
TPS2HCS10-Q1 11.3mΩ, Automotive Dual-Channel, SPI Controlled High-Side Switch 
With Integrated I2T Wire Protection and Low Power Mode

1 Features
• AEC-Q100 qualified for automotive applications

– Temperature grade 1: –40°C to 125°C
– Withstands 36V load dump

• Dual-channel SPI controlled smart high-side switch 
with integrated nFETs.

• Integrated wire-harness protection without MCU 
involvement and a SPI programmable fuse curve
– Protection against persistent overload condition

• Improve system level reliability through SPI 
programmable adjustable overcurrent protection

• SPI configurable capacitive charging mode to drive 
a wide range of capacitive input ECUs load current 
needs.

• Low quiescent current, low power ON-state to 
supply always-ON loads with automatic wake on 
load current increase with wake signal to MCU

• Robust integrated output protection:
– Integrated thermal protection
– Protection against short-to-ground
– Protection against reverse battery events 

including automatic switch on of FET with 
reverse supply voltage

– Automatic shut off on loss of battery and 
ground

– Integrated output clamp to demagnetize 
inductive loads

• Digital sense output via SPI can be configured to 
measure:
– Load current accurately with integrated ADC
– Output or supply voltage, FET temperature

• Provides full fault diagnostics through SPI interface 
and indication through FLT pin
– Detection of open load and short-to-battery

2 Applications
• Automotive zone ECU
• Power distribution modules
• Body control modules

3 Description
The TPS2HCS10-Q1 device is a dual channel, 
smart high-side switch controlled through a serial 
peripheral interface (SPI) and is intended for power 
distribution and actuator drive applications. The 
device integrates robust protection to ensure output 
wire and load protection against short circuit or 
overload conditions. The device features overcurrent 
protection configurable via SPI with sufficient flexibility 
to support loads that require large inrush currents 
and provide improved protection. The device also 
integrates a programmable fuse profile (current 
versus time) that turns off the switch under persistent 
overload condition. The two features together allow 
optimization of the wire harness for any load profile 
with full protection.

The device supports a SPI-configurable capacitive 
charging mode for ECU loads in power distribution 
switch applications. The device also includes two low 
power mode (LPM) states, an auto entry mode or 
a manual entry mode, that enables the device to 
provide current to the load ECU while only consuming 
about 10–20μA of current.

The TPS2HCS10-Q1 device also provides a high 
accuracy digital current sense over SPI that allows for 
improved load diagnostics. By reporting load current 
and the channel output voltage and output FET 
temperature to a system MCU, the device enables 
diagnosis of switch and load failures.

The TPS2HCS10-Q1 is available in a HTSSOP 
package which allows for reduced PCB footprint.

Package Information
PART NUMBER PACKAGE(1) PACKAGE SIZE(2)

TPS2HCS10-Q1 PWP (HTSSOP, 16) 5mm x 6.4mm

(1) For all available packages, see Section 12.
(2) The package size (length × width) is a nominal value and 

includes pins, where applicable.
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4 Device Comparison Table
Table 4-1. Device Options

Device 
Version Part Number Output Control in ACTIVE State I2T Range Based on 

RSNS = 700Ω

Overcurrent 
Protection (IOCP) 

Range

Limp Home 
State

A TPS2HCS10A-Q1 Set through SPI
8.8A2s to 350A2s 10A to 25A

Yes

B TPS2HCS10B-Q1 Set through DIx pins only No
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5 Pin Configuration and Functions
5.1 Version A Package
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Figure 5-1. TPS2HCS10A-Q1 PWP Package,16-Pin HTSSOP (Top View)

5.2 Pinout - Version A
Pin

Type Description
No. Name

1 GND GND Device ground

2 SNS O SNS current output – use a parallel RC network to the GND pin of the IC.

3 VDD Power Logic Supply Input – closely decouple to GND pin of the IC with a ceramic capacitor.

4 DI I
Sets the output behavior in the LIMP HOME mode, if configured as such.The pin needs 
to be connected to MCU  or other HI/LO source through a 10K resistor tor protection and 
enabling the reverse polarity FET turn-on function.

5 LHI I External input (active High) to enable LIMP HOME mode.

6,7,8 VOUT1 O Output of channel 1

9,10,11 VOUT2 O Output of channel 2

12 FLT / 
WAKE_SIG O Fault output – on any (one or more) channel - open drain, pull up with a 4.7K resistor to VDD 

pin. Also functions as a wake signal to the MCU upon load current demand in key-off mode.

13 SDI I SPI device (secondary) data input 

14 SDO O SPI Data Output from the device. Internally pulled up to VDD.

15 CSN I Chip select. Internally pulled up to VDD

16 SCLK I SPI Clock input

Thermal Pad VBB Power Power Supply
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5.3 Version B Package

VBB

1

2

3

4

5

6

7

8

16

15

14

13

12

11

10

9

nCS

SCLK

SDO

SDI

FLT / WAKE_SIG

VOUT1

VOUT1

VOUT1

GND

VDD

SNS

DI2

VOUT2

VOUT2

VOUT2

DI1

Figure 5-2. PWP Package, 16-Pin HTSSOP (Top View) - TPS2HCS10B-Q1 

5.4 Pinout - Version B
Pin

Type Description
No. Name

1 GND GND Device ground

2 SNS O SNS current output – use a resistor to GND.

3 VDD Power Logic Supply Input – closely decouple to GND pin of the IC with a ceramic 1uF capacitor.

4 DI1 I
Enables channel 1 output to turn ON. The pin needs to be connected to MCU  or other 
HI/LO source through a 10K resistor tor protection and enabling the reverse polarity FET 
turn-on function.

5 DI2 I Enables channel 2 output to turn ON

6,7,8 VOUT1 O Output of channel 1

9,10,11 VOUT2 O Output of channel 2

12 FLT / 
WAKE_SIG O Fault output – on any (one or more) channel - open drain, pull up with a 4.7K resistor to VDD 

pin. Also functions as a wake signal to the MCU upon load current demand in key-off mode.

13 SDI I SPI device (secondary) data input 

14 SDO O SPI Data Output from the device. Internally pulled up to VDD.

15 CSN I Chip select. Internally pulled up to VDD

16 SCLK I SPI Clock input

Thermal Pad VBB Power Power Supply
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6 Specifications
6.1 Absolute Maximum Ratings
Over operating free-air temperature range (unless otherwise noted)(1)

MIN MAX UNIT
Maximum continuous supply voltage, VVBB 28 V

Load dump voltage ISO16750-2:2010(E) 36 V

Maximum transient voltage on VBB pin, (example during ISO 7637 pulse 2a transient) VBBt 54 V

Short circuit supply voltage capability IOCP = 25A, LOUT = 5µH, tSHORT = 300ms,
TA = 125°C 24 V

Short circuit supply voltage capability, parallel mode PARALLEL_12 = 1, IOCP = 20A, LOUT = 5µH,  
tSHORT = 300ms, TA = 125°C 24 V

VOUT  voltage –30 VVS+0.3 V

Reverse polarity voltage, continuous on VBB pin –18 V

Low voltage supply pin voltage, VDD –0.3 7 V

Digital input pin voltages, VDIG SDI, SDO, SCLK, CS –0.3 7 V

Sense pin voltage, VSNS –0.3 7 V

FLT pin voltage, V FLT –0.3 7 V

Limp home activation pin voltage, VLHI VBB V

Limp home direct input pin voltages, VDI –0.3 7 V

Reverse ground current, IGND VBB < 0 V –50 mA

Maximum junction temperature, TJ 150 °C

Storage temperature, Tstg –65 150 °C

(1) Operation outside the Absolute Maximum Ratings may cause permanent device damage. Absolute Maximum
Ratings do not imply functional operation of the device at these or any other conditions beyond those listed
under Recommended Operating Conditions. If used outside the Recommended Operating Conditions but within
the Absolute Maximum Ratings, the device may not be fully functional, and this may affect device reliability,
functionality, performance, and shorten the device lifetime.

6.2 ESD Ratings

VALUE UNIT

V(ESD)
Electrostatic 
discharge(1)

Human-body model (HBM), per AEC 
Q100-002 Classification Level H2

All pins including VBB and 
VOUTx ±2000

VHuman-body model (HBM), per AEC 
Q100-002 Classification Level H3A(2) VBB and VOUTx ±4000

Charged-device model (CDM), per AEC Q100-011 
Classification Level C5 All pins ±750

(1) AEC-Q100-002 indicates that HBM stressing shall be in accordance with the ANSI/ESDA/JEDEC JS-001 specifications.
(2) ESD strikes are with reference from the pin mentioned to GND

6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

MIN MAX UNIT
VBB_NOM Nominal supply voltage 6 18 V

VBB_EXT Extended supply voltage See the conditions in Operating Voltage 
Range 3 28 V

VDD Low voltage supply voltage 3.0 5.5 V

VDIG All digital input pin voltage –0.3 5.5 V

 V FLT  FLT pin voltage –0.3 5.5 V
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6.3 Recommended Operating Conditions (continued)
over operating free-air temperature range (unless otherwise noted)

MIN MAX UNIT
VLHI Limp home activation pin voltage, LHI VBB V

VDI Limp home direct pin input voltage, DI –0.3 5.5 V

TA Operating free-air temperature –40 125 °C

6.4 Thermal Information

THERMAL METRIC(1) (2)

TPS2HCS10-Q1
UNITPWP

16 PINS
RθJA Junction-to-ambient thermal resistance 33.0 °C/W

RθJC(top) Junction-to-case (top) thermal resistance 26.2 °C/W

RθJB Junction-to-board thermal resistance 9.4 °C/W

ψJT Junction-to-top characterization parameter 3.0 °C/W

ψJB Junction-to-board characterization parameter 9.3 °C/W

RθJC(bot) Junction-to-case (bottom) thermal resistance 1.1 °C/W

(1) For more information about traditional and new thermal metrics, see the  https://www.ti.com/lit/an/spra953c/spra953c.pdf application 
report.

