Product  “\ww Order Technical 2 Tools & Support &
Folder oo Now Documents #\ Software Community

: -{IE)S(?IS{UMENTS TPS65381-Q1
SLVSBC4G —MAY 2012-REVISED JUNE 2017

TPS65381-Q1 Multirail Power Supply for Microcontrollers in Safety-Relevant Applications

Not Recommended for New Designs

1 Device Overview

1.1 Features

» Qualified for Automotive Applications — Self-Check on all Voltage Monitoring (Automatic
« AEC-Q100 Qualified With the Following During Power-Up and After Power-Up Initiated
Results: by External MCU)
— Device Temperature Grade 1: —40°C to +125°C — All Suppligs_With Internal FETs Protected With
Ambient Operating Temperature Current-Limit and Overtemperature Shutdown
— Device HBM ESD Classification Level H2 * Microcontroller (MCU) Interface
— Device CDM ESD Classification Level C3B — Watchdog: Trigger Mode (OPEN/CLOSE
« Multirail Power Supply Supporting Among Window) or Question and Answer Mode
Others — MCU Error-Signal Monitor For Lock-Step Dual-
— TI Hercules™ TMS570, C2000™, and Various Core MCUs Including Hercules™ TMS570,

C2000™, and Various Functional-Safety

Functional-Safety Architecture Microcontrollers Architecture MCUs Using Pulse-Width

* Supply Rails _ Modulation (PWM) Error Output
— Input voltage range: — DIAGNOSTIC State for Performing Device Self-
- 5.8V1o 36V (CAN, I/O, MCU Core, and Tests, Diagnostics, and External Interconnect
Sensor-Supply Regulators Functional) Checks
- 45V1t05.8V (3.3 VI/0andMCU Core — SAFE State for Device and System Protection
Regulators Functional) on Error Event Detection
— 6-V Asynchronous Switch Mode Preregulator — Clock Monitor for Internal Oscillator
With Internal FET, 1.3-A Output Current — Self-Tests for Analog- and Digital-Critical
— 5-V (CAN) Supply Voltage, Linear Regulator Circuits Executed With Every Device Power Up
With Internal FET, 300-mA Output Current or Activated by MCU in DIAGNOSTIC State
— 3.3-V or 5-V (MCU I/O) Voltage, Linear — CRC on Nonvolatile Memory, Device and
Regulator With Internal FET, 300-mA Output Configuration Registers
Current — Reset Circuit and Output Pin for MCU

— 0.8-V to 3.3-V Adjustable (MCU Core Voltage), D ; ; ;

Linear Regulator Controller With External FET ?ﬁ?gﬂgﬁtg l\(zﬂltﬁgltezg ,Iér\]lig\r/\r/]lglgAl\r/I]glggt(;r%bserve
— 3.3-V to 9.5-V Adjustable Sensor Supply: Linear Digital Signals of the Device

Tracking Regulator With Internal FET, 100-mA « Serial Peripheral Interface (SPI)

Output Current, and Protection Against Short-to- _ Configuration Registers

Supply and Short-to-Ground Watchd . dA
— Charge Pump: Typically 12 V Above Battery — Watchdog Question and Answers

Voltage — Diagnostic Status Readout
e Power Supp]y and System Monitoring - Compliant With 3.3-V and 5-V LOgiC Levels

— Independent Undervoltage and Overvoltage » Enable Drive Output for Disabling Safing-Path
Monitoring on All Regulator Outputs, Battery or _External Power-Stages on Detected System-
Voltage, and Internal Supplies Failure _

— Independent Voltage References for Regulator * Wakeup Through IGNITION Pin or CAN
References and Voltage Monitoring. Voltage- WAKEUP Pin
Monitoring Circuitry With Independent Bandgap * Package: 32-Pin HTSSOP PowerPAD™ IC
Reference and Separate Supply Input Pin Package

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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1.2 Applications
» Safety Automotive Applications * Industrial Safety Applications
— Power Steering: Electrical Power Steering — Safety Programmable-Logic Controllers (PLCs)
(EPS) and Electro Hydraulic Power Steering — Safety I/0 Control Modules
(EHP_S) _ — Test and Measurement
— Braking: Anti-Lock Brake System (ABS), — Railway and Subway Signal Control and
Electronic Stability Control (ESC), and Electric Safety Modules
Parking Brakfa ) — Elevator and Escalator Safety Control
— Advanced Driver Assistance Systems (ADAS) Wind Turbine Control
— Suspension
1.3 Description

The TPS65381-Q1 device is a multirail power supply designed to supply microcontrollers (MCUS) in
safety-relevant applications, such as those found in automotive and industrial markets. The device
supports Texas Instruments’ Hercules™ TMS570 MCU and C2000™ MCU families, and various other
MCUs with dual-core lockstep (LS) or loosely-coupled architectures (LC).

The TPS65381-Q1 device integrates multiple supply rails to power the MCU, controller area network
(CAN), or FlexRay, and an external sensor. An asynchronous-buck switch-mode power-supply converter
with an internal FET converts the input supply (battery) voltage to a 6-V preregulator output. This 6-V
preregulator supplies the other regulators. The device supports wakeup from IGNITION or wakeup from
the CAN transceiver.

The integrated, fixed 5-V linear regulator with internal FET can be used for a CAN or FlexRay transceiver
supply for example. A second linear regulator, also with an internal FET, regulates to a selectable 5-V or
3.3-V output which, for example, can be use for the MCU I/O voltage.

The TPS65381-Q1 device includes an adjustable linear-regulator controller, requiring an external FET and
resistor divider, that regulates to an adjustable voltage of between 0.8 V and 3.3 V which may be used for
the MCU core supply.

The integrated sensor supply can be run in tracking mode or adjustable output mode and includes short-
to-ground and short-to-battery protection. Therefore, this regulator can power a sensor outside the module
or electronic control unit (ECU).

The integrated charge pump provides overdrive voltage for the internal regulators. The charge pump can
also be used in a reverse-battery protection circuit by using the charge-pump output to control an external
NMOS transistor. This solution allows for a lower minimum-battery-voltage operation compared to a
traditional reverse-battery blocking diode when the device must be operational at the lowest possible
supply voltages.

The device monitors undervoltage and overvoltage on all regulator outputs, battery voltage, and internal
supply rails. A second bandgap reference, independent from the main bandgap reference, is used for the
undervoltage and overvoltage monitoring, to avoid any drifts in the main bandgap reference from being
undetected. In addition, regulator current-limits and temperature protections are implemented.

The TPS65381-Q1 device has monitoring and protection functions, which include the following: watchdog
with trigger and question and answer modes, MCU error-signal monitor, clock monitoring on internal
oscillators, self-check on the clock monitor, cyclic redundancy check (CRC) on nonvolatile memory, a
diagnostic output pin allowing the MCU to observe internal analog and digital signals of the device, a reset
circuit and output pin for the MCU, and an enable drive output to disable the safing-path or external-power
stages on detected faults. A built-in self-test (BIST) monitors the device functionality automatically at
power-up. A dedicated DIAGNOSTIC state allows the MCU to check TPS65381-Q1 monitoring and
protection functions.

The TPS65381-Q1 device is offered in a 32-pin HTSSOP PowerPAD package.
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Device Information®
PART NUMBER PACKAGE BODY SIZE (NOM)
TPS65381-Q1 HTSSOP (32) 11.00 mm x 6.20 mm

(1) For all available packages, see the orderable addendum at the end of the data sheet.

1.4 Typical Application Diagram
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Figure 1-1. Typical Application Diagram
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2 Revision History
NOTE: Page numbers for previous revisions may differ from page numbers in the current version.
Changes from Revision F (May 2016) to Revision G Page
e Changed the Features list for Supply rails to show output current instead of current limit. Added general current
limit bullet in the FEATURES [ISt ....uiiiiiiiii i aa e raeas 1
o Added acronym defiNItIONS . uuuusiiseiiir i s 1
« Changed recommended maximum voltage for VBATP and VBAT_SAFING in the Recommended Operating
L0 3T 1110 1S = 0] 8
e Changed the PIN Function table descriptions to clarify device Operation ........c..iiiieriiiiieriiineririnrereaaneeeanns 27
e Changed the max value for the charge-pump voltages from 52 V to lesser of VBATP + 16V or 52 V with
footnote in the ABSOLUTE MAXIMUM RATINGS table ....ovviiieiiiiii i e 29
e Changed M1.12 and M1.13 Sensor supply feedback and supply voltage by combining in M1.12 with conditions
of use for the Sensor supply output and feedback voltage to match how the sensor supply is used. Changed the
maximum to 18 V in the ABSOLUTE MAXIMUM RATINGS table......cccvviiiiiiiiiiiiiiiiiiiiiinni e 29
e Deleted M1.13 Sensor supply output voltage by combining with M1.12 in the ABSOLUTE MAXIMUM RATINGS
12T 0 29
* Changed the table note for Absolute Maximum RaAtINGS +..ueeieriitiiiiiiriri i 29
« Changed changed recommended operating condition descriptions for R1.1, R1.2 and R1.3 to make the
operation of device more clear in the Recommended Operating ConditioNS ......ccviviiiiiiiiiiiiiii e aaaas 30
« Deleted recommended operating condition R1.3a and R1.3b, VBAT_SAFING impact to device operation was
included in R1.2 and R1.3 to make the operation of device more clear in the Recommended Operating Conditions 30
e Changed link formats throughoUt dOCUMENT ... ..uuiueeiitirie i s r s r e raaeaaanens 30
* Changed recommended maximum voltage for VBATP and VBAT_SAFING in the Recommended Operating
L0 T 11110 LS r= 0] 30
« Changed the Thermal Metric table and Derating Profile for Power Dissipation Based on High-K JEDEC PCB in
the Thermal INformation SECHON. .uuuuuiiistiiii i n e raaes 31
LI O g -V To T=To Jr= o] o] [fo= 1 a1 o I =T o Yo L o A 11 0GP 31
e Changed the Derating Profile for the Power Dissipation in the Thermal Information table and the Power
Dissipation and Thermal Considerations SECHON ......iiuiieiiuiiiiiieii i aeaes 31
» Deleted R1.3b from the operating conditions in the Electrical Characteristics section since VBAT_SAFING
condition R1.3b was merged with R1.2 in the Recommended Operating Conditions, Timing Requirements and
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Switching CharacteriStiCS SECHONS .uuuutiiuteriseiiseiris it ra st saa e s e s e iannens 32
e Changed VDD6, POS 1.1 to only volts as units for consistency in the ELECTRICAL CHARACTERISTICS table.... 32
e Deleted Hysteresis parameter from Tprot,pps (POS 1.7) in the ELECTRICAL CHARACTERISTICS table. ........... 32

* Changed VDDS5, POS 2.1 to only volts as units for consistency in the ELECTRICAL CHARACTERISTICS table.... 32
* Changed POS 2.3 test condition to Load step 20% to 80% in 5 ps, with Cypps = 5 PF for VDD5 output voltage

dynamic parameter in the Electrical CharacteristiCs table .......oiiiiiiiiii e aee s 32
« Changed PSRR to > 40 dB typical n the Electrical Characteristics for parameter 2.6........ccevvviiiiriiiiiinniininnenns 32
» Deleted Hysteresis parameter from Tproty,pps (POS 2.13) in the ELECTRICAL CHARACTERISTICS table. ......... 32
e Changed all references of VDD3_5 to VDD3/5 for consistency in the datasheet ........c..coveeviiiiiiiiiiiiieeeenns 32
* Added clarification on VDDG6 current limit and duty cycle in the Electrical Characteristics section...............cevuen. 32
» Added clarification on lypps_jimit Current limit in the Electrical Characteristics SeCtion ..........c.cvveviiiiiiinnnnnnn. 32

* Changed VDD3/5, POS 3.1 to only volts as units for consistency in the ELECTRICAL CHARACTERISTICS table.. 33
e Changed POS 3.3 into 3.3a for 3.3 V setting and 3.3v for 5 V setting for VDD3/5 output voltage dynamic

parameter in the Electrical CharacteristiCs table .......vveviiiiiiii e 33
e Changed POS 3.3a and 3.3b test condition to Load step 20% to 80% in 5 us, with Cyppgs = 5 UF for VDD3/5

output voltage dynamic parameter in the Electrical Characteristics table .......ccvviiiiiiiiiiiiiiii e 33
e Changed the minimum for POS 3.3a from 3.17 V to 3.15 V, VDD3/5 output voltage dynamic parameter in the

Electrical CharaCteriStiCs tabl. ... .u i e raas 33
« Changed PSRR to > 40 dB typical n the Electrical Characteristics for parameter 3.6........ccevviiiiriiiiiieniininnenns 33
» Deleted Hysteresis parameter from Tprotyppzs (POS 3.13) in the ELECTRICAL CHARACTERISTICS table. ........ 33
e Changed MAX value of VDD1ggnse(4.2) from 0.816 mV to 0.808 mV in the Electrical Characteristics table .......... 33
e Changed VDD1ggyse POS 4.2 to only volts as units for consistency in the ELECTRICAL CHARACTERISTICS

L2510 = N 33
e Changed VDD1dyn, POS 4.7, to typical due to dependency on external FET choice in the Electrical

CharacteristiCs TADIE 1uuuistiiit it e 33
e Changed the VDD1,,,,, POS 4.8, to specific VDD1 output voltage range for test condition in the Electrical

L@ =T = T3 (=T 1] o1 = o= 33
» Changed PSRR to > 40 dB typical n the Electrical Characteristics for parameter 4.9........cvvviiiiiiiiniiiiiiinen, 33
« Added clarification on l,ppg5 l0ad current at power up in the Electrical Characteristics section...........cccevvvinnn... 33
* Added clarification on lyppgs jimic cuUrrent limits in the Electrical Characteristics SECtion ......cccvvviiieeiiiiiinniiiinnenns 33
« Changed MVVSOUT1 min and max values from —25 and 25 to —35 and 35 in the ELECTRICAL

CHARACTERISTICS taDIe . 1t tu ettt et s e n e anes 34

¢ Changed VSFB1, POS 5.3 to only volts as units for consistency in the ELECTRICAL CHARACTERISTICS table... 34
e Changed Test Condition and PSRR to > 40 dB typical sensor supply to clarify the test in the Electrical

CharacteristiCs for Parameters 5.6 .. ... .uiuiii e 34
« Changed POS 5.11, VSOUT1g,, for clarity of condition for output short circuit voltage range and changed

maximum voltage to 18 V in the ELECTRICAL CHARACTERISTICS table .......oviiiiiiiiiiiiiiiiiiiiiiiae 34
» Deleted Hysteresis parameter from Tprotysoyr: (POS 5.13) in the ELECTRICAL CHARACTERISTICS table. ....... 34
» Changed lysouty_jimiv POS 5.14 minimum from 100 mA to 120 mA in the ELECTRICAL CHARACTERISTICS table 34
* Added clarification on lysour1 l0ad current and power dissipation in the Electrical Characteristics section............. 34
e Changed min value for VDD3/5_UVhead to 155 mV from 170 mV for 3.3-V setting in the ELECTRICAL

CHARACTERISTICS table POS 6.13 1.uuuuiiutiutiuaeseisisisssasssisssssassastssasssassansassasssssansassasssiesnnsnes 35
e Changed VDD_UV POS 6.16 units from ratio to mV for consistency in the ELECTRICAL CHARACTERISTICS

155 0= 35
e« Changed VDD1_OV POS 6.17 MIN from 824 mV to 816 mV in the ELECTRICAL CHARACTERISTICS table....... 35
e Changed VDD1_OV POS 6.17 units from ratio to mV for consistency in the ELECTRICAL CHARACTERISTICS

L2510 = N 35

* Deleted VSOUT1_UV hysteresis parameter (typical), POS 6.19a in the ELECTRICAL CHARACTERISTICS table.. 35
* Deleted VSOUT1_OV hysteresis parameter (typical), POS 6.20a in the ELECTRICAL CHARACTERISTICS table.. 35
e Changed I_IGN_rev parameter (7.4), -1, from MAX to MIN to match polarity in the ELECTRICAL

CHARACTERISTICS tADIE +iuutiittiitiitiite i s s ae s e s s e s s e s s s s s s st s sa e s s a s as s s s nsanasaaneans 35
e Changed |_CAN_rev parameter (7.8), -1, from MAX to MIN to match polarity in the ELECTRICAL

CHARACTERISTICS tADI8 . uuuteietiiteseetsaeesaaesaaeesaaessnesanesaanesannsaanesannsaanetannsaanesannssnnesannssnnesannens 35
* Added clarification to POS 10.1, 10.2 and 10.3 by using pin names in parameter field instead of footnote and

adding SEL_VDD3/5 pin to 10.1 and 10.2 in the ELECTRICAL CHARACTERISTICS table .......iccoviiiiiiiiinnnnns 36
» Changed tgejayvpps Max from 2.5 ms to 5 ms in the Timing Requirements table ...............coco, 36
» Changed tgeayvppzs Max from 2.5 ms to 5 ms in the Timing Requirements table ..................o 36
» Changed tgeayvpp1 Max from 2.5 ms to 5 ms in the Timing Requirements table ..o, 36
» Changed VBATP gegiitch minimum from 200 ps to 180 ps and maximum from 280 ps to 260 ps in the Timing

Requirements table fOr POS 6.7 ...t s st erans 36
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+ Changed minimum for typ use in the ELECTRICAL CHARACTERISTICS table to 14.25 ps from 28 ps .............. 37
» Deleted terror woi_degitch IN the ELECTRICAL CHARACTERISTICS PS..viiiiiiiiii e 37
» Changed min value for t4,(13.3) to 85.7 ns in the ELECTRICAL CHARACTERISTICS table. ............coceeveniain, 37
o Changed format Of graph ..eeeeii i e 38
* Added clarification of operation in the VDD6 Buck Switch Mode Power Supply SECHON ......evviiviieiieinineninninns 40
* Added a note to the VSOUT1 register clarifying VSOUT1_EN through RESET state in the VSOUT1 Linear

L= 018 ] = 10 ] = o) 1o o 43
e Added note in the Wake-Up section to not send WR_CAN_STBY command while CANWU and/or IGN are still

T 43
e Changed WDT_FAIL_CNT and WD_FAIL_CNT to WD_FAIL_CNT[2:0] throughout document ...........ccvvuvvinnenns 45
* Changed section heading levels from 5.4.1.1 through 5.4.1.20......uiiiiiiiiiiiirii s rees 47
« Changed the VCP17_OV impact on device behavior in the Voltage Monitoring Overview table and the Internal

Errors Signals table. ...uueiieiiii i s 48
e Changed the VCP12_0OV the impact on device behavior in the Voltage Monitoring Overview table and the

Internal Errors Signals table. ...u..eeieeiiiiiii i e 48
* Changed the MAIN_BG and VMON_BG UV and OV impact on device behavior in the Voltage Monitoring

Overview table and the Internal Errors Signals table. .........coooeiiiiiii i 48
« Changed all _UVN Signal Names in the Internal Error Signals table and Digital MUX section to Nxxx_UV for

consistency in datasheet for inverted logic signal names with N at the beginning of the name. .................ccoei 49
e Changed the signal name from VCP_OV to VCP17_OV for D1.7 in the Internal Error Signals table. Also

changed the device state from Not changed for NRES and ENDRYV to LOW, and State to STANDBY ................ 49
e Changed the max deglitch for VDD5_OT, VDD3/5_OT and VSOUT1_OT to 64us in the Internal Error Signals

L2210 = 50
« Changed the naming convention of EN_VDD5_OT and EN_VDD3/5_OT to NMASK_VDD5_OT and

NMASK_VDD3/5_OT to clarify option of these configuration bits throughout the datasheet ..............cccvievvinnnnn 50
e Changed the description of VDD5_OT in the Internal Error Signals table for clarity .........cooviiiiiiiiiiiiniiiinnnn 50
e Changed the VMON_TRIM_ERR deglitch time minimum from 15 to 5 ps and maximum from 30 to 10 us in the

Internal Error Signals table .......eeeieiiiii e 50
e Changed the VMON_TRIM_ERR device state when flag is set to NRES = LOW from not changed, ENDRYV =

LOW from not changed and Device State to STANDBY from not changed in the Internal Error Signals table ....... 50
« Added clarification footnote to VDD5_CL internal signal in the Internal Error Signals table ............cccoocvviiiinetn. 50
e Changed Analog BIST Run States diagram for to clarify operation in the Analog Built-In Self-Test section ........... 52
e Changed ABIST_UVOV_ERR and ABIST_OV_UV to ABIST_ERR throughout document .........cccvviiivervinnneennns 52
* Added notes to clarify considerations needed if a manual run of LBIST is done in DIAGNOSTIC or ACTIVE state

in the Logic Built-In Self-Test (LBIST) SECHON ... uttuuttiteiitirte i sn e ranns 53
« Added clarification in the Analog Built-In Self-Test (ABIST) and Logic Built-In Self-Test (LBIST) sections to

(03 = 11 Y] 1= = 11 [ ] o 54
e Changed paragraphs for VSOUT1, VDD6 and VDD3/5 overtemperature and current limit in the Junction

Temperature Monitoring and Current Limiting section to clarify device operation..........coeevvviirerisieerrninneernnns 54
* Changed the descriptions in the Overtemperature and Overcurrent Protection Overview table to clarify device

operation and made naming for thermal shutdown consistent to overtemperature ..........c.cvveeereriiiieeerrianeeeanns 55
« Changed Section title to Diagnostic MUX and Diagnostic Output Pin (DIAG_OUT) c..uviiiiiiriiiirririinresiannneeanas 56
« Added clarity to the DIAG_OUT description in the Diagnostic Output Pin DIAG_OUT SeCtion.......ccvvvviereiinunnenn. 56
« Added clarification to the SPI Interface Note for the use of the SPI in a bus while DIAG_OUT MUX is enabled in

the Diagnostic Output Pin DIAG_OUT SECHON 1. .uuteiiieetesreseeessasnnessasnnessaannnessaannnsseansnessannnnssssnnnesssnnnes 56
e Changed values and clarity of AMUX operation and added minimum output resistance in the Analog MUX

AT =] [=T0d 10 1 =T = 57
e Changed WDT_ signal names to WD_, WD_RES_EN toWD_RST_EN, NMASK_VDD1_OV to

NMASK_VDD1_UV_0V, and EN_DRYV to ENDRY throughout dOCUMENt ......ccuuiiiiiiiiiiiiinniie s nnineeeas 58
e Changed NRST_EXT_IN to NRES_EXT_IN for consistency with pin Name .........covviiiiiiiiiiiiiiiiirie s 58
e Changed WDI/Error to Error/WDI throughout QOCUMENT . . ..eeiieesiieieeessaineesssanneessannreesaannressaannersaanneesnnns 61
« Changed the Watchdog Question (Token) Generation image in the Watchdog Timer Configuration for Question

and Answer Configuration SECHON .........e e s s 70
« Changed Figure for Watchdog Answer Calculation in the Question (Token) Generation section to remove

FDBK[3:0] impact on Answer-x byte CalCUIAtION ... ...eeiiiee i e e s s aann s sraneeannas 71
« Changed TOKEN_ERR bhit name to ANSWER_ERR to more accurately describe the error the bit indicates

throughout the AataShEET .. ..uieiii st s s s s e r s s e e aa e e s nr e nes 72

* Changed SEQ_ERR status bit in Table WD_STATUS Bits Versus Possible Watchdog Sequence Events section... 74
* Added a note to clarify impact of changing SAFETY_ERR_PWM_L or SAFETY_ERR_PWM_H while the MCU
ESM is running in the MCU Error Signal Monitor (MCU ESM) SECHON .. .uuueiiiiaisiiiiinsiiinrsssanassssnannessaannness 75
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« Added a note to clarify MCU ESM diagnostics in the MCU Error Signal Monitor (MCU ESM) section.................. 76
* Added clarification in the MCU Error Signal Monitor (MCU ESM) SECHON......cuvetiiiieriiiieeeriianneseaannresaanneesanns 76
* Added clarification for the LOW minimum and maximum duration time for the MCU ESM in the TMS570 Mode
L= 01T o 76
* Changed the time range for HIGH and LOW pulse duration in PWM Mode section from 5 ps to 15 ps (minimum)
and 1.28 ms to 3.8 ms (maximum) for consistency along with additional clarifications of operation .................... 78
e Added clarification for HIGH and LOW pulse register minimum and maximum pulse timing for the MCU ESM in
10 LI AV o T [Tt o o 78
« Added a note to clarify MCU ESM to MCU synchronization in the MCU Error Signal Monitor (MCU ESM) PWM
Y06 L= =T o 1o o 79
« Added note to clarify uncleared CFG_CRC_ERR impact to state diagram during DIAGNOSTIC state in the list of
steps in the Device Configuration Register ProteCtion SECHON .....uviiiiieiiiiie i i aaaneeaaaas 83
« Changed the Reset and Enable Circuit image to clarify Operation ........c.cvvviiieiiiiieiiiii i ranneeas 84
« Changed section title from Device Controller State Diagram to Device Operating States and clarified device
(o] o1 = VT qTo IRy =Y (SIS 0] o 1= =1 o o S 86
* Changed the STANDBY, RESET, DIAGNOSTIC, ACTIVE and SAFE state text descriptions in their sections to
(o3 F= L1 VA0 [Tt =T T o 87
* Added clarification in the RESET STATE liSt...uuuiiuiiiiiiisiiiiiiii s sanens 87
* Added clarification on BIST running on exit of RESET State to the RESET STATE Section .......ccvvviiiiiiineinnenn. 88
« Added note to clarify considerations needed if a manual run of LBIST is done in the DIAGNOSTIC state in the
[N € N[ @ 13 I (O] r= L= =Y ox 1 [ ) o 89
« Added note to clarify considerations needed if a manual run of LBIST is done in the ACTIVE state in the
O I LY = (S 1T o 90
« Added note to clarify SAFE state time-out possible state transitions due to the SAFE state time-out in the SAFE
LS 62 LSS =T o3 110 o 91
e Added the Power on Reset (NPOR) section to clarify device Operation. .........cevvveiiiiiriniiisriiieniaieenaes 91
e Changed the STAT[2] and STAT[O] descriptions for SPI errors in the Device Status Flag Byte Response table...... 93
« Added note to explain additional SPI diagnostics in the Device Status Flag Byte Response section .............ccue.. 93
* Added SPI Register Write Access Lock (SW_LOCK command) section in the Register Map section ................. 94

« Added clarification on which registers are re-initialized to default values after LBIST run in Register Map section .. 95
* Added clarification to WR_CAN_STBY that this command is only valid with data 00h in the SPI Command Table .. 95
» Deleted note "SPI WR update can occur only in the DIAGNOSTIC and ACTIVE states" for

WR_SAFETY_BIST_CTRL command in the SPI Command Table .....cceeiiiiiieiiiiiie i inaneeesnnneessnnnneennns 95
e Changed SAFE_CFG_CRC to SAFETY_CFG_CRC throughout the datasheet for consistency of the register

T2 1 e 96
« Changed register bit descriptions in the DEV_CFG2 Register table to clarify device operation ...........cccvvviinannn. 99
e Added clarification on VDD5_UV operation when VDD5_EN = 0 in the VMON_STAT_2 Register .......ccvveviinnnns 101
e Added clarity to note on VDD5_ILIM bit description in the SAFETY_STAT_1 Register table..........ccocoviieninnen. 102
e Changed the D[5] NRES_ERR, LBIST_ERR, ABIST_ERR, LBIST_RUN and ABIST_RUN register descriptions

LIRS T = I S N I G T =0 ] =T 104
* Added to the NRES_ERR description in the SAFETY_STAT_3 Register table........c.coeviiiiiiiiiiiiiiiiiiienens 104
e Changed the SPI_ERR[1:0] description in the SAFETY_STAT_4 Register table.......c.oviiiiiiiiiiiiiiiiiiiiaes 105
e Changed the LOCLK description in the SAFETY_STAT_4 Register table.......c.ccoviiiiiiiiiiiiiiiiiiiciiaee 105
e Changed MCU_ERR bit description inSAFETY_STAT_4 Register table ......ccoviiiiiiiiiiiiiiiiiiiiiniaennaeens 105

e Changed WD_ERR bit and NRES_ERR bit description inSAFETY_STAT_4 Register table to clarify operation..... @
» Deleted note "Write update can only occur in the DIAGNOSTIC and ACTIVE states." for

WR_SAFETY_BIST_CTRL command in the SAFETY _BIST_CTRL ReQISter...iiutiiiriiiieirinniisininriinneiineiaas 107
e Changed SAFETY_STATUS_2 to SAFETY_STAT_2 for consistency in the datasheet ...........ccovvviiiiiiiiiiannn. 107
e Changed NO_ERROR bit description to improve clarity in the SAFETY_CHECK_CTRL Register table ............. 108
e Changed ERROR_PIN_FAIL bit description in the SAFETY_ERR_STAT Register table ..........ccooevviiiiiiennnnnn. 110
e Changed to clarity the WD_FAIL bit description in the SAFETY_ERR_STAT Register table ........cccevviiiieeninnns 110
« Changed ERR_CNT to DEV_ERR_CNTJ[3:0] throughout datasheet for consistency in naming. ...........cceeevvannes 111
* Added clarification on the TOKEN_SEED][3:0] to the description in the WD_TOKEN_FDBCK Register table ....... 113
e Changed WD_FAIL_TH description in the WDT_TOKEN_VALUE Register table for consistency .............c....... 114
* Changed added clarification on clearing of the ANSWER_ERR bit in the WD_STATUS Register table ............. 114
« Deleted "This bit is set to 1 when switching between the Trigger and Q&A Mode" and added clarification on how
to clear the WD_CFG_CHG hit description in the WD_STATUS Register table ........ccvviiiiiiiiiiieiiiiinninnen.s 114
e Changed TIME_OUT bit description in the WD_STATUS Register table to clarify how the bit is cleared. ........... 114
e Added ANSWER_EARLY bit operation during trigger mode to the WD_STATUS Register table ..................... 114
* Changed the description of VDD_EN in the SENS_CTRL Register table .......ccoviiiiiiiiiiiiiiiiiiie e 115
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¢ Changed the description of VSOUT1_EN in the SENS_CTRL Register table .......cccoviiiiiiiiiiiiiiiiiinniiaeens 115
« Clarified capacitors, resistor tolerance impact on regulation and monitoring in the Typical Application Diagram .... 117
« Clarified resistor tolerance impact on regulation and monitoring in the VDD1 Linear Controller Section.............. 119
» Clarified resistor tolerance impact on regulation and monitoring in the Alternative Use for VSOUT1 Tracking
Linear Regulator, Configured for 6-V Output Tracking VDD3/5 In 3.3-V Mode Section........vvvvviirinerineininenans 121
« Clarified resistor tolerance impact on regulation and monitoring in the Alternative Use for VSOUT1 Tracking
Linear Regulator, Configured for 9-V Output Tracking to 5-V Input from VDD5 SeCtion.......ccceviviiueriiiiinnninnnns 122
» Clarified resistor tolerance impact on regulation and monitoring in the Alternative Use for VSOUT1 Tracking
Linear Regulator, Configured in Non-tracking Mode Providing a 4.5-V Output SeCtion........cveivviiiererrninnennnnns 123
* Changed and clarified the System EXamples draWings ...vueieieerissireerinineiiaierisississanrsaeianneaans 124
» Changed and clarified the Software Flowchart for Configuring and Synchronizing the MCU With the Watchdog in
L0 <7 o ¥ o T [ 1[0 o =T 127
* Changed and clarified the Software Flowchart for Configuring and Synchronizing the MCU With the Watchdog in
Trigger MOde flOWCAIT. .. ...t e et e e e s e s e e s s e an s e e s e s e e e s aann e s aannn e e sannneeeannnens 128
e Added Power Dissipation and Thermal Considerations in the Layout SECHON .....vvvveverriiererriinrerrainneernanneess 132
* Added Receiving Notification of Documentation Updates SECtON ........cvveeiiiiiiiiiiiiiiir e 134
* Changed the Electrostatic Discharge Caution StatemMENt. .. ....vueiiuriiieiie i ranrraas 134
Changes from Revision E (July 2015) to Revision F Page
* Added clarity to the PIN Function table deSCrHPHONS ....uiuiieieiisiiiii i 27
* Added clarification in Recommended Operating Conditions that GND = PGND ........cevvuiiiiieiiserniriniiinenaea, 30
+ Changed Wmaximum VBAT_SAFING to 36 V in the Recommended Operating Conditions table for parameter
1.3a to be consistent With VBATP ... .o e 30
* Added VBAT_SAFING input supply voltage range for normal operation RECOMMENDED OPERATING
L@@ N 1 S 30 = o] 30
« Added clarification in statement for the ELECTRICAL CHARACTERISTICS table by adding VBAT_SAFING
recommended operating range in addition to VBATP recommended operating range ......ccvvveeeeerrrnnneerrnnnneeenns 32

e Changed description of parameter from Test Condition column to a footnote on the parameter in Electrical
Characteristics table for parameters 1.2, 1.7, 2.1, 2.13, 3.1, 3.2, 3.13,4.2,5.1,5.2,5.3,5.13, 6.4, 6.5, 6.7, 6.22,

G072 32
« Added clarification on direct loading of VDD6 in the I,ppg Electrical Characteristics table ...........cccvvviieiiiiinnnn. 32
e Changed the Test Condition column to parameter description the ELECTRICAL CHARACTERISTICS table for

2.2,3.1, 3.2, 5.0, 5.38, 5.4, 9.3, ittt e 32
« Added clarification on resistor divider on regulation tolerance of VDD in the VDD1 section of the Electrical

CharacteriStiCS tabIE ......uee e e 33
« Deleted test condition from T, the Electrical Characteristics table for 5.5 because it is same as overall electrical

CharacCteriStiCs taDlE ...uuiue it e 34
» Changed Test Condition for input to sensor supply to VSIN from VBATP in the Electrical Characteristics for

[0 E= T LT (T 6T T TR TR A 78 2 34

* Changed the description for indication of VBATP_UV (6.1, 6.2) in the ELECTRICAL CHARACTERISTICS table. .. 34
* Added the condition of VBATP = VBAT_SAFING to 6.1, 6.2, 6.3, 6.4, 6.5, 6.8, 6.9, 6.10, 6.11, 6.12, 6.13, 6.14,

6.15, 6.16, 6.17 in the ELECTRICAL CHARACTERISTICS table. ..ciiiiiiiiiiiiiiiiii i s n e saanennees 34
e Added the condition of VBATP = VBAT_SAFING =12V t07.1,7.2,7.3,7.4,7.7 and 7.8 the ELECTRICAL

CHARACTERISTICS 18I0 1« sttt ittt et e st r s s e s s s s e e s e s s s s st s s e st e sa it st n e asanssannsrnnnins 35
e Changed test condition for the |_IGN parameter (7.4) to 36 V, added clarification that VBATP = VBAT_SAFING

=36V inthe ELECTRICAL CHARACTERISTICS table ...uvviieiiiiiiiiiieieeesiee e s snesannesnesanesnnnesnnnennnes 35
e Changed test condition for the |_CANWU parameter (7.7) to 36 V, added clarification that VBATP =

VBAT_SAFING =36 V in the ELECTRICAL CHARACTERISTICS table ....cccvviiiiiiiiiiiiiiiie e rieeenaeees 35
* Added clarification for Cp,m,p and Cgqe cONnections in the Charge Pump section of the ELECTRICAL

CHARACTERISTICS 18018 1« st ettt iitis ettt e e ae st s e s s s e e s e s s s s st s s e s st s e s san e s s s e sannssaenans 35
e Changed the Test Condition for NRES output low (paramater 9.1) level from 5mA to 2mA in the ELECTRICAL

CHARACTERISTICS tAD18 1 euuutiiistiitesanessseesasesanesanssansesanesassesanesasnesannssnesanssesnessnesssnessnnssnnessnnens 36
« Added clarification in statement for the Timing Requirements table by adding VBAT_SAFING recommended

operating range in addition to VBATP recommended Operating range ... oceeeererueerrrinnrerriinnrsssannrsssainnessannes 36

(1) The recommended maximum operating voltage for VBATP and VBAT_SAFING is listed as 34 V, just below the overvoltage detection
thresholds for VBATP, VBATP_OV,ise and VBATP_OVi,. TI recommends enabling overvoltage detection on VBATP (default is enabled,
MASK_VBATP_OV = 0). Tl also recommends evaluating the thermal and power dissipation of the device in the application and ensure
the design has adequate thermal management for operation at the necessary supply voltage level.
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« Changed description of parameter from Test Condition column to a footnote on the parameter in the Timing
Requirements table for parameters 6.7, 11.1 ...uiueiieiiieiiiiiiie it rasssiassatssaassatssasssansssanssannssnnsins 36
e Changed to clarify IGNITION and CAN WAKE-UP parameters (7.6 and 7.9) in TIMING REQUIREMENTS table.... 36
« Added clarification in statement for the Switching Characteristics table by adding VBAT_SAFING recommended
operating range in addition to VBATP recommended Operating range .....o.evveeriurirsernneisinerisisissinsansrns 37
« Added clarification of resistor divider feedback impact in the VDD1 Linear Regulator Section .........c.vvvveeviiiunnnnn. 41
e Changed pin name to VTRACK1 for pin determining tracking or non-tracking mode in VSOUT1 Linear Regulator
section describing what occurs after completion of the VDDX ramp-UpP ...eeveeiieiiierinniriesiinreraseiaeasiessanisns 42
< Added note in the Wake-Up section on how to wake up the device for systems that need to power up and down
with the power supply and do not Need IGN OF CANWU. .....uuiiiuiiiiiiiiie it sa s narssaneaans 44
» Changed the Power-Up and Power-Down Behavior image for Clarity .......ocevviriiiiiiiiiiiiiini s 45
« Changed the VDD6 UV bit to D6 from D7 in the Voltage Monitoring Overview table .........ccoviiiiiiiiiiiniiiinennn. 48
« Changed the name for VSOUT1 current-limit to VSOUT1_CL in the Internal Error Signals table ...................... 50
» Changed all references to the sensor supply t0 VSOUTL fOr CONSISIENCY +.uvviuuiiiesineirinriitisiessinrsraesiaeaanes 50
e Changed to clarify ABIST functionality in the Analog Built-In Self-Test (ABIST) SECON ...cvveveiviieerriieerrnnnneenns 52
e Changed LBIST coverage in the Logic Built-In Self-Test (LBIST) SECON. . .uuvitiiiteiiiiririiirinrrairernaeiaeaaaes 53
» Changed to clarify LBIST functionality in the Logic Built-In Self-Test (LBIST) SECON......vvveiiiriiiieiiiiierineanns 53
« Changed the impact on device behavior for VSOUT1 thermal protect and over current in the Thermal and Over
Current Protect ion OVErVIEW table ....uiiieiiisiiiiiiii i 55
« Changed the name for VSOUT1 current-limit to VSOUT1_CL in the Digital MUX Selection table ...................... 59
e Changed and clarified Watchdog timer text in the Watchdog Timer (WDT) SECHON ...vvvvviiereiiiinnerraineerrrnnneenss 60
* Changed the all references of ERROR/WDTI pin to ERROR/WDI pin for CONSISLENCY ...uvvviveiiririieiiinininninnneas 61
« Added clarification on the watchdog fail counter and reset event requirements in the Watchdog Fail Counter,
) = U L= T o o B = 1T V7Y o =YY ox £ [0 o 61
LI (o [=To I g TR VAVZ= o] g o (o To IS =T o |8 1= ol IR ] =T od 1] o 62
» Changed and clarified the equations for watchdog WINDOW 1 and WINDOW 2 (twow and tyew) timing
RVATZ= 1ol g To [oTo IS Y=Y T8 1= g (ot = IE=Y=Tod 1 ] o PP 62
* Added the MCU to Watchdog Synchronization SECHON .....eeiiesiritiiiiiie i raaes 63
* Added note on TIME_OUT flag not latching during active SPI frame (nCS low) in the Trigger Mode (Default
10T L) BT =T o T 63
« Added clarification of the impact of a bad event on the watchdog sequence in the Trigger Mode Section and
(U700 Eo L CTo g T T =T 1= 66
« Added note on TIME_OUT flag not latching during active SPI frame (nCS low) in the Q&A Mode section ............ 67
e Changed and clarified the watchdog in Q&A mode answer sequence requirements in the Watchdog Q&A
Related Definitions SECHON.......u e e 68
« Changed the Watchdog Sequence in Q&A Mode image in the Watchdog Sequence in Q&A Mode section to
update the Answer-3, Answer-2, ANSWer-1 reqUIrEMENTS ....uueeiirueesirainesiaaiansssaissesiaasnesrannnsssaansrsssannnes 69
e Added clarification on when the watchdog Markov chain and question counter are re-initialized in the Question
(oL ) I T=1 =T = Lo ) JE=T=T o 1o o P 69
* Added for clarification the Device Controller State DIagram .......vveviriieineeriiriiiriarr e 86
e Changed SAFETY_ERR_STATUS to SAFETY_ERR_STAT so all references to this register are consistent......... 88
* Added clarification on using the DIAG_EXIT_MASK bit for software debug to the end of the DIAGNOSTIC
RS N =TT ot 10 o 89
» Added note to explain conditions leading to inadvert setting of SDO ERROR bit in the Device Status Flag Byte
ST o1 £ ET= T o 1o 93
* Added clarification on reserved bits (RSV) in the Register Map SECON ....c.vvviiiiiiiiiiiiiiiriii e 95
e Changed DEV_STATE to DEV_STAT for Device Status in Register table for consistency.........cccovviviiiiiiinnnn.. 97
* Deleted VSOUT1_ILIM in the SAFETY_STAT_1 Register table and made bit D3 a reserved bit (RSV).............. 102
e Changed VDD_3_5_SEL description in SAFETY_FUNC_CFG Register table .......cccviiiiiiiiiiiiiiiiiiiiniineess 109
e Changed and clarified the WDT_TOKEN_FDBCK RegiSter table ....iiiiuieiiiiiiiiiiiiriiiesssineeesnnnneessnnnnenas 113
e Changed and clarified the WDT_WIN1_CFG RegiSter table ....ccuviiiiiiiiiiiaeiisinessssnnesssssnnessaanneessannnensn 113
* Changed and clarified the WDT_WIN2_CFG Register table ........oceiiiiiiiiiiiiiiii s snaeenas 113
* Changed and clarified the WDT_TOKEN_VALUE Register table .......cceiiiiiiiiiiiiiiiiiiiiniininne e 114
e Changed and clarified the WDT_STATUS Register table .....oiuiiiiiiiiiiiiiiiii e s rrae s rnane e 114
e Changed and clarified the WDT_ANSWER Register table .......ccviiiiiiiiiiiiiiiiiiii e iaee e 115
e Changed and clarified the Software Flowchart for Configuring and Synchronizing the MCU With the Watchdog in
L@ 77 2 ¥ o T [ § [0 o - T 127
« Added the Software Flowchart for Configuring and Synchronizing the MCU With the Watchdog in Trigger Mode
6o T o 128
e Added clarity for VBAT_SAFING in the Power Supply Recommendations SECHON.......uvviiieieiiiiiniiiiinneiainess 129
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Changes from Revision D (May 2015) to Revision E Page
e Changed the maximum UV value for VDD1 from 0.97 to 0.98 in the Voltage Monitoring Overview table. Also
updated the VDD output Voltage iNfOrMation .. ... e i anns 48
» Changed the MAX value for VDD1_UVN from 0.97 to 0.98 in the Internal Error Signals table. Also updated the
Device State When Flag Is Set cells for VDDI1_UVN ...uuuuuiiiiiiiiiiiieiriias s ssaiss s s sasss s ssanss s ssannssssannssssnns 49
« Added clarification on the watchdog fail counter and reset event requirements in the Watchdog Enable Function
10T T = 61
« Added clarification on the watchdog fail counter and reset event requirements in the Device Controller State
D=V = 1 86
Changes from Revision C (March 2015) to Revision D Page
» Changed f.x vops POS 1.5 minimum and maximum units from % to kHz for consistency in the ELECTRICAL
CHARACTERISTICS taDIE .uiutiitiisiititiiir et r st r e e aes 32
* Changed MIN value of VDD1ggyse(4.2) from -2% to -1% in the Electrical Characteristics table ...........cocovvueinen. 33
* Changed MAX value of VDD1 undervoltage level (6.16) from 0.97 to 0.98 in the Electrical Characteristics table ... 35
» Changed description of un-used VDD1 regulator in the VDD1 Linear Regulator SECtoN ......cvvvvvviveiiinirinriinnenas 41
« Added clarification in the NMASK_VDD1_UV_OV description in the DEV_CFGL1 Register table.........ccccvvvinnnen. 98
Changes from Revision B (July 2014) to Revision C Page
e Changed Applications listed in the AppliCatioNS SECHON ...uviiiieteiiiie e i i rrare e raaae s saanneesrannressannnneraannes 2
* Deleted the nominal storage temperature value Of 27°C ....uiiiiiiiiiiiriri i 29
» Changed the Handling Ratings to ESD Ratings and moved Ty into the Absolute Maximum Ratings table .......... 29
« Added clarification notes on output capacitance and ESR for VDD6 in the ELECTRICAL CHARACTERISTICS
125 0] 32
LI Vo [0 [=To I { g T Y] o] (o= U @4 g F= 1= Tod (= 153 1 0n Y= 1o o 38
e Added clarification of ESR needed on VDD6 output capacitance in the Functional Block Diagram ..................... 39
* Added clarification on effective output capacitance and ESR in theVDD6 Buck Switch Mode Power Supply
L= 1T 40
« Added clarification on the IGN and CANWU pins with respect to transients Wake-Up Section ........c.ccveevviiinnnnns 44
e Added start-up delay to VCP in the Power-Up and Power-Down Behavior ........vvvieiiiiiiiniiiiiiniriienainnnennas 45
e Added SPI Interface Note on use of the SPI while DIAG_OUT MUX is enabled in the Diagnostic Output Pin
[ 10 I I =T= 1 o o 56
* Added clarification on the watchdog fail counter and reset event requirements in the WDT Fail Counter, WDT
Sy e= L EST= T Lo YAV I I o T V7= | Y=o [ o 61
« Changed the RT bits from 4:0 to 6:0 in the Ty,c calculation in the WDTI Configuration With an External Trigger
L1018 LA (D=3 =T 1L 1Y, oo [= ) Y=Y ot 1o ) o 64
e Deleted the RT bits from 4:0 to 6:0 in the Ty,cw calculation in the Watchdog Token-Response Sequence Run
section and changed the second calculation from Tyyow 0 Ty ««eeererrrannrerrssnreessssnressssnneesmssnressssnnessennns 68
e Changed WDT_ANSW_CNT answer order in Set of 4-Bit WD Token Values and Corresponding 8-Bit
RESPONSES TADIE. ...ueei e 73
« Changed 4-bit watchdog answer conter to 2-bit watchdog answer counter (WDT_ANSW_CNT) in Watchdog
Token-Response Sequence Run and WDT_STATUS Register Updates SeCtion . ......ioveevviiiiereiiiiinreiiinnneinns 73
« Deleted logic BIST activated by MCU in SAFE state in the MCU Error Signal Monitor (MCU ESM) .......cccvvvuune... 76
« Deleted permanently text for the CRC check in the Device Configuration Register Protection section ................ 81
* Changed CRC check to return to step one for continuous check in the Device Configuration Register Protection
L= 1T 83
« Added clarification on the watchdog fail counter and reset event requirement in the Reset and Enable Circuit
1010 = 84
e Added or POST_RUN_RST =1 & IGN_PWRL = 1 & re-cranking on IGN toGlobal RESET Conditions text
bubble of the Device Controller State Diagram iIMAGE ...evveeerrreieeerearnnessasnneesaasnnessasnresssannrersssnneermsnnnes 86
« Added clarification on watchdog fail counter text to the watchdog reset sub-bullet in the RESET STATE list......... 87
» Changed status bit STAT[1] function in Device Status Flag Byte Response table...........ccvviiiiiiiiiiiinienns 93
* Changed data for SW_LOCK and SW_UNLOCK commands, which were reversed in the SPI Command Table..... 95
* Added clarification for watchdog failure in the SAFETY_STAT_2 Register table .......c.cvviiiiiiiiiiiiiiiiiniiaenns 103
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* Added clarification for watchdog failure in the SAFETY_STAT_4 Register table ........c.cvviiiiiiiiiiiiiiiiiiiniiaes 105
e Added ERROR/WDI text to D[5] cleared to description in the SAFETY_ERR_STAT Register table .................. 110
e Added watchdog fail counter text to D[4] cleared to description in the SAFETY_ERR_STAT Register table ........ 110
* Changed the calculation in the WDT_WIN1_CFG Register table .......ccoviieiiiiiiiiiiiiiiiiiiiininneraeas 113
* Changed the calculation in the WDT_WIN2_CFG Register table ........ccviiiiiiiiiiiiiiiiiiiiininie e 113
CORYo (o [=To I g TSR Y/ (o= LAY o] o] {o¥= 4o o IR =ox 1T o K 116
« Clarified ESR needed on VDD6 output capacitance in the Typical Application Diagram .........c.ivvveeiiiinnneiinnnns 117
e Added the SysStem EXamPIES SECON . .uuiuutitiretiiteriatsate st s st saatssaassanssasssannssnessannssnns 124
L Vo (o (=T I £ 1= I 1o UL = =T o 1T o 129
Changes from Revision A (December 2013) to Revision B Page
» Deleted the phrase safety critical from the dOCUMENT. ......iiiiiiiiii i s rar s rranr e aaaanns 1
e Added device name to dOCUMENT TIHlE. .. uuuueiiisiiiiteiiii i raenas 1
* Added the following to the document: Device Information table, Power Supply Recommendations section,
Layout section,Device and Documentation Support, and Mechanical, Packaging, and Orderable Information
=0T 2
» Changed the pin type for the VDD3/5 pin from [ t0 PWR .. .uiieiiiiiiiiiiii s s nae s 28
« Changed the max value for the Charge-pump voltages from 50 to 52 V in the ABSOLUTE MAXIMUM RATINGS
L650]= 29
e Added the Handling Ratings table, which now contains the storage temperature and ESD ratings .........vccvvueen. 29
e Added added with respect to the GND pin to the condition statement in the RECOMMENDED OPERATING
L0 @ N 1T 30
* Moved operating ambient temperature range from the Absolute Maximum Ratings table to the Recommended
(@ 07=T =141 g To T @ 0] a0 11T LS8 7= 1] [N 30
« Changed changed no undervoltage to no NRES event and added VSOUT to the input supply voltage range on
VBATP specification in the Recommended Operating CONAItIONS .....vviieririrrietiriieiieiiieririaisrarsanseraaeas 30
« Deleted Thermal Information table notes: all of these notes are included in the IC Package Thermal Metrics
application report that is listed in the New table NOtE. .....ivri i e 31
« Added the power dissipation image and notes after the Thermal Information table ...........ccooiiiiiiiiiiiiiiin. .. 31
« Changed condition statement for the ELECTRICAL CHARACTERISTICS table by removing 125°C from the T4
temperature range and changingT, to the maximum operating junction temperature. Removed VBATP range
and added referenCe 10 RL.2 .. .uiuiiiiiie et r st e s s st s s ssa e s s a s s s e s saa s san e s a st s n e s rraa e raneans 32
e Deleted letter A from beginning of POS number in the VDD6-BUCK With Internal FET and VDD1 — LDO With
External FET sections of the Electrical Characteristics and Timing Requirements table ........ccvvviiiiiiiiininnnnnn, 32
» Changed the parameter name of lyppg from output voltage to output current in the Electrical Characteristics table .. 32
* Added the test condition to the dVDD5/dt parameter in the ELECTRICAL CHARACTERISTICS table................. 32
* Changed the typ value from 3.35 to 3.3 and 5 for the VDD3/5 output voltage parameter in the ELECTRICAL
CHARACTERISTICS taDIe . .t tut ittt ettt r s n e anes 33
¢ Changed the unit from t to V for the 3.3, VDD3/5 output voltage dynamic parameter in the Electrical
CharaCteriStiCS taDIE .u.uuiee s 33
« Changed the parameter of 3.8 in the Electrical Characteristics table from VDD5 t0 VDD6.......cccoveiiiiieniiannnnn. 33
« Changed the parameter of A4.11 in the Electrical Characteristics table from VBATP t0 VDD6.......cccvviieeriinnnnnnns 33
* Changed MVVSOUT1 min and max values from —35 and 35 to —25 and 25 in the Electrical Characteristics table... 34
e Changed the max value for temperature range listed in the VdrS1 parameter test condition from 165 to 150 in
the Electrical CharacteriStiCs tahle ....iueiiieiiiiiie i e e s s s e s e e rans 34
e Changed the MIN and MAX values of the LdRegysoyt1 parameter from —25 and 25 to —35 and 35 in the
Electrical Characteristics table ..o 34
« Changed the typical value for the VDD3/5_0OV 5-V hysteresis setting from 400 to 140 in the Electrical
CharacterisStiCs TADIE +uueiti ittt e 35
e Added DC condition note to the VSOUT1_UV and VSOUT1_OV parameters in the Electrical Characteristics
L= 0= 35
» Changed max value for the Ryson enprv nres (9-28) parameter from 86 to 40 in the Electrical characteristics table .. 36
« Deleted note reference for the Rggrext parameter (9.3) in the Electrical Characteristics table...........cooeevviinnn... 36
e Changed min value from 300 to 350 for the Vgypry nres 1 (9-5) parameter in the ELECTRICAL
CHARACTERISTICS T8I «.ttuuettueitteetteetuessuneeaseestneestnaeesnesanaeesnaeesnneesneesnneeenneesnneeetneessnserens 36
» Added note reference and test condition to the Vp,gn_ign parameter (10.1) in the ELECTRICAL
CHARACTERISTICS taDIE .uuutitiisiiiiiisir s s r e e aes 36
* Moved timing and switching characteristics out of the Electrical Characteristics table and into a Timing
Copyright © 2012-2017, Texas Instruments Incorporated Revision History 11
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Requirements and Switching Requirements table (respectively). Also moved the capacitance at Cgpp note to the

