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TPS65381-Q1 Multi-Rail Power Supply for Microcontrollers in Safety Applications

1 Device Overview

1.1 Features

Qualified for Automotive Applications
AEC-Q100 Qualified With the Following
Results:

— Device Temperature Grade 1: —-40°C to +125°C
Ambient Operating Temperature

— Device HBM ESD Classification Level H2

— Device CDM ESD Classification Level C3B

Multi-Rail Power Supply Supporting Among

Others

— Texas Instruments TMS570LS Series 16-Bit or
32-Bit RISC Flash Microcontroller

Supply Rails

— Input voltage range:

e 5.8Vto 36V (CAN, /O, MCU Core, and
Sensor-Supply Regulators Functional)

e 45V1t05.8V (3.3-VI/O and MCU Core-
Voltage Functional)

— 6-V Asynchronous Switch-Mode Preregulator
With Internal FET, 1.3-A Current-Limit, and
Temperature Protection

— 5-V (CAN) Supply Voltage, Linear Regulator
With Internal FET, 350-mA Current-Limit, and
Temperature Protection

— 3.3-V or 5-V MCU I/O Voltage, Linear Regulator
With Internal FET, 350-mA Current-Limit, and
Temperature Protection

— 0.8-V to 3.3-V Adjustable MCU Core Voltage,
Linear Regulator Controller With External FET

— Sensor Supply: Linear Tracking Regulator With
Tracking Input, 100-mA Current-Limit,
Temperature Protection, and Protection Against
Short to Battery and Short to Ground

— Charge Pump: Typ. 12 V Above Battery Voltage

Power Supply and System Monitoring

— Independent Undervoltage and Overvoltage
Monitoring on All Regulator Outputs, Battery
Voltage, and Internal Supplies

— Independent Bandgap Reference for Voltage
Monitoring

— Independent Voltage References for Regulator
References and Voltage Monitoring. Voltage-

Monitoring Circuitry With Separate Battery
Voltage Input Pin

— Self-Check on all Voltage Monitoring (During
Power-Up and After Power-Up Initiated by
External MCU)

— Junction Temperature Sensing With Shutdown
Thresholds

Microcontroller Interface

— Open-Close Window or Question-Answer
Watchdog Function

— MCU Error-Signal Monitor (Supports TI TMS570
MCU Mode or Other MCUs with PWM-Like
Signaling)

— DIAGNOSTIC State for Performing Device Self-
Tests, Diagnostics, and External Interconnect
Checks

— Safe-State for Device and System Protection on
Error Event Detection

— Clock Monitor for Internal Oscillators

— Self-Tests for Analog- and Digital-Critical
Circuits Executed With Every Device Power Up
or Activated by External MCU in DIAGNOSTIC
State

— CRC on Non-Volatile Memory, Device, and
System Configuration Registers

— Reset circuit for MCU

— Diagnostic Output Pin Allowing MCU to Observe
Device Internal Analog and Digital Signals,
Selectable Through Multiplexer

SPI

— Configuring IC Registers

Watchdog Question-Answering

Diagnostic Readout

Compliant With 3.3-V and 5-V Logic Levels

Enable-Drive Output for Disabling Safing-Path

or External Power-Stages on Any Detected

System-Failure

Wake-Up Through IGNITION Pin or CAN

WAKEUP Pin

Package: 32-Pin HTSSOP PowerPAD™ IC

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 (EPS, or Electrical Power — Safety PLC Controllers
Steering, and EHPS, or Electro Hydraulic — Safety I/0 Control Modules
Powgr Steering) _ — Test and Measurement
— Braking (ABS, ESC, and Electric Park Break) — Railway and Subway Signal Control And
— Advanced Driver Assistance Systems (ADAS) Safety Modules
— Suspension — Elevator and Escalator Safety Control

1.3

— Wind Turbine Control

Description

The TPS65381-Q1 device is a multi-rail power supply designed to supply microcontrollers (MCUS) in
safety applications, such as those found in automotive and industrial applications. The device supports
Texas Instruments’ TMS570LS series 16- bit or 32-bit RISC flash MCU and other MCUs with dual-core
lockstep (LS) or loosely-coupled architectures (LC).

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

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 I/O
voltage.

The TPS65381-Q1 device comprises a linear regulator controller with an external FET and resistor divider
that regulates the 6 V to an externally adjustable core voltage of between 0.8 V and 3.3 V.

The device comprises a sensor supply with short-to-ground and short-to-battery protection. Therefore this
supply can power a sensor outside the electronic-control unit (ECU).

The device has an integrated charge pump to provide overdrive voltage for the internal regulators.
Reverse-battery protection is obtained 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.

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 safety functions feature a question-answer watchdog, MCU error-signal monitor, clock
monitoring on internal oscillators, self-check on the clock monitor, CRC on non-volatile memory, a
diagnostic output pin allowing the MCU to observe the internal analog and digital signals of the device, a
reset circuit for the MCU, and an enable output to disable the safing-path or external power-stages on any
detected system-failure. A built-in self-test (BIST) monitors the device functionality at start-up. A dedicated
DIAGNOSTIC state allows the MCU to check TPS65381-Q1 safety functions.

The TPS65381-Q1 device is offered in a 32-pin HTSSOP PowerPAD package.

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 datasheet.
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1.4 Typical Application Diagram
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Figure 1-1. Typical Application Diagram
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« Added start-up delay to VCP in the Power-Up and Power-Down BEhavior ........vveieeiiiieeeiiaieessaaneessannneennns 32
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CharacteriStiCS TADIE 1 .uuuite st 20
« Changed the parameter of 3.8 in the Electrical Characteristics table from VDD5 t0 VDDB6.......ccveviiiininiiinnnnenn. 20

e Changed condition statement for the ELECTRICAL CHARACTERISTICS table by removing 125°C from the T,
temperature range and changingT; to the maximum operating junction temperature. Removed VBATP range
=T aTo Iz To (o [=To I 1= 1= £ =T 0 Tod = I8 (o 0 3 0 21
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* Changed the MIN value for the LOCLK signal from 0.740.7452 to 0.742 in the Internal Error Signals table .......... 36
« Moved the Internal Error Signals table to after the Voltage Monitoring Overview table in the Detailed Description

LS o1 oo 37
* 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 ... e 37
« Changed the device state of the VDD3_5_OT bit from STANDBY to include change .........c.ociiiviiiiiiiniiiinnennns 37
* Changed the max values for VDD5_CL and VDD3_5_CL from 600 to 650 in the Internal Error Signals table ....... 37
* Added the DVDD_UV signal to the Internal Error Signals table ......ccieiiiiiiiiiiiiiii i s rrsee e e nnneeeas 37
L 4 =T oo = o 37
» Deleted Watchdog function configuration from the post-BIST-reset initialization list in the Logic Built-In Self-Test

L= S I 1o £ o 40
* Changed VCP voltage range from 0.8 t0 5.5 10 0.6 10 4 . .ueiiinuiiiiiiii it rr s aaaneeanaas 42
* Replaced the VSFB1 sensor-supply feedback voltage row wit the VSOUT1 sensor-supply voltage row in the

ANAlIog MUX SelECHON TaADIE «uuuutiieiiitiie i e s s s s s e e s s s a s s s a e s n s s a e rann s s annaannss 42
e 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 ......v.eieieiiiiiir s 42
* Changed the name bit that must be configured for DIGITAL MUX mode from DIAG_MUX to MUX_CFG in the

Digital MUX (DIMUX) SECHON .. uutiiiuatesistssisaassessaassssaaasssssaansssaansssssasssssaannssssansnssssssnessssnnnsssnnnns 45
* Deleted Bits INT_CONJ[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 +..uuiiisiiieiiitiiie it s s s es s nn s rane e raees 45
e Changed the RT bits from 4:0 to 6:0 in the Ty,c calculation in the WDTI Configuration With an External Trigger
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» Deleted the CLOSE window note from the Possible Cases for Bad Watchdog Event image and updated the iamge 48
* Added + 1 to the duration time program calculations in the Watchdog Token-Response Sequence Run section
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and changed the second calculation from Tyyow tO TiyCu « ««ssseesrrneretrmnnnesiriererraanresraarressannrssaainnsssaannsss 50
« Changed the filter time for the ERROR/WDI deglitch from 15-s to 15-ps in the MCU Error Signal Monitor (MCU
S TS o1 1o o 56
» Changed the low-pulse duration increment from 15-s to 15-ps in the PWM Mode Section ........ccvvvevviniiiinninnnnn. 58
« Changed the Reset and Enable Circuit figure to reflect overtemperature behavior. ..........ccooiiiiiiiiiiiiinan.. 63
e Added _UV to the nMASK_VDD1_OV name in the Reset and Enable Circuit image ........ccovviiiiiiiiinniiiinnnnnn. 63
e« Added UV to the nMASK_VDD1 OV name in DIAGNOSTIC and ACTIVE state text box of the Device
Controller State Diagram IMAGE . ..eeuveseeeseenseessaanresteanseessaanteseasnneesasaneessssnnessesnneesessnnessesnneesesnnnensnn 65
* Deleted WDT failure text from the first list item in the SAFE State SECtion ......c.viviiiiiiiiiiiiiiiiiiiii s 67
* Moved all of the registers into one RegiSter Map SECHON .uutiuttiiseiitirireia i i rarsrees 70
* Changed DO from 1 to O in the DEV_REV Register table .......c.oviuiiiiiiiiiiii s aee 70
e Changed D1 and DO from 0 to X in the DEV_STATE Register table ........ooieiiiiiiiiiii i niene e 70
« Changed the deglitched minimum time from 7.7 to 7.5 for the IGN bit description in the DEV_STATE register ...... 70
e Changed D7 from RSV and 1 to VDD_3 5 SEL and X in the DEV_CFG1 Register table .........cccevvviiiniiiiinnnnn. 71
e Changed D6 from nMASK_VDD_UV and 1 to nMASK_VDD_UV_OV and 0 in the DEV_CFG1 Register table....... 71
e Changed the default value of the nMASK_VDD1_UV_QV bit from 1 to 0 and the VDD bit value from 0 to 1 in
LTSI B o O € R =T 1 (] 71
* Changed bit D5 name from MASK_VBAT_OV to MASK_VBATP_OV in the DEV_CFG2 Register table .............. 71
« 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 ....uiiiiuieiiiiie i it seiee e sssnnnessennneesanneeas 71
e Changed the D[7] description when EN_VDD3/5_OT is set to '0' by removing the SAFETY_STAT_REG1, VDD6
and re-enable text in the DEV_CFG2 Register table. Also changed from when set to '0' to when setto '1' ........... 71
» Changed D[3:0] description in the DEV_CFG2 Register table from bits are not read/writable to bits are
Lo T T 165 0] 71
« Deleted after SPI read access from the clear to 0 description of each bit in the VMON_STAT_1 Register ............ 72
» Deleted after SPI read access from the clear to 0 description of each bit in the VMON_STAT_2 Register ............ 73
« Deleted after SPI read access from the clear to 0 description of each bit in the SAFETY_STAT_1 Register.......... 74
« Deleted after SPI read access from the clear to 0 description of each bit in the SAFETY_STAT_2 Register.......... 75
« Added description to bit D[4] when set to one 1 when the device is the DIAGNOSTIC state .......ccvvveieeviiinnnnnn. 75
« Changed the name of bit D5 in the SAFETY_STAT_3 register from NRES_IN to NRES_ERR .........ccceviiinnnnnn. 76
« Changed the D[5] NRES_IN, Reset input status, register description to NRES_ERR, Reset input error and
change first description for setting thiS DIt 10 1 ...uuuiiiii i s e aes 76
e Updated cleared to 0 description of the LBIST_ERR bit in the SAFETY_STAT_3 regiSter ...cvvevieerrenieeerrnnneeens 76
* Added DIAGNOSTIC state description for setting bit D[3] and D[2] 10 1 ...uviiieiiiniiiiieiiirrieiaeiniesrarssiaeanes 76
* Changed SPI read access to internal NPOR from the LOCLK bit description in the SAFETY_STAT_4 Register ..... 77
« Changed bit D7 and bit D6 from 1 to 0 in the SAFETY_ERR_CFG Register table ........cooeviiiiiiiiiiiiiiiiinnennns 78
e Changed the SAFETY_STATA4 register bit from D4 to D5 in the ABIST_EN[1:0] descriptions in the
SAFETY _BIST_CTRL ReQISIEr tahle . ..vviiiiiiiiiiiii it is e e s iee s e ine e ss e e e s sasnse st aanneessannnessaannnennnn 79
e Changed names of protected registers in the CRG_CRC_EN bit description in the SAFETY_CHECK_CTRL
ST ] =T 80
* Changed monitored to not monitored in the NO_ERROR bit description for setting this bit to 1 in the
SAFETY_CHECK _CTRL REGISIEI utiutiusiutiutisisestiasissssssssissssssstassasssssansas s ssssansassasssssnnsnes 80
e Changed CTRL to CFG in the read and write commands of the SAFETY_FUNC_CFG Register.......cccvvviiuneannns 81
e Changed D7 from 0 to 1 in the SAFETY_FUNC_CFG Register table ........ccceiiiiiiiiiiiiiiiiiiiiecie e nninneeanaas 81
e Changed D4 from 1 to 0 in the SAFETY_FUNC_CFG Register table ........ccovvviiiiiiiiiiiiiirnnnneeennnnneennnns 81
e Changed DO from 0 to X in the SAFETY_FUNC_CFG Register table .......oceviiiiiiiiiiiiiiiini i 81
* Updated the WD_RST_EN bit description for setting this bit to 0 in the SAFETY_FUNC_CFG Register .............. 81
« Changed 15 seconds to 15 ps in the SAFETY_ERR_PWM_H Register table description.........coveeviiiieniiiinnnnns 82
* 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 .uvuiiiiiiiiiiiteeiiiattesssantessasneesaainnessasnnessannnnessannnessennnes 82
e Changed 5 seconds to 5 us in the SAFETY_ERR_PWM_H Register table description.......cccvviiieeviiiieninninnenn. 82

» 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_CONJ[2:0}] from controlling the state of

the SPI1_SDO output buffer to Not appliCable ........oveiiiiii e a e anns 84
e Included bit 2 to all WD_FAIL_CNT Dit referENCeS uviiiiiiiiiiiiiiiiiiiiiiiisessssssssssaassssssraraesssssisassssnnnnnnnns 86
e Changed command for the WDT_ANSWER Register from Read t0 Wrte ....ccevviiiiiiiiiiiii i e nninneeeaas 87
e Changed the default setting of VSOUT1_EN from 1 to in the SENS_CTRL ReQIStEr c.vvviiiirriiiiineeiiiinnernnnnness 87

» Changed Moved the Application Information section into the Application and Implementation section and added
Product fOlder EfEIENCES . ...t 91
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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.....ccovvviiiiieiiiiiiieeeenns 1
e Added current limit to the 5-V (CAN) bullet in the FEATURES liSt ...cvvuiiiiiiiiiii i rnasnnneens 1
* Added current limit to the 3.3-V or 5-V MCU 1/O Voltage bullet in the FEATURES list .......ccccviiiiiiiiiiininne. 1
« Deleted reverse battery protection bullet from the FEATURES [ISt .. ..uuiiiiiiiiiiiiiiiiii i s rnne s nnaes 1
« Changed current limit from 300 mA to 100 mA in the sensor supply bullet in the FEATURES liSt .....cvvviieiiiinnnenn 1
» Deleted wake-up and enable circuit bullets from the FEATURES liSt ....cviuiiiiiiiiiiiiiiiiiriisiesisses s ananens 1
e Added Independent to voltage monitoring bullet in the FEATURES liSt...cviiiiiiiiiiiii e rsieeesnnnneesnnnnnessnnnes 1
« Added Independent Bandgap Reference bullet to the FEATURES liSt....vviiiriiiiiiiisiersieesnnnneesnnnnnensnnnes 1
* Added Diagnostic Output Pin bullet to the FEATURES ISt c.vuuuueiiuiiiiiiiiii i s isiss s nssssnn s snnssaenas 1
* Added Safing-Pin and IGNITION Pin bullets to the FEATURES liSt....cuviiiiiiisiiiiiiiiiiiniiiiniinnae e 1
» Changed document status from Product Preview to Production Datal.......veeviuriiiseiisiinieiiininisineane, 1
* Added CAN Transceiver sentence to the second paragraph in the DESCRIPTION ......ccviiiiiiieiininieeririnneennss 2
e Changed adjustable core voltage range from 0.8 and 2.6 V to0 0.8 and 3.3 V in the DESCRIPTION..........ccvvcveen. 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 NUMDErS .......cccvviiiiiiiiiiiiiiiienennns 2
* Added ADC, VDD6, to Typical Application DIagram .......eeeieeeeiniieeisiiaesisaaes s sansss s iaansssssansssssaannsssaannns 3
e Changed PGND type from input to ground in PIN FUNCTIONS table......ccviiiiiiiiiiiiiiiiiisie s s snneenaes 15
e Changed POS numbers in ABSOLUTE MAXIMUM RATINGS table for adjustments ........cccvviiieeriiiinneninnnnennns 17
e Changed POS numbers in ABSOLUTE MAXIMUM RATINGS table for adjustments .........ccoveevieviiiininnniennnnns 17
« Added Charge-pump overdrive voltage to the ABSOLUTE MAXIMUM RATINGS table .....cccvvviiiiiiiiiiiiiiaeenns 17
* Deleted DMUXO from Logic I/O voltage list (M1.15) in the ABSOLUTE MAXIMUM RATINGS table ................... 17
» Deleted T; min value of —40 from ABSOLUTE MAXIMUM RATINGS table ......cciiiiiiiiiiiiiiiiiiiiiiiicinenans 17
e Changed unit for CDM on corner pins (750) from kV to V in the ABSOLUTE MAXIMUM RATINGS table............. 17
* Deleted T; min value of —40 from ABSOLUTE MAXIMUM RATINGS table .....cviiiiiiiiiiiiiiiiiiinaenneenaes 18
e Deleted VDDIO internal pullup diode note from the RECOMMENDED OPERATING CONDITIONS table............. 18

e Added values to the current consumption parameter in the RECOMMENDED OPERATING CONDITIONS table ... 18
« 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 19
* Added VDDG6;;p,. parameter to the ELECTRICAL CHARACTERISTICS table .......ocovviiiiiiiin 19
e Added VDD6 output voltage to lyppg parameter (Al1.2) in the ELECTRICAL CHARACTERISTICS table .............. 19
» Changed example to Vg0 (AL.3) test condition in the ELECTRICAL CHARACTERISTICS table ................... 19
e Changed lypps imit Parameter description from current-limit to peak current in the ELECTRICAL

CHARACTERISTICS 1Attt tttttttetutesaeetaeetseteesssssssasesa ettt seaeessssssnsesnserasstsrrasrssssnsssnsesnses 19
» Changed AL.5 from Fy, yppe, SWitching frequency to fx vppe. Clock frequency, added note, and deleted test

condition from the ELECTRICAL CHARACTERISTICS table. Also added test condition ........ccvvviiiiieiineininnnnns 19
e Changed test condition for DCppg parameter (A1.6) from VBATP > 7 V to 0 <lyppg < 1.3 A in the ELECTRICAL

CHARACTERISTICS tAD18. 1 et tttiitetiatsieesaeesaeesasessanesanessanesanessanesanesasnesannssnnssansssanesensssnnsssnnssnnesns 19

* 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 19
e 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 19
» Changed condition statement for the ELECTRICAL CHARACTERISTICS table by adding T, over junction

temperature With UP t0 150°C ...uuuuuieiiiiieiiiiieesra e s e s saa s et sa s e st saan s st saa s e s saaan e s s sann s s aaannessannnnnss 20
* Added VDD3/5 end-value to test condition for the dvDD35/dt parameter (3.11) in the ELECTRICAL

CHARACTERISTICS a1t tut ittt et et e e e e anes 20

e Added Hysteresis parameter, min and max values to Tprot,ppss (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 .....ocvvvveeviiiriiiiininenans 20
« Changed condition statement for the ELECTRICAL CHARACTERISTICS table by adding T, over junction

temperature With UP t0 150°%C ...uuuuuteiiiteiineee s iaee s saae s sr e st saasae st saaa s st saa e e s saann e s s san s s s aaannsssnannnnss 21
e Added test condition to the dvDD21/dt parameter (A4.14) in the ELECTRICAL CHARACTERISTICS table ........... 21
e Added VSOUT1 text to test condition for VSOUT1 parameter (5.1) in the ELECTRICAL CHARACTERISTICS

1521 0 21
e Changed MVVSOUT1 min and max values from —15 and 15 to —35 and 35 in the ELECTRICAL

CHARACTERISTICS a0 . .t tut ittt ittt e e e e s e s e e s s s e s n s a s s s e s e s aanes 21
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Added min and max values for the Threshold for tracking/non-tracking parameter in the ELECTRICAL

CHARACTERISTICS taDIe . 1t tut ittt ettt e na e anes 21
e Added Hysteresis parameter, min and max values to Tprotysoyri (5.13) in the ELECTRICAL

CHARACTERISTICS table. Changed test condition from VSOUT1 switch-off to Protection of Sensor Supply.

Only VSOUT1 switch-off for both Tprotygours ParamMEterS. ...t irie i rnes 21
e 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 .. ..uvviseiiiiirisiiniiiiiieaininenaas 21
* Deleted VBATP_OVhys (POS 6.6) from the ELECTRICAL CHARACTERISTICS table ......ccvviiiiiiiinniniiininns 21
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 CONdition .......c.eviviiiieiiiiiiiiiiiiieneneas 21
» Changed condition statement for the ELECTRICAL CHARACTERISTICS table by adding T, over junction

temperature With UP t0 150°C ...uuuuuiiiiiiieiiiieeesra e s ae s saa s et s s e s s saaa s st saa e e s saaan e s s sann s s aannessnnnnnnss 22
* Added Hysteresis parameter, min and max values to VDD5_UV (6.8) in the ELECTRICAL CHARACTERISTICS

155 0 22
e Changed max value for VDD5_QV from 5.5 to 5.45 in the ELECTRICAL CHARACTERISTICS table.................. 22
* Added Hysteresis parameter, min and max values to VDD5_OV (6.10) in the ELECTRICAL

CHARACTERISTICS taD10. 1. uiiitiieiii ittt et st r it e e e s e e s s e s e s e s e e rnsaesaneans 22
« 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 +.uviusieiieiisiiii it st s e e s s e s e s s s s s s e s aeaes 22
« 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 .. .vuuiisiiiiiiiiii i s e e s e aeaes 22
* 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. . .uuueieiiiiieiiiie ittt s s s s e s e s n s e s s s e s e s aaenes 22
* 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 22
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. ..viuuisiiiiiiiisiiiiiiiir v e r e s aaes 22
* 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

A R O AV o =T = 0 T=] (=T £ 22
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 £ 22
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 .....ueiiesireeriuriiitsiinsiaiesransssisssansssasssasisinssannss 22
« 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 ....ueeiesirussrisriiseiiseiinerisrisisssinssanssrasiainesanns 22
« 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 ......ccvvvueviriiineiinininenans 22
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.evvveeeerrrnnneerrsnnneennns 22
* Changed condition statement for the ELECTRICAL CHARACTERISTICS table by adding T, over junction

temperature With UP t0 150°C . uuiuuueeiseisueeratsrate et s e s s s e e s et s s e s e s s s et n s s n e s e e s n s n e e e 23
* Added test condition to the I_IGN parameter in the the ELECTRICAL CHARACTERISTICS table(7.4)................ 23
e Changed |_CAN parameter (7.7) to _CANWU and added test condition to the ELECTRICAL

CHARACTERISTICS a1t tut ittt et et e e e e anes 23
e Changed |_CAN_rev (7.8) max value from 1 to —1 in the ELECTRICAL CHARACTERISTICS table .........ccvviunee 23
» Added test condition for Icp (8.2) in the ELECTRICAL CHARACTERISTICS table ....ovvviiiiiiiiiiiiiviiieneeeas 23
e Added min and max values for fcp (8.3) in the ELECTRICAL CHARACTERISTICS table.....ccvviiieiiiiiiniiiiinanns 23
» Deleted min value of 11 for the Ryson_enorv nres (9.22) parameter in the ELECTRICAL CHARACTERISTICS

L650]= 23
* Added input and logic 1 to the Veypry nres_Th Parameter (9.5) description in the ELECTRICAL

CHARACTERISTICS taDIE. 1t ue ittt e r e aes 23
* Deleted max value from 500 to 450 for the Venpry nres 71 (9-5) parameter in the ELECTRICAL