(2) The thermal parameters are based on a 4-layer PCB according to the JESD51-5 and JESD51-7 standards.

6.5 Electrical Characteristics
VBB = 6V to 18V, VDD = 3.0V to 5.5V, TJ = –40°C to 150°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
INPUT VOLTAGE AND CURRENT

VClamp VDS clamp voltage 

IOUT = 10mA  VBB > 28V TJ = 25°C to 150°C 35 40 45 V

IOUT = 10mA  12V < VBB < 
28V TJ = –40°C to 150°C 30 34 38 V

IOUT = 10mA VBB = 3V TJ = –40°C to 150°C 27.5 36.5 V

VVBB_UVLOR
VBB undervoltage lockout 
rising

Measured with respect to the GND pin of the device.
3.0 3.5 4.0 V

VVBB_UVLOF
VBB undervoltage lockout 
falling 2.6 2.8 3.0 V

VBB_UV_WRN_R
VBB voltage UV_WRN 
rising threshold

Measured with respect to the GND pin of the device. 
4.9 V

VBB_UV_WRN_F
VBB voltage UV_WRN 
falling threshold threshold 4.5 V

VVDD_UVLOR
VVDD undervoltage lockout 
rising

Measured with respect to the GND pin of the device
1.94 2.2 V

VVDD_UVLOF
VVDD  undervoltage lockout 
falling 1.86 2.07 V

ISLEEP,VBB

Sleep current (total device 
leakage including all 
MOSFET channels)

VBB ≤ 18V, device in SLEEP 
mode, VOUT = 0V

TJ = 25°C 0.5 µA

TJ = 85°C 2.2 µA

ISLEEP,VDD Sleep current from VDD pin VVDD ≤ 5.5V, device in 
SLEEP mode, VOUT = 0V

TJ = 25°C
 0.3 µA

TJ = 85°C
 0.5 µA

www.ti.com
TPS2HCS10-Q1

SLVSGY2A – OCTOBER 2023 – REVISED OCTOBER 2025

Copyright © 2025 Texas Instruments Incorporated Submit Document Feedback 7

Product Folder Links: TPS2HCS10-Q1

https://www.ti.com/lit/an/spra953c/spra953c.pdf
https://www.ti.com
https://www.ti.com/product/TPS2HCS10-Q1
https://www.ti.com/lit/pdf/SLVSGY2
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLVSGY2A&partnum=TPS2HCS10-Q1
https://www.ti.com/product/tps2hcs10-q1?qgpn=tps2hcs10-q1


6.5 Electrical Characteristics (continued)
VBB = 6V to 18V, VDD = 3.0V to 5.5V, TJ = –40°C to 150°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

IOUT(OFF)
Output leakage current (per 
channel)

VOUT = 0V, Channel 
disabled,
ACTIVE/CONFIG state

TJ = –40 to 125°C 1 12 µA

IQ,VDD VDD quiescent current
ACTIVE state, SCLK off

VDD = 5.5V
1.4 1.6 mA

ACTIVE state, SCLK ON 2.2 mA

VBB IQ VBB quiescent current

All channels enabled, IOUTx 
= 0A, SCLK off, Diagnostics 
disabled

VDD = 5.5V 3.8 4.3 mA

VDD = 3.0V 4.25 5.2 mA

All channels enabled, IOUTx 
= 0A, SCLK off, Diagnostics 
enabled (ISNS, ADC)

VDD = 5.5V 3.9 4.5 mA

VDD = 0V 4.4 5.5 mA

IL,CONT
Continuous load current, per 
channel

All channels enabled, TAMB = 85°C 7 A

One channel enabled, TAMB = 85°C 12 A

RON CHARACTERISTICS

RON On-resistance 6V ≤ VBB ≤ 28V, IOUTx = 1A,
OL_ON_EN_CH1 = 0

TJ = 25°C 11.3 mΩ

TJ = 150°C 22 mΩ

RON_OL
On-resistance, OL_ON 
mode

6V ≤ VBB ≤ 
28V, IOUTx = 0.3A, 
OL_ON_EN_CHx = 1

TJ = 25°C 36 mΩ

TJ = 150°C 70 mΩ

RON(REV)
On-resistance during 
reverse polarity –18V ≤ VBB ≤ –7V,  

TJ = 25°C 13 mΩ

TJ = 150°C 26 mΩ

ΔRON

Percentage difference in 
on-resistance between 
channels (RON,CHx - 
RON,CHy )

VBB ≥ 6V, TJ = 25°C 0.5 7 %

CURRENT SENSE CHARACTERISTICS

KSNS
Current sense ratio
IOUTx / ISNS

IOUT = 1.0A, OL_ON_EN_CHx = 0 5000

KSNS
Current sense ratio
IOUTx / ISNS

IOUT = 50mA, OL_ON_EN_CHx = 1 1400

ISNS_SAT Saturated sense current VBB > 6V, RSNS = 374Ω 
OL_ON_EN_CHx =0 IOUT ≥ 30A 6 mA

KSNS1 
KSNS1 ratio IOUT / ISNS1 
across IOUT

RSNS = 374Ω, 
OL_ON_EN_CHx = 0 IOUT = 20A

5000

-3 3 %

RSNS = 698Ω
OL_ON_EN_CHx = 0

IOUT = 10A
5000

-5 5 %

IOUT = 5A
5000

-5 5 %

IOUT = 2.5A
5000

-5 5 %

IOUT = 1A
5000

-5 5 %

IOUT = 500mA
5000

-7 7 %

IOUT = 250mA
5000

-10 10 %

IOUT = 100mA
5000

-20 20 %
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6.5 Electrical Characteristics (continued)
VBB = 6V to 18V, VDD = 3.0V to 5.5V, TJ = –40°C to 150°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

KSNS2 
KSNS2 ratio IOUT / 
ISNS2 across IOUT

RSNS = 698Ω 
OL_ON_EN_CHx = 1

IOUT = 250mA 
1400

-10 10 %

IOUT = 100mA 
1400

-10 10 %

IOUT = 50mA
1400

-12 12 %

IOUT = 25mA
1400

-20 20 %

IOUT = 10mA 
1400

-40 40 %

IENTRY_OL_ON IOUT current to enter OL_ON mode (OL_ON_EN_CHx = 1) 0.5 A

IEXIT_OL_ON IOUT current to exit OL_ON mode (OL_ON_EN_CHx = 1) 1.7 A

ADC CHARACTERISTICS
VADCEFfHI ADC reference voltage 2.76 2.81 2.9 V

Isample Current sense sampling 
time Including mux timing and ADC conversion time 50 µs

IADC ADC current consumption 0.5  mA

SNS CHARACTERISTICS

ISNSADC,ACC ISNS ADC accuracy

OL_ON_EN_CHx =0,
ISNS_SCALE_CHx = 0

SNS pin voltage = 2.7V -3 3 %

SNS pin voltage = 1.4V -3.25 3.25 %

SNS pin voltage = 0.7V -4 4 %

SNS pin voltage = 0.1V -15 15 %

OL_ON_EN_CHx =1,
ISNS_SCALE_CHx = 1

SNS pin voltage = 0.04V -10.5 10.5 %

SNS pin voltage = 0.01V -37.5 37.5 %

ADCTSNS TSNS ADC output code TJ = 25°C Includes buffer gain 474

TSNSACC
TSNS measurement 
accuracy -17 17 °C

ADCVSNS
ADC code of output voltage 
measurement

VOUTx = 13.5V, referenced 
to device GND Includes buffer gain 459

VSNSACC

VOUT SNS 
(VSNS) measurement 
accuracy

-5 5 %

ADCVBBSNS
ADC code of VBB voltage 
measurement

VBB = 13.5V, referenced to 
device GND Includes buffer gain 452

VBBSNSACC

VBB SNS 
(VBBSNS) measurement 
accuracy

-5 5 %

OVERCURRENT PROTECTION CHARACTERISTICS

IOCP_RANGE

Overcurrent protection 
threshold, immediate 
shutdown - range

di/dt = 2A/µs 10 25 A
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6.5 Electrical Characteristics (continued)
VBB = 6V to 18V, VDD = 3.0V to 5.5V, TJ = –40°C to 150°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