Timing Requirements and Switching Requirements tablesS ........ccvviiiiiiiiiii e 36
Changed the TYP value to the MAX value of the SPI clock frequency parameter for the VDDIO =5 V test

condition in the Electrical Characteristics table ..........oviiiiiiiii 37
Added image reference to timing and switching requirement ParamMeters ......vvverivirerieeiiiriiii e, 37
Changed max value of t,; (13.11) from 25 to 53.3 in the ELECTRICAL CHARACTERISTICS table .........cccuvenne.. 37
Added the Overview section to the Detailed DeSCription SECHON ..vuviseivieeristiiiniiiii i, 39
Moved block diagram into the Detailed Description section and updated block COIOIS .......vvvviiiiiiiiiiiiiiiienanns 39
Changed the OV max value for VDD3/5 (3.3 V) from 3.63 to 3.6 in the Voltage Monitoring Overview table .......... 48
Added nMASK comments to the UV and OV impact on device behavior for VDD1 in the Voltage Monitoring

OVEIVIEW 1D ... e 48
Moved the Internal Error Signals table to after the Voltage Monitoring Overview table in the Detailed Description
570116 49
Changed the TYP value for the AVDD_UVN signal from 3.81 to 3.6 in the Internal Error Signals table. Also

changed the device state from Not changed for NRES and ENDRYV to LOW, and for State to STANDBY ............ 49
Changed the TYP value for the VCP12_UVN signal from 7.32 to 7.43 in the Internal Error Signals table ............ 49
Changed the TYP value for the VCP12_0OV signal from 14 to 14.2 in the Internal Error Signals table ................ 49
Changed the typ value for VCP_OV from 20 to 21 in the Internal Error Signals table ...........ccoeeviiiiiiiiiiinann. 49
Changed NUV on signal names to UVN throughouUL .......euiiiiiiiiiii i i s s r s s s e nnaaes 49
Changed the MIN value for the LOCLK signal from 0.740.7452 to 0.742 in the Internal Error Signals table .......... 50
Changed the VBATP_OV MIN and MAX values from 29 to 34.7 and 32 to 36.7 (respectively) in the Internal

Error Signals table .. ...eieieii e 50
Changed the device state of the VDD3_5_OT bit from STANDBY to include change ........c.cocoieeiiiiiiiiiiiiinnennn. 50
Changed the max values for VDD5_CL and VDD3_5_CL from 600 to 650 in the Internal Error Signals table ....... 50
Added the DVDD_UV signal to the Internal Error Signals table ......ccoeiiiiiiiiiiiiiiii e e 50
L3 3 T= gV 1= 50
Deleted Watchdog function configuration from the post-BIST-reset initialization list in the Logic Built-In Self-Test
L= S I 11 £ 54
Changed VCP voltage range from 0.8 10 5.5 10 0.6 10 4 ..uuiiuiiiiiiiiiirir i s aes 57
Replaced the VSFB1 sensor-supply feedback voltage row wit the VSOUT1 sensor-supply voltage row in the

ANalog MUX SeleCtion Table .uuuuuiisiiiiiiisiiiniiri i s a s aes 57
Changed VSFB1 divide ratio from 4 = 0.5% to 1 in the Analog MUX Selection table. Also changed the Voltage

Range from 1.226 V10 5V 22% 10 2.5 V10 5V vttt et st st s sas s s s s s s ssn s sann s saeaas 57
Changed the Voltage Range / Accuracy value for both MAIN_BG and VMON_BG from 1.226 to 2.5 V in the

Analog MUX Selection table .........ouuiuiiiii e 57
Changed the name bit that must be configured for DIGITAL MUX mode from DIAG_MUX to MUX_CFG in the

Digital MUX (DIMUX) SECHON . uuttiiuatesinsssstsasssessassssssasssssssnsssassssssassnsssassnsssssssnssssssnessssnnnsssannns 60
Deleted Bits INT_CONTJ[2:0] in DIAG_CFG_CTRL register must be set to 111 list item from the SDO diagnostic

check sequence in the MUX interconnect CheCK SECHION +..uueiiusiiieiiiiiiite i i ranee e 60
Changed the RT bits from 4:0 to 6:0 in the T\,cw calculation in the WDTI Configuration With an External Trigger

LT oW1 (=3 o100 1Y oo [=) TS =T ox 1o o 64

Deleted the CLOSE window note from the Possible Cases for Bad Watchdog Event image and updated the image @
Added + 1 to the duration time program calculations in the Watchdog Token-Response Sequence Run section

and changed the second calculation from Tyyow TO Ty G « ««esseeerenneeesranneessemnneesesnneessesnneessssnresessnnessesnnnnss 68
Changed the filter time for the ERROR/WDI deglitch from 15-s to 15-us in the MCU Error Signal Monitor (MCU
S =TT o1 1o o 76
Changed the low-pulse duration increment from 15-s to 15-us in the PWM Mode Section .........cccvviiiiviiinenann.. 78
Changed the Reset and Enable Circuit figure to reflect overtemperature behavior. ..........ccovviiiiiiiiiiiiiiinenns 84
Added _UV to the NMASK_VDD1_OV name in the Reset and Enable Circuit image .......cccvvviiieiiiiiinniininnnnnn. 84
Added _UV to the NMASK_VDD1_OV name in DIAGNOSTIC and ACTIVE state text box of the Device
Controller State Diagram IMAGE . ..eeuveuseeereanneerrannrerseanneessasnnessasnneessssnnessesnnessessnnesessnessmssnnesmmsnneesns 86
Deleted WDT failure text from the first list item in the SAFE State SECON ....cvviiieiiieriiiiiiii e 90
Moved all of the registers into one Register Map SECHON ..uviuuiiiuiiiiieiiiii i s raaeaas 95
Changed DO from 1 to 0 in the DEV_REV Register table ........coviiiiiiii e e e naaes 96
Changed D1 and DO from O to X in the DEV_STATE Register table ......ociieiiiiiiiiiiiiiiiiiiniis s 97
Changed the deglitched minimum time from 7.7 to 7.5 for the IGN bit description in the DEV_STATE register ...... 97
Changed D7 from RSV and 1 to VDD_3 5 SEL and X in the DEV_CFG1 Registertable .......ccoovviiiiiiniinnnnnnns 98
Changed D6 from nMASK_VDD_UV and 1 to nMASK_VDD_UV_OV and 0 in the DEV_CFG1 Register table....... 98
Changed the default value of the NMASK_VDD1_UV_OV bit from 1 to 0 and the VDD1 bit value from 0 to 1 in
LU AN O o i R L= o 1) = 98
12 Revision History Copyright © 2012-2017, Texas Instruments Incorporated
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* Changed bit D5 name from MASK_VBAT_OV to MASK_VBATP_OV in the DEV_CFG2 Register table .............. 99
e Changed the D[7] description when EN_VDD3/5_OT is set to '0' by removing the SAFETY_STAT_REGL1, VDD6
and re-enable text in the DEV_CFG2 Register table. Also changed from when set to '0' to when setto '1' ........... 99
e Changed VDDS6, clearing, and re-enabling text from the D[7] description when EN_VDD3/5_OT is set to '1' and
changed to when set to ™ in the DEV_CFG2 RegiSter table ......vveiiiiiiiiiiii s aees 929
* Changed D[3:0] description in the DEV_CFG2 Register table from bits are not read/writable to bits are
L= T 1= 0] 99
» Deleted after SPI read access from the clear to 0 description of each bit in the VMON_STAT_1 Register........... 100
e Deleted after SPI read access from the clear to 0 description of each bit in the VMON_STAT_2 Register........... 101
» Deleted after SPI read access from the clear to 0 description of each bit in the SAFETY_STAT_1 Register ........ 102
» Deleted after SPI read access from the clear to 0 description of each bit in the SAFETY_STAT_2 Register ........ 103
* Added description to bit D[4] when set to one 1 when the device is the DIAGNOSTIC state .......ccevvviiieneiinnnns 103
e Changed the name of bit D5 in the SAFETY_STAT_3 register from NRES_IN to NRES_ERR ..........vciivvviinnnns 104
» Changed the D[5] NRES_IN, Reset input status, register description to NRES_ERR, Reset input error and
change first description for setting thisS DIt 10 L. ....vvieeiiiii i e e s s e s e s s aanne e aaannrerannnness 104
* Updated cleared to 0 description of the LBIST_ERR bit in the SAFETY_STAT_3 regiSter ....cvvvtviieriiieirinninnens 104
* Added DIAGNOSTIC state description for setting bit D[3] and D[2] 10 1 ...uvviiueirinriinseiineinrinsirsesinrsaneeas 104
» Changed SPI read access to internal NPOR from the LOCLK bit description in the SAFETY_STAT_4 Register ... 105
e Changed bit D7 and bit D6 from 1 to 0 in the SAFETY_ERR_CFG Register table.......coviviiiiiiiiiiniiiniiaenss 106
e Changed the SAFETY_STAT4 register bit from D4 to D5 in the ABIST_EN[1:0] descriptions in the
SAFETY_BIST_CTRL ReQIStEr tahle ...vviiiiiiiiiiie i e ese et s s e s s sane e s sa e e s saannn e sannnessannnensannnnenss 107
e Changed names of protected registers in the CRG_CRC_EN bit description in the SAFETY_CHECK_CTRL
=T ] =T 108
« Changed monitored to not monitored in the NO_ERROR bit description for setting this bit to 1 in the
SAFETY_CHECK _CTRL REGISIET 1utuuuiuutiutiusiserstiussssssrsssssssasssse e sassassre s sassass e sansassansriesnnsns 108
e Changed CTRL to CFG in the read and write commands of the SAFETY_FUNC_CFG Register .......cccvvvviunee.. 109
e Changed D7 from 0 to 1 in the SAFETY_FUNC_CFG Register table.........coiviiiiiiiiiii i rnnineesnnnnnenas 109
e Changed D4 from 1 to 0 in the SAFETY_FUNC_CFG Register table......ouveiiiiiiiiiiiiiini i raenas 109
* Changed DO from 0 to X in the SAFETY_FUNC_CFG Register table ........ccviiiiiiiiiiiiiiiiiiiiiiiin e 109
e Updated the WD_RST_EN bit description for setting this bit to 0 in the SAFETY_FUNC_CFG Register ............ 109
e Changed 15 seconds to 15 ps in the SAFETY_ERR_PWM_H Register table description .........c.cvveeviiiiinniinnnns 110
e Changed the time reference amount from 15 s to 15 ps in the PWML][7:0] bit description for when ERR_CFG is
setto 0 inthe SAFETY_ERR_PWM _L REQISIEI uuuuiiiiietiiiieetiasatessaanneessanneessaannessssnnressssnnsssssnneesnnnns 111
* Changed 5 seconds to 5 ps in the SAFETY_ERR_PWM_H Register table description ........ccvvevviiiiiiieiinnnnn, 111

» Deleted Note: With configuration 001 setting for INT_CONJ[2:0] bits text from the SPI_SDO description in the
DIAG_CFG_CTRL Register. Also changed the 111 description of the INT_CON[2:0}] from controlling the state of

the SPI1_SDO output buffer to Not applicable ........oviiiii e 112
e Included bit 2 to all WDT_FAIL_CNT Dit ref@rENCES +eiueiiiiiii it ii e e saaee s saante e saaneessannneeanns 114
e Changed command for the WDT_ANSWER Register from Read t0 Wt ....ccvvviiiiiiiiiiiriiiernnnneesnnanneens 115
e Changed the default setting of VSOUT1_EN from 1 to in the SENS_CTRL Register tabel..........ccoevvviiinennnnn. 115
» Changed Moved the Application Information section into the Application and Implementation section and added
Lo To L8 o g (0] 0 [T g = (=T =T o 117
Changes from Original (May 2012) to Revision A Page
e Changed current limit for 6-V pre-regulator from 1.5 Ato 1.3 Ainthe FEATURES list.....cccvviiiiiiiiiiiiiiiieeeenns 1
e Added current limit to the 5-V (CAN) bullet in the FEATURES liSt ...cviuiiiiiiiiiii i s snasnnneens 1
* Added current limit to the 3.3-V or 5-V MCU 1/O Voltage bullet in the FEATURES list ........ccooviiiiiiiiiinninne. 1
« Deleted reverse battery protection bullet from the FEATURES [iSt .. ..uuieiiiiiiiiiiiiiiii i s n e s nnnes 1
e Changed current limit from 300 mA to 100 mA in the sensor supply bullet in the FEATURES liSt .....cvvviiiiiiinnnnnn 1
» Deleted wake-up and enable circuit bullets from the FEATURES liSt ....vviuiiiiiiiiiiiiiiiiiiisie s snaeanaeens 1
e Added Independent to voltage monitoring bullet in the FEATURES liSt...cviiieiiiiiiiiiiiennie s snnnne e snnnnnensnnnes 1
« Added Independent Bandgap Reference bullet to the FEATURES liSt....vviiiiiiiiiirisirsineesnnnneesnnnnnensnnnes 1
* Added Diagnostic Output Pin bullet to the FEATURES ISt .vuuuueiiuiiiieiiiiii i s ssss s snnssnenas 1
* Added Safing-Pin and IGNITION Pin bullets to the FEATURES liSt....cuviiiiiiiiiiiiiiiiiiiniiini i naeans 1
» Changed document status from Product Preview to Production Datal.......veevisiiviieiisiinineiiiiinisiiinane, 1
* Added CAN Transceiver sentence to the second paragraph in the DESCRIPTION .....ccviiiiiiieiiiniiiieiiriieeraass 2
e Changed adjustable core voltage range from 0.8 and 2.6 V to 0.8 and 3.3 V in the DESCRIPTION..........cvvcuvee.. 2

» Added diagnostic output pin and enable output to the list of features listed in the eighth paragraph in the
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Changed to data manual template to include table of contents and Section NUMDbErS .......cceviieiiiiiiiiiiniiennass 2
Added ADC, VDDS6, to Typical Application DIiagram .......eeeseieeerseiaeessasnnessaannnessanneesssannnsssannressasnneesssnnnes 3
Changed PGND type from input to ground in PIN FUNCTIONS table.....civeiiiiiiiiiiiiiiiiiisis s 27
Changed POS numbers in ABSOLUTE MAXIMUM RATINGS table for adjustments ...........ccoveiiiiiiiiiiiniennns. 29
Changed POS numbers in ABSOLUTE MAXIMUM RATINGS table for adjustments ........cccvviiiiiiiiiiinniiiinnennns 29
Added Charge-pump overdrive voltage to the ABSOLUTE MAXIMUM RATINGS table .....cccvviiiiiiiiiiiinniniinnenns 29
Deleted DMUXO from Logic I/O voltage list (M1.15) in the ABSOLUTE MAXIMUM RATINGS table .........cceeeueen 29
Deleted T; min value of —40 from ABSOLUTE MAXIMUM RATINGS table ......iccevviiiiiiiiiiiiiii i 29
Changed unit for CDM on corner pins (750) from kV to V in the ABSOLUTE MAXIMUM RATINGS table............. 29
Deleted T; min value of —40 from ABSOLUTE MAXIMUM RATINGS table .......ccoooviiiiiiiiiiiies 30
Deleted VDDIO internal pullup diode note from the RECOMMENDED OPERATING CONDITIONS table............. 30

Added values to the current consumption parameter in the RECOMMENDED OPERATING CONDITIONS table ... 30
Changed condition statement for the ELECTRICAL CHARACTERISTICS table by adding T, over junction

temperature With UP t0 150°C ...uuueieiiiiieese s e ssasaee s saanne e ssasnnessaannessaanneessaannnssaanneessannnessssnnnesssnnnnes 32
Added VDDG6y,pe parameter to the ELECTRICAL CHARACTERISTICS table ......ocovvviiiniiiniien, 32
Added VDD6 output voltage to lyppg parameter (Al1.2) in the ELECTRICAL CHARACTERISTICS table .............. 32
Changed example t0 Vypous (AL1.3) test condition in the ELECTRICAL CHARACTERISTICS table .................0s 32
Changed lypps_imit Parameter description from current-limit to peak current in the ELECTRICAL

(O VY A O I = o S (@3S = o= N 32
Changed A1.5 from F,, vpps, Switching frequency to f vope, clock frequency, added note, and deleted test

condition from the ELECTRICAL CHARACTERISTICS table. Also added test condition .........c.cevvevvuiiiniininnenas, 32
Changed test condition for DC,ppg parameter (A1.6) from VBATP > 7 V to 0 <lyppg < 1.3 A in the ELECTRICAL
CHARACTERISTICS fAD18. 1«1ttt itt it sttt et e s s s et e e s ae s s s s e et e s san e san s s s s s sannsanesannssnnsaannsrnnnsns 32

Added Hysteresis parameter, min and max values to Tprotypps (A1.7) in the ELECTRICAL CHARACTERISTICS

table. Changed test condition from Global shutdown to Protection of VDD6, shared with VDD3/5 thermal

protection. for both TProtyppg PArAMELEIS ..ttt ieeetsanee e saanneessaanressaannessasnnnesassnnessasnnesssnnnnesssnnnnnsnn 32
Added Hysteresis parameter, min and max values to Tprotypps (2.13) in the ELECTRICAL CHARACTERISTICS

table. Changed test condition from VDD5 switch-off to Protection of VDD5.In case of detected over-temperature,

only VDD5 will be switched-off for both Tprotypps PAramMEters ... rrara e ranns 32
Added VDD3/5 end-value to test condition for the dvDD35/dt parameter (3.11) in the ELECTRICAL
CHARACTERISTICS taDIe . 1t tu ettt et s e n e anes 33

Added Hysteresis parameter, min and max values to Tprotyppss (3.13) in the ELECTRICAL
CHARACTERISTICS table. Changed test condition from Global shutdown to Protection of VDD3/5, treated as

global thermal shutdown (shutdown for all regulators) for both Tprotyppss Parameters ....vovevvveeviiiriiiiininenans 33
Added test condition to the dvDD1/dt parameter (A4.14) in the ELECTRICAL CHARACTERISTICS table ........... 34
Added VSOUT1 text to test condition for VSOUT1 parameter (5.1) in the ELECTRICAL CHARACTERISTICS

155 0= 34
Changed MVVSOUT1 min and max values from —15 and 15 to —35 and 35 in the ELECTRICAL

CHARACTERISTICS a0 . . e ittt iitii ettt vt e st e e s e s e s e s e s e s e s n e s e s n s e s n s snesansnnens 34
Added min and max values for the Threshold for tracking/non-tracking parameter in the ELECTRICAL
CHARACTERISTICS 8D . .t tut ittt ittt et e e e s e s e s e e s e e s n s e s e s e s e s aanes 34

Added Hysteresis parameter, min and max values to Tprotysoyr; (5.13) in the ELECTRICAL
CHARACTERISTICS table. Changed test condition from VSOUT1 switch-off to Protection of Sensor Supply.

Only VSOUTL1 switch-off for both Tprotygouts ParamMeterS. ... ieeiee s seaeeesaaneessaanressaannressaanrereaannnes 34
Changed min and max values for VBATP_OV,,. parameter from 29.5 and 32.5 to 34.7 and 36.7 (respectively) in

the ELECTRICAL CHARACTERISTICS table. Also added test condition.........ccvoeiieiiiiiiiiiiiii e 34
Deleted VBATP_OVhys (POS 6.6) from the ELECTRICAL CHARACTERISTICS table .....oivvvviiiiiiiiiiieiiieeeanns 34
Changed min and max values for VBATP_OV;,, parameter from 29 and 32 to 34.4 and 36.3 (respectively) in the
ELECTRICAL CHARACTERISTICS table. Also added test CONAItIoN .....vveiieirieriiiiieiir s raieesierraeeraens 34
Added Hysteresis parameter, min and max values to VDD5_UV (6.8) in the ELECTRICAL CHARACTERISTICS

L2201 = S 34
Changed max value for VDD5_OV from 5.5 to 5.45 in the ELECTRICAL CHARACTERISTICS table.................. 34
Added Hysteresis parameter, min and max values to VDD5_OV (6.10) in the ELECTRICAL

CHARACTERISTICS fADI8. +1uutiitiiitiiit it ss it st s s saassa it e saa s sa s s s aa s saasssanssanssanssannssanssannssnnnins 34
Changed min value for VDD3/5_UV with test condition of 3.3-V setting (undervoltage) from 2.97 to 3 in the
ELECTRICAL CHARACTERISTICS Al ...ttt et st s s st s s s e s e snan s s n s sann s raenas 35
Changed max value for VDD3/5_UV with test condition of 5-V setting (undervoltage) from 4.8 to 4.85 in the
ELECTRICAL CHARACTERISTICS Al . ..uuueiiieeiieeiieete s saeesaeeseessanesannssanesannesnnesannssnneaannernnenns 35

Added Hysteresis parameter for 3.3 and 5 V settings, min and max values to VDD3/5_UV (6.12) in the

14
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ELECTRICAL CHARACTERISTICS table. 1.vuuiuiititiniitieiisert e s s s s e sssasaas e snsnaansraens 35
e Changed max value for VDD3/5_OV with test condition of 3.3-V setting from 3.63 to 3.6 in the ELECTRICAL

CHARACTERISTICS taDle. .t utiitiisiiii it r e s e r e a e raens 35
* Added Hysteresis parameter for 3.3 and 5 V settings, min and max values to VDD3/5_0OV (6.14) in the

ELECTRICAL CHARACTERISTICS table. . .euuuiiiiiieiiiit ittt e s st s e s e s n s e s s sae s e snaaenaens 35
« Added Hysteresis parameter, min and max values to VDD1_UV (6.16) in the ELECTRICAL

CHARACTERISTICS table. Changed test condition from Sensed on VDD1_SENSE pin to Sensed on

VDD1_SENSE pin. Relative thresholds are with respect to nominal 800-mV VDD1SENSE (Pos 4.2) for both

RV 1 R O AV o = =T 1] (T 6 35
* Added Hysteresis parameter, min and max values to VDD1_OV (6.17) in the ELECTRICAL

CHARACTERISTICS table. Changed test condition from Sensed on VDD1_SENSE pin to Sensed on

VDD1_SENSE pin. Relative thresholds are with respect to nominal 800-mV VDD1SENSE (Pos 4.2) for both

R4 R O AV 0 T= =1 11T £ 35
e Added Hysteresis parameter, min and max values to VSOUT1_UV (6.19) in the ELECTRICAL

CHARACTERISTICS table. Changed test condition from Sensed on VSFB1 pin to Sensed on VSFBL1 pin

Relative thresholds are: for both VSOUTL_UV Parameters ..u.ueeeieeisueiriurinnseiineininerissiasssisrsannssnsiainesans 35
* Added Hysteresis parameter, min and max values to VSOUT1_UV (6.20) in the ELECTRICAL

CHARACTERISTICS table. Changed test condition from Sensed on VSFB1 pin to Sensed on VSFBL1 pin

Relative thresholds are: for both VSOUTL_UV Parameters ...uueuviseiissisisriiieiiseiiierissiissisannanns 35
e Added Hysteresis parameter, min and max values to VDD6_UV (6.22) in the ELECTRICAL

CHARACTERISTICS table. Also added test condition for both VDD6_UV parameters .....c..vveveervninnesrsnnnnenss 35
* Added Hysteresis parameter, min and max values to VDD6_OV (6.23) in the ELECTRICAL

CHARACTERISTICS table. Also added test condition for both VDD6_OV parameters.......ccvvvevvinrineerineinnes 35
* Added test condition to the |_IGN parameter in the the ELECTRICAL CHARACTERISTICS table(7.4)............. 35
e Changed I_CAN parameter (7.7) to _CANWU and added test condition to the ELECTRICAL

CHARACTERISTICS a1t tutitiisiitit s s r et r et r e e a e raens 35
e Changed |_CAN_rev (7.8) max value from 1 to —1 in the ELECTRICAL CHARACTERISTICS table ................ 35
* Added test condition for Icp (8.2) in the ELECTRICAL CHARACTERISTICS table .....ocvviviiiiiiiiiiiiiii e 35
e Added min and max values for fcp (8.3) in the ELECTRICAL CHARACTERISTICS table.......ccoviieeviiiinnnninn, 36
» Deleted min value of 11 for the Ryson_enorv nres (9.22) parameter in the ELECTRICAL CHARACTERISTICS

L6510 = 36
» Added input and logic 1 to the Veypry nres_Th Parameter (9.5) description in the ELECTRICAL

CHARACTERISTICS taDle. .t utitiisiiii s st r e aeraens 36
* Deleted max value from 500 to 450 for the Venpry nres 1 (9-5) parameter in the ELECTRICAL

CHARACTERISTICS tADIE . etttuueseesueesesunseeessnseesssueesssnnaeeessnaeessnnaaeesnnaeessnnaesennnaeeennnaeeeesnneees 36
« Added note reference and test condition to the Vp gy Low Parameter (10.2) in the ELECTRICAL

CHARACTERISTICS table ......ccvvviiiiiiiiininnennens ettt eeeeerteeetaeeetaeeetteeeeneeetteeeenaeeanaeeanaaann, 36
» Added note reference and test condition to the Vpgn_nyst parameter (10.3) in the ELECTRICAL

CHARACTERISTICS table. Also added parameter NAME .. ... veeristereeianessierrass i sanrerasssaiessanrsannssansias 36
» Changed 10.4 from empty to the Rpagout amux Parameter to the ELECTRICAL CHARACTERISTICS table ...... 36
* Added pin note to the Vp,gout nicn parameter (10.5) in the ELECTRICAL CHARACTERISTICS table ............. 36
« Added pin note to the Vpcout Low Parameter (10.6) in the ELECTRICAL CHARACTERISTICS table .............. 36
« Added min and max values for trsTEXT(OK) (9-4@) In the ELECTRICAL CHARACTERISTICS table ................... 36
* Added typ puse parameter to the ELECTRICAL CHARACTERISTICS table .....cvuviiiiiiie, 37
* Added for MCU error signal monitor to the terror woi_degicn Parameter (12.1) in the ELECTRICAL

CHARACTERISTICS a1 .ttt s st e s st s e e st s e s e s e s e s e s s s e e s e sansaneaneannss 37
» Changed max value for the tegror woi_degiich Parameter (12.1) from 15.75 to 16.25 in the ELECTRICAL

CHARACTERISTICS 8D . st titiiii ittt r s s e e s s e s e s et e s e s n s a s neraens 37
« Added two test conditions to the fgp, parameter (13.1) and removed the single max value of 8 to replace it with

the max value for each condition in the ELECTRICAL CHARACTERISTICS table......cccvviiiiiiiiiiiiiinienaenn 37
e Added two test conditions to the tgp, parameter (13.2) and removed the single min value of 125 to replace it with

the min value for each condition in the ELECTRICAL CHARACTERISTICS table......oivviiiiiiiiiiiiiiiiinnaenn 37
* Changed max value for ty(13.7) to min value in the ELECTRICAL CHARACTERISTICS table. Also changed

parameter description from rising edge to falling edge of SCLK......ciiiiiiiiiiiiiiiiii i raaas 37
e Changed min value from 250 to 788 for the t, . parameter (13.10) in the ELECTRICAL CHARACTERISTICS

table. Also added NCS high text to parameter deSCrPON .. ..vvieiiiieiiiii i reeaas 37
» Added test condition to the sy parameter (11.1) in the ELECTRICAL CHARACTERISTICS table................. 37
« Added SDO transition from tri-state to ty; parameter (13.6) description in the ELECTRICAL CHARACTERISTICS

L2201 37
e Changed max value of ty; from 30 to 53.3 in the ELECTRICAL CHARACTERISTICS table .....occivviiiiiniiinnnns 37
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Changed max value of ty, from 30 to 85.7 in the ELECTRICAL CHARACTERISTICS table. parameter

description from falling edge to riSing €dge Of SCLK ... .uiiiiiiiiiiiiii i s eerns 37
Changed t,; parameter (13.11) description from Hi-Z state to tristate in the ELECTRICAL CHARACTERISTICS
L2501 = S 37
Changed max value of t,; (13.11) from 15 to 25 in the ELECTRICAL CHARACTERISTICS table ......cccvviieennnn.. 37
Added ty, to right side of SPI Timing Parameters diagram .........eevviiieeiiiiieiriiisaare s raars s ssanressaanrseaas 37
Added the SPI SDO Buffer Source/Sink Current graph after the ELECTRICAL CHARACTERISTICS table........... 38
(O gF= T To =T Il o] (oYt Qo 1= Vo | = L1 1 [ S 39
Added condition for when the N-channel MOSFET turns on to the second paragraph in the VDD6 Buck Switch
Y ToTo [N oo T =T g o] o] =T o 110 o 40
Deleted clearing out of SAFETY_STAT from re-enable VDD5 paragraph and changed SENS_CTRL bit from 4 to
D4 in the VDDS5 Linear RegUIAIOr SECHIOMN ..t uiuutiattrseiiseisisiass st ase s ras s raa s e aaanerannnas 40
Added the default VDD1 paragraph to the end of the VDDL1 Linear Regulator SECHON......cvceviiiiieeiiiiineiniinnenns 42
Added sentence to the first paragraph in the VSOUT1 Linear Regulator section describing what occurs after
completion Of the VDDX FAMP-UD . .eeutuuneertneeereannnessaanneeseannnessssnnessesnneesessnnessesnnesmmssnnessesnneesmsnnnersns 42
Changed tracking offset from +15 to £35 in the VSOUT1 Linear Regulator SECtioN ......vcveeeviiiieneiriinnniianneennns 42
Added SPI command setting to the seventh paragraph in the VSOUTL1 Linear Regulator section ...........c..cevvus. 42
Added DIAGNOSTIC state text to the Wake-Up SECHON. ...vvutiiieiiiiiiiiiii i naeenaes 43
Changed second paragraph in the Wake-Up section: changed edge-sensitive to level-sensitive and pulse
(o 0= 1u 0] I (o T (=T |11 (o] 0 10 3 T 43
Added during a power-up event to the Reset Extension section and removed VDD1 from the description ............ 44
Deleted open-connect and RESET state sentence from the last paragraph in the Reset Extension section........... 44
Changed Power-Up and Power-Down Behavior image in the Power-Up and Power-Down Behavior section ......... 45
Added notes to thelGN Power Latch and POST-RUN Reset image in the Power-Up and Power-Down Behavior
57T 1o 46
Deleted reset driver from ENDRYV bullet in the Safety Functions and Diagnostics Overview Section ...........c.c..cuues 47
Added the Voltage Monitoring Overview table and table reference to the Voltage Monitor (VMON) section........... 47
Added the Internal Error Signals table ........oevieiiiiiiii e 49
Deleted loss-of-power note and cleared-latched bullet from the clock failure list in the Loss-of-Clock Monitor
(@1, @ 1N T =T= X 1 o o 51
Added SPI register bit to the latched bullet in the clock failure list in the Loss-of-Clock Monitor (LCMON) section ... 51
Added ABIST case paragraphs following the Analog BIST RuN States iMage .....vvvveriinriiiieiinsiiieiirerneeianeas 52
Moved Logic Built-In Self-Test (LBIST) section from after DMUX tables and added initialized registers list ........... 53
Deleted VDD5 and VSOUT1 supplies from first paragraph of the Junction Temperature Monitoring and Current
T 1T T 1= 1T o 54
Added VSOUT1 supplies paragraph to the Junction Temperature Monitoring and Current Limiting section........... 54
[ 1= o 54
Deleted STANDBY State text from the Junction Temperature Monitoring and Current Limiting section and
changed to regulated supplies. Also added ENDRY PiNn...u.eeeereieeeraaineessaannessaannnessasnnesssannnessmsnnrsmmsnnnes 54
Changed third paragraph of the Junction Temperature Monitoring and Current Limiting section to include NRES
asserted low and VDD5 reenable ..........ouiiuiiiiiiiiiii i 54
Added Thermal and Overcurrent Protect Overview table and table reference to the Junction Temperature
Monitoring and Current LiMItiNg SECHION . ... ue ettt s e s ssaaas et s s e s saaa s s e ssanressannnesssannreannns 55
Added analog and digital signals and notes to the Diagnostic Output Pin DIAG_OUT image in the Diagnostic
OULPUL PiN DIAG _OUT SECHON 1. uvttttinetessaneesssanneessannessssnneesassnnessssnnesssssnnessesnnessesnnnsssssnnesmssnnneesns 56
Added added disabled state description for the DIAG_OUT pin in the last paragraph of the Diagnostic Output
T N @ T @ LU == T o 56
Added accuracy and corresponding table note to the voltage range column in the Analog MUX Selection table ..... 57
Added + percentage to the divide ratio values (except for MAIN_BG and VMON_BG) the Analog MUX Selection
155 0 57
Changed the DIAG_MUX_SEL column and header in the Analog MUX Selection table..........ccccvvviiiiviiinnnnnnns 57
Added the max output resistance column to the Analog MUX Selection table ..........coooviiiiiiiiiiiiiiiiinaen, 57
Changed VSFB1 divide ratio from 1 to 4 in the Analog MUX Selection Table ............ccoieiiiiiiiiiiniiines, 57
Added the voltage/signal name for signal number A.7 from BG1 to MAIN_BG in the Analog MUX Selection table .. 57
Added additional text and note to further explain the Analog MUX Selection Table ........cccoviiiiiiiiiiiiiniiiinnenn. 57
Added second paragraph to the Digital MUX (DMUX) SECHON ... uutiiutiiesiitiritsiisisiessasssasssansssnsssansssnnssans 57
Added diagnostic check text, Diagnostic MUX Output state (by MUX_OUT bit), and MUX interconnect check
section after DMUX tabIES ....uuiiiiiiii i e 60
Changed the Watchdog Enable Function image in the WDT Fail Counter, WDT Status, and WDT Fail Event
ST o 61
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« Added watchdog fail counter text after the Watchdog Status for Fail Counter Value Range table..................e..t. 61
« Changed trigger events paragraph (third) in the WDTI Configuration with External Trigger Input (Default Mode)
LS o1 o] 63
* Added SPI register names and DIAGNOSTIC state to the open and close window programming sentence in the
WDTI Configuration with External Trigger Input (Default Mode) SECHON ....ivveiiiiiiiiiiiiii e 64
e Added the WDTI window sequencing and SPI SW_LOCK paragraphs in the WDTI Configuration with External
Trigger Input (Default MOOE) SECHION ... uuteiiee it rai et r et s e s s s et raae e s s s s n s s sann e s saannessaannnnss 64
e Added the WDTI rising edge paragraph in the WDTI Configuration with External Trigger Input (Default Mode)
section and added typ puse filter time paragraph ... 64
* Added image to the WDTI Configuration with External Trigger Input (Default Mode) section .........cevvveiiinnninnnns 65
* Added image to the WDTI Configuration with External Trigger Input (Default Mode) section .........cevvveiiinniinnnns 66
» Deleted ASIC reference in the first paragraph of the Watchdog Question /and Answer Configuration Through
ST ST 01 11 o 67
» Added starts a new watchdog token-response sequence run to the no-response event description in paragraph
four of the Watchdog Question /and Answer Configuration Through SPI SECHON ....vvvvvviiiie i rsineeernaaneeas 67
* Added 4-bit word bullet to the Watchdog Token Request definition list in the Watchdog-Timer-Related SPI Event
D=1 T X0 g ES 3= =Tt 1o o 67
« Added 32-bit word bullet to the Watchdog Token Timer Request definition list in the Watchdog-Timer-Related
ST I =T L = {11 0] g ES ST =T o 1] o 68
« Added Watchdog Token-Response Sequence Run section to replace the Watchdog Timer Configuration for
Question and Answer CoNfigUIation SECHON . ... .ueetiit et tiinteessaneessaanreesaanressaannessasnneesssnnnessasnnesssnnnnesss 68
e Changed the WDT Token and Response Sequence Run image in the Watchdog Token-Response Sequence
0 7= o 11 0 69
* Added the 4-bit question paragraph to the Watchdog Token Value Generation (or Watchdog Question
LT =T 0T = 110 ) IET= o1 1o o 69
« Added the Watchdog TOKEN Generation image and following text in the Watchdog Timer Configuration for
Question and Answer CoNfigUIation SECHION . ... .ueeiie st iineeessanresraanrresaanresaaannessasnneesaannnessasnnesssnnnnenss 70
* Added Answer Comparison and Reference ANSWEr SECHOMN .....ueiuiiiriieiisiriiirirr e 72

« Changed WDT answer column header names - switched response 0 and response 3, switched response 2 and
response 1 in the Set of 4-Bit WD Token Values and Corresponding 8-Bit Responses table. Added token

registerDevice Configuration Register Protection name and value to token Column. ......cccevviiiiiniiiiiiieiiiinneenns 73
e Added Watchdog Token-Response Sequence Run and WDT_STATUS Register Updates section ...........ccevuuen. 73
e Added activation and deactivation paragraph in the MCU Error Signal Monitor (MCU ESM) section................... 75
* Added DIAGNOSTIC and ACTIVE state paragraph in the MCU Error Signal Monitor (MCU ESM) section............ 76
« Added deglitched and synchronized paragraph in the MCU Error Signal Monitor (MCU ESM) section................. 76
* Added ERROR/WDI pin implementation text in the MCU Error Sighal Monitor (MCU ESM) section............cc.ue... 76
« Added the first paragraph in the PWM Mode section and added the detect and no detect statements................. 78
e Added monitoring lists to the PWM MOGE SECHON . .uuuueiiieiiieiiiisiisiateraasrasssiassasssaessarssarssaaessanssannss 78
e Changed register setting text for the ERROR_PIN_FAIL bit from error-pin signaling failure to system clock

detection to the PWM MOAE SECHON ...uuiueiiiiiieiiesr i e e e e anraes 80
« Added CFG_CRC_ERR flag text to the Device Configuration Register Protection Section ..........ccvcvievviiinnnn.. 81
e Changed CRC-8 polynomial from X8 + X7 + X6 + X4 + X2 + 1 to X8 + X2 + X1 + 1 in the Device Configuration

L= |1 =] gl 0] (=T o3 11 =TT ot 1o o 81
« Added 64-bit string text and protected registers list in the Device Configuration Register Protection section.......... 81
e Added CRC Bus Structure table in the Device Configuration Register Protection Section.........ccveevviiieeeirninnenn. 82
* Added CRC calculation text, image, and table in the Device Configuration Register Protection section ............... 82
» Added EEPROM CRC check and list of steps in the Device Configuration Register Protection section................ 83
« Changed the Reset and Enable Circuit image in the Enable and Reset Driver Circuit SECHON.......ccvvivieriiiiinnnnn. 84
* Added ENDRY pulled low paragraph to the Enable and Reset Driver Circuit SECHON ...vvvivueeiiiiiiniiiiineiiiinaeenns 84
e Changed timing-response diagram description from RESET condition to any VDDx UV or OV condition in the

Enable and Reset Driver CirCUIt SECHION 1.uuuiussiiterseisesratisss s ssee s ssss st sssssaassaarssanstsnsssannssnnsins 85
* Added RESET condition image in the Enable and Reset Driver Circuit section and replaced it with the any VDDXx

LT @ AV Aot o 11T o T =T [ 85
* Changed Device Controller State Diagram IMAGE .. ...cueuuueeirriueeeiaaianessaaasesiraasressaanssstaaasretsaanrssssannsessnns 86
* Added Internal NPOR (power-on reset) bullet item in the STANDBY STATE SECHON ...vvviiiriiiiiniiiiineiiineeenns 87
e Changed IGN and CANWU driven low bullet item to deglitched IGN, IGN_PWRL, and CANWU_L with values in

the STANDBY STATE SECHON . 1.t tuutttttisueeratsrats e taee sttt aase e taas s st sassaanssasstaneasanssannssnnns 87
* Added device error count text to the SAFE state bullet in the RESET STATE liSt..uvvuiiiiiiiiiiiiiiinnens 87
* Deleted the ACTIVE state bullet in the RESET STATE liSt.....iueiiuiiiiiiiiiiii e 87
* Added VDDS5 sub-bullet in the RESET STATE ISt .uuuiueiisiiiisiiiiiiiiriisia i asssesanessnnssanns 87
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Added watchdog fail counter text to the watchdog reset sub-bullet in the RESET STATE list ..cvvieviiiiiiiiiininnsns 87
Added ramping up sub-bullet to the first item in the RESET STATE liSt...uuiiuiiiiiiiiiiiiieiieiiierinisiessiassnneeas 88
Added RESET State transition paragraph to the RESET STATE liSt ...uuviiiiiiiiiiiisaiiresseinnessnnnneessannnenas 88
Added NRES pulled up to the Enters RESET state bullet in the DIAGNOSTIC STATE list .v.uvvviiiiiiiiiiiiennnns 88
Added VSOUT1, watchdog and ERROR/WDI, watchdog failure counter, and ENDRV pin bullets in the
DIAGNOSTIC STATE ISt 1uttutitiaiiueitisias st st rae s s s s e e s s s s e st s s s s s se s et s s a e sesanaananness 88
Added DIAG_EXIT_MASK and DIAG_EXIT text to the end of the DIAGNOSTIC STATE liSt..vcuvveeiieiiiiininnennens 88
Changed two bullets in the ACTIVE STATE list and added three additional bullets ..........ccoviiiiiiiiiiiiiiiiiins 89
Added uncontrolled transition sub-bullet to the enters DIAGNOSTIC state bullet in the SAFE STATE list............. 90
Added ACTIVE state read-back error, stays in Safe state, NRES, and VDDx bullets in the SAFE STATE list........ 90
Added STATE TRANSITION PRIORITIES SECHON 1. .uutititiitititiaaese st ssssasssresaa s sassnsnsaasrnesansaasnss 91
Deleted Enters from RESET, DIAGNOSTIC, or ACTIVE state after ABIST or LBIST failure bullet from the SPI 4-
PiN [ist in the SPI INTEIrface SECHON ..t uutt ittt a et a e a s raneaas 92
Changed speed from 10 to 6 Mbit/s in the SPI INterface SECHON .....viiiiiiiiiiiiiii i raees 92
Added minimum time sentence to paragraph after the SPI Command Transfer Phase table ...........cccevvviinnnn. 92
Deleted paragraph describing the possibility of mixing two access modes in the SPI Data-Transfer Phase section.. 93
Added minimum time sentence to paragraph after the SPI Data-Transfer Phase table ........ccoooviiiiiiiiiiiins.. 93
Added status bit paragraph and note after the Device Status Flag Byte Response table........c.oovveeviiiiiiiiiiinnnnn. 93
Added 8-bit hex column to the SPI Command Table.......cviiiiiiiiiiiiiiiiii i e 95
Changed D5 from 0 to 1 inthe DEV_REV RegiSter table .......cviiiiiiiiiiiiii i e i ssinee s s siee s snenee e nnnnes 96
Changed DO from 0 to 1 in the DEV_REV RegiSter table .......cvviiiiiiiiiii i rsie e snsinee s snnnne s snnnnnennnnnes 96
Changed DO from 0 to 1 in the DEV_ID RegiSter table ...uvuiiiiiiiiiiiiiiiinie s e nssnn s saaees 97
Changed reset value text to D[1] and D[0] descriptions in the DEV_STATE Registertable ........cccoviiiiiiiinnann.. 97
Changed D6 from MASK_VDD_OV and 1 to nMASK_VDD_UV_OV and 0 in the DEV_CFG1 Register table ........ 98
Added ground and no ground to the SEL_VDD3/5 description for both 5V and 3.3 V in the DEV_CFG1 Register
125 0] = 98
Added value in RESET State text in the DEV_CFG1 Register table........ooviiviiiiiiiiiiiiiiiiii e rnsnneennineeennnns 98
Added READ-ONLY the DEV_CFG1 RegiSter table ......cuviiueiiieiiiiii i s s s rnaennnenaes 98
Added after first start-up text to D[6] if VDD1 text in the DEV_CFG1 Register table .......ccooeviiiiiiiiiiiiiiiiinnenns 98
Switched the names of D5 and D4 in DEV_CFG2 Register table ........cvvieiiiiiii e e 99
Changed EN_VDD3/5_OT description by removing extra text after set to 1 and adding two more bullets in the
[ Y O = €2 = LYo 153 =1 g = o] P 99
Changed read/writable text for D[3:0] in the DEV_CFG2 Register table .....cccviiiiiiiiiiiiiiiierinsnneennanneennnas 99
Changed AVDD_VMON_ERR description from error status to power-good status in the VMON_STAT_1
=T 5] (=T = = 100
Changed set to 1 text of D[1] in the VMON_STAT_1 Register table from when error is detected to when voltage
[Te) 11 (o) .0 = V] o =TT o = T o 100
Changed set to 1 text of D[0] in the VMON_STAT_1 Register table fro .....ocvviiiiiiiiiiiiiiiini i saeas 100
Changed m when error is detected to when voltage monitor > main band gap ...vveeeveviiiirrrriiiinierraanneeas 100
Changed name of D6 from VDD3_ILIM to VDD3_5_ILIM in the SAFETY_STAT_1 Register table ..............ouu... 102
Added note to D[7] description in the SAFETY_STAT_1 Register table .......ccoovviiiiiiiiiiiiiiicirieae 102
Added EEPROM bullet to D[5] description in the SAFETY_STAT_2 Register table .......oooviiiiiiiiiiiiiiiiiinnns 103
Added DIAGNOSTIC and ACTIVE State text to D[2:0] default bullet in the SAFETY_STAT_2 Register table....... 103
Added cleared to text to the D[5] description in the SAFETY_STAT_3 Register table.........ccovviiiiiiiiiiininnnn. 104
Changed D7 and D6 from 1 to 0 in the SAFETY_STAT_4 Register table ......covivieiiiiiiiiiii i vnnneeennas 105
Changed name of DO from TRIM_ERR to TRIM_ERR_VMON in the SAFETY_STAT_4 Register table.............. 105
Added cleared to bullet and note to D[7:6] description in the SAFETY_STAT_4 Register table........cccvvieviinninns 105
Changed set to text to include error-signal monitoring in the D[3] description in the SAFETY_STAT_4 Register
L6210 105
Added ERROR_PIN_FAIL text to D[3] cleared description in the SAFETY_STAT_4 Register table................... 105
Added Watchdog Fail Counter text to the D[2] set to and cleared to descriptions in the SAFETY_STAT_4
=T 5] (=T g = 1= 105
Deleted SPI read access from D[1]cleared to description in the SAFETY_STAT_4 Register table ................... 105
Changed SPI read access to NPOR in the D[O]cleared to description in the SAFETY_STAT_4 Register table ..... 105
Changed D4 from 1 to 0 and D1 and DO from O to 1 in the SAFETY_STAT_5 Register table ...........cccvvvineetn. 106
Changed threshold from max to min for the 0000 setting description in the SAFETY_ERR_CFG Register table ... 106
Changed D7 and D6 from 1 to 0 in the SAFETY_BIST_CTRL Registertable .......ccoviiiiiiiiiiiiiiiiiieiiineeennns 107
Changed D3 from LOCLK_EN to RSV in the SAFETY_BIST_CTRL Register table .........ccevviiiiiiiniiiiiinnnnnnns 107
Added ACTIVE state bullet to D[7:6] description in the SAFETY_BIST_CTRL Register table...........ccvvievvinnnns 107
Added DIAGNOSTIC and ACTIVE states to D[5] description in the SAFETY_BIST_CTRL Register table............ 107
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e Changed D4 from NO_WRST to RSV in the SAFETY_CHECK_CTRL Register table ..........ccoooiviiiiiiinniiinnn 108
e Added DEV_CFG2 and DEV_CFG1 to D[7] list of protected registers in the SAFETY_CHECK_CTRL Register
1551 0] = 108
* Added device state, ENDRV and NRES to D[6] description in the SAFETY_CHECK_CTRL Register table ......... 108
» Changed DI[3] from not read/writable to read/writable in the SAFETY_CHECK_CTRL Register table ................ 108
e Added ERROR_PIN_FAIL sub-bullet to D[2] descriptionin the SAFETY_CHECK_CTRL Register table ............. 108
e Changed D7 from 0 to 1 in the SAFETY_FUNC_CFG Register table.........cccoviiiiiiiiiiiiiiiiiii e 109
e Changed D2 from RSV to DIS_NRES_MON in the SAFETY_FUNC_CFG Register table......cc.vcviieviiiinnnninnnns 109
e Changed DO from 0 to X in the SAFETY_FUNC_CFG Register table ........cooviiiiiiiiiiiiieiiinnneeennnnneens 109
* Added SAFE state-time sub-bullet to the D[7] description in the SAFETY_FUNC_CFG Register table............... 109
e Changed D[6] description from error-pin to Error-Signal Monitor in the SAFETY_FUNC_CFG Register table........ 109
* Deleted watchdog pin from the D[6] description in the SAFETY_FUNC_CFG Register table .............ccoevviinnnnn 109
« Added note text to the D[4] description in the SAFETY_FUNC_CFG Register table........ccoiviiiiiiniiiiiininnnns 109
e Added STANDBY state text to the D[4] description in the SAFETY_FUNC_CFG Register table ..........ccocveve. 109
« Deleted enabling/disabling the watchdog bullet from the D[3] description in the SAFETY_FUNC_CFG Register
1721 0] = 109
* Added bullets to the D[2] description in the SAFETY_FUNC_CFG Register table ........ccooiiiiiiiiiiiiiiiinnn. 109
« Changed D[1] from not read/writable to read/writable in the SAFETY_FUNC_CFG Register table.................... 109
e Added READ-ONLY bullet, RESET STATE sub-bullet, and connected and not-connected text to the D[0O]
description in the SAFETY_FUNC_CFG RegiSter table ... ..uiiieiiiiiiiiiiiii i isien i s sin s snessnnesaes 109
« Added ERROR/WDI and SAFE state text to the D[5] set to description in the SAFETY_ERR_STAT Register
L2201 =P 110
e Added WD_RST_EN text to D[4] set to description in the SAFETY_ERR_STAT Register table...........ccvvvennnn. 110
» Added watchdog fail counter text to D[4] cleared to description in the SAFETY_ERR_STAT Register table......... 110
* Added equation and oscillator text to the SAFETY_ERR_PWM_H Register table description ............ccvevviinnns 110
e Changed D4, D2, and DO from 0 to 1 in the SAFETY_ERR_PWM_L Register description ........ccvveeiiieerinniness 111
e Added equations and oscillator text to the SAFETY_ERR_PWM_H Register table description ........c.vcevevvviinnes 111
e Changed D4 from 1 to 0 in theSAFETY_PWD_THR_CFG Register table........ccovviiiiiiiiiiiiiiiiininens 111
e Changed _THR to PWD names for D3:DO0 in theSAFETY_PWD_THR_CFG Register table ...........cccoevvininnnnn. 111
e Changed D7, D5, and D3 from 1 to 0 in the SAFETY_CFG_CRC Register table ..........ccooviiiiiiiiiiiiiiiiannsn 111
e Changed D4 from 0 to 1 in the SAFETY_CFG_CRC Register table ......uvviiiiiiiiiiiiiiirni e nniaaees 111
e Changed D[7] description from high-impedance to tri-stated in the DIAG_CFG_CTRL Register table................. 112
e Added SDO diagnostics from D[1:0] description to the D[6] description in the DIAG_CFG_CTRL Register table ... 112
e Changed D2 from 1 to 0 in the WDT_TOKEN_FDBCK Register table .......c.ccciiiiiiiiiiiiiiiiiiniaens 113
* Added bullets to the D[7:4] description in the WDT_TOKEN_FDBCK Register table .........ccvvviiiiiiiiiiiinnnnnn, 113
* Added new TOKEN seed bullet and sub-bullets to the D[3:0] description in the WDT_TOKEN_FDBCK Register
1250 113
e Changed D6:DO0 from 0 to 1 in the WDT_WIN1 _CFG Register table .....ccviiiiiiiiiiiiiiii i rnaineesnnnnness 113
e Changed D4:D3 from 0 to 1 in the WDT_WIN2_CFG Register table....c.vviiiiiiiiiiiiiiieeerninneernnnnnessannnenss 113
e Changed D7 from 0 to 1 in the WDT_TOKEN_VALUE Register table .......ccovviiiiiiiiiiiiiiiiiiiseneeas 114
e Changed MCU sub-bullet from D[7] description to replace Q&A sub-bullet in the D[3:0] description of the
WDT_TOKEN_VALUE RegiSter tahle .ttt ras it rs e s rsras s s raass e s saans s st san s e s saann e s saannesannns 114
e Changed D7:D6 from 0 to 1 in the WDT_STATUS Register table .....oouiiiiiiiiiiiiiiiiii i e reaee s 114
e Changed D7:DF from RSV to WD_WRONG_CFG in the WDT_STATUS Registertable ......cccoviiiieviiiiinnniinnns 114
e Changed set to text of the D[5] description in the WDT_STATUS Register table ......ccvvviiiiieiiiiinniiiiennnnnees 114
e Changed D[4] note from recommendation to clear bit to remains set to 1 in the SENS_CTRL Register table ...... 115
e Changed Typical Application Diagram IMA0E ... uuuueeruurirteiseiree st rair s aasr e rareianns 117
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Changes from Original (July 2016) to Revision A Page
Changed current limit for 6-V pre-regulator from 1.5 Ato 1.3 Ain the FEATURES liSt....cuvviiiiiiiiiiiiniineennnns 1
Added current limit to the 5-V (CAN) bullet in the FEATURES [iSt «..uviiiiiiiiiiiiiii i s s saaes 1
Added current limit to the 3.3-V or 5-V MCU I/O Voltage bullet in the FEATURES liSt ......ccoceiiiiiiiiiiiiiinnn, 1
Deleted reverse battery protection bullet from the FEATURES lISt ...uuuueiiiiiiiiiiiii i s rians s snnnneenas 1
Changed current limit from 300 mA to 100 mA in the sensor supply bullet in the FEATURES liSt .....vcvvvviiinnnannns 1
Deleted wake-up and enable circuit bullets from the FEATURES liSt ...uvvuiiiiiiiiiiiiiiiiiiirirsirs s snieesinnnans 1
Added Independent to voltage monitoring bullet in the FEATURES liSt...cviiieiiiiiiiiiii e rsie s rnnnneesnnnneennnnnes 1
Added Independent Bandgap Reference bullet to the FEATURES liSt...uviiiiiiiiiii i rssne e rsnnneesnnnnnensnnes 1
Added Diagnostic Output Pin bullet to the FEATURES liSt ...uuiiuiiiiiiiiiiiiri i nae s 1
Added Safing-Pin and IGNITION Pin bullets to the FEATURES [iSt....iiieiiiiiiiiiiiiiiiiiiiinnininnnaanaaes 1
Changed document status from Product Preview to Production Datal.......vveeiiiiiiisiiiiinisiiiiiiiiinnaas 1
Added CAN Transceiver sentence to the second paragraph in the DESCRIPTION .....ciciiiiiiiiiiniieineinierianans 2
Changed adjustable core voltage range from 0.8 and 2.6 V t0 0.8 and 3.3 V in the DESCRIPTION......cccvviveeennnns 2
Added diagnostic output pin and enable output to the list of features listed in the eighth paragraph in the
LS4 4 = 1 T 2
Changed to data manual template to include table of contents and section NUMDbDErS .......c.cviiiiiiiiiiiiiiii s 2
PaYo (o [=To 2\ DIORAVI D] DI (o Y/ o [er=1 AN o] o] [Tox= 11 o] o I 9 F=To | = o 3
Changed PGND type from input to ground in PIN FUNCTIONS table.....civiiiiiiiiiiiiiiniiiisissnresnessnesaes 27
Changed POS numbers in ABSOLUTE MAXIMUM RATINGS table for adjustments .......cccevviieeiiiinerrinnnnennns 29
Changed POS numbers in ABSOLUTE MAXIMUM RATINGS table for adjustments .........cooevvviiiiiniinnnennns, 29
Added Charge-pump overdrive voltage to the ABSOLUTE MAXIMUM RATINGS table .....ccovviiiiiiiiiiiiiiieeenns 29
Deleted DMUXO from Logic I/O voltage list (M1.15) in the ABSOLUTE MAXIMUM RATINGS table .........ccceeueee 29
Deleted T; min value of —40 from ABSOLUTE MAXIMUM RATINGS table .......coovviiiiiiiiiiiiiiiiiiiinae 29
Changed unit for CDM on corner pins (750) from kV to V in the ABSOLUTE MAXIMUM RATINGS table............. 29
Deleted T; min value of —40 from ABSOLUTE MAXIMUM RATINGS table .....cicoeviiiiiiiiiiiiiiii e 30
Deleted VDDIO internal pullup diode note from the RECOMMENDED OPERATING CONDITIONS table............. 30