CHARACTERISTICS tADIE . ttvtuesessuneesssuasesessneesssnneesesnaseeessnaeeessnesessneesesnnaesessnaeesssnneerssnneenees 23
» Added note reference and test condition to the Vp,gn_ ow Parameter (10.2) in the ELECTRICAL
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CHARACTERISTICS taDIE .uiutiitiisiiiiiitiiir it s e e e s s s e e s s s s n s n s e raes 23
Added note reference and test condition to the Vpgn_nyst parameter (10.3) in the ELECTRICAL
CHARACTERISTICS table. Also added parameter NAME .. ..uveeiieeiireiaeeriesrasssisrrars s rarssasssaessnnssannss 23
Changed 10.4 from empty to the Rpjagout amux Parameter to the ELECTRICAL CHARACTERISTICS table ......... 23
Added pin note to the Vpgout mign parameter (10.5) in the ELECTRICAL CHARACTERISTICS table ................ 23
Added pin note to the Vpigout Low Parameter (10.6) in the ELECTRICAL CHARACTERISTICS table ..........evv.e.. 23
Added min and max values for trsTEXT(OK) (9-4@) in the ELECTRICAL CHARACTERISTICS table ..................... 24
Added test condition to the fg s parameter (11.1) in the ELECTRICAL CHARACTERISTICS table.................... 24
Added for MCU error signal monitor to the tegrror woi_degitcn Parameter (12.1) in the ELECTRICAL
CHARACTERISTICS taDIE .ttt et st r e et es e e s e s r s e s e s e s e s e s e s e e s e snsaneaneanes 24
Changed max value for the tgrror woi_degiitch Parameter (12.1) from 15.75 to 16.25 in the ELECTRICAL
CHARACTERISTICS a0 . .t ittt ittt et et e s e s e e s e s e s n s a s s s e s n s nanes 24
Added typ puse Parameter to the ELECTRICAL CHARACTERISTICS table .....vviiiiiiiiiiiiiie e 24
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......ccovviiiiiiiiiiiiniiiineeas 24
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........ccoceiiiiiiiiiiiiiiins, 24
Changed max value for t,5(13.7) to min value in the ELECTRICAL CHARACTERISTICS table. Also changed
parameter description from rising edge to falling edge of SCLK.......uiiiiiiiiiiiiii i i i raaes 24
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 deSCriPiON ...u.eeeiieiesseaeesrannrersaanneersaanresaaannessaannnerannns 24
Added SDO transition from tri-state to ty; parameter (13.6) description in the ELECTRICAL CHARACTERISTICS
L2510 = N 25
Changed max value of ty; from 30 to 53.3 in the ELECTRICAL CHARACTERISTICS table ........ccocvvviiiiinnnnnnn 25
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 .. ...ttt s s i aeras 25
Changed t,; parameter (13.11) description from Hi-Z state to tristate in the ELECTRICAL CHARACTERISTICS
L2501 = S 25
Changed max value of t,; (13.11) from 15 to 25 in the ELECTRICAL CHARACTERISTICS table ......cccvviieennnn.. 25
Added ty, to right side of SPI Timing Parameters diagram .........eevviiieiiiiiieiriiiesaars s iaare s raaressannneeanas 25
Added the SPI SDO Buffer Source/Sink Current graph after the ELECTRICAL CHARACTERISTICS table........... 25
[©1gF= T ToT=To Il o] (oYt Qo 7= Vo | = L1 1 S 27
Added condition for when the N-channel MOSFET turns on to the second paragraph in the VDD6 Buck Switch-
Y ToTo [N oo g U o] o] =T o 110 o 28
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 .. uuiuutiistsrseiiseirisiasssse st as s e s s e e aaanerannaas 28
Added the default VDD1 paragraph to the end of the VDDL1 Linear Regulator SECHON......cvceviiiiieriiiiineiniinnnnss 29
Added sentence to the first paragraph in the VSOUT1 Linear Regulator section describing what occurs after
completion Of the VDDX FAMP-UD «.teuuueeertnneessannnessaanneessaneessssnnesssssneessssnnessesnnessessnnessesnneesmsnnnessns 30
Changed tracking offset from £15 to £35 in the VSOUT1 Linear Regulator SECHON .....vuvivririeriniierineinieeninnians 30
Added SPI command setting to the seventh paragraph in the VSOUTL1 Linear Regulator section ..............cevvun. 30
Added DIAGNOSTIC state text to the Wake-Up SECHON. ...vvutiiieiiiiiiini i narenaes 31
Changed second paragraph in the Wake-Up section: changed edge-sensitive to level-sensitive and pulse
(o 01T I (o T (=T | 11 (o] 1 {0 3 T 31
Added during a power-up event to the Reset Extension section and removed VDD1 from the description ............ 31
Changed the Reset Extension section by splitting paragraph into two and adding new VDD text in between ....... 31
Deleted open-connect and RESET state sentence from the last paragraph in the Reset Extension section........... 31
Changed Power-Up and Power-Down Behavior image in the Power-Up and Power-Down Behavior section ......... 32
Added notes to thelGN Power Latch and POST-RUN Reset image in the Power-Up and Power-Down Behavior
LS o1 oo 33
Deleted reset driver from ENDRYV bullet in the Safety Functions and Diagnostics Overview Section ..........ccvveuues 34
Added the Voltage Monitoring Overview table and table reference to the Voltage Monitor (VMON) section........... 34
Added Internal Error Signals table ........ooeoiiieii 36
Deleted loss-of-power note and cleared-latched bullet from the clock failure list in the Loss-of-Clock Monitor
(@1 1N =T =1 1 o o 38
Added SPI register bit to the latched bullet in the clock failure list in the Loss-of-Clock Monitor (LCMON) section ... 38
Added ABIST case paragraphs following the Analog BIST RuUN StatesS iMage ...vvveieeerreiererrranneerrannrerraanneeens 39
Moved Logic Built-In Self-Test (LBIST) section from after DMUX tables and added initialized registers list ........... 40
Deleted VDD5 and VSOUT1 supplies from first paragraph of the Junction Temperature Monitoring and Current
[T 01T o ST 0t 1o o 40
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* Added VSOUT1 supplies paragraph to the Junction Temperature Monitoring and Current Limiting section........... 40
» Deleted STANDBY State text from the Junction Temperature Monitoring and Current Limiting section and
changed to regulated supplies. Also added ENDRY PiNn...u..eeeereieeeresinnessaannessasnnnessasnnesssannnessmsnresemsnnnes 40
e Changed third paragraph of the Junction Temperature Monitoring and Current Limiting section to include NRES
asserted low and VDD5 reenable ..........ouiuiiiiiiii i 40
« Added Thermal and Overcurrent Protect Overview table and table reference to the Junction Temperature
Monitoring and Current LiMiting SECHION . ... ue ettt ittt s e s sraaas et saa s e s saaas s e ssanressannnessaannresnnns 41
e Added analog and digital signals and notes to the Diagnostic Output Pin DIAG_OUT image in the Diagnostic
OULPUL PiN DIAG _OUT SECHON 1. uuteetiseeessaneesssanneessannessasnnessassnnessasnnessesnnnessesnnessesnnnesessnnessssnnneesns 41
« Added added diasabled sate description for the DIAG_OUT pin in the last paragraph of the Diagnostic Output
T N @ T @ LU == T o 42
« Added + percentage to the divide ratio values (except for MAIN_BG and VMON_BG) the Analog MUX Selection
L650]= 42
e Added accuracy and corresponding table note to the voltage range column in the Analog MUX Selection table ..... 42
*  Added e max output resistance column to the ANAIOG MUX Selection table..........o.ooviiii 42
e Changed the DIAG_MUX_SEL column and header in the Analog MUX Selection table........ccvvvveiiiiiiiinnninnnn. 42
* Added the voltage/signal name for signal number A.7 from BG1 to MAIN_BG in the Analog MUX Selection table .. 42
« Added additional text and note to further explain the Analog MUX Selection Table ........cccoviiiiiiiiiiiiiiiiinnnnn. 42
* Added second paragraph to the Digital MUX (DMUX) SECHON ... uueeiriuueeeininneisainnssisassessaasnnsisannssssannssesnns 42
» Added diagnostic check text, Diagnostic MUX Output state (by MUX_OUT bit), and MUX interconnect check
section after DMUX taBIES . ..uuuiiiieiiiiiii i e s e 45
e Changed the Watchdog Enable Function image in the WDT Fail Counter, WDT Status, and WDT Fail Event
L= 1 46
« Added watchdog fail counter text after the Watchdog Status for Fail Counter Value Range table..................e.... 46
« Changed trigger events paragraph (third) in the WDTI Configuration with External Trigger Input (Default Mode)
LS o1 oo 47
« 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 ....vvieiiiiiiiiiiiiii e 47
* Added the WDTI window sequencing and SPI SW_LOCK paragraphs in the WDTI Configuration with External
Trigger Input (Default MOUE) SECHION ... uueeii it aa e r et s e s rraaas st saaan e s saann s s s aann e s aaannessannnnnss 47
« Added the WDTI rising edge paragraph in the WDTI Configuration with External Trigger Input (Default Mode)
section and added typ puse filter time paragraph ... 47
e Added image to the WDTI Configuration with External Trigger Input (Default Mode) Section ........ccvvvvveeerrnnnnenn. 48
* Added image to the WDTI Configuration with External Trigger Input (Default Mode) section .........cevvveiiiniiinnnns 48
» Deleted ASIC reference in the first paragraph of the Watchdog Question /and Answer Configuration Through
ST ST o1 1T o 49
« Added added note in the Watchdog Question /and Answer Configuration Through SPI section ...........ccevviuaee. 49
» 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 ....vvvviviiiie i rrineeernaaneeas 49
« Added 4-bit word bullet to the Watchdog Token Request definition list in the Watchdog-Timer-Related SPI Event
D= T X0 g ES 3= =T 1o o 49
« Added 32-bit word bullet to the Watchdog Token Timer Request definition list in the Watchdog-Timer-Related
ST I V=T L = {110 g ES T =T o1 1] o 49
* Added Watchdog Token-Response Sequence Run section to replace the Watchdog Timer Configuration for
Question and Answer CoNfigUIation SECHON . ... .ueeiiieeetteenteessaneessaanrresaanressaannessaanneesaasnnessasnnesssnnnness 50
e Changed the WDT Token and Response Sequence Run image in the Watchdog Token-Response Sequence
0 7= o 11 0 50
* Added the 4-bit question paragraph to the Watchdog Token Value Generation (or Watchdog Question
LT =T 0T = 110 ) IE=T=T ot 0] o 51
« Added the Watchdog TOKEN Generation image and following text in the Watchdog Timer Configuration for
Question and Answer CoNfigUIation SECHON . ... .ueeisi et iineessaneessaanrresaaanressaannessaanneesaasnnessssnnesssnnnnenss 51
* Added Answer Comparison and Reference ANSWEr SECHOMN ...uuuiiuiiiriieiisiriiiiirr s 54

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. ......cccevviiiiiiiiiiiiieiiiineeanas 54

e Added Watchdog Token-Response Sequence Run and WDT_STATUS Register Updates section ...........ccevuuens 55

e Added activation and deactivation paragraph in the MCU Error Signal Monitor (MCU ESM) section ................... 56

* Added DIAGNOSTIC and ACTIVE state paragraph in the MCU Error Signal Monitor (MCU ESM) section............ 56

« Added deglitched and snychronized paragraph in the MCU Error Signal Monitor (MCU ESM) section................. 56

« Added ERROR/WDI pin implementation text in the MCU Error Sighal Monitor (MCU ESM) section.............c.ue... 56
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Added the first paragraph in the PWM Mode section and added the detect and no detect statements................. 58
Added monitoring lists t0 the PWM MOGE SECHON +..uueiutiieeiiieinietiitssiassanesaessaessanssansssaassanrssnsssansssnns 58
Changed register setting text for the ERROR_PIN_FAIL bit from error-pin signaling failure to system clock
detection to the PWM MOOE SECHON ...uuiueiiiitieiesris s r e e e anraes 59
Added CFG_CRC_ERR flag text to the Device Configuration Register Protection Section ...........ccvcveevviinnnn.. 60
Changed CRC-8 polynomial from X8 + X7 + X6 + X4 + X2 + 1 to X8 + X2 + X1 + 1 in the Device Configuration
=T |1 =] gl 0] (=T o3 11 =TT ot 1o o 60
Added 64-bit string text and protected registers list in the Device Configuration Register Protection section.......... 60
Added CRC Bus Structure table in the Device Configuration Register Protection Section .........ccoeevviiieeinninnenn. 61
Added CRC calculation text, image, and table in the Device Configuration Register Protection section ............... 61
Added EEPROM CRC check and list of steps in the Device Configuration Register Protection section................ 62
Changed the Reset and Enable Circuit image in the Enable and Reset Driver Circuit SECtiON........vvvieiiiiiinnninnns 63
Added ENDRY pulled low paragraph to the Enable and Reset Driver Circuit SECHON ...vvviveeeiiiiiieiiiiiiniiinaeenns 63
Changed timing-response diagram description from RESET condition to any VDDx UV or OV condition in the
Enable and Reset Driver CirCUIt SECHION .uuuvuusiists ittt s saee s sses st sasssaassaanssaastsasssannssnnsins 64
Added RESET condition image in the Enable and Reset Driver Circuit section and replaced it with the any VDDx
LT @ AV Aot o 11T o T =T T 64
Changed Device Controller State Diagram iMAGgE ... uueeeireeerraietersaaaresaaansssaaiassssaassessaaasssssaanssrssnnnes 65
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 ttuuttittisueesatsaate s et ssas st sratstaastaanssantssasssansssanstanssssnssannssnns 66
Added Internal NPOR (power-on reset) bullet item in the STANDBY STATE SECHON ..vvviiiieiviiieeiiineerrannnennns 66
Added ramping up sub-bullet to the first item in the RESET STATE liSt...ueiiuiiiiiiiiiiiiiiiiirinssinssnnnenas 66
Added device error count text to the SAFE state bullet in the RESET STATE list....coviiiiiiiiiiiiiiinee 66
Deleted the ACTIVE state bullet in the RESET STATE liStu.uuiiiuiiiiiiiiiiiiiiiiiii i saenas 66
Added watchdog fail counter text to the watchdog reset sub-bullet in the RESET STATE list ...ovvvviiiiiiiiiininnnns 66
Added VDDS5 sub-bullet in the RESET STATE liStu..uuutieiisirutiiinsriiir s snnsassns 66
Added RESET State transition paragraph to the RESET STATE liSt ...uuviiiiiiiiiiiiisniiresseinnessnanneessannnennas 66
Added NRES pulled up to the Enters RESET state bullet in the DIAGNOSTIC STATE list ..uvvviiiiiiiiiiiiinanns 66
Added VSOUT1, watchdog and ERROR/WDI, watchdog failure counter, and ENDRV pin bullets in the
DIAGNOSTIC STATE ISt 1uttutitiaiiueitisiss st st s s s s e s s s s s s e s et s s s s se s e s s s aesesanannanness 66
Added DIAG_EXIT_MASK and DIAG_EXIT text to the end of the DIAGNOSTIC STATE liSt...cuviueiieiiniininneinenns 66
Changed two bullets in the ACTIVE STATE list and added three additional bullets ..........ccvviiiiiiiiiiiiiiinns 67
Added ACTIVE state read-back error, stays in Safe state, NRES, and VDDx bullets in the SAFE STATE list........ 67
Added uncontrolled transition sub-bullet to the enters DIAGNOSTIC state bullet in the SAFE STATE list............. 67
Added STATE TRANSITION PRIORITIES SECHON .. .uutititiitititeeese st sserasssresaesassansnsaasrassansaaanss 67
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 .. tuiuttiist ittt e ra et s s n e raneaas 68
Changed speed from 10 to 6 Mbit/s in the SPI INterface SECHON .....uiiiiiiiiiiiii i raees 68
Added minimum time sentence to paragraph after the SPI Command Transfer Phase table ...........cccevvviinnnnn. 68
Deleted paragraph describing the possibility of mixing two access modes in the SPI Data-Transfer Phase section.. 68
Added minimum time sentence to paragraph after the SPI Data-Transfer Phase table .........ccoooviiiiiiiiiiiinns .. 68
Added status bit paragraph and note after the Device Status Flag Byte Response table........c.oovviviiiiiiiiiiinnnnns 69
Changed D5 from 0 to 1 in the DEV_REV Register table ........coviiiiiiiii e i 70
Changed DO from 0 to 1 inthe DEV_REV RegiSter table .......cviiiiiiiiiiiii i ciie s ssie e s ssne s snnnee s nnnnes 70
Changed DO from 0to 1 inthe DEV_ID Register table .......coveiiiiiiiiii i e ssee s resne e ssnnne s snnnnnnnannnes 70
Changed reset value text to D[1] and D[0] descriptions in the DEV_STATE Registertable ........cccvviveiviiiinnnnnn. 70
Changed D6 from MASK_VDD_OQOV and 1 to nMASK_VDD_UV_OV and 0 in the DEV_CFG1 Register table ........ 71
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] 71
Added value in RESET State text in the DEV_CFG1 Register table........oooiiiiiiiiiiiiiiiiii i ssieee s siee e 71
Added READ-ONLY the DEV_CFG1 Register table ......cuveiiiiiiiiiiie i reiieessssee s ssanseessnnnnessnnnneesannnnennnns 71
Added after first start-up text to D[6] if VDD1 text in the DEV_CFG1 Register table .......ccoeeviiiiiiiiiiiinnnnnenns 71
Switched the names of D5 and D4 in DEV_CFG2 Register table .....uvieiiiiiiiiiii i naaes 71
Changed EN_VDD3/5_OT description by removing extra text after set to 1 and adding two more bullets in the
[ O € =T 11 =T = [ 71
Changed read/writable text for D[3:0] in the DEV_CFG2 Register table ........ccoviiiiiiiiiiiiiiiiiiiiii s 71
Changed AVDD_VMON_ERR description from error status to power-good status in the VMON_STAT_1
ST 5] (=T = 1= 72
Changed set to 1 text of D[1] in the VMON_STAT_1 Register table from when error is detected to when voltage
(gaTe] e T1o ) SRl 0T T T o= T To o - o 72
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¢ Changed set to 1 text of D[0] in the VMON_STAT_1 Register table fro
e Changed m when error is detected to when voltage monitor > main band gap
e Changed name of D6 from VDD3_ILIM to VDD3_5_ILIM in the SAFETY_STAT_1 Register table
* Added note to D[7] description in the SAFETY_STAT_1 Register table
* Added EEPROM bullet to D[5] description in the SAFETY_STAT_2 Register table
* Added DIAGNOSTIC and ACTIVE State text to D[2:0] default bullet in the SAFETY_STAT_2 Register table
* Added cleared to text to the D[5] description in the SAFETY_STAT_3 Register table
e Changed D7 and D6 from 1 to O in the SAFETY_STAT_4 Register table
e Changed name of DO from TRIM_ERR to TRIM_ERR_VMON in the SAFETY_STAT_4 Register table
« Added cleared to bullet and note to D[7:6] description in the SAFETY_STAT_4 Register table

» Changed set to text to include error-signal monitoring in the D[3] description in the SAFETY_STAT_4 Register

1250
* Added ERROR_PIN_FAIL text to D[3] cleared description in the SAFETY_STAT_4 Register table

» Added Watchdog Fail Counter text to the D[2] set to and cleared to descriptions in the SAFETY_STAT_4

[0 153 1= 0 7= 1o =
« Deleted SPI read access from D[1]cleared to description in the SAFETY_STAT_4 Register table
* Changed SPI read access to NPOR in the D[O]cleared to description in the SAFETY_STAT_4 Register table
e Changed D4 from 1 to 0 and D1 and DO from O to 1 in the SAFETY_STAT_5 Register table
« Changed threshold from max to min for the 0000 setting description in the SAFETY_ERR_CFG Register table
e Changed D7 and D6 from 1 to 0 in the SAFETY_BIST_CTRL Register table
e Changed D3 from LOCLK_EN to RSV in the SAFETY_BIST_CTRL Register table
* Added ACTIVE state bullet to D[7:6] description in the SAFETY_BIST_CTRL Register table
* Added DIAGNOSTIC and ACTIVE states to D[5] description in the SAFETY_BIST_CTRL Register table
e Changed D4 from NO_WRST to RSV in the SAFETY_CHECK_CTRL Register table

* Added DEV_CFG2 and DEV_CFG1 to D[7] list of protected registers in the SAFETY_CHECK_CTRL Register

155 0=
« Added device state, ENDRV and NRES to D[6] description in the SAFETY_CHECK_CTRL Register table
» Changed DI[3] from not read/writable to read/writable in the SAFETY_CHECK_CTRL Register table
e Added ERROR_PIN_FAIL sub-bullet to D[2] descriptionin the SAFETY_CHECK_CTRL Register table
e Changed D7 from 0 to 1 in the SAFETY_FUNC_CFG Register table
e Changed D2 from RSV to DIS_NRES_MON in the SAFETY_FUNC_CFG Register table
e Changed DO from 0 to X in the SAFETY_FUNC_CFG Register table
« Added SAFE state-time sub-bullet to the D[7] description in the SAFETY_FUNC_CFG Register table
» Changed DI[6] description from error-pin to Error-Signal Monitor in the SAFETY_FUNC_CFG Register table
» Deleted watchdog pin from the D[6] description in the SAFETY_FUNC_CFG Register table
« Added note text to the D[4] description in the SAFETY_FUNC_CFG Register table
« Added STANDBY state text to the D[4] description in the SAFETY_FUNC_CFG Register table

» Deleted enabling/disabling the watchdog bullet from the D[3] description in the SAFETY_FUNC_CFG Register

L5510
« Added bullets to the D[2] description in the SAFETY_FUNC_CFG Register table
» Changed D[1] from not read/writable to read/writable in the SAFETY_FUNC_CFG Register table

* 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
e Added ERROR/WDI and SAFE state text to the D[5] set to description in the SAFETY_ERR_STAT Register table.
« Added WD_RST_EN text to D[4] set to description in the SAFETY_ERR_STAT Register table
« Added watchdog fail counter text to D[4] cleared to description in the SAFETY_ERR_STAT Register table
* Added equation and oscillator text to the SAFETY_ERR_PWM_H Register table description
e Changed D4, D2, and DO from 0 to 1 in the SAFETY_ERR_PWM_L Register description
« Added equations and oscillator text to the SAFETY_ERR_PWM_H Register table description
e Changed D4 from 1 to 0 in theSAFETY_PWD_THR_CFG Register table
e Changed _THR to PWD names for D3:D0 in theSAFETY_PWD_THR_CFG Register table
e Changed D7, D5, and D3 from 1 to 0 in the SAFETY_CFG_CRC Register table
e Changed D4 from 0 to 1 in the SAFETY_CFG_CRC Register table
« Changed D[7] description from high-impedance to tri-stated in the DIAG_CFG_CTRL Register table
* Added SDO diagnostics from D[1:0] description to the D[6] description in the DIAG_CFG_CTRL Register table
e Changed D2 from 1 to 0 in the WDT_TOKEN_FDBCK Register table
e Added bullets to the D[7:4] description in the WDT_TOKEN_FDBCK Register table

* Added new TOKEN seed bullet and sub-bullets to the D[3:0] description in the WDT_TOKEN_FDBCK Register

L5501
e Changed D6:DO0 from 0 to 1 in the WDT_WIN1_CFG Register table
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e Changed D4:D3 from 0 to 1 in the WDT_WIN2_CFG Register table ......civiiiiiiiiiiiii i sniiane e 85
e Changed D7 from 0 to 1 in the WDT_TOKEN_VALUE Register table........cooveiiiiiiiiiiiiiiiiiiiieeesninneennnns 86
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 tahle ..uuueieiiiiiiiii et r s s e e r e s s s s s esnanes 86
e Changed D7:D6 from 0 to 1 in the WDT_STATUS Register table ......ccviiuiiiiiiiiiiiiiii s naes 86
e Changed D7:DF from RSV to WD_WRONG_CFG in the WDT_STATUS Register table......ccovviiiiiiiiinniiiinnnnn. 86
* Changed set to text of the D[5] description in the WDT_STATUS Register table .......c.oviiiiiiiiiiiiiiiiiiiinennns 86
e Changed D[4] note from recommendation to clear bit to remains set to 1 in the SENS_CTRL Register table ........ 87
e Added 8-bit hex column to the SPI Command Table.......cvuviiiiiiiiiii e 88
* Added 8-bit hex column to the SP1 Command Table........cvieiiiiieiiiiiiirr e 89
* Changed Typical Application DIiagram IMAGE «...uuuseiruterseianernriasserae et raraaaness 91
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3 Pin Configuration and Functions

DAP Package
32-Pin HTSSOP With PowerPAD™

Top View
O
VBAT_SAFING ENDRV
vCP SEL_VDD3/5
CP1 IGN
CP2 VBATP
PGND SDN6
NRES VDD6
DIAG_OUT VDD1_G
NCS PGND

TPS65381-Q1
SsDI VDD1_SENSE
SDO GND
SCLK VDDIO
RSTEXT VDD3/5
ERROR/WDI VDDS5
CANWU GND
VSFB1 VTRACK1
VSIN VSOUT1

Pin Functions

NO. PIN NAME TYPE DESCRIPTION
1 VBAT_SAFING PWR Battery voltage (reverse protected) for safety functions
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
25 PGND GND Ground (power)
6 NRES (0] Cold-reset (NPOR_RST) output signal for the microcontroller (uC)
DIAG_OUT (0] Analog MUX output for MCU ADC
NCS | SPI chip select (active-low)
9 SDI [ SPI serial data IN
10 SDO O SPI serial data OUT
11 SCLK [ SPI clock
12 RSTEXT | Configuration pin for reset extension
13 ERROR/WDI | Error input signal from MCU / window watchdog input trigger
14 CANWU | Wake-up input signal from CAN transceiver
15 VSFB1 | Feedback input reference for sensor supply regulator
16 VSIN PWR Sensor-supply regulator input supply voltage
17 VSOUT1 PWR Sensor-supply regulator output voltage
18 VTRACK1 | Tracking input reference for sensor-supply regulator
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Pin Functions (continued)

No) PIN NAME TYPE DESCRIPTION

19

23 GND GND Ground (analog)

20 VDD5 PWR VDDS5 regulator output voltage

21 VDD3/5 PWR VDD3/5 regulator output voltage

22 VvDDIO PWR 1/0-level for pins to and from the MCU

24 VDD1_SENSE | Input reference for VDD1 regulator

26 VDD1_G O Gate of external FET for VDD1 regulator

27 VDD6 PWR VDD6 switch-mode regulator output voltage

28 SDN6 PWR Switching node for VDD6 switch-mode regulator

29 VBATP PWR Battery voltage (reverse protected)

30 IGN | Wake-up signal from ignition key

31 SEL_VDD3/5 | Select input for VDD3/5 regulator

32 ENDRV O Enable output signal for peripherals (for example, motor-driver IC).

. Thermal pad . g?\lnglg:t;cri].to GNDIO. Place thermal vias to large ground plane and connect to AGND and
16 Pin Configuration and Functions Copyright © 2012-2015, Texas Instruments Incorporated
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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 \%
M1.2 Charge-pump voltage VCP, CP1 -0.3 52 \%
M1.3 \(/:g}?argg-pump pumping capacitor cP2 03 40 v
M1.3a | Charge-pump overdrive voltage VCP-VBATP -0.3 16 \Y
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 VDD3/5 -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 | Sensor supply feedback voltage VSFB1 -2 40 Y
M1.13 | Sensor supply output voltage VSOUT1 -2 40 \Y
M1.14 | Analog/digital ref. output voltage DIAG_OUT -0.3 7 \Y
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 wake-up IGN -7 40 \%
M1.18 | CAN wake-up CANWU -0.3 40 \%
M1.19 | Operating virtual junction temperature range, 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, and functional operation of the device at these or any other conditions beyond those indicated under Recommended Operating
Conditions is not implied. 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.

4.2 ESD Ratings

POS. VALUE UNIT
M1.21 All pins except VSOUTL1 (17) and +2000
VSFB1 (15)
Human body model (HBM), per AEC Q100-002® -
M1.20 v Electrostatic On sensor supply pins VSOUT1 (17) +4000 v
(ESD) discharge and VSFBL1 (15)
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 HBM stressing is done in accordance with the ANSI/ESDA/JEDEC JS-001 Specification
Copyright © 2012-2015, Texas Instruments Incorporated Specifications 17
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4.3 Recommended Operating Conditions
Over operating temperature range and with respect to the GND pin (unless otherwise noted)

POS MIN MAX | UNIT
M1.20a | Operating ambient temperature range, T —40 125 °C
R1.1 Input supply voltage range on VBATP pins for initial power up 5.8 \%
Input supply voltage range on VBATP®
R1.2 —VSOUTL1 configured as 5 V or higher, VDD3/5 configured as 5 V and VDDS5 regulators are in undervoltage when 580 36 v
: VBATP is between 5.8 V and 6.6 V. ;

— The VDD3/5 regulator undervoltage event causes NRES to be pulled low

Input supply-voltage range on VBATP
R1.3 —VDD6, VDD5 regulators in low dropout, VDD3 and VDD1 regulator outputs functional (no undervoltage). VSOUT1 4.5 \%
either functional or in low dropout, depending on configuration.

R1.3a Input supply voltage for VBAT_SAFING (when below minimum, device does not start up and NRES, ENDRYV is pulled

4.2 40 \%
low.)
R1.4 VDDIO supply-voltage range 3.3 5 \%
RL5 Current consumption in standby mode (all regulator outputs disabled) 75 WA
: IGN=0V, CANWU =0V, 5.8V <VBAT <20V for T; <85°C or 5.8 V < VBAT <14 V tor T; = 125°C

(1) Under slow VBAT ramp-down and when VDD3/5 rails 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 VSOUT rails (refer to the Application Report, Device Behavior Under Slow VBAT Ramp-Up and Ramp-
Down, SLVA643).

4.4 Thermal Information

1 HTSSOP (DAP)
THERMAL METRIC® UNIT
32 PINS
Rgia Junction-to-ambient thermal resistance 31.4
Reaictop Junction-to-case (top) thermal resistance 14.3
Reis Junction-to-board thermal resistance 15.3
°C/IW
Wit Junction-to-top characterization parameter 0.3
Wis Junction-to-board characterization parameter 15.2
Rgicbot Junction-to-case (bottom) thermal resistance 0.6

(1) For more information about traditional and new thermal metrics, see the IC Package Thermal Metrics application report, SPRA953.

Power Dissipation (W)
N

v

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 (Tymax) 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 = Tymax — (Rgja X Ppmax).