IOCP

Overcurrent protection 
threshold, immediate 
shutdown

di/dt  = 2A/µs
TJ = –40°C to 150°C

ILIMIT_SET_CHx = 0x0 10 A

ILIMIT_SET_CHx = 0x1 12.5 A

ILIMIT_SET_CHx = 0x2 15 A

ILIMIT_SET_CHx = 0x3 17.5 A

ILIMIT_SET_CHx = 0x4 20 A

ILIMIT_SET_CHx = 0x5 22.5 A

ILIMIT_SET_CHx = 0x6 25 A

IOCP_RANGE,PARA
LLEL

Overcurrent protection 
threshold, immediate 
shutdown - range in parallel 
mode

di/dt = 2A/µs
PARALLEL_12 = 1 10 20 A

tOCP_DETECT
Immediate shutdown 
detection time TJ = -40°C to 150°C

From IOUT = IOCP to IOCP 
detection ROUT = 150% of 
IOCP , LIN = LOUT= 0nH

0.3 1.5 us

tOCP_TOFF
Immediate shutdown turn off 
time TJ = -40°C to 150°C

From IOCP detection to 
10% of VOUTx
ROUT = 150% of IOCP , LIN 
= LOUT = 0nH

7.5 us

CAP CHRG CURRENT LIMITATION 

ICL_Reg
Current regulation mode 
current in inrush period

TJ = –40°C to 150°C   
dI/dt  < 0.01A/ms

INRUSH_LIMIT_CHx = 0 0.82 1.5 2.18 A

INRUSH_LIMIT_CHx = 1 1.85 A

INRUSH_LIMIT_CHx = 2 2.25 A

INRUSH_LIMIT_CHx = 3 2.6 A

INRUSH_LIMIT_CHx = 4 1.8 3 4.2 A

INRUSH_LIMIT_CHx = 5 3.4 A

INRUSH_LIMIT_CHx = 6 3.8 A

INRUSH_LIMIT_CHx = 7 5 A

INRUSH_LIMIT_CHx = 8 6.25 A

INRUSH_LIMIT_CHx = 9 7.5 A

INRUSH_LIMIT_CHx = A 8.7 A

INRUSH_LIMIT_CHx = B 10.1 A

INRUSH_LIMIT_CHx = C 11.3 A

tINRUSH_RANGE
Inrush duration settings 
range INRUSH_DURATION_CHx range 0 100 ms

FAULT CHARACTERISTICS

IOL_OFF

Off state open-load (OL) 
detection internal pull-up 
current

Switch disabled, 
OL_OFF_EN_CHx = 
enabled 

OL_PULLUP_STR=00 20.1 26.5 100 µA

OL_PULLUP_STR=01 48.1 60 126 µA

OL_PULLUP_STR=10 103.2 127 208 µA

OL_PULLUP_STR=11 213 260 348 µA

RSHRT_VBB

Off state short to 
VBB detection pulldown 
resistance

Channel disabled, off-state short_VBB diagnostics 
enabled 5.5 6.8 8 kΩ

VOL_OFF_TH
Off state Open-load (OL) 
detection voltage

Channel Disabled, off-state open load diagnostics 
enabled, VOUTx

1.9 2.5 2.95 V

TABS Thermal shutdown 155 180 205 °C

TOTW Thermal shutdown warning 130 150 170 °C

TREL
Relative thermal shutdown 
temperature 60 °C
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6.5 Electrical Characteristics (continued)
VBB = 6V to 18V, VDD = 3.0V to 5.5V, TJ = –40°C to 150°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

THYS
Thermal shutdown 
hysteresis 20 25 30 °C

tRETRY Retry time
Time from fault shutdown until switch re-enable (thermal 
shutdown or overcurrent). PWM will wait until next cycle 
to come back on

2 ms

tWAKE_SIG
WAKE_SIG / FLT pin 
indication for LPM exit 100 μs

TIMING CHARACTERISTICS
OSCACC Oscillator accuracy -10 10 %

PWMFREQ PWM Frequency PWM_EN = 1 PWM_FREQ_CHx = 101 372 425 478 Hz

LOW POWER MODE CHARACTERISTICS
RON,LPM_AUTO RON in AUTO_LPM mode TJ = –40°C to 105°C 11.3 22 mΩ

RON,LPM_MAN
RON in MANUAL_LPM 
mode TJ = –40°C to 105°C 36 70 mΩ

IENTRY_LPM_AUTO
IOUT current to enter 
AUTO_LPM state TJ = –40°C to 105°C 0.95 A

IEXIT_LPM_AUTO
IOUT current to exit 
AUTO_LPM state TJ = –40°C to 105°C 1.05 A

ISCP_LPM_AUTO

Short-circuit detection 
threshold for AUTO_LPM 
state

TJ = –40°C to 105°C 13.7 A

IEXIT_LPM_MAN
IOUTx threshold for 
MANUAL_LPM exit

Current ramp at 1mA/µs TJ 
= –40°C to 85°C

MAN_LPM_EXIT_CURR_
CHx = 00 330 500 670 mA

MAN_LPM_EXIT_CURR_
CHx = 01 450 625 900 mA

MAN_LPM_EXIT_CURR_
CHx = 10 100 150 225 mA

MAN_LPM_EXIT_CURR_
CHx = 11 220 325 450 mA

ISCP_LPM_MAN

Load current when the 
channel detects a short 
circuit

di/dt = 5mA/µs 4.0 A

tRETRY_LPM Retry time in LPM state 5 µs

tSTBY_LPM_AUTO
standby time before enter 
AUTO_LPM state IOUTx ≤ IENTRY_LPM_AUTO 20 ms

tLPM_ENTRY Time to enter LPM state 200 µs

tWAKE IEXIT_LPM_MAN detection time 5 µs

tSLEW
Time to slew on the main 
FET after IEXIT_LPM_MAN

200 µs

IQ,VDD,LPM_MAN
VDD quiescent current in 
MANUAL_LPM

VDD = 5.0V, IOUTx = 0A,
TJ = –40°C to 85°C

both channels OFF 9 18 µA

one channel ON 12.3 21.6 µA

both channels ON 15.6 23 µA

IQ,VDD,LPM_AUTO
VDD quiescent current in 
AUTO_LPM

VDD = 5.0V, IOUTx = 0A,
TJ = –40°C to 85°C

both channels OFF 9 18 µA

one channel ON 12.3 21.6 µA

both channels ON 15.6 23 µA

IQ,VBB,LPM_MAN
VBB quiescent current in 
MANUAL_LPM

VDD = 5.0V, IOUTx = 0A,
TJ = –40°C to 85°C

both channels OFF 3.72 7 µA

one channel ON 5.1 9.1 µA

both channels ON 6.42 9.5 µA
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6.5 Electrical Characteristics (continued)
VBB = 6V to 18V, VDD = 3.0V to 5.5V, TJ = –40°C to 150°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

IQ,VBB,LPM_AUTO
VBB quiescent current in 
AUTO_LPM

VDD = 5.0V, IOUTx = 0A,
TJ = –40°C to 85°C

both channels OFF 10.4 15.5 µA

one channel ON 11 15.8 µA

both channels ON 11.6 16.1 µA

DIGITAL INPUT PIN CHARACTERISTICS

VIH, SPI
Input voltage high-level
(SCLK, SDI, CSN) 3.0V ≤ VDD ≤ 5.5V 0.7 × 

VVDD
V

VIL, SPI
Input voltage low-level
(SCLK, SDI, CSN) 3.0V ≤ VDD ≤ 5.5V 0.3 × 

VVDD
V

RPD,SCLK
SCLK Internal pulldown 
resistor 1.80 2 2.26 MΩ

IIH, SCLK Input current high-level SCLK VSCLK = 5V 2.5 µA

RPD,SDI
SDI Internal pulldown 
resistor 1.80 2 2.26 MΩ

IIH, SDI Input current high-level SDI VSDI = 5V 2.5 µA

RPU,CSN CSN Internal pullup resistor 85 90 96 kΩ

VIH,DI input voltage high-level

DI (version A)

1.65 V

VIL,DI Input voltage low-level 0.8 V

RPD,DI Internal pulldown resistor 772 850 915 kΩ

IIH,DI Input current high-level VDI = 5V 6 µA

VIH,DI1 input voltage high-level

DI1 (version B)

1.65 V

VIL,DI1 Input voltage low-level 0.8 V

RPD,DI1 Internal pulldown resistor 772 850 915 kΩ

IIH,DI1 Input current high-level VDI1 = 5V 6 µA

VIH,LHI input voltage high-level

LHI (version A)

1.65 V

VIL,LHI Input voltage low-level 0.8 V

RPD,LHI Internal pulldown resistor 772 850 915 kΩ

IIH,LHI Input current high-level VLHI = 5V 6 µA

VIH,DI2 input voltage high-level

DI2 (version B)

1.65 V

VIL,DI2 Input voltage low-level 0.8 V

RPD,DI2 Internal pulldown resistor 772 850 915 kΩ

IIH,DI2 Input current high-level VDI2 = 5V 6 µA

DIGITAL OUTPUT PIN CHARACTERISTICS

VOH,SDO
Output logic high voltage 
drop SDO pin current = -2mA 0.2 V

VOL,SDO Output logic low voltage SDO Pin current = 2mA 0.2 V

VOL_FLT
Output logic low voltage 
drop FLT pin current = 4mA 0.55 V

6.6 SPI Timing Requirements
Over operating junction temperature TJ = –40°C to 150°C, VDD = 3.0V to 5.5V (measured with respect to the GND pin of the 
device)

PARAMETER TEST CONDITIONS MIN NOM MAX UNIT

ƒSPI SPI clock (SCLK) frequency CSDO = 30pF, IO protection 
resistor 0.47kΩ 8 MHz

thigh High time: SCLK logic high-time duration 45 ns

tlow Low time: SCLK logic low-time duration 45 ns
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6.6 SPI Timing Requirements (continued)
Over operating junction temperature TJ = –40°C to 150°C, VDD = 3.0V to 5.5V (measured with respect to the GND pin of the 
device)