Added values to the current consumption parameter in the RECOMMENDED OPERATING CONDITIONS table ... 30
Changed condition statement for the ELECTRICAL CHARACTERISTICS table by adding T, over junction

temperature With UP t0 150°%C ..uuuuuuteiieieirieeesr e s e s sr e st sa i ae st saaa s et saa e e st s n e s s s ann e s saannrssaannnnss 32
Added VDDG6y;,,. parameter to the ELECTRICAL CHARACTERISTICS table ..........oooiiiiiiiii, 32
Added VDD6 output voltage to lyppg parameter (Al1.2) in the ELECTRICAL CHARACTERISTICS table .............. 32
Changed example t0 Vropous (AL1.3) test condition in the ELECTRICAL CHARACTERISTICS table ................... 32
Changed lypps jimit Parameter description from current-limit to peak current in the ELECTRICAL

CHARACTERISTICS 1Attt tttttttetutesaeetaeetseteesssssssasesa ettt seaeessssssnsesnserasstsrrasrssssnsssnsesnses 32
Changed A1.5 from F,, yppe. SWitching frequency to fq vope. Clock frequency, added note, and deleted test

condition from the ELECTRICAL CHARACTERISTICS table. Also added test condition ........ccvvviiiiieiineininnnnns 32
Changed test condition for DCyppg parameter (A1.6) from VBATP > 7 V to 0 <lyppg < 1.3 A in the ELECTRICAL
CHARACTERISTICS tAD18. 1 et tttiitetiatsieesaeesaeesasessanesanessanesanessanesanesasnesannssnnssansssanesensssnnsssnnssnnesns 32

Added Hysteresis parameter, min and max values to Tprotypps (A1.7) in the ELECTRICAL CHARACTERISTICS

table. Changed test condition from Global shutdown to Protection of VDD6, shared with VDD3/5 thermal

protection. for DOth TProtyppg PArAMEIEIS ..ttt ite ettt r e s s s s s s s s sa e s s aaaaa e s taannnsssannnnnins 32
Added Hysteresis parameter, min and max values to Tprotypps (2.13) in the ELECTRICAL CHARACTERISTICS

table. Changed test condition from VDD5 switch-off to Protection of VDD5.In case of detected over-temperature,

only VDD5 will be switched-off for both TProtypps PAramMEterS ...u e et raaes 32
Added VDD3/5 end-value to test condition for the dvVDD35/dt parameter (3.11) in the ELECTRICAL
(O VN T O ] 1S I (025 T8 7= o] =N 33

Added Hysteresis parameter, min and max values to Tprotyppss (3.13) in the ELECTRICAL
CHARACTERISTICS table. Changed test condition from Global shutdown to Protection of VDD3/5, treated as

global thermal shutdown (shutdown for all regulators) for both Tprotyppss PAramMeters ...oceveviiieerrriirerreaneeeenns 33
Added test condition to the dvDD1/dt parameter (A4.14) in the ELECTRICAL CHARACTERISTICS table ........... 34
Added VSOUT1 text to test condition for VSOUT1 parameter (5.1) in the ELECTRICAL CHARACTERISTICS

L6510 = 34
Changed MVVSOUT1 min and max values from —15 and 15 to —35 and 35 in the ELECTRICAL

CHARACTERISTICS 18018 1« st ettt iitis ettt e e ae st s e s s s e e s e s s s s st s s e s st s e s san e s s s e sannssaenans 34
Added min and max values for the Threshold for tracking/non-tracking parameter in the ELECTRICAL
CHARACTERISTICS tADI8. 1 et tttiitttiateieesaessaeesanessanesanessnesanessanesanesasnesannssanssannesanesennssnnessnnssnnerns 34

Added Hysteresis parameter, min and max values to Tprotysoyr: (5.13) in the ELECTRICAL
CHARACTERISTICS table. Changed test condition from VSOUT1 switch-off to Protection of Sensor Supply.
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Only VSOUT1 switch-off for both Tprotygoyrs ParamMeterS. ... .. v rr s erannes 34
e Changed min and max values for VBATP_QV,,. parameter from 29.5 and 32.5 to 34.7 and 36.7 (respectively) in
the ELECTRICAL CHARACTERISTICS table. Also added test CONAItION .. ..veiireiiieeriiiieriiie i rnieerianeans 34
» Deleted VBATP_OVhys (POS 6.6) from the ELECTRICAL CHARACTERISTICS table .....coovviiiiiiiiiiiiniiiieaeens 34
e Changed min and max values for VBATP_OV;,, parameter from 29 and 32 to 34.4 and 36.3 (respectively) in the
ELECTRICAL CHARACTERISTICS table. Also added test CONAItioN .....vveeiiseirisriissiriiiiainiaeraes 34
* Added Hysteresis parameter, min and max values to VDD5_UV (6.8) in the ELECTRICAL CHARACTERISTICS
155 0 34
e Changed max value for VDD5_QV from 5.5 to 5.45 in the ELECTRICAL CHARACTERISTICS table.................. 34
* Added Hysteresis parameter, min and max values to VDD5_OV (6.10) in the ELECTRICAL
CHARACTERISTICS taD1E. 1.uiitiiiiiiit ittt et e st e e st s e s s e s e s e s e e rae s e snnens 34
« Changed min value for VDD3/5_UV with test condition of 3.3-V setting (undervoltage) from 2.97 to 3 in the
ELECTRICAL CHARACTERISTICS 1Al +.uvuuuisiieiisiiin ittt s s e s s e s e s e s s e e s e s neaes 35
« Changed max value for VDD3/5_UV with test condition of 5-V setting (undervoltage) from 4.8 to 4.85 in the
ELECTRICAL CHARACTERISTICS table «.uvuuiuiiiiiiiii e e e s eaes 35
* Added Hysteresis parameter for 3.3 and 5 V settings, min and max values to VDD3/5_UV (6.12) in the
ELECTRICAL CHARACTERISTICS tablE. ..uuueieiiiiitiiiie ittt vt s e s e e s n s e s e e s e s aenes 35
* Changed max value for VDD3/5_OV with test condition of 3.3-V setting from 3.63 to 3.6 in the ELECTRICAL
CHARACTERISTICS a0 . .t ittt ittt et e e e e s e s n s s s e e ran s a e nes 35
e Added Hysteresis parameter for 3.3 and 5 V settings, min and max values to VDD3/5_OV (6.14) in the
ELECTRICAL CHARACTERISTICS table. ..viuuisiiniiiiiiiiiiiiiir e s s r e s aaes 35

* Added Hysteresis parameter, min and max values to VDD1_UV (6.16) in the ELECTRICAL

CHARACTERISTICS table. Changed test condition from Sensed on VDD1_SENSE pin to Sensed on

VDD1_SENSE pin. Relative thresholds are with respect to nominal 800-mV VDD1SENSE (Pos 4.2) for both

BV 1 O LV = = 1] (ST 35
e Added Hysteresis parameter, min and max values to VDD1_QOV (6.17) in the ELECTRICAL

CHARACTERISTICS table. Changed test condition from Sensed on VDD1_SENSE pin to Sensed on

VDD1_SENSE pin. Relative thresholds are with respect to nominal 800-mV VDD1SENSE (Pos 4.2) for both

RV 0 R @ LV =T = 13 11T (=T £ 35
* Added Hysteresis parameter, min and max values to VSOUT1_UV (6.19) in the ELECTRICAL

CHARACTERISTICS table. Changed test condition from Sensed on VSFB1 pin to Sensed on VSFBL1 pin

Relative thresholds are: for both VSOUTL_UV Parameters .....ueieesireiriurintsiinsisiesraassssssansssassiasisnnssannss 35
e Added Hysteresis parameter, min and max values to VSOUT1_UV (6.20) in the ELECTRICAL

CHARACTERISTICS table. Changed test condition from Sensed on VSFB1 pin to Sensed on VSFB1 pin

Relative thresholds are: for both VSOUTL_UV Parameters ....ueeiesiruesriurinseriseissrississssissssssasiainsaanns 35
« Added Hysteresis parameter, min and max values to VDD6_UV (6.22) in the ELECTRICAL

CHARACTERISTICS table. Also added test condition for both VDD6_UV parameters ......cevvvueviiririneiineininenans 35
e Added Hysteresis parameter, min and max values to VDD6_QV (6.23) in the ELECTRICAL

CHARACTERISTICS table. Also added test condition for both VDD6_OV parameters.....c.cvvveeeeerrnnneerrsnnneennns 35
* Added test condition to the I_IGN parameter in the the ELECTRICAL CHARACTERISTICS table(7.4)................ 35
e Changed |_CAN parameter (7.7) to |_CANWU and added test condition to the ELECTRICAL

CHARACTERISTICS 8D . .t tut ittt ittt et e e e s e s e s e e s e e s n s e s e s e s e s aanes 35
e Changed |_CAN_rev (7.8) max value from 1 to —1 in the ELECTRICAL CHARACTERISTICS table ..................t 35
* Added test condition for Ip (8.2) in the ELECTRICAL CHARACTERISTICS table ....c.cvviiiiieiiiiiiiciieeicceeene 35
e Added min and max values for fcp (8.3) in the ELECTRICAL CHARACTERISTICS table....c.cvviiieiiiiieninnineenns 36
» Deleted min value of 11 for the Ryson_enprv nres (9.28) parameter in the ELECTRICAL CHARACTERISTICS

L2510 = 36
* Added input and logic 1 to the Vgypry nres TH PArameter (9.5) description in the ELECTRICAL

CHARACTERISTICS table............. ettt eaeetteeeteesttessteesteesteeeteettaeertaeertatertaeartaaertaaertaaartnaars 36
» Deleted max value from 500 to 450 for the Venpry nres_t (9.5) parameter in the ELECTRICAL

CHARACTERISTICS taDIE .uuutitiisiiiitiisii et a e aes 36
* Added note reference and test condition to the Vp,gin Low parameter (10.2) in the ELECTRICAL

CHARACTERISTICS table ......ccvviiiiiiiiiiiieaens ettt eieeeeteeeteeeteesteertaeesstteeetaeestaeertaeertaaarens 36
« Added note reference and test condition to the Vp,gin wyst parameter (10.3) in the ELECTRICAL

CHARACTERISTICS table. Also added parameter NAME ........uu.eeuseeerneeenneeeneeesneeesneessneeesaersneessneersnaaes 36
» Changed 10.4 from empty to the Rpacout amux Parameter to the ELECTRICAL CHARACTERISTICS table ......... 36
* Added pin note to the Vp,gout nicn Parameter (10.5) in the ELECTRICAL CHARACTERISTICS table ................ 36
* Added pin note to the Vpgout Low Parameter (10.6) in the ELECTRICAL CHARACTERISTICS table ................. 36
« Added min and max values for trsTEXT(OK) (9-4@) in the ELECTRICAL CHARACTERISTICS table ..............c..ee. 36
* Added typ puse parameter to the ELECTRICAL CHARACTERISTICS table .....cuvuviiiiiiniiiiiineneen 37
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Added for MCU error signal monitor to the tegror woi_degitcn Parameter (12.1) in the ELECTRICAL

CHARACTERISTICS taDIE .uiutiitiisiiieitiiir et r e e e e raes 37
Changed max value for the terror woi_degitcn Parameter (12.1) from 15.75 to 16.25 in the ELECTRICAL
CHARACTERISTICS taD10 . . e ittt ittt ettt st s s e e s e s e s e s e s e s e s e s e s n s e san e raesansanens 37
Added two test conditions to the fgp, parameter (13.1) and removed the single max value of 8 to replace it with
the max value for each condition in the ELECTRICAL CHARACTERISTICS table.......covviiiiiiiiiiiiiiiinnens 37
Added two test conditions to the tgp, parameter (13.2) and removed the single min value of 125 to replace it with
the min value for each condition in the ELECTRICAL CHARACTERISTICS table......civviiiiiiiiiiiiiiiiinenaenas 37
Changed max value for t,(13.7) to min value in the ELECTRICAL CHARACTERISTICS table. Also changed
parameter description from rising edge to falling edge of SCLK .....uiiiiiiiiiiiiiiiii e 37
Changed min value from 250 to 788 for the ty, s parameter (13.10) in the ELECTRICAL CHARACTERISTICS
table. Also added NCS high text to parameter deSCrPION ...t rr i rr s araan e aaaas 37
Added test condition to the fgysq parameter (11.1) in the ELECTRICAL CHARACTERISTICS table................... 37
Added SDO transition from tri-state to ty, parameter (13.6) description in the ELECTRICAL CHARACTERISTICS
155 0 37
Changed max value of ty; from 30 to 53.3 in the ELECTRICAL CHARACTERISTICS table ......ccvvvvvivviinnnnnnns 37
Changed max value of ty, from 30 to 85.7 in the ELECTRICAL CHARACTERISTICS table. parameter
description from falling edge to rising edge Of SCLK ....uuiiiiiiii i e aa e 37
Changed t,; parameter (13.11) description from Hi-Z state to tristate in the ELECTRICAL CHARACTERISTICS
155 0= 37
Changed max value of t,; (13.11) from 15 to 25 in the ELECTRICAL CHARACTERISTICS table .....cccvvvvinennnnns 37
Added tgy, to right side of SPI Timing Parameters diagram .....ueeeeieesrieeiieriiisias i sanessinerans 37
Added the SPI SDO Buffer Source/Sink Current graph after the ELECTRICAL CHARACTERISTICS table........... 38
[ gF= T ToT=To I o] (o Tt e TT= To = 1 ¢ 39
Added condition for when the N-channel MOSFET turns on to the second paragraph in the VDD6 Buck Switch
Y ToTo [T = o N g ST o] o] V==Y o 1T o 40
Deleted clearing out of SAFETY_STAT from re-enable VDD5 paragraph and changed SENS_CTRL bit from 4 to
D4 in the VDD5 Linear RegUIAOr SECHOMN ... .uiuuisersiiiiiit s s n e 40
Added the default VDD1 paragraph to the end of the VDD1 Linear Regulator SECHON.......cccvviiiieiiiiiieeiiainaanss 42
Added sentence to the first paragraph in the VSOUT1 Linear Regulator section describing what occurs after
completion Of the VDDX FAMP-UPD . .uuuuuetetinssessnseesranssessasssssasansssaassssssassnssssssnestsmsnnsssassnnsissnnneisns 42
Changed tracking offset from +15 to £35 in the VSOUT1 Linear Regulator SECtion .......ccvevviiiieeeiiiiieniiinneennns 42
Added SPI command setting to the seventh paragraph in the VSOUT1 Linear Regulator Section .........cccvvvvunee.. 42
Added DIAGNOSTIC state text to the Wake-Up SECHON. ...uvuiiiiiieiiiririiiiie s aeaes 43
Changed second paragraph in the Wake-Up section: changed edge-sensitive to level-sensitive and pulse
[0 0 =T I (0 I (=T | 1 o] o 10 T 43
Added during a power-up event to the Reset Extension section and removed VDD1 from the description ............ 44
Deleted open-connect and RESET state sentence from the last paragraph in the Reset Extension section........... 44
Changed Power-Up and Power-Down Behavior image in the Power-Up and Power-Down Behavior section ......... 45
Added notes to thelGN Power Latch and POST-RUN Reset image in the Power-Up and Power-Down Behavior
L= 1T 46
Deleted reset driver from ENDRYV bullet in the Safety Functions and Diagnostics Overview Section ................uus 47
Added the Voltage Monitoring Overview table and table reference to the Voltage Monitor (VMON) section........... 47
Added the Internal Error Signals table .. ..oeeiiiiiiiiiii i r s s 49
Deleted loss-of-power note and cleared-latched bullet from the clock failure list in the Loss-of-Clock Monitor
(@317 @ N ) =T o T 51
Added SPI register bit to the latched bullet in the clock failure list in the Loss-of-Clock Monitor (LCMON) section ... 51
Added ABIST case paragraphs following the Analog BIST RuUn States iMage ......coveiiiiinriiiinnsiriirerraianeeanas 52
Moved Logic Built-In Self-Test (LBIST) section from after DMUX tables and added initialized registers list ........... 53
Deleted VDD5 and VSOUT1 supplies from first paragraph of the Junction Temperature Monitoring and Current
[T 41T o ST= 0% 1o o 54
Added VSOUT1 supplies paragraph to the Junction Temperature Monitoring and Current Limiting section........... 54
¥ [ 1= o 54
Deleted STANDBY State text from the Junction Temperature Monitoring and Current Limiting section and
changed to regulated supplies. Also added ENDRY PiN...u...eeeiiiieeeiniisirsisss s siaassssssasssssaansssssannns 54
Changed third paragraph of the Junction Temperature Monitoring and Current Limiting section to include NRES
asserted oW and VDDS5 rEEN@ADIE ..uiuuiiutiiiteiiisi it e 54
Added Thermal and Overcurrent Protect Overview table and table reference to the Junction Temperature
Monitoring and Current Limiting SECHON . ... u sttt s s st r s rr e e s sn e aannerneaas 55
Added analog and digital signals and notes to the Diagnostic Output Pin DIAG_OUT image in the Diagnostic
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OULPUL PiN DIAG_OUT SECHON 4t tustissesuseinsnerasessssessssssse st sasetasesisnsritetasstaanerastsietisraaeraei 56
e Added added disabled state description for the DIAG_OUT pin in the last paragraph of the Diagnostic Output

T ] @ 10 =TT o o o 56
« Added accuracy and corresponding table note to the voltage range column in the Analog MUX Selection table ..... 57
* Added * percentage to the divide ratio values (except for MAIN_BG and VMON_BG) the Analog MUX Selection

L6510 = 57
e Changed the DIAG_MUX_SEL column and header in the Analog MUX Selection table........ccoviiiiviiiiiniiiinnnn. 57
e Added the max output resistance column to the Analog MUX Selection table ........c.cooviiiiiiiiiiiiiiiiiiiiniens 57
e Changed VSFBL1 divide ratio from 1 to 4 in the Analog MUX Selection Table .......cceviiiiiiiiiiieiiiirinnneeennns 57
* Added the voltage/signal name for signal number A.7 from BG1 to MAIN_BG in the Analog MUX Selection table .. 57
* Added additional text and note to further explain the Analog MUX Selection Table .........cccvviiiiiiiiiiiiiiiinnnnns 57
* Added second paragraph to the Digital MUX (DMUX) SECHOMN ... .uteiriuueeiiiiinneisainesisassessaassesisanrsssannseseans 57
« Added diagnostic check text, Diagnostic MUX Output state (by MUX_OUT bit), and MUX interconnect check

LS Tod (o] T U1 (= 11V 10D G r= o] 60
e Changed the Watchdog Enable Function image in the WDT Fail Counter, WDT Status, and WDT Fail Event

L= 1T 61
» Added watchdog fail counter text after the Watchdog Status for Fail Counter Value Range table.................vvvs 61
« Changed trigger events paragraph (third) in the WDTI Configuration with External Trigger Input (Default Mode)

57T 1o 63
e Added SPI register names and DIAGNOSTIC state to the open and close window programming sentence in the

WDTI Configuration with External Trigger Input (Default Mode) SECHON ...vviiieeiiiiii i raner e rannreeraanneennas 64
* Added the WDTI window sequencing and SPI SW_LOCK paragraphs in the WDTI Configuration with External

Trigger Input (Default MOAE) SECHON +..uuuiiueiiiie e n e e 64
* Added the WDTI rising edge paragraph in the WDTI Configuration with External Trigger Input (Default Mode)

section and added typ puse filter ime paragraph ... 64
e Added image to the WDTI Configuration with External Trigger Input (Default Mode) section .........ccvvveviiniiinnnnns 65
e Added image to the WDTI Configuration with External Trigger Input (Default Mode) Section ........ccvvvvveeerrannnenn. 66
« Deleted ASIC reference in the first paragraph of the Watchdog Question /and Answer Configuration Through

O 7= 1T o 67
* Added starts a new watchdog token-response sequence run to the no-response event description in paragraph

four of the Watchdog Question /and Answer Configuration Through SPI SECHON .....cvviiiiiiieiiiiiriiirriiaeeas 67
e Added 4-bit word bullet to the Watchdog Token Request definition list in the Watchdog-Timer-Related SPI Event

(= g1 0 T LSS T o 1T ) o 67
« Added 32-bit word bullet to the Watchdog Token Timer Request definition list in the Watchdog-Timer-Related

SPI Event DefinitioNs SECHON ...uu.eieeiiii e 68
* Added Watchdog Token-Response Sequence Run section to replace the Watchdog Timer Configuration for

Question and Answer CoNfigUration SECTION ... .uuuvustiistt it iatris st rareraneranns 68
e Changed the WDT Token and Response Sequence Run image in the Watchdog Token-Response Sequence

TS 11 ) o 69
« Added the 4-bit question paragraph to the Watchdog Token Value Generation (or Watchdog Question

L€ =T o T=T a0 ) =T o 1o o 69
« Added the Watchdog TOKEN Generation image and following text in the Watchdog Timer Configuration for

Question and Answer CoNfigUration SECHION . ... uuuvustiisteiise i sar e ranesanns 70
e Added Answer Comparison and Reference ANSWET SECHOMN ....uuiiieeiiiteriesiaierirrats i saaresaassairssanrsannsrness 72
e Changed WDT answer column header names - switched response 0 and response 3, switched response 2 and

response 1 in the Set of 4-Bit WD Token Values and Corresponding 8-Bit Responses table. Added token

registerDevice Configuration Register Protection name and value to token column. ........coviiiiiiiiiiiiiniiiieeenns 73
* Added Watchdog Token-Response Sequence Run and WDT_STATUS Register Updates section .............ccuuees 73
« Added activation and deactivation paragraph in the MCU Error Signal Monitor (MCU ESM) section ................... 75
e Added DIAGNOSTIC and ACTIVE state paragraph in the MCU Error Signal Monitor (MCU ESM) section............ 76
e Added deglitched and synchronized paragraph in the MCU Error Signal Monitor (MCU ESM) section................. 76
* Added ERROR/WDI pin implementation text in the MCU Error Signal Monitor (MCU ESM) section...........ccvvueen. 76
« Added the first paragraph in the PWM Mode section and added the detect and no detect statements................. 78
e Added monitoring lists to the PWM MOOE SECHON 1.uuuiustiistiisiiiiiiseiirieiass it e ssaserasessnnssanns 78
« Changed register setting text for the ERROR_PIN_FAIL bit from error-pin signaling failure to system clock

detection t0 the PWM MOOE SECLON ... ueieterteiitisiettaatesassas e s aassae s s aa s saatssaassanesasssanessanrsannssanssnnnens 80
« Added CFG_CRC_ERR flag text to the Device Configuration Register Protection Section .........cccvvevieeriinnneenn. 81
e Changed CRC-8 polynomial from X8 + X7 + X6 + X4 + X2 + 1 to X8 + X2 + X1 + 1 in the Device Configuration

Register ProteCtion SECHOMN ......uieiiei st e e 81
« Added 64-bit string text and protected registers list in the Device Configuration Register Protection section.......... 81
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Added CRC Bus Structure table in the Device Configuration Register Protection SeCtion .........cceeeviviinneinninnnnns 82
Added CRC calculation text, image, and table in the Device Configuration Register Protection section ............... 82
Added EEPROM CRC check and list of steps in the Device Configuration Register Protection section................ 83
Changed the Reset and Enable Circuit image in the Enable and Reset Driver Circuit SECtON......vvvvvvieivineirunenns 84
Added ENDRY pulled low paragraph to the Enable and Reset Driver Circuit SECHON .....ocveeiiiiie i iiiiaeeenns 84
Changed timing-response diagram description from RESET condition to any VDDx UV or OV condition in the
Enable and Reset Driver CirCUIt SECTION 1.uuuvstiiseriseiisseristii s it as e s raae s esanrsaaneras 85
Added RESET condition image in the Enable and Reset Driver Circuit section and replaced it with the any VDDx
LAV o @ NV oo oo 11T o 1 0 T Vo = 85
Changed Device Controller State Diagram IMaAGgE .. .u e e esrueerinreree et ras s rarssaarranns 86
Added Internal NPOR (power-on reset) bullet item in the STANDBY STATE SECHON ..ceviiiiiiiiie i iaeaaeeenns 87
Changed IGN and CANWU driven low bullet item to deglitched IGN, IGN_PWRL, and CANWU_L with values in
the STANDBY STATE SECHON . 1.ttt tutttstiassenatinsserse ettt tarr et taa st taretaanetannssnes 87
Added device error count text to the SAFE state bullet in the RESET STATE liSt...vviiiiiiiiiiiiiiiiiiiieaneens 87
Deleted the ACTIVE state bullet in the RESET STATE liStuuuuuiiieiiiiiiiieiiiiiiii i s sssssinssasssansaas 87
Added VDDS5 sub-bullet in the RESET STATE liStu..ueueieiieiiiiiiiiriiiirsrrs s aes 87
Added watchdog fail counter text to the watchdog reset sub-bullet in the RESET STATE list .....cccooviiiiiniinnnnnnn 87
Added ramping up sub-bullet to the first item in the RESET STATE liSt...iiuiiiiiiiiiiiiiiiii i snnieeeaaas 88
Added RESET State transition paragraph to the RESET STATE liSt ...uuuiiiiiieiiiiiiiiiiiiniies s nnaneeeas 88
Added NRES pulled up to the Enters RESET state bullet in the DIAGNOSTIC STATE list .vuvvviiiiiiiiiiiiienanns 88
Added VSOUT1, watchdog and ERROR/WDI, watchdog failure counter, and ENDRV pin bullets in the
DY TN [@ 1 O I I A 1 N 88
Added DIAG_EXIT_MASK and DIAG_EXIT text to the end of the DIAGNOSTIC STATE liSt...ccvvuiiiiiiiiieinneinenns 88
Changed two bullets in the ACTIVE STATE list and added three additional bullets ..........ccovviiiiiiiiiiiiiiiiien, 89
Added uncontrolled transition sub-bullet to the enters DIAGNOSTIC state bullet in the SAFE STATE list............. 90
Added ACTIVE state read-back error, stays in Safe state, NRES, and VDDx bullets in the SAFE STATE list........ 90
Added STATE TRANSITION PRIORITIES SECHON 1.utuutiutiitinairtiiisesrsissssssrsssesaesr e sansns 91
Deleted Enters from RESET, DIAGNOSTIC, or ACTIVE state after ABIST or LBIST failure bullet from the SPI 4-
pin list in the SPI INterface SECHON ... .i.e i e 92
Changed speed from 10 to 6 Mbit/s in the SPI Interface SECON ... ....vviiiiiiiiiiii i aas 92
Added minimum time sentence to paragraph after the SPI Command Transfer Phase table ...........ccceeviiinnnnn. 92
Deleted paragraph describing the possibility of mixing two access modes in the SPI Data-Transfer Phase section.. 93
Added minimum time sentence to paragraph after the SPI Data-Transfer Phase table.......cccvvviiiiiiiiiniininnenn. 93
Added status bit paragraph and note after the Device Status Flag Byte Response table........c.ooovviiiiiiiininninnn, 93
Added 8-bit hex column to the SPI Command Table.........ccoiiiiiiiiiiii e 95
Changed D5 from 0 to 1 in the DEV_REV Register table ........ooviiiiiiii e s e e raaes 96
Changed DO from 0 to 1 in the DEV_REV Register table ........coviiiiiiiii i e 96
Changed DO from 0 to 1 inthe DEV_ID Register table .......ccviiiiiiiii i s s i s ese e s e s sennnee s annnes 97
Changed reset value text to D[1] and D[0] descriptions in the DEV_STATE Registertable .......cccvvviveivviiinnnnnnn. 97
Changed D6 from MASK_VDD_OV and 1 to nMASK_VDD_UV_OV and 0 in the DEV_CFG1 Register table ........ 98
Added ground and no ground to the SEL_VDD3/5 description for both 5V and 3.3 V in the DEV_CFG1 Register
1250 98
Added value in RESET State text in the DEV_CFG1 Register table......cceviiiiiiiiiiiiiiiiiiiiiiiiiiiinneas 98
Added READ-ONLY the DEV_CFG1 Register table ......cueiiiiiiiiiiiii i i i s sesntee s ssnee s sennneesannnneaanas 98
Added after first start-up text to D[6] if VDD1 text in the DEV_CFG1 Register table .......cvveeiiiiiieiiiiieninnnnnenns 98
Switched the names of D5 and D4 in DEV_CFG2 Register table ....uiviuiiiiiiiiiiiii i naes 929
Changed EN_VDD3/5_OT description by removing extra text after set to 1 and adding two more bullets in the
[ Y Ol €2 = LT o 153 =] g = o] = 99
Changed read/writable text for D[3:0] in the DEV_CFG2 Register table .....ccuviiiiiiiiiiiiiiiiiiiiin e 99
Changed AVDD_VMON_ERR description from error status to power-good status in the VMON_STAT_1
LTS0S (=] g = 1 [ 100
Changed set to 1 text of D[1] in the VMON_STAT_1 Register table from when error is detected to when voltage
g ToT a1y o Gl o =] o I o = To o= o 100
Changed set to 1 text of D[0] in the VMON_STAT_1 Register table fro ....coeeiiiiiiiiiiii i e 100
Changed m when error is detected to when voltage monitor > main band gap ....coeeevviiiiiriiiiiiii e 100
Changed name of D6 from VDD3_ILIM to VDD3_5_ILIM in the SAFETY_STAT_1 Register table .................... 102
Added note to D[7] description in the SAFETY_STAT_1 Register table ......coovviiiiiiiiiiiiriiie e nnineeennnnneeas 102
Added EEPROM bullet to D[5] description in the SAFETY_STAT_2 Register table .......cccvviiiiiiiiiiiiiiiinnns 103
Added DIAGNOSTIC and ACTIVE State text to D[2:0] default bullet in the SAFETY_STAT_2 Register table....... 103
Added cleared to text to the D[5] description in the SAFETY_STAT_3 Register table.......cccovviiiiiiiiiiiiiinnnns. 104
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e Changed D7 and D6 from 1 to O in the SAFETY_STAT_4 Register table .....ccvviiiiiiiiiiiiriiinnie e 105
e Changed name of DO from TRIM_ERR to TRIM_ERR_VMON in the SAFETY_STAT_4 Register table.............. 105
e Added cleared to bullet and note to D[7:6] description in the SAFETY_STAT_4 Register table............ccovvvinnn 105
« Changed set to text to include error-signal monitoring in the D[3] description in the SAFETY_STAT_4 Register
L2210 = N 105
¢ Added ERROR_PIN_FAIL text to D[3] cleared description in the SAFETY_STAT_4 Register table................... 105
« Added Watchdog Fail Counter text to the D[2] set to and cleared to descriptions in the SAFETY_STAT_4
LTS0S (=] g = 1 ][N 105
e Deleted SPI read access from D[1]cleared to description in the SAFETY_STAT_4 Register table ................... 105
e Changed SPI read access to NPOR in the D[O]cleared to description in the SAFETY_STAT_4 Register table ..... 105
e Changed D4 from 1 to 0 and D1 and DO from O to 1 in the SAFETY_STAT_5 Register table ........ccvvvevvinninnnnn 106
» Changed threshold from max to min for the 0000 setting description in the SAFETY_ERR_CFG Register table ... 106
e Changed D7 and D6 from 1 to O in the SAFETY_BIST_CTRL Register table .......cccuviiiiiiiiiiiiiiiinniaeeas 107
e Changed D3 from LOCLK_EN to RSV in the SAFETY_BIST_CTRL Register table .........ccceeviiiiiiiiiiieniiinnn 107
e Added ACTIVE state bullet to D[7:6] description in the SAFETY_BIST_CTRL Register table........cccvvviiieeniannns 107
* Added DIAGNOSTIC and ACTIVE states to D[5] description in the SAFETY_BIST_CTRL Register table ........... 107
e Changed D4 from NO_WRST to RSV in the SAFETY_CHECK_CTRL Register table .........c.ccovviiiiiiiiinnnnnnnn 108
 Added DEV_CFG2 and DEV_CFG1 to D[7] list of protected registers in the SAFETY_CHECK_CTRL Register
L6201 108
* Added device state, ENDRV and NRES to D[6] description in the SAFETY_CHECK_CTRL Register table ......... 108
e Changed D[3] from not read/writable to read/writable in the SAFETY_CHECK_CTRL Register table ................ 108
e Added ERROR_PIN_FAIL sub-bullet to D[2] descriptionin the SAFETY_CHECK_CTRL Register table ............. 108
e Changed D7 from 0 to 1 in the SAFETY_FUNC_CFG Register table.......cvviiieiiiiiiiiiiiniininse e 109
e Changed D2 from RSV to DIS_NRES_MON in the SAFETY_FUNC_CFG Register table.........ocvieeiiiiiinnninnnns 109
e Changed DO from 0 to X in the SAFETY_FUNC_CFG Register table ........cccoiiiiiiiiiiiiiiiiiiiiiii e 109
* Added SAFE state-time sub-bullet to the D[7] description in the SAFETY_FUNC_CFG Register table............... 109
e Changed D[6] description from error-pin to Error-Signal Monitor in the SAFETY_FUNC_CFG Register table........ 109
« Deleted watchdog pin from the D[6] description in the SAFETY_FUNC_CFG Register table ..........ccocevevvvvnne 109
* Added note text to the D[4] description in the SAFETY_FUNC_CFG Register table.........coevviiiiiiiiiiiiiinennn. 109
* Added STANDBY state text to the D[4] description in the SAFETY_FUNC_CFG Register table ..........cccevvinnnns 109
« Deleted enabling/disabling the watchdog bullet from the D[3] description in the SAFETY_FUNC_CFG Register
125 0= 109
« Added bullets to the D[2] description in the SAFETY_FUNC_CFG Register table .....c.cvviiiiiiiiiiiiiiineennnnnens 109
* Changed D[1] from not read/writable to read/writable in the SAFETY_FUNC_CFG Register table..............c..... 109
e Added READ-ONLY bullet, RESET STATE sub-bullet, and connected and not-connected text to the D[0]
description in the SAFETY_FUNC_CFG RegiSter table.....ueiiiiii i riise s rrias s sriar e s snnana s annns 109
+ Added ERROR/WDI and SAFE state text to the D[5] set to description in the SAFETY_ERR_STAT Register
125 0= 110
e Added WD_RST_EN text to D[4] set to description in the SAFETY_ERR_STAT Register table...........ccvvvvvnnes 110
« Added watchdog fail counter text to D[4] cleared to description in the SAFETY_ERR_STAT Register table......... 110
* Added equation and oscillator text to the SAFETY_ERR_PWM_H Register table description ...........coevviueinnnnn 110
e Changed D4, D2, and DO from 0 to 1 in the SAFETY_ERR_PWM_L Register description .........cceeeviiiinnniinnnns 111
* Added equations and oscillator text to the SAFETY_ERR_PWM_H Register table description ..........vcovuvviinnns 111
e Changed D4 from 1 to 0 in theSAFETY_PWD_THR_CFG Register table.....cccvviiiiiiiiiiiiiiiiiniineeenennneens 111
e Changed _THR to PWD names for D3:DO0 in theSAFETY_PWD_THR_CFG Register table ........cccevvviiieeniinnns 111
e Changed D7, D5, and D3 from 1 to 0 in the SAFETY_CFG_CRC Register table .......cvviiiiiiiiiiiniiiinen, 111
e Changed D4 from 0 to 1 in the SAFETY_CFG_CRC Register table .......ivieiiieiiiiiiiiiiiriiininne e 111
« Changed D[7] description from high-impedance to tri-stated in the DIAG_CFG_CTRL Register table................. 112
* Added SDO diagnostics from D[1:0] description to the D[6] description in the DIAG_CFG_CTRL Register table ... 112
e Changed D2 from 1 to 0 in the WDT_TOKEN_FDBCK Register table ......iciiiiiiiiiiiiiiiieiiiinreriiineeesannneess 113
e Added bullets to the D[7:4] description in the WDT_TOKEN_FDBCK Register table ........cceeviiiieeriiinnniinnnns 113
* Added new TOKEN seed bullet and sub-bullets to the D[3:0] description in the WDT_TOKEN_FDBCK Register
1521 0] [ 113
e Changed D6:DO0 from 0 to 1 in the WDT_WIN1_CFG Register table ......coiiiiiiiiiiiiiiiiiiiis i nninaee s 113
e Changed D4:D3 from 0 to 1 in the WDT_WIN2_CFG Register table.......cviiiiiiiiiiiiiiiirrii i nniae e 113
e Changed D7 from 0 to 1 in the WDT_TOKEN_VALUE Register table .....ciiiiiiiiiiiiiiiii i riineeesnnnneenns 114
e Changed MCU sub-bullet from D[7] description to replace Q&A sub-bullet in the D[3:0] description of the
WDT_TOKEN_VALUE ReQISter table ...uueieiiieiiiiiiiie s s s s s s s e s s s s s s s saan s saneans 114
e Changed D7:D6 from 0 to 1 in the WDT_STATUS Register table .......oviiiiiiiiiiiiiiri s 114
e Changed D7:DF from RSV to WD_WRONG_CFG in the WDT_STATUS Registertable .......cccoiiiiiiiiiiiinninnnns 114
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* Changed set to text of the D[5] description in the WDT_STATUS Register table ........ccoiviiiiiiiiiiiniiiiiinians 114
« Changed D[4] note from recommendation to clear bit to remains set to 1 in the SENS_CTRL Register table ...... 115
e Changed Typical Application Diagram IMaAgE . uuuuueeereeeeerrainnesssanneessannressaannnessasnressesnneessssnnessssnneesnnns 117
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3 Pin Configuration and Functions

The pin configuration drawing in this section is not to scale. For package dimensions, see the mechanical
data in Section 10.

DAP Package
32-Pin HTSSOP With PowerPAD™

Top View
4 )
O
VBAT_SAFING . \ 32 |_] ENDRV
|
I
vCP 2 ! : 31 SEL_VDD3/5
|
I
CcP1 3 ! : 30 IGN
|
I
CcP2 4 : 29 VBATP
|
I
PGND 5 | : 28 SDN6
|
I
NRES 6 ! : 27 VDD6
|
I
DIAG_OUT [ : 26 VDD1_G
|
NCS g8 I | 25 PGND
: Thermal 1
I
SDI 9 ! Pad : 24 VDD1_SENSE
|
I
SDO 10 ! : 23 GND
|
I
SCLK 1n o : 22 VDDIO
|
I
RSTEXT 12 ! : 21 VDD3/5
|
I
ERROR/WDI 13 ! : 20 VDD5
|
CANWU 14 i 19 GND
|
I
VSFB1 15 : 18 VTRACK1
vsin [__| 16 e 7 17 [] vsoum
L J
Pin Functions
PIN
TYPE DESCRIPTION
NO. NAME
1 VBAT SAFING PWR Battery (supply) input for monitoring (VMON) and BG2 functions (must be reverse protected),
= should be connected to VBATP
2 VCP PWR Charge-pump output voltage
3 CP1 PWR Charge-pump external capacitor, high-voltage side
4 CP2 PWR Charge-pump external capacitor, low-voltage side
5 PGND GND Ground (power)
Cold reset output signal for the microcontroller (MCU) (active-low, internal pullup, open drain
6 NRES O
output)
7 DIAG OUT o Diagnostic output pin for diagnostic MUX. Internal analog (AMUX) and digital (DMUX) signal
- connection to MCU ADC and digital IO
NCS | SPI chip select (active-low, internal pullup)
9 SDI | SPI serial data IN (internal pulldown)
10 SDO O SPI serial data OUT
11 SCLK | SPI clock (internal pull down)
12 RSTEXT | Configuration pin to set reset extension time through a resistor to GND
Copyright © 2012-2017, Texas Instruments Incorporated Pin Configuration and Functions 27
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Pin Functions (continued)

PIN
TYPE DESCRIPTION

NO. NAME
Error input signal from the MCU while using the MCU ESM (with the watchdog in Q&A

13 ERROR/WDI | Mode), trigger input for the watchdog in trigger mode (MCU ESM not used). This pin is edge
triggered.

14 CANWU | Wake-up input from CAN transceiver, other transceiver or other source. Wake-up request
latched with CANWU_L. (internal pulldown)

15 VSFB1 | Feedback input reference for sensor supply regulator (VSOUT1)

16 VSIN PWR Input supply voltage for the sensor-supply regulator (VSOUT1)

17 VSOUT1 PWR Output voltage for the VSOUT1 sensor-supply regulator

18 VTRACK1 | Tracking input reference for sensor-supply regulator (VSOUT1) (internal pulldown)

19 GND GND Ground (analog)

23 GND GND Ground (analog)

20 VDD5 PWR VDD5 regulator output voltage

21 VDD3/5 PWR VDD3/5 regulator output voltage

22 VDDIO PWR 1/0O supply input for pins to and from the MCU

24 VDD1_SENSE | Reference input for VDD1 regulator (feedback) and input for UV/OV monitoring of VDD1
regulator

25 PGND GND Ground (power)

26 VDD1_G O Gate drive of external FET for VDD1 regulator

27 VDD6 PWR VDD6 switch mode regulator feedback input and supply input for integrated VDD5 and
VDD3/5 regulators

28 SDN6 PWR Switching node for VDD6 switch mode regulator

29 VBATP PWR Battery (supply) voltage (must be reverse protected), main power supply input for device

30 IGN | Wake-up input from ignition (key) or other source (internal pulldown)

31 SEL VDD3/5 | Input selects voltage level for VDD3/5 regulator (SEL_VDD3/5 pin open: 3.3-V regulation

— from VDD3/5; SEL_VDD3/5 pin to GND: 5-V regulation from VDD3/5)

Enable output signal for peripherals (for example, motor-driver IC), safing path output

32 ENDRV O - :
(internal pullup, open drain output)

— Thermal pad — Place thermal vias to large ground plane and connect to GND and PGND pins.
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4 Specifications

4.1 Absolute Maximum Ratings
Over operating free-air temperature range (unless otherwise noted)®®

POS MIN MAX | UNIT
M1.1 Protected-battery voltage VBATP, VBAT_SAFING, VSIN -0.3 40 \%
lesser
of
M1.2 | Charge-pump voltage vcPp, cp1® -0.3 VBATP | V
+ 16 or
52

M1.3 \(/:g}?argg-pump pumping capacitor cP2 03 40 v
M1.3a | Charge-pump overdrive voltage vCPR-VBATP -0.3 16 v
M1.4 VDD6 switching-node voltage SDN6 -0.3 40 \Y
M1.5 VDD6 output voltage VDD6 -0.3 40 \Y
M1.6 VDD5 output voltage VDD5 -0.3 Y
M1.7 VDD3/5 output voltage VvDD3/5 -0.3 \Y
M1.8 VDD1_G voltage VDD1_G -0.3 15 \%
M1.10 |VDD1_SENSE voltage VDD1_SENSE -0.3 7 \%
M1.11 | Sensor supply tracking voltage VTRACK1 -0.3 40 \Y
M1.12 fseeer(‘jsb‘;rcf(“\f’g’l't);;é‘tp“t and VSOUT1, VSFB1@ -2 18 | v
M1.14 6;?;deldigital reference output DIAG_OUT 03 7 vV
M1.15 Logic 10 voliage \S/BEPI(ORESEQI_EQ_IF}NVDI ENDRYV, NRES, NCS, SDI, SDO, 03 7 v
M1.16 SEL_VDD3/5 -0.3 40 \%
M1.17 | IGN wakeup IGN -7 40 \%
M1.18 | CAN wakeup CANWU -0.3 40 \%
M1.19 | Operating virtual junction temperature, T; 150 °C

Storage temperature, Tgyg -65 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended
Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) All voltage values are with respect to the network ground pin unless otherwise noted.
(3) VCP and CP1 are output pins, no external voltage should be applied to these pins. Absolute Maximum ratings for these pins are what

may appear on the pins.

(4) VSOUTL1 is connected to VSFB1 directly (for unity gain) or through resistor divider (tracking mode gain or non-tracking mode output
voltage adjusting). In case of a short to supply fault, the voltage on VSOUTL1 is equal to the supply to the device (VBATP,
VBAT_SAFING, and VSIN where VSIN is connected to VBATP as it's supply instead of VDD6) and VSFBL1 voltage will follow VSOUT1
based on the use case, directly (for unity gain) or via resistor divider (tracking mode gain or non-tracking mode output voltage adjusting).

4.2 ESD Ratings

POS. VALUE UNIT
M1.21 nggf (elxsc)ept VSOUT1 (17) and +2000
Human body model (HBM), per AEC Q100-002® -
M1.20 Electrostatic On sensor supply pins VSOUT1 (17) +4000
: V(eso) discharge and VSFB1 (15) B v
M1.22 . Corner pins (1, 16, 17, and 32) +750
Charged device model (CDM), per AEC Q100-011 -
M1.23 All pins +500
(1) AEC Q100-002 indicates that HBM stressing is done in accordance with the ANSI/ESDA/JEDEC JS-001 Specification.
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4.3 Recommended Operating Conditions
Over operating temperature range and with respect to the GND and PGND (GND = PGND) pins (unless otherwise noted)

POS MIN  MAX| UNIT
M1.20a | Operating ambient temperature, Tp —40 125 °C
R1.1 Minimum input supply voltage on VBATP for initial power up (POS 6.2, VBATP_UV,,,)M® 5.8 \%

Input supply voltage on VBATP @)

«  To support operation when VBATP is between 5.8 V and 7 V, the device remains functional. Some rails can be in
dropout or undervoltage depending on actual input supply and the configuration of the specific regulator.

« VDD6 can be in dropout mode (100% duty cycle)

«  VDD3/5 configured for 5-V output can be in dropout. If the output reaches VDD3/5_UV threshold, the device

R1.2 transitions to the RESET state because of a VDD3/5 undervoltage event. If VDD3/5 is configured for 3.3-V output 58 340 v
it remains functional.

« VDDS5 can be in dropout. If output reaches the VDD5_UV threshold, the device indicates the undervoltage event
through the VDD5_UV status bit.

¢« VSOUT1 can be in dropout depending on configuration. If output reaches VSOUT1_UV threshold, the device
indicates the undervoltage event through the VSOUT1_UV status bit.

Input supply voltage on VBATP after initial power up, functional operation during low input supply voltage events, (POS
6.1, VBATP_UVy): D ®

¢ The device remains functional. Some rails can be in dropout or undervoltage depending on actual input supply
and the configuration of the specific regulator.
« VDDE6 is in dropout mode (100% duty cycle).

R1.3 « VDD83/5 configured for 5-V output can be in dropout. If the output reaches VDD3/5_UV threshold, the device 45 58 v
' transitions to the RESET state because of a VDD3/5 undervoltage event. If VDD3/5 is configured for 3.3-V output ' '
it remains functional.

« VDDS5 can be in dropout. If the output reaches VDD5_UV threshold, the device indicates the undervoltage event
through the VDD5_UV status bit.

¢« VSOUT1 may be in dropout depending on configuration, if output reaches VSOUT1_UV threshold the device
indicates the undervoltage event through the VSOUT1_UV status bit.

R1.4 VDDIO supply-voltage range 3.3 5 \%

Current consumption in standby mode (all regulator outputs disabled) 75 LA
IGN =0V, CANWU =0V, 5.8V <VBAT <20V for T; < 85°C or 5.8 V < VBAT £14 V tor T; = 125°C

(1) VBATP should be connected to VBAT_SAFING.

(2) VBAT_SAFING has a supply high enough to power the VMON block and internal rail AVDD_VMON above AVDD_VMON_UV.

(3) The device may power up when VBATP is less than 5.8 V, but it will always power up when VBATP is 5.8V or greater, while
VBAT_SAFING has a supply high enough to power the VMON block and internal rail AVDD_VMON above AVDD_VMON_UV.

(4) Under slow VBAT ramp-down and when VDD3/5 rail is configured as a 5-V rail, the NRES output can be pulled low when VBAT is at
approximately 6.3 V. This occurs because of an undervoltage transient on the VDD3/5 rail.
Under slow VBAT ramp-up and when VDD3/5 rail is configured as a 5-V rail, the NRES output can be pulled low when VBAT is at
approximately 6.6 V. This occurs because of an undervoltage transient on VDD3/5 rail. Under similar conditions, undervoltage transients
are observed on VDD5 and VSOUTL1 rails (refer to Device Behavior Under Slow VBAT Ramp-Up and Ramp-Down).

(5) The recommended maximum operating voltage for VBATP and VBAT_SAFING is listed as 34 V, just below the overvoltage detection
thresholds for VBATP, VBATP_OV,ise and VBATP_OV4,. TI recommends enabling overvoltage detection on VBATP (default is enabled,
MASK_VBATP_OV = 0). Tl also recommends evaluating the thermal and power dissipation of the device in the application and ensure
the design has adequate thermal management for operation at the necessary supply voltage level.

(6) The device will remain on if VBATP drops from 5.8V down to VBATP_UV threshold or another voltage monitor detects an
undervotlage on a specific rail and changes the device state. VBAT_UV can be detected at 4.5 V but could be detected as low as 4.2
V. VBAT_SAFING has a supply high enough to power the VMON block and internal rail AVvDD_VMON above AVDD_VMON_UV.
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4.4 Thermal Information

TPS65381-Q1
THERMAL METRIC® DAP (HTSSOP) UNIT
32 PINS
Rgia Junction-to-ambient thermal resistance 26.3 °C/W
Rojctop) Junction-to-case (top) thermal resistance 141 °C/W
Rgis Junction-to-board thermal resistance 6 °C/W
WIT Junction-to-top characterization parameter 0.2 °C/W
viB Junction-to-board characterization parameter 6.2 °C/W
Rosc(bot) Junction-to-case (bottom) thermal resistance 0.5 °C/W

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report.

Power Dissipation (W)

N,
»

Ambient Temperature (T)

(1) In applications where high power dissipation and/or poor package thermal resistance is present, the maximum ambient temperature
may have to be derated. Maximum ambient temperature (Tamax) is dependent on the maximum-operating junction temperature
(Tymax), the maximum power dissipation of the device in the application (Ppmax), and the junction-to-ambient thermal resistance of
the part/package in the application (Rg;a), as given by the following equation: Tamax = Tjmax — (Rgja X Ppmax).

(2) Maximum power dissipation is a function of Tymax, Rgja, and Ta. The maximum-allowable power dissipation at any allowable
ambient temperature is Pp = (Tjmax — Ta) / Rgja.