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

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

Over operating ambient temperature T, = —40°C to the maximum-operating junction temperature T; = 150°C, and
recommended operating VBATP 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 Cvbps Value of output ceramic capacitor® ESR range 100 mQ to 300 mQ®@ 22 47| WF
AN Lvpps Value of inductor 22 33 uH
Average DC value excluding
ripple and load transients, VBAT
11 | vDDe VDD6 output voltage > 7V, 0<lypps < 1.3 A, including | 5, 6 10%| V
dc line and load regulation,
temperature drift, and long-term
drift
Peak-to-peak, ensured by design
l.la | VDD6iipie VDD6 ripple voltage VBAT =14V, L =33 pH, C=22 200 mvV
UF
Load currents from VDD5,
VDD3_5, VDD1 and VSOUT1;
1.2 lvppe VDD6 output current lypps + lvpps + lvpp1t lvsouTt VDD6 not recommended to be 1.3 A
loaded directly
13 v VDD6 output dropout voltage Vropous = (VBATP — lvops = 1.3 A 06 v
: dropout6 SDN®) (example: Rpg(on) = 0.46 Q) :
14 o6 limit Peak current out of SDN6 pin 15 25 A
15 f ok _voD6 Clock Frequency © -10% 440 10% | kHz
0<lypps < 1.3 A
1.6 DCypps ton/toeriod VDD6 enters dropout mode for 7% 100%
VBATP <7V
Temperature protection threshold Protection of VDDS6, shared with 175 210 .
1.7 | Tprotvoos Hysteresis VDD3/5 thermal protection. 10 20 ¢
VDD5 - LDO With Internal FET
AN Cypps Value of output ceramic capacitor ESR range 0 mQ to 100 mQ 1 5 uF
0 < lypp5 < 300 MA, including line
2.1 VDD5 VDD5 output voltage and load regulation, temperature —2% 5 2% \Y
drift, and long-term drift
Min. load with internal resistor of
2.2 lvpps VDD5 output current 660 Q (typ.) 300 mA
. Load step 10% to 90% in 1 ps,
2.3 VDD5gyy, VDD5 output voltage dynamic With 5-4F Cypps 4.85 5 5.15 \Y
Maximum VDD5 output voltage during VBATP step from _
24 | VDDSpmax 55V to 13.5 V within 10 pis Cvpps = 5 F, lypps < 300 mA 551V
25 Vdropouts VDDS5 output dropout voltage Vgopouts = (VDD6-VDD5) lvops < 300 mA 0.3 \%
50 < f <20 kHz,VBATP =10V,
2.6 PSRRypps Power supply rejection ratio U =4 Vpp, 40 dB
Cvpps = 5 WF, 0 < lypps < 300 mA
. . 0 < lypps < 300 MA,
2.7 LnRegypps Line regulation (lypps constant) 8V < VBATP < 19 V -25 25 mV
. 0 < lypps < 300 MA, N
2.8 LdRegvpps 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%
0/- 0, -
211 | dvDDS/dt dV/dt at VDDS at startup Between 10%-90% of VDDS end 5 50| Vims
Temperature protection threshold Protection of VDDS5. In case of 175 210
2.13 | Tprotypps - detected over-temperature, only °C
Hysteresis VDDS5 will be switched-off 10 20
2.14 | lypps_jimit Current-limit 350 650 mA

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

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

(3) Actual switching on SND6 depends on whether output voltage on VDDG6 is above or below PWM comparator threshold at the moment of
the rising edge of the F. vpps clock.
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Electrical Characteristics (continued)

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

Pos | PARAMETER | TEST CONDITIONS | MmN 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 uF
SEL_VDD3/5 pin open: 3.3 V
SEL_Vppsss to ground: 5V 33
3.1 VDD3/5 VDD3/5 output voltage 0 < lyppass < 300 MA, inclusive of —2% '5 +2% \%
line and load regulation,
temperature drift
Min. load with internal resistor:
3.2 lvopass VDD3/5 output current 440 Q for 3.3-V setting 300 mA
660 Q for 5-V setting
Depending on 3.3 V/5 V setting 317 33 3.43
3.3 VDD3/54y, VDD3/5 output voltage dynamic Load step 10% to 90% in 1 ps, 4.85 '5 5‘15 \%
with 5 pF CVDD3/5 ’ )
34 VDD3/5 Maximum VDD3/5 output voltage during VBATP step Depending on 3.3 V/5 V setting 3.6 v
: max from 5.5 V to 13.5 V within 10 ps Cvppas = 5 UF, lyppas < 300 mA 5.5
35 Vdropout3/s VDD3/5 output dropout voltage Vdropout3/5= (VDD6- lvooass < 300 MA 03 v
VDD3/5)
50 < f <20 kHz, VBATP =10V,
3.6 PSRRypparss Power-supply rejection ratio U'=4Vpp 40 dB
Cvppass = 5 HF, 0 < lyppz/s < 300
mA
3.7 LnRegyppars Line regulation (lyppz constant) g \</ B?%Z;Psgolgm\b\/] -25 25 mv
! 0 < lyppas < 300 MA
3.8 LdRegyppass Load regulation (VDD6 constant) 8V < VBATP < 19 V -25 25 mvV
3.9 TmpCoyppass Temperature drift Normalized to 25°C value -0.5% 0.5%
Depending on 3.3 V/5 V setting is 3 30
3.11 | dvDD35/dt dVv/dt at VDD3/5 at start-up between 10%-90% of VDD3/5 5 50 Vims
end-value
Temperature protection threshold Protection of VDD3/5, treated as 175 210
3.13 | Tprotyppass - global thermal shutdown °C
Hysteresis (shutdown for all regulators) 10 20
3.14 | lyppa_s_jimit Current-limit 350 650 mA
3.15 | lpy seL_vop3is Pullup current on SEL_VDD3/5 pin 20 HA
VDD1 - LDO With External FET
AN Vgs(th) Gate threshold voltage, external FET ID=1mA 0.3 3 \Y
AN Ciss Gate capacitance, external FET VGS=0V 3200 pF
AN Qgate Gate Charge ext. FET VGS=0Vto10V 70 nC
AN ofs Forward transconductance, external FET ID =50 mA 0.4 S
AN Cvpp1 Value of output ceramic capacitor ESR range 0 mQ to 100 mQ 5 40 uF
41 |vpbp1 VDD output voltage (Ej)i%eer:ds on external resistive 0.8 33| v
10 mA < lyppy < 600 MA,
including line and load regulation, Y o
4.2 VDD1ggnse VDD1 reference voltage temperature drift and long-term 2% 0.8 2% Y
drift
Minimum current realized with
4.3 lvop1 VDDL1 output current external resistive divider 10 600 mA
4.4 VDD1g VDD1_G output voltage Referenced to GND 15 Y
45 | VDDIg of VDD1_G voltage in OFF condition I/eDsslcogd";i'g”: 20 pAinto 03| v
4.6 |_VDD1g VDD1_G DC load current 200 HA
: Load step 10% to 90% in 1 us, o o
4.7 VDD14y, VDD1 output voltage dynamic with 40 [F Cyppy —4% 4% \Y
Maximum VDD1 output voltage during VBATP step from o
4.8 VDD1 o 5.5V to 13.5 V within 10 s Cypp1 > 6 UF, lypp1< 600 mA 10% \%
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Electrical Characteristics (continued)

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

POS PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
50 < f < 20 kHz, VBATP =10V,
. ) U =4 Vpp,
49 PSRRypp1 Power-supply rejection ratio c =10 yF, 10 mA < | < 40 dB
VDD1 — ’ VDD1
600 mA
4.10 | LnRegypp1 Line regulation on VDD1_SENSE (lypp; constant) \1/%21.?;;"1‘390{7 600 mA, 8V < -7 71 mv
411 | LdRegyop: Load regulation on VDD1_SENSE (VDD6 constant) %/%R‘TAPi"i%D\lf 600 mA, 8V < -7 7| mv
4.12 | TmpCoyppz Temperature drift Normalized to 25°C value -0.5% 0.5%
10/5-" 0, -
4.14 | dvDD1/dt dv/dt at VDD1_SENSE at start-up 5;3’;86” 10%-90% of VDD1 end 0.8 8| Vims
VSOUTL1 - LDO With Protected Internal FET
AN CysouT1 Value of output ceramic capacitor ESR range 0 mQ to 100 mQ 0.5 10 uF
Depends on external resistive
5.1 VSOUT1 VSOUT1 output voltage divider. VSOUT1 can track 3.3 9.5 \%
VDD3/5 in 3.3 V setting.
0 < lysouTts < 100 mA
. . For specified lysoyt range,
For tracking mode: )
52 | MVysoun Matching output errorMVysour: = (VTRACKL — VSFB1) {g;fdg{;\%eﬁ);‘;_\{;ﬁxnﬁl input, =25 25| mv
temperature drift.
10 mMA < lysout < 100 MA,
5.3 VSFB1 For non-tracking mode: VSOUT1 reference voltage including line a_nd load regulation, —2% 25 2% \Y
temperature drift and long-term
drift
VTRACK1 > 1.2 V; VSOUT1 in
5.3a | VTRACK1y, Threshold for tracking/non-tracking {;?I'(I:?ITCgKmlogi 2V VSOUTL in 1.1 1.2 1.3 \%
non-tracking mode
5.3b | VTRACK1y Internal pulldown resistance on VTRACKL1 pin 100 kQ
5.4 lysouTt VSOUT1 output current ?L}regr?tl resistor to dissipate min 100 mA
55 | vdrsl VSOUT1 dropout voltage VdrS1 = (VSIN-VSOUT1) iy —40°C 2011050°ch 075| Vv
VSOUT1
With stable VTRACK1 input
voltage
5.6 PSRRysout1 Power-supply rejection ratio 30:<4f \</p2po kHz, VBATP =10V, 40 dB
Cysour1 = 1 WF, 0 < lysoyrz < 100
mA
5.7 LnRegysoutt Line regulation (lysout, constant) 3;;%%02”1;&00 mA, 8V < -25 25| mv
5.8 LdRegysouT1 Load regulation (VSIN constant) S/;AI%SF?LLHP;\]/'OO mA, 8V < -35 35 mv
5.9 TmpCoysouT1 Temperature drift Normalized to 25°C value -0.5% 0.5%
5.11 |VSOUTI1gy Output short circuit voltage range -2 40 Y
512 | —lyew Output reverse current xsg;;;tzrls“w\iici’;% \éﬁATP =0 20| mA
Temperature protection threshold Protection of Sensor Supply. Only 175 210
513 | Tprotysour - VSOUT1 switch-off €
Hysteresis switch-o 10 20
5.14 | lysourd_imit Current-limit 100 500 mA
Voltage Monitoring
6.1 VBATP_UVoff VBATP level for switching off VDDx 4.2 4.5 \%
6.2 VBATP_UVon VBATP level for switching on VDDXx 5.4 5.8 \%
6.3 VBATP_UVjys Undervoltage hysteresis 1.1 14 Y
6.4 | VBATP_OVe VBATP level for setting VBAT_OV flag aB;'gisegef‘l’;‘;ei;]”tsopTESET state 34.7 37| Vv
6.5 VBATP_OViy VBATP level for clearing VBAT_OV flag Clears flag in SPI 34.4 36.3 \%
Copyright © 2012-2015, Texas Instruments Incorporated Specifications 21
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Electrical Characteristics (continued)

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

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

POS PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
VDD5 undervoltage level 45 4.85 Y
6.8 VDD5_UV -
Hysteresis 140 mV
VDDS5 undervoltage headroom (VDD5act —
6.9 VDD5_UVieaq VDDS5_UVact) 200 mv
VDDS5 overvoltage level 5.2 5.45 \
6.10 |VDD5_OV -
Hysteresis 140 mV
6.11 | VDD5_OVpeaq VDD5 overvoltage headroom (VDD5_OVact — VDD5act) 200 mV
3.3-V setting 3 3.17
VDD3/5 undervoltage level - \Y
5-V setting 4.5 4.85
6.12 | VvDD3/5_UV -
. 3.3-V setting 100
Hysteresis - mvV
5-V setting 140
VDD3/5 undervoltage headroom 3.3-V setting 170
6.13 | VDD3/5_UVhead | /pnajsact - vDD3/5_UVact) 5V setting 200 mv
3.3-V setting 3.43 3.6
VDDS5_3 overvoltage level - \%
5-V setting 5.2 55
6.14 | vDD3/5_0OV -
. 3.3-V setting 100
Hysteresis - mvV
5-V setting 140
VDD3/5 undervoltage headroom 3.3-V setting 170
6.15 | VDD3/5_UVhead mV
- (vDD3/5_0OVact — VDD3/5act) 5-V setting 200
VDD1 undervoltage level Sensed on VDD1_SENSE pin. 0.94 0.97| vDD1
6.16 | VDDL UV Relative thresh_olds are with
- Hysteresis respect to nominal 800-mV 10 mv
VDD1SENSE (Pos 4.2)
VDDL1 overvoltage level Sensed on VDD1_SENSE pin. 1.03 1.06 | vDD1
6.17 |vDD1 OV Relative thresh_olds are with
- Hysteresis respect to nominal 800-mV 9 mv
VDD1SENSE (Pos 4.2)
Sensed on VSFB1 pin. Relative VSOUT
VSOUT1 undervoltage level thresholds are: 0.88 0.94 1
«  for non-tracking mode with
respect to nominal 2.5-V
VSFB1 (Pos 5.3)
619 | VSOUT1 UV «  for tracking mode with
- . respect to voltage applied on
Hysteresis VTRACKL pin. 23 mvV
. in tracking mode,
VSOUT1_UV comparator
output is valid for VTRACK1
DC condition.
VSOUT1 overvoltage level Sensed on VS_FBl pin. Relafive 1.06 1.12 vsouT
thresholds are: 1
«  for non-tracking mode with
respect to nominal 2.5-V
VSFB1 (Pos 5.3)
6.20 | VSOUT1 OV «  for tracking mode with
- . respect to voltage applied on
Hysteresis VTRACKL pin. 23 mv
. in tracking mode,
VSOUT1_OV comparator
output is valid for VTRACK1
DC condition.
VDD6 undervoltage level o ) 5.2 5.4 Y
6.22 | VDD6_UV - Information in SPI register only
Hysteresis 115 mV
VDD6 overvoltage level L . 7.8 8.2 \
6.23 | VDD6_OV - Information in SPI register only
Hysteresis 115 mvV
IGNITION and CAN WAKE-UP
7.1 IGN_WUP IGN wake-up threshold 2 3 \%
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Electrical Characteristics (continued)

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

POS PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
7.2 CAN_WUP CAN wake-up threshold 2 3 Y
7.3 WUP_hyst Wake-up hysteresis 50 200 mvV
7.4 I_IGN IGN pin forward leakage current IGN pin at 40 V 50 HA
7.5 I_IGN_rev IGN current at =7 V -1 mA
7.7 I_CANWU CANWU pin forward leakage current CANWU pin at 40 V 50 HA
7.8 I_CAN_rev CAN current at -0.3 V -1 mA
Charge Pump
AN Coump Pumping capacitor 10 nF
AN Cstore Storage capacitor 100 nF
8.1 VCPy, VCP output voltage in on-state VBATP >5.8V VBAIZ VBsz \%
Load coming from Rgs of
82 lep External load Reverse Battery Protection 100} pA
8.3 fep Charge-pump switching frequency 225 250 275| kHz
Reset and Enable Outputs
9.1 | Vares enorv L NRES / ENDRV low output level ‘é‘l’J'rt:‘eﬁi“ema' 5-mA open-drain 02| v
9.2 RNRES_ENDRV_PULLU | NRES / ENDRV internal pullup resistance 3 6| kQ
P
9.2a | Rps(on) enorv_NREs | Rosen) NRES/ENDRYV pulldown transistor 40 Q
. . In case of open-connect, device
9.3 RRrsTEXT Value of external reset extension resistor stays in RESET state. 0 22 kQ
95 | Veorv res i | ENDRV and NRES input readback logic 1 threshold ;‘;ad'ba‘:k muxed to DIAG_OUT 350 400 450 mv
Digital Input / Output
101 | Voon men Digital input, high level® Input buffers using internal DVDD 2 v
- supply
10.2 | Vpiein_Low Digital input, low level® Input buffers using internal DVDD 08| V
- supply
10.3 | VoigIN_HysT Digital input hysteresis @ lsrL’:)L::I$UfferS using internal DVDD 0.1 \Y
BG1 selected on AMUX, < 200
10.4 | RpjacouT Amux Output resistance at DIAG_OUT pin in AMUX mode nA current in or out of DIAG_OUT 15 kQ
pin
10.5 | VbigouT HicH Digital output, high level® lout = —2 MA (out of pin) VD_DOI(; \%
10.6 | Vpigout Low Digital output, low level® lout = 2 MA (into pin) 0.2 \Y
Serial Peripheral Interface
13.12 | RpycL_up Internal pullup resistor on NCS input pin 40 70 100 kQ
13.13 | RpyLL_pown Internal pulldown resistor on SDI and SCLK input pins 40 70 100 kQ
(4) For pins NCS, SDI, SCLK, ERROR/WDI
(5) For pins SDO and DIAG_OUT in DMUX mode
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4.6 Timing Requirements
Over operating ambient temperature T, = —40°C to the maximum-operating junction temperature T; = 150°C, and

recommended operating VBATP 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
2.12 tdelayvDD5 VDDS5 voltage stabilization delay edge on CANWU pin until VDD5 2.5 ms
reaches the end-value within 2%
VDD3/5 — LDO With Internal FET
S Maximum delay after CAN wake-
3.12 | typpass VDD3/5 voltage stabilization delay up for VDD3/5 output to settle 25 ms
VDD1 - LDO With External FET
e Maximum delay after CAN wake-
4.15 tdelayvDD1 VDD1 voltage stabilization delay up for VDD1 output to settle 25 ms
Voltage Monitoring
) VBATP undervoltage and overvoltage 240 ps for VBAT-UV deglitch and
6.7 VBATP_gegiich | monitor deglitch time 260 ps for VBAT-OV deglitch 200 240 280| us
6.18 VDDx_deglitch VDDX under\_/olta_ge and overvoltage 10 20 us
monitor deglitch time
VSOUTL1_degli | VSOUT1 undervoltage and overvoltage
621 tch monitor deglitch time 10 40 Hs
IGNITION and CAN WAKE-UP
7.6 IGN_deg IGN deglitch filter time 7.5 22 ms
7.9 CAN_deg CAN deglitch filter time 100 350 ps
Reset and Enable Outputs
9.4 tRSTEXT(ZZkQ) . 22 kQ 4.05 4.5 4.95 ms
Reset extension delay
9.4a tRSTEXT(OkQ) 0 kQ 0.98 1.4 1.89 ms
Internal System Clock
111 ‘ f syscik System clock frequency Also used for watchdog timer 3.8 4 42| MHz
Window Watchdog
121 tErRROR_WDI_degl | Deglitch time on ERR(_)R/WDI pin for 14.25 15 16.25 us
itch MCU error signal monitor
Deglitch time on ERROR/WDI pin for
12.2 | twp_puise watchdog-trigger input signal 28 30 32 Hs
Serial Peripheral Interface Timing®
131 |f SPI clock (SCLK) fi VDDIO =33V i
. cloc requenc z
SP! dueney VDDIO = 5V 6
. VDDIO =3.3V 200
13.2 tsp SPI clock period ns
VDDIO =5V 167
13.3 thigh High time: SCLK logic high duration 45 ns
134 tiow Low time: SCLK logic low duration 45 ns
Setup time NCS: time between falling
185 | toues edge of NCS and rising edge of SCLK 45 ns
) Setup time at SDI: setup time of SDI )
187 | tas before the falling edge of SCLK See Figure 4-2 15 ns
Hold time: time between the falling edge
13.9 I thes of SCLK and rising edge of NCS 45 ns
SPI transfer inactive time (time between
13.10 | thics two transfers) during which NCS must 788 ns
remain high

(1) Capacitance at Cgpp = 100 pF
(2) MAX SPI Clock tolerance is +£10%
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4.7 Switching Characteristics

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

Pos | | PARAMETER | TESTCONDITIONS | MIN  TYP MAX| UNIT
Serial Peripheral Interface Timing®
Delay time: time delay from falling edge of NCS to SDO
136 | tn 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
) Tristate delay time: time between rising edge of NCS and
1311 |ty SDO in tri-state 533 ns
(1) Capacitance at Cspo = 100 pF
NCS
E—
} | | thes P thics | tsucs ! !
| I 0 i | |
| | |
SCLK | L | |
| | |
| tsucs | thigh | tow ! | | | | |
o e o : : ]
|
e T e
SDI ! | | !
| N >< >< | >< | | | N
i } }tsu5|} | | i i i kﬁ":
| R L | L ‘
SDO P Y i | | | Do b
i / _/\ _/ i —
|l T | | | | [ o
] L w ! | 1 | B
ot — et ! } it e—> td1—p—— —>—e— a2
Figure 4-2. SPI Timing Parameters
35
—— VDD-VOH (VDDIO 3.3 V)
30 | —— VoL (VDDIO33V) /]
—— VDD-VOH (VDDIO 5 V) //
< 25 [ —voL (vDDIO 5 V) //
g 2.0 /'
>
T 15
o
> /
1.0
0.5
0.0
0 10 20 30 40
IOH / IOL (mA)
Figure 4-3. SPI SDO Buffer Source/Sink Current
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4.8 Typical Characteristics

100
90 —
— —
80 1 |
/
70 /
£ 60
o)
c 50 «}/‘
Q
o
£ 40
5l
30 ,
20 , — Vgar=7V
10 — Vpa71=13.8V
VBAT =28V
0
0 010203040506070809 1 11121314
Load Current (A)
Figure 4-4. VDD6 BUCK Efficiency
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5 Detailed Description

5.1 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. This 6 V supplies the other 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
short-to-ground and short-to-battery protection and adjustable voltage between 3.3V and 9.5V 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 the undervoltage and overvoltage monitoring. In addition, regulator current-
limits and temperature protections are implemented

The device supports wake-up from IGNITION or wake-up from the CAN transceiver.

5.2 Functional Block Diagram

6V
A

5V, 300 mA

!

3.3and 5V, 300 mA

!

0.8t0 3.3V, 600 mA

1

KL30
»

% Schottky

e

NoConnect

T

e

VBATP

VDD6

VDD5

VDD3/5
VDD1_SENSE

SDN6
<
<

aa

CP2

cP1
SEL _VDD3/5 GND or

GND

VBAT_SAFING

&
<

<

Buck
Internal
FET !

LDO
Internal
FET !

LDO
Internal
FET |

LDO
Controller

Charge
Pump

A

VBATP

VBATP or VSIN

VDD6 »

Bandgap Bandgap

Reference

Voltage RSTEXT

Internal Monitoring

Supply

! RES Ext

t
|
|
|

Bias and }
|
|
|
|

3.3t09.5V, Sensor LDO |4

VSOUT1

Protected

100 mA f

EJ

A

Int. B2B FET

»-
VSFB1

»-
VTRACK1

VDD5,
VDD3/5 or
GND

@

«—
DIAG_OUT

A 4

oy

A 4

Oscillator 1

Oscillator
Monitor

T
Overtemperature
shutdown

Digital
State 1
Machine 4_7—

EEPROM |
CRC

vy

4—— Diagnostics

x
3
=

<4—Bandgap 1

Analog \¢——

Q&A

¢V

Monitor /
Window Watchdog

<4—Bandgap 2

SPI Interface WakeUp

@

Power Supply

TPS65381-Q1

Diagnostics

| Reference/Bias

Safety
Functions

»l

WDI
VDDIO

ERROR/

A

IGN
»

o 1%}
[a)] O
2] z

SCLK

vl

VDDS5 or
VDD3/5

i

CANWU

Copyright © 2012-2015, Texas Instruments Incorporated

Submit Documentation Feedback
Product Folder Links: TPS65381-Q1

Detailed Description

27


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=SLVSBC4C&partnum=TPS65381-Q1
http://www.ti.com/product/tps65381-q1?qgpn=tps65381-q1

13 TEXAS

TPS65381-Q1 INSTRUMENTS
SLVSBC4C —MAY 2012—REVISED MARCH 2015 www.ti.com
5.3 Feature Description

53.1

53.2

5.3.3

VDD6 Buck Switch-Mode Power Supply

The purpose of the VDD6 buck switch-mode power supply is to reduce the power dissipation inside the IC.
The VDD6 pin converts the ingoing power for the VDD5, VDD3/5, VDD1, and VSOUT1 pins from the
battery-voltage domain to the 6-V voltage domain. Therefore the VDDG6 pin is intended for use as a
preregulator only; the output voltage is less accurate compared to the VDD5, VDD3/5, vDD1, and
VSOUT1 pins. The VDD6 output-current capability is dimensioned to supply the VDD5, VDD3/5, VDD1,
and VSOUT1 pins at their respective maximum output currents.

This switch-mode power supply (SMPS) operates with fixed-frequency adaptive on-time control pulse-
width modulation (PWM). The control loop of the SMPS is based on a hysteretic comparator. The internal
N-channel MOSFET is turned on at the beginning of each cycle when the output voltage on the VDD6 pin
is below the PWM comparator threshold. This MOSFET is turned off when the hysteretic PWM
comparator resets the latch. When this internal MOSFET is turned OFF, the external Schottky diode
recirculates the energy stored in the inductor for the remainder of the switching period. In order to
preserve sufficient headroom for the VDD5 regulator at low battery voltage, the VDD6 regulator enters
dropout mode for a battery voltage below 7 V.

The internal MOSFET is protected from excess power dissipation with a current-limit circuit and junction-
overtemperature protection shared with the VDD3/5 pin. In case of an overtemperature condition in the
VDD6 pin detected by the VDD3/5 overtemperature protection, the TPS65381-Q1 device enters the
STANDBY state (all regulators switched off).

Because the control loop of the VDD6 SMPS is based on a hysteretic comparator, the output effective
capacitance and effective series resistance (ESR) must be considered. The effective capacitance at the
operating voltage (6-V DC), temperature range and lifetime of the capacitors must meet the output
capacitance range for VDD6. 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 VDD6. A general guideline to achieve
balanced operation is Rgsg = L / (15 x Cggreciive)- USiNng @ higher effective output capacitance allows for a
lower ESR which leads to lower voltage ripple. The inductance influences the system where using a lower
inductance value allows for lower ESR, however the peak 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
IC. 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
in the 1-ms to 2-ms range. 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 VDDS5 pin, only the VDD5 regulator switches off
by clearing bit D4 in the SENS_CTRL register. In order to re-enable the VDD5 pin, bit D4 in the
SENS_CTRL register must be set again.

VDD3/5 Linear Regulator

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.
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5.3.5

A low-ESR ceramic capacitor is required for loop stabilization. This capacitor must be placed close to the
pin of the IC. 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
in the 1-ms to 2-ms range. 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 over-temperature in the VDD3/5 pin, the TPS65381-Q1 device
enters STANDBY state (all regulators switched-off).

VDD1 Linear Regulator

The VDD1 pin is an adjustable supply between 0.8 V and 3.3 V £2% over temperature and battery supply
range.

In order to reduce on-chip power consumption, an external power NMOS is used. The regulation loop and
the command gate drive are integrated. Tl recommends to apply a resistor in the range 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
in the 1-ms to 2-ms range. 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 ). In this way, the VDD®6 pin
current-limit acts as current-limit for the VDD1 pin and the power dissipation is limited as well. In order 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 being 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. A VDD1 overvoltage is detected, which
typically prohibits assertion of ENDRV pin. In case the VDD1 regulator is not being used, the MCU can
configure the TPS65381-Q1 device to ignore the VDD1 overvoltage flag which allows the assertion of the
ENDRYV pin.

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 0 V, but internally the TPS65381-Q1 device reports
an overvoltage flag.

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 DIAGNOSTIC state.
This setting enables driving and extending the reset to the external MCU when VDD1 under-voltage is
detected.

VSOUT1 Linear Regulator

The VSOUT1 pin 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 VTRACKZ1 pin is shorted to ground, the
VSOUT1 pin 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 completed. Therefore, after completion of the VDDx
ramp-up, any change in the VSOUT1 pin no longer affects the selected tracking or non-tracking mode.
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5.3.6

In tracking mode, the VSOUT1 pin 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 over temperature and battery supply range. This mode allows, for instance, the VSOUT1
pin to be 5 V while tracking the VDD3 (3.3-V) supply. In unity-gain feedback, the VSOUT1 pin can directly
follow the VDD5 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 3.3 V or higher. The VSOUT1
pin can track the VDD3/5 pin in 3.3-V setting within the specified limits.

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

A low-ESR ceramic capacitor is required for loop stabilization; this capacitor must be placed close to the
pin of the IC. This output is intended for going outside the ECU and therefore is protected against shorts
to external chassis ground by a current-limit. Furthermore, in case of output shorted to battery voltage, any
potential reverse current going back inside the ECU is blocked, hence preventing any unintended
supplying of the ECU by this VSOUT1 output. This regulator also limits output-voltage overshoot during
power up or during line or load transients.

The VSOUT1 pin is disabled by default on start-up. After the NRES pin release, the MCU can enable the
VSOUT1 pin 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 in the 1-ms to 2-ms range.
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
VSFB1 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. In order 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 VSOUT1 pin can be observed at an ADC input of the MCU through the DIAG_OUT pin (see
Section 5.4.1.8) which allows the detection of a short to any other supply prior to enabling the VSOUT1
LDO.

Charge Pump

The charge pump is configured to supply an overdrive voltage of typically 12 V to the supply voltage. This
overdrive voltage is required for driving the gate voltages of the internal NMOS-FETs of the VDDx and
VSOUT1 supply rails. Furthermore, this overdrive voltage can drive the gate of an external NMOS power
FET acting as reverse-battery protection. Such reverse-battery protection allows for lower minimum-
battery-voltage operation compared to a traditional reverse-battery blocking diode. If such reverse battery
protection is used, a series resistance of about 10 kQ must be connected between the VCP pin and the
gate of the NMOS power FET (see ). This series resistance is required to limit any current out of the VCP
pin when the gate of the NMOS power FET is driven to 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, that is,
ground.

The charge pump requires two external capacitors, one bucket capacitor and one buffer capacitor. In
order 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.
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5.3.7 Wake-Up

5.3.8

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

The IGN wake-up pin is level-sensitive and has a deglitch (filter) time between 7.5 ms and 22 ms. 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 theSPI 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
DIAGNOSTIC state because this SPI register is only writable in 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 the POST_RUN (see Figure 5-
2).

The CANWU pin is level sensitive and has a minimum 350-pus deglitch (filter) time. The deglitched (filtered)
CANWU wake-up signal is latched, allowing the MCU to decide when to power down the TPS65381-Q1
device through SPI command WR_CAN_STBY.

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.

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 VDD1 pins have crossed
the respective undervoltage thresholds.

By default, VDD1 monitoring is disabled. If VDD1 is used in the application, Tl recommends to set the
NMASK_VDD1_UV_OV bit in the DEV_CFG1 register to 1 when the device is in DIAGNOSTIC state. This
setting enables driving and extending the reset to the external MCU when VDD1 under voltage is
detected.