PARAMETER TEST CONDITIONS MIN NOM MAX UNIT
tsucs CS setup time: time delay between falling edge of CS and rising edge of SCLK 45 ns

tsu_SDI SDI setup time: setup time of SDI before the falling edge of SCLK 15 ns

th_SDI SDI hold time: hold time of SDI before the falling edge of SCLK 30 ns

td_SDO Delay time: time delay from rising edge of SCLK to data valid at SDO 30 ns

thcs Hold time: time between the falling edge of SCLK and rising edge of CS 45 ns

tdis_cs CS disable time, CS high to SDO high impedance 10 ns

thics SPI transfer inactive time (time between two transfers) during which CS must remain high 500 ns

6.7 Switching Characteristics
VBB = 13.5V, RL = 2Ω,  TJ = –40°C to 150°C  (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

tDR

Channel turnon delay time
(50% of CS or DIx to 10% of 
VOUT) 

SLRT_CHx = 00 45 µs

SLRT_CHx = 01 35 µs

 SLRT_CHx = 10 (default) 30 µs

SLRT_CHx = 11 23 µs

tDF

Channel turnoff delay time
(50% of CS or DIx to 90% of 
VOUT)

SLRT_CHx = 00 35 µs

SLRT_CHx = 01 25 µs

SLRT_CHx = 10 (default) 20 µs

SLRT_CHx = 11 16 µs

SRR

VOUT rising slew rate
(20% to 80% of VOUT)
 

SLRT_CHx = 00 0.14 V/µs

SLRT_CHx = 01 0.2 V/µs

SLRT_CHx = 10 (default) 0.25 V/µs

SLRT_CHx = 11 0.32 V/µs

SRF
VOUT falling slew rate
(80% to 20% of VOUT)

SLRT_CHx = 00 0.13 V/µs

SLRT_CHx = 01 0.2 V/µs

SLRT_CHx = 10 (default) 0.26 V/µs

SLRT_CHx = 11 0.33 V/µs

tON

Channel turnon time
(50% of CS or DIx to 90% of 
VOUT)

SLRT_CHx = 00 130 µs

SLRT_CHx = 01 95 µs

SLRT_CHx = 10 (default) 75 µs

SLRT_CHx = 11 60 µs

tOFF

Channel turnoff time
(50% of CS or DIx to 10% of 
VOUT)

SLRT_CHx = 00 115 µs

SLRT_CHx = 01 75 µs

SLRT_CHx = 10 (default) 60 µs

SLRT_CHx = 11 50 µs

EON

Switching energy losses during 
turnon
(VOUT from 10% to 90%)

SLRT_CHx = 00 1.43 mJ

SLRT_CHx = 01 1.03 mJ

SLRT_CHx = 10 (default) 0.77 mJ

SLRT_CHx = 11 0.64 mJ
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6.7 Switching Characteristics (continued)
VBB = 13.5V, RL = 2Ω,  TJ = –40°C to 150°C  (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

EOFF

Switching energy losses during 
turnoff
(VOUT from 90% to 10%)

SLRT_CHx = 00 1.48 mJ

SLRT_CHx = 01 0.95 mJ

SLRT_CHx = 10 (default) 0.68 mJ

SLRT_CHx = 11 0.54 mJ
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6.8 Typical Characteristics
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6.8 Typical Characteristics (continued)
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Figure 6-5. VBB Sleep Current (ISLEEP,VBB) vs Temperature
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6.8 Typical Characteristics (continued)
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6.8 Typical Characteristics (continued)
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7 Parameter Measurement Information
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Figure 7-1. Switching Characteristics Definitions
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Figure 7-2. SPI Timing Characteristics Definitions
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8 Detailed Description
8.1 Overview
The TPS2HCS10-Q1 device is a dual-channel smart high-side switch intended for use with 12V automotive 
batteries. The TPS2HCS10-Q1 device integrates SPI control and configuration as well digital readout with an 
ADC of key device and load diagnostics. The device incorporates all of the specific features needed for a power 
distribution switch as well as the traditional protective and diganostic functions seen in high side switches for 
actuator drive applications.

Diagnostics features include a digital current, output voltage and FET temperature sense output that can be read 
over the SPI serial interface. The high-accuracy load current sense allows for diagnostics of complex loads. The 
output voltage sense and FET temperature sense fearures in the device enables diagnosis of the switch and 
load failures.

This device includes protection through thermal shutdown, overcurrent protection, transient withstand, and 
reverse battery operation. In addition, the device also includes an SPI-configurable wire-harness protection 
function through a defined fuse or time-current curve. The protection works in conjunction with an immediate 
switch-off overcurrent protection with an SPI-configurable threshold to fully protect against overload and short 
circuit faults.

The TPS2HCS10-Q1 device also integrates a low quiescent current mode where the device can provide currents 
in the 100s of mA range while consuming only micro-amps of current. The device automatically switches to the 
high-current mode on an increase in load current and provide a wake signal to the MCU. Further, the device 
includes a capacitive charging mode that reduces the peak current load on the supply. Together, the two features 
support power distribution switch to off-board ECU applications.

For more details on the diagnosis, power distribution and protection features, refer to the Feature Description 
and Application Information sections of the document.

The TPS2HCS10-Q1 is one device in a family of TI high side switches. For each device, the part number 
indicates elements of the device behavior. Figure 8-1 gives an example of the device nomenclature.

TPS 2 HC 10 PWPR

1 Single Channel

Generation of 

12V Automotive

High Side Swith

Package Designator
Prefix

X

RON (m�)

Smart fuse 

Features Included

S

Device Version

2

4

Dual Channel

Quad Channel

Figure 8-1. Naming Convention
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8.2 Functional Block Diagram
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Figure 8-2. TPS2HCS10A-Q1 Functional Block Diagram
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Figure 8-3. TPS2HCS10B-Q1 Functional Block Diagram

8.3 Feature Description
8.3.1 Protection Mechanisms
8.3.1.1 Overcurrent Protection

The TPS2HCS10-Q1 device offers the following functions to protect the device from different overcurrent events:
• Capacitive load charging in inrush period
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• Immediate shutdown overcurrent protection (IOCP)
• Programmable fuse protection (or I2T protection) (if enabled)
• Thermal shutdown (TREL and TABS)
• Short-circuit protection (ISCP_LPM_MAN or ISCP_LPM_AUTO) in LPM states

In regards to overcurrent protection, the device has two operation modes, an optional inrush period at channel 
startup and during steady state operation. The optional inrush period can be configured to allow the device 
to handle different inrush currents such as bulbs, motor stall currents, or capacitive loads at the initial turn 
on of a channel. The CAP_CHRG_CHx, INRUSH_DURATION_CHx, and INRUSH_LIMIT_CHx bits in the 
ILIM_CONFIG_CHx registers control the operation of the device in the inrush period. I2T protection (if enabled) 
is only active in the inrush period if CAP_CHRG_CHx = 00 and if VDS < VDS_LT_2V. Steady state operation takes 
over after the inrush period has completed. During steady state operation, overcurrent protection (IOCP) is active 
and I2T protection is active (if enabled).

During the inrush period all voltage sensing (VBB, VOUT, and VDS) and FET temperature sensing can be used 
if enabled. Current sensing is only available in CAP_CHRG_CHx = 00 when VDS < VDS_LT_2V or after the inrush 
period has completed and the device is in steady state operation. All voltage sensing, FET temperature sensing, 
and current sensing is available in the steady operation.

Figure 8-4 provides an overview of the overcurrent protection in the optional inrush period and steady state 
operation.

For more details on the different protections available in the inrush period and in steady state, see the following 
sections. Overcurrent protection in the LPM states is covered in the LPM section.

CHx_ON

VOUTx

<0b0> <0b1>

IOUTx

Steady state opera�on

Protec�on

- overcurrent protec�on (IOCP) set by ILIMIT_SET_CHx

- I2T protec�on (if enabled)

Diagnos�cs

- ISNS is available

- VDS_SNS, TSNS, VSNS, and VBBSNS are available

Figure 8-4. Overcurrent Protection Modes Overview

8.3.1.1.1 Inrush Period - Overcurrent Protection

The inrush period is an optional mode of the device where it can be configured to allow the device to handle 
different inrush currents such as bulbs, motor stall currents, or capacitive loads at the initial turn on of a 
channel. The inrush period can be configured through the CAP_CHRG_CHx, INRUSH_DURATION_CHx, and 
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INRUSH_LIMIT_CHx bits in the ILIM_CONFIG_CHx registers. If the inrush period is enabled, it will take effect in 
both the ACTIVE state and the LIMP_HOME state if a channel is enabled in either of these states.

The device offers two different ovecurrent protection settings in the inrush period which can be set through the 
CAP_CHRG_CHx bits:

• No capacitive charging - immediate shutdown overcurrent protection (IOCP) only
• Current limit regulation (ICL_REG)

The no capacitive charging setting, enables the device to have a different overcurrent protection (IOCP) value in 
the inrush period compared to steady state to allow for bulb current inrush or motor stall current. Additionally, 
in the no capacitive charging setting, I2T protection (if enabled) is active if VDS < VDS_LT_2V. The current limit 
regulation mode, allows for the device to charge up large capacitances such as input capacitors on downstream 
ECUs. Depending on the CAP_CHRG_CHx bit settings, the values of the INRUSH_LIMIT_CHx will change. 
The overcurrent protection for each channel is independent and can be set on an per channel basis. Table 8-1 
provides an overview of the two overcurrent protections in the inrush period.