Figure 4-1. Derating Profile for Power Dissipation Based on High-K JEDEC PCB

Copyright © 2012-2017, Texas Instruments Incorporated Specifications 31
Submit Documentation Feedback
Product Folder Links: TPS65381-Q1


http://www.ti.com/product/tps65381-q1?qgpn=tps65381-q1
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVSBC4G&partnum=TPS65381-Q1
http://www.ti.com/product/tps65381-q1?qgpn=tps65381-q1
http://www.ti.com/lit/pdf/spra953

Not Recommended for New Designs

I} TEXAS
TPS65381-Q1 INSTRUMENTS
SLVSBC4G —MAY 2012—REVISED JUNE 2017 www.ti.com

45 Electrical Characteristics

Over operating ambient temperature T, = —40°C to the maximum-operating junction temperature T; = 150°C, and with
VBATP = VBAT_SAFING in the recommended operating range (see R1.2 in Section 4.3) (unless otherwise noted)

‘POS ‘ PARAMETER ‘ TEST CONDITIONS ‘ MIN TYP MAX‘ UNIT ‘
VDD6-BUCK WITH INTERNAL FET

AN Cypps Value of output ceramic capacitor® ESR range 100 mQ to 300 mQ® 22 47 uF
AN Lvoos Value of inductor 22 33 HH

Average DC value excluding ripple and load transients, VBAT
>7V, 0<Ilypps < 1.3 A, including dc line and load regulation,

11 VDD VDD output voltage temperature drift, and long-term drift where VBAT = VBATP = 54 6 66 v
VBAT_SAFING
» . Peak-to-peak, ensured by design
l.la | VDD6jppe VDD6 ripple voltage VBATP = VBAT_SAFING = 14 V, L = 33 iH, C = 22 jF 200 mV
1.2 lypps VDD6 output current lypps + lvppass + vopit vsour1® 1.3 A
13 v VDD6 output dropout voltage Vgopous = (VBATP — lyops = 1.3 A 0.6 v
: dropout6 SDN6) (example: Rpg(ony = 0.46 Q) :

1.4 |lypps jimit Peak current out of SDN6 pin® 15 25 A
15 | fex voos Clock Frequency © 396 440 484 kHz
0<lypps<1.3A

1.6 DCypps tontperioa VDD6 enters dropout mode (100% duty cycle) for VBATP < 7 7%© 100%
\Y
1.7 | Tprotypps Temperature protection threshold ™ 175 210, °C
VDD5 — LDO WITH INTERNAL FET
AN Cyops Value of output ceramic capacitor ESR range 0 mQ to 100 mQ 1 5 pF
2.1 |VDD5 VDD5 output voltage® 0 < lypp5 < 300 MA 4.9 5 51 V
VDD5 output current, including load from the internal
22 voos resistor of 660 Q (typical) 300 mA
2.3 VDD5gy, VDD5 output voltage dynamic Load step 20% to 80% in 5 ps, with Cypps = 5 UF 4.85 5 5.15 \%
Maximum VDDS5 output voltage during VBATP step _
24 |VDDSpax from 5.5 V to 13.5 V within 10 us Cvops = 5 UF, lvops < 300 mA 55 v
25 Veropous xggg)output dropout voltage Vropous = (VDD6 — lvops < 300 MA 03 v
- - 50 < f < 20 kHz, VBATP =10V, U = 4 Vpp,
2.6 PSRRypps Power supply rejection ratio Cuops = 5 11F, 0 < lypps < 300 mA > 40 dB
) ) 0 < lypps < 300 MA,
2.7 LnRegypps Line regulation (lypps constant) 8V < VBATP < 19 V -25 25 mv
) 0 < lypps < 300 MA,
2.8 LdRegypps Load regulation (VDD6 constant) 8V < VBATP < 19 V -25 25 mv
2.9 TmpCoypps Temperature drift Normalized to 25°C value —0.5% 0.5%
2.11 | dvDD5/dt dV/dt at VDD5 at startup Between 10% and 90% of VDD5 end-value 5 50 V/ms
2.13  Tprotypps Temperature protection threshold® 175 210 °C
214 lypps jimit Current-limit®® 350 650 mA

(1) Capacitance is effective capacitance after derating for operating voltage, temperature, and lifetime.

(2) ESRis total effective series resistance of the capacitors and if necessary added series resistor.

(3) Ivpps is the load current from VDD5, VDD3/5, VDD1 and VSOUT1 on VDDG6 regulator; VDD6 is not recommended to be loaded directly
for applications or peripherals that cannot operate with wider tolerance and ripple since VDD6 is a pre-regulator. However, LDOs or DC-
DC conv

erters may be connected directly as along as the total load current on VDDS, |yppg, does not exceed the specification for VDD6 load
current.
(4) VDD6 current limit is based on the peak current through SDN6 switch, it will not directly correspond to an average current limit.

(5) Actual switching on SND6 depends on whether output voltage on VDD6 is above or below hysteretic PWM comparator threshold at the
moment of the rising edge of the F¢x vpps clock. If no switching is needed when the risking edge of the F. vpps clock occurs, SDN6
will not switch on. SDNG6 turn off is determined by the hysteretic PWM comparator threshold, when the actual VDD6 voltage is above the
threshold SDN6 will turn off.

(6) When the VDD6 control loop turns the SDN6 switch on at the rising edge of a fclk_VDD6 clock cycle, SDN6 will remain on with a
minimum duty cycle of 7%. However, if the control loop skips a clock cycle the duty cycle will be 0% for that fclk_VDD6 clock cycle.

(7) Protection of VDD, shared with VDD3/5 overtemperature protection.

(8) VDDS5 output regulation includes line and load regulation, temperature drift.

(9) Protection of VDD5. In case of detected overtemperature, only VDD5 will be switched off.

(20) lypps iimit current limit has snap back behavior. During a short circuit condition, a transient current higher than the maximum will occur
until the current limit snaps back into the specified range.
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Electrical Characteristics (continued)

Over operating ambient temperature T, = —40°C to the maximum-operating junction temperature T; = 150°C, and with
VBATP = VBAT_SAFING in the recommended operating range (see R1.2 in Section 4.3) (unless otherwise noted)

POS | PARAMETER TEST CONDITIONS . MIN TYP MAX UNIT
VDD3/5 — LDO WITH INTERNAL FET
AN Cyppars Value of output ceramic capacitor ESR range 0 mQ to 100 mQ 1 5 pF
3.1a VDD3/5 output voltage, 3.3-V Setting 3.234 3.3 3.366
VDD3/5 SEL_VDD3/5 pin: open = 3.3 V setting, ground =5V |0 < lyppgs < 300 mA \%
3.1b setting 5-V Setting 4.9 5 51
VDD3/5 output current, including load from the internal
3.2 Ivop3ass resistor of 440 Q (typ.) for 3.3 V setting or 660 Q (typ.) 3000 mA
for 5 V setting®?
zzz VDD3/54y, VDD3/5 output voltage dynamic é?,:ggztip:l?;ﬂ) e B wl zi\é Se-mng 319 33 343 \%
R -V Setting 4.85 5 5.15
i i 3.3-V Settin 3.6
3.4 VDD3/5,ax ?:I::]Irgusmv\{g?sslg \C;uvl\ﬁtl#":,ilgags during VBATP step Cuyopais = 5 MF, lyppzs < 300 mA 5.V Setting 9 55 v
35 | Vdropout3/s E/V%[?é‘r_’\%g);}g"p‘)”t voltage Vdropout3/s = lvopas < 300 MA 03 Vv
3.6 PSRRypp3ss Power-supply rejection ratio g?/;:{:zzg E:Z(‘)\g'j;z:jgo\g#: 4Vep > 40 dB
3.7  |LnRegyvopss Line regulation (lypps constant) g \</ l;’”sg;:_so(olrgﬁl -25 25 mv
3.8 LdRegyop3is Load regulation (VDD6 constant) g \</ 'ZD%SA;SZOF;Q/ -25 25 mVv
3.9 TmpCoyppass Temperature drift Normalized to 25°C value -0.5% 0.5%
311 |dvDD3S/dt dV/dt at VDD3/5 at start-up Between 10% and 90% of VDDy/5 33"V Seting s %0 Vims
end-value 5.V Setting 5 50
3.13  Tprotyppas Temperature protection threshold*? 175 210, °C
314 |lvopass.jmit Current-limit®® 350 650 mA
3.15 |lpy_seL_vopass Pullup current on SEL_VDD3/5 pin 200 pA
VDD1 - LDO WITH EXTERNAL FET
AN Vgs(th) Gate threshold voltage, external FET ID=1mA 0.3 3 \%
AN Ciss Gate capacitance, external FET VGS=0V 3200 pF
AN Qgate Gate Charge, external FET VGS=0Vto10V 70 nC
AN ofs Forward transconductance, external FET ID =50 mA 0.4 S
AN Cybp1 Value of output ceramic capacitor ESR range 0 mQ to 100 mQ 5 40/ pF
a1 VDD1 V_D_Dl output voltage, depends on external resistive 0.8 3.3 v
divider
4.2  VDDlgense VDD1 reference voltage ™ 10 MA < lypp; < 600 MA 0.792 0.8 0.808 V
4.2a |VDDlsgnse_pias Bias current of VDD1ggnse —6.6 -10
4.3 Ivop1 VDD1 output current Minimum current realized with external resistive divider 10 600, mA
4.4 VDD1g VDD1_G output voltage Referenced to GND 15 \%
4.5 VDD1g_off VDD1_G voltage in OFF condition 20 pA into VDD1_G pin 0.3 \Y
4.6 |_VDD1g VDD1_G DC load current 200
47 VDDl VDD1 output voltage dynamic Load step 10% to 90% in 1 us, with CVDD1 = 40 uF®® + 4%
VDD1 = 0.8-V output 0.898
48 VDDl ?r";‘:]";“smv\{o')'f;g‘i}pvlv‘i‘ﬂ‘]’if]'tfgig”””g VBATPSIep | > 6 WF, lyppi< 600 MA VDD1 = 1.23-V output 1287V
VDD1 = 3.3-V output 3.435
49  PSRRypos Power-supply rejection ratio 33;: > 5:2'1(\)/ BATP I\:/le(: PSR > 40 dB
4.10 |LnRegypp1 Line regulation on VDD1_SENSE (lypp; constant) 10 mA < ypp1< 600 mA, 8 V< VBATP <19V -7 77 mv
4.11 | LdRegypp1 Load regulation on VDD1_SENSE (VDD6 constant) 10 mA < lyppl <600 MA, 8 V < VBATP <19V -7 7 mv

(11) Less than 50% of maximum loading of lypps/s should be placed on the VDD3/5 regulator before NRES goes high during device power
up.

(12) Protection of VDD3/5, treated as global overtemperature (shutdown for all regulators).

(13) Ivppass_jimit current limit has snap back behavior. During a short circuit condition, a transient current higher than the maximum will occur
until the current limit snaps back into the specified range.

(14) VDDL1 regulation including line and load regulation, temperature drift and long-term drift. Does not include tolerance of resistor divider to
set VDD1 output voltage.

(15) VDD1yy, will depend on external FET choice
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Electrical Characteristics (continued)

Over operating ambient temperature T, = —40°C to the maximum-operating junction temperature T; = 150°C, and with

VBATP = VBAT_SAFING in the recommended operating range (see R1.2 in Section 4.3) (unless otherwise noted)

POS | PARAMETER ‘ TEST CONDITIONS . MIN TYP  MAX UNIT
4.12 | TmpCoyppy Temperature drift Normalized to 25°C value -0.5% 0.5%
4.14 |dvDD1/dt dV/dt at VDD1_SENSE at start-up Between 10% and 90% of VDD1 end-value 0.8 8/ V/ms
VSOUT1 - LDO WITH PROTECTED INTERNAL FET
AN Cysoutt Value of output ceramic capacitor ESR range 0 mQ to 100 mQ 0.5 10, pF
5.1 VSOUTL V_S_OUTl output yoltage, depend_s on external resistive 33 95 v
divider and tracking or non-tracking mode
For tracking mode:
5.2 MVysout1 Matching output error MVygoyr1 = 0 < lysoyrz < 100 mA -35 35 mv
(VTRACK1 — VSFB1)@®
53 VSFB1 For non-tracking mode: VSOUT1 reference voltage®” |10 mA < lygoyr: < 100 mA 2.45 2.5 255 VvV
Threshold for selecting tracking/non-tracking mode
5.3a | VTRACK1, (VTRACK1 > VTRACK 1y, max V for tracking mode, 11 1.2 13 VvV
VTRACK1 < VTRACKL, min V non-tracking mode)
5.3b | VTRACK1y Internal pulldown resistance on VTRACK1 pin 100 kQ
VSOUT1 output current, including internal resistor to
54 vsoun dissipate minimum current®® 100)  mA
55 VdrS1 VSOUT1 dropout voltage VdrS1 = (VSIN-VSOUT1) 0 < lysoyrz < 100 mA 0.75 \Y
With VTRACK1 = GND, VSOUT1 = 4.5V,
I . 50 < f < 20 kHz,
5.6 PSRRysout1 Power-supply rejection ratio VSIN =10V, U= 4 Vpp > 40 dB
Cysour1 = 1 pF, 0 < lysoyrs < 100 MA,
57 LnRegysouty Line regulation (lysoyri constant) 0 < lysoyut1 <100 MA, 8 V< VSIN <19V -25 25/ mv
5.8 LdRegysout1 Load regulation (VSIN constant) 0 < lysoyr1 <100 MA, 8 V< VSIN <19 V -35 35 mv
5.9 TmpCoysout1 Temperature drift Normalized to 25°C value -0.5% 0.5%
511 VSOUT1gy Output short circuit voltage range VSOUT1 (VSFB1 configured for regulation)®® -2 18 Vv
512  —lygn Output reverse current VSOUTL1 =14 V and VBATP =0V, regulator switched off 200 mA
5.13  Tprotysour: Temperature protection threshold?? 175 210 °C
5.14  |lysouts_iimit Current-limit 120 5000 mA
VOLTAGE MONITORING
VBATP and VBAT_SAFING level for indication by _
6.1  VBATP_UV VBAT UV comparftor@ VBATP = VBAT_SAFING 42 45 VvV
VBATP and VBAT_SAFING level for indication by _
6.2 | VBATP_UV,, VBAT UV comparitor@ VBATP = VBAT_SAFING 54 58 V
6.3 VBATP_UVys Undervoltage hysteresis VBATP = VBAT_SAFING 11 14 \Y
6.4  VBATP_OVg VBATP level for setting VBAT_OV flag®@? VBATP = VBAT_SAFING 34.7 36.7 V
6.5 |VBATP_OVy VBATP level for clearing VBAT_OV flag®) VBATP = VBAT_SAFING 34.4 363 V
6.8 VDDS5 undervoltage level VBATP = VBAT_SAFING 45 4.85 \Y
VDD5_UV
6.8a Hysteresis VBATP = VBAT_SAFING 140 mV
VDDS5 undervoltage headroom (VDD5act — _
6.9 VDD5_UVheaq VDDS5_UVact) VBATP = VBAT_SAFING 200 mv
6.10 VDDS5 overvoltage level VBATP = VBAT_SAFING 5.2 5.45 \%
VDD5_OV
6.10a Hysteresis VBATP = VBAT_SAFING 140 mV
611 VDD5_OVipug VDDS5 overvoltage headroom (VDD5_OVact — VBATP = VBAT_SAFING 200 mv
VDD5act)
(16) Referenced to VTRACKZ1 input, including long-term and temperature drift.

(17) VSOUTL1 including line and load regulation, temperature drift and long-term drift.
(18) VSOUT1 maximum power dissipation for the internal FET must not exceed 0.6 W to avoid overtemperature. Special consideration must
be taken for output voltages greater than 5 V and when VBATP is used to supply VSIN instead of VDD6.

(19) VSOUTL1 is connected to VSFB1 directly (for unity gain) or through resistor divider (tracking mode gain or non-tracking mode output
voltage adjusting). In case of a short to supply fault, the voltage on VSOUTL1 is equal to the supply to the device (VBATP,
VBAT_SAFING, and VSIN where VSIN is connected to VBATP as it's supply instead of VDD6) and VSFBL1 voltage will follow VSOUT1
based on the use case, directly (for unity gain) or via resistor divider (tracking mode gain or non-tracking mode output voltage adjusting).

(20) Protection of VSOUT1 Sensor Supply. Only VSOUT1 switch-offs off.

(21) VBATP_UV¢ and VBATP_UV,, are the threshold levels for VBATP where UV will be indicated by the VBAT_UV bit in VMON_STAT_1
register. The VBATP level that will allow device power up is outlined by R1.1.

(22) Brings device into the RESET state and sets flag in SPI

(23) Clears flag in SPI
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Electrical Characteristics (continued)

Over operating ambient temperature T, = —40°C to the maximum-operating junction temperature T; = 150°C, and with
VBATP = VBAT_SAFING in the recommended operating range (see R1.2 in Section 4.3) (unless otherwise noted)

POS | PARAMETER ‘ TEST CONDITIONS . MIN TYP  MAX UNIT
3.3-V setting 3 3.17
6.12 VDD3/5 undervoltage level VBATP = VBAT_SAFING \%
‘ 5-V setting 4.5 4.85
VDD3/5_UV
3.3-V setting 100
6.12a Hysteresis VBATP = VBAT_SAFING . mV
‘ 5-V setting 140
3.3-V setting 155
613 VDD3/5_UVhead YPD3/5 undervoltage headroom VBATP = VBAT_SAFING mv
‘ (VDD3/5act — VDD3/5_UVact) 5V setting 200
3.3-V setting 3.43 3.6
VDD5_3 overvoltage level VBATP = VBAT_SAFING \Y
5-V setting 5.2 55
VDD3/5_OV
3.3-V setting 100
Hysteresis VBATP = VBAT_SAFING . mV
6.14a 5-V setting 140
3.3-V setting 170
615 VDD3/5_Uvhead YPD3/5 undervoltage headroom VBATP = VBAT_SAFING mv
‘ (VDD3/5_OVact — VDD3/5act) 5V setting 200
VBATP = VBAT_SAFING. Sensed on VDD1_SENSE pin.
6.16 VDD1 undervoltage level Relative thresholds are with respect to nominal 800-mV 752 784 mVv
VDD1ggnse (POS 4.2)
VDD1_UV
VBATP = VBAT_SAFING. Sensed on VDD1_SENSE pin.
6.16a Hysteresis Relative thresholds are with respect to nominal 800-mV 10 mV
VDD1SENSE (Pos 4.2)
VBATP = VBAT_SAFING. Sensed on VDD1_SENSE pin.
6.17 VDD1 overvoltage level Relative thresholds are with respect to nominal 800-mV 816 848 mVv
VDD1SENSE (Pos 4.2)
VDD1_OV
VBATP = VBAT_SAFING. Sensed on VDD1_SENSE pin.
6.17a Hysteresis Relative thresholds are with respect to nominal 800-mV 9 mV
VDD1SENSE (Pos 4.2)
Sensed on VSFB1 pin. Relative thresholds (ratio) are:
. For non-tracking mode, with respect to nominal 2.5-V
VSFBL (Pos 5.3) VSOUT
6.19 |VSOUT1_UuVv VSOUT1 undervoltage level . For tracking mode, with respect to voltage applied on 0.88 0.94 1
VTRACK1 pin
. In tracking mode, VSOUT1_UV comparator output is
valid for VTRACK1 DC condition
Sensed on VSFBL1 pin. Relative thresholds (ratio) are:
. For non-tracking mode, with respect to nominal 2.5-V
VSFBL1 (Pos 5.3) VSOUT
6.20 | VSOUT1_OV VSOUT1 overvoltage level . For tracking mode, with respect to voltage applied on 1.06 1.12 1
VTRACK1 pin
. In tracking mode, VSOUT1_OV comparator output is
valid for VTRACK1 DC condition
VDD6 undervoltage level?¥ 5.2 54 V
VDD6_UV -
6.22a Hysteresis 115 mV
VDD6 overvoltage level®® 7.8 82 V
VDD6_OV
6.23a Hysteresis 115 mV
IGNITION AND CAN WAKE-UP
7.1 IGN_WUP IGN wake-up threshold® VBATP = VBAT_SAFING =12 V 2 3 Vv
7.2 CAN_WUP CAN wake-up threshold @ VBATP = VBAT_SAFING =12 V 2 3 \%
7.3 WUP_hyst Wake-up hysteresis VBATP = VBAT_SAFING =12 V 50 2000 mv
. IGN pin at 36 V,
7.4 I_IGN IGN pin forward leakage current VBATP = VBAT_SAFING = 12V 50/ pA
75 I_IGN_rev IGN reverse current IGN at -7 V, VBATP = VBAT_SAFING =12 V -1 mA
. CANWU pin at 36 V,
7.7 I_CANWU CANWU pin forward leakage current VBATP = VBAT_SAFING = 12V 50 pA
7.8 I_CAN_rev CANWU reverse current CANWU at -0.3 V, VBATP = VBAT_SAFING =12 V mA
CHARGE PUMP
AN Coump Pumping capacitor (between CP1 and CP2) 10 nF
AN Cstore Storage capacitor (between VCP and VBATP) 100 nF
81  |VCP,, VCP output voltage in on-state VBATP > 5.8V VBATP VBf‘le v
8.2 lep External load Load coming from Rgg of Reverse Battery Protection 100/ pA

(24) Information in SPI register only
(25) For device wake up, VBATP and VBAT_SAFING must be operating range, Recommended Operating Conditions R1.1 and R1.3a, and
then a level on either IGN or CANWU to allow the device to start up, especially when VBATP and VBAT_SAFING are ramping.
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Electrical Characteristics (continued)

Over operating ambient temperature T, = —40°C to the maximum-operating junction temperature T; = 150°C, and with
VBATP = VBAT_SAFING in the recommended operating range (see R1.2 in Section 4.3) (unless otherwise noted)

POS | PARAMETER ‘ TEST CONDITIONS . MIN TYP  MAX UNIT
8.3 fep Charge-pump switching frequency 225 250 275 kHz
RESET AND ENABLE OUTPUTS
9.1 VNRES_ENDRV_L NRES / ENDRYV low-output level With external 2-mA open-drain current 0.2 \Y
9.2 Rnres_enorv_putup NRES / ENDRYV internal pullup resistance 3 6  kQ
9.2a  Rpsion) enorv_nrRes  Rosn) NRES/ENDRV pulldown transistor 40 Q

Value of external reset extension resistor,
9.3 RRrstexT in case of open-connect, device stays in RESET 0 22 kQ

state®®
9.5 VENDRV_NRES_TH ENDRYV and NRES input readback logic 1 threshold Read-back muxed to DIAG_OUT pin 350 400 450 mVv
DIGITAL INPUT / OUTPUT
101 V. Digital input, high level for NCS, SDI, SCLK, > v

: DIGIN_HIGH ERROR/WDI and SEL_VDD3/5

Digital input, low level for NCS, SDI, SCLK,
102 Voien Low ERROR/WDI and SEL_VDD3/5 08 Vv

Digital input hysteresis for NCS, SCI, SCLK and
103 Vo st ERRORMDIE) 0.1 v

; o BG1 selected on AMUX, < 200 nA current in or out of
10.4  Rpiacout_amux Output resistance at DIAG_OUT pin in AMUX mode DIAG_OUT pin 15 kQ
105 |Vpisout HicH Digital output, high level@® lout = —2 MA (out of pin) VDDI%; Vv
106 |Vpicout Low Digital output, low level@® lout = 2 MA (into pin) 02 V
SERIAL PERIPHERAL INTERFACE
13.12 Rpy ue Internal pullup resistor on NCS input pin 40 70 100, kQ
13.13 |RpuL_bown Internal pulldown resistor on SDI and SCLK input pins 40 70 100/ kQ
(26) The maximum resistance recommend for RSTEXT to ground is 120 kQ.
(27) SEL_VDD3/5 is sampled and latched at device power up hysteresis, Vpigin_HysT » does not apply.
(28) For pins SDO and DIAG_OUT in DMUX mode.
4.6 Timing Requirements
Over operating ambient temperature T, = —40°C to the maximum-operating junction temperature T, = 150°C, and VBATP =
VBAT_SAFING in the recommended operating range (see R1.2 in the Section 4.3) (unless otherwise noted)
‘POS ‘ ‘ MIN NOM MAX‘ UNIT
VDD5 — LDO WITH INTERNAL FET
Maximum delay between rising edge on
2.12 tdelayvpDSs VDDS voltage stabilization delay CANWU pin until VDD5 reaches the end-value 5 ms
within 2%
VDD3/5 — LDO WITH INTERNAL FET
I Maximum delay after CANWU wakeup for
3.12 tyopass VDD3/5 voltage stabilization delay VDD3/5 output to settle 5 ms
VDD1 - LDO WITH EXTERNAL FET
I Maximum delay after CANWU wakeup for

4.15 tdelayvoD1 VDD1 voltage stabilization delay VDD output to settle 5 ms
VOLTAGE MONITORING
6.7 VBATP qoqien :i/rﬁeATP undervoltage and overvoltage monitor deglitch 180 240® 260 us
6.18 VDDx_deglitch :i/nlizg)x undervoltage and overvoltage monitor deglitch 10 20 us
6.21 VSOUT1_deglitch :i/rife)UTl undervoltage and overvoltage monitor deglitch 10 40 us
IGNITION AND CAN WAKE-UP (IGN AND CANWU)
7.6 IGN_deg IGN deglitch filter time 75 22 ms
7.9 CANWU_deg CANWU deglitch filter time 100 350 Hs
RESET AND ENABLE OUTPUTS
9.4 tRsTEXT(22k02) Reset extension delay 22 kQ 4.05 4.5 4.95 ms
9.4a trsTEXT(OKY) Reset extension delay 0 kQ 0.98 14 1.89 ms

INTERNAL SYSTEM CLOCK

(1) 240 ps for VBAT-UV deglitch and 260 ps for VBAT-OV deglitch
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Timing Requirements (continued)

Over operating ambient temperature T, = —40°C to the maximum-operating junction temperature T; = 150°C, and VBATP =
VBAT_SAFING in the recommended operating range (see R1.2 in the Section 4.3) (unless otherwise noted)

Pos ‘ . MIN  NOM  MAX UNIT
11.1 fsysclk System clock frequency @ 3.8 4 42 MHz
WINDOW WATCHDOG

Deglitch time on ERROR/WDI pin for watchdog-trigger

12.2 twp_puise input signal 14.25 30 32 us
SERIAL PERIPHERAL INTERFACE TIMING®)
VDDIO = 3.3V 5@
131 fse SPI clock (SCLK) frequency MHz
‘ VDDIO =5V 6
VDDIO =3.3V 200
13.2 tspr SPI clock period ns
‘ VDDIO =5V 167
13.3 thigh High time: SCLK logic high duration 85.7 ns
134 tiow Low time: SCLK logic low duration 45 ns
Setup time NCS: time between falling edge of NCS and
135 Lues rising edge of SCLK 45 ns
Setup time at SDI: setup time of SDI before the falling See Figure 4-2
137 Lusi edge of SCLK 15 ns
Hold time: time between the falling edge of SCLK and
13.9 thes rising edge of NCS 45 ns
13.10 e SPI transfer inactive time (time between two transfers) 788 ns

during which NCS must remain high

(2) The system clock is also used to derive the clock for the watchdog timer, so the system clock tolerance also impacts the watchdog-timer
tolerance.

(3) Capacitance at Cspo = 100 pF

(4) MAX SPI Clock tolerance is +10%

4.7 Switching Characteristics

Over operating ambient temperature T, = —40°C to the maximum-operating junction temperature T; = 150°C, and VBATP =
VBAT_SAFING in the recommended operating range (see R1.2 in Section 4.3) (unless otherwise noted)

SDo , ,(

X

Figure 4-2. SPI Timing Parameters

Pos | PARAMETER | TESTCONDITIONS | MIN  TYP MAX| UNIT
Serial Peripheral Interface Timing®
Delay time: time delay from falling edge of NCS to SDO
136 | ta transitioning from tri-state to 0 533| ns
138 |ty Delay time: time delay from rising edge of SCLK to data valid See Figure 4-2 0 85.7 ns
at SDO
) Tri-state delay time: time between rising edge of NCS and
1311 |ty SDO in tri-state 533 ns
(1) Capacitance at Cgpo = 100 pF
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Figure 4-3. SPI SDO Buffer Source and Sink Current
4.8 Typical Characteristics
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Figure 4-4. VDD6 BUCK Efficiency
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5 Detailed Description

5.1

5.2

KL30 (Battery) VBATP

VDD6 ’
3.3t095YV, VSOUTL ensor

100 mA <4
_T_ Int. B2B FET

Overview

The device integrates an asynchronous-buck switch mode power-supply converter with an internal FET
that converts the input battery voltage to a 6-V preregulator output, which supplies the integrated
regulators.

A fixed 5-V linear regulator with an internal FET is integrated to be used as, for example, a CAN supply. A
second linear regulator, also with an internal FET, regulates the 6 V to a selectable 5-V or 3.3-V MCU |/O
voltage. A linear regulator controller with an external FET and resistor-divider regulates the 6 V to an
externally adjustable core voltage of between 0.8 V and 3.3 V. A linear regulator with two different modes
of operation (tracking mode and non-tracking mode) with adjustable voltage between 3.3 V and 9.5 V can
be used as a supply for external sensor.

The device monitors undervoltage and overvoltage on all regulator outputs, battery voltage, and internal
supply rails. A second band-gap reference, independent from the main band-gap reference used for
regulation circuit, is used for undervoltage and overvoltage monitoring. In addition, regulator current-limits
and temperature protections are implemented.

The device supports wakeup from IGNITION or wakeup from a CAN transceiver.

Functional Block Diagram

VDD6 VDD5 VDD3/5 VDD1
6V 5V, 300 mA 3.30r5V, 300 mA 0.8t0 3.3V, 600 mA
Schottky A

EJ ' GND or vope
NoConnect

- gl

chottky § g ‘I I‘ E 8
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o] Charge | o Internal ¢ Internal
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y A A
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o ——————- e et e M i —— -
$ i |
| |
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|
|
|
s
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5.3
53.1

53.2

Feature Description

VDD6 Buck Switch-Mode Power Supply

The purpose of the VDD6 buck switch-mode power supply is to reduce the power dissipation inside the
device as a preregulator. The VDD6 supply regulates from the battery voltage (main supply) range to 6 V.
The VDD6 output is used as the input voltage for the VDD5, VDD3/5, VDD1, and can also be used for
VSOUT1 regulator depending on the required VSOUT1 output voltage. The VDD6 supply is intended as a
preregulator, therefore the output accuracy of VDD6 is less than the other integrated regulators. The
VDD6 current capability is set to supply the VDD5, VDD3/5, VDD1, and VSOUT1 regulators at their
respective maximum output currents. Power dissipation and thermal analysis should be performed to
ensure the PCB design and thermal management can support the required power dissipation in the
application.

This switch-mode power supply operates with fixed-frequency adaptive on-time control PWM. The control
loop is based on a hysteretic comparator. The internal N-channel MOSFET is turned on at the beginning
of each cycle if the sensed voltage on the VDD6 pin is below the hysteretic comparator threshold. When
the MOSFET is turned on, it is on for a minimum of 7% duty cycle (7% of fy vpps). This MOSFET is
turned off when the hysteretic comparator detects a voltage on the VDD6 pin above the threshold. The
VDD6 regulator may skip pulses if the output voltage remains above the hysteretic comparator when the
clock edge occurs. When the MOSFET is turned off, the external Schottky diode recirculates the energy
stored in the inductor for the remainder of the switching period. The VDD6 regulator enters dropout mode
(100% duty cycle) for a supply voltage below approximately 7 VV on the VBATP pin.

The internal MOSFET is protected from excessive power dissipation by a current-limit circuit. The VDD6
regulator also shares an overtemperature protection circuit with the VDD3/5 regulator. When
overtemperature is detected by this circuit, the device transitions to the STANDBY state (all regulators
switched off).

Because the control loop of the VDD6 regulator is based on a hysteretic comparator, the effective
capacitance on the output, and effective series resistance (ESR) of the output capacitance must be
considered. The effective capacitance of the output capacitors at the operating voltage (6 V, DC bias
derating), tolerance, temperature range, and lifetime must meet the effective capacitance range for VDD6
(Cvpps)- The capacitor supplier should provide the necessary derating data to calculate the effective
capacitance. The hysteretic comparator also requires a specified ESR to ensure balanced operation.
Typically low-ESR ceramic capacitors are used for the output, so an external resistor is required to bring
the total ESR into the specified ESR range for the Cypps. A general guideline to achieve balanced
operation is Rgsg = L / (15 % Cggrecive)- USing a higher-effective output capacitance allows for a lower ESR,
which leads to lower-voltage ripple. Additionally, the inductance influences the system: using a lower
inductance value allows for lower ESR, however, the peak inductor current will be higher.

VDDS5 Linear Regulator

The VDDS5 pin is a regulated supply of 5 V £2% overtemperature and battery supply range. A low-ESR
ceramic capacitor is required for loop stabilization. This capacitor must be placed close to the pin of the
device. This output is protected against shorts to ground by a current-limit. This output also limits output-
voltage overshoot during power up and during line or load transients.

On an initial IGN or CANWU power cycle, the soft-start circuit on this regulator is initiated, which is
typically from 1 ms to 2 ms. This output can require a larger output capacitor to ensure that during load
transients the output does not drop below the required regulation specifications.

The internal MOSFET is protected from excess power dissipation with junction-overtemperature
protection. In case of an overtemperature condition in the VDD5 pin, only the VDD5 regulator switches off
by clearing bit D4 in the SENS_CTRL register. To re-enable the VDD5 pin, bit D4 in the SENS_CTRL
register must be set again.
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5.3.3 VDD3/5 Linear Regulator

534

The VDD3/5 pin is a regulated supply of 3.3 V or 5 V £2% overtemperature and battery supply range. The
output voltage level is selected with the SEL_VDD3/5 pin (open pin selects 3.3 V, grounded pin selects
5 V). The state of this selection pin is sampled and latched directly at the first initial IGN or CANWU power
cycle. When latched, any change in the state of this selection pin after the first initial IGN or CANWU
power cycle does not change the initially selected state of the VDD3/5 regulator.

A low-ESR ceramic capacitor is required for loop stabilization. This capacitor must be placed close to the
pin of the device. This output is protected against shorts to ground by a current-limit. This output also
limits output-voltage overshoot during power up or during line or load transients.

On an initial IGN or CANWU power cycle, the soft-start circuit on this regulator is initiated, which is
typically from 1 ms to 2 ms. This output may require a larger output capacitor to ensure that during load
transients the output does NOT drop below the required regulation specifications.

The internal MOSFET is protected from excess power dissipation with a current-limit circuit and junction
overtemperature protection. In case of an overtemperature in the VDD3/5 pin, the TPS65381-Q1 device
enters the STANDBY state (all regulators switched-off).

VDDL1 Linear Regulator

The VDDL1 pin is an adjustable regulated supply from 0.8 V to 3.3 V. This regulator uses a +2% reference
(VDD1gense)- The tolerance of the external feedback resistor divider resistors have an impact to the
overall VDD1 regulation tolerance. To reduce on-chip power consumption, an external power NMOS is
used. The regulation loop and the command gate drive are integrated. TI recommends applying a resistor
with a value of 100 kQ to 1 MQ between the gate and source of the external power NMOS. The VDD1
gate output is limited to prevent gate-source overvoltage stress during power up or during line or load
transients.

On an initial IGN or CANWU power cycle, the soft-start circuit on this regulator is initiated, which is
typically from 1 ms to 2 ms. This soft-start is meant to prevent any voltage overshoot at start-up. The
VDD1 output may require larger output capacitor to ensure that during load transients the output does not
drop below the required regulation specifications.

The VDD1 LDO has no current-limit and no overtemperature protection for the external NMOS FET.
Therefore, supplying the VDD1 pin from the VDD6 pin is recommended (see Section 5.2). In this way, the
VDD6 pin current-limit acts as current-limit for the VDD1 pin and the power dissipation is limited also. To
avoid damage in the external NMOS FET, selecting the current rating of the VDD1 pin well above the
maximum-specified VDD6 current-limit is recommended.

If the VDD1 regulator is not used, leave the VDD1_G and VDD1_SENSE pins open. An internal pullup
device on the VDD1_SENSE pin detects the open connection and pulls up the VDD1_SENSE pin. This
forces the regulation loop to bring the VDD1_G output down. This mechanism also masks the VDD1_OV
flag in VMON_STAT_2 register and therefore the ENDRV pin action from a VDD1 overvoltage (OV)
condition is also masked. These actions are equivalent to clearing the NMASK_VDD1_UV_OV bit in the
DEV_CFG1 register to 0. This internal pullup device on the VDD1_SENSE pin also prevents a real VDD1
overvoltage on the MCU core supply in case of an open connection to the VDD1_SENSE pin, as it brings
the VDD1_G pin down. Therefore, in this situation, the VDD1 output voltage is O V.

By default, VDD1 monitoring is disabled. If the VDD1 pin is used in the application, TI recommends to set
the NMASK_VDD1_UV_OV bit in the DEV_CFG1 register to 1 when the device is in the DIAGNOSTIC
state. This setting enables driving and extending the reset to the external MCU when a VDD1
undervoltage event is detected.
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5.3.5 VSOUTL1 Linear Regulator

The VSOUT1 regulator is a regulated supply with two separate modes: tracking mode and non-tracking
mode. The mode selection occurs with the VTRACK1 pin. When the voltage applied on the VTRACK1 pin
is above 1.2 V, the VSOUT1 pin is in tracking mode. When the VTRACK1 pin is shorted to ground, the
VSOUT1 regulator is in non-tracking mode. This mode selection occurs during the first ramp-up of the
VDDx rails and is latched after the first VDDx ramp-up is complete. Therefore, after completion of the
VDDx ramp-up, any change on the VTRACKZ1 pin no longer affects the selected tracking or non-tracking
mode.

In tracking mode, the VSOUT1 regulator tracks the input reference voltage on the VTRACK1 pin with a
gain factor determined by the external resistive divider. The tracking offset between the VTRACK1 and
VSFB1 pins is +35 mV. This mode allows, for instance, the VSOUT1 output voltage to be 5 V while
tracking the VDD3 (3.3-V) supply. In unity-gain feedback, the VSOUTL1 output voltage can directly follow
the VDDS5 pin or the VDD3 pin.

In non-tracking mode, the VSOUT1 output voltage is proportional to a fixed reference voltage of 2.5 V at
the VSFB1 pin, with a gain factor determined by the external resistive divider. This mode allows the
VSOUT1 pin to be any factor of the internal reference voltage.

Both in tracking and non-tracking mode, the VSOUT1 output voltage must be 3.3 V or higher. The
VSOUT1 regulator can track the VDD3/5 pin in 3.3-V setting within the specified limits.

The VSOUT1 regulator has a separate input supply to reduce the internal power dissipation. For an output
voltage of 3.3 V or 5 V, for instance, the VDD6 supply can be used as the input supply. For an output
voltage greater than 5 V, the VBATP pin can be used as the input supply. The maximum power
dissipation for the internal FET must not exceed 0.6 W to avoid overtemperature (thermal shutdown).

A low-ESR ceramic capacitor is required for loop stabilization; this capacitor must be placed close to the
pin of the device. This supply limits output-voltage overshoot during power up or during line or load
transients.

This supply rail is intended for going outside the ECU and therefore is protected against shorts to external
chassis ground by a current-limit. The supply rail can be shorted externally within the specified short circuit
voltages, VSOUT1gy. If the output can be shorted to voltages outside the specified short circuit voltage
range, additional external protection is required.

The VSOUT1 regulator is disabled by default on start-up. After the NRES pin release, the MCU can
enable the VSOUT1 regulator through a SPI command by setting bit DO in the SENS_CTRL register. After
this SPI command, the soft-start circuit on this regulator is initiated, which is typically from 1 ms to 2 ms.
This output may require a larger output capacitor to ensure that during load transients the output does
NOT drop below the required regulation specifications. Regardless of tracking or non-tracking mode, the
VSFBL1 pin is ramped to the desired value after completion of the soft start.

The internal MOSFET is protected from excess power dissipation with a current-limit circuit and junction-
overtemperature protection. In case of an overtemperature condition in the VSOUT1 pin, only the
VSOUT1 regulator is switched off by clearing bit 0 in the SENS_CTRL register. To re-enable the VSOUT1
pin, first bit 2 in the SAFETY_STAT 1 register must be cleared on read-out, and afterwards bit O in the
SENS_CTRL register must be set again.

The VSOUTL1 pin voltage can be observed by the ADC input of the MCU through the DIAG_OUT pin (see
Section 5.4.9), which allows the detection of a short to any other supply prior to enabling the VSOUT1
LDO.
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5.3.6

5.3.7

NOTE

The VSOUT1_EN bit is in the SENS_CTRL register which is only reinitialized by a power-on
reset (NPOR) event and not a transition through the RESET state. If the VSOUT1_EN bit
was previously set to 1, it remains set to 1 and the VSOUT1 regulator remains enabled after
events that cause a transition to the RESET state. In a fault case that would cause an
undervoltage or overvoltage on the VSOUT1 pin, when a BIST runs automatically on the
transition from the RESET to the DIAGNOSTIC state, the VSOUT1_UV or VSOUT1_OV
condition during the BIST run would cause the device to go to the SAFE state because of the
detected ABIST_ERR.

Charge Pump

The charge pump is used to generate an overdrive voltage from the VBATP supply that is used for driving
the gates of the internal NMOS FETs in the VDDx and VSOUT1 supply rails. The charge pump is a
hysteretic architecture, when the VCP voltage is high enough, the CP_QV bit sets and the charge pump
stops pumping until the VCP voltage drops below the threshold, the CP_OV bit clears and the charge
pump starts pumping again. The charge pump overdrive is provided internally to the device through the
linear regulators, VCP12 and VCP17. Furthermore, this overdrive voltage can drive the gate of an external
NMOS FET acting as reverse-battery protection. Such reverse-battery protection allows for lower battery
voltage operation compared to a traditional reverse battery-blocking diode. When using the charge pump
(VCP) to drive the gate of an NMOS for reverse battery protection, a series resistance of about 10 kQ
must be connected between the VCP pin and the gate of the NMOS FET (see Section 5.2). This series
resistance is required to limit any current out of the VCP pin when the gate of the NMOS FET is driven to
a negative voltage, because the absolute maximum rating of the VCP pin is limited to —0.3 V because of a
parasitic reverse diode to the substrate (ground).

The charge pump requires two external capacitors, one pumping capacitor (Cp,mp) and one storage
capacitor (Cgore). TO have sufficient overdrive voltage out of the charge pump even at low battery voltage,
the external load current on the VCP pin must be less than 100 pA.

Wake-Up

The TPS65381-Q1 device has two wake-up pins: IGN and CANWU. Both pins have a wake-up threshold
level from 2 V to 3V, and a hysteresis from 50 mV to 200 mV.

The IGN wake-up pin is level-sensitive and is deglitched with the IGN_deg deglitch (filter) time. The
TPS65381-Q1 device provides a power-latch function (POST_RUN) for this IGN pin, allowing the MCU to
decide when to power down the TPS65381-Q1 device through SPI command. For this, the MCU must set
the IGN power-latch bit 4 (IGN_PWRL) in the SPI SAFETY_FUNC_CFG register, and read the unlatched
status of the deglitched (filtered) IGN pin on the SPI register, DEV_STAT, bit 0 (IGN). To enter the
STANDBY state, the MCU must clear the IGN_PWRL bit. For this, the TPS65381-Q1 device must be in
the DIAGNOSTIC state because this SPI register is only writable in the DIAGNOSTIC state. The
IGN_PWRL bit is also cleared after a detected CANWU wake-up event. Furthermore, the TPS65381-Q1
device provides an optional transition to the RESET state after a detected IGN wake-up during
POST_RUN (see Figure 5-2).

The CANWU pin is level sensitive and is deglitched with CANWU _deg (filter) time. The deglitched (filtered)
CANWU wake-up signal is latched, into CANWU_L, allowing the MCU to decide when to power down the
TPS65381-Q1 device through the WR_CAN_STBY SPI command.

NOTE
The WR_CAN_STBY command should not be written to the device while the CANWU pin or
IGN pin is still high. The device starts to transition to the STANDBY state and immediately
transitions to the RESET state because of the wake-up request received on the CANWU or
IGN pin. The registers are reinitialization according to post LBIST (because of a RESET
transition) or according to NPOR (because of a STANDBY transition).
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Both the IGN and CANWU pins are high voltage pins. If the pins are connected to lines with transients, the
application should provide proper filtering and protection to ensure the pins stay within the specified
voltage range.

NOTE

If the application does not require wake up from IGN (ignition or KL15) or wake up from
CANWU (a CAN or other transceiver), but the device should wake up any time power is
supplied, one method is to connect the IGN pin to the VBATP pin (and VBAT_SAFING)
through a 10-kQ or greater series resistor. When the VBATP supply is turned on, the IGN pin
also goes high and allows the device to wake up (power up) as soon as the voltage levels
allow the release of NPOR circuits for the VBATP and VBAT_SAFING pins, and the IGN pin
is high.

5.3.8 Reset Extension

During a power-up event, the TPS65381-Q1 device releases the reset to the external MCU through the
NRES pin with a certain delay time (reset extension time) after the VDD3/5 and VDDL1 pins have crossed
the respective undervoltage thresholds.

This reset extension time is externally configurable with a resistor between the RESEXT pin and ground.
When shorting the RESEXT pin to ground, the minimum reset extension time is typically 1.4 ms. For a 22-
kQ external resistor, the typical reset extension time is 4.5 ms.
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5.4 Device Functional Modes

5.4.1 Power-Up and Power-Down Behavior

Figure 5-1 shows the power-up and power-down behavior.

IGN 7.5-ms (min) to 22-ms (max) deglitch time , 7.5-ms (min) to 22-ms (max) deglitch time
—» e > —
OR
CANWU Min.350-is pulse width
> e
SPI
A
OR
WR_CAN
) ( )
¢ 1-ms (typical) start-up delay
vcP

A le— /< 200-pis start-up time
VBATP +12V

VCP is turned-off approximately
5 ms after NRES is driven low

veP_Uv
VBATP - Vdiod:
Note:
The actual rampdown
VDD6 time of VCP depends on
A external load conditions
6V
VDDG is turned-off approximately
VDD6_UV level 5 ms after NRES is driven low

Note:
Device turns off all internal
biasing for low-Iq when NRES

is driven LOW

1-ms ramp-down
time for internal
reference voltage

Note:

The actual rampdown
time of VDD6 depends on
external load conditions

VDDS, VDD3/5, VDD1
A

<1-ms ramp-time
—

5V
33v
12v - NOTE: During start-up VDD1 is NOT monitored and
- VDD1 does NOT impact when NRES extension starts
Note:
NRES R[ESET VDDS, VDD3/5, VDD1 ramp-down after NRES
extension is driven LOW. Actual ramp down times depend
<5-ms time between rising edge on external load conditions
on CANWU and VDD5/3/1
reaching specified value
Watchdog
'y

N T T\ /Good TN\ fGdy/ T T T T T T T T T T T T T T
Event

Good
Event,

WD_FAIL_CNT
Iy

: O

ENDRV (enable signal for external Power Stage;

ice State
A

Standby State Power Up Active State

Reset State
|ABIST,

—»

Diagnostic State '\

BIST |

Standby State

11*
21-ms +5% BIST (Logic BIST and Analog BIST run time)

(1) During a power-up event, the analog BIST (ABIST) begins automatically after the VDD®6 rail ramps above the UV threshold. If the
ABIST fails, the device transitions to the SAFE state.
The device may not be able to respond to MCU SPI communication during a BIST, so if the MCU boots faster than the BIST, it
should wait until the BIST is complete to use SPI communication. If the ABIST, LBIST, or both fail, the device transitions to the SAFE
state.
The level of the ENDRYV pin depends on the watchdog failure counter, WD_FAIL_CNT[2:0], the ENABLE_DRYV bit, and the signals
shown in Figure 5-14.

The MCU should only set the ENABLE_DRYV bit when the WD_FAIL_CNT[2:0] counter is below 5.

@

©)

Figure 5-1. Power-Up and Power-Down Behavior
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IGN | | I 7.5-ms (min) to 22-ms (max) deglitch time : :
A | IGN going low ignored because —» :4— | |
| IGN_PWRL bit is set | | | |
- = T | |
|
: ! : :
| ! | |
|
| | | | |
\ | I - ' | - . .
i ' | I I
IGN_PWRL ! | I |
A | | | |
N |
! :
MCU sets IGN_PWRL bit : I
Note: MCU can set this bit only when | MCU clears IGN PWRL bit |
the device is in DIAGNOSTIC state | - :
|
T
: | |
POST_RUN_RST | | |
A | | |
| ! !
- T
! ]
| POST_RUN_RST bit clqared
! when all internal biasing,turned-
! off |
|
When POST_RUN_RST is set to : | | |
Device State 1, a re-cranking on IGN pin will | | | |
put the device in RESET State \‘: : : :
-—_— - | I _— = I - -
DIAGNOSTIC State X ACTIVE State X?ESET sm@( DIAGNOSTIC State x EL?DB, BY
| |
| |
| |
NRES | Configurable |
| RESET
|

|

extension time:
|
|

VDD5/3/1

IGN_PWRL bit is located in SAFETY_FUNC_CFG SPI register
POST_RUN_RST bit is located in DEV_CFG2 SPI register

Device turns off all internal biasing for low-Iq
after internal reference ramp-down time <1 ms.
The actual rampdown time of VDD5/3/1
depends on external load conditions
(1) Under slow VBAT ramp-down and when the VDD3/5 rail is configured as a 5-V rail, the NRES output can be pulled low when VBAT
is at approximately 6.3 V. This occurs because of an undervoltage transient on VDD3/5 rail.
(2) Under slow VBAT ramp-up and when the VDD3/5 rail is configured as a 5-V rail, the NRES output can be pulled low when VBAT is
at approximately 6.6 V. This occurs because of an undervoltage transient on VDD3/5 rail.

(3) Under similar conditions, undervoltage transients are observed on VDD5 and VSOUT1 rails.

Figure 5-2. IGN Power Latch and POST-RUN Reset
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5.4.2 Safety Functions and Diagnostics Overview

The TPS65381-Q1 device is intended for use in automotive and industrial safety-relevant applications.
The following list of monitoring and protection blocks are those that improve the diagnostic coverage and
decrease the undetected fault rate:

* Voltage monitor (VMON)

* Analog built-in self-test (ABIST) diagnostics for safety analog blocks

» Logic built-in self-test (LBIST) for safety controller functions

* Loss-of-clock monitor (LCMON)

» Junction temperature monitoring for all power supplies with internal FET

e Current-limit for all power supplies

* Analog MUX (AMUX) for externally monitored diagnostics and debug

» Digital MUX (DMUX) for externally monitored diagnostics and debug

» Watchdog configurable for trigger mode (open and close window) or question and answer mode

* MCU error signal monitor (ESM) for monitoring the error output from functional safety architecture
MCUs

» Controlled and protected enable output (ENDRYV) for external power stages or peripheral wakeup
» Device configuration register CRC protection

* SPI command decoder with parity check

» SPI data output feedback check

* Reset circuit for initializing external MCU

 EEPROM analog trim content CRC protection

» Device state controller with SAFE state in case of detected error event

5.4.3 Voltage Monitor (VMON)

The VBAT supply voltage, all regulator outputs, and internally generated voltages are supervised by a
voltage monitor module (VMON). An undervoltage or overvoltage condition is indicated by the
corresponding VMON register status flag bits:

* VMON flag bit cleared to 0 when power supply is within specification
*  VMON flag bit set to 1 when power supply is outside tolerance band

The monitoring occurs by undervoltage and overvoltage comparators. The reference voltage
(BANDGAP_REF2) for the VMON module is independent of the system reference voltage
(BANDGAP_REF1) used by the regulators. A glitch-filtering function ensures reliable monitoring without
false setting of the VMON status flag bits. The complete VMON block is supplied by a separate supply pin,
VBAT_SAFING.

The VMON comparator diagnostics are covered by the ABIST executed during device startup and power
up or activated with the SPI command by the external MCU SPI request when the device is in the
DIAGNOSTIC or ACTIVE state. Each monitored voltage rail is emulated for undervoltage and overvoltage
conditions on the corresponding comparator inputs, therefore forcing the corresponding comparator to
toggle multiple times (in a toggling pattern observed and checked by the ABIST controller). The monitored
voltage rails themselves are not affected during this self-test, so no real undervoltage or overvoltage event
occurs on any of these rails because of this self-test.