This reset extension time is externally configurable with a resistor between the RESEXT pin and ground.
When shorting this 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
—» -— > -—
OR
CANWU Min.350-ps pulse width
>
SPIA
OR
< L¢—p: 1-ms (typical) start-up delay
vep
A ¢ p/< 200-pis start-up time
VBATP + 12V

VCP_UV level

(VCP-VBATP)=3 V

VBATP - Vdiode

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

Note:

The actual rampdown
time of VCP depends on

VDD6
A external load conditions
5%
VDDE6 is turned-off approximately
VDD6_UV level 5 ms after NRES is driven low
(52V105.4V)
Note: /1
Device turns off all internal 1-ms ramp-down Note:
VDD5/3 <1-ms ramp-time biasing for low-Iq when NRES | time for internal The actual rampdown
for VDD5/3 is driven LOW reference voltage time of VDD6 depends on
A NOTE: VDD1 is NOT external load conditions
monitored during start-up
5V
33V
12V = . .
_ - NOTE: During start-up VDD1 is NOT monitored and
— - VDD1 does NOT impact when NRES extension starts /
onfigurable Note:
NRES RESET : Note:
VDDS/3/1 are The actual ramp-down time
extension time ramped-down after
of VDD5/3/1 depends on
<2.5-ms time between rising NRES is driven LOW external load conditions.
edge on CANWU and VDD5/3/1
reaching specified value
Watchdog Trigger
A
T T T “\aid TN\ ae\y” T T T T T T T
Anwe Anwe
WD_FailCount
A
5 4 X 5 4 5
ENDRV (enable signal for externpl Power Stage)
Device State
A
Standby State ABIST Reset State ' BIST Diagnostic State Active State Standby State
—» — —» —
21-ms 5% Analog - BIST and Logic - BIST run time

(1) During a power-up event, the Analog-BIST begins automatically after the VDD6 rail ramps above the UV threshold. If Analog-BIST
fails device enters SAFE state after RESET state.

@)

Analog-BIST, Logic-BIST, or both fail, the device enters SAFE state.
Figure 5-1. Power-Up and Power-Down Behavior

If the MCU boots faster than BIST run-time, the TPS65381-Q1 device may not be able to respond to MCU SPI communication. If the
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IGN 7.5-ms (min) to 22-ms (max) deglitch time
IGN going low ignored because -
IGN_PWRL bit is set

1 il

IGN_P
[ ¥~ MCU sets IGN_PWRL bit

WRL

Note: MCU can set this bit only when .
O . MCU clears IGN_PWRL bit
TPS65381-Q1 is in Diagnostic State -

POST_RUN_RST

when all internal biasing turned-off

T POST_RUN_RST bit cleared e

When POST_RUN_RST is setto 1,
Device State a re-cranking on IGN pin will put
TPS65381-Q1 in Reset State \
Diagnostic State X Active State Reset State Diagnostic State ) Standbly State
NRES Configurable
RESET
extension time
VDD5/3/1
A
5V
3.3V
12V

IGN_PWRL bit is located in SAFETY_FUNC_CFG SPI register /

POST_RUN_RST bit is located in DEV_CFG2 SPI register Note:
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 VSOUT rails.

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

The IC is intended to be used in automotive safety applications. The following diagnostic blocks are
implemented to achieve a better diagnostic coverage or a lower rate of dangerous undetected faults.

« Voltage monitor (VMON)

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

e 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/debug

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

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

» Configurable open and close window or question-answer watchdog timer (WDT)
e MCU error signal monitor (ESM)

« Controlled and protected enable output (ENDRYV) for external power stages or peripheral wake-up
« Device configuration register CRC protection

e SPI command decoder with parity check

e SPI data output feedback check

e Reset circuit for initializing external MCU

e« EEPROM analog trim content CRC protection

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

5.4.1.2 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 set 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.

VMON comparator diagnostics are covered by analog built-in self-test (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, hence 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 under voltage or
over voltage 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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VOLTAGE
EALL OUTPUT VOLTAGE
VBAT N/A
VDD6 6V +10%
VDD5 5V +2%

VDD3/5 (5 V) 5V + 2%

VDD3/5 (3.3 33V s 2%

V)
0.8V1033V*2%
VDD1 VDD1_SENSE = 800
mv 2%
VSOUT1 33V1t095V£2%

(non-tracking) | VDSFB1 =25V +2%
33Vt 9.5V+2%

(\t/églgr;r;) VDSFB1 = VTRACK1 +

20 mv

VCP17 17 V (typ)
VCP12 12V (typ)

AVDD 6.9 V (typ)

AVDD_VMON 6.9V (typ)
DVDD 3V (typ)

MAIN_BG 25V +2%

VMON_BG 25V +2%

MONITORING DETECTION

Table 5-1. Voltage Monitoring Overview®

CT:ER’?)T'\ED ‘ THRESHOLDS MONITORED AGAINST | MONITORED | OV PROTECTION
REFERENCE ‘ v = ‘ REFERENCE PIN LEVEL
Supply Input
N/A 42t045V 34.71t0 36.7V VMON_BG VBATP N/A
Supply Outputs
MAIN_BG 52t054V 78t082V VMON_BG VDD6 N/A
MAIN_BG 451t04.85V 5.2t0545V VMON_BG VDD5 N/A
45t04.85V 52t055V
MAIN_BG VMON_BG VDD3/5 N/A
3t03.17V 3.43t036V
MAIN_BG 0'94\/‘88'197 ¥ 1.03t0 1.06 x VDD1 VMON_BG VDD1_SENSE N/A
MAIN_BG MAIN_BG VSFB1 N/A
0.88 t0 0.94 x 1.06to 1.12 x
VSOUT1 VSOUT1
VTRACK1 VTRACK1 VSFB1 N/A
Internal Supplies
MAIN_BG N/A 21V (typ) VMON_BG N/A 21V (typ)
MAIN_BG 7.43V (typ) 14.2 V (typ) VMON_BG N/A 14.2 V (typ)
Internal LV 3.6V (typ) N/A Independent local band N/A <1048V
Zener gap
Indirectly
'”“;g‘:‘;rw 356 V (typ) N/A '”depe”de’;‘ localband |1 hitoring <1048V
gap VBAT SAFING
MAIN_BG 2.472V (typ) 3.501 V (typ) VMON_BG N/A N/A
Internal References

MAIN_BG 2.364 V (typ) 2.617 V (typ) VMON_BG N/A N/A
VMON_BG 2.364 V (typ) 2.617 V (typ) MAIN_BG N/A N/A

ov
PROTECTION

IMPACT ON DEVICE BEHAVIOR ‘

REFERENCE ‘

N/A

N/A

N/A

N/A

N/A

N/A

N/A

VMON_BG

VMON_BG

Internal MV
Zener

Internal MV
Zener

N/A

N/A
N/A

uv

SPI flag VMON_STAT1 D6
STANDBY state
NRES =0, ENDRV =0
SPI flag VMON_STAT2 D7

SPI flag VMON_STAT2 D4

SPI flag VMON_STAT2 D2
RESET state
NRES =0, ENDRV =0
SPI flag VMON_STAT2 DO
RESET state
NRES =0, ENDRV =0
(when nMASK_VDD1_UV_0OV=1)

SAFETY_STAT1 D5

N/A

SPI flag VMON_STAT1 D3

NPOR — STANDBY state
NRES =0, ENDRV =0

SPI flag VMON_STAT1 D2

NPOR — STANDBY state
NRES =0, ENDRV =0

SPI flag VMON_STAT1 DO
SPI flag VMON_STAT1 D1

ov ‘

SPI flag VMON_STAT1 D7
RESET state (when
MASK_VBATP_OV = 0)

SPI flag VMON_STAT2 D7

SPI flag VMON_STAT2 D5
ENDRV =0

SPI flag VMON_STAT2 D3
ENDRV =0

SPI flag VMON_STAT2 D1
ENDRV =0
(when
NMASK_VDD1_UV_OV=1)

SPI flag SAFETY_STAT1 D4

SPI flag VMON_STAT1 D5
VSOUTL1 not operational

SPI flag VMON_STAT1 D4

VDD5, VDD3/5 and VDD1 not

operational — RESET state
NRES =0, ENDRV =0

NPOR — STANDBY state
NRES =0, ENDRV =0

NPOR — STANDBY state
NRES =0, ENDRV =0

NPOR — STANDBY state
NRES =0, ENDRV =0

SPI flag VMON_STAT1 D1
SPI flag VMON_STAT1 DO

(1) N/A = Not applicable
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5.4.1.3 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 ENECH ELEC.
SIGNAL NAME DESCRIPTION MIN TYP MAX UNIT CHAR. MIN TYP MAX CHAR. NRES ENDRV DEVICE STATE
POS. NO. NO NO
D12  AVDD_UVN ';\J’t'sl'i Lndenvoiiaoeicomparaio] 36 v 15 30 Low Low STAND-BY
Main bandgap Not changed (unless
VMON or main bandgap is OFF =2.364 Not changed (unless  \pnae (y o Not changed (unless
VDD3/5_UV or VDD3/5_UV or VDD1_UV
D1.3 BG_ERR1 (set tc:)l v(\jlhen)VMON bandgap > ) (V(IjVION \% 15 30 VDD1 UV detected VDD1_UV detected, detected. causing -
main bandgap andgap = it A causing ENDRYV = !
2.477) causing NRES = LOW) Low) transition to RESET)
Main bandgap Not changed (unless
VMON or main bandgap is OFF =2.617 VDD3/5_UV or
D1.4 BG_ERR2 (set to 1 when VMON bandgap < (VMON \Y 15 30 Not changed VDD1_UV detected, Not changed
main bandgap) bandgap = causing ENDRV =
2.477) LOW)
VCP12 charge pump
D1.5 VCP12_UVN undervoltage comparator 7.43 \Y 15 30 Not changed Not changed Not changed
D1.6 |VCP12 OV peRtolcharasjoumplovevoniage 14.2 v 15 30 Not changed Not changed Not changed
comparator
D1.7 VCP_OV VCP17 charge pump overvoltage 21 \ 15 30 Not changed Not changed Not changed
comparator
‘ D1.8 VDD6_UVN ‘VDDB undervoltage comparator ‘ 5.2 ‘ 5.4 \% 6.22 10 40 6.18 |Not changed Not changed Not changed
D1.9 VDD6_OV VDD6 overvoltage comparator 7.8 8.2 \ 6.23 10 40 6.18 |Not changed Not changed Not changed
‘ D1.10 |VDD5_UVN ‘VDDS undervoltage comparator ‘ 4.5 ‘ 4.85 Y 6.8 10 40 6.18 | Not changed Not changed Not changed
D1.11 |VvDD5_OV VDD5 overvoltage comparator 5.2 5.45 \ 6.10 10 40 6.18 | Not changed LOW Not changed
VDD3/5 undervoltage comparator; 3 3.17
3.3-V setting .
D1.12 |VDD3/5_UVN \ 6.12 10 40 6.18 |LOW LOW RESET
VDD3/5 undervoltage comparator; 45 4.85
5-V setting . .
g23/325e§¥12rvc)|tage comparator; 3.43 36
D1.13 |VDD3/5_OV . \ 6.14 10 40 6.18 | Not changed LOW Not changed
VDD3/5 overvoltage comparator;
. 5.2 5.5
5-V setting
Not changed (default
config)
D1.14 |VDD1_UVN VDD1 undervoltage comparator 0.94 0.97 VDD1 6.16 10 40 6.18  |\When LOW RESET
MASK_VDD1_UV_OV =
1: NRES = LOW
Not changed (default
config)
D1.15 |vDD1_OV VDD1 overvoltage comparator 1.03 1.06 VvDD1 6.17 10 40 6.18 | Not changed When Not changed
MASK_VDD1_UV_OV =
1: ENDRV = LOW
D1.16 |LOCLK Loss-of-system-clock comparator ‘ 0.742 ‘ 2.64 MHz 0.379 1.346 LOW LOW STANDBY
36 Detailed Description Copyright © 2012-2015, 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=SLVSBC4C&partnum=TPS65381-Q1
http://www.ti.com/product/tps65381-q1?qgpn=tps65381-q1

13 TEXAS
INSTRUMENTS

www.ti.com

TPS65381-Q1
SLVSBC4C —MAY 2012-REVISED MARCH 2015

Table 5-2. Internal Error Signals (continued)

detected

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
D34 CP_OV Charge pump overvoltage VBAT + 12 v N/A N/A N/A Not changed Not changed Not changed
- comparator
D35 | CP_UVN Charaelpumplundeivoliage VBAT + 6 v N/A N/A N/A Not changed Not changed Not changed
- Comparator
D3.8 CP_DIFF3V Indicates VCP-VBATP >3V VBAT + 3 N/A N/A N/A Not changed Not changed Not changed
D3.10 ‘VBAT_UVN VBAT undervoltage comparator ‘ 4.2 ‘ 4.5 \% 6.1 200 6.7 LOW LOW STANDBY
LOW (default config) LOW (default config) RESET (default config)
D3.11 | VBATP_OV VBAT overvoltage comparator 34.7 36.7 \% 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
D3.12 |VDD5_OT VDDS5 overtemperature ‘ 175 ‘ 210 °C 3.13 45 60 LOW LOW RESET
Device state depends on
EN_VDD35_OT bit setting:
EN_VDD35 OT=0:
o VDD3/5 disabled ->
D3.13 |VvDD3_5_OT VDD3/5 overtemperature 175 210 C 2.13 45 60 LOW LOW VDD3/5 UV event ->
RESET
EN_VDD35 OT=1:
STAND-BY
D3.14 ‘VSOUT_OT ‘VSOUT overtemperature ‘ 175 ‘ 210 2C ‘ 5.13 45 60 ‘Not changed Not changed Not changed
D3.15 |VDD5_CL VDDS5 current-limit 350 650 mA 2.14 15 30 Not changed Not changed Not changed
D3.16 ‘VDD3757CL ‘VDDS/S current-limit ‘ 350 ‘ 650 mA ‘ 3.14 15 30 ‘Not changed Not changed Not changed
D4.2 VSOUTL_ILIM VSOUT1 current-limit 100 500 mA 5.19 15 30 Not changed Not changed Not changed
D43 | VSOUTL UVN ngég{g:‘dervo"age ‘ 0.88 ‘ 0.94 |VSOUT1  6.19 10 40 6.21 | Not changed Not changed Not changed
D4.4 VSOUT1_OV VSOUT1 overvoltage comparator 1.06 1.12 VSOUT1 6.20 10 40 6.21 |Not changed Not changed Not changed
D4.5 ‘DVDD_UVN ‘DVDD undervoltage comparator ‘ ‘ 2.472 \% ‘ 0 ‘LOW LOW STANDBY
D4.6 DVDD_OV DVDD overvoltage comparator 3.501 \% 0 LOW LOW STANDBY
D4.8 ‘VSfTRKfMODE ‘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 15 30 Not changed Not changed Not changed
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5.4.1.4 Loss-of-Clock Monitor (LCMON)

The clock monitor detects internal oscillator failures including:
e Oscillator clock stuck high or stuck low
* Reduced clock frequency

The clock monitor is enabled during a power-up event after power-on reset is released (driven high). 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.

e All regulators are disabled.

e The digital core is reinitialized.

* Reset to the external MCU is asserted low.

» The failure condition is latched outside the digital core in the SPI register SAFETY_STAT_4, bit D5

The loss-of-clock monitor has a self-test structure that is activated and monitored by an analog BIST
(ABIST). The external MCU can re-check the clock monitor 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.

5.4.1.5 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 over voltage comparators, the monitored voltage rails
are left unchanged, so no real undervoltage or overvoltage 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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POR=0
(Active Power-On Reset)

RST=1
(All Regulated Supplies are OK)
AND

(Power-On-Event OR
uC-Uv-Check-Request)

RST=1
(All Regulated Supplies are OK)
AND
(Power-On-Event OR
uC-Ov-Check-Request) = —

OV_CHECK_OK

PASS

Figure 5-3. Analog BIST Run States

In case of an ABIST failure, the device enters SAFE state without asserting a reset to external MCU, while
all ABIST status flag bits remain latched in the digital core. This allows the external MCU to detect the
ABIST failure root caused by reading the ABIST status register.

The ABIST is activated with every device power-up event or any transition to RESET state, or by external
MCU when the device is in DIAGNOSTIC state (by writing to the SAFETY_BIST_CTL register, note that
this register has a SW WRITE PROTECT). During an active ABIST run, the device cannot monitor the
state of the regulated supplies, and the ENDRYV pin is pulled low. The full ABIST run time is approximately
300 ps. The ABIST can also be performed in ACTIVE state on MCU request, depending on system safety
requirements (such as system-fault response time).

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 completed.
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5.4.1.6 Logic Built-In Self-Test (LBIST)

The logic BIST (LBIST) tests the digital-core safety functions.
« Includes an application controllable logic BIST engine which applies test vectors to the digital core.
e The LBIST engine provides at least 95% stuck-at fault grade to logic blocks under test.

e The LBIST run time is typically 4.2 ms (£5%). After the LBIST, a 16-ms (typical) wait period occurs to
fill the digital filters covered by the LBIST. During this time, the ABIST is performed. The total BIST
time is approximately 21 ms.

« The LBIST engine has a timeout counter as a fail-safe feature.

The LBIST is activated with every device power-up event, any transition to RESET state, or by external

MCU when device is in DIAGNOSTIC state (by writing to the SAFETY_BIST_CTL register, note that this

register has a SW WRITE PROTECT). The LBIST can also run in ACTIVE state (together with the

ABIST), depending on whether system-safety timing requirements can allow the total 21-ms BIST time.

During an active LBIST run, the TPS65381-Q1 device cannot monitor the state of regulated supplies,

cannot respond to any SPI command and therefore cannot monitor state of MCU through the watchdog

timer. During the LBIST run, the ENDRYV pin is pulled low and the watchdog fail counter reinitializes to 5.

After the LBIST is complete, the post-BIST-reset initializes following functions and registers:

e DEV_STAT

e SAFETY_STAT_2

e SAFETY_STAT 4

e SAFETY_STAT_5

« WD_TOKEN_VALUE

e WD_STATUS

e SAFETY_CHECK_CTRL

e« 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 0 when the LBIST is completed. After the release of

the NRES to the MCU, completion of the complete BIST is confirmed by the MCU by reading 0 for both
the ABIST and LBIST bits

5.4.1.7 Junction Temperature Monitoring and Current Limiting

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

For VSOUT1 supplies, the thermal shutdown disables the regulator until the VSOUT1 overtemperature
condition is no longer present.

For the configurable VDD3/5 regulator, a thermal shutdown event disables regulated supplies, and reset to
the external MCU (NRES) and the ENDRYV pin are asserted low. The VDD6 buck preregulator shares the
thermal protection with the VDD3/5 thermal shutdown.

For the VDD5 regulator, thermal shutdown clears the enable bit and places the device into RESET state
with a reset to the external MCU (NRES) asserted low, while all other regulators remain enabled. When
the VDD5 overtemperature condition is gone, the external MCU must set this enable control bit again to
reenable the regulator.

The VDD3/5, VDD5, and VSOUT1 regulators include a current-limit circuit for additional protection against
excessive power consumption and thermal overstress. Respective status bits are set in the
SAFETY_STAT_1 register when a current-limit is detected on any of these rails.

Table 5-3 lists an overview of the thermal and overcurrent protections on the supply output rails.
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Table 5-3. Thermal and Overcurrent Protect Overview
THERMAL PROTECT OVERCURRENT PROTECTION
VOL IAGE IMPACT ON DEVICE IMPACT ON DEVICE
RAIL o L
THRESHOLD (°C) BEHAVIOR CURRENT-LIMIT BEHAVIOR
175 to 210 (shared with | SPI flag SAFETY_STAT_1 DO
VDD6 VDD3/5) STANDBY state 151025A None
SPI flag SAFETY_STAT 1 D1
RESET state
VDD5 175 to 210 Bit D4 in SENS_CTRL register 350 to 650 mA SPI flag SAFETY_STAT_1 D7
cleared — VDD5 switched off
SPI flag SAFETY_STAT_1 DO
VDD3/5 175 to 210 STANDBY state 350 to 650 mA SPI flag SAFETY_STAT_1 D6
VDD1 None N/A None N/A
SPI flag SAFETY_STAT 1 D2
VSOUT1 175 to 210 VSOUTL switched off 100 to 500 mA SPI flag SAFETY_STAT_1 D3

5.4.1.8 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 through the SPI
register, DIAG_MUX_SEL. 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
Digital Output Buffer
Digital Core
DMUX DIAG OUT DIAG_OUT topC ADC.input
é Groups - I> >E§ T |' |' P for rlneaslunngl;
2 Buffer Enable | J_ analog signals
[agy-Y |
g3 I
2o |
7 A |
VDD5,
g VD6, I
: & CPA > | to uC GPIO input
5 X VSOUT1, 4 | H Oinp
g - —— ] VBAT_SAFING, c | |  lte_——————— —» for observing
0 a M\A?'\?Tge = digital signals
= B
g8 =No4 VMON_BG
5
5 —
DMUX Select AMUX Enable
SPI
Register AMUX Select
Marked analog signals put out with divider ratio
If the user wants to measure analog signals by pC ADC and observe digital signals by pC GPIO, it must assure that
GPIO input stage does not affect ugC ADC measurements.
If isolating pC GPIO is not possible within uC, the user must achieve 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
to configure 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_OUT1 pin can be
configured with the MUX_CFG 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 high-ohmic state (tri-stated).
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NOTE
When enabling DIAG_OUT MUX while using SPI communication, the SDO pin is not in high
impedance while NCS = High and DIAG_OUT MUX is enabled. Software or hardware
modification may be needed in the application. For hardware modifications check the SDO
threshold level and drive capability if resistors are used to adjust the voltage level of SDO on
the SPI bus.

5.4.1.9 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_CFG bits must be set to 10 for the analog MUX mode.

Table 5-4. Analog MUX Selection Table

VOLTAGE
,\ISL'J(EA'\I‘B’E'& Vscl’('gmf'i&fﬂ”é’ DESCRIPTION DIVIDE RATIO ACRCAUr\FlgE 4 o '\géé'l'\s"#JX"NggT(Eg)T DIAG_MUX_SEL[3:0]
Al VDD5 Linear VDD5 regulator output 2+1.5% 2.5V £2% 55 0x01
A2 VDD6 Switch-mode preregulator 3+22% 2V 5% 140 0x02
A3 VCP External charge pump 135+ 2% 0.6to4V 1640 0x04
A4 VSOUT1 Sensor-supply voltage 4 +0.5% 0.8251t0 2.375V 240 0x08
A5 VBAT_SAFING Safing battery supply 10 + 2% 04t04V 1755 0x10
A.6 VBAT Battery supply 10 £ 2% 04to4V 1755 0x20
A7 MAIN_BG Regulators bandgap reference 1 2.5V £2% 15 0x40
A8 VMON_BG Voltage-monitor band gap 1 2.5V £2% 15 0x80

(1) The given accuracies are without the DC load-current drawn from DIAG_OUT pin. For overall accuracy calculation, the divide ratio

accuracy and the drop voltage caused by | pjag_-out X Max. Output Resistance must be considered.

In case one of these analog signals comes to a voltage above VDDIO, a clamp becomes active to avoid
any voltage level higher than VDDIO on the DIAG_OUT pin.

In order to achieve the fastest stabilization of the signal switched to DIAG_OUT, 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-Al1-A2-A3-A5-A6-AA4.

NOTE
The sensor-supply output voltage (VSOUTL1) is 0 V in this example. If VSOUTL1 is higher,
then the switching order described in the previous example must be changed. 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.

5.4.1.10 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 bits must be set to 01 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

CHANNEL
e SIGNAL NAME DESCRIPTION CDHIﬁI\(IBNII\E/IIIJ)?RS%iP MR ER
NUMBER o DIAG_MUX_SEL
1ez] [3:0]
D1.1 RSV Reserved, logic 0 000 0000
D1.2 AVDD_UVN AVDD undervoltage comparator output 000 0001
D1.3 BG_ERR1 VMON or main band gap is OFF 000 0010
D1.4 BG_ERR2 VMON or main band gap is OFF 000 0011
D1.5 VCP12_UVN VCP12 charge-pump undervoltage comparator 000 0100
D1.6 VCP12_0OV VCP12 charge-pump overvoltage comparator 000 0101
D1.7 VCP17_0OV VCP17 charge-pump overvoltage comparator 000 0110
D1.8 VDD6_UVN VDD6 undervoltage comparator 000 0111
D1.9 VDD6_OV VDD6 overvoltage comparator 000 1000
D1.10 VDD5_UVN VDD5 undervoltage comparator 000 1001
D1.11 VDD5_0OV VDD5 overvoltage comparator 000 1010
D1.12 VDD3/5_UVN VDD3/5 undervoltage comparator 000 1011
D1.13 VDD3/5_0V VDD3/5 overvoltage comparator 000 1100
D1.14 VDD1_UVN VDD1 undervoltage comparator 000 1101
D1.15 vVDD1_0OV VDD overvoltage comparator 000 1110
D1.16 LOCLK Loss-of-system-clock comparator 000 1111
Table 5-6. Digital MUX Selection Table — Group 2
SlENAL SIGNAL NAME DESCRIPTION C;'XIEISNII\EAI[JSRS(PE%P C’:\:-ll"AMNBNEEF\I;
NUMBER o DIAG_MUX_SEL

[6:4] —[3:01 —
D2.1 RSV Reserved, logic 0 001 0000
D2.2 SYS_CLK System clock source 001 0001
D2.3 DFT Signal reserved for production test 001 0010
D2.4 WDT_CLK Watchdog clock reference (0.55-ms period time) 001 0011
D2.5 RST_EXT_CLK Reset extension oscillator output 001 0100
D2.6 T_5US 5-us time reference 001 0101
D2.7 T_15US 15-ps time reference 001 0110
D2.8 T_40US 40-ps time reference 001 0111
D2.9 T_2MS 2-ms time reference 001 1000
D2.10 UC_ERROR/WDI External MCU ERROR/WDI input pin 001 1001
D2.11 SPI_NCS SPI chip-select input pin 001 1010
D2.12 SPI_SDI SPI slave-data input pin 001 1011
D2.13 SPI_CLK SPI clock input pin 001 1100
D2.14 SDO_RDBCK SPI slave-data output-pin readback 001 1101
D2.15 UC_ERROR/WDI Same signal as 2.10 001 1110
D2.16 NRST_EXT_IN NRES pin readback (reset to external MCU) 001 1111
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Table 5-7. Digital MUX Selection Table — Group 3

CHANNEL GROUP

CHANNEL NUMBER

NSLIJ(I?/INB'?EII? SIGNAL NAME DESCRIPTION DIAG_M'UX_SEL DIAG_M'UX_SEL
[6:4] [3:0]
D3.1 RSV Reserved, logic 0 010 0000
D3.2 DFT Signal reserved for production test 010 0001
D3.3 DFT Signal reserved for production test 010 0010
D3.4 CP_OV Charge-pump overvoltage comparator 010 0011
D3.5 CP_UVN Charge-pump undervoltage comparator 010 0100
D3.6 CP_PH1 Charge-pump switching phase 1 010 0101
D3.7 CP_PH2 Charge-pump switching phase 2 010 0110
D3.8 CP_DIFF3V Indicates VCP-VBATP >3 V 010 0111
D3.9 DFT Signal reserved for production test 010 1000
D3.10 VBAT_UVN VBAT undervoltage comparator 010 1001
D3.11 VBATP_OV VBAT overvoltage comparator 010 1010
D3.12 VDD5_OT VDDS5 overtemperature 010 1011
D3.13 VDD3_5_OT VDD3/5 overtemperature 010 1100
D3.14 VSOUT_OT VSOUT overtemperature 010 1101
D3.15 VDD5_CL VDD5 current-limit 010 1110
D3.16 VDD3_CL VDD3 current-limit 010 1111
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 0 011 0000
D4.2 VSOUT_ILIM VSOUTL1 current-limit 011 0001
D4.3 VSOUT_UVN VSOUTL1 undervoltage comparator 011 0010
D4.4 VSOUT_OV VSOUT1 overvoltage comparator 011 0011
D4.5 DVDD_UVN DVDD undervoltage comparator 011 0100
D4.6 DVvDD_OV DVDD overvoltage comparator 011 0101
D4.7 RSV Reserved 011 0110
D4.8 VS_TRK_MODE VSOUTL in track-mode indication 011 0111
D4.9 VMON_TRIM_ERR VMON trim error 011 1000
D4.10-16 | RSV Reserved 011 1001-1111
Table 5-9. Digital MUX Selection Table — Group 5
NUMBER R DIAG_MUX_SEL
e 13:0]
D5.1 RSV Reserved, logic 0 111 0000
D5.2 TI_TEST_MODE Tl production test mode indication 111 0001
D5.3 - 16 DFT Signal reserved for production test 111 0010-1111
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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:

*  MUX_CFGJ1:0] configuration must be set to 01 for DIGITAL MUX mode
* SPI NCS must be kept HIGH
» The state of SDO 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
table is selected.

