

In addition to the output clamp for inductive loads as described in Chapter 6.4.3, there is a clamp mechanism
available for over voltage protection for the logic and all channels.

7.4 Undervoltage Protection

Between Vs, and Vgop), the undervoltage mechanism is triggered. Vgop represents the minimum voltage
where the switching ON and OFF can takes place. Vg, represents the minimum voltage the switch can hold ON.
If the supply voltage is below the undervoltage mechanism V), the device