Table 5-1 lists an overview of the performed voltage monitoring. As listed in this table, an overvoltage
protection is implemented for some of the internal supply rails.
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Table 5-1. Voltage Monitoring Overview®

MONITORING DETECTION

CREATED ov IMPACT ON DEVICE BEHAVIOR
VOLREE | outpuT voLTAGE FROM THRESHOLDS MON ORE D AGAINST | MONTTORED | OVPROTECTION  proTECTION
REFERENCE oY -~ REFERENCE oY -~ ‘
SUPPLY INPUT
SPI flag VMON_STAT_1 D6 SPI flag VMON_STAT_1 D7
VBAT N/A N/A 421045V 34.71036.7V VMON_BG VBATP N/A N/A STANDBY state RESET state (when
NRES = 0, ENDRV =0 MASK_VBATP_OV = 0)
SUPPLY OUTPUTS
VDD6 6V +10% MAIN_BG 521054V 781082V VMON_BG VDD6 N/A N/A SPI flag VMON_STAT_2 D6 SPI flag VMON_STAT_2 D7
VDD5 5V 2% MAIN_BG 4510 4.85V 5210545V VMON_BG VDD5 N/A N/A SPI flag VMON_STAT_2 D4 SPI flag E’,Z"%\'VETOAU D5
VDD3/5 (5 V) 5V 2% 4510 4.85V 521055V
SPiflag VMON_STAT 2D2  gp| fla vMON_STAT 2 D3
VDD3/5 (3.3 MAIN_BG VMON_BG VDD3/5 N/A N/A RESET state ENDRY = 0
V) 33V+2% 3t03.17V 3.43t036V NRES =0, ENDRV = 0
0.8V103.3V-1%to SPI flag VMON_STAT_2 DO SPI flag VMON_STAT_2 D1
+2% 0.94 to 0.98 x RESET state ENDRV =0
VDD1 VDDL SENSE =00 MAIN_BG oL 1.03 to 1.06 x VDD1 VMON_BG VDD1_SENSE N/A N/A NRES = 0. ENDRV = 0 (when
mV —1% to +2% (when NMASK_VDD1_UV_OV=1) NMASK_VDD1_UV_OV=1)
VSOUT1 33V109.5V 2%
(non-tracking) VDSFBL= 25y s20,  MAIN_BG MAIN_BG VSFB1 N/A N/A
0.88 10 0.94 x 1.06 to 1.12 x
VsouT 33V109.5V 4 2% VSOUT VSOUTY SAFETY_STAT1 D5 SPI flag SAFETY_STAT1 D4
/ VDSFB1 = VTIRACKL |  VTRACKL VTRACK1 VSFB1 N/A N/A
(tracking) 20
mV
INTERNAL SUPPLIES
SPI flag VMON_STAT 1 D5 —
VCP17 17 V (typ) MAIN_BG N/A 27V (typ) VMON_BG N/A 27V (typ) VMON_BG N/A STANDBY stafe
NRES = 0, ENDRV =0
SPI flag VMON_STAT 1 D4
VDD5, VDD3/5 and VDD1 not
VCP12 12V (typ) MAIN_BG 7.43V (typ) 14.2 V (typ) VMON_BG N/A 14.2 V (typ) VMON_BG SPIflag VMON_STAT_1D3 0o T T ANDBY state
NRES = 0, ENDRV =0
Internal LV Independent local band Internal MV NPOR — STANDBY state
AVDD 6.9V (typ) Zener 3.6 V (typ) N/A gap N/A NA Zener NRES = 0, ENDRV = 0 No Change
Indirectly SPI flag VMON_STAT 1 D2 — | SPI flag VMON_STAT 1 D2 —
AVDD_VMON 6.9V (typ) |m§:1:e|er 356 V (typ) N/A '”depe”de”a‘ localband |1 hitoring <1048V Intezr(r;:IerMV NPOR — STANDBY state NPOR — STANDBY state
9ap VBAT_SAFING NRES = 0, ENDRV = 0 NRES = 0, ENDRV =0
NPOR — STANDBY state NPOR — STANDBY state
DVDD 3V (typ) MAIN_BG 2.472 V (typ) 3.501 V (typ) VMON_BG N/A N/A N/A NRES 0, ENDRV = 0 NRES - 0, ENDRV = 0
INTERNAL REFERENCES
STANDBY state STANDBY state
MAIN_BG 25V £2% MAIN_BG 2.364 V (typ) 2.617 V (typ) VMON_BG N/A N/A N/A NRES ~ 0, ENDRV = 0 NRES = 0. ENDRV = 0
VMON_BG 25V £ 2% VMON_BG 2.364 V (typ) 2.617 V (typ) MAIN_BG N/A N/A N/A STANDBY state STANDBY state

NRES =0, ENDRV =0

NRES =0, ENDRV =0

(1) N/A = Not applicable
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5.4.4 TPS65381-Q1 Internal Error Signals

Table 5-2 lists a useful overview of the TPS65381-Q1 device internal error signals and the impact of the signals on the device behavior.

Table 5-2. Internal Error Signals

DETECTIVE CONDITION (THRESHOLD LEVEL) DEGLITCH TIME TO SET FLAG (us) DEVICE STATE WHEN FLAG IS SET
DMUX ELEC. ELEC.
POS. NO SIGNAL NAME DESCRIPTION MIN TYP MAX UNIT CHAR. MIN TYP MAX CHAR. NRES ENDRV DEVICE STATE
. . NO. NO.
D12 |NAVDD_UV let?Et Ezsgxeod”)age Eelpaiatel 3.6 v 15 30 Low Low STANDBY
VMON or main band gap is OFF ’\;a“j 233?54
D13 BG_ERR1 (set to 1 when VMON band gap > (?/I\EO‘N band v 15 30 Low Low STANDBY
main band gap) gap = 2.477)
VMON or main band gap is OFF ’:a”l gag%
D14 | BG_ERR2 (set to 1 when VMON band gap < (?/I&’O‘N band \% 15 30 LOW LOW STANDBY
main band gap) gap = 2.477)
VCP12 charge pump
D1.5 NVCP12_UV undervoltage comparator 7.43 \ 15 30 Not changed Not changed Not changed
(inverted)
D1.6 |VCP12 OV \C/Ocn'?;:r;garrge'p“mp ovenonane 14.2 v 15 30 Low Low STANDBY
D17 |VCP17_OV \c/fn'?;;;g?rge'p“mp overvoltage 21 v 15 30 Low Low STANDBY
D18 | NVDD6_UV VDDG undervoltage comparator 52 5.4 v 6.22 10 40 6.18 |Not changed Not changed Not changed
- (inverted) 9 9 9
D1.9 VDD6_OV VDD6 overvoltage comparator 7.8 8.2 \ 6.23 10 40 6.18 | Not changed Not changed Not changed
D110  NVDD5_UV zi’r'izigg)de“’o'tage COMEEERT | g 485 v 6.8 10 40 618  Not changed Not changed Not changed
D1.11 |VDD5_OV VDD?5 overvoltage comparator 5.2 5.45 \ 6.10 10 40 6.18 |Not changed LOW Not changed
VDD3/5 undervoltage comparator; 3 317
3.3-V setting (inverted) .
D1.12 | NVDD3/5_UV \% 6.12 10 40 6.18 |LOW LOW RESET
VDD3/5 undervoltage comparator; 45 4.85
5-V setting (inverted) . .
VDD3/5 o_vervoltage comparator; 3.43 36
3.3-V setting
D1.13 | VDD3/5_0OV \ 6.14 10 40 6.18 | Not changed LOW Not changed
VDD3/5_ overvoltage comparator; 52 55
5-V setting
Not changed when Not changed when Not changed when
NMASK_VDD1_UV_OV NMASK_VDD1_UV_OV NMASK_VDD1_UV_OV =
= 0 (default config) = 0 (default config) 0 (default config)
D1.14 NVDDL_UV Viplofl “gde“’“'tage Ceppaiaie] 0.94 0.98 VDD1 6.16 10 40 6.18
(inverted) When When When
NMASK_VDD1_UV_OV NMASK_VDD1_UV_OV NMASK_VDD1_UV_OV =
=1: NRES = LOW =1: ENDRV = LOW 1: RESET
Not changed (default
config)
D1.15 |vDD1_OV VDD1 overvoltage comparator 1.03 1.06 VDD1 6.17 10 40 6.18 |Not changed When Not changed
MASK_VDD1_UV_OV =
1: ENDRV = LOW
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Table 5-2. Internal Error Signals (continued)

DETECTIVE CONDITION (THRESHOLD LEVEL) DEGLITCH TIME TO SET FLAG (us) DEVICE STATE WHEN FLAG IS SET
DMUX ELEC. ELEC.
SIGNAL NAME DESCRIPTION MIN TYP MAX UNIT CHAR. MIN TYP MAX CHAR. NRES ENDRV DEVICE STATE
POS. NO. NO NO
D1.16 |LOCLK Loss-of-system-clock comparator 0.742 2.64 MHz 0.379 1.346 LOW LOW STANDBY
D34 | CP OV Charge-pump overvoltage VBAT + 12 v N/A N/A N/A Not changed Not changed Not changed
comparator
D35 NCP_UV Charge-pump undervoltage VBAT + 6 v N/A N/A N/A Not changed Not changed Not changed
comparator (inverted)
D3.8 CP_DIFF3V Indicates VCP-VBATP >3V VBAT + 3 \ N/A N/A N/A Not changed Not changed Not changed
D3.10 | NVBAT_UV VIEA (R GOy 4.2 45 v 6.1 200 6.7 |LOW LowW STANDBY
(inverted)
LOW (default config) LOW (default config) RESET (default config)
D3.11 |VBATP_OV VBAT overvoltage comparator 34.7 36.7 v 6.5 200 6.7 |When When When MASK_VBATP_OV
MASK_VBATP_OV = 1: MASK_VBATP_OV = 1: = 1: device state
NRES unchanged ENDRYV unchanged unchanged
Device state depends on
NMASK_VDD5_OT bit
setting:
D3.12 |VDD5_OT VDDS5 overtemperature 175 210 °C 3.13 45 64 LOW LOW NMASK_VDD5_OT =0:
no impact to device state
NMASK_VDD5_OT =1:
VDD5 disabled — RESET
Device state depends on
NMASK_VDD3/5_OT bit
setting:
NMASK_VDD3/5_0T =0 :
D3.13 |VDD3/5_OT VDD3/5 overtemperature 175 210 °C 2.13 45 64 LOW LOW VDD3/5 disabled —
VDD3/5 UV event —
RESET
NMASK_VDD3/5_ 0T =1:
STANDBY
D3.14 ‘VSOUTl_OT ‘VSOUTl overtemperature ‘ 175 ‘ 210 EC ‘ 5.13 45 64 ‘Not changed Not changed Not changed
D3.15 |VDD5_CL VDD5 current-limit® 350 650 mA 2.14 15 30 Not changed Not changed Not changed
‘ D3.16 ‘VDD3/57CL ‘VDDS/S current-limit ‘ 350 ‘ 650 mA ‘ 3.14 15 30 ‘Not changed Not changed Not changed
D4.2 VSOUT1_CL VSOUT1 current-limit 100 500 mA 5.19 15 30 Not changed Not changed Not changed
D43 | NVSOUTL UV VSO UGG ETR 0.88 0.94 |VSOUT1 6.19 10 40 6.21 | Not changed Not changed Not changed
comparator (inverted)
D4.4 VSOUT1_OV VSOUT1 overvoltage comparator 1.06 1.12 VSOUT1 6.20 10 40 6.21 |Not changed Not changed Not changed
D45 |NDVDD_UV PVDDJUndervoitagelcomparator 2472 v 0 Low Low STANDBY
(inverted)
D4.6 DVDD_OV DVDD overvoltage comparator 3.501 \ 0 LOW LOW STANDBY
‘ D4.8 ‘VS_TRK_MODE ‘VSOUTl in track-mode indication ‘ ‘ 12 \% ‘ 5.3a N/A N/A N/A ‘Not changed Not changed Not changed
D4.9 |VMON_TRIM_ERR |VMON trim error Set when bit-flip in VMON trim registers is 5 10 Low Low STANDBY

detected

(1) VvDD5_CL DMUX output is valid only when VDD5_EN bit in SENS_CTRL register is set to 1. When VDD5_EN is cleared to 0, this VDD5_CL will be high.
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5.45 Loss-of-Clock Monitor (LCMON)

5.4.6

The LCMON detects internal oscillator failures including:

» Oscillator clock stuck high or stuck low

* Reduced clock frequency

The LCMON is enabled during a power-up event after the power-on reset (NPOR) is released. The clock

monitor remains active during device normal operation (STANDBY, RESET, DIAGNOSTIC, ACTIVE, and
SAFE states). In case of a clock failure:

* The device transitions to the STANDBY state.

» All regulators are disabled.

» The digital core is reinitialized.

» The reset to the external MCU is asserted low.

» The failure condition is indicated by the LOCLK bit in the SAFETY_STAT_4 register.

The LCMON has a self-test structure that is activated and monitored by an analog BIST (ABIST). The
external MCU can recheck the LCMON any time when the device is in the DIAGNOSTIC state or ACTIVE
state. The enabled diagnostics emulate a clock failure that causes the clock-monitor output to toggle. The
clock-monitor toggling pattern is checked by the ABIST, while the external MCU can check that the loss-

of-clock status bit is being set during active test. During this self-test, the actual oscillator frequency (4
MHz) is not changed because of this self-test.

Analog Built-In Self-Test (ABIST)

The ABIST is the controller and monitor circuit for performing self-checking diagnostics on critical analog
functions:

* VMON undervoltage and overvoltage comparators

* Clock monitor (LCMON)

 EEPROM analog-trim content check (CRC protection)

During the self-test on the VMON undervoltage and overvoltage comparators, the monitored voltage rails
are left unchanged, so no real undervoltage or overvoltage event occurs on any of these rails because of
these self-tests. Furthermore, also during the self-check on the clock monitor, the actual oscillator
frequency (4 MHz) is not changed because of this self-test.
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Power-On Reset (from
STANDBY) or NPOR

ABIST_EN

LBIST_EN or LBIST run from

Power-Up
RESET to DIAGNOSTIC

UV_CHECK_OK

OV_CHECK_OK

OSC_CHECK_OK PASS

EE_CRC_CHK

LBIST_EN or LBIST run from
RESET to DIAGNOSTIC

(1) Forimpact to the device state if any ABIST function has a FAIL, see Section 5.4.19.
Figure 5-3. Analog BIST Run States

The ABIST is activated with every device power-up event or any transition to the RESET state. The ABIST
can also be run by the external MCU by setting the ABIST_EN bit in the SAFETY_BIST_CTRL register.
During an ABIST run, the device cannot monitor the state of the regulated supplies, and the ENDRV pin is
pulled low. The ABIST run time is approximately 300 us. The ABIST can be performed in the ACTIVE
state on an MCU request, depending on system safety requirements (such as a system-fault response
time), ENDRYV pin will be low during ABIST run.

A running ABIST is indicated in the ABIST_RUN bit (bit DO) in the SAFETY_STAT_3 register. This bit is
set to 1 during the ABIST run and is cleared to 0 when the ABIST is complete. In case of an ABIST failure
while in the DIAGNOSTIC state, including power-up event, the device enters the SAFE state without
asserting a reset to the external MCU and the ABIST_ERR status flag remains latched in the digital core
until a successful ABIST run. This allows the external MCU to detect the ABIST failure by reading the
ABIST_ERR bits in the SAFETY_STAT_3 register. In case of an ABIST failure while in the ACTIVE state,
the device sets the ABIST_ERR status flag, but no state transition occurs.
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5.4.7 Logic Built-In Self-Test (LBIST)

The logic BIST (LBIST) tests the digital-core safety functions. The LBIST has these characteristics:
An application-controllable logic BIST engine, which applies test vectors to the digital core.
The LBIST engine provides stuck-at fault test coverage to logic blocks under test.

The LBIST run time is typically 4.2 ms (x5%). After the LBIST, a 16-ms (typical) wait period occurs to
fill the digital filters covered by the LBIST. During this time, the ABIST runs. The total BIST time is
approximately 21 ms. The SPI registers may be unavailable during a BIST, so no SPI reads or writes
should be made while the BIST is running.

The LBIST engine has a time-out counter as a fail-safe feature.

The BIST (LBIST with ABIST) is activated and run in the DIAGNOSTIC state with any transition out of the
RESET state during power-up events. The BIST is also activated with any other transition out of the
RESET state unless the AUTO_BIST_DIS bit in the SAFETY_BIST_CTRL register is set.

The MCU can run the LBIST (BIST) by setting the LBIST_EN bit in the SAFETY_BIST_CTRL register.

NOTE
In the ACTIVE state the following considerations must be considered if a manual run of the
LBIST is initiated by setting the LBIST_EN bit to 1. The LBIST should only be run in the
ACTIVE state if the system-safety timing requirements can allow the total 21-ms BIST time
and ENDRYV being low for the 21-ms time.

NOTE

In the ACTIVE or DIAGNOSTIC or SAFE state the following considerations must be
considered if a manual run of the LBIST is initiated by setting the LBIST_EN bit to 1. After
the LBIST is complete the WD_FAIL_CNT[2:0] counter is re-initialized to 5. The MCU should
resynchronize to the TPS65381-Q1 watchdog by writing to the WD_WIN1 _CFG or
WD_WIN2_CFG register or by immediately causing a bad event. Both of these
resynchronization options start a new watchdog sequence and increment the
WD_FAIL_CNT[2:0] counter. If the WD_RST_EN bit is set to 1 (enabled), the watchdog
service routine in the MCU must ensure good events are sent to the watchdog to start
decrementing the WD_FAIL_CNT[2:0] counter before it reaches 7 +1 which cause a
transition to the RESET state. After the LBIST is complete some of the registers are
reinitialized. If the these configuration registers change from the initialized values, these
registers must be reconfigured to the required setting for the application.

NOTE
In the DIAGNOSTIC state the following considerations must be taken into account if a
manual run of the LBIST is initiated by setting the LBIST_EN bit to 1. Setting the LBIST_EN
bit to 1 clears the DIAG_EXIT_MASK bit to 0. If the DIAG_EXIT_MASK bit is being used to
hold the device in the DIAGNOSTIC state for software debug, it must be set again to 1 after
LBIST completion to stay in the DIAGNOSTIC state. The DIAGNOSTIC state time-out
counter stops only during the running of the LBIST. After the LBIST is complete, the time-out
counter continues from the last value. For a transition from the DIAGNOSTIC state to the
ACTIVE state, the DIAG_EXIT bit must be set to 1.
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5.4.8

During the BIST run, the device cannot monitor the state of regulated supplies and cannot respond to any
SPI command, and therefore cannot monitor the state of the MCU through the watchdog timer. During the
BIST run, the ENDRYV pin is pulled low and the watchdog fail counter reinitializes to 5. After the BIST is
complete, the following functions and registers reinitialize:

« DEV_STAT

* SAFETY_STAT_2

+ SAFETY_STAT_ 4

e SAFETY_STAT_5 (but FSM[2:0] will immmediately update to reflect the current device state)

* WD_TOKEN_VALUE

« WD_STATUS

*+ SAFETY_CHECK_CTRL

 DIAG_CFG_CTRL

* DIAG_MUX_SEL

A running LBIST is indicated in the LBIST_RUN bit (bit D1) in the SAFETY_STAT_3 register. This bit is
set to 1 while the LBIST is running and is cleared to O when the LBIST is complete. After the LBIST run,
completion of the whole BIST is confirmed by the MCU by reading O for both the LBIST_RUN and
ABIST_RUN bits.

In case of an LBIST failure in the DIAGNOSTIC state, the device enters the SAFE state. The external
MCU can detect the LBIST failure by reading the LBIST_ERR bit in the SAFETY_STAT_3 register. In
case of an LBIST failure while in the ACTIVE state, the device sets the LBIST_ERR status flag, but no
state transition occurs. Because the ABIST is run during the LBIST, the ABIST_ERR bit can also be
monitored by the MCU.

Junction Temperature Monitoring and Current Limiting

Each LDO with an internal power FET has junction temperature monitoring with overtemperature
protection (thermal shutdown). In case of an overtemperature condition, a regulated supply can re-enable
only after the overtemperature condition is removed.

For the VSOUT1 regulator, the overtemperature condition disables the regulator and clears the enable bit
(VSOUT1_EN), while all other regulators remain enabled. When the VSOUT1 overtemperature condition
is gone, the external MCU must set the enable control bit again to re-enable the regulator.

The VDD3/5 and VDD6 regulators share an overtemperature protection circuit. A overtemperature event
disables the VDD3/5 regulator. If the NMASK_VDD3/5_OT is set to 1 (default), the device transitions to
the STANDBY state. If the NMASK_VDD3/5_OT bit is cleared to 0, the device transitions to the RESET
state when the VDD3/5 output reaches the UV level for the VDD3/5 regulator. In both cases the NRES pin
goes low and resets the external MCU and the ENDRYV pin is low. TI recommends using the device with
the NMASK_VDD3/5_OT bit set to 1.

For the VDDS5 regulator, the overtemperature condition clears the VDD5_EN enable bit and transitions to
the RESET state. NRES pin goes low and resets the MCU and the ENDRYV pin is low. All other regulators
remain enabled. When the VDD5 overtemperature condition is gone, the MCU must set the enable control
bit again to re-enable the regulator.

The VDD6, VDD3/5, VDD5, and VSOUT1 regulators include a current-limit circuit for protection against
excessive power consumption and thermal overstress.
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Table 5-3 lists an overview of the overtemperature and overcurrent protections for the supply output rails.

Table 5-3. Overtemperature and Overcurrent Protection Overview

VOLTAGE OVERTEMPERATURE PROTECTION OVERCURRENT PROTECTION
RAIL THRESHOLD (°C) iR O IDI2Vle2 CURRENT-LIMIT | IMPACT ON DEVICE BEHAVIOR
BEHAVIOR
VDD6 Sets VDD3/5_OT (in 15t025A None
SAFETY_STAT 1)
when NMASK_VDD3/5_OT =
175 to 210 (shared with 1, STANDBY state Sets VDD3/5_ILIM
VDD3/5 VDD6 and VDD3/5) when NMASK_VDD3/5_OT = 350 to 650 mA ets - n
0, disables VDD3/5, RESET SAFETY_STAT_1)
when VDD3/5 reaches UV
level
Sets VDD5_OT (in
SAFETY_STAT 1)
when NMASK_VDD5_OT =1,
clears VDD5_EN (in ;
VDD5 175 to 210 SENS_CTRL) and VDD5 350 to 650 mA g,eAtleYl'E\)(DgTrlkl'IM 1(')”
switched off, RESET state - -
when NMASK_VDD5_OT =0,
overtemperature indicated in
VDD5_OT
VDD1 None N/A None N/A
Sets VSOUT1_OT (in
SAFETY_STAT 1) .
VSOUT1 | 17510 210 clears VSOUT1_EN (in 100 to 500 mA f%'rA\?S—gSTTlthg”gh digital MUX
SENS_CTRL) and VSOUT1 -
disabled
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5.4.9 Diagnostic MUX and Diagnostic Output Pin (DIAG_OUT)

Analog and digital critical signals, which are not directly connected to the MCU, are switched by a
multiplexer to the external DIAG_OUT pin. The programming of the multiplexer is done with the
DIAG_MUX_SEL register. The digital signals are buffered to have sufficient drive capabilities.

This multiplexer facilitates external pin-interconnect tests by feeding back the input pin state or feeding
back internal module self-test status or safety comparator outputs.

DIAG_OUT®
L

DIAG_OUT
Digital Output Buffer
Digital Core
DMUX DIAG_OUT
< Groups
> Buffer Enable
= - >
(a] % |
¥ o _No.1l
2o
=) J—
[ I VvDD5*
g VDD6!
= VCP? >
x < \ N <
2, —— VBAT_SAFING c
53y — VBATP* =
G323 —Noa & MAIN_BG ,
Qo N h
8 ;5 VMON_BG P
=
a —
DMUX Select AMUX Enable
SPI °
Register AMUX Select
A. These analog signals are multiplexed out with a divide ratio
B.

L

To MCU ADC

Input For
:'T Measuring
Analog Signals

To MCU GPIO
. Input For

" Observing Digital
Signals

If the application must measure analog signals with an MCU ADC and monitor digital signals with an MCU GPIO, the

application design must assure the GPIO input stage does not affect the ADC measurements. If isolating the MCU
GPIO is not possible within the MCU, the application design must achieve the necessary isolation externally.

Figure 5-4. Diagnostic Output Pin, DIAG_OUT

In case the DIAG_OUT pin is connected to a mixed analog or digital input pin of the MCU, Tl recommends
configuring this MCU input pin and the DIAG_OUT pin simultaneously in accordance with the desired type
of signal (analog or digital). The type of signal (analog or digital) on the DIAG_OUT pin can be configured
with the MUX_CFG[1:0] bits in the DIAG_CFG_CTRL register. The DIAG_OUT multiplexer can be globally
enabled and disabled with bit 7 in the DIAG_CFG_CTRL register. When disabled, the DIAG_OUT pin is in
the high-ohmic state (tri-state).

NOTE

When enabling the DIAG_OUT MUX while using SPI communication, the SDO pin is not in
the high impedance state while the NCS pin is high and the DIAG_OUT MUX is enabled.
Software or hardware modification may be required in the application. For hardware
modifications check the SDO threshold level and drive capability if resistors are used to
adjust the voltage level of the SDO pin on the SPI bus or use a buffer gate with an enable
and tri-state output such as the SN74AHC1G125 to allow the downstream SDO signal to be
in the high impedance state if required in the application while the NCS pin is high even if the
DIAG_OUT MUX is enabled.
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5.4.9.1 Analog MUX (AMUX)

Table 5-4 lists the selectable-analog internal signals on the DIAG_OUT pin. In the DIAG_CFG_CTRL
register, the MUX_CFGJ[1:0] bits must be set to 10b for the analog MUX mode.

Table 5-4. Analog MUX Selection Table

VOLTAGE DIVIDE RATIO OUTPUT RESISTANCE
@
SIGNAL ROAr'L eSO SUPPLY DIVIDE HASURAGY () DIAG_MUX_SEL[7:
NUMBER RANGE® RATIO 0]
SIGNAL MINIMUM | MAXIMUM | MINIMUM | MAXIMUM
NAME
Al | VvDD5 Linear VDDS 581034V 2 -2.25 % 0.75 % 20 50 0x01
regulator output
Switch mode o o
A2 VDD6 orerequlator 5.81t034 V 3 —3.75% 0.5 % 30 100 0x02
5.8 to 18V —6.25 % 2.25%
A3 VCP Charge pump 135 90 200 0x04
5.81034V —6.25% 475 %
A4 VSOUTL Sensor supply 581034V 4 —05% 12% 40 100 0x08
voltage
Battery (supply) 5.8t018V -5 % 0%
VBAT_SAFI | input for monitoring
A5 - 10 125 200 0x10
NG (VMON) and BG2 5.81034V -5 % 5.5 %
functions
5.8 to 18V 5% 0%
A6  |VBATP Battery (supply), 10 125 200 0x20
main power supply 5.81t0 34 V 5% 5.5 %
A7 MAIN_BG | Regulators band- 581034 V 1 NA 3 15 0x40
- gap reference
A8 |VMON_BG | Yoltage-monitor 581034V 1 NA 3 15 0x80
band gap

(1) The supply range is the input supply range for VBATP and VBAT_SAFING (VBATP = VBAT_SAFING).
(2) The given accuracies are without the DC load-current drawn from the DIAG_OUT pin. For overall accuracy calculation, the divide ratio
accuracy and the drop voltage caused by Ipjag_out X output resistance must be considered.

In case one of the AMUX signals after the divide ratio is at a voltage above the VDDIO voltage, a clamp
becomes active to avoid any voltage level higher than the VDDIO voltage on the DIAG_OUT pin.

To achieve the fastest stabilization of the signal switched to the DIAG_OUT pin, following the AMUX
switching order from A.1 up to A.8 is not recommended.

The recommendation is to switch the order from high-to-low voltage, starting with A.8. For example: A.8 —
A7-Al1l-A2-A3-A5-A6-AA4

NOTE
The sensor-supply output voltage (VSOUT1) is 0 V in this example. If the VSOUT1 voltage is
higher, then the switching order described in the previous example must be changed.

NOTE
In the application, a series resistance of at least 100 kQ is required on the input capacitor
filter of the ADC input of the MCU.

5.4.9.2 Digital MUX (DMUX)

The following tables list the selectable digital internal signals on the DIAG_OUT pin. In the
DIAG_CFG_CTRL register, the MUX_CFG[1:0] bits must be cleared to 01b for the digital MUX mode.

Most of these signals are internal error signals that influence the device state and behavior of the NRES
pin and the ENDRYV pin. See Table 5-2 for a more detailed table listing the internal error signals and their
impact on the device behavior.
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Table 5-5. Digital MUX Selection Table — Group 1

NUMBER _[6:4] — DIAG_M-UX_SEL
[3:0]
D1.1 RSV Reserved, logic 0 000b 0000b
D1.2 NAVDD_UV AVDD undervoltage comparator output (inverted) 000b 0001b
D1.3 BG_ERR1 VMON or main band gap is OFF 000b 0010b
D1.4 BG_ERR2 VMON or main band gap is OFF 000b 0011b
D15 NVCP12_UV E{ncvlgég)harge-pump undervoltage comparator 000D 0100b
D1.6 VCP12_0OV VCP12 charge-pump overvoltage comparator 000b 0101b
D1.7 VCP17_0OV VCP17 charge-pump overvoltage comparator 000b 0110b
D1.8 NVDD6_UV VDD6 undervoltage comparator (inverted) 000b 0111b
D1.9 VDD6_OV VDD6 overvoltage comparator 000b 1000b
D1.10 NVDD5_UV VDD5 undervoltage comparator (inverted) 000b 1001b
D1.11 VDD5_0OV VDD5 overvoltage comparator 000b 1010b
D1.12 NVDD3/5_UV VDD3/5 undervoltage comparator (inverted) 000b 1011b
D1.13 VDD3/5_0V VDD3/5 overvoltage comparator 000b 1100b
D1.14 NVDD1_UV VDD1 undervoltage comparator (inverted) 000b 1101b
D1.15 vDD1_OV VDDL1 overvoltage comparator 000b 1110b
D1.16 LOCLK Loss-of-system-clock comparator 000b 1111b
Table 5-6. Digital MUX Selection Table — Group 2
SIGNAL | g |GNAL NAME DESCRIPTION “DIAG, MUX SEL NUMBER
NUMBER R DIAG_MUX_SEL
[6:4) [3:0]
D2.1 RSV Reserved, logic 0 001b 0000b
D2.2 SYS_CLK System clock source 001b 0001b
D2.3 DFT Signal reserved for production test 001b 0010b
D2.4 WD_CLK Watchdog clock reference (0.55-ms period time) 001b 0011b
D2.5 RST_EXT_CLK Reset extension oscillator output 001b 0100b
D2.6 T_5US 5-us time reference 001b 0101b
D2.7 T_15US 15-ps time reference 001b 0110b
D2.8 T_40US 40-pus time reference 001b 0111b
D2.9 T_2MS 2-ms time reference 001b 1000b
D2.10 UC_ERROR/WDI External MCU ERROR/WDI input pin 001b 1001b
D2.11 SPI_NCS SPI chip-select input pin 001b 1010b
D2.12 SPI_SDI SPI slave-data input pin 001b 1011b
D2.13 SPI_CLK SPI clock input pin 001b 1100b
D2.14 SDO_RDBCK SPI slave-data output-pin readback 001b 1101b
D2.15 UC_ERROR/WDI Same signal as D2.10 001b 1110b
D2.16 NRES_EXT_IN NRES pin readback (reset to external MCU) 001b 1111b
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Table 5-7. Digital MUX Selection Table — Group 3

SIGNAL CHANNEL GROUP CHANNEL NUMBER
NUMBER SIGNAL NAME DESCRIPTION DIAG_M'UX_SEL DIAG_M'UX_SEL
[6:4] [3:0]
D3.1 RSV Reserved, logic 0 010b 0000b
D3.2 DFT Signal reserved for production test 010b 0001b
D3.3 DFT Signal reserved for production test 010b 0010b
D3.4 CP_OV Charge-pump overvoltage comparator 010b 0011b
D3.5 NCP_UV Charge-pump undervoltage comparator (inverted) 010b 0100b
D3.6 CP_PH1 Charge-pump switching phase 1 010b 0101b
D3.7 CP_PH2 Charge-pump switching phase 2 010b 0110b
D3.8 CP_DIFF3V Indicates VCP-VBATP >3 V 010b 0111b
D3.9 DFT Signal reserved for production test 010b 1000b
D3.10 NVBAT_UV VBAT undervoltage comparator (inverted) 010b 1001b
D3.11 VBATP_OV VBAT overvoltage comparator 010b 1010b
D3.12 VDD5_OT VDD5 overtemperature 010b 1011b
D3.13 VDD3/5_0OT VDD3/5 overtemperature 010b 1100b
D3.14 VSOUT1_OT VSOUT1 overtemperature 010b 1101b
D3.15 VDD5_CL VDD5 current-limit 010b 1110b
D3.16 VDD3_CL VDD3 current-limit 010b 1111b
Table 5-8. Digital MUX Selection Table — Group 4
SIGNAL | g |GNAL NAME DESCRIPTION “DIAG, MUX SEL NUMBER
NUMBER R DIAG_MUX_SEL
[6:4) [3:0]
D4.1 RSV Reserved, logic 0 011b 0000b
D4.2 VSOUT1_CL VSOUTL1 current-limit 011b 0001b
D4.3 NVSOUT1_UvVv VSOUT1 undervoltage comparator (inverted) 011b 0010b
D4.4 VSOUT1_OV VSOUT1 overvoltage comparator 011b 0011b
D4.5 NDVDD_UV DVDD undervoltage comparator (inverted) 011b 0100b
D4.6 DVDD_OV DVDD overvoltage comparator 011b 0101b
D4.7 RSV Reserved 011b 0110b
D4.8 VS_TRK_MODE VSOUTL in track-mode indication 011b 0111b
D4.9 VMON_TRIM_ERR VMON trim error 011b 1000b
D4.10-16 | RSV Reserved 011b 1001b-1111b
Table 5-9. Digital MUX Selection Table — Group 5
NUMBER R DIAG_MUX_SEL
e 13:0]
D5.1 RSV Reserved, logic 0 111b 0000b
D5.2 TI_TEST_MODE Tl production test mode indication 111b 0001b
D5.3-16 DFT Signal reserved for production test 111b 0010b-1111b
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A diagnostic check at the SDO digital-output pin is also possible in DMUX mode. For this diagnostic
check, the following sequence is required:

1. The MUX_CFGJ1:0] configuration must be set to 01b for DIGITAL MUX mode.
2. The SPI NCS must be kept HIGH.
3. The state of the SDO pin is controlled by the SPI_SDO bit (bit D6 in the DIAG_CFG_CTRL register).

During this SDO check at the SDO pin, the DIAG_OUT pin is kept low if no signal from the Digital MUX
Selection table is selected.

5.4.9.3 Diagnostic MUX Output State (by MUX_OUT bit)

For a diagnostic interconnect check between the DIAG_OUT pin and the MCU analog-digital input pin, the
state of the DIAG_OUT pin is controlled with the SPI bit, MUX_OUT, in the DIAG_CFG_CTRL register. To
use this mode, the MUX_CFG[1:0] bits must be set to 00b in the DIAG_CFG_CTRL register.

5.4.9.4 MUX Interconnect Check

For performing a diagnostic interconnect check at the digital input pins (ERROR/WDI, NCS, SDI, and
SCLK), the MUX_CFG[1:0] bits in the DIAG_CFG_CTRL register must be set to 11b. The INT_CON[2:0]
bits in the DIAG_CFG_CTRL register can select which of these digital inputs to be multiplexed to the
DIAG_OUT pin (see the description of DIAG_CFG_CTRL register in Section 5.5.1).

5.4.10 Watchdog Timer (WD)

The watchdog monitors the correct operation of the MCU. This watchdog requires specific triggers, or
messages, from the MCU in specific time intervals to detect correct operation of the MCU. The MCU can
control the logic level of the ENDRYV pin with the ENABLE_DRYV bit when the watchdog detects correct
operation of the MCU. When the watchdog detects incorrect operation of the MCU, the device pulls the
ENDRV pin low. This ENDRV pin can be used in the application as a control signal to deactivate the
power output stages, for example a motor driver, in case of incorrect operation of the MCU. This function
is consequently referred to as the watchdog-enabled function.

The watchdog has two different modes, which are defined as follows:

Trigger mode: In trigger mode, the MCU applies a trigger (pulse) on the ERROR/WDI pin to send the
required watchdog event for trigger mode. The watchdog operates in trigger mode as the
default mode when the device goes from the RESET state to the DIAGNOSTIC state. The
MCU error signal monitor (ESM) should not be used when the watchdog operates in trigger
mode.

Question-answer mode (Q&A mode): In Q&A mode, the MCU sends watchdog answers through SPI.

To select the Q&A mode, the MCU must set the WD_CFG bit (bit 5) in the safety-function configuration
register (SAFETY_FUNC_CFG) while in the DIAGNOSTIC state. When the watchdog operates in Q&A
mode, the MCU error signal monitor (ESM) may be used.

5.4.11 Watchdog Fail Counter, Status, and Fail Event

The watchdog includes a watchdog fail counter (WD_FAIL_CNT[2:0]) which increments because of bad
events or decrements because of good events. When the value of the watchdog fail counter is 5 or more,
the watchdog status is out-of-range and the ENDRV pin is low (the watchdog-enabled function is
disabled).

When the watchdog fail counter is 4 or less, the watchdog status is in-range and the watchdog no longer
disables the watchdog-enabled function. In this case, the device pulls up the ENDRV pin when the
ENABLE_DRYV control bit (in the SAFETY_CHECK_CTRL register) is set and when the device detects no
other errors that impact the level of the ENDRV pin.

The watchdog fail counter operates independently of the state of the watchdog reset configuration bit (bit
3), WD_RST_EN, in the SAFETY_FUNC_CFG register.
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The watchdog fail counter responds as follows:
* A good event decrements the fail counter by one, down to the minimum of zero.
* A bad event increments the fail counter by one, up to the maximum of seven.

* A time-out event increases the fail counter by one, up to the maximum of seven, and sets the
TIME_OUT flag (WD_STATUS register, bit 1).

The definitions of good event, bad event and time-out event are listed Section 5.4.14 and Section 5.4.15.

VDDIO

4.5kQ

ENABLE_DRYV Bit ENDRV Pin
(SAFETY_CHECK_CTRL ENABLE_DRV {>O
Register)

Watchdog Status

Good Event (1) WD_FAIL_CNT[2:0] > 4
— GOOf vent (-1) —p
SPI Bus or £ Wat'rc:_(:!og Watchdog Fail
ERROR/WDI |— vent (Trigger Counter
Pin or Q&A Mode) | Bad Event (+1) — Watchdog Status
WD_FAIL_CNT[2:0]=7+1

WD_RST_EN Bit WD_RST_EN Status Go to RESET State
(SAFETY_FUNC_CFG

Register)

Figure 5-5. Watchdog Impact on ENDRV and RESET

Table 5-10. Watchdog Status for Range of the Watchdog Fail Counter Value

WD_FAIL_CNT[2:0]

WATCHDOG FAIL
COUNTER 000b THROUGH 100b 101b THROUGH 111b 111b

The watchdog status is based E@Etshg 'Qésigg Iilse (ijn
\?glflge WD_FAIL_CNTIZ0] Watchdog in-range Watchdog is out-of-range the RESET state on

If the WD_RST_EN
bit is set to 1, the

next "bad" or "time-
out" event to the
watchdog

The watchdog fail counter is initialized to a count of 5 when the device enters the DIAGNOSTIC state
(after going through the RESET state) and when the device transitions from the DIAGNOSTIC state to the
ACTIVE state.

When the watchdog fail counter reaches a count of 7, another bad event does not change the counter: the
counter remains at 7. However, if the watchdog reset is enabled (WD_RST_EN bit in the
SAFETY_FUNC_CFG register is set to 1), on the next bad event or time-out event (7 + 1) the device
enters the RESET state and resets the MCU by pulling the NRES pin low. In the RESET state, the
watchdog fail counter reinitializes to 5. If the watchdog fail counter is at seven when the WD_RST_EN bit
is set to 1, the device immediately enters the RESET state without requiring another bad event or time-out
event.
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5.4.12 Watchdog Sequence

Each watchdog sequence begins with a Window 1 followed by a Window 2. The MCU can program the
time periods of Window 1 (tyn:) and Window 2 (tyn2) with the WD_WIN1_CFG and WD_WIN2_CFG
registers respectively when the device is in the DIAGNOSTIC state. When the device goes from the
RESET state to the DIAGNOSTIC state, the watchdog sequence begins with the default ty,n; and tynz
time periods.

Use Equation 1 and Equation 2 to calculate the minimum and maximum values for the ty,y; time period.
Use Equation 3 and Equation 4 to calculate the minimum and maximum values for the ty,n, time period.
tW|N1_M|N = [(RT[60] - 1) x 0.55 x 095] ms

where
e The bits RT[6:0] are located in the WD_WIN1_CFG SPI register.
1)
twing max = (RT [6:0] x 0.55 x 1.05) ms
where
e The bits RT[6:0] are located in the WD_WIN1_CFG SPI register.
2
twine_min = [(RW[4:0] + 1) x 0.55 x 0.95] ms
where
e The bits RW[4:0] are located in the WD_WIN2_CFG SPI register.
3
twinz_max = [(RW[4:0] + 1) x 0.55 x 1.05] ms
where
e The bits RW[4:0] are located in the WD_WIN2_CFG SPI register.
4

If the MCU stops sending events, or stops feeding the watchdog during the watchdog sequence, the
watchdog considers this lack of response from the MCU a time-out event (no response event). This sets
the TIME_OUT status bit (bit 1 in the WD_STATUS register) and increments the watchdog fail counter.
Immediately following a time-out event the next watchdog sequence is started.

Based on the Window 1 and Window 2 time periods, the watchdog sequence and time-out time periods
are calculated as follows:
tSEQUENCEﬁMIN = tTIMEOUTﬁMIN = tWIleMIN + tWIN27MIN (5)
tsequence max = trimeouT Max = twina_max + twinz_max (6)
The watchdog uses the internal system clock of the device (x5% accuracy) as a time reference for

creating the 0.55-ms watchdog time step. WINDOW 1 may be up to one 0.55-ms watchdog time step
shorter than programmed as indicated by Equation 1.

NOTE

Because of the uncertainty in the Window 1 and Window 2 time periods, Tl recommends
using settings for Window 1 and Window 2 of two or higher. Window 2 could be set as low
as one, assuming Window 1 is set to six or lower. The response from the MCU should be
targeted to the mid point of known timing for Window 2. As Window 1 setting is increased
above six, the device system-clock tolerance (+5%) becomes large compared to a setting of
one in Window 2 not allowing for a known time range for a response in Window 2, so
Window 2 setting must be scaled with Window 1 to allow timing margin.
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5.4.13 MCU to Watchdog Synchronization

To synchronize the MCU with the watchdog sequence, the MCU can write to either the WIN1_CFG or
WIN2_CFG registers to start a new watchdog sequence. After a write access to the WIN1_CFG or
WIN2_CFG register by the MCU (even when these registers are locked or when the device is in the
ACTIVE or the SAFE state), the device immediately starts a new watchdog sequence and increments the
watchdog fail counter. Therefore a write access to the WD_WIN1_CFG or WD_WIN2_CFG register only
takes effect in this new watchdog sequence.

When the MCU is synchronized with the watchdog sequence, a good event from the MCU immediately
starts a new watchdog sequence. In this way, the MCU stays synchronized with the watchdog sequence.

See Figure 6-11 for an example software flowchart of how to synchronize the MCU with the TPS65381-Q1
watchdog.

5.4.14 Trigger Mode (Default Mode)

When the device goes from the RESET state to the DIAGNOSTIC state, the watchdog operates in trigger
mode (default). The first watchdog sequence begins with the default ty,y; and tyn2 time periods. The
watchdog receives the triggers from the MCU on the ERROR/WDI pin. A rising edge on the ERROR/WDI
pin, followed by a falling edge on the ERROR/WDI pin after more than the required pulse time,
twp_puise(max) (32 us), is a trigger. Even a waveform with a longer duration high than low is counted as a
trigger if the rising and falling edges meet this requirement.

Window 1, called a CLOSE window, is the first window in the watchdog sequence. A trigger received in
Window 1 is a bad event and ends Window 1, starts a new watchdog sequence and sets
ANSWER_EARLY flag.

Window 2, called an OPEN window, follows Window 1. At a minimum, Window 2 lasts until a trigger is
received. At a maximum, Window 2 lasts until the programmed t,y,n» time. A trigger received in Window 2
(OPEN) is a good event. A new watchdog sequence begins immediately after the watchdog receives a
trigger in Window 2.

If the MCU stops sending triggers during the watchdog sequence, the watchdog considers this lack of
response from the MCU a time-out event (no response event). This sets the TIME_OUT status bit (bit 1 in
the WD_STATUS register) and increments the watchdog fail counter. Immediately following a time-out
event a new watchdog sequence is started.

The TIME_OUT flag can be useful for the MCU software to resynchronize the watchdog trigger pulse
events to the required device watchdog timing. When resynchronizing in this way, the MCU detects the
TIME_OUT flag being set. The TIME_OUT flag being set indicates the time-out event and the start of a
new watchdog sequence. The MCU should send the trigger with timing so the trigger is in Window 2
(OPEN) of this new watchdog sequence.

NOTE
If an active SPI frame (nCS is low) is present when the time-out event occurs, the
TIME_OUT flag is not latched (set) in the WD_STATUS register, but the watchdog fail
counter still increments. Because the TIME_OUT flag is not latched, this impacts the
resynchronization ability of the MCU and status monitoring. It is recommended to use the
synchronization procedure outlined in section Section 5.4.13.

In trigger mode, the watchdog uses a deglitch filter with the typ puse filter time and an internal system
clock to create the internally generated watchdog pulse (see Figure 5-6 and Figure 5-7).

The rising edge of the trigger on the ERROR/WDI pin must occur at least the typ pusemax) time before the
end of Window 2 (OPEN) to generate a good event.
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The window duration times of Window 1 (CLOSE) and Window 2 (OPEN) are programmed through the
WD_WIN1_CFG and WD_WIN2_CFG registers when the device is in the DIAGNOSTIC state. In trigger
mode, the window duration time are as follows:

twew_wmin (Trigger mode) = tying_wmin

where
e WCW is a watchdog CLOSE window
O

twew_wax (Trigger mode) = tyng_max

where
e WCW is a watchdog CLOSE window
(8)

twow min (Trigger mode) = tyinz vin

where
e  WOW is a watchdog OPEN window
9)

twow _min (Trigger mode) = tynz win

where
e  WOW is a watchdog OPEN window
(10)
Use Equation 1 and Equation 2 to calculate the minimum and maximum values for the tyn, = twew time
period. Use Equation 3 and Equation 4 to calculate the minimum and maximum values for the ty,n2 = twow
time period.

Writing a new Window 1 or Window 2 time to the WD _WIN1_CFG or WD_WIN2_CFG register
immediately begins a new watchdog sequence and increments the watchdog fail counter. A new watchdog
sequence is started by a write even when WD_WIN1_CFG register and the WD_WIN2_CFG SPI register
are locked because the device is not in DIAGOSTIC state or the SPI command SW_LOCK is blocking a
write update to the register values.

The watchdog trigger event is considered a good-event if received during a Window 2 (OPEN) window,
and is considered a bad-event if received during Window 1 (CLOSE) window. A good-event ends the
current watchdog sequence and starts a new watchdog sequence, therefore the MCU and device
watchdog timing stay synchronized.

A good-event, bad-event, time-out event, power-up event, or power-down event ends the current
watchdog sequence and starts a new watchdog sequence.
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Figure 5-6. Example Cases for Good-Events in Trigger Mode

Copyright © 2012-2017, Texas Instruments Incorporated

Detailed Description 65

Submit Documentation Feedback
Product Folder Links: TPS65381-Q1


http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVSBC4G&partnum=TPS65381-Q1
http://www.ti.com/product/tps65381-q1?qgpn=tps65381-q1
http://www.ti.com/product/tps65381-q1?qgpn=tps65381-q1
http://www.ti.com

Not Recommended for New Designs

TPS65381-Q1
SLVSBC4G —MAY 2012-REVISED JUNE 2017

i3 TEXAS
INSTRUMENTS

www.ti.com

RESET
| Extension
Time (Conf

RESET
1 Extension
Time

BIST Run
Time

BIST Run
Time

t

= twing = twing

t=twin OF t<twmi

|
l(Conf I ¢ e >

With
RSTEXT)

[
NRES | RSTEXT)
(Reset to MCU) |

|
:WDﬁFAILﬁCNT[Z:O]IS

WD_FAIL_CNT[2:0]=5

|
| | | 5\ |
wf‘;g';gvzg T T |< WINDOW 1 (CLOSE) WINDOW 2 (OPEN) ) \y . |< WINDOW 1 (CLOSE) WINDOW 1 (CLOSE)
| | | SS |, NRES=LOW When I | Start New Watchdog
| AI WD_FAIL_CNT[2:0] = 7+1 | | | Sequence
| | Increment and WD_RST_EN=1° |
| | WD_FAIL_CNT[2:0] | Increment
| | WD_FAIL_CNT[2:0]=6 | WD_FAIL_CNT[2:0]
Trigger on ERROR/WDI Pin | | | | | WD_FAIL_CNT[2:0]=6
T T 5 t | |
| | : two_puisd | two_pusd
| |
Internally Generated Watchdog Pulse | | | |
— — L |
) 1 B 1
| Case No. 1 | Case No. 2: |

Time-Out Event

NRES = HIGH When
WD_FAIL_CNT[2:0] = 7 AND
WD_RST_EN=0o0r1?

Watchdog Trigger Event
During WINDOW 1 (CLOSE)

NRES = HIGH When
WD_FAIL_CNT[2:0] = 7 + 1

| RESET | BIST | AND WD_RST_EN = 0°
| Extension | Run =t o t<t | t=t t=t | t=t t=t |
i« Time pre Time bie = twint winy | = twini oy =twne o = twing oy =twine R

Y (Conf. With | | | gl gl Ll - 1

RSTEXT) |

NRES
(Reset to MCU)

| |
I wo_FAIL_CNT[2:0]=5 | |
|
|

|
"
Kw

Watchdog

N WINDOW 1
Windows

WINDOW 2 (OPEN)

INDOW 1 (CLOSE) X WINDOW 1 (CLOSE) >I(

WINDOW 2 (OPEN) WINDOW 1 (CLOSE)

(CLOSE) >|(

Start New Watchdog |

Start New Watch

dog Sequencé : Start New Watchdog Sequence

1 During WINDOW1

: | | Sequence
| > two, oo | | Increment < tp puise | Increment | WD_FAIL_CNT[2:0] remains at 7
Trigger on ERRORMDI Pin | WD_FAIL_CNT[2:0] - Al WD_FAIL_CNT([2:0] Al while WD_RST_EN = 0°
X | WD_FAIL_CNT[2:0]=6 WD_FAIL_CNT[2:0]=7 WD_FAIL_CNT[2:0]=7
| ,t<—>l > T T
: IIWDipulse | wb_pulse] 1 | |
Internally Generated Watchdog Pulse | | (] | |
| " " L L
—» I I
| Case No. 2: [P pig >
|Watchdog Trigger Event | Case No. 3: | Case No. 4 |
1

Too Short Trigger Signal Causes

(CLOSE) Time-Out Event

Note: The deglitch time of the WD trigger on ERROR/WDI is twp_puise-

twp_puise (MiN) = 28 ps and twp_puise (Max) = 32 us
|Any external trigger signal that his high longer than 32 ps will be deglitched and propagate into the watchdog as the Internally
Generated Watchdog Pulse.

Time-Out Event

A. When a time-out event occurs, 1 system clock-cycle (250 ns, typical) later, the next watchdog sequence begins.

B. WD_RST_EN = 0 per default. To enable a reset from the watchdog once WD_FAIL_CNT[2:0] = 7 +1, WD_RST_EN must be set to 1. The notation WD_FAIL_CNT[2:0]
= 7 +1 means the next (+ 1) bad event or time-out event if WD_FAIL_CNT[2:0] = 7 while WD_RST_EN = 1 will cause a transition to the RESET state. However, when
WD_RST_EN = 0, the WD_FAIL_CNT[2:0] counter does not increment past 7 and the watchdog does not cause a transition to the RESET state.

C. When a bad event is received in Window 1, 1 system clock-cycle (250 ns, typical) later the next watchdog sequence begins. Therefore the actual length of Window 1

depends on when the MCU sends the bad event.

Figure 5-7. Example Cases for Bad-Event and Time-out Events in Trigger Mode
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5.4.15 Q&A Mode

Setting the WD_CFG bit in the SAFETY_FUNC_REG register to 1 when the device is in the DIAGNOSTIC
state configures the watchdog for Q&A (question and answer) mode. In Q&A mode, the device provides a
guestion (or TOKEN) for the MCU in the WD_TOKEN_VALUE register. The MCU performs a fixed series
of arithmetic operations on the question to calculate the required 32-bit answer. This answer is split into
four answer bytes or responses. The MCU writes these answer bytes through SPI one byte at a time into
the WD_ANSWER register. The device verifies that the MCU returned the answer bytes within the
specified timing windows, and that the answer bytes are correct.

A good event occurs when the MCU sends the correct answer bytes calculated for the current question
within the correct watchdog window and in the correct order.

A bad event occurs when one of the events that follows occur:

» The MCU sends the correct answer bytes, but not in the correct watchdog window.
» The MCU sends incorrectly calculated answer bytes.

» The MCU returns correct answer bytes in the wrong order (sequence).

If the MCU stops sending answer bytes during the watchdog sequence, the watchdog considers this lack
of response from the MCU a time-out event (no response event). This sets the TIME_OUT status bit (bit 1
in the WD_STATUS register) and increments the watchdog fail counter. Immediately following a time-out
event a new watchdog sequence is started.

The TIME_OUT flag can be useful for the MCU software to resynchronize the watchdog answer timing to
the required device watchdog timing. When resynchronizing in this way, the MCU detects the TIME_OUT
flag being set. The TIME_OUT flag being set indicates the time-out event and the start of a new watchdog
sequence. The MCU should send the answer bytes with timing so they will be in the correct windows of
the new watchdog sequence.

NOTE
If an active SPI frame (nCS is low) is present when the time-out event occurs, the
TIME_OUT flag is not latched (set) in the WD_STATUS register, but the watchdog fail
counter is still incremented. Because the TIME_OUT flag is not latched this impacts the
resynchronization ability of the MCU and status monitoring. It is recommended to use the
synchronization procedure outlined in section Section 5.4.13.

NOTE
In Q&A mode, each watchdog sequence starts with Window 1 (OPEN) followed by Window 2
(CLOSE). The OPEN and CLOSE references for Q&A mode are reversed with respect to
those of trigger mode, but the order of the Window 1 and Window 2 is the same as are the
registers containing the setting for each window, WD_WIN1_CFG and WD_WIN2_CFG.

5.4.15.1 Watchdog Q&A Related Definitions

The Q&A mode definitions are:

Question (Token) The question (token) is a 4-bit word (see Section 5.4.15.3).

The watchdog provides the question (token) to the MCU when the MCU reads the question
(TOKENT[3:0]) from the WD_TOKEN_VALUE register.

The MCU can request each new question (token) at the start of the watchdog sequence, but
this is not required to calculate the answer. The MCU can also generate the question by
implementing the question generation circuit as shown in Figure 5-9. Nevertheless, the
answer and, therefore the answer bytes, are always based on the question generated inside
the watchdog of the device. So, if the MCU generates a wrong question and gives answer
bytes calculated from a wrong question, the watchdog detects a bad event.