5.4.1.10.1 Diagnostic MUX Output State (by MUX_OUT bhit)

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 SPI bit MUX_OUT in DIAG_CFG_CTRL register. For using
this mode, the MUX_CFG[1:0] bits must be set to 00 in DIAG_CFG_CTRL register.

5.4.1.10.2 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 11. With bits
INT_CONJ[2:0] in the DIAG_CFG_CTRL register, it can be selected which of these digital inputs is
multiplexed to the DIAG_OUT pin (see description of DIAG_CFG_CTRL register in Section 5.5.1).

5.4.1.11 Watchdog Timer (WDT)

To monitor proper function of the external MCU, the TPS65381-Q1 device includes a closed-loop digital
watchdog. This watchdog requires specific trigger messages to be passed between the MCU and the
TPS65381-Q1 device at specific timing intervals to enable operation of the safing path or external power
stages through the ENDRV pin. This function is consequently referred to as the watchdog-enabled
function. When improper MCU operation is detected, the ENDRV pin is pulled low to disable the safing
path or external power stages.

Normal MCU operation is indicated when the MCU periodically sends a watchdog trigger which is received
by the watchdog timer within a defined time window. The TPS65381-Q1 device has two different
watchdog timer configurations for the external MCU to send the watchdog trigger:

Watchdog trigger input configuration (WDTI Configuration): The MCU sends watchdog triggers by
asserting the ERROR/WDI input pin.

Question-answer configuration (Q&A configuration): The MCU sends watchdog triggers through SPI.

The WD_CFG bit (bit 5) in the safety-function configuration register (SAFETY_FUNC_CFG) controlls the
WNDT configuration. The default configuration is the WDTI configuration.

5.4.1.12 WDT Fail Counter, WDT Status, and WDT Fail Event

The watchdog function includes a watchdog fail counter which increases and decreases because of good
and bad events, respectively. When the value of the watchdog fail counter is 5 or more, the watchdog
status is out-of-range, and the watchdog-enabled function is disabled (the ENDRYV pin is low).

When the watchdog fail counter is 4 or less, the watchdog status is in-range, and the closed-loop
watchdog no longer disables the watchdog-enabled function (the ENDRV pin is high). Note that this
function can be disabled by individual control methods (through the ENABLE_DRV control bit in the
SAFETY_CHECK_CTRL register).

The watchdog fail counter operates independently of the state of the WD _RST _EN bit in the
SAFETY_FUNC_CFG register. The internal WD_RST_EN bit and watchdog status signals are ANDed
together to disable the watchdog-enabled function when the watchdog fail counter is above the count of 4
and the ENABLE_DRV control bit in the SAFETY_CHECK_CTRL register is set.
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The watchdog fail counter responds as follows:

» A good event decreases the fail counter by 1.

* A bad event increases the fail counter by 1.

» A time-out event increases the fail counter by 1 and sets the TIME_OUT flag (WDT_STATUS register,
bit 1)

The definitions of good event, bad event and time-out event are listed in the sections describing the WDTI
configuration and question and answer (Q&A) configuration.

VDDIO

4.5kQ
ENABLE_DRYV bit ENABLE_DRV ENDRYV pin
(SAFETY_CHECK_CTRL {>Q
register) y } i

Watchdog Status

WDT_FAIL_CNT >4
Watchdog | Good Event (-1) —) -
SPI bus or Trigger e Watchdog Fail
ERROR/WDTI E i DTl or Counter
i w —— Bad Event (+1) —) Watchdog Status
pin Q&A)
WDT_FAIL_CNT =7

WD_RST_EN bit WD_RST_EN Status Go to RESET state
(SAFETY_FUNC_CFG

register)

Figure 5-5. Watchdog Enable Function

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

WDT_FAIL_CNT[2:0]

WATCHDOG FAIL
COUNTER O0b000-0b100 Ob101-0b111 Ob111

Watchdog status Closed-loopis watchdog in-range. Closed loop watchdog is out-of-range. NRES pulled low

The watchdog fail counter is initialized to a count of 5 after the NRES-output pin low-to-high transition
(reboot of the MCU) when TPS65381-Q1 device enters DIAGNOSTIC state. When the TPS65381-Q1
device transitions from DIAGNOSTIC state to ACTIVE state, the watchdog fail counter reinitializes to a
count of 5.

When the watchdog fail counter reaches a count of 7, any new bad event does not change the counter
state: the counter state remains at 7. However, depending on device configuration (when the
WD_RST_EN bit in the SAFETY_FUNC_CFG register is set to 1; default state for this bit is 0), on the next
failure (7 + 1) an external reset to the MCU is asserted by pulling the NRES pin low and the
TPS65381-Q1 device enters RESET state. In RESET state, the watchdog fail counter reinitializes to 5.

5.4.1.13 WDTI Configuration With an External Trigger Input (Default Mode)

After a power-on event, the reset output at the NRES pin is kept low for the reset extension time
(externally configurable with a resistor between the RESEXT pin and ground, minimum time is 1.44 ms).
After a low-to-high transition on the NRES output pin (reboot of the MCU), the watchdog function starts
with the default CLOSE window duration, tycw- A received watchdog trigger interrupt (WDTI) within this
CLOSE window interval is interpreted as a bad event.

The OPEN window with duration tyow begins after the CLOSE window. The OPEN window lasts at
minimum until a WD interrupt is received and at maximum the programmed tyow time. A received
watchdog trigger interrupt (WDTI) within this OPEN window interval is interpreted as a good event.
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When the MCU suspends sending trigger events to the ERROR/WDI pin during the WDTI window
sequence, the watchdog considers this as no response event. This sets the TIME_OUT flag
(WDT_STATUS register, bit D1), and begins the next WDTI window sequence. This TIME_OUT flag is
useful for the MCU software to synchronize the watchdog trigger events on the required watchdog timing.
When synchronizing in this way, the MCU must not send any trigger event on the ERROR/WDI pin directly
after reboot or after reconfiguring watchdog timer, until the TIME_OUT flag is set, and the first watchdog
trigger pulse i sent in the correct timing after in the next CLOSE window or OPEN window. Note that such
a timeout event increases the watchdog fail count, and a new CLOSE window or OPEN window begins
immediately.

The watchdog OPEN window and the watchdog CLOSE window duration time, tyow and tycw, are
programmed through the SPI registers, WDT_WIN2_CFG and WDT_WIN1_CFG respectively, when the
TPS65381-Q1 device is in DIAGNOSTIC state. For the WDTI configuration which occurs as follows:
twow (WDTI) = RW[4:0] x 0.55 ms (Bits RW[4:0] are located in the SPI register, WDT_WIN2_CFG) (1)
twew (WDTI) = RT[6:0] x 0.55 ms (Bits RT[6:0] are located in the SPI register, WDT_WIN1_CFG) (2)

Writing a new watchdog OPEN window or CLOSE window time immediately begins a new WDTI Window
Sequence (starting with a CLOSE Window), and increases the watchdog fail count. As an alternative to
the TIME_OUT flag, this can be used for the MCU software to synchronize the watchdog trigger events on
the required watchdog timing.

The SPI SW_LOCK command locks a write update for the WDT _WIN1 CFG register and the
WDT_WIN2_CFG SPI register.

The watchdog function uses an internal 4-MHz (with £5% accuracy) system clock as a time reference for
creating the 0.55-ms time step. Any CLOSE window duration (tycw) update occurs during the next active
watchdog OPEN window. Any OPEN window duration (tyow) update occurs during the next watchdog
CLOSE window.

A watchdog trigger interrupt (WDTI) rising edge on the ERROR/WDI input pin, followed by watchdog
trigger interrupt (WDTI) falling edge on ERROR/WDI input pin, is considered to be a watchdog trigger
event. The watchdog trigger event is considered valid (such as a good-event) if received during a
watchdog OPEN window (WOW), and is considered invalid (such as a bad-event) if received during
watchdog CLOSE window (WCW). A valid watchdog trigger event (such as a trigger pulse in OPEN
window) closes the current OPEN window and starts the next CLOSE window. In this way, the MCU and
TPS65381-Q1 watchdog timing stay synchronized.

The ERROR/WDI input pin is deglitched with a typ puse filter time (32 us maximum), and synchronized to
internal system clock within 500 ns (with £5% accuracy). The internally generated trigger pulse (see
Figure 5-6 and Figure 5-7) is generated from the deglitched or synchronized trigger signal on the
ERROR/WDI pin. Therefore the external watchdog trigger input (WDTI) rising edge must occur no later
than 32 ps (twp_puise Maximum) before the end of the OPEN window to generate a good-event.The valid
watchdog trigger event, power-up event, or power-down event resets the watchdog window sequence.
This reset is always followed by starting a watchdog CLOSE window (WCW).
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RESET Extension

time (conf. with BIST run time
- RESEXT) -l t=twew -l t<twow o t=twew ol L<twow |
NRES Decrement Decrement
(reset to MCU) ~ WD_FAIL_CNT WD_FAIL_CNT
WD_FAIL_CNT=5 WD_FAIL_CNT=4 WD_FAIL_CNT=3
Watchdog OPEN CLOSE
Windows CLOSE WINDOW < OPEN WINDOW } CLOSE WINDOW WINDOW WINDOW
1
A A
WDTI (on WDI/ERROR pin) |
- -

WDTI Internally Generated Trigger Pulse

t > max t wo_pulse

t > max t wo_pulse

Note: max t wo_puise =32 ps

¥

=> rising edge of WDTI trigger pulse must come no
later than 32 ps before the OPEN WINDOW ends

¥

Note: external WDTI trigger pulse may start in
CLOSE WINDOW, as long as the Internal

Trigger falls inside the OPEN WINDOW

Note: When a correct watchdog trigger is received in an OPEN window, 1 system clock-cycle (250 ns, typical) later the next
CLOSE window begins. Therefore the actual length of an OPEN window depends on when the MCU sends the
correct trigger.
Figure 5-6. Possible Cases for Good Watchdog Events in WDTI Configuration
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(conf. with time (conf. with time
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WDTI Internally Generated Trigger Pulse
- Case No. 1: > Case No. 2:
Watchdog Timeout Watchdog Trigger Event
during CLOSE WINDOW
RESET
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(conf. with time WD_FAIL_CNT =7 AND
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WDTI Internally Generated Trigger Pulse WD_pulse
Case No. 3:
-« > Too short t<maxt Note: max t WD_pulse =32 ps
Case No. 2: trigger pulse WD_pulse

Watchdog Trigger Event
during CLOSE WINDOW

(1) WD_RST_EN = 0 per default

Figure 5-7. Possible Cases for Bad Watchdog Event and Timeout event in WDTI

Watchdog Timeout

Configuration
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5.4.1.14 Watchdog Question and Answer Configuration Through SPI

Setting the WD_CFG bit in the SAFETY_FUNC_REG register to 11 when the TPS65381-Q1 device is in
DIAGNOSTIC state configures the TPS65381-Q1 watchdog in question-and-answer (Q&A) mode. In Q&A
configuration, upon an MCU request, the TPS65381-Q1 device provides a token (or question) to the MCU
over SPI (latched in the WDT_TOKEN register). The MCU performs a fixed series of arithmetic operations
on the token value and returns the resulting token value answers to the ASIC over SPI (by writing to the
WDT_ANSWER register). The TPS65381-Q1 device verifies that the MCU returns the token value results
(answers) within the specified timing windows, and that the token value responses (answers) are correct.

When the MCU performs the watchdog-related SPI communications within the correct timing windows,
and returns the correctly calculated token (question) responses (answers), the watchdog considers these
good events.

NOTE
In Q&A mode, each watchdog period (such as a watchdog token-response sequence run)
starts with an OPEN window and is followed by a CLOSE window.

When the MCU performs the watchdog-related SPI communications outside of the correct timing windows,
or returns an incorrectly calculated token (question) responses (answers), or returns the correct answers
in the wrong sequence, the watchdog considers these bad events.

When the MCU suspends watchdog-related SPI communications for the duration of the watchdog time-out
window (after an elapse of the CLOSE window), the watchdog considers this as a no-response event. This
sets the TIME_OUT flag (WDT_STATUS register, bit 1) and starts a new watchdog token-response
sequence run. This TIME_OUT flag is useful for the MCU software to synchronize the watchdog trigger
events on the required watchdog timing. When synchronizing in this way, the MCU must not send any
trigger event on the ERROR/WDI pin directly after reboot or after reconfiguring the watchdog timer or after
configuring watchdog from WDTI to Q&A until this TIME_OUT flag is set. Then the watchdog starts
sending the first answer sequence in the correct order and correct timing during the next watchdog Token-
Response Sequence Run. Note that such a no-response event increases the watchdog fail count, and a
new watchdog token-response sequence run starts immediately.

5.4.1.14.1 Watchdog-Timer-Related SPI Event Definitions

 Watchdog Token Request (Question)

— The question is a 4-bit word (see Section 5.4.1.14.3).

— This event occurs when the MCU requests a read of the Watchdog Token Value SPI register (bit
TOKENTI3:0] in the WDT_TOKEN_VALUE register).

— If the SPI frame is not successfully transmitted (that is, there is a SPI fault detected), the watchdog
token request event does not occur.

— The MCU can request each new generated token at the start of the OPEN window, but this is not a
required condition for a good event. The MCU can also generate the TOKEN by mimicking the
TOKEN generation circuit as shown in Figure 5-9. Nevertheless, the valid responses (answers) are
always based on the TOKEN generated inside the TPS65381-Q1 device. So if the MCU generates
a wrong TOKEN and gives responses (answers) based on the MCU (wrong) TOKEN, a bad event
is detected in the TPS65381-Q1 device.

» Watchdog Timer Token Response (Answer)
— The response is a 32-bit word that is made up of 4 bytes (WD_TOKEN_RESP_3,
WD_TOKEN_RESP_2, WD_TOKEN_RESP_1, and WD_TOKEN_RESP_0).
— This event occurs when the MCU writes to the watchdog answer register (bit WDT_ANSW][7:0] in
the WDT_ANSWER register).
— Each watchdog token request requires four watchdog token responses (three responses during an
OPEN window and one response during a CLOSED window).
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5.4.1.14.2 Watchdog Token-Response Sequence Run

@

@

In general, each new Watchdog Token-Response Sequence Run begins by writing WD_TOKEN_RESP_0
(final answer-byte of the previous Token-Response Sequence Run). Every Token-Response Sequence
Run starts with an OPEN Window, followed by a CLOSE window. The OPEN Window and the CLOSE
window duration time tyow and tycw are programmed through the SPI registers, WDT_WIN1 _CFG and
WDT_WIN2_CFG respectively, when the TPS65381-Q1 device is in DIAGNOSTIC state. For watchdog
guestion and answer (Q&A) configuration, the duration times are programmed as follows:

twow (Q&A) = RT[6:0] x 0.55 ms (The bits RT[6:0] are located in the SPI register, WDT_WIN1_CFG) 3

twew (Q&A) = RW[4:0] x 0.55 ms (The bits RW[4:0] are located in the SPI register, WDT_WIN2_CFG) (4)

Any write access to the WDT_WIN1_CFG register or the WDT_WIN2_CFG register immediately starts a
new Watchdog Token-Response Sequence Run, and increases the watchdog fail count. As an alternative
to the TIME_OUT flag, this can be used for MCU software to synchronize the WD Token Responses on
the required watchdog timing.

The SPI SW_LOCK command locks a write update for the WDT_WIN1 _CFG register and the
WDT_WIN2_CFG SPI register.

The watchdog function uses an internal 4MHz (with £5% accuracy) system clock as a time reference for
creating the 0.55-ms time-step.

WD OPEN WINDOW WD CLOSE WINDOW
| Frogramened firough WOT_WINA_ I | Programmed through WOT_WINZ_CFG register |
| M0L56 s b 0.4 1ieS ifs 0,55 o8] ] [0.55 mes io 178 ma in 0.55-ms steps) |
r Three comect SF1 WD Token Responses must be scheduled in this interval, in the IqunaI corract SPI WD Token Response g
| comect order: | (\WD_TOKEM_RESF_0) must be scheduled in this :
| » WD_TOKEN_RESP_3 followed by I irme interval, |
| =  WD_TOKEN_RESP_2 followed by | |
| * WD_TOKEM_RESP_1 : ,
| e
| After WD_OPEN_WIN time elapsed, WD CLOSE WINDOW starls | After this final correct SPI WD Token Response, |
| - - : next TOKEN will be generaled within 1 sysiem 1
| Responses (answers) are written to WDT_ANSWER register. | clock cycle (typically 250 ns), after which next |
' | WD OPEN WINDOW (Q&A + 1) starts. |
: The SPI WD Token Response (answers) Sequence is IMPORTANT! 1 |
|
o IR TORBI T o o o o o o A g 7 o g L G T i i o P 8 o P o |
NN NN L YPPIPIES |

|
|
| SPI Token Ht—eq.1 | SP1 WD Token Sequence F{t—es;:—:)'lse-.lh‘z
|
|

|
|
=] r RO WO 'WD_TOKEN 'WD_TOREN 'WE_TOREN Wo_TOKEW |
ands | TOKEN | RESP_3 RESP 2 RESP_1 _RESP 0 I

A i ]
;

] |
1 iritial clack eycie {250 ns)
o generala navw TOKEN Tor QaA + 1

Q&A ] VQ&A [+ 1]
|
7l

|
: SINGLE WATCHDOG TOKEN-RESPONSE SEQUENCE RUN

The MCU is not required to request the TOKEN: the MCU can start when given the correct answers WD_TOKEN_RESP_3..1
anywhere within the OPEN WINDOW. The new TOKEN is always generated within 1 system clock-cycle after the final
WD_TOKEN_RESP_O0.

The MCU can put any other SPI Commands in-between the WD_TOKEN_RESPx answers (even re-requesting the TOKEN) without
any influence on the watchdog function, as long as the WD_TOKEN_RESP_3-1 are given within the OPEN Window and
WD_TOKEN_RESP_0 is given within the CLOSE Window.

Figure 5-8. WDT Token and Response Sequence Run

5.4.1.14.3 Watchdog Token Value Generation (or Watchdog Question Generation)

The TPS65381-Q1 device generates a new 4-bit token value only after valid and complete WD token
responses.

» Three correct SPI watchdog-token responses received during a watchdog open window.
» One correct SPI watchdog-token response received during a watchdog close window must follow.

50

Detailed Description Copyright © 2012-2015, 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=SLVSBC4C&partnum=TPS65381-Q1
http://www.ti.com/product/tps65381-q1?qgpn=tps65381-q1

13 TEXAS

INSTRUMENTS

www.ti.com

» In addition to the previous timing, the sequence of four responses must be correct.

The Watchdog Token Value is latched in the Watchdog Token Value SPI register and can be read at any

time.

The 4-bit question TOKEN [3:0] is generated with a 4-bit counter and a 4-bit Markov chain. The 4-bit
counter is clocked by the sequencer if the value of the given answer is correct and the answer is received
within the time window. The Markov chain is clocked by the 4-bit counter at the transition from 1111 bin
0000 bin. This includes the condition of a correct answer in value and timing. Figure 5-8 shows the logic

combination of the 4-bit questions TOKEN generation.

X1

— Bit 0

4-bit LFSR Polynomial

Equation

y=x4+x3+1

. X2
Bit 1

L ——— >

X
I
|
|
1

Bit 2

X
I
|
|
1

X3

Xa

Bit 3

L ——— >

4-bit SEED Value Loaded at Reset

(programmable through WDT_TOKEN_FDBCK [3:0] register)
(default value 0x0)

VALID WDT TOKEN ANSWER

 EEEE—
(4 valid responses returned by MCU)

CNT
WDT TOKEN
CNT

WDT TOKEN CNT[x] are
tracked in WDT_STATUS
register, bits D[7:6]

(WDT_ANSW_CNT[1:0])

- 00: CNT[0]
- 01: CNT[1]
-10: CNT[2)
-11:CNT[3]

[0] |F——

INCR + 1 &
trigger oNT 2]
Counter
CNT[3] |——

X1
X3
x2
x1

x3
x2 —|
X3 —{
x3 —|

X2
x0
x1

CNT[3] —]
CNT[2] —
CNT[3] —
CNT[3] —]

X0 —
x1 —
X0 —
X0 —f

CNT[O] —
CNT[1] —
CNT[0] —
CNT[0] —]

CNT[2] —
CNT[0] —
CNT[1] —
CNT[2] —

jz: TOKEN [0]
:)Z: TOKEN [1]
ji: TOKEN [2]
:)Z: TOKEN [3]

Feedback Settings Controllable
through WDT_TOKEN_FDBCK [7:4]
register bit settings
(default value 0x0)

Figure 5-9. Watchdog TOKEN Generation
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A Watchdog Token-Response Sequence Run starts by writing the WDT_WIN1_CFG register or the
WDT_WIN2_CFG registers, or the end of time window is not allowed to clock either the 4-bit counter or
the Markov chain, therefore no new TOKEN is generated in any of these events. The 4-bit counter and the
Markov chain are set to the singular point bO000 at reset. To leave the singular point the feedback logic
combination is implemented. The logic combination of the 4-bit counter with the Markov chain generates

the 4-bit questions is shown in Figure 5-9.
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Figure 5-10. Watchdog Token Value Response Calculation (or Watchdog Answer Calculation)
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5.4.1.14.3.1 Answer Comparison and Reference Answer

The 2-bit watchdog answer counter (the WDT_ANSW_CNT[1:0] bit in the WDT_STATUS register) counts
the number of received 4-byte answers and controls the generation of the reference value. The default
value is 11 (this corresponds to Waiting for WDT_RESP_3 hyte).

Sequence of the 2-bit counter

« WDT_ANSW_CNT[1:0] = 11:
— The WDT_ANSW_3 byte of the reference answer is applied to the comparator.
— Write access: WD_TOKEN_RESP_3 from the MCU written in the WDT_ANSWER register
— Setthe WDT_ANSW_CNT[1:0] bit to 10 and update the TOKEN_ERR flag bit.

« WDT_ANSW_CNT[1:0] = 10:
— The WDT_ANSW_2 hyte of the reference answer is applied to the comparator
— Write access: WD_TOKEN_RESP _2 from the MCU written in the WDT_ANSWER register
— Setthe WDT_ANSW_CNT[1:0] bit to 01 and update the TOKEN_ERR flag bit.

« WDT_ANSW_CNT[1:0] = 01:
— The WDT_ANSW_1 byte of the reference answer is applied to the comparator
— Write access: WD_TOKEN_RESP 1 from the MCU written in the WDT_ANSWER register
— Setthe WDT_ANSW_CNT[1:0] bit to 00 and update the TOKEN_ERR flag bit.

+ WDT_ANSW_CNT[1:0] =00
— The WDT_ANSW_0 hyte of the reference answer is applied to the comparator
— Write access: WD_TOKEN_RESP _0 from the MCU written in the WDT_ANSWER register
— Update the TOKEN_ERR flag bit

— Start a new Watchdog Token Sequence Run and reset the WDT_ANSW_CNTI[1:0] bit to 11 and the
TOKEN_ERR flag bit to 0.

Table 5-11. Set of 4-Bit WD Token Values and Corresponding 8-Bit Responses

4-BIT WDT IN WDT ANSWER (TO BE WRITTEN INTO WDT_ANSW REGISTER)
WDT_TOKEN_VALUE 8-BIT WD_TOKEN_ 8-BIT WD_TOKEN_ 8-BIT WD_TOKEN_ 8-BIT WD_TOKEN_
REGISTER RESP_3 RESP_2 RESP_1 RESP_0
TOKEN [3:0] WDT_ANSW_CNT WDT_ANSW_CNT WDT_ANSW_CNT WDT_ANSW_CNT
[1:0] = 11 [1:0] = 10 [1:0] = 01 [1:0] = 00
0x0 FF OF FO 00
ox1 BO 40 BF 4F
0x2 E9 19 E6 16
0x3 A6 56 A9 59
0x4 75 85 7A 8A
0x5 3A CA 35 c5
0x6 63 93 6C 9C
ox7 2C DC 23 D3
0x8 D2 22 DD 2D
0x9 9D 6D 92 62
OXA ca 34 CB 3B
0xB 8B 7B 84 74
0xC 58 A8 57 A7
0xD 17 E7 18 E8
OXE 4E BE 41 B1
OXF 01 F1 OE FE
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5.4.1.14.4 Watchdog Token-Response Sequence Run and WDT_STATUS Register Updates

If the answer was correct in value (TOKEN_ERR = 0) and Timing:

— The watchdog fail counter decreases by one

— The 2-bit watchdog answer counter (WDT_ANSW_CNT) increases by one

— The SEQ_ERR bit resets

— The TOKEN_EARLY bit resets

If the answer was correct in value (TOKEN_ERR = 0) but not in Timing:

— The watchdog fail counter increases by one

— The 2-bit watchdog answer counter (WDT_ANSW_CNT) has no change

— The SEQ_ERR bit is set

— The TOKEN_EARLY bit is set

If the answer was not correct in value (TOKEN_ERR = 1) but Timing was correct:

— The watchdog fail counter increases by one

— The 2-bit watchdog answer counter (WDT_ANSW_CNT) has no change

— The SEQ_ERR bit is set

— The TOKEN_EARLY bit is reset

If the answer was not correct in value (TOKEN_ERR = 1) and Timing was not correct:
— The watchdog fail counter increases by one

— The 2-bit watchdog answer counter (WDT_ANSW_CNT) has no change

— The SEQ_ERR bit is set

— The TOKEN_EARLY bit is set

If the Watchdog Token-Response Sequence Run is started by a no-response event (such as a timeout
event):

The watchdog fail counter increases by one

The value of the 2-bit watchdog answer counter (WDT_ANSW_CNT) has no change
The TIME_OUT bit is set

f Watchdog Token-Response Sequence Run is started by updating Watchdog OPEN or CLOSE
window duration:

— The watchdog fail counter increases by one
— The WD_CFG_CHG bit is set

Table 5-12. WDT_STATUS Bits Versus Possible Token-Response-Sequence Run Events

WATCHDOG TOKEN-RESPONSE SEQUENCE RUN EVENTS WDT_STATUS REGISTER BITS
MCU Last
All MCU Answer Byte MCU Last Answer | Timeout Occurred | Watchdog OPEN
Answer Arrived During Byte Arrived During | While Waiting for | or CLOSE Window | WD_CFG SEQ_ERR | TIME_OUT TOKEN_EA
Bytes Watchdog Watchdog OPEN Complete MCU Duration _CHG = = RLY
Correct? CLOSE Window Window Interval Answer? Changed?
interval?
Yes Yes No No No 0 0 0 0
Yes No Yes No No 0 1 0 1
No Yes No No No 0 1 0 0
No No Yes No No 0 1 0 1
Yes Yes No 0 0 1 0
No Yes No 0 1 1 0
Yes 1 0 0 0
Copyright © 2012-2015, Texas Instruments Incorporated Detailed Description 55

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=SLVSBC4C&partnum=TPS65381-Q1
http://www.ti.com/product/tps65381-q1?qgpn=tps65381-q1

I} TEXAS
TPS65381-Q1 INSTRUMENTS

SLVSBC4C —MAY 2012—-REVISED MARCH 2015 www.ti.com

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

5.4.1.15 MCU Error Signal Monitor (MCU ESM)

This block monitors the external-MCU error conditions signaled over the ERROR/WDI input pin. This block
is configurable to monitor two different signaling options:

e Detecting a low-pulse signal with programmable low-pulse duration threshold (TMS570 mode, see
Section 5.4.1.15.1)

» Detecting the PWM signal with programmable frequency and duty cycle (PWM mode, see
Section 5.4.1.15.2) @

The error-signal monitor is deactivated by default, and activates by setting bit NO_ERROR to 0 in the
SAFETY_CHECK_CTRL SPI register. Note that activating the error-signal monitor is only recommended
when the watchdog is configured in question-answer (Q&A) mode, otherwise the ERROR/WDI pin is used
both for watchdog trigger input and MCU error signaling.

The operating mode is controlled through the ERROR_CFG bit in the SAFETY_FUNC_CFG register. 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, and expected PWM high-pulse duration (for
PWM mode) is set through the SAFETY_ERR_PWM_H register.

A detected MCU signaling error is stored in bit ERROR_PIN_FAIL in the SAFETY_ERR_STAT SPI
register. When the TPS65381-Q1 device is in DIAGNOSTIC state, the MCU emulates 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. When the TPS65381-Q1 device is in ACTIVE state, a detected MCU signaling
error leads to a transfer into SAFE state, and a dedicated 4-bit error counter (bits DEV_ERR_CNT[3:0] in
the SAFETY_ERROR_STAT SPI register) counts the transitions from ACTIVE state to SAFE state.