Table 8-1. Overview of Capacitive Charging Mode in Inrush Period
Capacitive 

Charging Mode 
(CAP_CHRG_CHx)

Overcurrent Type Range Duration Set By Value Set By I2T 
Supported

00 Immediate shutdown 
(IOCP) 10A to 25A INRUSH_DURATION_CHx 

[2:0] INRUSH_LIMIT_CHx [3:0] Yes, if VDS < 
VDS_LT_2V

01 Not supported

10 Current limit regulation 
(ICL_REG)

1.5A to 
11.3A

INRUSH_DURATION_CHx 
[2:0] INRUSH_LIMIT_CHx [3:0] No

11 Not supported

The INRUSH_DURATION_CHx bits set the duration of the inrush period. It can be set from 0ms to 100ms. If 
the INRUSH_DURATION_CHx = 0, the inrush period duration will be set to 0ms and and the inrush period will 
not be entered when the channel is initially enabled. If a retry were to occur due to an overcurrent or thermal 
shutdown fault in the inrush period, the timer for exiting the inrush period will reset after each retry.

No Capacitive Charging - CAP_CHRG_CHx [1:0] = 00

The no capacitive charging setting, enables the device to have a different immediate shutdown overcurrent 
protection (IOCP) value in the inrush period compared to steady state operation to allow for different inrush events 
at startup such as bulb current inrush or motor stall current.

If CAP_CHRG_CHx [1:0] = 00, the immediate shutdown overcurrent protection (IOCP) value in the inrush period 
is set by the INRUSH_LIMIT_CHx [3:0] bits and the duration is set by the INRUSH_DURATION_CHx [2:0] bits. 
Once the inrush period duration timer expires the immediate shutdown overcurrent protection (IOCP) value will be 
set by the ILIMIT_SET_CHx [3:0] bits in steady state operation.

If CAP_CHRG_CHx [1:0] = 00, I2T protection (if enabled) and current sensing is available if VDS < VDS_LT_2V.

An example of this is shown in Figure 8-5.
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Inrush Period
tINRUSH_DURATION is set INRUSH_DURATION_CHx[1:0]

IOCP set by INRUSH_LIMIT_CHx[3:0]

Time

IOUT
IOCP

IOCP

Steady state opera�on
IOCP set by ILIMIT_SET_CHx[3:0]

tINRUSH_DURATION

Figure 8-5. No Capacitive Charging (CAP_CHRG_CHx [1:0] = 00) - Bulb Driving Example

Current Limit Regulation Capacitive Charging Mode - CAP_CHRG_CHx [1:0] = 10

The device offers a current limit regulation capacitive charging mode to charge up large downstream capacitive 
loads such as bulk input capacitors on ECUs. If CAP_CHRG_CHx [1:0] = 10, the current limit regulation mode 
will clamp the output current when the channel is initially enabled at a value set by the INRUSH_LIMIT_CHx 
[3:0]. The device will limit the current continuously until the capacitive load has finished charging, the inrush 
period expires, or a thermal shutdown has occurred. The range of settings which can be programmed through 
the INRUSH_LIMIT_CHx [3:0] are from 1.5A to 11.3A and are specified in the electrical characteristic table as 
ICL_REG. If the VOUT voltage is greater than VBB - 2V and the inrush period timer has not expired, the device 
is able to slowly exit the current limit regulation without a large spike. An example of the current limit regulation 
capacitive charging mode and the slow exit before the inrush period timer expiration is shown in Figure 8-6.
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Inrush Period
tINRUSH_DURATION is set INRUSH_DURATION_CHx[1:0]

ICL_REG set by INRUSH_LIMIT_CHx[3:0]

Time

IOUT

ICL_REG

IOCP

Steady state opera�on
IOCP set by ILIMIT_SET_CHx[3:0]

tINRUSH_DURATION

VOUT
VBB – VOUT < 2V

Figure 8-6. Current Limit Regulation Capacitive Charging (CAP_CHRG_CHx [1:0] = 10) - ECU Input Bulk 
Capacitance Driving Example

8.3.1.1.2 Overcurrent Protection - Steady State Operation

After the device has completed the optional inrush period (if enabled) the device will enter the steady operation. 
In this operation, the overcurrent protection is provided by the immediate shutdown overcurrent protection (IOCP) 
and I2T protection (if enabled). The IOCP is an overcurrent protection function that immediately turns off the 
channel if the output current exceeds IOCP threshold that is set by the ILIMIT_SET_CHx [3:0] bits. The IOCP 
function can not be disabled and is always active in the steady state operation while the device is enabled. The 
I2T protection provides a programmable fuse protection that is based on a defined time-current curve. The intent 
of the I2T protection is to match the behavior of a melting fuse. The time-current curve of the I2T protection can 
be set through the NOM_CUR_CHx [2:0] bits and I2T_TRIP_CHx [3:0] bits. The ISWCL_CHx [1:0] and IOCP also 
help to define the time-current curve for the I2T protection. The IOCP and I2T protection (if enabled) are active 
in the ACTIVE state and the LIMP_HOME state if the channel is in the steady state operation after the inrush 
period.

The next sections describes the I2T protection and the IOCP protection.

8.3.1.1.3 Programmable Fuse Protection

The device includes a programmable fuse protection for each channel, that is based on a defined time-current 
curve and is commonly referred to as I2t protection in melting fuse data sheets. The intent is to match the 
switch turnoff behavior of a melting fuse. The NOM_CUR_CHx [2:0] bits and I2T_TRIP_CHx [3:0] bits set the 
time-current curve but the device also uses a fixed delay shutdown (ISWCL) and immediate shutdown protection 
(IOCP) to create the full I2T protection for the device. The I2T protection of the TPS2HCS10-Q1 consists of four 
regions:

1. Nominal current
2. Fuse shutdown
3. Fixed delay shutdown
4. Immediate shutdown protection (IOCP)

The nominal current region (1) defines the region where the device can supply current indefinitely without 
turning off. This is roughly equivalent to the fuse current rating of a melting fuse. This region is set by the 
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NOM_CUR_CHx [2:0] bits and if the output current is less than the NOM_CUR_CHx setting then the device can 
supply current indefinitely as previously stated and it will not start the I2T accumulation. If the output current is 
greater than or equal to the NOM_CUR_CHx setting then the device will enter the I2T accumulation loop and 
will start to accumulate until the I2T_TRIP_CHx [3:0] threshold is met. If the output current falls back below the 
NOM_CUR_CHx before the I2T_TRIP_CHx value is reached then the device will stop the I2T accumulation but 
will still keep track of the accumulated energy as long as power is provided to the device.

Above the nominal current region, is the fuse shutdown region (2) which is set by the I2T_TRIP_CHx [3:0] bits. 
This region defines the curvature of time-current curve and the region where the I2T accumulation of the device 
is active. Based on the output current level and the NOM_CUR_CHx setting the device will trip at different time 
intervals based on the I2T_TRIP value that is set. The time-current curve of the device is defined by Equation 1.

I2T_TRIP =    IOUT2  −  NOM_CUR_CHx2    ×  t (1)

If the accumulation does not exceed the I2T_TRIP value and the current falls below NOM_CUR_CH then 
equation 1 is used to decrement the accumulated energy based on the ISNS value until the accumulated energy 
reaches zero. While the device continues to decrement down to zero, the I2T_MOD bit will remain 1 until 
accumulated energy returns back to zero and then the I2T_MOD bit will be set back to zero. If any conversions 
were disabled due to a channel entering the I2T loop then they will be re-enabled when I2T_MOD = 0.

Above the fuse shutdown region, is the fixed delay shutdown region (3) where the device provides a fixed 
delayed shutdown that is set by the ISWCL_CHx [1:0] and SWCL_DLY_TMR_CHx [1:0] bits. The ISWCL_CHx 
[1:0] sets the output current value and the SWCL_DLY_TMR_CHx sets the time. If the output current exceeds 
the ISWCL_CHx level continously for SWCL_DLY_TMR_CHx then the channel will immediately turn off.

If a shutdown occurs either due to the I2T_TRIP_CHx value being exceeded or due to the ISWCL_CHx function, 
the device will remain off for a period set by the TCLDN_CHx [1:0]. If the TCLDN_CHx [1:0] = 00 then the device 
will remain off and will not retry. To retry in this setting, the TCLDN_CHx [1:0] bits need to be changed to another 
setting. Once the setting has been changed, the device will retry after the defined cool down time of the new 
setting. Note, when the channel enters the I2T shutdown state the accumulator value will be reset to 0 so the 
retry time should be adjusted to make sure enough time has elasped for the wire harness to cool down. Also 
note, when the channel enters the I2T shutdown state, the values for NOM_CUR_CHx, I2T_TRIP_CHx, and 
ISWCL_CHx can not be changed.

Above the fixed delay shutdown region, is the immediate shutdown overcurrent protection (IOCP) region (4). This 
region is set by the ILIMIT_SET_CHx [3:0] bits. If the output current exceeds the IOCP level then the device will 
turn off immediately. The retry or latched off behavior for the IOCP is set by the LATCH_CHx bit and discussed in 
the next section.

These operational regions for the I2T protection are show in Figure 8-7.
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Time

Nominal current 

NOM_CUR_CHx [2:0]

Overcurrent protection (IOCP)

ILIMIT_SET_CHx [3:0]

25A
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Immediate 

shutdown

No shutdown

Fuse shutdown
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1

2

3

4

Wire current capability

Inrush or peak 

load transient examples 

below I2T trip curves

16A12A

Figure 8-7. Operational Region of Fuse Based Shutdown

The values for the NOM_CUR_CHx, I2T_TRIP_CHx, and ISWCL_CHx in the register map are based on an 
RSNS value of 700Ω. The device offers the flexibility for these values to be scaled based on different RSNS 
values. The equations for scaling the NOM_CUR_CHx, I2T_TRIP_CHx, and the ISWCL_CHx are defined below.