A new question (token) is generated only when a good event occurred in the previous
watchdog sequence causing the token counter (internal counter) to increment and generate
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a new question (token) as shown in figure Figure 5-9.

Answer (Response) The answer (response) is a 32-bit word that is split into four answer bytes or
responses: Answer-3 (WD_TOKEN_RESP_3), Answer-2 (WD_TOKEN_RESP_?2), Answer-1
(WD_TOKEN_RESP_1), and Answer-0 (WD_TOKEN_RESP_0).

The watchdog receives an answer byte when the MCU writes to the watchdog answer
register (the WD_ANSW][7:0] bits in the WD_ANSWER register).

For each question, the watchdog requires four correct answer bytes from the MCU in the
correct timing and order (sequence). Answer-3, Answer-2, and Answer-1 can be in Window
1 or Window 2 in the correct order, and Answer-0 must be in Window 2 to be detected as a
good event.

5.4.15.2 Watchdog Sequence in Q&A Mode

The watchdog sequence in Q&A mode ends after the MCU writes the fourth answer byte, Answer-0
(WD_TOKEN_RESP_0), or after a time-out event. A new watchdog sequence starts after the previous
watchdog sequence ends.

The window duration times of Window 1 (OPEN) and Window 2 (CLOSE) are programmed through the
WD_WIN1_CFG and WD_WIN2_CFG registers when the device is in the DIAGNOSTIC state. In Q&A
mode, the window duration time are as follows:

twow_min (Q&A mode) = tyng_min

where
e WOW is a watchdog OPEN window
(11)
twow_max (Q&A mode) = tyn1_wax

where
e WOW is a watchdog OPEN window
(12)
twew_wmin (Q&A mode) = tynz min

where
e WCW is a watchdog CLOSE window
(13)
twew_wmin (Q&A mode) = tyinz min

where

e  WCW is a watchdog CLOSE window
(14)

Use Equation 1 and Equation 2 to calculate the minimum and maximum values for the tyn: = twow time
period. Use Equation 3 and Equation 4 to calculate the minimum and maximum values for the tynz = twew
time period.

Writing a new Window 1 or Window 2 time to the WD _WIN1 CFG or WD_WIN2_CFG register
immediately begins a new watchdog sequence and increments the watchdog fail counter. A new watchdog
sequence is started by a write even when WD_WIN1_CFG register and the WD_WIN2_CFG SPI register
are locked because the device is not in DIAGOSTIC state or the SPI command SW_LOCK is blocking a
write update to the register values.
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SPI

Commands {_|_|: ! u U

@

@

i
wcomn || 1 ] i

WINDOW 1 (OPEN)

Programmed through WD_WIN1_CFG register
1= twing

|

|

| ¢

<

: The first three correct answer bytes (responses) may be scheduled in WINDOW 1 or
| WINDOW 2. The first three answer bytes must be in the correct order (sequence):
| . Answer-3 (WD_TOKEN_RESP_3) followed by
| . Answer-2 (WD_TOKEN_RESP_2) followed by
: . Answer-1 (WD_TOKEN_RESP_1)
|
|
|
|
|
|
|

After WINDOW 1 time elapses, WINDOW 2 begins.

The MCU needs to write the answer bytes (responses) to WD_ANSWER register.

: "gcgs?sigf : MCU Provides Answer®
us ]
|
t

I o 3 o

|

| 1 Internal Clock Cycle (250 ns) — :4_
| to Generate New Question for (Q&A [n + 1]) |

|

|

|

X QaA In] Y QeAmn+1

|
<
< »

i WATCHDOG SEQUENCE
|

Q* = RD_WD_TOKEN_VALUE '
3* = Answer-3 to WR_WD_ANSWER
2* = Answer-2 to WR_WD_ANSWER
1* = Answer-2 to WR_WD_ANSWER
0* = Answer-0 to WR_WD_ANSWER

The MCU is not required to read the question (token). The MCU can begin giving the correct answer bytes Answer-3, Answer-2,
Answer-1, anywhere in Window 1 or Window 2. The new question (token) is generated and a new watchdog sequence started within
1 system clock cycle after the final Answer-0 as long as the answer was a good event. A bad event or time-out event causes a new
watchdog sequence to start, however a new question (token) is not generated.

The MCU can put other SPI commands in-between the WR_WD_ANSWER commands (even rerequesting the question). These SPI
commands have no influence on the detection of a good event, as long as the four correct answer bytes are in the correct order, and
the fourth correct answer byte is provided in Window 2.

Figure 5-8. Watchdog Sequence in Q&A Mode

5.4.15.3 Question (Token) Generation

The watchdog uses a 4-bit token counter (TOKEN_CNTJ[3:0] bits in Figure 5-9), and a 4-bit Markov chain
to generate a 4-bit question (token). The MCU can read this question in the WD_TOKEN_VALUE register,
TOKEN]J3:0] bits. The watchdog generates a new question when the token counter increments, which only
occurs when the watchdog detects a good event. The watchdog does not generate a new question when
it detects a bad event or a time-out event. The watchdog does not generate a new question for a
watchdog sequence that starts after the MCU writes to the WD_WIN1_CFG or WD_WIN2_CFG registers.

The token counter provides a clock pulse to the Markov chain when it transitions from 1111b to 0000b.
The question counter and the Markov chain are set to the singular default value of 0000b when the device
completes the LBIST (either a manual LBIST run or the automotive LBIST run initiated on the transition
from the RESET to DIAGNOSTIC state). To leave the singular point, the feedback logic combination is
implemented.

Figure 5-9 shows the logic combination for the question (token) generation. The question is in the
WD_TOKEN_VALUE register, TOKEN[3:0] bits.

The logic combination of the token counter with the WD_ANSW_CNT[1:0] status bits (in the WD_STATUS
register) generates the reference answer bytes as shown in Figure 5-9.
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4-bit LFSR Polynomial Equation®

FDBK[2:1] = 2b'00:
FDBK[2:1] = 2b'01:
FDBK[2:1] = 2b'10 :
FDBK[2:1] = 2b'11:

Equivalent for Default LFSR Polynomial (Default FDBK value)

Bit 3 Bit 2

y = x4 + x3 + 1 (Default Value)
y=x4+x2+1
y=x3+x2+1
y=x4+x3+x2+1

Bit1

Bit 0

Flip Flop)

Flip Flop)

D Q D

< <

Flip Flop

Q

Flip Flop

D

<

good event

i

L I

0
4
|
|
|
|
|
1
[l
L

! !
4-bit SEED Value Loaded when the device goes to the RESET state
( Programmable Through TOKEN_SEED[3:0] )

( Default Value 4'b0000")

Bit1
Bit3
Bit2
Bitl

Token Counter

(Default = 4'b0000) TOKEN_ CNT[1]

TOKEN_ CNT[3]

Good CNT [0] I—— TOKEN_ CNT[0] TOKEN_ CNT[2]

TOKEN_ CNT[1]
Event > INCR + 1 _

trigger

CNT [1] {—— TOKEN_ CNT[1]

CNT [2] |——— TOKEN_CNT[2] Bit3 —|
Bit2 —f
CNT [3] |——— TOKEN_CNT[3] Bit3

Bit3 —

[

TOKEN_ CNT[3]
TOKEN_ CNT[2]
TOKEN_ CNT[3]
TOKEN_ CNT[3]

Bit0
Bit1
Bit0
Bit0

TOKEN_ CNT[0]
TOKEN_ CNT[1]
TOKEN_ CNT[0]
TOKEN_ CNT[0]

Bit 2
Bit 0
Bit 1
Bit 2

TOKEN_ CNT[2]
TOKEN_ CNT[0]
TOKEN_ CNT[1]
TOKEN_ CNT[2]

ji: TOKENI0]
)[: TOKEN[1]
jZ: TOKEN[2]
)i: TOKEN[3]

Feedback settings controllable through |’
FDBK [3:2] setting in
WD_TOKEN_FDBK register
(default value 0x0)

and

TOKEN_CNT[3:0] = 4b1111

Bit0

Bit1 Bit2 Bit3

SEED?

o
o
o

olo|lv]|loa|lu]|ls]|lw]|~

[N
o

[N
[

-
)

[N
w

[N
IS

o|lr|r|r|r|olr|olr]|r|o|lo]lr]e
Rrlr|lr|r|lolr|olr]|r]|lo]lo]lr]|o|o
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w«

o|lo|lo|r|r]|r|r]|olr]|o|lr]|r]|o|lo]|r

rlkr|lr|r|olr|o|lr|r|o|lo|lr|o]lo]|o
Question Order 1 to 15

o
o

Default question order with default TOKEN_SEED[3:0]

and FDBK[3:0] values

(1) A value of 0000b is a special seed and equates to 0001b, including the default loading of 0000b during power up.

Figure 5-9. Watchdog Question (Token) Generation
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TOKEN [0] j

WD_ANSW_CNT [1]
(from WD_STATUS register ) T[)i
TOKEN [3]

TOKEN [0]
[2]

TOKEN [2
TOKEN [1]

WD_ANSW_CNT [1]
( from WD_STATUS register )

TOKEN [0]

TOKEN [1]

WD_ANSW_CNT [1]
( from WD_STATUS register )

TOKEN [3]

WD_ANSW_CNT [1]
( from WD_STATUS register )

TOKEN [1]

WD_ANSW_CNT [0]
( from WD_STATUS register )

WD_ANSW_CNT [0]
( from WD_STATUS register )

TOKEN [0]

WD_ANSW_CNT [0]
( from WD_STATUS register )

TOKEN [2]

TOKEN [3] j}
=D
=D

Reference-Answer-x [0]
X=3,21,0

Reference-Answer-x [1]
X=3,2,1,0

Reference-Answer-x [2]
X=3,2,1,0

Reference-Answer-x [3]
X=3,21,0

Reference-Answer-x [4]
X=3,2,1,0

Reference-Answer-x [5]
X=3,2,1,0

Reference-Answer-x [6]
X=3,2,1,0

Reference-Answer-x [7]
X=3,21,0

+

1

WD_ANSW_CNT [0]
( from WD_STATUS register ) |

Calculated Answer-x byte

Figure 5-10. Watchdog Answer Calculation
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5.4.15.4 Answer Comparison and Reference Answer

The 2-bit, watchdog-answer counter, WD_ANSW_CNT[1:0], in the WD_STATUS register counts the
number of received answer bytes and controls the generation of the reference Answer-x byte as shown in
Figure 5-10. At the start of each watchdog sequence, the default value of the WD_ANSW_CNT[1:0] is 11b
to indicate that the watchdog expects the MCU to write Answer-3 (WD_RESP_3) in the WD_ANSWER
register.

5.4.15.4.1 Sequence of the 2-bit Watchdog Answer Counter

The sequence of the 2-bit, watchdog answer counter, WD_ANSW][1:0], is as follows for each counter
value:
« WD_ANSW_CNT[1:0] = 11b:

— The watchdog calculates reference Answer-3

— A write access occurs: the MCU writes Answer-3 (WD _TOKEN_RESP_3) byte in the
WD_ANSWER register.

— The watchdog compares the reference Answer-3 with the Answer-3 byte in the WD_ANSWER
register.

— The watchdog decrements the WD_ANSW_CNTJ[1:0] bits to 10b and updates the ANSWER_ERR
flag bit.
« WD_ANSW_CNT[1:0] = 10b:
— The watchdog calculates reference Answer-2

— A write access occurs: the MCU writes Answer-2 (WD _TOKEN_RESP_2) byte in the
WD_ANSWER register.

— The watchdog compares the reference Answer-2 with the Answer-2 byte in the WD_ANSWER
register.

— The watchdog decrements the WD_ANSW_CNTJ[1:0] bits to 01b and updates the ANSWER_ERR
flag bit.
« WD_ANSW_CNT[1:0] = 01b:
— The watchdog calculates reference Answer-1

— A write access occurs: the MCU writes Answer-1 (WD _TOKEN_RESP_1) byte in the
WD_ANSWER register.

— The watchdog compares the reference Answer-1 with the Answer-1 byte in the WD_ANSWER
register.

— The watchdog decrements the WD_ANSW_CNTJ[1:0] bits to 00b and updates the ANSWER_ERR
flag bit.
« WD_ANSW_CNT[1:0] = 00b:
— The watchdog calculates reference Answer-0

— A write access occurs: the MCU writes Answer-0 (WD _TOKEN_RESP_0) byte in the
WD_ANSWER register.

— The watchdog compares the reference Answer-0 with the Answer-0 byte in the WD_ANSWER
register.

— The watchdog updates the ANSWER_ERR flag bit.
— The watchdog starts a new watchdog sequence and sets the WD_ANSW_CNT[1:0] to 11b.
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Table 5-11. Set of Questions (Tokens) and Corresponding Answer Bytes Using Default Setting of
WD_TOKEN_FDBK Register

QUESTION (TOKEN) WD ANSWER (TO BE WRITTEN INTO WD_ANSW REGISTER)

WD TOKE\IN VALUE Answer-3 (WD_TOKEN_ | Answer-2 (WD_TOKEN_ | Answer-1 (WD_TOKEN_ | Answer-0 (WD_TOKEN_
TREGISTER RESP_3) RESP_2) RESP_1) RESP_0)
TOKEN [3:0] WD_ANS_W_CNT WD_ANS_W_CNT WD_ANS_W_CNT WD_ANS_W_CNT

[1:0] = 11b [1:0] = 10b [1:0] = 01b [1:0] = 00b
Oh FFh OFh FOh 00h
1h BOh 40h BFh 4Fh
2h E9h 19h E6h 16h
3h A6h 56h A%h 59h
4h 75h 85h 7Ah 8Ah
5h 3Ah CAh 35h C5h
6h 63h 93h 6Ch 9Ch
7h 2Ch DCh 23h D3h
8h D2h 22h DDh 2Dh
9h 9Dh 6Dh 92h 62h
Ah C4h 34h CBh 3Bh
Bh 8Bh 7Bh 84h 74h
Ch 58h Ash 57h A7h
Dh 17h E7h 18h E8h
Eh 4Eh BEh 41h Blh
Fh 01h F1lh OEh FEh

5.4.15.5 Watchdog Q&A Mode Sequence Events and WD_STATUS Register Updates

The watchdog sequence events are as follows for the different scenarios listed:

* A good event occurs when all answer bytes are correct in value (the ANSWER_ERR bit is cleared to
0) and timing. For such a good event, then the events that follow occur:

— The watchdog fail counter, WD_FAIL_CNT[2:0], decrements by one.
— The token counter increments by one, causing a new question (token) to be generated.
— The SEQ_ERR bhit resets.

The ANSWER_EARLY bit resets.

» A bad event occurs when all answer bytes are correct in value (the ANSWER_ERR bit is cleared to 0)

but not in correct timing. For such a bad event, then the events that follow occur:
The watchdog fail counter, WD_FAIL_CNT[2:0], increments by one.

The token counter does not change, thus the question (token) does not change.
The SEQ_ERR bhit is set.
The ANSWER_EARLY bit is set.
bad event occurs when one or more of the answer bytes are not correct in value (the

- A

ANSWER_ERR bit is set to 1) but in correct timing. For such a bad event, then the events that follow

occur:

The watchdog fail counter, WD_FAIL_CNT[2:0], increments by one.
The token counter does not change, thus the question (token) does not change.
The SEQ_ERR bhit is set
The ANSWER_EARLY bit is reset
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A bad event occurs when one or more of the answer bytes are not correct in value (the
ANSWER_ERR status bit is set to 1) and not in correct timing. For such a bad event, then the events
that follow occur:

— The watchdog fail counter, WD_FAIL_CNTJ[2:0], increments by one

ERR bit is set.

The token counter does not change, thus the question (token) does not change.
The SEQ _
The ANSWER_EARLY bit is set.

In case a time-out event occurs, then the events that follow occur:

The watchdog fail counter, WD_FAIL_CNT[2:0], increments by one.
The token counter does not change, thus the question (token) does not change.
The TIME_OUT bit is set.

In case the MCU writes to registers WD_WIN1_CFG or WD_WIN2_CFG, the events that follow occur:

The watchdog fail counter, WD_FAIL_CNT[2:0], increments by one.
The WD_CFG_CHG bit is set.

Table 5-12. WD_STATUS Bits Versus Possible Watchdog Sequence Events

WATCHDOG SEQUENCE EVENTS WD_STATUS REGISTER BITS
All MCU . . . WINDOW 1 or
Answer-0 Arrived | Answer-0 Arrived Time-out Occurred
ANSWer |y ing WINDOW | During WINDOW 1 | While Waiting for WINDOW2 | WD_CFG_| g grr | TiME_ ouT | ANSWER_
Bytes 2 (CLOSE) (OPEN) ISETD Duration CHG EARLY
Correct? ’ Changed?
Yes Yes No No No 0 0 0 0
Yes No Yes No No 0 0 0 1
No Yes No No No 0 1 0 0
No No Yes No No 0 1 0 1
ves (first 3 No No Yes No 0 0 1 0
Answer-x)
No No No Yes No 1 1 0
— — — — Yes 1 0 0 0
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5.4.16 MCU Error Signal Monitor (MCU ESM)

This block monitors the external MCU error conditions signaled from the MCU to the device through the
ERROR/WDI input pin. The MCU ESM is configurable to monitor two different signaling options depending
which functional safety architecture MCU family is being monitored and how the specific MCU family
indicates on the error or fault output pin improper operation. The MCU ESM mode is selected through the
ERROR_CFG bit in the SAFETY_FUNC_CFG register.

In TMS570 mode the ESM detects a low-pulse signal with a programmable low-pulse duration threshold
(see Section 5.4.16.1). This mode is selected when the ERROR_CFG bit is set to 1. In PWM mode the
ESM detecting a PWM signal with a programmable frequency and duty cycle (see Section 5.4.16.2). This
mode is selected when the ERROR_CFG bit is cleared to 0 (default). PWM mode can be used as an
external clock-monitor function.

The MCU ESM is deactivated by default. To activate it, clear the NO_ERROR bit to 0 in the
SAFETY_CHECK_CTRL register.

NOTE
Activating the MCU ESM is only recommended when the watchdog is configured in Q&A
mode, otherwise the ERROR/WDI pin is used both for watchdog trigger input and MCU error
signaling.

The low-signaling duration threshold (for TMS570 mode) or the expected PWM low-pulse duration (for
PWM mode) is set through the SAFETY_ERR_PWM _L register. The expected PWM high-pulse duration
(for PWM mode) is set through the SAFETY_ERR_PWM_H register. A detected MCU signaling error is
indicated when the ERROR_PIN_FAIL bit in the SAFETY_ERR_STAT register is set to 1.

NOTE
An update to a SAFETY_ERR_PWM_x register (only possible in the DIAGNOSTIC state)
has an immediate effect. Therefore, if the MCU writes a new value to the
SAFETY_ERR_PWM_x register which is less than the value of the current pulse-duration
counter value, the MCU ESM immediately detects an error condition on the ERROR/WDI
pin. The pulse duration counter then reinitializes to 0 and sets the ERROR_PIN_FAIL bit to
1.

When the TPS65381-Q1 device is in the DIAGNOSTIC state, the MCU can emulate a signaling error
(emulated fault-injection) for a diagnostic check of the error-signal monitor by checking the status of the
ERROR_PIN_FAIL bit while the NO_ERROR bit is cleard to 0 (MCU ESM enabled) without a transition to
the SAFE state.
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NOTE
To perform an MCU ESM diagnostic check of the pin while in the DIAGNOSTIC state the
following procedure can be used. The ERROR/WDI pin is edge triggered.

1. Clear the ERROR_PIN_FAIL bit by clearing it to 0 in the SAFETY_ERR_STAT register.
2. Verify the ERROR_PIN_FAIL hit is not reset to 1 when the MCU ESM is enabled.

3. Inject a failure on the ERROR/WDI pin specific to the MCU ESM mode of operation.

4

. Verify the ERROR_PIN_FAIL bit is set to 1 and the ENDRYV pin is low even if the
ENABLE_DRYV bit is set to 1.

Remove the injected failure.
Write O to clear the ERROR_PIN_FAIL bit.

Confirm the ERROR_PIN_FAIL bit was cleared by reading back the
SAFETY_ERR_STAT register.

8. Confirm the ENDRV pin returned HIGH when the ENABLE_DRYV bit is set to 1, assuming
no other conditions exist that block ENDRYV from being HIGH (see Figure 5-14).

N oo g

When the TPS65381-Q1 device is in the ACTIVE state, a detected MCU signaling error causes a
transition to the SAFE state. A dedicated 4-bit error counter, the DEV_ERR_CNT[3:0] bits in the
SAFETY_ERR_STAT register, counts the transitions from the ACTIVE state to the SAFE state.

The module is covered by the logic BIST (LBIST).

5.4.16.1 TMS570 Mode

An error condition is detected when the ERROR/WDI pin remains low longer than the programmed
amount of time set by the SAFETY_ERR_PWM _L register. The programmable time range is 5 us to 1.28
ms (typical), with 5-us steps (£5%).

The SAFETY_ERR_PWM_L register must be set to the desired value based on the maximum required
time for the TMS570 MCU to detect an error or fault and to potentially recover from or correct the error or
fault.

The LOW duration time is as follows:
trmss7o_Low min = (PWML[7:0]) x 5 us x 0.95 (15)
trmss7o_Low_max= (PWML[7:0] + 1) x 5 us x 1.05 (16)

Use Equation 15 and Equation 16 to calculate the minimum and maximum values for the LOW duration,
trmss7o_Low- Figure 5-11 shows the error-detection case scenarios.

NOTE
The SAFETY_ERR_PWM_L register (PWML[7:0]) should be configured with a minimum of 1
(01h) in the register.

The low-pulse monitoring on the ERROR/WDI pin is implemented as follows:

When the NO_ERROR bit is cleared to 0, every falling edge on the ERROR/WDI pin reinitializes the
low-pulse duration counter to 0 within one system clock-cycle (250 ns +5%).

« After reinitialization, the low-pulse counter restarts one system clock-cycle (250 ns +5%).

e The low-pulse duration counter increases every 5 us (with £5% accuracy) as long as the ERROR/WDI
pin is low. A rising edge on the ERROR/WDI pin stops the low-pulse duration counter.

* When low-pulse duration counter is equal to the SAFETY_ERR_PWM_L register setting, an error is
detected.

The ERROR_PIN_FAIL bit in the SAFETY_ERR_STAT register is set within one system clock cycle (250
ns + 5%) after detecting an MCU signaling error. When the device is in the ACTIVE state, a transition to
the SAFE state occurs after one more system clock-cycle.
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| |
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Figure 5-11. Error Detection Case Scenarios in TMS570 Mode
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5.4.16.2 PWM Mode

An error condition is detected when one of the following occurs on the ERROR/WDI pin:

e« The ERROR/WDI pin high-pulse duration exceeds the threshold value programmed by the PWM_H
register.

e The ERROR/WDI pin low-pulse duration exceeds the threshold value programmed by the PWM_L
register.

The MCU ESM does NOT detect an MCU signaling error on the ERROR/WDI pin if both of the following
occurs:

e The ERROR pin high-pulse duration is less than the threshold value programmed by the PWM_H
register.

e The ERROR pin low-pulse duration is less than the threshold value programmed by the PWM_L
register.

The programmable time range for the expected HIGH and LOW pulse duration is 15 ps to 3.8 ms (typical),
with 15-us resolution steps (£5%).

The HIGH and LOW pulse duration times are programmed through the SAFETY_ERR_PWM_H and
SAFETY_ERR_PWM_L registers when the device is in the DIAGNOSTIC state. The pulse duration time
are as follows:

tewm_ticH_min = (PWMH[7:0]) x 15 ps x 0.95 17)
towm ricH wax = (PWMH[7:0] + 1) x 15 ps x 1.05 (18)
tewm_Low_min = (PWML[7:0]) x 15 ps x 0.95 (19)
towm Low max= (PWMLI7:0] + 1) x 15 pis x 1.05 (20)

Use Equation 17 and Equation 18 to calculate the minimum and maximum values for the HIGH pulse
duration, tpwym_Hicr. Use Equation 19 and Equation 20 to calculate the minimum and maximum values for
the LOW pulse duration, tpwm_Low-

NOTE
The SAFETY_ERR_PWM_H (PWMH][7:0]) and SAFETY_ERR_PWM_L (PWML[7:0]) register
should be configured with a minimum of 1 (01h) in the registers.

The monitoring of the high-pulse duration and low-pulse duration is implemented as follows:

LOW pulse monitoring:

* Every falling edge on the ERROR/WDI pin, or setting the NO_ERROR bit from 1 to 0 when the
ERROR/WDI pin is low, reinitializes the low-pulse duration counter to 0 within one system clock-cycle
(250 ns £5%).

» After reinitialization, the low-pulse counter restarts after one system clock-cycle (250 ns +5%).

» The low-pulse duration counter increases every 15 ps (£5%) while the ERROR/WDI pin remains low.

» When the low-pulse duration counter is equal to the SAFETY_ERR_PWM _L register setting, an error
is detected.

HIGH pulse monitoring:

* Every rising edge on the ERROR/WDI pin, or setting the NO_ERROR bit from 1 to O when the
ERROR/WDI pin is high, reinitializes the high-pulse duration counter to O within one system clock-cycle
(250 ns £5%).

» After reinitialization, the high-pulse counter restarts after one system clock-cycle (250 ns +5%).

» The high-pulse duration counter increases every 15 us (with £ 5% accuracy) while the ERROR/WDI
pin remains high.

» When the high-pulse duration counter is equal to the SAFETY_ERR_PWM_H register setting, an error
is detected.
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NOTE
The ERROR/WDI pin is edge triggered, to synchronize the MCU to the MCU ESM module,
while in the DIAGNOSTIC state the MCU should start sending the desired PWM signal. On
the first falling or rising edge the MCU ESM detects the edge and starts the internal timers in
sync with the edge so the MCU and MCU ESM are synchronized. The MCU ESM
resynchronizes to the MCU on every rising and falling edge. While in the DIAGNOSTIC
state, when synchronization has occurred the ERROR_PIN_FAIL flag should be cleared.

The ERROR_PIN_FAIL bit in the SAFETY_ERR_STAT register is set within one system clock cycle (250
ns +5%) after detecting an MCU signaling error. When the device is in the ACTIVE state, a transition to
the SAFE state occurs after one more system clock-cycle.
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Figure 5-12. Error Detection Case Scenarios in PWM Mode
80 Detailed Description Copyright © 2012-2017, Texas Instruments Incorporated

Submit Documentation Feedback
Product Folder Links: TPS65381-Q1


http://www.ti.com/product/tps65381-q1?qgpn=tps65381-q1
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVSBC4G&partnum=TPS65381-Q1
http://www.ti.com/product/tps65381-q1?qgpn=tps65381-q1

Not Recommended for New Designs

13 TEXAS
INSTRUMENTS TPS65381-Q1
www.ti.com SLVSBCA4G —MAY 2012—REVISED JUNE 2017

5.4.17 Device Configuration Register Protection

This function offers a mechanism to help protect safety SPI-mapped registers by means of SPI write-
access protection and CRC check.
The register access protection includes two distinctive features:

* A register cannot be written after write-access lock protection is set. The lock is cleared by software or
by a power-on reset.

* CRC protection for configuration registers.

A CRC occurs on safety data after a SPI write updates to verify the SPI register contents are correctly
programmed. The CRC controller is a diagnostic module, which performs the CRC to verify the integrity of
the SPI-mapped register space. A signature representing the content of the safety registers is obtained
when the content is read into the CRC controller. The responsibility of the CRC controller is to calculate
the signature for a set of data and then compare the calculated signature value against a predetermined
good-signature value. The predetermined CRC signature value is stored in the SAFETY_CFG_CRC
register. The external MCU uses the SAFETY_CHECK_CTRL register to enable a CRC check and the
SAFETY_STAT_2 register to monitor the status. When enabled, a CRC check on the configuration
registers is performed. In case of a detected signature error, the CFG_CRC_ERR flag is set in the
SAFETY_STAT_2 SPI register. The device state and the ENDRYV pin state remain unchanged. In case of
a detected checksum error with the TPS65381-Q1 device in the DIAGNOSTIC state, clearing the
CFG_CRC_EN bit to 0 brings the TPS65381-Q1 device into the SAFE state (the ENDRV pin is pulled
low).

A standard CRC-8 polynomial is used: X8 + X2 + X1 +1
The CRC monitor test is covered by a logic BIST.

A 64-bit string is protected by CRC. The following registers are protected:
*+ SAFETY_FUNC_CFG

« DEV_REV

* SAFETY_PWD_THR_CFG

* SAFETY_ERR_CFG

« WD_TOKEN_FDBK

« WD_WIN2_CFG

« WD_WIN1_CFG

*+ SAFETY_ERR_PWM_L

+ DEV_CFG2

 DEV_CFG1 (only bit number 6)
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Table 5-13 lists the CRC bus structure.

Table 5-13. CRC Bus Structure

REGISTER NAME 64-BIT BUS ORDERING
SAFETY_FUNC_CFG [6:0] [63:57]
DEV_REV [7:0] [56:49]
SAFETY_PWD_THR_CFG [3:0] [48:45]
SAFETY_ERR_CFG [7:0] [44:37]
WD_TOKEN_FDBK [7:0] [36:29]
WD_WIN2_CFG [4:0] [28:24]
WD_WIN1_CFG [6:0] [23:17]
SAFETY_ERR_PWM_L [7:0] [16:9]
DEV_CFG2 [7:0] [8:1]
DEV_CFG1 [6] 0

In the external MCU, the CRC calculation must be performed byte-wise, starting with the lowest byte of
the 64-bit bus ordering value. The most significant bit is first in the bit order. The resulting CRC of one
calculation is the seed value for the next calculation. The initial seed value is FFh. The CRC result of the
eighth byte-wise calculation is the CRC signature value, which must be stored in the SAFETY_CFG_CRC
register (see Figure 5-13).

64-Bit Bus Ordering Value:
63 0

Byte 7 | Byte6 | Byte5 | Byte4 | Byte3 | Byte2 | Bytel | Byte O

Flip-Flop the Preload Value

v/ Byte 0, Byte 1, Byte 2, Byte 3, Byte 4, Byte 5, Byte 6, Byte 7 (Seed Value)
Y9 oo pYe oYe  bHe bHe b Yo Lo o
< < < < < < < <
Flip Flop| Flip Flop Flip Flop Flip Flop Flip Flop Flip Flop Flip Flop Flip Flop

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

Figure 5-13. CRC Calculation Logic

Table 5-14 lists some CRC calculation examples.

Table 5-14. CRC Calculation Examples

64-BIT BUS ORDERING VALUE CRC-8 RESULT
0000 0000 0000 0000h DBh
FFFF FFFF FFFF FFFFh 0Ch
OAOA 0505 0AOA 0505h D4h
0505 0OAOA 0505 0OAOAh 17h
AOAO0 5050 AOAO 5050h 2Bh
0A23 E000 18FE 7B80h 1Bh
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In case the CRC controller detects a signature error on the configuration registers, care must be used
when performing an EEPROM CRC afterwards. In case of a detected signature error in the configuration
registers, the device reports an EEPROM signature error when the CFG_CRC_EN bit in the
SAFETY_CHECK_CTRL register is cleared to 0O first before performing the EEPROM CRC by setting the
EE_CRC_CHK bit in the SAFETY_BIST_CTRL register to 1, even when the EEPROM bits do not have an
error. Therefore, when performing an EEPROM CRC after a CRC on the configuration registers, the steps
must always occur in the following order:

1.
2.

8.
9.

Calculate CRC8 in the MCU and store it in the SAFETY_CFG_CRC register.
Set the CFG_CRC_EN bit in the SAFETY_CHECK_CTRL register to 1 to perform a CRC on the
configuration registers.
After the SPI command sets the CFG_CRC_EN bhit to 1 (for example, after rising edge on NCS), wait
at least 2.1 ps for the configuration register to complete the CRC.

Read the results of the configuration register CRC in the SAFETY_STAT_2 register, bit
CFG_CRC_ERR. If continuous CRC on the configuration register must be performed, clear the
CFG_CRC_EN bitin the SAFETY_CHECK_CTRL register to 0 and repeat beginning with Step 1. If the
CRC on the EEPROM registers must be performed, proceed to Step 5.

NOTE
A correct EEPROM CRC afterwards (as described in Step 5) clears this CFG_CRC_ERR hit.
Therefore, TI recommends reading out this CFG_CRC_ERR bit before performing the
EEPROM CRC.

Set the EE_CRC_CHK bit in the SAFETY_BIST_CTRL register to 1 to perform the CRC on the
EEPROM registers.

After the SPI command sets the EE_CRC_CHK bit to 1 (for example, after rising edge on NCS), wait
at least 811 ps for the EEPROM CRC to finish.

Completion of the EERPOM CRC is observed by reading the EE_CRC_CHK bit. When the EEPROM
CRC is complete, this EE_CRC_CHK bit is cleared to 0.

Clear the CFG_CRC_EN bit in the SAFETY_CHECK_CTRL register to O
Read the results of the EEPROM CRC in the SAFETY_STAT_2 register, bit EE_CRC_ERR.

10. Go back to Step 1.

NOTE
Returning to Step 1 is not required; returning to Step 2 is also an option.

NOTE

While in the DIAGNOSTIC state, a check can be performed to confirm the CFG_CRC_ERR
bit is set to 1 on a mismatch between the value stored in the SAFETY_CFG_CRC register
and the value that is calculated from the configuration registers covered by the CRCS8. If the
CFG_CRC_EN is cleared while the CFG_CRC_ERR bit is set to 1, then the device
transitions to the SAFE state, set the EE_CRC_ERR bit and clear the CFG_CRC_EN bit. To
avoid this transition to the SAFE state, the CFG_CRC_ERR bit must be cleared by running
the EEPROM CRC by setting the EE_CRC_CHK bit. While the EPPROM CRC is running,
the EE_CRC_ERR bit is set. Assuming the EEPROM CRC was good, both the
EE_CRC_ERR and CFG_CRC_ERR bits are cleared. To check if the CFG_CRC_ERR bit is
0 for a matching CRC, the matching CRC value should be stored in the SAFETY_CFG_CRC
register. Then the CFG_CRC_EN bit must be cleared to 0 and set again to 1 which reruns
the CRC on the configuration registers, resulting in the CFG_CRC_ERR bit being 0.
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5.4.18 Enable and Reset Driver Circuit

Figure 5-14 shows the reset and enable circuit.

NRES_ERR

To DIAG_OUT Through DMUX

VDD5_OT
NMASK_VDD5_OT

o<}
/\

VDDIO

~45kQ
o{ ] NRES
|
|

VDD3/5_UV

VDD1_UV
NMASK_VDD1_UV_OV

%

RESET State and Global RESET Conditions

STANDBY State and Global STANDBY Conditions

POST_RUN_RST
IGN_PWRL
Re-cranking on IGN

WD_FAIL_CNT[2:0] =7 +1

%%LJ

WD_RST_EN
VDDIO
VBATP_OV
MASK_VBATP_OV —‘>O—
~45k0Q
VDD5_OV
VDD3/5_0OV —{ ] enorv

VDD1_0OV
NMASK_VDD1_UV_OV

} |

/ WD_FAIL_CNT[2:0] > 4 |
SAFE State

ABIST_RUN or LBIST_RUN (ACTIVE State or DIAGNOSTIC State)
STANDBY State

ENABLE_DRV {>O SZ

Bit Type
Status or Monitoring Event or Flag

User Configurable Input Bit ENDRV_ERR 4G_—

Figure 5-14. Reset and Enable Circuit

The ENDRYV pin features a read-back circuit to compare the external ENDRV level with the internally
applied ENDRV level. This feature detects any possible failure in the ENDRV pullup or pulldown
components. A failure is detected by the MCU through the ENDRV_ERR bit (bit 1 in the
SAFETY_STAT_ 4 register).

The ENDRYV pin is pulled low for the ABIST duration time (approximately 300 ps) when activating the
ABIST function after the ENDRV output is turned on and driven high. This is part of ENDRYV diagnostics to
validate all monitoring functions that disable the ENDDRYV output and confirm that the ENDRV output is
controllable by using the ENDRV read-back path.

The NRES pin features a readback of the external NRES level. The value is read on the DIAG_OUT pin
and NRES_ERR bit (bit 5 in the SAFETY_STAT_3 register)..

For both the ENDRV pin and the NRES pin, the logic read-back threshold level is typically 400 mV.

Figure 5-15 shows the timing-response diagram for the NRES and ENDRV pins to any VDDx
undervoltage or overvoltage condition.
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(1) The signal deglitch time is defined for each undervoltage or overvoltage condition as given in Section 4.

(2) The NRES extension time is defined by the external resistor value as given in Section 4.

Figure 5-15. Timing-Response Diagram for NRES and ENDRYV Pins to any VDDx Undervoltage or

Overvoltage Condition
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5.4.19 Device Operating States
. T T T T T T 1
Global RESET Conditions
Regardless of Device Current State Except STANDBY State %
NRES = 1* /)"oo(/o

* VDDx regulators > UV 8

Th,esh0|g and Reset DIAGNOSTIC? % % PRIORITY I /11/ 1l Gives the Priority of State

Extension Completed NRES = HIGH &Y 4 Transitions. The Lower the Priority Number, the

VDD3/5_UV or ENVDDRDV = E)?\erH Higher the Priority. State Transitions Without
X =

Priority Number Have Lower Priority
(VDD1_UV & NMASK_VDD1_UV_OV = 1) or (VBAT_OV &

MASK_VBATP_OV = 0) or
(WD_FAIL_CNT=7+1 & WD_RST_EN=1) or (POST_RUN_RST = 1

I
| I
| I
| I
I
I (VDD5_OT & NMASK_VDD5_OT) or I
I
| I
| & IGN_PWRL = 1 & Re-cranking on IGN I
| I
| I

RESET"

CANWU_L =1 or

STANDBY - NRES = LOW N
____________ NRES = LOW Ien=1 ENDRV = LOW et
Global STANDBY Conditions oY = S VDDx = Ramping ENDRV = L or H°
Regardless of Device Current State | X= VDDx = ON®

|
PRIORITY |
NPOR =0 or |

VBATP_UV or
(IGN = 0 & IGN_PWRL=0 & CANWU_L = 0)

NO_SAFE_TO = 1 AND
< DEV_ERR_CNT[3:0] = SAFE_LOCK_THR[3:0] + 1

—_—— 4

|
| ' |
or | O, | TO SUPPORT MCU SOFTWARE DEBUG:
LOCLK or VCP12_OV or VCP17_OV or I I > DIAGNOSTIC STATE TIME-OUT can be disabled to keep I
BG_ERR1 or BG_ERR2 or the device in DIAGNOSTIC state. Set DIAG_EXIT_MASK |
AVDD_VMON_ERR or | | bit while in DIAGNOSTIC state before DIAGNOSTIC state

(VDD3/5_OT & NMASK_VDD3/5_OT) or I | time-out to remain in DIAGNOSTIC state. I
DVDD_OV or (EE_CRC_ERR when > SAFE STATE TIME-OUT can be disabled to keep the |

EE_CRC_CHK is run on exit from NPOR) | | device in SAFE state if a transition to SAFE state has
I | occurred. To stay in SAFE state set NO_SAFE_TO bit and I
| NRES = HIGH SAFE_LOCK_THRI3:0] for system requirements. |

o | > MCU ESM monitoring of the ERROR/WDI pin may be
b e ot | Ecggv: '-3;” I disabled by setiing NO_ERROR bit (set fo 1 by defaulty |
R x = O > RESET due to watchdog may be disabled by clearing |

| > NRES pin is the RESET output | | WD_RST_EN bit (cleared to 0 default)

I_r ENDRY pin is the Safing Path output for the Power Stages ] | = = |
|

(1) RESET State: SPI, Watchdog and MCU ESM are in reset; see Section 5.4.21 section for conditions that prevent the wake up from the STANDBY state to the RESET state.

(2) DIAGNOSTIC State: BIST (LBIST with ABIST) is initiated on the transition into the DIAGNOSTIC state. See Section 5.4.22 for options to disable automatic BIST run, the DIAGNOSTIC
state time-out and diagnostics the MCU may perform on safety functions. WD_FAIL_CNT reinitializes to 5 on transition into the DIAGNOSTIC state.

(3) ACTIVE State: WD_FAIL_CNT reinitializes to 5 during transition into the ACTIVE state. During the ACTIVE state the MCU may perform diagnostics of some safety functions, see
Section 5.4.23 for more details.

(4) SAFE State: DEV_ERR_CNT[3:0] increments on any transition to the SAFE state. See Section 5.4.24 for details on SAFE state time-out.
(5) The ENDRV pin level is dependent on the ENABLE_DRYV bit, WD_FAIL_CNT[2:0] counter value, and VDDx_OV as shown in Figure 5-14 in the DIAGNOSTIC and ACTIVE states.
(6) The VDD5 and VSOUT1 regulators may be enabled or disabled in the DIAGNOSTIC, ACTIVE, and SAFE states.

Figure 5-16. Device Controller State Diagram
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5.4.20 STANDBY State

The STANDBY state is the default state when the device is supplied by the VBATP and VBAT_SAFING
supplies. This state has the characteristics that follow:

All regulators are disabled

The NRES and ENDRYV pins are low.

The device transitions to the STANDBY state from any state because of the following:

— Internal power-on reset event (NPOR = 0)

— VBATP undervoltage event (VBATP_UV)

— Deglitched IGN = 0 and IGN_PWRL = 0 (cleared IGN power-latch control bit) and CANWU_L =0

— Loss-of-clock detection (LOCLK)

— VDD3/5 overtemperature event (VDD3/5_OT) while NMASK_VDD3/5 OT =1

— DVDD undervoltage event (DVDD_UV)

— DVDD overvoltage event (DVDD_0V)

— AVDD_VMON overvoltage or undervoltage event (AVDD_VMON_ERR)

— VCP12 overvoltage event (VCP12_0OV)

— VCP17 overvoltage event (VCP17_0OV)

— Error with band gaps: BG_ERR1 or BG_ERR2

— EEPROM check fails during run after exit from NPOR event (EE_CRC_ERR = 1 when
EE_CRC_CHK is run on exit from NPOR)

— The device error count (DEV_ERR_CNTJ[3:0]) is greater than or equal to the programmed power-
down threshold, PWD_THR][3:0]

5.4.21 RESET State
The RESET state has the characteristics that follow:

This state is entered from the STANDBY state after a wake-up request from ignition (IGN pin = high,
deglitched IGN bit = 1) or CANWU pin (CANWU pin = high, deglitched and latched CANWU_L bit = 1).
The following conditions would prevent the transition from the STANDBY state to the RESET state
even if a wake-up request occurred:

— BG_ERR1

— BG_ERR2

- VCP17_0OV

- VCP12_0OV

— AVDD_VMON_ERR

— EE_CRC_CHK fails

This state is entered from the SAFE state after a SAFE state time-out occurs and the
DEV_ERR_CNT[3:0] counter is less than the programmed SAFE LOCK THR[3:0] + 1. See
Section 5.4.24 for details on the SAFE state time-out duration which is set by the SAFE_TO[2:0] and
NO_SAFE_TO bits.

The device transitions to the RESET state from any other state because of the following:

— VDD3/5 undervoltage event (VDD3/5_UV)

— VDD5 overtemperature event (VDD5_OT) when NMASK_VDD5_OT =1

— VDD1 undervoltage event (VDD1_UV) when NMASK_VDD1_UV_OV =1 (not default)

— VBATP overvoltage event (VBATP_OV) when MASK_VBATP_OQOV = 0 (default)

— Watchdog reset. A watchdog reset occurs after the watchdog fail counter (WD_FAIL_CNT[2:0]) has
reached a value of 7 and another bad event occurs (7+1)
which sets the WD_FAIL flag when WD_RST_EN = 1 (not default)

— POST_RUN_RST =1 and IGN_PWRL =1 and a recrank (LOW followed by a valid HIGH) on IGN
pin
The VDDx regulators are powered on.
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The NRES and ENDRYV pins are low.
The SPI, watchdog, and MCU ESM are in reset.

5.4.22 DIAGNOSTIC State
The DIAGNOSTIC state has the characteristics that follow:

The DIAGNOSTIC state is entered from the RESET state after the VDDx regulators have ramped-up
and the reset extension is complete

The VDD5 (enabled by default) regulator can be disabled by the VDD5 _EN bit, and the VSOUT1
regulator can be enabled (disabled by default) by the VSOUT1_EN bit.

The NRES pin is HIGH.

The state of the ENDRV pin is determined by the ENABLE_DRV bit, WD_FAIL_CNT[2:0] counter
value, and the overvoltage monitoring for the VDDx regulators (VDDx_OV) as shown in Figure 5-14.
The watchdog and MCU error signal monitoring (ESM) functions can be configured and operated. The
MCU ESM module does not cause a transition to the SAFE state from the DIAGNOSTIC state when
an emulated failure on the ERROR/WDI pin is detected. This allows the MCU to run diagnostics on the
MCU ESM and ERROR/WDI pin during the DIAGNOSTIC state.

This state is where the MCU should perform all device self-tests and diagnostics (failures are induced
to emulate internal failures and confirm detection).

Upon entry of the DIAGNOSTIC state, the watchdog fail counter is reinitialized to 5.

The BIST (LBIST with ABIST) is activated with the transition out of the RESET state into the
DIAGNOSTIC including a power up event from the STANDBY state. This automatic BIST run can be
disabled with the AUTO_BIST _DIS bit for cases when the RESET state was entered from the
DIAGNOSTIC, ACTIVE, or SAFE state, but cannot be disabled when the RESET state was entered
from the STANDBY state at power up.

The BIST (LBIST with ABIST) is initiated on the transition to the DIAGNOSTIC state.

During the DIAGNOSTIC state, the MCU can perform diagnostics of any safety function such as
watchdog, MCU ESM, ERROR/WDI pin, DIAG_MUX pin, and CRC on registers. Ti recommends
running diagnostic checks at least every power-up cycle while in the DIAGNOSTIC state.

NOTE

DIAGNOSTIC state time-out: When the DIAGNOSTIC state is entered, if the
DIAG_EXIT_MASK or DIAG_EXIT bit is not set to 1 within 512 ms (typical), the
DIAGNOSTIC state time-out interval expires, causing a transition to the SAFE state. This
also sets both the ERROR_PIN_FAIL and WD_FAIL bits in the SAFETY_ERR_STAT
register and sets the mirror bits, MCU_ERR and WD_ERR, in the SAFETY_STAT_4 register.
The device error count (DEV_ERR_CNT[3:0]) is incremented. Only the DIAG_EXIT_MASK
or DIAG_EXIT bit should be set in a single SPlI write command to the
SAFETY_CHECK_CTRL register. Setting the DIAG_EXIT bit to 1 causes a transition to the
ACTIVE state. Setting the DIAG_EXIT_MASK bit to 1 causes the device to remain in the
DIAGNOSTIC state (only recommended for software debug).
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NOTE

DIAG_EXIT_MASK for software debug: When the DIAG_EXIT_MASK bit is set to 1 before
the DIAGNOSTIC state time-out interval expires, the device stays in the DIAGNOSTIC state
until the bit is cleared. The DIAGNOSTIC state time-out timer remains free running in the
background, but does not cause a state transition. When the DIAGNOSTIC state time-out
interval has expired, the DIAG_EXIT bit is set automatically (in addition to the
DIAG_EXIT_MASK bit remaining set) and the device remains in the DIAGNOSTIC state. For
a controlled transition to the ACTIVE state, TI recommends clearing the DIAG_EXIT_MASK
bit and setting the DIAG_EXIT bit with a single SPlI write command to the
SAFETY_CHECK_CTRL register. If both the DIAG_EXIT_MASK bit and DIAG_EXIT bits are
cleared at the same time, the device remains in the DIAGNOSTIC state until either the next
DIAGNOSTIC state time-out interval expires causing a transition to the SAFE state or if the
DIAG_EXIT bit is set to 1, prior to the DIAGNOSTIC state time-out, transitioning the device
to ACTIVE state.

NOTE

In the DIAGNOSTIC state the following considerations must be considered if a manual run of
the LBIST is initiated by setting the LBIST_EN bit to 1. Setting the LBIST_EN bit to 1 clears
the DIAG_EXIT_MASK bit to 0. If the DIAG_EXIT_MASK bit is being used to hold the device
in the DIAGNOSTIC state for software debug, it must be set again to 1 after LBIST
completion to stay in the DIAGNOSTIC state. The DIAGNOSTIC state time-out counter stops
only during the running of LBIST. After the LBIST completes, the time-out counter continues
from the last value. For a transition from the DIAGNOSTIC state to the ACTIVE state, the
DIAG_EXIT bit must be set to 1.

5.4.23 ACTIVE State
The ACTIVE state has the characteristics that follow:

The device enters from the DIAGNOSTIC state after the MCU sets the DIAG_EXIT bit after clearing
the ERROR_PIN_FAIL and WD_FAIL bits.

NOTE
While in the DIAGNOSTIC state, the MCU must clear by writing a 0 to the
ERROR_PIN_FAIL bit and the WD_FAIL bit in the SAFETY_ERR_STAT register before
setting the DIAG_EXIT bit. Clearing these bits also clears their mirror bits, MCU_ERR and
WD_ERR. Otherwise, a transition to the SAFE state occurs.

The NRES pin is high.

The state of the ENDRV pin is determined by the ENABLE_DRV bit, WD_FAIL_CNT[2:0] counter
value, and and the overvoltage monitoring for the VDDx regulators (VDDx_OV) as shown in Figure 5-
14;

The VDDx regulators are on, the VDD5 regulator can be enabled or disabled through the VDD5 EN
bit. The VSOUT1 regulator can be enabled or disabled through the VSOUT1_EN bit.

The WD_FAIL_CNT[2:0] counter reinitializes to 5 during a transition from the DIAGNOSTIC state to the
ACTIVE state.

The watchdog and MCU ESM monitoring functions are operated as configured but cannot be
reconfigured.

During the ACTIVE state, the MCU can perform diagnostics of some safety function such as watchdog,
DIAG_MUX pin, ABIST (approximately 300 ps, ENDRV pin will be low), LBIST (approximately 21 ms,
ENDRYV pin will be low), and CRC on registers depending on the system safety requirements.
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NOTE
In the ACTIVE state the following considerations must be considered if a manual run of the
LBIST is initiated by setting the LBIST_EN bit to 1. The LBIST should only be run in the
ACTIVE state if the system-safety timing requirements can allow the total 21-ms BIST time
and the ENDRYV pin being low for the 21-ms.

See Section 5.4.7 for additional system considerations if LBIST is run in the ACTIVE state.

5.4.24 SAFE State

The SAFE state has the characteristics that follow:
* The SAFE state is entered from:

The ACTIVE state by:

* An error in the signal on the ERROR/WDI pin detected by the MCU ESM while enabled.
. This transition is because of an error in the MCU and sets the ERROR_PIN_FAIL flag.

A detected read-back error on the NRES pin which sets the NRES _ERR flag while
DIS_ NRES_MON is cleared to 0 (1 in default state).

The DIAGNOSTIC state by:

» After a DIAGNOSTIC state time-out event happens before the DIAG_EXIT_MASK bit is setto 1,
keeping the device in the DIAGNOSTIC state or before the DIAG _EXIT bit is set to 1
transitioning the device to ACTIVE.

CFG_CRC_ERR =1 AND CFG_CRC_EN is cleared to 0
An EE_CRC_ERR is detected in the DIAGNOSTIC state.
An ABIST_ERR or LBIST_ERR is detected in the DIAGNOSTIC state.

The WD_FAIL and ERROR_PIN_FAIL flags were not cleared to 0 before setting the DIAG_EXIT bit
while exiting the DIAGNOSTIC state.

» Every transition to the SAFE state increments the device error count, DEV_ERR_CNT[3:0].

 The device stays in the SAFE state when the NO_SAFE_TO bit is set to 1 (default state) and
DEV_ERR_CNT[3:0] = SAFE_LOCK _THR[3:0] + 1. This allows for programming the MCU without
causing a reset and transition to the RESET state because of the SAFE state time-out.

» The NRES pin is high.
 The ENDRYV pin is low.

 The VDDx regulators are on, the VDD5 regulator can be enabled or disabled with the VDD5_EN bit.
The VSOUTL1 regulator can be enabled or disabled with the VSOUT1_EN bit.
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NOTE
The SAFE state time-out and device configuration settings are used by the device state
machine to determine what the device does after a transition to the SAFE state. Depending
on the NO_SAFE_TO, PWD_THR[3:0], SAFE_LOCK_THRJ[3:0], and DEV_ERR_CNT[3:0]
bits, the device stays locked in the SAFE state, transitions to the RESET state, or transitions
to STANDBY state. The SAFE state time-out duration is programable through
SAFE_TO[2:0].

NO_SAFE_TO =1 (Default)

e While DEV_ERR_CNTI[3:0] < (SAFE_LOCK_THR[3:0] + 1) the time delay for the SAFE
state time-out is programmed by the SAFE_TOI[2:0] bit. The delay is calculated by
[(SAFE_TO[2:0] x 2) + 1] x 22 ms.

¢ The device remains locked in the SAFE state when DEV_ERR_CNT[3:0] =
SAFE_LOCK_THRJ[3:0] + 1.

NO_SAFE_TO =0

¢ While DEV_ERR_CNT[3:0] < (SAFE_LOCK_THRJ[3:0] + 1) the time delay for the SAFE
state time-out is programmed by the SAFE_TOI[2:0] bits. The delay is calculated by
[(SAFE_TO[2:0] x 2) + 1] x 22 ms.

¢ When DEV_ERR_CNT[3:0] =2 SAFE_LOCK THR[3:0] + 1, the SAFE state time-out
duration changes and the device transitions to the RESET state after approximately 680
ms.