For both error-signal monitor operating-modes, the ERROR/WDI input pin is deglitched with a 15-us (with
+ 5% accuracy) filter time, and synchronized to internal system clock within 500 ns (with + 5% accuracy).
The deglitched and synchronized ERROR/WDI signal is monitored.

The module is covered by a logic BIST and is activated at a device power-up event or by the external
MCU when the device is in the DIAGNOSTIC or ACTIVE state.

5.4.1.15.1 TMS570 Mode

An error condition is detected when the ERROR/WDI pin remains low for a programmed amount of time
set by the SAFETY_ERR_PWM_L register. The programmable time range is 5 ps to 1.28 ms, with 5-us
steps.

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. Figure 5-11 shows the error-detection case scenarios.

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

* When NO_ERROR = 0, every falling edge of the deglitched or synchronized ERROR/WDI signal
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%).

» The low-pulse duration counter increases every 5 ps (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 SAFETY_ERR_PWM L register setting, the ERROR/WDI
pin signaling failure is detected.

The ERROR_PIN_FAIL bit in the SAFETY_ERR_STAT SPI register is set within one system clock cycle
(250 ns = 5%) after detecting an MCU signaling error. When the device is in ACTIVE state, a transition to
SAFE state occurs after one more system clock-cycle.

(1) PWM mode can be used as an external clock-monitor function.
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MCU ERROR pin_ MCU issues ERROR pin reset request when recovers
reset request from detected failure or after correcting detected failure
\
TMS570
ERROR
pin
TPS65381 Case No. 1:
IIEnterr;a_lll Error Error event occurred, but MCU
vent Trigger recovered from it or corrected the
failure in allowed time interval by
sending ERROR pin reset request
TPS65381
Device ACTIVE
State
Allowed MCU Response
time to ERROR Event
&
TMS570
ERROR Case No. 2:
pin Error event occurred, but MCU
did NOT recover and/or was not able to
correct the problem in allowed time
\ | interval
4 “J > ot
0o ¥ | y
| r
Low-Pulse Counter | ERROR Pin Low Duration Threshold Setting
Started \ TtH_Low_Tmss7o = (PWML [7:0] + 1) x 5 ps
TPS65381 \
Internal Error 4
Event Trigger

TPS65381
Device ACTIVE SAFE
State
The maximum allowed MCU response time is set by the SAFETY_ERR_PWM_L register settings.
Figure 5-11. Error-Detection Case Scenarios for the TMS570 MCU

54.1.15.2 PWM Mode

The TPS65381-Q1 device detects an MCU signaling error on the ERROR/WDI pin if the following occurs:
 The ERROR/WDI pin high-pulse duration exceeds the threshold value programmed by the PWM_H
register
OR

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

The TPS65381-Q1 device does NOT detect an MCU signaling error on the ERROR/WDI pin if the
following occurs:

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

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 5 ps to 1.28 ms, with 5-
Us resolution steps.

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

Low-Phase Monitoring:

Every falling edge of the deglitched and synchronized ERROR/WDI signal, or setting the NO_ERROR
bit from 1 to 0 when the ERROR/WDI pin is low, re-initializes the low-pulse duration counter to 0 within
one system clock-cycle (250 ns * 5%).

After reinitialization, the low-pulse counter re-starts after one system clock-cycle (250 ns + 5%).
The low-pulse duration counter increases every 15 us (with + 5% accuracy)

When the low-pulse duration counter is equal to the SAFETY_ERR_PWM_L register setting, ERROR-
pin signaling failure is detected

High-Phase Monitoring:

Every rising edge of the deglitched and synchronized ERROR/WDI signal, or setting the NO_ERROR
bit from 1 to 0 when the ERROR/WDI pin is high, reinitializes the high-pulse duration counter to 0
within one system clock-cycle (250 ns + 5%).

After reinitialization, the high-pulse counter re-starts after one system clock-cycle (250 ns + 5%).
The high-pulse duration counter increases every 15 us (with + 5% accuracy)

When high-pulse duration counter is equal SAFETY_ERR_PWM_H register setting, error pin signaling
failure 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 ACTIVE state, a transition to SAFE
state occurs after one more system clock-cycle.
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Set by Set by
SAFETY_PWM_ERR_H Register SAFETY_PWM_ERR_H Register
Tri mien = (PWMH [7:0] + 1) x 15 ps Tr_rin = (PWMH [7:0] + 1) x 15 ps
Set by | Set by |
AFETY_PWM_ERR_L Registe ' AFETY_PWM_ERR_L Registel !
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MCU - Counter Stopped, | al Counter Stopped, I A,
ERROR Counter staned o e
signal —
ow-Pulse
"""" D— Counter Stopped, Low-Pulse Counter Low-Pulse Counter
High-Pulse Stopped, High-Pulse tv._| Stopped, High-Pulse
Counter started Counter started 1 Counter started
tPwm_HIGH - tpwm_Low o tPwMm_HIGH trwm_Low
TPS65381
Internal Error
Event Trigger
TPS65381
Device ACTIVE
State
Case No. 1:
MCU sends PWM Error signal in correct timing
Set by i
SAFETY_PWM_ERR_H Register |
Trr_mien = (PWMH [7:0] + 1) x 15 ps |
MCcu
ERROR
signal |
------- — Low-Pulse Counter [
Stopped, High-Pulse ‘
Counter started {
\ >
tPwM_HIGH
TPS65381
Internal Error ‘/
Event Trigger /
TPS65381
Device ACTIVE SAFE
State
Case No. 2:
MCU PWM Error signal High-Pulse duration exceeds value programmed by
SAFETY_PWM_ERR_H register
Set by
SAFETY_PWM_ERR_H Register
Tr_rin = (PWMH [7:0] + 1) x 15 ps
Set by
AFETY_PWM_ERR_L Register
Ty ow = (PWML [7:0] + 1) x 15 ps
- High-Pulse Counts
MCU N Stopped, Low-Puise
ERROR Counter started
Slgnal Low-Pulse
"""" e Counter Stopped
High-Pulse /
Counter started |
- {
tPwM_HIGH - tPwm_Low \ o
TPS65381 AN
Internal Error ‘
Event Trigger /
TPS65381 N
Device ACTIVE k SAFE
State
Case No. 3:
MCU PWM Error signal Low-Pulse duration exceeds value programmed by
SAFETY_PWM_ERR_L register
Figure 5-12. ERROR Pin Monitor — PWM Mode
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5.4.1.16 Device Configuration Register Protection

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

e 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 an SPI write updates to verify the SPI register contents are correctly
programmed. The CRC controller is a diagnostic module which performs CRC to verify the integrity of the
SPIl-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_CTL 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, a flag called CFG_CRC_ERR is set in SPI register in the
SAFETY_STAT 2 register. The device state and the ENDRV pin state remain unchanged. In case of a
detected checksum error with the TPS65381-Q1 device in DIAGNOSTIC state, clearing bit CFG_CRC_EN
to 0 brings the TPS65381-Q1 device into SAFE state (the ENDRYV 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:
e SAFETY_FUNC_CFG

e DEV_REV

e SAFETY_PWD_THR_CFG

e SAFETY_ERR_CFG

e WDT_TOKEN_FDBCK

e WDT_WIN2_CFG

e WDT_WIN1_CFG

e SAFETY_ERR_PWM_L

e DEV_CFG2

e« 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]
WDT_TOKEN_FDBCK [7:0] [36:29]
WDT_WIN2_CFG [4:0] [28:24]
WDT_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 done 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 OxFF. The CRC result of the 8th 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 0

flip flop preload value
_—— (seed value)

V/ byte 0, byte 1, byte 2, byte 3, byte 4, byte 5, byte 6, byte 7

flipflop flipflop flipflop flipflop flipflop flipflop flipflop flipflop

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

0x0000 0000 0000 0000 0xDB
OxFFFF FFFF FFFF FFFF 0x0C

0x0AOA 0505 0AOA 0505 0xD4

0x0505 0OAOA 0505 OAOA 0x17

0xAOAOQ 5050 AOAO 5050 0x2B

0x0A23 EO00 18FE 7B80 0x1B
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In case the CRC controller detects a signature error on the configuration registers, care must be taken
when performing an EEPROM CRC check 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_CTL register is set to O first before performing the EEPROM CRC check 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 check after a CRC check on the configuration
registers, the steps must always occur in the following order:

1. Calculate CRC8 in the MCU and store in the SAFETY_CFG_CRC register.

2. Setthe CFG_CRC_EN bit in the SAFETY_CHECK_CTL register to 1 to perform a CRC Check on
configuration registers.

3. After the SPI command sets the CFG_CRC_EN bit to 1 (for example: after rising edge on NCS), wait
at least 2.1 ps for the configuration register to complete the CRC check.

4. Read the results of configuration register CRC check in the SAFETY_STAT_2 register, bit
CFG_CRC_ERR. If continuous CRC check on the configuration register must be performed, clear the
CFG_CRC_EN bit in the SAFETY_CHECK_CTL register to 0 and repeat beginning with Step 1.

If the CRC check on EEPROM registers must be performed, proceed to Step 5.

NOTE
A correct EEPROM CRC check afterwards (as described in Step 5) clears this
CFG_CRC_ERR bit. Therefore, Tl recommends to read out this CFG_CRC_ERR bit before
performing the EEPROM CRC check.

5. Setthe EE_CRC_CHK bit in the SAFETY_BIST_CTRL register to 1 to perform the CRC Check on
EEPROM registers.

6. 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 check to finish.

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

8. Clear the CFG_CRC_EN bit in the SAFETY_CHECK_CTL register to 0
9. Read the results of the EEPROM CRC check 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.
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5.4.1.17 Enable and Reset Driver Circuit

Figure 5-14 shows the Enable and reset circuit.

ABBREVIATIONS:
NPOR — Power-on Reset (active LOW)
VBATP_UV — Battery Supply Under-Voltage

VBATP_OV — Battery Supply Over-Voltage

LOCLK — Loss-of-Clock

Stored in SPI register
SAFETY_STAT_3, bit D5

To DIAG_OUT through DMUX

A

VDD3/5_OT — VDD3/5 Over-Temperature VDD5_OT
VDD3/5_UV — VDD3/5 Under-Voltage EN_VDD5_OT
VDD3/5_0V — VDD3/5 Over-Voltage (DEV_CFG2, bit D6)
VDD5_OT — VDD5 Over-Temperature veblo
VDD5_UV — VDD5 Under-Voltage VDD3/5 UV
VDD5_OV — VDDS5 Over-Voltage -
VDD1_UV — VDD1 Under-Voltage VDD1 UV Zi 4.5 kQ
VDD1_OV - VDD1 Over-Voltage NMASK VDD1 OV
WD_FAIL_CNT - Watchdog Failure Counter (DEV_CF_Gl, bit_DG) I —‘E NRES
NRES — External MCU Reset (active LOW)
ENDRV — Enable Drive, for enabling Power VBATP_UV 74{
Stages / Safing path (active HIGH) NPOR
BIST_ACTIVE - Analog/Logic BIST Active
LOCLK =1
RESET State

WD_FAIL_ CNT=7+1

STANDBY State
WD_RST_EN
(SAFETY_FUNC_CFG, bit D3)

VBATP_OV | VDDIO
MASK_VBATP_OV 4‘><}
(DEV_CFG2, bit D5)

4.5 kQ

VDD5_0OV
ENDRV
VDD1_OV N VDD3/5_0V 4@
\
NMASK_VDD1_OV J \
(DEV_CFG1, bit D6) WD—”;—EE;:? =1
ate

E

BIST_ACTIVE (ACTIVE State or DIAGNOSTIC State)
STANDBY State

ENABLE_DRV {>Q
(SAFETY_CHECK_CTRL, bit D5) E )?

Stored in SPI register
SAFETY_STAT_4, bit D1

Figure 5-14. Reset and Enable Circuit

The ENDRV pin features a read-back circuit to compare the external ENDRYV 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 SPI register SAFETY_STAT_4, bit 1.

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 ENDDRYV output and confirm ENDRYV output is controllable by
utilizing ENDRYV read-back path.

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

For both the ENDRV therminal and the NRES pin, the logic readback-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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VDD3/5 or VDD1
undervoltage
condition

NRES

ENDRV

VDDS5, VDD3/5
or VDD1
overvoltage
condition

NRES

ENDRV

hysteresis

tL
[ S—

t1 < Signal De-Glitch Time

<

required signal |

de-glitch time

2

—
t2 > Signal De-Glitch Time

required signal
de-glitch time

<€

After WD_FAIL_CNT<5
NRES extension ! and ENABLE_DRYV bit set

\/_

Active State or Diagnostic State

Reset State

Diagnostic State

hysteresis \

tl
D e

1 < Signal De-Glitch Time

required signal

<

de-glitch time~ !

2

required signal

t2 > Signal De-Glitch Time

de-glitch time

e N

When WD_FAIL_CNT<5 and ENABLE_DRYV bit set

(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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5.4.1.18 Device Controller State Diagram

1 TO SUPPORT MCU SOFTWARE DEBUG:

ABBREVIATIONS:

NPOR - Power-on Reset (active LOW)
VBATP_UV — Battery Supply Under-Voltage
VBATP_OV - Battery Supply Over-Voltage
IGN — Deglitched Ignition

IGN_PWRL - Ignition Power Latch control bit

i_ Global RESET Conditions 1
Regardless of Device current state |
except STANDBY state |

DIAGNOSTIC state time-out can be disabled for device to remain in |
DIAGNOSTIC state (by setting DIAG_EXIT_MASK bit in
SAFETY_CHECK_CTRL register)

SAFE state time-out can be disabled for device to remain in SAFE
state (by setting NO_SAFE_TO bit in SAFETY_FUNC_CFG
register)

Disable ERROR Terminal Failure detection by setting NO_ERROR

In DIAGNOSTIC state MCU can perform diagnostic of any safety function (ABIST /
LBIST, ERROR/WDI pin, Watchdog, ...)®
@ diagnostics controlled through SAFETY_BIST_CTRL register

NRES=HIGH
State of ENDRYV pin depends on WD_FAIL_CNT, ENABLE_DRYV bit and VDDx_OV
=> during ABIST/LBIST= ENDRV=LOW

CANWU_L — Latched CAN Wakeup
LOCLK - Loss-of-Clock
VDD3/5_OT - VDD3/5 Over-Temperature

= 7 VDD3/5_ UV or ™~

- — —
VDD3/5_UV — VDD3/5 Under-Voltage v xggé_g}/ or NRES = 1* = =
VDD3/5_0V - VDD3/5 Over-Voltage / _OT or * all regulators > UV threshold Ve -
VDD5_OT — VDD5 Over-Temperature [ (VBAT_OV & not MASK_VBATP_OV) or and &6, 1, Before transition from DIAGNOSTIC to ACTIVE state, MCU must
VDD5_UV — VDD5 Under-Voltage (WD_FAIL_CNT=7 & WD_RST_EN=1) ) reset extension completed ’oo OO clear WD_FAIL and ERROR_PIN_FAIL flags to 0 (in

» = R SAFETY_ERR_STAT register) in order not to end-up in SAFE-
VDD5_OV - VDDS5 Over-Voltage or POST_RUN_RST =1 & % Sy _ERR_ gister) p

VDD1_UV - VDD1 Under-Voltage
VDD1_OV - VDD1 Over-Voltage
DEV_ERR_CNT - Device Error Counter
WD_FAIL_CNT — Watchdog Failure Counter
NRES - External MCU Reset (active LOW)
ENDRYV - Enable Drive, for enabling Power-Stages /

\IGN_PWRL =1 &re-cranking on IGN /
7

~

- -

- -5
- = PRIO Il

bit in SAFETY_CHECK_CTL register (set to 1 per default)
Disable Watchdog Reset by clearing WD_RST_EN bit in
SAFETY_FUNC_CFG register (set to 0 per default)

STATE

WD_FAIL_CNT is initialized to 5 after transition to RESET state,
and remains 5 when entering DIAGNOSTIC state

During transition from DIAGNOSTIC to ACTIVE state,
WD_FAIL_CNT is reinitialized to 5

When WD_FAIL_CNT reaches 7, WD_FAIL flag is set to 1

Safing path (active HIGH) In RESET State: “’30 4’/_&,& WD_FAIL_CNT bits are located in SAFETY_STAT2 register |
CBIST AL _Logic BIST Faiare - In STANDBY State: > NRES=LOW, ENDRV=LOW® % In ACTIVE state
_ — Logic allure NRES=LOW, ENDRV=LOW ? SPlis in reset state 2 NRES = HIGH

VVVY

CANWU_L =1 or

Watchdog is in reset state
ERROR pin Monitor is in reset state
ABIST/LBIST run is triggered

State of ENDRV terminal depends on WD_FAIL_CNT,
ENABLE_DRV bit and VDDx_OV

IGN=1

—-——= ok NOTE: PWD_THR setby  pRio |

" In DIAGNOSTIC and ACTIVE state, Power Stages / Safing Path can |
be enabled by asserting ENDRV = 1 only if:
> WD function is running, and

v

It is recommended to run these Diagnostic checks on every

|
|
| > MCU decreased WD_FAIL_CNT below 5, and |
(DEV_ERR_CNT # | > MCUsets the ENABLE DRV bit DS in SAFETY_CHECK CTRL |
SAFE_LOCK_THR+1)AND __ __ __ __ __ __ __ | register, and B |
Aome o < Programmable SAFE State N AT 10T 1am 1 | > VDD5_OV=0and VDDY/5 OV =0and (VDD OV & |
e VBATP UV or \ Time-Out Expired **** | DEV_ERR_CNT = SAFE_LOCK_THR + 1 1 - — o ___ -
/ IGN =0 & IGN PWRL=0 & *x NOTE: Programmable == == == w=— = —— —— —_—————— - -
(IeN= Ll = ) Time-Out set by / AN | DIAGNOSTIC checks in ACTIVE State: |
\  CANWULL)=0or SAFETY_ERR_CFG register \ & | >  Diagnostic checks (ABIST / LBIST, ERROR pin, Watchdog, |
LOCLK or Py / Q\O | Clock check, ...) can be run in ACTIVE state (taking ~21 ms) —
NER=Eton - DEV_ERR_CNT = PWD_THR *+ PRIO II < | DEPENDING ON SYSTEM SAFETY REQUIREMENTS :
- =
' |

SAFETY_PWD_THR_CFG register

PRIO I/ 11/ 11l give the priority of the
state transitions. The lower the priority
number, the higher the priority. State
transitions without priority number

Global SAFE Conditions _i

have the lower priority Regardless of Device current state | | | gisT FalL In SAFE state NRES_ERR is bit D5 in SAFETY_STAT_3 register
except STANDBY and SAFE states _| \ - 4 NRES= HIGH DIS_NRES_MON is bit D2 in SAFETY_FUNC_CFG register
ittt No__ -~ ENDRV = LOW®

@ state Power-Stages / Safing Path are disabled

/
ABIST_FAIL or \

power-up in the DIAGNOSTIC state.

______________________ 1
| ¥ During Transition from DIAGNOSTIC/ACTIVE to SAFE State |
| DEV_ERR_CNT is incremented (and latched in

| SAFETY_ERR_STAT register) |

- ERROR_PIN_FAIL is bit D5 in SAFETY_ERR_STAT register

I
| NO_SAFE_TO is bit D7 in SAFETY_FUNC_CFG register.
| SAFE_LOCK_THR [3:0] are bits D[4:1] in SAFETY_ERR_CFG register.

SAFE_TO [2:0] are bits D[7:5] in SAFETY_ERR_CFG register
| DEV_ERR_CNT [3:0] are bits D[3:0] in SAFETY_ERR_STAT register
| When NO_SAFE_TO bit is set to 1 (default state)

- While DEV_ERR_CNT < SAFE_LOCK_THR + 1 time-delay transition from SAFE-to-RESET state is
| controlled through SAFE_TO [2:0] bit settings. Time-delay duration is calculated

ABIST / LBIST NOTE:

- BIST is triggered automatically in RESET state

- BIST and Diagnostics can be started by external MCU in DIAGNOSTIC state

- When entering RESET state from SAFE state automatic LBIST/ABIST restart can be
disabled by setting bit 5 in SAFETY_BIST_CTRL register.

(SAFE_TO[2:0] x 2+ 1) x 22 ms
| - Device will remain locked in SAFE state when DEV_ERR_CNT reaches SAFE_LOCK_THR + 1 value.

| When NO_SAFE_TO bitis setto 0 and WD_RST_EN =0

| - While DEV_ERR_CNT < SAFE_LOCK_THR + 1 time-delay transition from SAFE-to-RESET state is
controlled through SAFE_TO [2:0] bit settings. Time-delay duration is calculated

| (SAFE_TO[2:0] x 2 +1) x 22 ms

Figure 5-

16. Device Controller State Diagram
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5.4.1.19 STANDBY State

This state is the default state at power up.

All regulators are disabled, ENDRYV is disabled, and NRES to the external MCU is driven low.

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

— VBATP undervoltage event

— Deglitched IGN = 0 and IGN_PWRL = 0 (cleared IGN power-latch control bit) and CANWU_ L =0
— VDD3/5 overtemperature event

— Loss-of-clock detection

— The error count reached the programmed power-down threshold

— Internal NPOR (power-on reset)

5.4.1.20 RESET State

Enters from the STANDBY state after an IGN or CANWU event
— In this case, the VDDx regulators are ramping up.

Enters from the SAFE state after a reset delay time-out expires when the device error count is below
the programmed SAFE_LOCK_THR + 1

The device transitions to the RESET state from any other state because of the following:
— VDD3/5 undervoltage event

— VDD1 undervoltage event

— VBATP overvoltage event

— Watchdog reset. A watchdog reset occurs after the watchdog fail counter has reached a value of 7
and another bad event occurs (7+1)
(which sets the WD_FAIL flag) when WDT_RST_EN =1

— VDDS5 overtemperature event

In all transitions to RESET state (except when coming from STANDBY state), the VDDx regulator stays
on, but the VSOUT1 regulator is disabled. The NRES and ENDRYV pins are low in RESET state.

5.4.1.21 DIAGNOSTIC State

Enters from the RESET state after all regulators are ramped-up and the MCU reset (NRES pin)
extension is completed and the NRES pin is pulled up

VSOUT1 regulator is disabled per default, can be enabled and disabled through SPI

Watchdog and ERROR/WDI pin monitoring functions can be configured and operated. Emulated
MCU_ERROR on the ERROR/WDI pin does not cause a transition to the SAFE state

Upon entry of DIAGNOSTIC state, watchdog failure counter is initialized to 5.

State of the ENDRV pin is determined by the watchdog fail count value, VDDx_OV, and the
ENABLE_DRYV bit

This state performs all device self-tests and diagnostics by the MCU (failures are induced to emulate
internal failures and confirm detection).

NOTE

If the DIAG_EXIT_MASK or DIAG_EXIT bit is not set to 1 within 600 ms, the DIAGNOSTIC
state time-out interval expires, causing a transition to the SAFE state (both the ERROR_PIN
failure and WDT failure status bits are set to 1 in the SAFETY_ERR_STATUS register, and
the error count is incremented). When setting the DIAG_EXIT_MASK bit to 1 (only
recommended for software debug), the device stays in the DIAGNOSTIC state until the
DIAG_EXIT bit is set. Setting the DIAG_EXIT bit to 1 causes a controlled transition to the
ACTIVE state.
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54.1.22

54.1.23

54.1.24

ACTIVE State

Enters from the DIAGNOSTIC state after the MCU sets the DIAG_EXIT bit in the
SAFETY_CHECK_CTRL register

NOTE
While in DIAGNOSTIC state, the MCU must clear the ERROR_PIN_FAIL bit and the
WD_FAIL bit in the SAFETY_ERR_STAT register before setting the DIAG_EXIT bit.
Otherwise, a transition to SAFE state occurs

Watchdog and ERROR/WDI pin monitoring functions are operated as configured but cannot be
reconfigured.

Upon entry to the ACTIVE state, the watchdog failure counter reinitializes to 5.

The VDDx regulators are up and running, and the VSOUT1 regulator maintains the same state as
configured in DIAGNOSTIC state

The NRES pin is pulled up, and the state of the ENDRYV pin is determined by the watchdog fail count
value, VDDx_OV, and ENABLE_DRYV bit.

SAFE State

Enters from the ACTIVE state after an ERROR/WDI pin.

Enters from the ACTIVE state after detected read-back error on NRES pin (bit NRES_ERR in
SAFETY_STAT 3 register) when bit DIS_NRES _MON=0 (1 in default state) in SAFETY_FUNC_CFG
register.

Enters from the DIAGNOSTIC state after a 600 ms time-out event expires when the
DIAG_EXIT_MASK is not set to 1.

— Uncontrolled transition in case of error in MCU which sets the ERROR_PIN_FAIL and WD_FAIL
status bits in the SAFETY_ERR_STATUS register and causes transition to the SAFE state and
Device Error Count is incremented.

Enters from RESET, DIAGNOSTIC, or ACTIVE state after ABIST or LBIST failure.
Every transition to the SAFE state increments the error count.

Stays in SAFE state when NO_SAFE_TO = 1 (default state) and DEV_ERR_CNT =
SAFE_LOCK_THR + 1 which allows programming the MCU without triggering a reset.

NRES is pulled high, but the ENDRV pin is kept low regardless of the watchdog fail count value,
VDDx_OV and ENABLE_DRYV bit.

VDDx regulators are up and running, and the VSOUT1 regulator maintains the same state as
configured in ACTIVE state.

State Transition Priorities

For all global or possible double-state transitions, the following priorities hold true:

1.
2.
3.

All conditions for STANDBY state transition
All conditions for RESET state transition
All conditions for SAFE state transition

All other state transitions have a lower priority compared to any of the state transitions previously listed.
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5.5 Register Maps

5.5.1 SPI Interface

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

* SPlis a 4-pin interface.
— NCS—SPI chip select (active-low)
SCLK—SPI clock
SDI—SPI slave-in / master-out (SIMO)
— SDO—SPI slave-out / master-in (SOMI, three-state output)
* 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 NCS rising edge. The NCS high
level keeps the SPI slave interface in the reset state, and the SDO output is tri-stated.

5.,5.1.1 SPI Command Transfer Phase

Table 5-15 lists the SPI command-transfer frame during a command or read access.

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
CMD[6:0] Register WR or RD command
PARITY Parity bit for 7-bit command filed

The SPI Interface does not support back-to-back SPI frame operation. After each SPI command or read
access, the NCS pin must go from low to high before the next SPI transfer can start. The minimum time
(thics) 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 lists the SPI data-transfer frame format during a write access:

Table 5-16. SPI Data-Transfer Phase

BIT D7 D6 D5 D4 D3 D2 D1 DO
FUNCTION DATA7 DATA6 DATAS DATA4 DATA3 DATA2 DATAl1 DATAO
DATA[7:0] Data value for write access (8-bit)

The SPI interface 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,cs) between two
SPI commands during which the NCS pin must remain high is 788 ns.
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5.5.1.3 Device Status Flag Byte Response

Table 5-17 lists the SPI data status response frame format during a command, read access, or write
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[1] STAT[0]
e STAT[7]: 1
e STAT[6]: 0
e STAT[5]: 1
e STAT[4]: 0
e STATI[3]: SPI WR access (during previous SPI frame-command phase)
e STATI[2]: SPI SDO error (during previous SPI frame)
e STAT[1]: 0
e STATIO]: Invalid SPI transfer

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 SPI Read access.

5.5.1.4 Device SPI Data Response

Table 5-18 lists the device SPI data-response frame format during a 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
e R[7:0] Internal register value. All unused bits are set to zero.

5.5.1.5 SPI Frame Overview

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

| 1 2 2 4 5 6 7 8 9 10 11 12 13 14 15 16

NCS

SDI cMb6 X cMD5 X cMD4 X cMD3 X cMD2 X cMD1 X cMD0 XPARITYX DATA7 )X DATAG X DATAS Y DATA4 X DATA3 X DATA2 X DATAL X DATAQ :-<<>—
S—

SDO STAT7 XX STAT6 X STAT5 X STAT4 X STAT3 X STAT2 X STAT1 X STATO R7 R6 RS R4 R3 R2 R1 RO

8 - bit SPI Command Phase

3 . - e 8-hi S
with Status Response from Previous Command Sl oLl Pk

16-bit SPI Frame

SPI Master (MCU) and SPI Slave (TPS65381) sample received data on the falling SCLK edge and transmit on the
rising SCLK edge.

Figure 5-17. 16-Bit SPI Frame
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5.5.2 Device SPI Mapped Response

The following tables list the available SPI registers. For each SPI register, the bit names are given along
with the default values (values after internal logic reset). These default values apply after each wake-up
from IGN or CANWU. The following tables also list an explanation of each bit function.