NOM_CURADJ, TYP = NOM_CUR700  ×  700RSNS, ADJ, TYP (2)

ISWCL, ADJ, TYP = ISWCL, 700 ×  700RSNS, ADJ, TYP (3)

I2TADJ . TYP = I2T700 × 700RSNS, ADJ, TYP 2
(4)

where, NOM_CUR700 = NOM_CUR_CHx value in the datasheet based on RSNS of 700Ω  (5)ISWCL, 700 = ISWCL value in the datasheet based on RSNS of 700Ω  (6)I2T700 = I2T trip value in the datasheet based on RSNS of 700Ω  (7)

8.3.1.1.4 Immediate Shutdown Overcurrent Protection (IOCP)

In steady state operation, the device offers immediate shutdown overcurrent protection (IOCP) which is an 
overcurrent protection function that immediately turns off the channel if the output current exceeds the IOCP 
threshold that is set by the ILIMIT_SET_CHx [3:0] bits. The ILIMIT_SET_CHx [3:0] bits enable the IOCP function 
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to be set on a per channel basis. The IOCP function can not be disabled and is always active in the steady state 
operation while the device is enabled.

If the IOCP level is exceeded, the channel will turn off immediately and the channel will either retry or latch-off 
based on the setting of the LATCH_CHx bit. If LATCH_CHx = 0, the device will retry after tRETRY. If After the retry 
time expires, the device will start up into the inrush period if configured. If LATCH_CHx = 1 and the IOCP level 
is exceeded, the device will latch-off and will not retry until the CHx_ON bit (version A) is toggled or the DIx pin 
(version B) is toggled or the LATCH_CHx bit is toggled. For more details on how the retry and latch off works for 
different device settings, see the retry and latch-off behavior section below.

Note, in LIMP_HOME state the device will continuously retry regardless of the LATCH_CHx setting if the channel 
is configured to be ON in LIMP_HOME state through the CHx_LH_IN bits.

8.3.1.1.5 Auto Retry and Latch-Off Behavior

When a thermal shutdown or an overcurrent protection fault occurs, the channel with the fault will either 
auto-retry or latch off based on the LATCH_CHx bit setting in the CHx_CONFIG registers. Depending on the 
CAP_CHRG_CHx settings the auto retry response will behave differently.

Note, in LIMP_HOME state the device will continuously retry regardless of the LATCH_CHx setting if the channel 
is configured to be ON in LIMP_HOME state through the CHx_LH_IN bits. The retry behavior in LIMP_HOME 
state will follow the below sections depending on how the CAP_CHRG_CHx bits are configured.

Auto Retry Behavior - No Capacitive Charging Mode (CAP_CHRG_CHx = 00)

If CAP_CHRG_CHx = 00 and LATCH_CHx = 0 and a short circuit event occurs, after the channel turns off and 
tRETRY expires the device will retry in the inrush period with the IOCP level set through the INRUSH_LIMIT_CHx 
[3:0] bits. The INRUSH_DURATION_CHx [2:0] still sets the duration of the inrush period. Figure 8-8 showcases 
this hot short case that occur in steady state operation. Starting into a short in the inrush period results in the 
same retry behavior as a hot short in steady state except the first initial overcurrent shutdown level will be 
determined by the INRUSH_LIMIT_CHx [3:0].

IOCP

tRETRY

Normal operation
Channel output enabled, 

short circuit event occurs

FLT

CHx_ON 

or DIx

IOUT1

Normal operation
Short-circuit event 

removed

0A

0V

0V

tRETRY

Normal 

operation
Channel toggled

IOCP

tRETRY tRETRY

Inrush period
Channel enters inrush period after first retry and continues to retry 

until the channel is turned off or the short circuit is removed

Figure 8-8. Hot Short During Steady State Operation with CAP_CHRG_CHx = 00, Auto-Retry (LATCH_CHx 
= 0)
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Latch-Off Behavior - No Capacitive Charging Mode (CAP_CHRG_CHx = 00)

If LATCH_CHx = 1 and CAP_CHRG_CHx = 00 and the IOCP level is exceeded, the device will latch-off and will 
not retry until the CHx_ON bit (version A) is toggled or the DIx pin (version B) is toggled or the LATCH_CHx bit 
is toggled. Upon resetting the latch either through an output toggle or through the LATCH_CHx bit toggle, the 
channel will start up into the inrush period if configured. Figure 8-9 below shows the latch behavior if a hot short 
circuit occurs during steady state operation with LATCH_CHx = 1. Figure 8-10 shows the latch behavior if the 
channel starts into a short circuit event in the inrush period.

IOCP

Normal operation
Output enabled, short circuit event 

occurs

FLT

CHx_ON 

or DIx

IOUT1

Latch operation
Short-circuit event removed

0A

0V

0V

Normal 

operation
Channel toggled

Figure 8-9. Hot Short During Steady State Operation with CAP_CHRG_CHx = 00, Latch-Off (LATCH_CHx 
= 1)

IOCP

Inrush period 

operation
Output is enabled 

into a short circuit

FLT

CHx_ON 

or DIx

IOUT1

Latch operation
Channel remains off until LATCH_CHx is toggled or channel is toggled

0A

0V

0V

Normal 

operation
Channel toggled

Figure 8-10. Start into a Short Circuit Event with CAP_CHRG_CHx = 00, Latch-Off (LATCH_CHx = 1)

Auto Retry Behavior - Current Limit Regulation Charging Mode (CAP_CHRG_CHx = 10)

If a short circuit event occurs in steady state operation with CAP_CHRG_CHx = 10 and LATCH_CHx = 0, after 
the channel turns off and tRETRY expires the device will retry into the inrush period with the current limit regulation 
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(ICL_REG) set through the INRUSH_LIMIT_CHx [3:0] bits. Figure 8-11 shows a hot short event that occurs in 
steady state operation with CAP_CHRG_CHx = 10 and LATCH_CHx = 0. Figure 8-12 shows the auto-retry 
behavior if the channel starts into a short circuit event in the inrush period.

IOCP

tRETRY

Normal Operation
Short event occurs

FLT

CHx_ON 

or DIx

IOUTx

Normal operation

Short-circuit event 

removed

0A

0V

0V

tRETRY

Normal 

operation

Channel toggled

Inrush period
Device enters inrush period after first retry, continues to 

retry until channel is toggled or short is removed

tRETRY

ICL_REG

IOCP

ICL_REG

IOCP

Figure 8-11. Hot Short During Steady State Operation with CAP_CHRG_CHx = 10 and Auto-Retry 
(LATCH_CHx = 0)

FLT
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or DIx

IOUTx

Normal operation

Short-circuit event 

removed

0A

0V

0V

tRETRY

Normal 

operation

Channel toggled

Inrush period
Device is enabled into a short, device continues to retry until 

channel is toggled or short is removed

tRETRY

ICL_REG

IOCP

ICL_REG

IOCP

Figure 8-12. Start into a Short Circuit Event with CAP_CHRG_CHx = 10 and Auto-Retry (LATCH_CHx = 0)

Latch-Off Behavior - Current Limit Regulation Capactive Charging Mode (CAP_CHRG_CHx = 10)

If LATCH_CHx = 1 and CAP_CHRG_CHx = 10 and the IOCP level is exceeded, the device will latch-off and will 
not retry until the CHx_ON bit (version A) is toggled or the DIx pin (version B) is toggled or the LATCH_CHx bit 
is toggled. Upon resetting the latch either through an output toggle or through the LATCH_CHx bit toggle, the 
channel will start up into the inrush period if configured. Figure 8-13 below shows the latch behavior if a hot short 
circuit occurs during steady state operation with LATCH_CHx = 1. Figure 8-14 shows the latch behavior if the 
channel starts into a short circuit event in the inrush period.
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IOCP

Normal operation
Output enabled, short circuit event 
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CHx_ON 

or DIx

IOUT1

Latch operation
Short-circuit event removed

0A

0V

0V

Normal 

operation
Channel toggled

ICL_REG

IOCP

Figure 8-13. Hot Short During Steady State Operation with CAP_CHRG_CHx = 10, Latch-Off (LATCH_CHx 
= 1)
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Output is enabled 
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or DIx

IOUT1

Latch operation
Channel remains off until channel is toggled or LATCH_CHx is toggled

0A

0V

0V

Normal 

operation
Channel toggled

ICL_REG ICL_REG

IOCP

Figure 8-14. Start into a Short Circuit Event with CAP_CHRG_CHx = 10, Latch-Off (LATCH_CHx = 1)

8.3.1.2 Thermal Shutdown

The device includes a temperature sensor on each power FET and within the controller portion of the device to 
monitor the temperature of each FET (TJ,FET) and the temperature of the controller (TJ,CONTROLLER). There are 
two cases that the device will consider to be a thermal shutdown fault:

• Relative Thermal Shutdown (TREL): TJ,FET – TJ,CONTROLLER > TREL
• Absolute Thermal Shutdown (TABS): TJ,FET > TABS

If either the above faults occur, the relevant switch will be turned off. Each channel is turned off based on the 
measurement of the temperature sensor for that channel. As result, if the thermal fault is detected on only one 
channel, the other channel continues operation.
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Relative Thermal Shutdown (TREL)

A relative thermal shutdown event can occur when there is a large peak power event such as a short-to-ground 
event where the FET temperature (TJ,FET) quickly rises relative to the controller temperature (TJ,CONTROLLER). 
Once the relative temperature (TJ,FET – TJ,CONTROLLER) exceeds TREL the relevant channel will be turned off.