If the PWD_THR[3:0] threshold is used, the device transitions from the SAFE state to the
STANDBY state when DEV_ERR_CNT[3:0] = PWD_THR[3:0]. This transition has higher
priority (PRIORITY 1) than the path from the SAFE state to the RESET state (PRIORITY II)
so if PWD_THRJ[3:0] = SAFE_LOCK_THR[3:0] + 1 the device transitions to the STANDBY
state not the RESET state.

5.4.25 State Transition Priorities

For all global or possible double-state transitions, the following priorities hold true:
1. Priority I: all conditions for STANDBY state transition

2. Priority IlI: all conditions for RESET state transition

3. Priority 1l all conditions for SAFE state transition

All other state transitions have a lower priority compared to any of the state transitions listed with priority
numbers.

5.4.26 Power on Reset (NPOR)

The device goes through a power on reset (NPOR) which reinitializes all registers. The events that cause
an NPOR are:

* Analog power on reset:

Loss-of-clock detection (LOCLK)

AVDD_VMON overvoltage or undervoltage event (AVDD_VMON_ERR)
DVDD undervoltage event (DVDD_UV)

DVDD overvoltage event (DVDD_0V)

Copyright © 2012-2017, Texas Instruments Incorporated Detailed Description 91
Submit Documentation Feedback
Product Folder Links: TPS65381-Q1


http://www.ti.com/product/tps65381-q1?qgpn=tps65381-q1
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVSBC4G&partnum=TPS65381-Q1
http://www.ti.com/product/tps65381-q1?qgpn=tps65381-q1

TPS65381-Q1
SLVSBC4G —MAY 2012—REVISED JUNE 2017

Not Recommended for New Designs

13 TEXAS
INSTRUMENTS

www.ti.com

5.5
55.1

» Digital power on reset. These errors can cause a NPOR. If the detected fault duration is less than 6
ms, an NPOR may not occur. When the CANWU or IGN state is kept high, the device transitions to the
RESET state because of the wake-up request. The registers on the post-BIST reinitialization list are
reinitialized after BIST runs on the transition from the RESET state to the DIAGNOSTIC state (unless
AUTO_BIST_DIS = 1, not default).

— VBATP undervoltage event (VBATP_UV)

— VDD3/5 overtemperature event (VDD3/5_OT) while NMASK_VDD3/5_OT =1
— AVDD undervoltage event (AVDD_UV)

— Error with the device VMON trim settings (VMON_TRIM_ERROR)

— Error with band gaps: BG_ERR1 or BG_ERR2

— VCP12 overvoltage event (VCP12_0V)

— VCP17 overvoltage event (VCP17_0V)

Register Maps

Serial Peripheral Interface (SPI)

The primary communication between the device and the external the MCU is through a SPI bus which
provides full-duplex communications in a master-slave configuration. The external MCU is always a SPI
master, which sends command requests on the SDI pin and receives device responses on the SDO pin.
The TPS65381-Q1 device is always a SPI slave device, which receives command requests and sends
responses (status, measured values) to the external MCU over the SDO line.
» The SPIis a 4-pin interface.

— NCS—SPI chip select (active-low)
SCLK—SPI clock
SDI—SPI slave-in and master-out (SIMO)

— SDO—SPI slave-out and master-in (SOMI, three-state output)
* The SPI frame size is 16 bits.
* Speed is up to 6 Mbit/s.
* Commands and data are shifted MSB first, LSB last.
» The SDI line is sampled on the falling edge of SCLK.
» The SDO line is shifted out on the rising edge of SCLK.

The SPI communication starts with the NCS falling edge, and ends with the NCS rising edge. The NCS
high level keeps the SPI slave interface in the reset state, and the SDO output is in the tri-state.

5.5.1.1 SPI Command Transfer Phase

Table 5-15 shows the transfer frame format of SPI data during a command (write or read command)..

Table 5-15. SPI Command Transfer Phase

BIT D7 D6 D5 D4 D3 D2 D1 DO
FUNCTION CMD6 CMD5 CMD4 CMD3 CMD2 CMD1 CMDO PARITY
CMDI[6:0] Register write (WR) or read (RD) command
PARITY Parity bit for 7-bit command field

The SPI does not support back-to-back SPI frame operation. After each SPI command or read access, the
NCS pin must transition from low-to-high before the next SPI transfer can start. The minimum time (tycs)
between two SPI commands during which the NCS pin must remain high is 788 ns.

5.5.1.2 SPI Data-Transfer Phase

Table 5-16 shows the transfer frame format of SPI data during a write access.
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Table 5-16. SPI Data-Transfer Phase

BIT D7 D6 D5 D4 D3 D2 D1 DO
FUNCTION DATA7 DATAG DATAS DATA4 DATA3 DATA2 DATA1 DATAO
DATA[7:0] Data value for write access (8-bit)

The SPI does not support back-to-back SPI frame operation. After each SPI transfer, the NCS pin must go
from low to high before the next SPI transfer can start. The minimum time (t,.) between two SPI
commands during which the NCS pin must remain high is 788 ns.

5.5.1.3 Device Status Flag Byte Response

Table 5-17 shows the response frame format of the SPI data status during a command (write or read

access).
Table 5-17. Device Status Flag Byte Response
BIT R7 R6 R5 R4 R3 R2 R1 RO
FUNCTION STAT[7] STAT[6] STAT[5] STAT[4] STAT[3] STAT[2] STAT[] STAT[0]
STATI[7] 1
STATI[6] 0
STAT[5] 1
STATI[4] 0
STATI[3] SPI WR access (during previous SPI frame-command phase)
STAT[2] SPI SDO error (during previous SPI frame)
STATI[1] 0
STATIO] SPI errors including truncated SPI frames, SPI transfers with more than 16 bits, SPI

transfers with undefined commands or SPI transfers with incorrect command parity (during
previous SPI frame)

The status bits sent during the current SPI command are reflecting the status of the previous SPI
command.

NOTE
If a reset to the MCU is asserted during a SPI frame transfer (causing a truncated SPI
frame), these SPI error status bits are not cleared, but maintain the status according to the
truncated previous SPI frame until a SPI read access.

NOTE

The SPI SDO error bit, STAT[2], may be inadvertently set when the NCS pin is high, the
SDO pin is high, and a falling edge occurs on the SPICLK pin. This combination occurs most
often when the device is used in a SPI bus with multiple SPI slaves. If all three of these
conditions are met, the SDO error flag is set to 1 in the second SPI flag byte response of the
following SPI communication with the TPS65381-Q1. The application software should mask
out the SDO error flag if the device is used under these conditions. If a SPI SDO error is
detected, the device accepts the SPI transfer because the detected error is on the output not
the input for the SPI.

NOTE
For additional diagnostic coverage for SPI write transfers, the system software could perform
a read of the register written and compare the returned value to the value that is expected
after the write. Be aware some bits in some registers are not writable.
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5.5.1.4 Device SPI Data Response

Table 5-18 shows the response frame format of the SPI device data during a write or read access.

Table 5-18. Device SPI Data Response

BIT R7 R6 R5 R4 R3 R2 R1 RO
FUNCTION R7 R6 R5 R4 R3 R2 R1 RO
R[7:0] Internal register value. All unused bits are cleared to 0.

5.5.1.5 SPI Frame Overview

Figure 5-17 shows an overview of a complete 16-bit SPI Frame:

NCS |

: @@@@@@@ @@@@@@
spo—— @@@@@@@@o@@eeﬂw

|
| 8 - bit SPI Command Phase P .

¢ with Status Response from Previous Command =" 8-bit SPI Data Ph:
: 16-bit SPI Frame

| Lo Lo L [ o [ I Er IR IR B I
T T T T T T T T T 1 1 1 1 1
| | | | | | | | | | | | | |
| | | | | | | | | | | | | |
: : : : : :

\ A

\ 4

The SPI master (MCU) and SPI slave (TPS65381-Q1) sample receive data on the falling SCLK edge and transmit
data on the rising SCLK edge.

Figure 5-17. 16-Bit SPI Frame

5.5.2 SPI Register Write Access Lock (SW_LOCK command)

The SW_LOCK command protects the SPI registers against write update access through MCU control.
When the SW_LOCK command with data AAh is sent to the device, the listed registers are locked from
updates through a write access. To unlock the SPI registers, the SW_UNLOCK command with data 55h is
sent to the device.

NOTE
The SW_LOCK command is in addition to the automatic locking of specific SPI registers
against write update access except while the device is in DIAGNOSTIC state. Please see the
SPI Command Table and the register descriptions to determine if SW_LOCK and automatic
locking except in DIAGNOSTIC state apply to specific write access registers.

5.5.3 SPI Registers (SPI Mapped Response)

The following sections list the SPI registers. For each SPI register, the bit names are given along with the
initialized values (values after internal logic reset).

The values are initialized after each wake-up from the STANDBY state or after any other power-on reset
(NPOR) event.

After a LBIST run is complete, including the LBIST run on the transition out of RESET state, the following
functions and registers re-initialize:

« DEV_STAT

e SAFETY_STAT_2

e« SAFETY_STAT 4

e SAFETY_STAT 5 (but FSM[2:0] immediately updates to reflect the current device state)

« WD_TOKEN_VALUE
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« WD_STATUS

* SAFETY_CHECK_CTRL

.« DIAG_CFG_CTRL
« DIAG_MUX_SEL

The initialized value of the reserved bits (RSV) is indicated, however some of these bits are used for
internal device operation and the application software should mask them as they may not remain at their

initialized value.

The following sections also list an explanation of each bit function.

Table 5-19. SPI Command Table

8-BIT HEX | 7-BITHEX | T8I
COMMAND | COMMAND COMMAND WR SW
CODE CODE CODE PARITY LOCK REGISTER COMMAND NAME®
(WITH (WITHOUT (WITHOUT PROTECT
PARITY) PARITY) PARITY)
BDh 5Eh 1011 110b 1 N/A SW_LOCK with data AAh (to lock SPI WR access to listed registers)
BBh 5Dh 1011 101b 1 N/A SW_UNLOCK with data 55h (to unlock SPI WR access to listed
registers)
06h 03h 0000 011b N/A RD_DEV_ID
och 06h 0000 110b N/A RD_DEV_REV
B7h 58h 1011 011b 1 YES g;g)DEV_CFGl (SPI WR update can occur only in the DIAGNOSTIC
AFh 57h 1010 111b 1 N/A RD_DEV_CFG1
95h 4Ah 1001 010b 1 YES \S/\t/;E)DEV_CFGZ (SPI WR update can occur only in the DIAGNOSTIC
48h 24h 0100 100b 0 N/A RD_DEV_CFG2
7Dh 3Eh 0111 110b 1 NO WR_CAN_STBY (only valid with data 00h)
24h 12h 0010 010b 0 N/A RD_SAFETY_STAT_ 1
C5h 62h 1100 010b 1 N/A RD_SAFETY_STAT 2
A3h 51h 1010 001b 1 N/A RD_SAFETY_STAT_3
A5h 52h 1010 010b 1 N/A RD_SAFETY_STAT_4
COh 60h 1100 000b 0 N/A RD_SAFETY_STAT 5
30h 18h 0011 000b 0 N/A RD_SAFETY_ERR_CFG
WR_SAFETY_ERR_CFG (SPI WR update can occur only in the
DBh 6Dh 1101 101b 1 YES DIAGNOSTIC state)
WR_SAFETY_ERR_STAT (SPI WR update can occur only in the
A%h 54h 1010 100b 1 YES DIAGNOSTIC state)
AAh 55h 1010 101b N/A RD_SAFETY_ERR_STAT
39h 1Ch 0011 100b N/A RD_SAFETY_PWD_THR_CFG
WR_SAFETY_PWD_THR_CFG (SPI WR update can occur only in the
99h 4Ch 1001 100b 1 YES DIAGNOSTIC state)
44h 22h 0100 010b 0 N/A RD_SAFETY_CHECK_CTRL
93h 49h 1001 001b 1 NO WR_SAFETY_CHECK_CTRL
3Ch 1Eh 0011 110b 0 N/A RD_SAFETY_BIST_CTRL
9Fh 4Fh 1001 111b 1 YES WR_SAFETY_BIST_CTRL
2Eh 17h 0010 111b 0 N/A RD_WD_WIN1_CFG
WR_WD_WIN1_CFG (SPI WR update can occur only in the
EDh 76h 1110 110b 1 YES DIAGNOSTIC state)
05h 02h 0000 010b 1 N/A RD_WD_WIN2_CFG
WR_WD_WIN2_CFG (SPI WR update can occur only in the
09%h 04h 0000 100b 1 YES DIAGNOSTIC state)

(1) All commands have even parity.
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Table 5-19. SPI Command Table (continued)

8-BIT HEX | 7-BIT HEX BIKI%EY
COMMAND | COMMAND COMMAND WR SW
CODE CODE S PARITY LOCK REGISTER COMMAND NAME®
A | (WTHOUT | wimiour
PARITY)
36h 1Bh 0011 011b 0 N/A RD_WD_TOKEN_VALUE
4Eh 27h 0100 111b 0 N/A RD_WD_STATUS
Elh 70h 1110 000b 1 NO WR_WD_ANSWER
11h 08h 0001 000b 1 N/A RD_DEV_STAT
12h 09h 0001 001b 0 N/A RD_VMON_STAT_1
A6h 53h 1010 011b 0 N/A RD_VMON_STAT_2
56h 2Bh 0101 011b 0 N/A RD_SENS_CTRL
7Bh 3Dh 0111 101b 1 N/A WR_SENS_CTRL
3Ah 1Dh 0011 101b 0 N/A RD_SAFETY_FUNC_CFG
35h 1Ah 0011 010b 1 YES \é\/li(_BSI\IAOFSE_I‘_I'I\é_;;Jtlz)C_CFG (SPI WR update can occur only in the
5Ah 2Dh 0101 101b 0 N/A RD_SAFETY_CFG_CRC
63h 31h 0110 001b 1 YES gi@?\leFsEﬁé_;aFtS)_CRC (SPI WR update can occur only in the
DDh 6Eh 1101 110b 1 N/A RD_DIAG_CFG_CTRL
CCh 66h 1100 110b 0 NO WR_DIAG_CFG_CTRL
ACh 56h 1010 110b 0 N/A RD_DIAG_MUX_SEL
C9h 64h 1100 100b 1 NO WR_DIAG_MUX_SEL
D7h 6Bh 1101 011b 1 N/A RD_SAFETY_ERR_PWM_H
Dsh 6Ch 1101 100b 0 YES \é\/li(_BSI\IA()I:SIE_I‘_I'I\é_SaRdI:)_PWM_H (SPI WR update can occur only in the
50h 2Ch 0101 100b 1 N/A RD_SAFETY_ERR_PWM_L
ZEh 3Fh 0111 111b 0 YES \Sllifa?\lAOFSE'l-'rl\((:_sl,Et;E)_PWM_L (SPI' WR update can occur only in the
78h 3Ch 0111 100b 0 N/A RD_WD_TOKEN_FDBK
77h 3Bh 0111 011b 1 YES gi@%@éﬁ%i’iﬁit)w (SPI WR update can occur only in the

5.5.3.1 Device Revision and ID

5.5.3.1.1 DEV_REV Register

Initialization source: NPOR
Controller access: Read only (RD_DEV_REV)

Figure 5-18. DEV_REV Register

D7 D6 D5 D4 D3 D2 D1 DO
REV7] | REV[S] | REV[S] | REVA4 | REV@ | REVZl | REV] | REV[O]
ob ob 1b 1b ob ob ob ob

D[7:0] REV[7:0]: Device Revision
— REV[3:0]: Device minor revision

— REV[7:4]: Device major revision
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5.5.3.1.2 DEV_ID Register

Initialization source: NPOR
Controller access: Read only (RD_DEV_ID)

Figure 5-19. DEV_ID Register

D7 D6 D5 D4 D3 D2 D1 DO
ID[7] | ID[6] \ ID[5] | ID[4] \ ID[3] | ID[2] \ ID[1] | ID[0]
ob ob ob ob ob ob ob 1b
D[7:0] ID[7:0]: Device ID

5.5.3.2 Device Status

5.5.3.2.1 DEV_STAT Register

Initialization source: NPOR, post LBIST reinitialization
Controller access: Read only (RD_DEV_STAT)

Figure 5-20. DEV_STAT Register

D7 D6 D5 D4 D3 D2 D1 DO
RSV RSV RSV | RSV \ RSV | RSV CANWU_L IGN
Ob ob Ob ob Ob ob X X
D[7:2] RSV

D[1] CANWU_L: Latched CAN wake-up event
— The initialized value depends on whether a device wake-up event occurrs through the CANWU or IGN pin.

— This bit clears to 0 when a device wake-up occurrs through a CANWU, only a WR_CAN_STBY command, or any other global
STANDBY condition
D[0] IGN: Deglitched IGN pin (7.5-ms to 22-ms deglitch time)
— The initialized value depends on whether a device wake-up event occurrs through the CANWU or IGN pin. This bit follows the
deglitched IGN signal, and therefore is only cleared to 0 when the deglitched IGN is low or by any other global STANDBY
condition.
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5.5.3.3 Device Configuration

5.5.3.3.1 DEV_CFG1 Register

Initialization source: NPOR
Controller access: Read (RD_DEV_CFG1)

Write (WR_DEV_CFG1). Write update can only occur in the DIAGNOSTIC state. Write access locked
through SW_LOCK command.

Figure 5-21. DEV_CFG1 Register

D7 D6 D5 D4 D3 D2 D1 DO

vDD_3 5 SgL | NMASK_VDD1 RSV RSV RSV RSV RSV RSV
_3.5_ UV oV

X ob ob ob ob ob ob ob

D[7] VDD_3_5_SEL: Status bit of VDD3/VDD5 selection at power up
— SEL_VDD3/5 input pin is sampled and latched at power up
e 0Ob = 5-V setting (SEL_VDD3/5 pin to ground)
e 1b =3.3-V setting (SEL_VDD3/5 pin not connected)
e Value in the RESET state depends on state of SEL_VDD3/5 pin at first power up
— This bit is read only
Note: This bit is the same as the SAFETY_FUNC_CFG bit, DO)
D[6] NMASK_VDD1 UV _OV
— Cleared to 0 by default:
e Masked VDD1_OV does not impact the ENDRV pin state
e Masked VDD1_UV does not impact the NRES pin state

— The default setting (0, masked) can be used in case the VDD1 regulator is not used in an application and the external power
FET is not populated.

Note: If the VDD1 regulator is used in an application, TlI recommends setting this bit to 1 when the device is in the
DIAGNOSTIC state after the first start-up or power-up event.

Note: Even if this bit is set to 1, but the VDD1_SENSE pin is externally floating, the pin is pulled up. The pullup condition is
detected but the VDD1_QOV condition is masked and the ENDRYV pin state is not impacted.

D[5:0] RSV
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5.5.3.3.2 DEV_CFG2 Register

Initialization source: NPOR
Controller access: Read (RD_DEV_CFG2)
Write (WR_DEV_CFG2). Write update can only occur in the DIAGNOSTIC state. Write access locked
through SW_LOCK command.

Figure 5-22. DEV_CFG2 Register

D7 D6 D5 D4 D3 D2 D1 DO
NMASK_VDD3/ | NMASK_VDD5 | MASK_VBATP | POST_RUN_R
5 OT o7 oV ST RSV RSV RSV RSV
1b 1b Ob Ob Ob Ob Ob Ob

D[7] NMASK_VDD3/5_OT

— When set to 1 (default), an overtemperature event on the VDD3/5 or VDD6 regulator disables the VDD3/5 regulator and the
device goes to the STANDBY state. The VDD3/5_OT flag sets in the SAFETY_STAT_1 register while an overtemperature
event is detected.

— When cleared to 0, an overtemperature event on the VDD3/5 or VDD6 regulator disables the VDD3/5 regulator. When the
VDD3/5 regulator reaches the UV level, the device goes to the RESET state. The VDD3/5_OT flag is still set in the
SAFETY_STAT_1 register while an overtemperature event is detected.

D[6] NMASK_VDD5_OT

— When set to 1 (default), an overtemperature event on the VDDS5 regulator disables the VDDS5 regulator and the device goes to
the RESET state. The VDD5_OT flag is set in the SAFETY_STAT _1 register while an overtemperature event is detected.

— When cleared to 0 the VDD5 overtemperature shutdown is disabled and the VDDS5 regulator remains enabled. The VDD5_OT
flag is still set in the SAFETY_STAT_1 register while an overtemperature event is detected.

D[5] MASK_VBATP_OV

— Cleared to 0 by default.

— When set to 1, the VBATP_OV bit is masked from the RESET condition.
D[4] POST_RUN_RST:

— Cleared to 0 per default.

— When set to 1, while using the IGN_PWRL function, a recracking on the IGN pin causes the device to go to the RESET state.
D[3:0] RSV (bits are readable and writable in the DIAGNOSTIC state with no impact to device state or the ENDRV and NRES output)
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5.5.4 Device Safety Status and Control Registers
5.5.4.1 VMON_STAT_1 Register
Initialization source: NPOR
Controller access: Read only (RD_VMON_STAT 1)
Figure 5-23. VMON_STAT 1 Register
D7 D6 D5 D4 D3 D2 D1 DO
VBATP_OV VBATP_UV VCP17_0OV VCP12_0OV VCP12_UV AVDDE—Q/F';A ON_ BG_ERR2 BG_ERR1
Ob Ob Ob Ob Ob Ob Ob Ob
D[7] VBATP_OV: VBATP overvoltage status bit
— Setto 1 when a VBATP overvoltage condition is detected
— Cleared to 0 if an overvoltage condition is no longer present
D[6] VBATP_UV: VBATP undervoltage status bit
— Setto 1 when a VBATP undervoltage condition is detected
— Cleared to 0 if an undervoltage condition is no longer present
D[5] VCP17_0V: VCP17 overvoltage status bit
— Setto 1 when a VCP17 overvoltage condition is detected
— Cleared to 0 if an overvoltage condition is no longer present
D[4] VCP12_0V: VCP12 overvoltage status bit
— Setto 1 when a VCP12 overvoltage condition is detected
— Cleared to 0 if an overvoltage condition is no longer present
D[3] VCP12_UV: VCP12 undervoltage status bit
— Setto 1 when a VCP12 undervoltage condition is detected
— Cleared to 0 if an undervoltage condition is no longer present
D[2] AVDD_VMON_ERR: voltage-monitor power-supply power-good status
— Set to 1 when voltage-monitor power supply is not OK.
— Cleared to 0 if an error condition is no longer present
D[1] BG_ERR2: Reference band-gap 2 error
— Set to 1 when the voltage monitor is less than the main band gap
— Cleared to 0 if an error condition is no longer present
D[0] BG_ERR1: Reference band-gap 1 error
— Set to 1 when the voltage monitor is greater than the main band gap
— Cleared to 0 if an error condition is no longer present
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5.5.4.2 VMON_STAT_2 Register

Initialization source: NPOR
Controller access: Read (RD_VMON_STAT 2)

Figure 5-24. VMON_STAT_2 Register

D7 D6 D5 D4 D3 D2 D1 DO
VDD6_OV VDD6_UV VDD5 OV | VDD5 UV | VDD3/5 0V | VDD3/5_UV VDD1_OV VDD1_UV
ob Ob ob Ob oOb Ob oOb Ob

D[7] VDD6_QV: VDD6 overvoltage status bit

— Set to 1 when a VDD6 overvoltage condition is detected

— Cleared to 0 if an overvoltage condition is no longer present
D[6] VDD6_UV: VDD6 undervoltage status bit

— Set to 1 when a VDD6 undervoltage condition is detected

— Cleared to 0 if an undervoltage condition is no longer present
DI[5] VDD5_QV: VDD5 overvoltage status bit

— Set to 1 when a VDD5 overvoltage condition is detected

— Cleared to 0 if an overvoltage condition is no longer present
D[4] VDD5_UV: VDD5 undervoltage status bit

— Set to 1 when a VDD5 undervoltage condition is detected.

— Cleared to 0 if an undervoltage condition is no longer present

Note: This status bit reflects the undervoltage status even if the VDD5_EN bit in the SENS_CTRL register has been cleared to
0. If the VDDS5 regulator is disabled, when the VDD5 regulator discharges and an undervoltage condition is detected, the
VDD5_UV bit is set to 1.

DI[3] VDD3/5_0V: VDD3/5 overvoltage status bit

— Set to 1 when a VDD3/5 overvoltage condition is detected

— Cleared to 0 if an overvoltage condition is no longer present
D[2] VDD3/5_UV: VDD3/5 undervoltage status bit

— Set to 1 when a VDD3/5 undervoltage condition is detected

— Cleared to 0 if an undervoltage condition is no longer present
D[1] VDD1_QOV: VDD1 overvoltage status bit

— Set to 1 when a VDD1 overvoltage condition is detected

— Cleared to 0 if an overvoltage condition is no longer present
DI[0] VDD1_UV: VDD1 undervoltage status bit

— Set to 1 when a VDD1 undervoltage condition is detected

— Cleared to 0 if an undervoltage condition is no longer present
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5.5.4.3 SAFETY_STAT_1 Register

Initialization source: NPOR

Controller access: Read (RD_SAFETY_STAT 1)

Figure 5-25. SAFETY_STAT_1 Register
D7 D6 D5 D4 D3 D2 D1 DO
VDD5_ILIM VDD3/5_ILIM | VSOUT1 UV | VSOUT1 OV \ RSV | VSOUT1 OT VDD5_OT VDD _3 5 OT
Ob 0b Ob 0b Ob 0b Ob 0b

D[7] VDD5_ILIM: VDD5 current-limit status bit
— Setto 1 when a VDDS5 current-limit condition is exceeded
— Cleared to 0 if a current-limit condition is no longer present

Note: This status bit is valid only when the VDD5_EN bit in SENS_CTRL register is set to 1. When the VDD5_EN bit is
cleared to 0, this bit will be 1.

D[6] VDD3/5_ILIM: VDD3 current-limit status bit
— Setto 1 when a VDD3 current-limit condition is exceeded
— Cleared to 0 if a current-limit condition is no longer present
D[5] VSOUT1_UV: Sensor-supply undervoltage status bit
— Setto 1 when a VSOUT1 undervoltage condition is detected
— Cleared to 0 if an undervoltage condition is no longer present
D[4] VSOUT1_QOV: Sensor-supply overvoltage status bit
— Setto 1 when a VSOUTL1 overvoltage condition is detected
— Cleared to 0 if an overvoltage condition is no longer present
D[3] RSV
— This bit was previously the VSOUTZ1_ILIM bit: VSOUT1 sensor-supply current-limit status bit
— Use diagnostic output pin, DIAG_OUT, with the digital MUX setting for VSOUT1_CL to monitor current-limit status for VSOUT1
D[2] VSOUT1_OT: Sensor-supply overtemperature status bit

— Set to 1 when the VSOUT1 overtemperature condition is exceeded. This bit keeps the VSOUT1 regulator disabled as long as
this bit is set.

— Cleared to 0 if an overtemperature condition is no longer present
D[1] VDD5_OT: VDD5 overtemperature status bit

— Setto 1 when the VDD5 overtemperature condition is exceeded. When the NMASK_VDD5_OT bit is set 1, an overtemperature
event disables the VDD5 regulator and clears the VDD5_EN bit to 0 (SENS_CTRL register). When the NMASK_VDD5_OT bit is
0, an overtemperature event sets the VDD5_OT bit to 1 but no other device action is taken.

— Cleared to 0 if an overtemperature condition is no longer present
D[0] VDD_3 5 OT: VDD3/5 overtemperature status bit

— Set to 1 when the VDD3/5 overtemperature condition is exceeded. This bit keeps VDD3/5 regulator disabled as long as this bit
is set to 1.

— Cleared to 0 if an overtemperature condition is no longer present
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5.5.4.4 SAFETY_STAT_2 Register

Initialization source: NPOR, post LBIST reinitialization
Controller access: Read only (RD_SAFETY_STAT 2)

Figure 5-26. SAFETY_STAT_2 Register

D7 D6 D5 D4 D3 D2 D1 DO
RSV RSV CFG_CRRC_ER EE_CRC_ERR RSV WD_FAIL_CNT | WD_FAIL_CNT | WD_FAIL_CNT
[2 [1] [0]
Ob Ob Ob Ob Ob 1b Ob 1b
D[7:6] RSV
D[5] CFG_CRC_ERR: CRC error status bit for the safety configuration registers
— Safety configuration registers are protected by CRCS.
— This bit is set to 1 when the calculated CRC8 value for the safety configuration registers does not match the expected CRC8
value stored in the SAFETY_CFG register.
— Cleared to 0 when a CRC8 mismatch is no longer present.
— Cleared to 0 when the EEPROM CRC performs without error (regardless of CFG_CRC check result)
D[4] EE_CRC_ERR: EPROM CRC error status bit
— EEPROM content is protected by CRC8.
— This bit is set to 1 when the calculated CRC8 value does not match the expected CRC8 value stored in the EEPROM DFT
register. When this bit is set to 1 and device is in the DIAGNOSTIC state, the device transitions to the SAFE state.
— Cleared to 0 when a CRC8 mismatch is no longer present.
D[3] RSV

D[2:0] WD_FAIL_CNT[2:0]: watchdog fail counter

The default value is 5, and is initialized to this value upon entering the DIAGNOSTIC and ACTIVE state

Watchdog fail counter increments every time the device watchdog detects a bad or time-out event and decrements each time a
good event is received.

Watchdog fail counter must decrease below 5 to enable the ENDRYV pin.

Watchdog fail is detected on the next bad or time-out event
after the watchdog fail counter reached the count of 7 (that is 7+1) while the WD_RST_EN bit is set to 1. The WD_FAIL status
bit is set to 1 in the SAFETY_ERR_STAT register (setting the WD_FAIL bit to 1 in the SAFETY_ERR_STAT register).
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5.5.45 SAFETY_STAT_3 Register
Initialization source: NPOR
Controller access: Read only (RD_SAFETY_STAT_3)
Figure 5-27. SAFETY_STAT_3 Register
D7 D6 D5 D4 D3 D2 D1 DO
RSV RSV NRES_ERR | LBIST_ERR \ ABIST ERR | ABIST_ERR LBIST_RUN ABIST_RUN
Ob 0b Ob 0b Ob 0b Ob 0b

D[7:6] RSV
DI[5] NRES_ERR: Reset error input status

— This bit is set to 1 when a mismatch between the NRES pin output HIGH and the NRES pin input readback LOW is detected,
regardless of the value of the DIS_RES_MON bit.
Depending on the external RC loading of this pin and the timing to read this bit, it may be set to 1 briefly if the external RC
delay slows a change in level that is longer than the internal deglitch time (120 ps typical).

— Cleared to 0 if no failure is present anymore.

— The DIS_NRES_MON bit in the SAFETY_FUNC_CFG register determines if this error causes a state transition from the
ACTIVE state to the SAFE state.

D[4] LBIST_ERR: Logic BIST (LBIST) error-status bit
— This bit is set to 1 when the LBIST fails
— Cleared to 0 after a LBIST run is complete without failure
— Only valid when the LBIST_RUN bit is 0

DI[3] ABIST_ERR: Analog BIST (ABIST) error-status bit

— This bit is set to 1 when the ABIST fails. If this bit is set to 1 and the device is in the DIAGNOSTIC state, the device transitions
to the SAFE state.

— Cleared to 0 after a ABIST run is complete without failure
— Only valid when the ABIST_RUN bit is O (ABIST is not running)
D[2] ABIST_ERR: Analog BIST (ABIST) error-status bit (identical to D3)

— This bit is set to 1 when the ABIST fails. If this bit is set to 1 and device is in the DIAGNOSTIC state, the device transitions to
the SAFE state.

— Cleared to 0 after a ABIST run is complete without failure

— Only valid when the ABIST_RUN bit is O (ABIST is not running)
D[1]  LBIST_RUN: Logic BIST (LBIST) run status bit

— This bit is set to 1 when a LBIST is running.

— Cleared to 0 when the LBIST is not running.
D[0]  ABIST_RUN: Analog BIST (ABIST) run status bit

— This bit is set to 1 when the ABIST is running.

— Cleared to 0 when the ABIST is not running.
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5.5.4.6 SAFETY_STAT_4 Register

Initialization source: NPOR, post LBIST reinitialization
Controller access: Read only (RD_SAFETY_STAT 4)

Figure 5-28. SAFETY_STAT_4 Register

D7 D6 D5 D4 D3 D2 D1 DO
SPI_ERR[1] SPI_ERRI[0] LOCLK RSV MCU_ERR WD_ERR ENDRV_ERR TRIMMgER—V
Ob Ob Ob Ob Ob Ob Ob Ob

D[7:6] SPI_ERR[1:0]: SPI error-status bits
00b = No error

01b = SPI SDO error (mismatch on SDO output)
If both a SPI SDO error and another SPI error occur during the same SPI frame, 01b is shown in the SPI_ERRJ[1:0] bit
because the SPI SDO error has priority.

10b = Reserved

11b = SPI errors including truncated SPI frames, SPI transfers with more than 16 bits, SPI transfers with undefined commands
or SPI transfers with incorrect command parity

— Cleared to 0 after a SPI read access or any SPI frame with no errors.

Note: If a reset to the MCU is asserted during a SPI frame transfer (causing a truncated SPI frame), these SPI error status
bits are not cleared, but maintain the status according to the truncated previous SPI frame until SPI read access

D[5] LOCLK: Loss of clock-detection status bit
— Set when a loss-of-clock failure is detected and also set after the ABIST is complete
— Cleared to 0 after internal NPOR and clear on read (after ABIST)

D[4] RSV

D[3] MCU_ERR: MCU error signal monitor (MCU ESM) status bit

— This bit is set to 1 when the MCU ESM module detects an error on the ERROR/WDI pin while MCU ESM monitoring is
enabled.

— This bit mirrors the ERROR_PIN_FAIL bit in the SAFETY_ERR_STAT register
D[2] WD_ERR: Watchdog error-status bit

— This bit is set to 1 on the next bad or time-out event
when the WD_FAIL_CNT[2:0] counter reaches a count of 7 (that is 7+1) when the WD_RST_EN bit (bit 3 in the
SAFETY_FUNC_CFG) is set to 1. Also set to 1 when the DIAGNOSTIC state time-out occurs.

— This bit mirrors the WD_FAIL bit in the SAFETY_ERR_STAT register
D[1] ENDRV_ERR: Enable driver error

— This bit is set to 1 when a mismatch between the ENDRYV pin output and the ENDRYV input feedback is detected. Depending on
the external RC loading of this pin and the timing to read this bit, it may be set to 1 briefly if the external RC delay slows a
change in level that is longer than the internal deglitch time (32 ps typical).

— Cleared to 0 if the failure is no longer present

D[0] TRIM_ERR_VMON: VMON trimming error-status bit
— This bit is set to 1 when mismatch voltage-monitor trim error is detected.
— Cleared to 0 after an internal NPOR and if failure is not present anymore.
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5.5.4.7

SAFETY_STAT_5 Register

Initialization source: POR, post LBIST reinitialization
Controller access: Read only (RD_SAFETY_STAT_5)

Figure 5-29. SAFETY_STAT_5 Register

D7 D6 D5 D4 D3 D2 D1 DO
RSV | RSV RSV | RSV | RSV | FsMi2l | Fsmiy | Fsm[o]
Ob ob Ob ob Ob ob 1b 1b
D[2:0] FSM[2:0]: Current device state

55438

—Reflects the current device state (the bits will immediately update to reflect the current device state after an NPOR or post
LBIST reinitialization)

o STANDBY state: 00h

o RESET state: 03h

¢ DIAGNOSTIC state: 07h
o ACTIVE state: 05h

o SAFE state: 04h

SAFETY_ERR_CFG Register

Initialization source: NPOR

Controller access: Read (RD_SAFETY_ERR_CFG)

Write (WR_SAFETY_ERR_CFG). Write update can only occur in the DIAGNOSTIC state. Write access
locked through SW_LOCK command.

Figure 5-30. Register

D7 D6 D5 D4 D3 D2 D1 DO
SAFE_LOCK_T | SAFE_LOCK_T | SAFE_LOCK_T | SAFE_LOCK_T
SAF[E]—TO SAF[E]—TO SAF[IS]—TO HR HR HR HR CFG_LOCK
[3] [2] (1] [0]
Ob Ob Ob Ob Ob Ob Ob Ob
D[7:5] SAFE_TO[2:0]: SAFE state time-out settings

Duration of the SAFE state is time-limited to protect against potential MCU locked state.
Time-out duration = (2 x SAFE_TO[2:0] + 1) x 22 ms

Minimum duration is 22 ms

Maximum duration is 330 ms

22-ms time reference has 5% accuracy coming from 4-MHz internal oscillator)

D[4:1] SAFE_LOCK_THR[3:0]
— Sets the corresponding device DEV_ERR_CNTI[3:0] threshold at which device remains in the SAFE state regardless of SAFE
state time-out event
— When the NO_SAFE_TO bit (SAFETY_FUNC_CFG register, bit 7) is set to 1:
e While DEV_ERR_CNT[3:0] < SAFE_LOCK_THRJ[3:0] + 1, SAFE state time-out transition time from the SAFE-to-RESET
state is controlled through the SAFE_TO[2:0] bit settings. SAFE state time-out duration is calculated (SAFE_TOJ[2:0] x 2 +
1) x 22 ms
e Device remains locked in the SAFE state when the DEV_ERR_CNT[3:0] counter reaches SAFE_LOCK_THR[3:0] + 1
value.
— When the NO_SAFE_TO bit (SAFETY_FUNC_CFG register, bit 7) is cleared to 0:
e While DEV_ERR_CNT[3:0] < SAFE_LOCK_THR[3:0] + 1, time-out transition time from the SAFE-to-RESET state is
controlled through the SAFE_TO[2:0] bit settings. Time-delay duration is calculated (SAFE_TO[2:0] x 2 + 1) x 22 ms
e When the DEV_ERR_CNT[3:0] counter reaches SAFE_LOCK_THR[3:0] + 1 value, the device transitions to the RESET
state after 680 ms.
— Intended to support software debug and development and is NOT recommended for normal functional operation.
— The 0000b setting is the default setting, and has same effect as the 1111b setting. Both settings give the minimum threshold.
D[0] CFG_LOCK
— Register lock access control
— When set to 1, the register content cannot be updated by SPI WR access.
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5.5.4.9 SAFETY_BIST_CTRL Register

Initialization source: NPOR

Controller access: Read (RD_SAFETY_BIST_CTRL)

Write (WR_SAFETY_BIST_CTRL). Write access locked through SW_LOCK command.

Figure 5-31. SAFETY_BIST_CTRL Register

D7 D6 D5 D4 D3 D2 D1 DO
BIST_DEG_CN | BIST_DEG_CN | AUTO_BIST DIl ¢ cre cHk RSV LBIST_EN ABIST_EN ABIST_EN
T[] T[0] s
0Ob Ob 0Ob Ob 0Ob Ob 0Ob Ob

D[7:6] BIST_DEG_CNT[1:0]: Deglitch filter duration setting during an active ABIST
— This bit controls the deglitch filter duration for every safety monitored voltage.

Resolution is 15 ps (with the minimum setting at 15 ps and the maximum setting at 60 us): bist_deglitch =
(BIST_DEG_CNT[1:0] + 1) x 15 ps)

— 15-ps time reference has 5% accuracy coming from 4-MHz internal oscillator.
— When the ABIST is run in the ACTIVE state, Tl recommends to set this to the maximum deglitch time
D[5] AUTO_BIST_DIS

— This bit controls the automatic BIST run on the transition from the RESET to the DIAGNOSTIC state ONLY when the device
enters the RESET sate from the DIAGNOSTIC, ACTIVE, or SAFE state.

— When set to 1, automatic BIST run is, except for the automatic BIST run on power up from the STANDBY state
D[4] EE_CRC_CHK: Recalculate EEPROM CRC8
— This bit controls the EEPROM CRC8 check function

— When set to 1, the EEPROM content is reloaded and CRCS8 re-calculated and compared against expected value stored in
EEPROM DFT register.

Note: With every power-up event, EEPROM content is reloaded and its CRC8 recalculated.
— The self-test status is checked through bit 4 in the SAFETY_STAT_2 register.
D[3] RSV, readable and writable without effect
D[2] LBIST_EN: Enables LBIST run
— This bit controls the LBIST run (which also runs the ABIST)
— The self-test status is monitored through the D1 and D4 bits in the SAFETY_STAT_3 register.

— The LBIST_EN bit clears the DIAG_EXIT_MASK bit to 0. The DIAGNOSTIC state time-out counter only stops during the
running of the LBIST. After the LBIST is complete, the time-out counter continues from the last value. To stay in the
DIAGNOSTIC state, the DIAG_EXIT_MASK bit must be set to 1 after LBIST completion. For a transition from the
DIAGNOSTIC state to the ACTIVE state, the DIAG_EXIT bit must be set to 1.

D[1] ABIST_EN: Enable ABIST run (same as D[0])
— This bit controls the analog UV,0V and LOC BIST run.

— The self-test status is monitored through the DO, D2, and D3 bits in the SAFETY_STAT_3 register, and the D5 bit in the
SAFETY_STATA4 register.

D[0]  ABIST _EN: Enable analog BIST run (same as D[1])
— The bit controls the analog UV, OV, and LOC BIST run.

— The self-test status is monitored through the DO, D2, and D3 bits in the SAFETY_STAT_3 register, and the D5 bit in the
SAFETY_STATA4 register.
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5.5.4.10 SAFETY_CHECK_CTRL Register

Initialization source: NPOR, post LBIST reinitialization

Controller access: Read (RD_SAFETY_CHECK_CTRL)

Write (WR_SAFETY_CHECK_CTRL). .

Figure 5-32. SAFETY_CHECK_CTRL Register

D7 D6 D5 D4 D3 D2 D1 DO
CFG_CRC_EN RSV ENABLE_DRV RSV RSV NO_ERROR D'AGKEE'T—M DIAG_EXIT

Ob Ob Ob 1b Ob 1b Ob Ob

D[7] CFG_CRC_EN
— This bit controls the enabling of CRC8 protection for the device configuration registers.

— When set to 1, the CRCS8 is calculated for all device configuration registers and compared with the CRC8 value stored in the
SAFETY_CFG_CRC register.

— Tl recommends to first set the desired device configuration, followed by updating the SAFTY_CFG_CRC register before setting
this bit to 1.

— The following registers are protected:
oSAFETY_FUNC_CFG register
oDEV_REV (device revision) register
oSAFETY_PWD_THR_CFG register
oSAFETY_ERR_CFG register
o\WD_TOKEN_CFG register
o\WD_WIN1_CFG register
o\WD_WIN2_CFG register
oSAFETY_ERR_PWM_L register
oDEV_CFG2 register
oDEV_CFGL1 register (only the D6 bit)

D[6] RSV, readable and writeable with no impact to device state or the ENDRV, and NRES output
D[5] ENABLE_DRV
— Controls the enabling of the ENDRYV output

— In addition to setting this bit to 1, the watchdog fail counter must be decremented below the default count value of 5 to enable
the ENDRYV output.

D[4:3] RSV, readable and writeable with no impact to device state or the ENDRYV, and NRES output
D[2] NO_ERROR

— This bit enables MCU ESM monitoring of the ERROR/WDI pin. When enabled the MCU ESM transitions the device from the
ACTIVE state to the SAFE state when an error is detected.

e0b = MCU ESM is enabled and the ERROR/WDI pin is monitored. A detected failure in the ACTIVE state causes a transition
to the SAFE state, a detected failure in the DIAGNOSTIC state does not cause a transition to the SAFE state.

e1lb = MCU ESM is not enabled and the ERROR/WDI pin is not monitored and a failure in the ACTIVE state does not cause
a transition to the SAFE state.

— If a failure is detected when NO_ERROR =0 (MCU ESM is enabled).
eThe ERROR_PIN_FAIL status bit in the SAFETY_ERR_STAT register is set
eThe MCU_ERR status bit in the SAFETY_STAT_4 register is set
D[1] DIAG_EXIT_MASK
— Controls the exit from the DIAGNOSTIC state

— When set to 1, exit from the DIAGNOSTIC state is disabled regardless if a DIAGNOSTIC state time-out event occurs or if the
DIAG_EXIT bit is set.

— This feature is only recommended for software debug and development and must not be activated in functional mode.
D[0] DIAG_EXIT

— Controls exit from the DIAGNOSTIC state to the ACTIVE state

— When set to 1 and the DIAG_EXIT_MASK bit is 0, the device transitions from the DIAGNOSTIC to the ACTIVE state.
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5.5.4.11 SAFETY_FUNC_CFG Register

Initialization source: NPOR

Controller access: Read (RD_SAFETY_FUNC_CFG)

Write (WR_SAFETY_FUNC_CFG). Write update can only occur in the DIAGNOSTIC state. Write access
locked through SW_LOCK command.

Figure 5-33. SAFETY_FUNC_CFG Register

D7 D6 D5 D4 D3 D2 D1 DO
NO_SAFE_TO | ERROR_CFG WD_CFG IGN_PWRL | WD_RST_EN D'S—'\(')T\IES—M RSV VDD_3 5 SEL
1b 0b 0Ob 0b 0Ob 1b 0Ob X

D[7] NO_SAFE_TO
— Controls the enabling and disabling of the SAFE state time-out function

— When set to 1: The SAFE state time-out is disabled. The device remains locked in the SAFE state when the
DEV_ERR_CNT[3:0] counter reaches the SAFE_LOCK_THR[3:0] + 1 value.

— When cleared to 0: The SAFE state time-out is enabled. The device transitions to the RESET state after 680 ms when the
DEV_ERR_CNT[3:0] counter reaches the SAFE_LOCK_THR[3:0] + 1 value.

D[6] ERROR_CFG: MCU ESM configuration bit

— When cleared to 0: PWM Mode is selected (can be used as an external clock monitor). The expected ERROR/WDI pin LOW
and HIGH durations are controlled by the SAFETY_ERR_PWM_H and SAFETY_ERR_PWM_L registers (see Section 5.5.4.13
and Section 5.5.4.14, respectively).

— When set to 1: The TMS570 mode is selected. The ERROR pin low-duration threshold is set by the SAFETY_ERR_PWM_L
register.

— Use the NO_ERROR bit in the SAFETY_CHECK_CTRL register to enable the MCU ESM function
D[5] WD_CFG: Watchdog function configuration bit
— When cleared to 0: Trigger mode (default) — watchdog trigger input through the ERROR/WDI pin
— When set to 1: Q&A mode — watchdog answers input through SPI
D[4] IGN_PWRL.: Ignition-power latch control bit
— Controls the enabling of the ignition-power latch
Note: This bit can only be changed when the device is in the DIAGNOSTIC state
— When cleared to 0: With the IGN pin LOW, the device enters the STANDBY state. Cleared by a CANWU event
— When set to 1: The IGN pin can be pulled LOW, but the device remains powered up.
D[3] WD_RST_EN

— 1b = Enables a transition to the RESET state when a Watchdog failure is detected (the WD_FAIL_CNT[2:0] counter reaches
the count of 7+1).

— Ob (default) = Disables a transition to the RESET state when watchdog failure events are detected (the WD_FAIL_CNT[2:0]
counter reaches the count of 7 + 1).

D[2] DIS_NRES_MON

— When cleared to 0: In the ACTIVE state, a difference between the read-back level on the NRES pin and the NRES pin output
driver state causes a transition to the SAFE state and the NRES_ERR bit is set.

— When set to 1 (default state): State transition because of a difference between the read-back NRES pin level and the NRES
driver state is disabled. (default state) Note: The NRES_ERR bit is still set if a difference between the read-back NRES pin
level and the NRES driver state is detected.

D[1] RSV, readable and writeable in the DIAGNOSTIC state with no impact to the device state or the ENDRV and NRES output
DI[0] VDD_3_5_SEL: Status bit of VDD3/VDDS5 selection at power up
— The SEL_VDD3/5 input pin is sampled and latched at power up
e0b = 5-V setting (pin SEL_VDD3/5 connected to ground)
e1b = 3.3-V setting (the SEL_VDD3/5 pin is not connected)
eValue in the RESET state depends on the state of the SEL_VDD3/5 pin at first power up
— This bit is read only
Note: This bit is the same as the DEV_CFGL1 bit, D7
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5.5.4.12 SAFETY_ERR_STAT Register

Initialization source: NPOR

Controller access: Read (RD_SAFETY_ERR_STAT)

Write (WR_SAFETY_ERR_STAT). Write update can only occur in the DIAGNOSTIC state. Write access
locked through SW_LOCK command.

Figure 5-34. SAFETY_ERR_STAT Register

D7 D6 D5 D4 D3 D2 D1 DO
ERROR_PIN_F DEV_ERR_CN | DEV_ERR_CN | DEV_ERR_CN | DEV_ERR_CN
RSV RSV AL WD_FAIL 0l 2l Tl 0]
0Ob Ob 0Ob Ob 0Ob Ob 0Ob Ob
D[7:6] RSV

D[5] ERROR_PIN_FAIL

— Set to 1 when the MCU ESM Module detects a failure on the ERROR/WDI pin, only if NO_ERROR = 0 (bit D2 in
SAFETY_CHECK_CTRL register). The device enters the SAFE state when this ERROR_PIN_FAIL bit is set to 1 while the
device is in the ACTIVE state and NO_ERROR = 0. Also set to 1 when a DIAGNOSTIC state time-out occurs.

— Cleared by using SPI to write a 0 to the bit or cleared to 0 during reset event. Note: in the DIAGNOSTIC state it is also
possible to write this bit to 1, leaving it set at 1 will have the same device level impact as a detected failure on the ERROR/WDI

pin.
D[4] WD_FAIL

— This bit is set to 1 on the next bad event when the watchdog fail counter reaches a count of 7 (that is 7 + 1) (the
WD_FAIL_CNT[2:0] bits in the SAFETY_STAT_2 register) when the WD_RST_EN bit (bit 3 in SAFETY_FUNC_CFQ) is set to
1. Also set to 1 when the DIAGNOSTIC state time-out occurs.

— Cleared by using the SPI to write a O to the bit when the watchdog fail counter is less than 7 or cleared to O during a reset
event. Note: in the DIAGNOSTIC state, writing this bit to 1 is also possible, leaving it set at 1 when exiting the DIAGNOSTIC
state causes a transition to the SAFE state.

D[3:0] DEV_ERR_CNT[3:0]
— Tracks the current device error count.
— Overwritten by SPI WR access, but ONLY in the DIAGNOSTIC mode.

5.5.4.13 SAFETY_ERR_PWM_H Register

Initialization source: NPOR

Controller access: Read (RD_SAFETY_ERR_PWM_H)

Write (WR_SAFETY_ERR_PWM_H). Write update can only occur in the DIAGNOSTIC state. Write
access locked through SW_LOCK command.

Figure 5-35. SAFETY_ERR_PWM_H Register

D7 D6 D5 D4 D3 D2 D1 DO
PWMH7] | PWMH[E] | PWMH[S] | PWMH4] | PWMH3] | PWMH[2] | PWMH[] | PWMHIO]
1b ob 1b ob 1b ob ob ob

D[7:0] PWMH][7:0]: The ERROR/WDI pin high-phase duration in PWM mode (15-ps resolution)
— Controls the expected high-phase duration with 15-us resolution
Use Equation 17 and Equation 18 to calculate the minimum and maximum values for the HIGH pulse duration, tpwy_nigH-
(15-ps time reference has 5% accuracy coming from 4-MHz internal oscillator)
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5.5.4.14 SAFETY_ERR_PWM_L Register

Initialization source: NPOR

Controller access: Read (RD_SAFETY_ERR_PWM_L)

Write (WR_SAFETY_ERR_PWM_L). Write update can only occur in the DIAGNOSTIC state. Write access
locked through SW_LOCK command.

Figure 5-36. SAFETY_ERR_PWM_L Register

D7 D6 D5 D4 D3 D2 D1 DO
PWwMLI7] | PwmLle] | PwMLs] | PWML[4] | PwMLE] | PWMLZ] | PWML] | PWML[0]
ob ob 1b 1b 1b 1b ob 1b

D[7:0] PWML[7:0]: The ERROR/WDI pin low-phase duration
— Controls expected low-phase duration

e\When the ERR_CFG bit is 0 (in PWM mode): PWM low-phase duration with 15-ps resolution
Use Equation 19 and Equation 20 to calculate the minimum and maximum values for the LOW pulse duration, tpwm_row-
(15-us time reference has 5% accuracy coming from 4-MHz internal oscillator)

e\When ERR_CFG bit is 1 (TMS570 mode): error low duration with 5-us resolution
Use Equation 15 and Equation 16 to calculate the minimum and maximum values for the LOW duration, trmsszo_Low-
(5-us time reference has 5% accuracy coming from 4-MHz internal oscillator)

5.5.4.15 SAFETY_PWD_THR_CFG Register

Initialization source: NPOR

Controller access: Read (RD_SAFETY_PWD_THR_CFG)

Write (WR_SAFETY_PWD_THR_CFG). Write update can only occur in the DIAGNOSTIC state. Write
access locked through SW_LOCK command.

Figure 5-37. SAFETY_PWD_THR_CFG Register

D7 D6 D5 D4 D3 D2 D1 DO
RSV | RSV \ RSV | RSV | PWD_THR[3] | PWD_THR[2] | PWD_THR[1] | PWD_THR[0]
ob ob ob ob 1b 1b 1b 1b

D[7:4] RSV

D[3:0] PWD_THR[3:0]: Device error-count threshold to power down the device

— When the DEV_ERR_CNT[3:0] counter
reaches the programmed threshold, the device powers down.

— The device recovers with a new wake-up or ignition event.

5.5.4.16 SAFETY_CFG_CRC Register

Initialization source: NPOR

Controller access: Read (RD_SAFETY_CFG_CRC)

Write (WR_SAFETY_CFG_CRC). Write update can only occur in the DIAGNOSTIC state. Write access
locked through SW_LOCK command.