5.5.2.1 Device Revision and ID

5.5.2.1.1 DEV_REV Register
Read command: RD_DEV_REV

DATA INFORMATION
D7 D6 D5 D4 D3 D2 D1 DO
REV[7] REV[6] REV[5] REV[4] REV[3] REV[2] REV[1] REV[0]
0 0 1 1 0 0 0 0
D[7:0] REV[7:0]: Device Revision
— REV[3:0]: Device minor revision
— REV[7:4]: Device major revision
5.5.2.1.2 DEV_ID Register
Read command: RD_DEV_ID
DATA INFORMATION
D7 D6 D5 D4 D3 D2 D1 DO
ID[7] ID[6] ID[5] ID[4] ID[3] ID[2] ID[1] ID[0]
0 0 0 0 0 0 0 1
5.5.2.2 Device Status
5.5.2.2.1 DEV_STATE Register
Read command: RD_DEV_STAT
DATA INFORMATION
D7 D6 D5 D4 D3 D2 D1 DO
RSV RSV RSV RSV RSV RSV CANWU_L IGN
0 0 0 0 0 0 X X
D[7:2] RSV

D[1] CANWU_L: Latched CAN wake-up event
— The reset value depends on whether a device wake-up event occurred through the CANWU or IGN pin. When a device
wake-up occurred through a CANWU, only WR_CAN_STBY command, or any other global Standby condition, this bit can
clearto 0
D[0] IGN: Deglitched IGN pin (7.5-ms to 22-ms deglitch time)
— The reset value depends on whether a device wake-up event occurred 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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5.5.2.3 Device Configuration

5.5.2.3.1 DEV_CFG1 Register

Read command: RD_DEV_CFG1

Write command: WR_DEV_CFG1

DATA INFORMATION

D7

D6 D5 D4 D3 D2

D1

DO

VvDD_3_5 SEL

NMASK_VDD1_UV_ RSV RSV RSV RSV

ov

RSV

RSV

X

0 0 0 0 0

D[7]

D[6]

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 0:5-V setting (pin SEL_VDD3/5 to ground)
e 1:3.3-V setting (pin SEL_VDD3/5 not connected)
e Value in RESET state depends on state of SEL_VDD3/5 pin at first power up
— This bit is READ-ONLY
(NOTE: Same as SAFETY_FUNC_CFG bit D0)

NMASK_VDD1_UV_OV

D[5:0]

— Set to 0 per default:
e Masked VDD1_QV does not impact ENDRYV pin state
e Masked VDD1_UV does not impact NRES state

— This setting can be used in case VDDL1 is not used in an application and external power FET is not populated.
Note: If VDD1 is used in an application, TI recommends to set this bit to 1 when the device is in the DIAGNOSTIC state after

the first start-up or power-up event.

RSV

5.5.2.3.2 DEV_CFG2 Register

Read command: RD_DEV_CFG2

Write command: WR_DEV_CFG2

DATA INFORMATION
D7 D6 D5 D4 D3 D2 D1 DO
EN_VDD3/5_OT EN_VDD5_OT MASK_VBATP_OV | POST_RUN RSV RSV RSV RSV
_RST
1 1 0 0 0 0 0 0
D[7] EN_VDD3/5_OT
— Setto 1 by default.
— When set to 0 and an overtemperature event is detected, VDD3/5 supply is disabled
— When set to 1 and an overtemperature event is detected the device enters STAND-BY state.
D[6] EN_VDD5 OT
— Set to 1 by default. Clearing this bit to O disables the VDD5 overtemperature shutdown. The VDD5_OT flag is still present in
SAFETY_STAT_REG1 bit D1.
D[5] MASK_VBATP_OV
— Set to 0 by default. When set 1, VBATP_OV is masked from the RESET condition.
D[4] POST_RUN_RST: Set to 0 per default. If this bit is set to 1 when using the IGN_PWRL function, a re-cracking on the IGN pin
causes the device to go to the RESET state.
D[3:0] RSV (bits are readable and writable in DIAGNOSTIC state with no impact to device state, ENDRV and NRES output)
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5.5.3 Device Safety Status and Control Registers

5.5.3.1 VMON_STAT 1 Register
Read command: RD_VMON_STAT 1

DATA INFORMATION

D7 D6 D5 D4 D3 D2 D1 DO
VBATP_OV VBATP_UV VCP17_0OV VCP12_0OV VCP12_UV AVDD_VMON_ERR BG_ERR2 BG_ERR1
0 0 0 0 0 0 0 0
D[7] VBATP_OV: VBATP overvoltage status bit
— Setto 1 when VBATP overvoltage is detected
— Cleared to 0 if an overvoltage condition is no longer present
D[6] VBATP_UV: VBATP undervoltage status bit
— Set to 1 when VBATP undervoltage is detected
— Cleared to 0 if an undervoltage condition is no longer present
DI[5] VCP17_0V: VCP17 overvoltage status bit
— Setto 1 when VCP17 overvoltage is detected
— Cleared to 0 if an overvoltage condition is no longer present
D[4] VCP12_0V: VCP12 overvoltage status bit
— Set to 1 when VCP12 overvoltage is detected
— Cleared to 0 if an overvoltage condition is no longer present
DI[3] VCP12_UV: VCP12 undervoltage status bit
— Set to 1 when VCP12 undervoltage 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 bandgap 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 bandgap 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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5.5.3.2 VMON_STAT_2 Register
Read command: RD_VMON_STAT 2

DATA INFORMATION

D7

D6

D5

D4

D3

D2

D1

DO

VDD6_OV

VDD6_UV

VDD5_OV

VDD5_UV

VDD3/5_OV

VDD3/5_UV

VDD1_OV

VDD1_UV

0

0

0

0

0

0

0

0

D[7]

D[6]

D[5]

D[4]

D[3]

D[2]

D[1]

D[0]

VDD6_OV: VDD6 overvoltage status bit

— Set to 1 when VDDG6 overvoltage is detected

— Cleared to O if an overvoltage condition is no longer present
VDD6_UV: VDD6 undervoltage status bit

— Set to 1 when VDD6 undervoltage is detected

— Cleared to 0 if an undervoltage condition is no longer present
VDD5_OV: VDD5 overvoltage status bit

— Set to 1 when VDDS5 overvoltage is detected

— Cleared to O if an overvoltage condition is no longer present
VDD5_UV: VDD5 undervoltage status bit

— Set to 1 when VDDS5 undervoltage is detected

— Cleared to 0 if an undervoltage condition is no longer present
VDD3/5_0V: VDD3/5 overvoltage status bit

— Set to 1 when VDD3/5 overvoltage is detected

— Cleared to O if an overvoltage condition is no longer present
VDD3/5_UV: VDD3/5 undervoltage status bit

— Set to 1 when VDD3/5 undervoltage is detected

— Cleared to 0 if an undervoltage condition is no longer present
VDD1_0OV: VDD1 overvoltage status bit

— Set to 1 when VDD1 overvoltage is detected

— Cleared to O if an overvoltage condition is no longer present
VDD1_UV: VDD1 undervoltage status bit

— Set to 1 when VDD1 undervoltage is detected

— Cleared to 0 if an undervoltage condition is no longer present
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5.5.3.3 SAFETY_STAT_1 Register
Read command: RD_SAFETY_STAT 1

DATA INFORMATION

D7

D6

D5

D4

D3

D2

D1

DO

VDD5_ILIM

VDD3 5_ILIM

VSOUT1_UV

VSOUT1_OV

VSOUTL_ILIM

VSOUT1_OT

VDD5_OT

VDD_3 5 OT

0

0

0

0

0

0

0

0

D[7]

D[6]

D[5]

D[4]

D[3]

D[2]

D[1]

D[0]

VDD5_ILIM: VDD5 current-limit status bit

— Setto 1 when a VDD5 current-limit is exceeded

— Cleared to 0 if a current-limit condition is no longer present

Note: This status bit is valid only when VDD5_EN bit in SENS_CTRL register is set to 1.

VDD3_5_ILIM: VDD3 current-limit status bit

— Setto 1 when a VDD3 current-limit is exceeded

— Cleared to 0 if a current-limit condition is no longer present
VSOUT1_UV: Sensor-supply undervoltage status bit

— Setto 1 when a VSOUT1 undervoltage is detected

— Cleared to 0 if an undervoltage condition is no longer present
VSOUT1_OV: Sensor-supply overvoltage status bit

— Setto 1 when a VSOUTL1 overvoltage is detected

— Cleared to O if an overvoltage condition is no longer present
VSOUTZL_ILIM: VSOUT1 sensor-supply current-limit status bit

— Setto 1 when a VSOUT current-limit is exceeded

— Cleared to 0 if a current-limit condition is no longer present
VSOUT1_OT: Sensor-supply overtemperature status bit

— Setto 1 when VSOUT overtemperature is exceeded. This bit keeps VSOUT1 regulator disabled as long as this bit is set.

— Cleared to 0 if an overtemperature condition is no longer present
VDD5_OT: VDD5 overtemperature status bit

— Set to 1 when VDDS5 overtemperature is exceeded. This bit keeps VDD5 regulator disabled as long as this bit is set by clearing

the VDD5_EN control bit in SENS_CTRL register
— Cleared to 0 if an overtemperature condition is no longer present
VDD_3_5_OT: VDD3/5 overtemperature status bit

— Set to 1 when VDD3/5 overtemperature 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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5.5.3.4 SAFETY_STAT_2 Register
Read command: RD_SAFETY_STAT 2

DATA INFORMATION
D7 D6 D5 D4 D3 D2 D1 DO
RSV RSV | CFG_CRC_ER |EE_CRC_ERR| RSV WDT_FAIL_CNT[2] WDT_FAIL_CNT[1] | WDT_FAIL_CNT[0]
R
0 0 0 0 0 1 0 1
D[7:6] RSV
DI[5] CFG_CRC_ERR: CRC Error status bit for safety configuration registers

Safety configuration registers are protected by CRCS.

This bit is set to 1 when the calculated CRC8 value for 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 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 SAFE state.
— Cleared to 0 when a CRC8 mismatch is no longer present.
D[3] RSV
D[2:0] WDT_FAIL_CNT[2:0]: Watchdog failure counter state
— The default value is 5, and is initialized to this value upon entering DIAGNOSTIC and ACTIVE state
— Watchdog failure counter is incremented every time the device watchdog-response failure is detected and decreases each time
the correct response is received.
— Watchdog failure counter must decrease below 5 to enable the ENABLE_DRYV output pin.
— Watchdog failure is detected on the next bad event
after the watchdog failure counter reached the count of 7 (that is 7+1) and 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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5.5.3.5 SAFETY_STAT_3 Register

Read command: RD_SAFETY_STAT_ 3

DATA INFORMATION

D7 D6 D5 D4 D3 D2 D1 DO
RSV RSV NRES_ERR | LBIST_ERR | ABIST_UVOV_ERR | ABIST_UVOV_ERR | LBIST_RUN | ABIST_RUN
0 0 0 0 0 0 0 0
D[7:6] RSV
D[5] NRES_ERR: Reset error input status
— This bit is set to 1 when a mismatch between NRES output and NRES input feedback is detected.
— Cleared to 0 after SPI Read access if no failure is present anymore.
D[4] LBIST_ERR: Logic BIST error-status bit
— This bit is set to 1 when logic BIST fails
— Cleared to O after repeated LBIST run completed without failure, followed by SPI read access
— Only valid when the LBIST_RUN bit is 0
D[3] ABIST_UVOV_ERR: Analog BIST undervoltage and overvoltage BIST error-status bit
— This bit is set to 1 when analog undervoltage and overvoltage BIST fails. If this bit is set to 1 and device is in DAIGNOSTIC
state, device transitions to SAFE state.
— Cleared to O after SPI read access
— Only valid when the ABIST_RUN bit is 0
D[2] ABIST_UVOV_ERR: Analog BIST undervoltage and overvoltage BIST error-status bit (identical to D3)
— This bit is set to 1 when analog undervoltage and overvoltage BIST fails. If this bit is set to 1 and device is in DAIGNOSTIC
state, device transitions to SAFE state.
— Cleared to 0 after SPI read access
— Only valid when the ABIST_RUN bit is O
D[1] LBIST_RUN: Logic BIST run-status bit
— This bit is set to 1 when a logic BIST is running.
— Cleared to 0 after a logic BIST is finished running.
D[0] ABIST_RUN: Analog BIST run-status bit
— This bit is set to 1 when an analog BIST is running.
— Cleared to O after a analog BIST is finished running.
76 Detailed Description Copyright © 2012-2015, 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=SLVSBC4C&partnum=TPS65381-Q1
http://www.ti.com/product/tps65381-q1?qgpn=tps65381-q1

13 TEXAS
INSTRUMENTS

www.ti.com

TPS65381-Q1
SLVSBC4C —MAY 2012 —REVISED MARCH 2015

5.5.3.6 SAFETY_STAT_4 Register

Read command: RD_SAFETY_STAT 4

DATA INFORMATION
D7 D6 D5 D4 D3 D2 D1 DO
SPI_ERR[1] SPI_ERRI0] LOCLK RSV MCU_ERR WD_ERR ENDRV_ERR | TRIM_ERR_V
MON
0 0 0 0 0 0 0 0
D[7:6] SPI_ERR[1:0]: SPI error-status bits
00: No error

01: Command error
10: Format error (received bit count is not equal to 16)
11: Data output mismatch

— Cleared to 0 after SPI read access.

Note: If a reset to the MCU is asserted during an 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

— This bit is set to 1 when MCU error-signal monitoring module detects MCU_ERROR pin failure on ERROR/WDI pin.
— Cleared to 0 after SPI read access and if bit ERROR_PIN_FAIL in SAFETY_ERR_STAT is cleared

once the watchdog fail counter reaches a count of 7 (that is 7+1) (WD_FAIL_CNT [2:0] in SAFETY_STATUS_2 register) only if

— This bit is set to 1 when a mismatch between the EN_DRYV output and EN_DRYV input feedback is detected.

D[5] LOCLK: Loss of clock-detection status bit

— Set when loss-of-clock failure is detected

— Cleared to 0 after internal NPOR and if clock failure is no longer present.
D[4] RSV
D[3] MCU_ERR: MCU error monitor status bit
D[2] WD_ERR: Watchdog error-status bit

— This bit is set to 1 when on the next bad event

bit WD_RST_EN (SAFETY_FUNC_CFG, bit 3) is set to 1

— Cleared to 0 after SPI read access when watchdog fail counter is less than 7
D[1] ENDRV_ERR: Enable driver error

— Cleared to O if 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 internal NPOR and if failure is not present anymore.

5.5.3.7 SAFETY_STAT_5 Register

Read command: RD_SAFETY_STAT 5

DATA INFORMATION

D7

D6

D5

D4

D3

D2

D1

DO

RSV

RSV

RSV

RSV

RSV

FSM[2]

FSM[1]

FSM[0]

0

0

0

0

0

D[2:0]

FSM[2:0]: Current device state
—Reflects current device state
¢ STANDBY state: 8'h00

o RESET state: 8'h03

¢ DIAGNOSTIC state: 8'h07
o ACTIVE state: 8'h05

o SAFE state: 8'h04
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5.5.3.8 SAFETY_ERR_CFG Register

Read command: RD_SAFETY_ERR_CFG Write command: WR_SAFETY_ERR_CFG
‘ DATA INFORMATION
D7 D6 D5 D4 D3 D2 D1 DO
SAFE_TO SAFE_TO SAFE_TO SAFE_LOCK_TH SAFE_LOCK_TH SAFE_LOCK_TH SAFE_LOCK_THR CFG_LOCK
[2] (1] [0] R R R [0]
(3] (2] (1]
0 0 0 0 0 0 0 0

D[7:5] SAFE_TOJ[2:0]: SAFE state time-out settings
— Duration of 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 ERR_CNT threshold at which device remains in SAFE state regardless of time-out event
— When NO_SAFE_TO bit (SAFETY_FUNC_CFG register, bit 7) is set to 1:

e While ERR_CNT < SAFE_LOCK_THR + 1, time-delay transition from SAFE-to-RESET state is controlled through
SAFE_TO[2:0] bit settings. Time-delay duration is calculated (SAFE_TO[2:0] x 2 + 1) x 22 ms

e Device remains locked in SAFE state when ERR_CNT reaches SAFE_LOCK_THR + 1 value.
— When NO_SAFE_TO bit (SAFETY_FUNC_CEFG register, bit 7) is set to 0:

e While ERR_CNT < SAFE_LOCK_THR + 1, time-delay transition from SAFE-to-RESET state is controlled through
SAFE_TO[2:0] bit settings. Time-delay duration is calculated (SAFE_TO[2:0] x 2 + 1) x 22 ms

e When ERR_CNT reaches SAFE_LOCK_THR + 1 value, device transitions to RESET state after 680 ms.
— Intended to support software debug and development and is NOT recommended for normal functional operation.
The 0000 setting is the default setting, and has same effect as the 1111 setting. Both settings give the minimum threshold.
DI[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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5.5.3.9 SAFETY_BIST_CTRL Register

Read command: RD_SAFETY_BIST_CTRL Write command: WR_SAFETY_BIST_CTRL
DATA INFORMATION
D7 D6 D5 D4 D3 D2 D1 DO
BIST_DEG_CNT[1] BIST_DEG_CNTI0] AUTO_BIST_DIS EE_CRC_CHK RSV LBIST_EN ABIST_EN ABIST_EN
0 0 0 0 0 0 0 0

D[7:6] BIST_DEG_CNT[1:0]: Deglitch filter duration setting during active analog BIST
— This bit controls 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 ACTIVE state, Tl recommends to set this to the maximum deglitch time
D[5] AUTO_BIST_DIS

— This bit controls automatic BIST start-up in RESET state ONLY when device enters RESET sate from DIAGNOSTIC, ACTIVE,
or SAFE state.

— When set to 1, automatic BIST start-up is disabled.
D[4] EE_CRC_CHK: Recalculate EEPROM CRC8
This bit controls the EEPROM CRC8 check function

— When set to 1, EEPROM content is reloaded and CRC8 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 re-calculated.
— The self-test status is checked through bit 4 in SAFETY_STATUS_2 register.
D[3] RSV, readable and writable without effect
D[2] LBIST_EN: Enable digital BIST run
— This bit controls the logic BIST run
— The self-test status is monitored through bits D1 and D4 in the SAFETY_STAT_3 register.

— LBIST_EN clears the DIAG_EXIT_MASK bit to 0. The time-out counter only stops during the running of LBIST. After LBIST
completes, the time-out counter continues from last value. To stay in the DIAGNOSTIC state, the DIAG_EXIT_MASK bit must
be set to 1 after LBIST completion. For transition from the DIAGNOSTIC state to the ACTIVE state, the DIAG_EXIT bit must be
setto 1.

D[1] ABIST_EN: Enable analog BIST run (same as D[0])
— This bit controls the analog UV,0V and LOC BIST run.

— The self-test status is monitored through bits DO, D2, and D3 in the SAFETY_STAT_3 register, and bit D5 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 bits DO, D2, and D3 in the SAFETY_STAT_3 register, and bit D5in the
SAFETY_STATA4 register.
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5.5.3.10 SAFETY_CHECK_CTRL Register

Read command: RD_SAFETY_CHECK_CTRL Write command: WR_SAFETY_CHECK_CTRL
DATA INFORMATION
D7 D6 D5 D4 D3 D2 D1 DO
CFG_CRC_EN| RSV ENABLE_DRV RSV RSV NO_ERROR DIAG_EXIT_MASK DIAG_EXIT
0 0 0 1 0 1 0 0

D[7] CFG_CRC_EN
— Controls the enabling of CRC8 protection for the device configuration registers.

— When set to 1, CRC8 is calculated for all device configuration registers and compared with the CRC8 value stored in the
SAFETY_CFG_CRC register.

— Tl recommends to first to 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\WDT_TOKEN_CFG register
o\WDT_WIN1_CFG register
o\WDT_WIN2_CFG register
oSAFETY_ERR_PWM_L register
oDEV_CFG2 register
oDEV_CFGL1 register (only bit D6)

D[6] RSV, readable and writeable with no impact to device state, 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 failure 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, ENDRV, and NRES output
D[2] NO_ERROR

— Controls the enabling of the MCU_ERROR pin-monitor function (through the device ERROR/WDI pin) and transition from the
ACTIVE state to the SAFE state when an MCU_ERROR pin failure is detected.

e1: MCU_ERROR pin failure is not monitored, but a detected failure in the ACTIVE state does not cause a transition to the
SAFE state.

¢0: MCU_ERROR pin failure is monitored, and a detected failure in the ACTIVE state causes a transition to the SAFE state.

— If an MCU_ERROR pin failure is detected, the ERROR_PIN_FAIL status bit in the SAFETY_ERR_STAT register is set, only for
setting NO_ERROR = 0.

oERROR_PIN_FAIL status bit in SAFETY_ERR_STAT register, and MCU_ERR status bit in SAFETY_STAT_4 are 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 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.
DI[0] DIAG_EXIT
— Controls exit from the DIAGNOSTIC 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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5.5.3.11 SAFETY_FUNC_CFG Register

Read command: RD_SAFETY_FUNC_CFG Write command: WR_SAFETY_FUNC_CFG
DATA INFORMATION
D7 D6 D5 D4 D3 D2 D1 DO
NO_SAFE_TO | ERROR_CFG WD_CFG IGN_PWRL | WD_RST_EN | DIS_NRES_M RSV VDD_3 5_SEL
ON
1 0 0 0 0 1 0 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. Device remains locked in the SAFE state when ERR_CNT reaches the
SAFE_LOCK_THR + 1 value.

— When set to 0, SAFE state time-out is enabled. The device transitions to the RESET state after 680 ms when ERR_CNT
reaches the SAFE_LOCK_THR + 1 value.

D[6] ERROR_CFG: MCU Error Signal Monitor configuration bit

— When set to 0, PWM monitoring is enabled (can be used as an external clock monitor). Expected ERROR/WDI pin LOW and
HIGH durations are controlled by the SAFETY_ERR_PWM_H and SAFETY_ERR_PWM_L registers (see Section 5.5.3.13 and
Section 5.5.3.14, respectively).

— When set to 1, the TMS570 ERROR pin mode is enabled. The ERROR pin low-duration threshold is set by the
SAFETY_ERR_PWM_L register.

D[5] WD_CFG: Watchdog function configuration bit

— When set to 0: WDTI configuration enabled (default) — watchdog trigger input through ERROR/WDTI pin

— When set to 1: Q&A WD configuration enabled — watchdog trigger 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 DIAGNOSTIC state

— When set to 1, the user can pull the ignition input LOW, but the device remains powered up.

— When cleared to 0 with IGN input pin LOW, device enters STANDBY state. Cleared by a CANWU event
D[3] WD_RST_EN

— 1: Watchdog failure is detected when WD_FAIL_CNT[2:0] reaches the count of 7 (in the SAFETY_STAT_2 register), leading to
a transition to the RESET state.

— 0: Watchdog failure events are detected, but device does not transition to RESET state when WD_FAIL_CNT reaches count of
7.

D[2] DIS_NRES_MON
— When set to 1 (default state): NRES monitoring is disabled.

— When set to 0: NRES monitoring is enabled. In this case and device in ACTIVE state, a difference between NRES pin state
and NRES driver state (for example: the bit NRES_ERR in SAFETY_STAT_3) will cause a transition to SAFE state

D[1] RSV, readable and writeable in DIAGNOSTIC state with no impact to device state, ENDRV and NRES output
D[0] 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
o0: 5-V setting (pin SEL_VDD3/5 not connected)
e1: 3.3-V setting (pin SEL_VDD3/5 connected to ground)
eValue in RESET state depends on state of SEL_VDD3/5 pin at first power up
— This bit is READ-ONLY
Note: Same as DEV_CFG1 bit D7
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5.5.3.12 SAFETY_ERR_STAT Register

Read command: RD_SAFETY_ERR_STAT Write command: WR_SAFETY_ERR_STAT
DATA INFORMATION
D7 D6 D5 D4 D3 D2 D1 DO
RSV RSV ERROR_PIN_FAI| WD_FAIL | DEV_ERR_CNT[ | DEV_ERR_CNT[ | DEV_ERR_CNT[ | DEV_ERR_CNT]|
L 3] 2] 1] 0]
0 0 0 0 0 0 0 0
D[7:6] RSV

D[5] ERROR_PIN_FAIL

— Setto 1 when the MCU Error Signal Monitoring Module detects MCU_ERROR pin failure on ERROR/WDI pin, only if
NO_ERROR = 0 (bit D2 in SAFETY_CHECK_CTRL register). Device enters SAFE state when this ERROR_PIN_FAIL bit is set
tol

— Cleared to 0 after SPI WR access or cleared to 0 during reset event
D[4] WD_FAIL

— Set to 1 when the watchdog function failure counter reaches the count of 7 (WD_FAIL_CNT[2:0] in the SAFETY_STATUS_2
register) only if bit WD_RST_EN (SAFETY_FUNC_CFG, bit 3) is setto 1

— Cleared to 0 after SPI WR access when the watchdog fail counter is less than 7 or cleared to 0 during reset event
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.

5.5.3.13 SAFETY_ERR_PWM_H Register

Read command: RD_SAFETY_ERR_PWM_H Write command: WR_SAFETY_PWM_H
DATA INFORMATION
D7 D6 D5 D4 D3 D2 D1 DO
PWMH[7] PWMHI6] PWMH[5] PWMHI[4] PWMHI[3] PWMHI[2] PWMHI[1] PWMHI0]
1 0 1 0 1 0 0 0

D[7:0] PWMH][7:0]: ERROR pin high-phase duration in PWM mode (15-us resolution)
— Controls the expected high-phase duration with 15-us resolution
Trwm_HicH = (PWMH[7:0] + 1) x 15 ps
(15-ps time reference has 5% accuracy coming from 4-MHz internal oscillator)

5.5.3.14 SAFETY_ERR_PWM_L Register

Read command: RD_SAFETY_ERR_PWM_L Write command: WR_SAFETY_PWM_L
DATA INFORMATION
D7 D6 D5 D4 D3 D2 D1 DO
PWML[7] PWMLI6] PWMLI[5] PWML[4] PWMLI[3] PWML[2] PWML[1] PWMLI[O]
0 0 1 1 1 1 0 1

D[7:0] PWML[7:0]: ERROR pin low-phase duration
— Controls expected low-phase duration

e\When the ERR_CFG bit is 0 (in PWM mode): ERR PWM low-phase duration with 15-ps resolution
Trwm_Low = (PWML[7:0] + 1) x 15 ps
(15-us time reference has 5% accuracy coming from 4-MHz internal oscillator)

e\When ERR_CFG bit is 1 (TMS570 mode): ERR low duration with 5-us resolution
TtH_Low_Tmss70 = (PWML[7:0] + 1) x 5 ps
(5-us time reference has 5% accuracy coming from 4-MHz internal oscillator)

82 Detailed Description Copyright © 2012-2015, 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=SLVSBC4C&partnum=TPS65381-Q1
http://www.ti.com/product/tps65381-q1?qgpn=tps65381-q1

13 TEXAS
INSTRUMENTS

www.ti.com

TPS65381-Q1
SLVSBC4C —MAY 2012 —REVISED MARCH 2015

5.5.3.15 SAFETY_PWD_THR_CFG Register
Read command: RD_SAFETY_PWD_THR_CFG Write command: WR_SAFETY_PWD_THR_CFG

DATA INFORMATION
D7 D6 D5 D4 D3 D2 D1 DO
RSV RSV RSV RSV PWD_THRI[3] PWD_THR[2] PWD_THR[1] PWD_THRI[0]
0 0 0 0 1 1 1 1
D[7:4] RSV
D[3:0] PWD_THR[3:0]: Device error-count threshold to power down the device
— When DEV_ERR_CNT reaches programmed threshold, the device powers down.
— The device recovers with a new wake-up or ignition event.
— This register can be updated only in DIAGNOSTIC mode.
5.5.3.16 SAFETY_CFG_CRC Register
Read command: RD_SAFETY_CFG_CRC Write command: WR_SAFETY_CFG_CRC
DATA INFORMATION
D7 D6 D5 D4 D3 D2 D1 DO
CFG_CRCI7] CFG_CRCJ6] CFG_CRCI5] CFG_CRC[4] CFG_CRCI[3] CFG_CRCJ[2] CFG_CRCI1] CFG_CRCI0]
0 0 0 1 0 0 0 0
D[7:0] CFG_CRC[7:0]: CRCS8 value for safety configuration registers
Note: Can be updated only in the DIAGNOSTIC state
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5.5.3.17 Diagnostics

5.5.3.17.1 DIAG_CFG_CTRL Register

Read command: RD_DIAG_CFG_CTRL Write command: WR_DIAG_CFG_CTRL

DATA INFORMATION
D7 D6 D5 D4 D3 D2 D1 DO
MUX_EN SPI_SDO MUX_OUT INT_CON[2] INT_CON[1] INT_CON[O0] MUX_CFG[1] | MUX_CFGI0]
0 0 0 0 0 0 0 0
D[7] MUX_EN: Enable diagnostic MUX output
0: Disabled (tri-stated)
1: 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 configuration must be 0x1 (DIAG_CFG_CTRL register bits [1:0])
=> DIGITAL MUX mode
¢ SP| NCS must be kept HIGH
e The state of SDO is controlled by bit SPI_SDO
DI[5] MUX_OUT: Diagnostic MUX output-state control bit
Note: When the MUX_CFG bits are set to 00 and the MUX_EN bit is set to 1
D[4:2] INT_CONJ[2:0]: Device interconnect-test configuration bits
000: No active interconnect test
001: ERR input state observed on diagnostic MUX output
010: SPI_NCS input state observed on diagnostic MUX output
011: SPI_SDI input state observed on diagnostic MUX output
100: SPI_SCLK input observed on diagnostic MUX output
101: Not applicable
110: Not applicable
111: Not applicable
D[1:0] MUX_CFG: Diagnostic MUX configuration
00: The MUX output is controlled by MUX_OUT bit (bit 5 in DIAG_CFG_CTRL register)
01: Digital MUX mode
10: Analog MUX mode
11: Device interconnect mode (input-pins interconnect test)
5.5.3.17.2 DIAG_MUX_SEL Register
Read command: RD_DIAG_MUX_SEL Write command: WR_DIAG_MUX_SEL
DATA INFORMATION
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]
0 0 0 0 0 0 0 0

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 5.5.3.17.1)
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5.5.4 Watchdog Timer

5.5.4.1 WDT_TOKEN_FDBCK Register

Read command: RD_WDT_TOKEN_FDBCK Write command: WR_WDT_TOKEN_FDBCK
DATA INFORMATION
D7 D6 D5 D4 D3 D2 D1 DO
FDBK[3] FDBK[2] FDBK[1] FDBK[0] | TOKEN_SEED[3] | TOKEN_SEED[2] | TOKEN_SEED[1] | TOKEN_SEEDI[0]
0 0 0 0 0 0 0 0

D[7:4] FDBK]3:0]: WDT token FSM feedback-configuration bits
— FDBK [3:0] bits control the sequence of generated questions and respective answers
— There is a set of 16 generated questions, but repetition or sequence ordering can be adjusted by FDBK][3:0] bits
D[3:0] TOKEN_SEEDI[3:0]: WDT token seed value
— The MCU updates the TOKEN seed value to generate a set of new TOKEN values
— New TOKEN seed values can be updated by the MCU only after watchdog function reinitialization:
eThe MCU must set the desired TOKEN seed value
e After the device transitions through the RESET state the watchdog function is updated with the new seed value
— Only for Q&A WD configuration through SPI

5.5.4.2 WDT_WIN1_CFG Register

Read command: RD_WDT_WIN1_CFG Write command: WR_WDT_WIN1_CFG
DATA INFORMATION
D7 D6 D5 D4 D3 D2 D1 DO
RSV RT[6] RT[5] RT[4] RT[3] RT[2] RT[1] RT[O]
0 1 1 1 1 1 1 1
D[7] RSV

D[6:0] RT[6:0]: WDT open time window duration setting (for Q&A WD configuration through SPI) or WDT closed-window duration setting
(for WDTI configuration through the ERROR/WDI pin).