Absolute Thermal Shutdown (TABS)

An absolute thermal shutdown occurs when the FET temperature (TJ,FET) rises above TABS. This can occur 
when a channel is subjected to long durations of overcurrent such as a permanent short use case. Once the FET 
temperature (TJ,FET) exceeds TABS the relevant channel will be turned off.

8.3.1.3 Reverse Battery

In the reverse battery condition, the switch will automatically be enabled regardless of the state of the output 
(set by the SW_STATE register) to prevent excess power dissipation inside the MOSFET body diode. In many 
applications (for example, resistive loads), the full load current may be present during reverse battery. In order 
to activate the automatic switch on feature, the DI pin (version A) or DI1 (version B) must have a path to ground 
from either from the MCU or it needs to be tied to ground through RPROT if unused.

There are two options for handling reverse battery in the system. The first option is to place a blocking device 
(FET or diode) in series with the battery supply, blocking all current paths. The second option is to place a 
blocking diode in parallel with a resistor on the GND node of the high-side switch. This method will protect the 
controller portion of the switch (path 2) by limiting the current through the internal circuits. Additionally in the 
second option, the automatic switch on feature of the device will allow the device to be put into low RON state to 
allow current to flow through the switch efficiently and through the load (path 3). The diode used for the second 
option may be shared amongst multiple high-side switches.

RPROT

VDD

GPIO GPIO

GND

VBB

VOUT

BAT

Load

0V

13.5V

µC

(1)

(2)
(3)

Reverse blocking 
FET or diode

Option 1

Option 2

VBB 
Clamp

Controller

Figure 8-15. Current Path During Reverse Battery

For more information on reverse battery protection, refer to TI's Reverse Battery Protection for High Side 
Switches application note.
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8.3.2 Diagnostic Mechanisms
8.3.2.1 Integrated ADC

The TPS2HCS10-Q1 provides an integrated successive approximation 10-bit ADC which can convert different 
analog signals to digital signals which can be read out through SPI. The ADC can convert the following analog 
signals:
• CH1 and CH2 current sense (ISNS1/2)
• CH1 and CH2 MOSFET temperature sense (TSNS1/2)
• VBB voltage sense (VBB_SNS)
• CH1 and CH2 VOUT voltage sense (VSNS1/2)
• CH1 and CH2 MOSFET drain-to-source voltage (VDS) sense (VDS_SNS1/2)

Figure 8-18 provides a functional block diagram of the integrated ADC along with the analog signal inputs to the 
ADC.

Conversion of any of the analog signals can either be disabled globally through the ADC_CONFIG register 
or on a per channel basis through CHx_CONFIG registers with the exception of temperature sensing. The 
temperature sensing can not be disabled on a per channel basis and can only be disabled globally through the 
ADC_TSNS_DIS bit.

To help reduce the quiescent current, the device only enables the current sense circuitry when the ADC is 
converting either of the ISNSx signals and disables it during all other signal conversions. The device also 
provides a configurable delay which can also help to further reduce the quiescent current of the device by 
reducing the sampling rate of the ADC. The configurable delay is set by the ADC_ISNS_SAMPLE_CONFIG [1:0] 
bits in the ADC_CONFIG register.

If I2T protection is enabled (I2T_EN_CHx = 1) and either channel is not in I2T mode (I2T_MOD_CHx = 0), then 
the device will convert each of the analog signals in a round robin sequence with the configurable delay. Figure 
8-16 below shows the ADC scheduling if no channel is in I2T mode (I2T_MOD_CHx = 0) and all analog signal 
conversions are enabled. If I2T protection is disabled then the round robin sequence below also applies.

TSNS1 TSNS2ISNS1 ISNS2 VSNS2 VDS_SNS1VBB_SNS VSNS1 VDS_SNS2
Configurable delay 

ADC_ISNS_SAMPLE_CONFIG [1:0]

1ISNS_EN 0

I2T_MOD_CHx 0

Figure 8-16. ADC Sequence with I2T_MOD_CHx = 0

If I2T protection is enabled (I2T_EN_CHx = 1) and one or both of the channels are in I2T mode (I2T_MOD_CHx 
= 1), then the device disables all conversions except for the ISNSx conversions which are used for the internal 
I2T protection. The device also disables the configurable delay function as well. Figure 8-17 below shows the 
ADC scheduling if one or both of the channels are in I2T mode (I2T_MOD_CHx = 1).

ISNS1 ISNS2ISNS1 ISNS2 ISNS2... ISNS1

1ISNS_EN

I2T_MOD_CHx 1

Figure 8-17. ADC Sequence with I2T_MOD_CHx = 1

The reference voltage for the ADC is fixed internally and is specified in the electrical characteristics table through 
the VADCREFHI parameter. The ADC's ground reference is connected internally to the GND of the device. For 
accurate current sense results, the ground connection of the RSNS resistor should be connected to the GND pin 
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of the device. The conversion equation for each of the analog signals can be found in their respective sections 
below.
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Figure 8-18. Integrated ADC Functional Block Diagram

8.3.2.2 Digital Current Sense Output

The integrated current sense circuit of the device provide a sense current (ISNS) proportional to the load current 
(IOUTx) of each channel through the SNS pin to an external sense resister (RSNS) to create a voltage. The current 
sense of each channel is multiplexed internally and is outputted on the SNS pin by the ADC scheduler. The 
voltage created by the ISNS and RSNS is then sampled by the internal 10-bit ADC where the result of the ADC 
conversion is stored in ADC_RESULT_CHx_I for each channel. The ISNS_RDY_CHx bit is set to 1 if a new ADC 
conversion result exists since the register was last read.

To ensure an accurate sensing measurement by the internal ADC, the sensing resistor should be connected to 
the IC GND.

The device offers two current sense ratios (KSNS1) and (KSNS2) for each channel which can be set through the 
OL_ON_EN_CHx bit in the CHx_CONFIG registers. The higher KSNS1 ratio (OL_ON_EN_CHx = 0 mode) allows 
for the channel to accurately measure high output current levels where the lower KSNS2 ratio (OL_ON_EN_CHx 
= 1 mode) enables the channel to accurately measure low output current levels. The KSNS1 utilizes the full 
mosfet where KSNS2 utilizes a small mosfet with ON resistance, RON_OL, to provide the lower current sense ratio. 
To use the KSNS2 ratio, the output current level must be below IENTRY_OL_ON before the OL_ON_EN_CHx bit is 
set to 1. If the current is not below IENTRY_OL_ON, the KSNS2 operation will not be entered and the KSNS1 operation 
will still be active. If the channel is operating with KSNS2 and the output current increases above IEXIT_OL_ON, the 
device will automatically transition out of KSNS2 to KSNS1 where the OL_ON_EN_CHx bit will be reset to 0 and 
the full mosfet is active. If the current falls below IENTRY_OL_ON again then the OL_ON_EN_CHx bit needs to be 
set back to 1 to transition to KSNS2 operation again. The system can manually exit KSNS2 operation by writing 
OL_ON_EN_CHx = 0. When measuring the output current through the integrated ADC in KSNS2 operation, the 
system should continue to monitor the OL_ON_EN_CHx = 1 bit to ensure the device is still in KSNS2 operation 
when the output current measurement is read.

The device also offers a voltage scaling option to amplify the current sense voltage at the ADC input. At low 
output current levels this helps to allow the current sense voltage to be at higher levels of the integrated ADC. 
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The voltage scaling is set through the ISNS_SCALE_CHx bit. Table 8-2 below provides the different settings for 
the ISNS_SCALE_CHx. ISNS_SCALE_CHx = 1 operation is recommended only in OL_ON_EN_CHx = 1 mode.

It is recommended to only use OL_ON_EN_CHx = 1 mode and/or ISNS_SCALE_CHx = 1 with I2T disabled 
(I2T_EN = 0). If OL_ON_EN_CHx = 1 and/or ISNS_SCALE_CHx = 1 is used with I2T enabled (I2T_EN = 1) this 
could cause the channel to turn off at unintended lower I2T thresholds.

Table 8-2. ISNS_SCALE_CHx Settings
ISNS_SCALE_CHx Value

0 x1

1 x8

The ISNS_SCALE_EFF_CHx bit in the ADC_RESULT_CHx_I register, will provide an indication if the channel 
is operating with 1x or 8x voltage scaling so the system knows which voltage scaling factor to apply when 
converting the current sense measurement.

The ADC conversion equation for current sense for different OL_ON_EN_CHx settings are below:

with OL_ON_EN_CHx = 0,

IOUT  A =   KSNS1  ×  VADCREFHI1023  ×  RSNS ×  ADC_RESULT_CHx_I (8)

with OL_ON_EN_CHx = 1,

IOUT  A =   KSNS2  ×  VADCREFHI1023  ×  RSNS  ×  ISNS_SCALE_CHx ×  ADC_RESULT_CHx_I (9)

The current sense function is enabled for each channel by default. The current sense function can be 
enabled or disabled globally through the ADC_ISNS_DIS bit in the ADC_CONFIG register. When the global 
ADC_ISNS_DIS bit is 0 the device will enable or disable the current sense function on each channel according 
to the ISNS_DIS_CHx bit in the respective CHx_CONFIG registers.