Figure 5-38. SAFETY_CFG_CRC Register

D7 D6 D5 D4 D3 D2 D1 DO
CFG_CRC[7] | CFG_CRC[6] | CFG CRC[5] | CFG_CRC[4] | CFG_CRC[3] | CFG CRC[2] | CFG CRC[l] | CFG_CRC[0]
ob ob ob 1b ob ob ob ob

D[7:0] CFG_CRC[7:0]: The CRC8 value for the safety configuration registers
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5.5.4.17 Diagnostics
5.5.4.17.1 DIAG_CFG_CTRL Register
Initialization source: NPOR, post LBIST reinitialization
Controller access: Read (RD_DIAG_CFG_CTRL)
Write (WR_DIAG_CFG_CTRL)
Figure 5-39. DIAG_CFG_CTRL Register
D7 D6 D5 D4 D3 D2 D1 DO
MUX_EN SPI SDO | MUX OUT | INT CON[2] | INT CON[1] | INT CON[0] | MUX CFG[1] | MUX_CFG[0]
Ob Ob Ob Ob Ob Ob Ob Ob
D[7] MUX_EN: Enable diagnostic MUX output
Ob = Disabled (tri-stated)
1b = Enabled
D[6] SPI_SDO: To control the SPI_SDO output-buffer state during an interconnect test
To check the SDO diagnostics use the following sequence:
eMUX_CFG[1:0] configuration must be 01b (Digital MUX Mode)
o SPI NCS must be kept HIGH
e The state of the SDO pin is controlled by the SPI_SDO bit
D[5] MUX_OUT: Diagnostic MUX output-state control bit
Note: When the MUX_CFG bits are set to 00b and the MUX_EN bit is set to 1
D[4:2] INT_CONJ[2:0]: Device interconnect-test configuration bits
000b = No active interconnect test
001b = ERR input state observed on the diagnostic MUX output
010b = SPI_NCS input state observed on the diagnostic MUX output
011b = SPI_SDI input state observed on the diagnostic MUX output
100b = SPI_SCLK input observed on the diagnostic MUX output
101b = Not applicable
110b = Not applicable
111b = Not applicable
D[1:0] MUX_CFG[1:0]: Diagnostic MUX configuration
00b = The MUX output is controlled by MUX_OUT bit (bit 5 in DIAG_CFG_CTRL register)
01b = Digital MUX mode
10b = Analog MUX mode
11b = Device interconnect mode (input-pins interconnect test)
5.5.4.17.2 DIAG_MUX_SEL Register
Initialization source: NPOR, post LBIST reinitialization
Controller access: Read (RD_DIAG_MUX_SEL )
Write (WR_DIAG_MUX_SEL)
Figure 5-40. DIAG_MUX_SEL Register
D7 D6 D5 D4 D3 D2 D1 DO
MUX_SEL[7] | MUX_SEL[6] | MUX SEL[5] | MUX_ SEL[4] | MUX SEL[3] | MUX SEL[2] | MUX SEL[1] | MUX_ SEL[0]
Ob Ob Ob Ob Ob Ob Ob Ob

D[7:0] MUX_SEL[7:0]: Diagnostic MUX channel select

Note: The MUX channel table is dependent on the MUX_CFG[1:0] bit settings in the DIAG_CFG_CTRL register (see
Section 5.5.4.17.1)
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5.5.5 Watchdog Timer

5.5.5.1 WD_TOKEN_FDBK Register

Initialization source: NPOR
Controller access: Read (RD_WD_TOKEN_FDBK)
Write (WR_WD_TOKEN_FDBK). Write update can only occur in the DIAGNOSTIC state. Write access

locked through SW_LOCK command.

Figure 5-41. WD_TOKEN_FDBK Register

D7 D6 D5 D4 D3 D2 D1 DO
FDBK[3] FDBK(2] FDBK[1] FDBKIO] TOKENﬁSEED[ TOKENzTSEED[ TOKENﬁSEED[ TOKEI\éTSEED[
Ob Ob Ob Ob Ob Ob Ob Ob
D[7:4] FDBK[3:0]: Watchdog question (token) FSM feedback configuration bits

FDBK [3:0] bits control the sequence of generated questions and Markov chain polynomial

The device has a set of 16 generated questions, repetition or sequence ordering can be adjusted by the FDBK[3:0] bits
FDBK]3:2] controls the question (TOKEN) generation for the watchdog in Q&A mode

FDBK]2:1] controls the LFSR configuration for the watchdog question (TOKEN) generation

FDBKI[0] RSV

D[3:0] TOKEN_SEED[3:0]: Watchdog token seed value, used to generate a set of new questions (tokens)

The token seed value can be updated by the MCU only after watchdog is reinitialization in the DIAGNOSTIC state after
RESET. The new TOKEN_SEED[3:0] value takes effect after another transition through the RESET state with
AUTO_BIST_DIS = 1:

Only for Q&A Mode

55.5.2 WD_WIN1_CFG Register

Initialization source: NPOR
Controller access: Read (RD_WD_WIN1_CFG)
Write (WR_WD_WIN1_CFG). Write update can only occur in the DIAGNOSTIC state. Write access locked

through SW_LOCK command.

Figure 5-42. WD_WIN1_CFG Register

D7 D6 D5 D4 D3 D2 D1 DO
RSV | RTE] | RT5. | RT4 | RT3 | RTM2 |  RT | RToO
ob 1b 1b 1b 1b 1b 1b 1b
D[7] RSV

D[6:0] RT[6:0]: Watchdog Window 1 duration setting

See Equation 1 and Equation 2 to calculate the minimum and maximum values for the ty,; time period.

5.5.5.3 WD_WIN2_CFG Register

Initialization source: NPOR
Controller access: Read (RD_WD_WIN2_CFG)
Write (WR_WD_WINZ2_CFG). Write update can only occur in the DIAGNOSTIC state. Write access locked

through SW_LOCK command.

Figure 5-43. WD_WIN2_CFG Register

D7 D6 D5 D4 D3 D2 D1 DO
RSV | RSV RSV | Rw@] | RWE | RW2 | RW] | RwWO]
ob ob ob 1b 1b ob ob ob
D[7:5] RSV

D[4:0] RWI[4:0]: Watchdog Window 2 duration setting
— See Equation 3 and Equation 4 to calculate the minimum and maximum values for the tyn> time period.
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5.5.5.4 WD_TOKEN_VALUE Register

Initialization source: NPOR, post LBIST reinitialization

Controller access: Read only (RD_WD_TOKEN_VALUE)

Figure 5-44. WD_TOKEN_VALUE Register
D7 D6 D5 D4 D3 D2 D1 DO
WD_FAIL_TH RSV RSV | RSV | TOKEN[@B] | TOKENPZ] | TOKEN[ | TOKEN[]
1b 0Ob ob 0Ob ob 0Ob ob 0Ob

D[7] WD_FAIL_TH
— Set to 1 when the watchdog fail counter reaches a count of 5 or higher (WD_FAIL_CNT[2:0] bits in the SAFETY_STAT_2
register)
— Cleared to 0 when the watchdog fail counter reaches a count of less than 5 (WD_FAIL_CNT[2:0] bits in the SAFETY_STAT_2
register)
D[6:4] RSV
D[3:0] TOKEN[3:0]: watchdog question (token)
— The MCU must read (or calculate) the current question (token) to generate a correct answer bytes.
— Only for Q&A mode

5.5.5.5 WD_STATUS Register

Initialization source: NPOR, post LBIST reinitialization
Controller access: Read only (RD_WD_STATUS)

Figure 5-45. WD_STATUS Register

D7 D6 D5 D4 D3 D2 D1 DO
WD_ANSW_C | WD_ANSW _C
NT NT ANSWER_ERR | WP-WRONG_ | \ys crg cHG| SEQ ERR TIME_ouT | ANSWER_EAR
- CFG _CFG_ - - LY
(1] [0]
1b 1b ob ob ob ob ob ob

D[7:6] WD_ANSW_CNT[1:0]: Current watchdog answer count
— Only for Q&A mode
DI[5] ANSWER_ERR: Watchdog error-status bit to show the incorrect Answer-x byte (formerly TOKEN_ERR)

— This bit is set to 1 as soon as an Answer-x byte (WD_TOKEN_RESPXx) is not correct. This flag is cleared if the following
answer is correct again or at the beginning of a new watchdog sequence. This bit is not cleared on SPI read-out.

— Only for Q&A mode
D[4] WD_WRONG_CFG

— Set to 1 when either the WD_WIN1_CFG or WD_WIN2_CFG bits are set to 00h.
D[3] WD_CFG_CHG: Watchdog configuration-change status bit

— This bit is set to 1 when WD_WIN1_CFG or WD_WIN2_CFG setting is changed. This bit is cleared at the beginning of a new
watchdog sequence.

D[2] SEQ_ERR: Any of the answer bytes are wrong
— Incorrect timing or wrong answer
— Only for Q&A mode
D[1] TIME_OUT: No watchdog event (trigger or four answer-x bytes) received within the watchdog sequence (time-out event)
— In trigger mode (default): set to 1 when no trigger has been received on the ERROR/WDI pin during the watchdog sequence
— In Q&A mode: set to 1 when less than four Answer-x bytes have been received during the watchdog sequence
— This flag can be used to resynchronize the MCU timing to the device watchdog.

— Cleared to 0 by SPI read access, cleared to 0 after a watchdog good event or bad event, or cleared to 0 during reset event.
Note: In the DIAGNOSTIC state, writing this bit to 1 is possible, leaving it set at 1 has the same device level impact as a
detected failure on the ERROR/WDI pin.

D[0] ANSWER_EARLY: Answer-x bytes completed too early or trigger too early (formerly TOKEN_EARLY)
— Set to 1 if the four answer bytes are returned during Window 1 or the trigger occurs in Window 1
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5.5.5.6 WD_ANSWER Register

Initialization source: NPOR
Controller access: Write only (WR_WD_ANSWER)

Figure 5-46. WD_ANSWER Register

D7 D6 D5 D4 D3 D2 D1 DO
WD_ANSW[7] | WD_ANSW[6] | wD_ANSW[5] | wD_ANSW[4] | wD_ANSW[3] | WD_ANSW[2] | wD_ANSW[1] | wD_ANSW[0]
ob ob ob ob ob ob ob ob

D[7:0] WD_ANSWI[7:0]: answer bytes
— See Section 5.4.15.4 for details on answer bytes
— Only for Q&A mode

5.5.6 Sensor Supply

5.5.6.1 SENS_CTRL Register

Initialization source: NPOR
Controller access: Read (RD_SENS_CTRL)
Write (WR_SENS_CTRL)

Figure 5-47. SENS_CTRL Register

D7 D6 D5 D4 D3 D2 D1 DO
RSV RSV RSV VDD5_EN RSV RSV RSV VSOUT1_EN
Ob Ob Ob 1b Ob Ob Ob Ob
D[7:5] RSV

D[4] VDD5_EN: If cleared to 0, the VDDS5 regulator turns off.

— This bit is set to 1 by default, and is cleared in case of the VDD5 over temperature condition (indicated by the VDD5_OT bit D1
in the SAFETY_STAT1 register).

Note: When the VDDS5 regulator is disabled, the VDD5_ILIM bit (bit D7 in the SAFETY_STAT_1 register) is set to 1 and
remains set to 1 as long as the VDD5 regulator is disabled (or the VDD5_EN bit is 0). However, the VDD5_QOV and VDD5_UV
bits reflect an overvoltage or undervoltage condition on the VDD5 regulator.
D[3:1] RSV
D[0] VSOUT1_EN: Sensor-supply enable bit (set this bit to 1 to enable the VSOUT1 sensor supply)
— This bit is cleared to 0 by default, and must be set to 1 by the MCU to enable the VSOUTL1 sensor supply. In case of a
VSOUTL1 overtemperature condition (indicated by the VSOUT1_OT bit D2 in the SAFETY_STAT1 regulator), the VSOUT1

regulator is disabled and this bit, VSOUT1_EN, is cleared to 0. When the overtemperature condition in the VSOUT1 sensor
supply is no longer present, the VSOUT1 sensor supply must be reenabled.
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6 Application and Implementation

NOTE
Information in the following applications sections is not part of the TI component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

6.1 Application Information

The TPS65381-Q1 device is a multirail power supply including one buck preregulator, one linear
controller, one 5-V linear regulator, one programmable 3.3-V or 5-V linear regulator, and one linear
tracking regulator with protection against short to battery and ground. The device has many diagnostic and
monitoring functions. This device provides a power-management basis for many different applications.

6.2 Typical Application

The following design requirements and design procedure are an example of how to select component
values for the TPS65381-Q1 device for a typical application. Because many of the regulators are
adjustable, the equations should be used to calculate the component values for the specific application.
For additional reference, also refer to the design checklist and application notes listed in Section 9.2.1.
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Battery Supply voltage
(must be reverse protected and *
may need to be filtered for EMC)

100 nF

100 nF
" (50V)

(50 V) @)

Enable output signal for for External Power
Stages or Peripheral Wake-Up

10 uF 100 nF
(50 V) (50 V) o _
VCP 31] | Openfor VDD3/5=3.3V
SEL_VDD3/5[31] GND for VDD3/5 =5V 0.1uF
CP1 IGN R - IGNITION Input signal
0.01 pF

VDD6: Preregulated Supply
L1=33uH

To MCU Reset input

To MCU GPIO input for
observing digital signals

22 pF

22 uF
VDD1: MCU

To MCU ADC input for

N " CORE Supply
observing analog signals

TPS65381-Q1
TPS65381A-Q1

—
PGND[25} I

*

43.20%

22 uF
80.6 Q

»VDD3: MCU IO Supply

-

VDD5 or
VDD3/5

100 nF '

SPI 7 SDO

Resrext™

1
: 22 kQ
ERROR input signal or

Watchdog trigger signal from MCU

—» VDD5: CAN Tranceiver Supply

4.7 uF 4.7 yF

GND or any reference voltage
(for instance VDDS or VDD3/5)

Rysrs® | 4.7 WF
(50 V)
@

2)
Rvsre1

Wake-up from CAN transceiver

VDD6 or Battery Supply voltage?
(must be reverse protected)

100 nF
(50 v) I
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Example components:
¢ Q1I1: BUK9213-30A
« D1: Vishay SS3H09/10, OnSemi MBRS340T3
¢ D2: ROHM UDZSTE-176.2B
e L1: TDK CLF10060NIT-330M-D or COILCRAFT MSS1246T-333ML
NOTE:
1. 43.2 Q for 1.23-V output voltage (Recommended for TI TMS570 MCU). Change this resistor to obtain different VDD1 output voltage, VDD1_SENSE = 800 mV. The
tolerance of the resistors in this resistor divider will impact VDD1 regulation and voltage monitoring tolerance. Resistors with 0.1% tolerance are recommended.
2. Rysrg1 and Rysggp configure the VSOUT1 voltage

— Pin 16 (VSIN) to be connected either to pin 27 (VDD6) for VSOUT1 <5 V or to pin 29 (VBATP) for 5V < VSOUT1< 9.5V

— Pin 18 (VTRACK1) to be connected to GND for non-tracking mode, or a reference voltage (for example VDD5 or VDD3/5) for tracking mode.

— The tolerance of the resistors in this resistor divider will impact VSOUT1 regulation and voltage monitoring tolerance. Resistors with 0.1% tolerance are
recommended.

— See Section 5.3.5 for details.

3. Rprsext configures the Reset Extension time. See the Reset and Enable outputs section of Section 4.5

Figure 6-1. Typical Application Diagram
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6.2.1 Design Requirements

While selecting capacitors for the application consider the following characteristics:

» The effective capacitance at the operating voltage must be used when selecting the proper capacitor.
Capacitors derate with operating voltage, sometimes as much as 70%. Therefore the capacitance of
the circuit could be outside of the specified value for the capacitor as listed in Section 4.

» The temperature and lifetime of the capacitor can also impact the effective capacitance and should be
considered.

» The voltage ratings of the capacitor should be considered, especially on the high-voltage input circuits
that can also experience transient voltages.

These impacts must all be considered when selecting a capacitor so that the circuit has the specified
capacitance required for this device at the application operating conditions of the capacitor such as
temperature, voltage, and lifetime.

The VBATP and VBAT_SAFING pins are the supply inputs to the device. These supplies must be reverse-
battery protected. The supplies should also be adequately protected against transients and have sufficient
noise filtering for the intended application. If the application has noisy and high-current output drives that
are connected to either the VBATP pin, VBAT_SAFING pin, or both, additional filtering may be necessary
between the output drive and the device.

The IGN pin is a wake-up input to the device. This input provides up to —7 V of protection. Beyond this
voltage, the IGN pin must be reverse protected. If the noise can occur longer than the specified deglitch
time, the IGN pin should also be adequately protected against transients and have sufficient noise filtering
for the intended application.

6.2.2 Detailed Design Procedure

6.2.2.1 VDDG6 Preregulator

The inductor, output capacitor, and total effective series resistance (ESR) of the output capacitance must
be considered to achieve balanced operation of the VDD6 preregulator.

The output inductor must be greater than or equal to the minimum 22-pH inductance. The typical specified
inductance is 33 pH, which was selected for this design.

The effective output capacitance for the VDD6 preregulator is specified from 22 pF to 47 uF. An effective
capacitance of 22 uF at the 6-V DC operating point was selected for this design. This value allows for
additional downstream input capacitance on voltage regulator inputs. To filter high frequencies, use 10-nF
and 0.1-uF capacitors in parallel. If higher effective capacitance is used, the voltage ripple is reduced and
lowers the required ESR. The effective capacitance of a capacitor should be provided by the capacitor
supplier and must be derated for tolerance, lifetime, temperature, and operating voltage.

Because the VDDG6 preregulator is a hysteretic architecture, controlled ESR is required with the output
capacitance. The specified ESR range is from 100 mQ to 300 mQ. Use Equation 21 to calculate the
minimum total ESR to achieve balanced operation.

Resg = L/ (15 X Ceprective) = 33 / (15 x 22) = 100 mQ (21)

As an example, the data sheet for the capacitor states that the ESR of the capacitor is 4 mQ and the
parasitic extraction of the PCB design is 6 mQ. An ESR resistor of 100 mQ can still be used, or the
discrete ESR resistor can be sized to 90 mQ resulting in a total effective ESR of at least 100 mQ. If a
larger effective capacitance is used, the equation may result in an ESR value below 100 mQ. In this case,
the total ESR should still be brought up to 100-mQ total ESR minimum to meet the specification.

A high-voltage surface-mount Schottky-rectifier diode, such as SS3H9/10 or MBRS340T3, should be used.

Figure 6-2 shows this configuration.
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VDD6 B]
33 uH

sDN6|[ | YY Y\ —o * VDD6

ESR

/\ 100 mQ

10 nF 0.1 pF

22-uF Effective
Capacitance

Figure 6-2. VDD6 Design

6.2.2.2 VDD1 Linear Controller
The microprocessor used with the TPS65381-Q1 device requires a core voltage of 1.23 V.

The output voltage of the VDD1 linear controller is set by a resistor divider from the VDD1 output to
ground with the divided voltage connected to the VDD1_SENSE pin, which must be set to 800 mV. To
ensure sufficient bias current through the resistor divider, select a value of R1 as 80.6 Q. Use Equation 22
to calculate the resistance of R2.

R2 = ([VDD1 x R1] / Vypp; sense) — R1 = ([1.23 V x 80.6 Q] / 0.8 V) — 80.6 Q = 43.3 Q (22)

Select the standard value of 43.2 Q.

NOTE
The tolerance of the R1 and R2 resistors in this resistor divider will impact the VDD1
regulation and voltage monitoring tolerance. Resistors with 0.1% tolerance are
recommended.

Select an output FET for the VDD1 linear controller that meets the requirements in the VDD1 — LDO With
External FET specifications in Section 4.5. An example output FET is BUK9213-30A. The gate of the
output FET is connected to the VDD1_G pin. A 100-kQ resistor is connected between the gate and source
of the FET. The drain of the FET is connected to the VDD6 preregulator output, which is used as the
supply input for the VDDL1 linear controller.

A low-ESR ceramic output capacitor with 22-uF effective capacitance at 1.23 V is used to meet the
requirements for the output capacitor that is listed in this data sheet. Depending on the application, this
output may require a larger output capacitor to ensure the output does not drop below the required
regulation specification during load transients. The VDD1 output capacitance is specified up to 40 pF.

Figure 6-3 shows this configuration.
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VDD1_G |:

|

100 kQ
R2=43.2Q —Vr

R1=80.6 Q

VDD1 SENSE []

Figure 6-3. VDD1 Design

6.2.2.3 VSOUT1 Tracking Linear Regulator, Configured to Track VDD5

The system has a sensor that requires a 5-V supply that must track the VDD5 supply. The configuration
should be set up for higher efficiency.

The VDD5 output is connected to the VTRACK1 pin, which configures the regulator for tracking mode.
Because the output must track the input, unity gain feedback is used on the VSFB1 pin by connecting it to
the VSOUTL pin.

For efficiency, use the VDD6 preregulator as the supply. Therefore, the VDD6 output is connected to
VSIN. A local, low-ESR 100-nF ceramic capacitor is used on the VSIN pin to stabilize the input.

A local, low-ESR 4.7-uF ceramic capacitor is used on the VSOUT1 output for loop stabilization. Depending
on the application, this output may require a larger output capacitor to ensure that the output does not
drop below the required regulation specification during load transients. The VSOUT1 output capacitance is
specified up to 10 pF.

Figure 6-4 shows this configuration.

VSFB1 VTRACK1 VDD5

VDD6 >— VSIN VSOUT1 VSOUT]

—vﬁoo nF —vrm uF

Figure 6-4. VSOUT1 Design—Tracking, No Gain
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6.2.2.4 Alternative Use for VSOUT1 Tracking Linear Regulator, Configured for 6-V Output Tracking
VDD3/5 In 3.3-V Mode

The system has a sensor that requires a 6-V supply that must track the VDD3/5 supply operating at 3.3 V.

The VDD3/5 supply, operating in 3.3-V mode, is connected to the VTRACK1 pin, which configures the
regulator for tracking mode. Because the output must have gain to make the 6-V output track a 3.3-V
supply, gain feedback is used on the VSFB1 pin. To achieve the required gain, connect a resistor divider
the VSOUT1 and VSFB1 pins. Select a value of 3.3 kQ for the Rysgg; resistor to balance the current
through the resistor divider for reasonable bias current and reasonable losses. Use Equation 23 to
calculate the resistance of Rygggo.

Rysres = ([VSOUTL x Rysepy] / VTRACK) — Rysrsy = ([6 V x 3.3 kQ] /3.3 V) = 3.3 kQ = 2.7 kQ (23)

Select the standard value of 2.7 kQ.

NOTE
The tolerance of the Rygeg; and Rygegy resistors in this resistor divider will impact the
VSOUT1 regulation and voltage monitoring tolerance. Resistors with 0.1% tolerance are
recommended.

Because the desired VSOUT1 output is greater than 5 V, the VBATP supply must be used for the tracking
supply. Therefore, connect the VBATP supply to the VSIN pin. A local, low-ESR 100-nF ceramic capacitor
is used on the VSIN pin to stabilize the input.

A local, low-ESR 4.7-uF ceramic capacitor is used on the VSOUT1 pin for loop stabilization. Depending on
the application, this output may require a larger output capacitor to ensure that the output does not drop
below the required regulation specification during load transients. The VSOUT1 output capacitance is
specified up to 10 pF.

Figure 6-5 shows this configuration.

VSFB1 VTRACK1 VvVDD3/5

VBATP >— VSIN VSOUT1 VSOUT]
100 nF ;r
;r RVSFBZ =2.7kQ

Rvsre1 = 3.3 kQ

4.7 yF

Figure 6-5. VSOUT1 Desigh—Tracking, With Gain (VDD3/5)
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6.2.2.5 Alternative Use for VSOUT1 Tracking Linear Regulator, Configured for 9-V Output Tracking to 5-

V Input from VDD5
The system has a sensor that requires a 9-V supply that must track the VDD5 supply operating at 5 V.

The VDD5 supply is connected to VTRACK1, which configures the regulator for tracking mode. Because
the output must have gain to make the 9-V output track a 5-V supply, gain feedback is used on the VSFB1
pin. To achieve the required gain, connect a resistor divider between the VSOUT1 and VSFB1 pins.
Select a value of 3.3 kQ for the Rygeg; resistor to balance the current through the resistor divider for
reasonable bias current and reasonable losses. Use Equation 24 to calculate the resistance of Rygggo.
Rysres = (VSOUT1L x Rysepi] / VTRACK) — Rysrsy = ([9 V x 3.3 kQ] /5 V) — 3.3 kQ = 2.64 kQ (24)

Select the standard value of 2.7 kQ.

NOTE
The tolerance of the Ryggg; and Rygegy resistors in this resistor divider will impact the
VSOUT1 regulation and voltage monitoring tolerance. Resistors with 0.1% tolerance are
recommended.

Because the desired VSOUT1 output is greater than 5-V, the VBATP supply must be used as the tracking
supply. Therefore, connect the VBATP supply to the VSIN pin. A local, low-ESR 100-nF ceramic capacitor
is used on the VSIN pin to stabilize the input.

A local, low-ESR 4.7-uF ceramic capacitor is used on the VSOUT1 pin for loop stabilization. Depending on
the application, this output may require a larger output capacitor to ensure that the output does not drop
below the required regulation specification during load transients. The VSOUT1 output capacitance is
specified up to 10 pF.

Figure 6-6 shows this configuration.

VSFB1 VTRACK1 VDD5

VBATP } VSIN VSOUT1 * f» VSOUT]

4.7 uF
—V|Ioo nF
RVSFB2 =2.7kQ

Rvsre1 = 3.3 kQ

Figure 6-6. VSOUT1 Desigh—Tracking, With Gain (VDD5)

122

Application and Implementation Copyright © 2012-2017, Texas Instruments Incorporated
Submit Documentation Feedback
Product Folder Links: TPS65381-Q1


http://www.ti.com/product/tps65381-q1?qgpn=tps65381-q1
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVSBC4G&partnum=TPS65381-Q1
http://www.ti.com/product/tps65381-q1?qgpn=tps65381-q1

Not Recommended for New Designs

13 TEXAS
INSTRUMENTS TPS65381-Q1
www.ti.com SLVSBCA4G —MAY 2012—REVISED JUNE 2017

6.2.2.6 Alternative Use for VSOUT1 Tracking Linear Regulator, Configured in Non-tracking Mode

Providing a 4.5-V Output

If the system requires a 4.5-V supply that does not track any other supply, the VTRACK1 pin is connected
to ground (GND), which configures the regulator for non-tracking mode. The output is now proportional to
a fixed reference voltage (V,e) of 2.5 V on the VSFBL1 pin. Because the output must have gain to result in
a 4.5-V output, gain feedback will be used on the VSFB1 pin. To achieve the required gain, connect a
resistor divider between the VSOUT1 and VSFBL1 pins. Select a value of 3.3 kQ for the RVSFB1 resistor
to balance the current through the resistor divider for reasonable bias current and reasonable losses. Use
Equation 25 to calculate the resistance of Rygrgo.

Rysres = (VSOUTL % Rysepi] / Vier) = Rysear = ([4.5 V x 3.3 kQ] / 2.5 V) — 3.3 kQ = 2.64 kQ (25)

Select the standard value of 2.7 kQ.

NOTE
The tolerance of the Ryggg; and Rygegy resistors in this resistor divider will impact the
VSOUT1 regulation and voltage monitoring tolerance. Resistors with 0.1% tolerance are
recommended.

For efficiency, the VDD6 preregulator is the supply and therefore the VDD6 output is connected to the
VSIN pin. A local, low-ESR 100-nF ceramic capacitor is used on the VSIN pin to stabilize the input.

A local, low-ESR 4.7-uF ceramic capacitor is used on the VSOUT1 pin for loop stabilization. Depending on
the application, this output may require a larger output capacitor to ensure that the output does not drop
below the required regulation specification during load transients. The VSOUT1 output capacitance is
specified up to 10 pF.

Figure 6-7 shows this configuration.

VSFB1 VTRACK1

VDD6 >— VSIN VSOUT1 VSOUT]

—vﬁoo nF

Rvsrez = 2.7 kQ

RVSFBl =3.3kQ

Figure 6-7. VSOUT1 Desigh—Non-Tracking

6.2.3 Application Curves

For the application curves, see the figures listed in Table 6-1.

Table 6-1. Table of Graphs

FIGURE TITLE FIGURE NUMBER
SPI SDO Buffer Source and Sink Current Figure 4-3
VDD6 BUCK Efficiency Figure 4-4
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6.3 System Examples
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Figure 6-8. Electrical Power-Steering Example
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The ERROR/WDI pin can be configured as an input for the MCU ERROR signal monitor (ESM) (TMS570

dual core or other safety architecture MCU) or as a window watchdog input (TMS470 or other single core

MCU).

optionally as warm-RESET for the TMS570.
Figure 6-9. Example TPS65381-Q1 With TI's TMS570LS

The ENDRYV output can be configured as either as ENABLE for the external power stage (typical use), or
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The ERROR/WDI pin can be configured as an input for the MCU ERROR signal monitor (ESM) (TMS570 dual core or
other safety architecture MCU) or as a window watchdog input (TMS470 or other single core MCU).

Figure 6-10. Example TPS65381-Q1 With TI's TMS470 (Using an Internal MCU Core Supply)

A.
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: * Respond with correct answers (with correct sequence and timing)

| eObserve watchdog status bits in WD_STATUS register are not set (bits D5:D0)
| eObserve corresponding WD_ANSW_CNT [1:0] update after each answer-byte

-0 eObserve WD_FAIL_CNTI[2:0] (in SAFETY_STAT_2 register) are decremented

* Read watchdog question

* Respond with watchdog in-correct answers (wrong sequence or wrong timing or wrong

answer)
eObserve corresponding WD status bits in WD_STATUS register is set (bits D5:D0)
eObserve corresponding WD_ANSW_CNT[1:0] update after each answer
eObserve WD_FAIL_CNT[2:0] (in the SAFETY_STAT_2 register) are incremented

| sends correct answer-bytes in correct timing (the MCU watchdog service
| function), the watchdog function decrements the WD_FAIL_CNT[2:0] below 5.
:_NOTE: WD_FAIL_CNT[2:0] is initialized to 5 when device enters ACTIVE State
: The MCU service watchdog function must maintain the WD_FAIL_CN[2:0]T between any
| of the following:

!'e Count 3 and count 4

) » Count 2 and count 3

1 e Count 1 and count 2

- ‘: e Count 0 and Count 1

: Maintaining the WD_FAIL_CNT[2:0] range depends on the system requirements (such as
— 1 how quickly system safing paths must be disabled in case of a detected watchdog failure):
: ¢ Disabling the safing path when the WD_FAIL_CNT[2:0] reaches a count of 5 (ENDRV
low)
|
| o Entering the RESET state when the WD_FAIL_CNT[2:0] reaches a count of 7 and the
: WD_RST_EN[3] bitis set to 1 (in the SAFETY_FUNC_CFG register; the default state of
this bit is 0)
|

Continue to monitor and

control main safing function

Figure 6-11. Software Flowchart for Configuring and Synchronizing the MCU With the Watchdog in Q&A

Mode
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Watchdog Function in Trigger Mode |
Software Implementation Example :

| Configure TPS65381 for desired settings including watchdog configuration:
| e Set Watchdog to desired mode (Trigger or Q&A Mode, this example, set to Trigger Mode)
!« Set desired WINDOW 1 and WINDOW 2 time periods

|

|

|

RESET |
Configure MCU-timer to be enabled when the watchdog time-out event is detected (if re- :
|

|

|

Extension
Complete?

: synchronizing on a watchdog time-out event is desired)
Supply | » Configured MCU-timer: set timer to expire in the middle of WINDOW 2 (OPEN) to generate a
VBAT, VBATP YES | software interrupt event so the trigger pulse will be in the correct window
v L e 4
DIAGNOSTIC
State

(initialize device)

I |
: Synchronize the MCU to the TPS65381 watchdog: Write to WD_WIN1_CFG or |

Stanjl'WD i WD_WIN2_CFG register ensuring the setting is the desired time period for watchdog ]
Synchronization | operation. This write to WD_WINx_CFG will start a new watchdog sequence (and increment :
(DIAGNOSTIC state) : the watchdog fail counter. The MCU timer should start in sync with this write so the MCU timer )
)

I |

I .

)

and the device watchdog timer are synchronized.

Tes Initial Watchdog Synchronization Routine

| The schedule the trigger pulse for WINDOW 2 (OPEN)
| Monitor WD_STATUS register to confirm the following:
« None of the status bits mapped to bits D5, D4, D2, or DO should be set. Bit D3, WD_CFG_CHG, is

|
|
X |
set due to WIN1 or WIN2 timing change. Bit D1, TIME_OUT, is likely set due to no watchdog service |
| atthis point in time. :

RESET State
(power-up process)

VDD3/5
Powered Up?

Send trigger pulse

(DIAGNOSTIC state) |

— = : - 1
Observe the watchdog status bits in the WD_STATUS register are not set (bits D5:D0, D3, and D1
— 1 should clear as the configuration is stable and the watchdog is being serviced)

| Observe WD_FAIL_CNT[2:0] (in the SAFETY_STAT_S5 register) are decremented

=
|
|
|
Trigger pulse ]
Correct?
|
| Confirm the responses from the expected watchdog service routine:
YES | e Respond with correct triggers (good events)
« Observe watchdog status bits in WD_STATUS register are not set (bits D5:D0)
Confirm WD Function
(DIAGNOSTIC state)
« Respond with bad triggers (bad events)
« Observe corresponding WD status bits in WD_STATUS register is set (bits D5:D0)

_ __: *Observe WD_FAIL_CNT[2:0] (in SAFETY_STAT 2 register) are decremented
|
|
|
D Servicd | «Observe WD_FAIL_CNT[2:0] bits (in the SAFETY_STAT_2 register) are incremented
|
|

—NO Routine
correct?

YES

v T BaT BN e T i T e S AR TY EUNG CRE R T G T T T T T T T T T T |

| WD_RST_EN, (bit D3) in the register SAFETY_FUNC_CFG. Do not set this bit until
required, sel

— - i ) :
WD RST EN bit | !t/;_SFAIL_CNT[Z 0] < 5 and correct operation of the watchdog has been confirmed in above
[it g,

_J, Service Watchdog function to decrement WD_FAIL_CNT below 5. When the MCU sends good event
| triggers, the watchdog function decrements the WD_FAIL_CNT[2:0] below 5.
| NOTE: WD_FAIL_CNT is initialized to 5 when device enters ACTIVE State
|

: The MCU service watchdog function must maintain the WD_FAIL_CN[2:0]T between any of the
| following:

| « Count 3 and count 4

1 | e Count 2 and count 3

I | e Count 1 and count 2

T ‘: e Count0and Count 1

Check ENDRV_ERR bit

(ACTIVE state) ! Maintaining the WD_FAIL_CNT[2:0] range depends on the system requirements (such as how quickly

system safing paths must be disabled in case of a detected watchdog failure):

« Disabling the safing path when the WD_FAIL_CNT[2:0] reaches a count of 5 (ENDRYV low)

« Entering the RESET state when the WD_FAIL_CNT[2:0] reaches a count of 7 and the
WD_RST_EN bit is set to 1 (bit 3 in the SAFETY_FUNC_CFG register; the default state of this bit is
0)

Place the device in the
SAFE or DIAGNOSTIC state by
forcing ESM failure (ERROR  [«— N
monitoring pin failure) or

watchdog failure

YES

Continue to monitor and
control main safing function

Figure 6-12. Software Flowchart for Configuring and Synchronizing the MCU With the Watchdog in
Trigger Mode
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7 Power Supply Recommendations

The TPS65381-Q1 device is designed to operate using an input supply voltage range from 5.8 V to 36 V
(CAN, 1/0, MCU core, and functional sensor-supply regulators) or 4.5 V to 5.8 V (3.3-V I/O and functional
MCU-core voltage). The device has two supply pins: VBATP and VBAT_SAFING. The VBATP pin is the
main supply pin for the device. The VBAT_SAFING supply pin is for monitoring (VMON) and BG2
functions. Both the VBATP and VBAT_SAFING supplies must be reverse protected. The VBAT_SAFING
pin should be connected to the VBATP pin with a low impedance connection to minimize voltage
differences between the device supply pins. For additional power supply recommendations, refer to the
TPS65381EVM User's Guide.

8 Layout

8.1
8.1.1

8.1.2

8.1.3

Layout Guidelines

VDD6 Buck Preregulator
* Minimize the loop area for the switching loop of the inductor, ESR resistor, output capacitor, and diode.
* Minimize the parasitic trace impedance by using traces that are as wide as possible.

* Minimize the parasitic via impedance by using multiple vias, especially on high current and switching
nodes.

» Connect the inductor and diode to SDN6 as close as possible to the pin.
» Connect the diode to PGND (ground plane).

» Connect the ESR resistor and output capacitor in series between VDD6 output (inductor output) and
PGND.

» Connect the EMC filter capacitor between VDD6 output and PGND.

» Connect the VDD6 output to the VDD6 pin with routing to avoid coupling switching noise. Trace length
should be minimized and as wide a trace as possible. This trace is the supply input to the downstream
regulators using VDD6 as a preregulator, parasitic impedance should be minimized.

Additional consideration: add a footprint for a RC snubber circuit if one is required for the application. The
RC connects in-series between the SDN6 and PGND pins.

VDDL1 Linear Regulator Controller
» Connect the drain of the external FET to VDD6 node, the trace should be minimized so that additional
downstream buffering capacitors are not needed.

» Connect the output capacitor to the source of the external FET, the length of this trace should be
minimized. Connect the output capacitor to the ground plane.

» Connect the gate drive, VDD1_G, to the gate of the FET. Connect the resistor between the gate of the
FET and the source of the FET, minimize the trace length.

» The resistor divider for sensing and setting the output voltage connects between the source of the FET
(VDD1 output) and GND (device signal ground). Do not locate these components and their traces near
the switching nodes or high-current traces.

VDD5 and VDD3/5 Linear Regulators

Connect the output capacitor as close as possible between the VDDx output and GND.
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8.1.4

8.1.5

8.1.6

VSOUT1 Tracking Linear Regulator
» Connect the output capacitor as close as possible between the VSOUT1 output and GND.

» The resistor divider for sensing and setting the output voltage connects between the VSOUT1 and
GND (device signal ground). Do not locate these components and their traces near the switching
nodes or high-current traces.

» Connect the local decoupling capacitor between the VSIN and PGND pins. Minimize trace length.

* Route the tracking supply signal, connected to VTRACK1, away from switching nodes or high-current
traces.

Charge Pump
» Connect the capacitor as close as possible between the CP1 and CP2 pins.
» Connect the capacitor between the VCP pin and VBATP (reverse protected and filtered) supply.

Other Considerations
» Use ground planes. Tl recommends having a solid ground plane and connect GND and PGND with as
low impendence paths as possible to the ground plane.
» Minimize parasitic impedance on the critical switching and high current paths.
» Short PGNDx and GND to the thermal pad.

» Use a star ground configuration if connecting to a non-ground plane system. Use tie-ins for the
voltage-sense feedback ground and local biasing bypass capacitor ground networks to this star
ground.

» Connect the local decoupling capacitor between VBATP and PGND. Minimize trace length.
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8.2 Layout Example

ENDRV
SEL_VDD3/5

IGN

i

NRES

DIAG_OUT

CRERE

NCS

SDI

SDO

SCLK

ERROR/WDI

CANWU

.Hﬂiﬂ

I
:

Figure 8-1. TPS65381-Q1 Board Layout
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8.3 Power Dissipation and Thermal Considerations
The power dissipation of the device in the application has significant impact on the necessary layout and
thermal management strategy of the application.
Use the following equations to calculate the estimated power dissipation in the device:
Pvoos = (1 — effyppe) % 6 V X lypps
where
*  Pyppg is a conservative estimation of the power dissipation of VDDG6 in the device because some of the
efficiency loss is externally in the diode and inductor. A more accurate power estimator is available in
the TPS65381-Q1 and TPS65381A-Q1 Power Estimator.
« effyppg is the efficiency of VDD6 buck preregulator according to Figure 8-2 .
* lypps is the total load current from VDD5, VDD3/5, VDD1, VSOUT1 and any external load connected to
VDDS. (26)
Pupps = (6 V =5V) % lypps =1 V % lypps
where
* lypps is the load current on VDD5. (27)
PVDD3IS = (6 V- VVDDSIS) x IVDD3I5
where
b VVDD3/5 |S EI'[her 33 V or 5 V
lvppsss is the load current on VDD3/5. (28)
PVSOUTl = (VVSIN - VVSOUTl) x IVSOUTl
where
e  Vygy is either 6 V (VDD6) or VBATP.
*  Vysour: IS the programmed output voltage of VSOUT1.
e lysoum: is the load current on VSOUT1 (29)
Pror = Pvoos * Pvoos *+ Pvbpais + Pvsourt
where
* Pqoris the total power dissipation in the device. (30)
100
20 =
I
e — |
80 —
70
2wl 4/
>
2 50 «//‘
Q0
£ 40 l
30 ,
20 , — Vgar=7V
10 — VgaT =138V
VBAT =28V
0
0 010203040506070809 1 111213 14
Load Current (A)
Figure 8-2. Typical VDD6 BUCK Efficiency
The useful range of device operation is affected by the supply voltage, application load-current
requirements, and the thermal characteristics of the package and printed circuit board (PCB). For the
device to be useful over a wide temperature range, the package, PCB and thermal management strategy
must allow for the effective removal of the produce heat to keep junction temperature of the device within
rated limits.
132 Layout Copyright © 2012-2017, Texas Instruments Incorporated

Submit Documentation Feedback
Product Folder Links: TPS65381-Q1


http://www.ti.com/product/tps65381-q1?qgpn=tps65381-q1
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVSBC4G&partnum=TPS65381-Q1
http://www.ti.com/product/tps65381-q1?qgpn=tps65381-q1
http://www.ti.com/lit/pdf/SLVA891

Not Recommended for New Designs

13 TEXAS
INSTRUMENTS TPS65381-Q1
www.ti.com SLVSBCA4G —MAY 2012—REVISED JUNE 2017

Use Equation 26 to Equation 30 to calculate the estimated power dissipation. As shown by the equation
for VDD6 power dissipation (PVDD6), Equation 27, a large portion of the power dissipation is determined
by the efficiency of the VDD6 supply. The efficiency of the VDD6 supply depends on load current and
supply voltage as shown in Equation 27.

The 32-pin HTSSOP PowerPAD (DAP) offers an effective means of removing heat from the device
junction. As described in PowerPad™ Thermally Enhanced Package, the PowerPAD package offers a
lead-frame die pad that is exposed at the base of the package. This thermal pad must be soldered to the
copper on the PCB directly underneath the package to create an effective path for removal of heat from
the device, and, therefore, to reduce the Ry;c. The PCB must be designed with thermal lands and thermal
vias to complete the heat removal subsystem, as summarized in PowerPAD™ Made Easy and A Guide to
Board Layout for Best Thermal Resistance for Exposed Packages.

Figure 8-3 shows the thermal derating profile of the 32-pin HTSSOP (DCA) Package With PowerPAD
according to Ry;, as specified in Section 4.4.

A

285 Fmmmmm e

19 fmmmmm e

Power Dissipation (W)

095 F——————~"————-—-————— r————-

|
|
|
|
i
t t >
25 50 75 100 125 150
Ambient Temperature (C)

A. In applications where high power dissipation and/or poor package thermal resistance is present, the maximum
ambient temperature may have to be derated. Maximum ambient temperature (Tamax) is dependent on the
maximum-operating junction temperature (Tjmax), the maximum power dissipation of the device in the application
(Ppmax), and the junction-to-ambient thermal resistance of the part/package in the application (Rgy34), as given by the
following equation: Tamax = Tymax — (Rgja X Ppmax).

B. Maximum power dissipation is a function of Tymax, Rgja, and Ta. The maximum-allowable power dissipation at any
allowable ambient temperature is Pp = (Ty;max — Ta) / Rga.

Figure 8-3. Derating Profile for Power Dissipation Based on High-K JEDEC PCB

Considering the power dissipation of the device in the specific application is important, which is highly
dependent on the supply voltage and load currents, the ambient and board temperatures, and any
additional heat sink or cooling strategies necessary to maintain the junction temperature of the device
below the maximum junction temperature of 150°C.

NOTE

The VDDL1 regulator may have significant power dissipation in the external FET depending
on the VDD1 voltage and load current. The external FET power dissipation for the VDD1
regulator must be considered in system-level thermal analysis. If better efficiency or thermal
performance is needed, a DC-DC regulator could be used instead of the linear regulator
controller with external FET. The output voltage of the DC-DC regulator can still be
monitored by the VDD1_SENSE pin similar to the VDD1 output voltage when the VDD1
linear regulator controller is used with an external FET.
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NOTE
The PowerPAD thermal pad is not directly connected to any leads of the package. However,
it is electrically and thermally connected to the substrate, which is the ground (GND) and
power ground (PGND) of the device.

NOTE
Additional information about thermal analysis and design can be found on www.ti.com in the
WEBENCH® Design Center thermal analysis section.

9 Device and Documentation Support

9.1 Device Support
9.1.1 Third-Party Products Disclaimer

TI'S PUBLICATION OF INFORMATION REGARDING THIRD-PARTY PRODUCTS OR SERVICES DOES

NOT CONSTITUTE AN ENDORSEMENT REGARDING THE SUITABILITY OF SUCH PRODUCTS OR

SERVICES OR A WARRANTY, REPRESENTATION OR ENDORSEMENT OF SUCH PRODUCTS OR

SERVICES, EITHER ALONE OR IN COMBINATION WITH ANY Tl PRODUCT OR SERVICE.

9.2 Documentation Support
9.2.1 Related Documentation

For related documentation, see the following:

» Device Behavior Under Slow VBAT Ramp-Up and Ramp-Down

* DPI Evaluation TPS65381-Q1

» Efficiency Evaluation TPS65381-Q1

» Safety Manual for TPS65381-Q1 and TPS65381A-Q1 Multirail Power Supply

* TPS65381EVM User's Guide

» TPS65381-Q1 and TPS65381A-Q1 Design Checklist

e TPS65381-Q1 and TPS65381A-Q1 Power Estimator

9.3 Receiving Notification of Documentation Updates

To receive notification of documentation updates, navigate to the device product folder on ti.com. In the

upper right corner, click on Alert me to register and receive a weekly digest of any product information that

has changed. For change details, review the revision history included in any revised document.
9.4 Community Resources

The following links connect to TI community resources. Linked contents are provided "AS IS" by the

respective contributors. They do not constitute Tl specifications and do not necessarily reflect Tl's views;

see TI's Terms of Use.

TI E2E™ Online Community The TI engineer-to-engineer (E2E) community was created to foster
collaboration among engineers. At e2e.ti.com, you can ask questions, share knowledge,
explore ideas and help solve problems with fellow engineers.

Design Support TI's Design Support Quickly find helpful E2E forums along with design support tools
and contact information for technical support.

9.5 Trademarks

Hercules, C2000, PowerPAD, E2E are trademarks of Texas Instruments.

All other trademarks are the property of their respective owners.
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9.6 Electrostatic Discharge Caution

This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled with
appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

‘% \ ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may be more
susceptible to damage because very small parametric changes could cause the device not to meet its published specifications.

9.7 Glossary
Tl Glossary This glossary lists and explains terms, acronyms, and definitions.

10 Mechanical, Packaging, and Orderable Information

The following pages include mechanical packaging and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and
revision of this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)
TPS65381QDAPRQ1 NRND Production HTSSOP (DAP) | 32 2000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 125 TPS65381
TPS65381QDAPRQ1.A NRND Production HTSSOP (DAP) | 32 2000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 125 TPS65381

@ status: For more details on status, see our product life cycle.

@ material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the Tl RoHS Statement for additional information and value definition.

@ Lead finish/Ball material: Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the finish value exceeds the maximum
column width.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

© part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

Multiple part markings will be inside parentheses. Only one part marking contained in parentheses and separated by a "~" will appear on a part. If a line is indented then it is a continuation of the previous line and the two
combined represent the entire part marking for that device.

Important Information and Disclaimer: The information provided on this page represents TI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information provided by third parties, and
makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. TI has taken and continues to take reasonable steps to provide representative
and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals. Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers
and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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PACKAGE MATERIALS INFORMATION
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO [¢—P1—
L Regic oy Rogic e o T
o| |e o Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O O OO0 O 00 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ & A |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
TPS65381QDAPRQ1 |HTSSOP| DAP 32 2000 330.0 24.4 8.6 115 1.6 12.0 | 240 Q1
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TAPE AND REEL BOX DIMENSIONS

*All dimensions are nominal

Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS65381QDAPRQ1 HTSSOP DAP 32 2000 350.0 350.0 43.0
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GENERIC PACKAGE VIEW
DAP 32 PowerPAD™ TSSOP - 1.2 mm max height

8.1 x 11, 0.65 mm pitch PLASTIC SMALL OUTLINE

This image is a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.
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¢
¢
¢
Uy
¢
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PACKAGE OUTLINE

DAP0032B PowerPAD™ TSSOP - 1.2 mm max height
PLASTIC SMALL OUTLINE
8.3
0 25 TYP
PIN 1 ID AREA
30X
o 32 [ ]
1 =3
— —3 j
— —
— —
— —
11.1 — —
10.9 — — 2X
NOTE3 —
— —
— —
— —
— —
— —
— —
16 — 754
17 L
- L
8] 6.0 (@ [0.1® [c[A® [B® | (&= Jo1]c]
e~ SEATING PLANE
A Y ) (0.15) TYP
Waw pu
SEE DETAIL A
— —
— 4.16 —
— 3.32 —
— — — EXPOSED
— zﬁ THERMAL PAD
— —
488 — GAGE PLANE '
— — |
—] — 0.75 L 0.15
— ;‘LLE—L 0°-8 0.50 0.05
— —
2X (0.15
RotEd = | — oS DETAIL A
— — TYPICAL
4222438/A 11/2015
NOTES: PowerPAD is a trademark of Texas Instruments.

1.
per ASME Y14.5M.

. This drawing is subject to change without notice.

. This dimension does not include mold flash, protrusions,
exceed 0.15 mm per side.

. Reference JEDEC registration MO-153, variation DCT.

. Features may not present.

(S0 w N

All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing

or gate burrs. Mold flash, protrusions, or gate burrs shall not
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EXAMPLE BOARD LAYOUT
DAP0032B PowerPAD™ TSSOP - 1.2 mm max height

PLASTIC SMALL OUTLINE

(5.2)
NOTE 9 SOLDER MASK
(4.16) DEFINED PAD

SYMM

32X (1.5) T—» ¢ SEE DETAILS
|
] S S _

? |
1 | 32
32X (0.45) 3 % ' !
i () () ‘ {) /)
} ! |
i
i
i
i

+-E5 | —
o O 1 O O
30X (0.65
===
|
o o (@] Q (1)
SE"’M C ] +H%i NOTE 9
i i 0.65) TYP
R R T R
1 | | 1
: ! (1.3) TYP
@0.2) TYP ; | I %
( ) VIA i o (0] i o - G‘) —i 777777 i
: ; I e
E D
(R0.05) TYP C 1) | | |
A 7475@
1 - - | 1
o T TS
Bl At === T
METAL COVERED | 065 TYP —= |+ | |
BY SOLDER MASK | (1.3) TYP —f=—»] i
(2 |
LAND PATTERN EXAMPLE
SCALE:8X
SOLDER MASK METAL UNDER

LDER MASK:
(S)gENING S \ /7METAL OPENING SOLDER MASK

| I |
4<* 0.05 MAX *j% 0.05 MIN

AROUND AROUND
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED
SOLDER MASK DETAILS
NOT TO SCALE

4222438/A 11/2015

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.

7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.

8. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature
numbers SLMAO02 (www.ti.com/lit/sima002) and SLMA004 (www.ti.com/lit/sima004).

9. Size of metal pad may vary due to creepage requirement.
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EXAMPLE STENCIL DESIGN
DAP0032B PowerPAD™ TSSOP - 1.2 mm max height

PLASTIC SMALL OUTLINE

(4.16)
BASED ON
0.125 THICK
32X (1.5) STENCIL
I N N -
{1 i~ |
N ‘ 32
| |
|
32X (0.45) | ‘
|
| |
-3 \
|
=T I A I
30X (0.65) | | )
i ) N\ ‘ N\
SYMM ! ‘ - (5.72)
¢—- - = BASEDON
N U N 0.125 THICK
LC STENCIL
|

SEE TABLE FOR

DIFFERENT OPENINGS
-~ (75) —_j FOR OTHER STENCIL
THICKNESSES
SOLDER PASTE EXAMPLE

EXPOSED PAD
100% PRINTED SOLDER COVERAGE BY AREA

SCALE:8X
STENCIL SOLDER STENCIL
THICKNESS OPENING
0.1 4.65X6.4
0.125 4.16 X 5.72 (SHOWN)
0.15 3.8 X5.22
0.175 3.52 X 4.83

4222438/A 11/2015

NOTES: (continued)

10. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
11. Board assembly site may have different recommendations for stencil design.
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you fully
indemnify Tl and its representatives against any claims, damages, costs, losses, and liabilities arising out of your use of these resources.

TI's products are provided subject to TI's Terms of Sale, TI's General Quality Guidelines, or other applicable terms available either on
ti.com or provided in conjunction with such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable
warranties or warranty disclaimers for Tl products. Unless Tl explicitly designates a product as custom or customer-specified, TI products
are standard, catalog, general purpose devices.

Tl objects to and rejects any additional or different terms you may propose.

Copyright © 2025, Texas Instruments Incorporated
Last updated 10/2025
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