- Twow (Q&A) = Twew (WDTI) = (RT[6:0] ) x 0.55 ms
(0.55-ms time reference has 5% accuracy coming from 4-MHz internal oscillator)

5.5.4.3 WDT_WIN2_CFG Register

Read command: RD_WDT_WIN2_CFG Write command: WR_WDT_WIN2_CFG
DATA INFORMATION
D7 D6 D5 D4 D3 D2 D1 DO
RSV RSV RSV RW[4] RW[3] RW[2] RW[1] RW[0]
0 0 0 1 1 0 0 0
D[7:5] RSV
D[4:0] RWI[4:0]

— WODT closed-window duration setting (for QA WD configuration through SPI) or

WDT open-window duration setting (for WDTI configuration through the ERROR/WDI pin).
— Twew (QA) = Twow (WDTI) = (RW[4:0] ) x 0.55 ms

(0.55-ms time reference has 5% accuracy coming from 4-MHz internal oscillator)
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5.5.4.4 WDT_TOKEN_VALUE Register
Read command: RD_WDT_TOKEN_VALUE

DATA INFORMATION
D7 D6 D5 D4 D3 D2 D1 DO
WDFAIL_TH RSV RSV RSV TOKENI3] TOKENI2] TOKENI[1] TOKENIO0]
1 0 0 0 0 0 0 0
D[7] WDFAIL_TH
— Set to 1 when the watchdog-function failure counter reaches a count of 4 or higher (WD_FAIL_CNTI[2:0] in the
SAFETY_STATUS_2 register)
— Set to 0 when the watchdog-function failure counter reaches a count of less than 4 (WD_FAIL_CNT[2:0] in the
SAFETY_STATUS_2 register)
D[6:4] RSV
D[3:0] TOKEN[3:0]: WDT active TOKEN value (or WDT question value)
— The MCU must read (or calculate) the current WD token value to generate a correct SPI response (answers).
5.5.4.5 WDT_STATUS Register
Read command: RD_WDT_STATUS
DATA INFORMATION
D7 D6 D5 D4 D3 D2 D1 DO
WDT_ANSW_CNT WDT_ANSW_CNT | TOKEN_ERR | WD_WR | WD_CFG_CHG | SEQ_ERR TIME_OUT | TOKEN_ERLY
[1] [0] ONG_CF
G
1 1 0 0 0 0 0 0
D[7:6] WDT_ANSW_CNT[1:0]: Current received WD answer count state
— Only for Q&A WD configuration through SPI
D[5] TOKEN_ERR: WD token error-status bit
— This bit is set to 1 as soon as one answer byte WD_TOKEN_RESPX is not correct. This flag is cleared if the following answer
is correct again. This bit is not cleared on SPI read-out.
— Only for Q&A WD configuration through SPI
D[4] WD_WRONG_CFG
— Set to 1 when either WDT_WIN1_CFG or WDT_WIN2_CFG are set to 0x00
D[3] WD_CFG_CHG: WD configuration-change status bit
— This bit is set to 1 when switching between the WDTI configuration and Q&A configuration, or when the following occurs.
— Changing OPEN and CLOSE window timer settings
D[2] SEQ_ERR: The last token sequence is wrong
— Incorrect timing or the following
— Worong answer
— Only for Q&A WD configuration through SPI
D[1] TIME_OUT: No watchdog trigger received within OPEN or CLOSE window (no-response event)
— In WDTI configuration (default configuration): set to 1 when no trigger event has been received on the ERROR/WDTI pin
during an OPEN or CLOSE window
— In Q&A WD configuration: set to 1 when no ANSWERS have been received during an OPEN window
— This flag is used to synchronize the MCU watchdog triggers on the watchdog timer:
e On transition from the RESET to the DIAGNOSTIC state, the MCU can poll this TIME_OUT flag directly after reboot to
detect the completion of an OPEN or CLOSE window. In order to do so, the MCU must not send any trigger event on the
ERROR/WDI pin directly after reboot, until this TIME_OUT flag is set.
e After configuring the watchdog timer, watchdog mode (WDTI or Q&A), or both, the MCU must not send watchdog trigger
events until this TIME_OUT flag is set to resynchronize with the OPEN and CLOSE timing.
D[0] TOKEN_ERLY: Token sequence completed too early
— Only for Q&A WD configuration through SPI
— Setto 1 if all four ANSWERS are returned during an OPEN window
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5.5.4.6 WDT_ANSWER Register
Write command: WR_WDT_ANSWER

DATA INFORMATION
D7 D6 D5 D4 D3 D2 D1 DO
WDT_ANSW[7] | WDT_ANSW[6] | WDT_ANSWI[5] | WDT_ANSWI[4] | WDT_ANSWI[3] | WDT_ANSW[2] | WDT_ANSW[1] | WDT_ANSW[0]
0 0 0 0 0 0 0 0

D[7:0] WDT_ANSW]/7:0]: MCU watchdog answer response
— Each WDT token (question) requires four 8-bit answers
— Three 8-bit answers (SPI responses) must be returned during OPEN WDT window
— The fourth (last) 8-bit answer must be returned during CLOSE WDT window
— The number of returned answers is tracked with the WDT_ANSW_CNT [1:0] bits in the WDT_STATUS register
— Only for Q&A WD configuration through SPI

5.5.5 Sensor Supply

5.5.5.1 SENS_CTRL Register

Read command: RD_SENS CTRL Write command: WR_SENS_CTRL
DATA INFORMATION
D7 D6 D5 D4 D3 D2 D1 DO
RSV RSV RSV VDD5_EN RSV RSV RSV VSOUT1_EN
0 0 0 1 0 0 0 0
D[7:5] RSV

D[4] VDD5_EN: If cleared to 0, VDD5 then turns off.

— This bit is set to 1 by default, and is cleared in case of VDD5 over-temperature (indicated by the VDD5_OT bit D1 in
SAFETY_STATI).

Note: When VDDS5 is disabled, bit VDD5_ILIM (bit D7 in SAFETY_STAT_1) is set to 1 and remains set to 1 as long as VDD5
is disabled (or VDD5_EN bit is 0).

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 set to 0 by default, and must be set to 1 by the MCU to enable VSOUTL1. In case of VSOUT1 over-temperature
(indicated by VSOUT1_OT bit D2 in SAFETY_STAT1), VSOUTL1 is disabled; however this bit, VSOUT1_EN, remains set to 1.
As soon as the over-temperature in VSOUT1 has disappeared, VSOUTL1 is re-enabled.
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5.5.6 SPI Command Table

8-BITHEX | 7-BITHEX | 80
COMMAND | COMMAND COMMAND WR SW
CODE CODE CODE PARITY LOCK REGISTER COMMAND NAME®
(WITH (WITHOUT (WITHOUT PROTECT
PARITY) PARITY) PARITY)
BD 5E 1011 110 1 N/A SW_LOCK with data 0xXAA (to lock SPI WR access to listed registers)
BB 5D 1011 101 1 N/A fégét%’;lsL)OCK with data Ox55 (to unlock SPI WR access to listed
06 03 0000 011 N/A RD_DEV_ID
oC 06 0000 110 N/A RD_DEV_REV
B7 5B 1011 011 1 YES \S/\tlell?tE)DEV_CFGl (SPI WR update can occur only in DIAGNOSTIC
AF 57 1010 111 1 N/A RD_DEV_CFG1
95 aA 1001 010 1 YES \S/\t/all?tg)DEV_CFGZ (SPI WR update can occur only in DIAGNOSTIC
48 24 0100 100 0 N/A RD_DEV_CFG2
7D 3E 0111 110 1 NO WR_CAN_STBY
24 12 0010 010 0 N/A RD_SAFETY_STAT_1
C5 62 1100 010 1 N/A RD_SAFETY_STAT_2
A3 51 1010 001 1 N/A RD_SAFETY_STAT_3
A5 52 1010 010 1 N/A RD_SAFETY_STAT_4
Cco 60 1100 000 0 N/A RD_SAFETY_STAT_5
30 18 0011 000 0 N/A RD_SAFETY_ERR_CFG
DB 6D 1101 101 1 YES \IgvliE;SI\IACIJ:SE'ITlé_sE;E)_CFG (SPI WR update can occur only in
A9 54 1010 100 1 YES \é\/liasl\l%:SE_l'_rlé_saRnI:)_STAT (SPI WR update can occur only in
AA 55 1010 101 N/A RD_SAFETY_ERR_STAT
39 1C 0011 100 N/A RD_SAFETY_PWD_THR_CFG
99 ac 1001 100 1 YES \é\/IiE;SI\IACI;SIE_I‘_I'I\é_QX\t/g_THR_CFG (SPI WR update can occur only in
44 22 0100 010 N/A RD_SAFETY_CHECK_CTRL
93 49 1001 001 NO WR_SAFETY_CHECK_CTRL
3C 1E 0011 110 N/A RD_SAFETY_BIST_CTRL
o Lo |1 | YES | pREROET Cand ACTIVE states)
2E 17 0010 111 0 N/A RD_WD_WIN1_CFG
ED 76 1110 110 1 YES \S/\tlell?tE;ND_WlNl_CFG (SPI WR update can occur only in DIAGNOSTIC
05 02 0000 010 1 N/A RD_WD _WIN2_CFG
09 04 0000 100 1 YES \s/\t/all?tg;ND_WlNz_CFG (SPI' WR update can occur only in DIAGNOSTIC
36 1B 0011 011 0 N/A RD_WDT_TOKEN_VALUE
4E 27 0100 111 0 N/A RD_WDT_STATUS
El 70 1110 000 1 NO WR_WDT_ANSWER
11 08 0001 000 1 N/A RD_DEV_STAT
12 09 0001 001 0 N/A RD_VMON_STAT_1
A6 53 1010 011 0 N/A RD_VMON_STAT_2
56 2B 0101 011 0 N/A RD_SENS_CTRL
7B 3D 0111 101 1 N/A WR_SENS_CTRL
3A 1D 0011 101 0 N/A RD_SAFETY_FUNC_CFG

(1) All commands have even parity.
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8-BIT HEX | 7-BIT HEX BTI;IBAII-?I-Y
COMMAND | COMMAND COMMAND WR SW
CODE CODE CODE PARITY LOCK REGISTER COMMAND NAME®
(WITH (WITHOUT (WITHOUT PROTECT
PARITY) PARITY) PARITY)
WR_SAFETY_FUNC_CFG (SPI WR update can occur only in
35 1A 0011010 1 YES DIAGNOSTIC state)
5A 2D 0101 101 0 N/A RD_SAFE_CFG_CRC
WR_SAFE_CFG_CRC (SPI WR update can occur only in
63 31 0110 001 ! YES | DIAGNOSTIC state)
DD 6E 1101 110 1 N/A RD_DIAG_CFG_CTRL
cc 66 1100 110 0 NO WR_DIAG_CFG_CTRL
AC 56 1010 110 0 N/A RD_DIAG_MUX_SEL
C9 64 1100 100 1 NO WR_DIAG_MUX_SEL
D7 6B 1101 011 1 N/A RD_SAFETY_ERR_PWM_H
WR_SAFETY_ERR_PWM_H (SPI WR update can occur only in
D8 6C 1101 100 0 YES DIAGNOSTIC state)
59 2C 0101 100 1 N/A RD_SAFETY_ERR_PWM_L
WR_SAFETY_ERR_PWM_L (SPI WR update can occur only in
7E 3F 0111 111 0 YES DIAGNOSTIC state)
78 3C 0111 100 0 N/A RD_WDT_TOKEN_FDBCK
WR_WDT_TOKEN_FDBCK (SPI WR update can occur only in
mw 3B 0111011 1 YES DIAGNOSTIC state)
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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 multi-rail 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)

!
100 nF
(50 V)

Enable output signal for for External
————————> Power Stages or Peripheral Wake-Up

No-Connect for VDD3/5 = 3.3V
Connect to GND for VDD3/5 =5 V

1 |VBAT_SAFING ENDRV
100 nF (1] -

vCP SEL_VDD3/5

cP1 IGN — 1< IGNITION Input signal
10KkQ

VDD6: Pre-Regulated Supply
ESR

PGND SDN6
6 |NRES VDD6
to uC GPIO input for
observing digital signals DIAG OUT VDD G
to uC ADC input - - VDD1: uC CORE Supply

for observing i}
analog signals L 8 INCS TPS65381-Q1 PGND

[ 9 |sDI VDD1_SENSE| 24 22 pyF

to pC SPI Interface

VDD3: uC 10 Supply

ERROR input signal or
Watchdog trigger signal from pC
Wake-up from

CAN transceiver

VDD5: CAN Tranceiver Supply

ERROR/WDI VDD5| 20
2 uF _I_ 2.2 uF
(12 ]cANWU GND[ 18] i: H T H
GND or any reference voltage
VSFBL VTRACK (for instance VDD5 or VDD3/5) 2

2
VDD6 or Battery Supply voltage’ : VSIN VSOUT1

(must be reverse protected)
100 nF
(50 v)

Rysre1”
Example components:
«  QIl: BUK9213-30A
« D1 Vishay SS3H09/10, OnSemi MBRS340T3
e D2: ROHM UDZSTE-176.2B
¢ L1: EPCOS B82464G4333M000 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 (Note: VDD1_SENSE = 800

mV)
2. Rysrp1 and Rvskg2 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.
— 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 may also have an impact on the effective capacitance
and should be considered.

» The voltage ratings of the capacitor should be considered, especially on the high-voltage input circuits
that may 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.

VBATP and VBAT_SAFING 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 VBATP, VBAT_SAFING, or both, additional filtering may be necessary between the
output drive and the device.

IGN is a wake-up input to the device. This input provides up to —7 V of protection. Beyond this voltage,
IGN must be reverse protected. If the noise occurs longer than the specified deglitch time, IGN 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 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 uH which was selected for this design.

The effective output capacitance for VDD6 is specified between 22 pF and 47 pyF. An effective
capacitance of 22 uyF 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-pF capacitors. 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
needs to be de-rated for 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 100 mQ to 300 mQ. Use Equation 5 to calculate the minimum
total ESR to achieve balanced operation.

Resg = L/ (15 X Cefroative) = 33 / (15 x 22) = 100 mQ (5)

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 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 the 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.

92

Application and Implementation Copyright © 2012-2015, 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=SLVSBC4C&partnum=TPS65381-Q1
http://www.ti.com/product/tps65381-q1?qgpn=tps65381-q1

I} TEXAS
INSTRUMENTS TPS65381-Q1

www.ti.com SLVSBC4C —MAY 2012—-REVISED MARCH 2015

VDDGB]
33 uH
SDN6 []m . VDD6

ESR

ZS 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 6
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 (6)

Select the standard value 43.2 Q.

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 VDD1_G. 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-yF effective capacitance at 1.23 V is used to meet the
requirements for the output capacitor that are 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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VDD6
VDD1_G []
T VDD1
| S|
100 kQ 22 uF
R2=4320Q —vr
VDD1_SENSE []
R1=80.6Q

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 VTRACKL 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-uyF 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 l VSOUTI]

—Vrloo nF —v|’4.7 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 VTRACKZ1 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 VSFBL1 pins. Select a value of 3.3 kQ for the RVSFBL1 resistor to balance the current
through the resistor divider for reasonable bias current and reasonable losses. Use Equation 7 to calculate
the resistance of RVSFB2.

RVSFB2 = ([VSOUT1 x RVSFB1] / VTRACK) — RVSFB1 = ([6 V x 3.3 kQ] /3.3 V) - 3.3kQ =2.7kQ (7)

Select the standard value of 2.7 kQ.

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-yF ceramic capacitor is used on the VSOUTL1 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 VDD3/5
VBATP } VSIN VSOUT1 i VSOUT]
4.7 uF
I I
Rvsre2 = 2.7 kQ
R\/SFBl =3.3kQ
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 VDDS5 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 RVSFB1 resistor to balance the current through the resistor divider for
reasonable bias current and reasonable losses. Use Equation 8 to calculate the resistance of RVSFB2.
RVSFB2 = ([VSOUT1 x RVSFB1] / VTRACK) — RVSFB1 = ([9 V x 3.3 kQ] /5 V) — 3.3 kQ = 2.64 kQ (8)

Select the standard value of 2.7 kQ.

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-yF ceramic capacitor is used on the VSOUTL1 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 i VSOUT]
4.7 uF
P I
Rvsre2 = 2.7 kQ
R\/SFBl =3.3kQ
Figure 6-6. VSOUT1 Design—Tracking, With Gain (VDD5)
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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 (VREF) of 2.5 V on the VSFB1 pin. Because
the output must have gain to result in a 4.5-V output, gain feedback will be used on the VSFBL1 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 9 to calculate the resistance of RVSFB2.

RVSFB2 = ([VSOUT1 x RVSFB1] / VREF) — RVSFB1 = ([4.5 V x 3.3 kQ] / 2.5 V) — 3.3 kQ = 2.64 kQ (9)

Select the standard value of 2.7 kQ.

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-yF ceramic capacitor is used on the VSOUTL1 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 J_ VSOUT]
—vﬁoo nF —vr 4.7 uF
RVSFBZ =2.7kQ
Rvsre1= 3.3 kQ
Figure 6-7. VSOUT1 Design—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/Sink Current Figure 4-3
VDD6 BUCK Efficiency Figure 4-4
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6.3 System Examples
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TPS65381/65383 TMS570 DRV3201
Analog Sensor Signal
Digital Sensor Signal
Figure 6-8. Electrical Power-Steering Example
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Figure 6-9. Example TPS65381-Q1 With TI's TMS570LS
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The ERROR/WDI pin can be configured as an input for the yC ERROR monitor (TMS570 dual core) or as a window
watchdog input (TMS470 single core).

Figure 6-10. Example TPS65381-Q1 With TI's TMS470 (Using an Internal MCU Core Supply)
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Watchdog Function

— Software Implementation Example

(per implementation on TMS570 MCU)

Supply
VBAT / VBATP
STANDBY
State

including Watchdog configuration:
Watchdog Mode (WDTI or Q&A Configuration — Set to Q&A Configuration for this example)

YES OPEN/CLOSE Window durations
DIAGNOSTIC State Configured MCU-timer should expire in the middle of Watchdog CLOSE-Window (for Q&A Configuration) and
(initialize device) generate a software interrupt event

Configure MCU-timer to be enabled when Watchdog Time-Out event is detected i

Start WD

Synchronization
(DIAGNOSTIC State)

Note: Alternat event is WD C

change by changing Watchdog OPEN Window or Watchdog
CLOSE window duration in registers WDT_WIN1_CFG and
WDT_WIN2_CFG

iKeep pulling status of TIME_OUT bit in WDT_STATUS register (bit D2). Watchdog Time-Out is detected when
{TIME_OUT bit is set to ‘1’ N

YES

— NO-

Read pending WD Token
(pending WD question)

Send first three WD Answers
(DIAGNOSTIC state)

Send last (4”) WD Answer
(DIAGNOSTIC state)

Sequence & Timing

Confirm WD Function
(DIAGNOSTIC state)

iSchedule SP! transfers to send 1 three WDT Token Responses (SP! write access to WDT_ANSWER register)
iAfter each sent response confirm response was correct by reading WDT_STATUS register:

None of the status bits mapped to bits 5 down-to 0 should be set, and
WDT_ANSW_CNT [1:0] bits should be updated with each provided answer

iWrite to WDT_ANSWER register

{Observe Watchdog status bits in WDT_STATUS register are not set (bits D5 to DO)
{Observe corresponding WDT_ANSW_CNT [1:0] update after each answer

i "§0bserve WD_FAIL_CNT (bits D2 to DO in SAFETY_STAT_2 register) are incremented

(Conirm expected Walchdog Service Routine behavior/iesponses
Read WD Question
Respond with WD correct answers (vith correct sequence and timing
Observe WD status bits in WDT_STATUS register are no set (bis D5 {0 DO)
Observe corresponding WDT_ANSW_CNT [1:0] update after each answer
Observe WD_FAIL_CNT (bits D2 to DO in SAFETY_STAT_2 register) ae incremented

{____i Read WD Question
Respond with WD in-correct sequence g timing o
Observe corresponding WD status bitls) in WDT_STATUS register is set (bits D5 to DO)
Observe corresponding WDT_ANSW_CNT [1:0] update after each answer
Observe WD_FAIL_CNT (bits D2 to DO in SAFETY_STAT_2 register) are decremented

NOTE: WD_FAIL_CNT is initialized to 5 when device enters ACTIVE State.

-1Service Watchdog function to decrement WD_FAIL_CNT below 5.

(ACTIVE

Place device in

SAFE or DIAGNOSTIC state

by forcing ERROR monitoring
pin failure or WD failure

—No bitis 0?

Figure 6-11. Software Flowchart for Synchronizing the MCU With the TPS65381-Q1 Watchdog

Enable EN_DRV

'Service Watchdog function to keep WD_FAIL_CNT between:
Count 3 and count 4, or
Count 2 and count 3, or
Count 1 and count 2, or
Count 0 and Count 1

‘Maintained WD_FAIL_CNT range depends on system requirements (how fast system safing paths have to be disabled in case of detected WD failure:
Disabling ‘safing’ path when WD_FAIL_CNT reaches count 5 (ENDRV low)
Entering RESET state when WD_FAIL_CNT reaches count 7 AND WD_RST_EN=1 (bit D3 in SAFETY_FUNC_DFG - default state of this bit s 0)

te)
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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). For additional power supply recommendations, see the TPS65381EVM User's Guide,
SLVU847.

8 Layout
8.1 Layout Guidelines

8.1.1 VDD6 Buck Pre-Regulator
* Minimize the loop area for the switching loop of the inductor, ESR resistor and output capacitor and
diode.
» Minimize the parasitic trace impedance by using as wide of traces 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 pre-regulator, parasitic impedance should be minimized.

» Connect a local decoupling capacitor between the VREG and PGDN1 pin, and between the EXTSUP
and PGNDL1 pin. The length of this trace loop should be short.

Additional consideration: add footprint for a RC snubber circuit if one is necessary for the application. The
RC connects in-series between SDN6 and PGND.

8.1.2 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 (IC signal ground). Do not locate these components and their traces near the
switching nodes or high-current traces.

8.1.3 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 VSOUTI1 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 (IC signal ground). Do not locate these components and their traces near the switching nodes or
high-current traces.

» Connect the local decoupling capacitor between VSIN and PGND. Minimize trace length.

* Route the tracking supply signal, connected to VTRACK1, away from switching nodes or high-current
traces.

8.1.5 Charge Pump
» Connect the capacitor as close as possible between the CP1 and CP2.
» Connect the capacitor between VCP and VBATP (reverse protected and filtered) supply.

8.1.6 Other Considerations
» Use ground planes.
» 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
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NRES

DIAG_OUT

NCS

CREE

SDO

SCLK

ERROR/WDI

CANWU

.Hﬂiﬂ

I
:

Figure 8-1. TPS65381-Q1 Board Layout
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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 TI 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, SLVA643
+ DPI Evaluation TPS65381-Q1, SLVA575

» Efficiency Evaluation TPS65381-Q1, SLVA606

+ TPS65381EVM User's Guide, SLVU847

» TPS65381-Design-Checklist, SLVA611

9.3 Trademarks

PowerPAD is a trademark of Texas Instruments.
All other trademarks are the property of their respective owners.

9.4 Electrostatic Discharge Caution

A These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘I \ during storage or handling to prevent electrostatic damage to the MOS gates.

9.5 Glossary

SLYZ022 — TI 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

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): Tl's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)

® MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

© Lead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the finish
value exceeds the maximum column width.

Important Information and Disclaimer:The information provided on this page represents TlI'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. Tl 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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Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty %) 6) (3) (4/5)
TPS65381QDAPRQ1 ACTIVE HTSSOP DAP 32 2000 Green (RoHS CU NIPDAU Level-3-260C-168 HR ~ -40to 125 TPS65381
& no Sh/Br)
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MECHANICAL DATA

DAP (R—PDS0—-G32) PowerPAD™ PLASTIC SMALL—OUTLINE PACKAGE
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NOTES:  A. All linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusion. Mold flash and protrusion shall not exceed 0.15 per side.
D. This package is designed to be soldered to a thermal pad on the board. Refer to Technical Brief, PowerPad

Thermally Enhanced Package, Texas Instruments Literatur
recommended board layout. This document is available
Falls within JEDEC MO-153 Variation DCT.

PowerPAD is a trademark of Texas Instruments.
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THERMAL PAD MECHANICAL DATA

DAP (R—PDS0-(G32) PowerPAD™ PLASTIC SMALL QUTLINE
THERMAL INFORMATION

This PowerPAD ™ package incorporates an exposed thermal pad that is designed to be attached to a printed
circuit board (PCB). The thermal pad must be soldered directly to the PCB. After soldering, the PCB can
be used as a heatsink. In addition, through the use of thermal vias, the thermal pad can be attached
directly to the appropriate copper plane shown in the electrical schematic for the device, or alternatively,
can be attached to a special heatsink structure designed into the PCB. This design optimizes the heat
transfer from the integrated circuit (IC).

For additional information on the PowerPAD package and how to take advantage of its heat dissipating
abilities, refer to Technical Brief, PowerPAD Thermally Enhanced Package, Texas Instruments Literature
No. SLMAQQ2 and Application Brief, PowerPAD Made Easy, Texas Instruments Literature No. SLMAQQ4.
Both documents are available at www.ti.com.

The exposed thermal pad dimensions for this package are shown in the following illustration.
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Exposed Thermal Pad Dimensions
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NOTE: All linear dimensions are in millimeters

PowerPAD is a trademark of Texas Instruments.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by TI for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Ill (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.
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Amplifiers amplifier.ti.com Communications and Telecom  www.ti.com/communications
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Logic
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Microcontrollers
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Wireless Connectivity
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