If I2T protection is used, the current sense function has to be enabled before the I2T protection can be used. 
The current sense function is only available when the channel is enabled and in the steady state operation. The 
current sense function is not available in the inrush period.

8.3.2.3 Output Voltage Measurement

The TPS2HCS10-Q1 provides an output voltage measurement per channel through the integrated 10-bit ADC.

The output voltage measurement function is disabled by default. To enable the output voltage sense function 
it needs to be globally enabled in the ADC_CONFIG register through the ADC_VSNS_DIS bit. If the global 
bit is enabled then the device will enable the output voltage measurement on each channel according to the 
VSNS_DIS_CHx bit in the respective CHx_CONFIG register.

The conversion equation for the output voltage measurement is detailed in Equation 10. The ADC measurement 
result will be available in the ADC_RESULT_CHx_V register. The VSNS_RDY_CHx bit is set to 1 if a new 
ADC conversion result exists since the register was last read. If any of the channels are in the I2T loop 
(I2T_MOD_CHx = 1), the output voltage measurement, if enabled, will be disabled for all the channels and the 
VSNS_RDY_CHx bit will be 0. Once the channel(s) exit the I2T loop (I2T_MOD_CHx = 0), then the output 
voltage measurement will be automatically re-enabled if previously enabled before the I2T event.

VOUT  V =   17.89  ×  VADCREFHI1023  ×  1.667 ×  ADC_RESULT_CHx_V (10)

The output voltage measurement is referenced to the device ground so if there is a ground network used for 
reverse battery then there can be an offset in the voltage measurement.
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8.3.2.4 MOSFET Temperature Measurement

The TPS2HCS10-Q1 provides a temperature measurement for each of the power MOSFETs through the 10-bit 
ADC.

The FET temperature sense function is disabled by default. To enable the FET temperature sense function for 
each channel it needs to be globally enabled in the ADC_CONFIG register through the ADC_TSNS_DIS bit.

The conversion equation for the FET temperature measurement is detailed in Equation 11. The ADC 
measurement result will be available in the ADC_RESULT_CHx_T register. The TSNS_RDY_CHx bit is set 
to 1 if a new ADC conversion result exists since the register was last read. If any of the channels are in the I2T 
loop (I2T_MOD_CHx = 1), the FET temperature measurement, if enabled, will be disabled for all the channels 
and the TSNS_RDY_CHx bit will be 0. Once the channel(s) exit the I2T loop (I2T_MOD_CHx = 0), then the FET 
temperature measurement will be automatically re-enabled if previously enabled before the I2T event.TJ, FET  °C =  381.367  −    0.75157  ×  ADC_RESULT_CHx_T (11)

8.3.2.5 Drain-to-Source Voltage (VDS) Measurement

The TPS2HCS10-Q1 provides a drain-to-source voltage (VDS) measurement per channel through the integrated 
10-bit ADC.

The VDS voltage measurement function is disabled by default. To enable the VDS voltage sense function 
it needs to be globally enabled in the ADC_CONFIG register through the ADC_VDS_DIS bit. If the global 
bit is enabled, then the device will enable the VDS voltage measurement on each channel according to the 
VDS_SNS_DIS_CHx bit in the respective CHx_CONFIG register.

The conversion equation for the VDS voltage measurement is detailed in Equation 12. The VDS conversion 
equation is only valid for VDS voltages up to 1.5V. The ADC measurement result will be available in the 
ADC_RESULT_CHx_VDS register. The VDSSNS_RDY_CHx bit is set to 1 if a new ADC conversion result exists 
since the register was last read. If any of the channels are in the I2T loop (I2T_MOD_CHx = 1), the VDS voltage 
measurement, if enabled, will be disabled for all the channels and the VDSSNS_RDY_CHx bit will be 0. Once 
the channel(s) exit the I2T loop (I2T_MOD_CHx = 0), then the VDS voltage measurement will be automatically 
re-enabled if previously enabled before the I2T event.

VDS  V =  ADC_RESULT_CHx_VDS  −  24288.267 (12)

8.3.2.6 VBB Voltage Measurement

The TPS2HCS10-Q1 provides a VBB voltage measurement through the 10-bit ADC.

The VBB voltage measurement is disabled by default. The VBB voltage sense function can be enabled through 
the ADC_VBB_DIS bit in the ADC_CONFIG register.

The conversion equation for the VBB voltage measurement is detailed in Equation 13. The ADC measurement 
result will be available in the ADC_RESULT_VBB register. The VBB_RDY bit is set to 1 if a new ADC conversion 
result exists since the register was last read. If any of the channels are in the I2T loop (I2T_MOD_CHx = 1), 
the VBB voltage measurement, if enabled, will be disabled and the VBB_RDY bit will be 0. Once the channel(s) 
exit the I2T loop (I2T_MOD_CHx = 0), then the VBB voltage measurement will be automatically re-enabled if 
previously enabled before the I2T event.

VBB  V =   18.18  ×  VADCREFHI1023  ×  1.667 ×  ADC_RESULT_VBB (13)

The VBB voltage measurement is referenced to the device ground so if there is a ground network used for 
reverse battery then there can be an offset in the voltage measurement.
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8.3.2.7 VOUT Short-to-Battery and Open-Load

The TPS2HCS10-Q1 is capable of detecting short-to-battery and open-load events regardless of whether the 
channel output is turned on or off, however the two conditions use different methods.

8.3.2.7.1 Measurement with Channel Output (FET) Enabled

When the channel output is enabled and the FET is on, the VOUT short-to-battery and open-load conditions 
can be measured with the current sense feature. In both cases, the load current is measured using the current 
sense circuit and the ADC (available in the ADC_RESULT_CHx_I registers). The current sense accuracy can 
be increased at low current levels by changing the current sense ratio from a nominal value of 5000 to a 
nominal lower value of 1400. This is accomplished by setting the OL_ON_EN_CHx bit to 1 in the individual 
CHx_CONFIG register. However, the load current must be below IENTRY_OL_ON for this bit to take effect. In 
addition, the voltage input to the ADC can be scaled by 8x by setting the ISNS_SCALE_CHx bit in the same 
CHx_CONFIG register. This enables the ADC to measure the low load current with higher accuracy.

It is recommended to only use OL_ON_EN_CHx = 1 mode and/or ISNS_SCALE_CHx = 1 with I2T disabled 
(I2T_EN = 0). If OL_ON_EN_CHx = 1 and/or ISNS_SCALE_CHx = 1 is used with I2T enabled (I2T_EN = 1) this 
could cause the channel to turn off at unintended lower I2T thresholds.

8.3.2.7.2 Detection with Channel Output Disabled

The device is able to detect an open load or a short-to-battery event when the channel output is disabled (FET 
is off). These will be referred to below as off state open load detection and off state short-to-battery detection. 
Whhen the channel output is disabled, the device is able to distinguish between an open load event and a 
short-to-battery event through a defined sequence that will be discussed below. A block diagram for the off-state 
open load and off-state short-to-battery detection is shown in Figure 8-19.

VOL_OFF_TH

Load

Fault 

Register

TPSxHCSxx
VBB

OUTx

FLT

GND

OL_SVBB_EN_CHx [1:0] = 01

MCU

SPI

RSHRT_VBB

4x

OL_SVBB_EN_CHx [1:0] = 10

OL_PU set by 

OL_PU_STR_CHx [1:0]

OL_SVBB_BLANK_CHx 

[1:0] 

Blanking time

Figure 8-19. Open Load and Short-to-Battery Detection

Note
This figure assumes that the device ground and the load ground are at the same potential. In a real 
system, there may be a ground shift voltage of the order of 1V.

Off-State Open Load Detection

The device integrates a pull-up current source, OL_PU, for each channel which can be used to pull-up the 
output to determine if there is an open load or short-to-battery event. The pull-up current source is enabled 
when OL_SVBB_EN_CHx [1:0] = 10 along with an internal comparator which is used to detect when the 
output voltage rises above the VOL_OFF_TH. The strength of the internal pull-up can be programmed through the 
OL_PU_STR_CHx bits for each channel in the CHx_CONFIG registers. The device also offers a programmable 
blanking timer per channel to allow the output to settle before determining if there is an open load or a 
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short-to-battery event. The blanking time can be programmed through the OL_SVBB_BLANK_CHx bits in the 
CHx_CONFIG registers.

When OL_SVBB_EN_CHx [1:0] = 10, the device is only able to report if there is either an open load or a 
short-to-battery event, it is not able to distinguish between the two with this setting alone. If either an open 
load or a short-to-battery fault has occurred, then the OL_OFF_CHx bit in the FLT_STAT_CHx register for 
the corresponding channel will be set to 1. The OL_OFF_CHx bit is a read clear bit which will clear when 
the FLT_STAT_CHx register is read and the fault no longer exists, either from the removal of the fault or 
from the open load circuitry being disabled. To distinguish between an open load and short-to-battery faults, a 
certain procedure needs to be followed. This is detailed below in the Distinguishing Between Open Load and 
Short-to-Battery Faults section.

If OL_SVBB_EN_CHx [1:0] = 10 and the output is enabled, the device will disable the pull-up current source and 
internal comparator before turning on the output. If OL_SVBB_EN_CHx [1:0] = 10 and the channel is enabled 
and then is disabled, the device will automatically enable the pull-up source and internal comparator.

Off-State Short-to-Battery Detection

The device also integrates a pull-down resistor for each channel which can be used to help distinguish between 
an open load and a short-to-battery fault when the channel is disabled. The pull-down resistor is enabled when 
OL_SVBB_EN_CHx [1:0] = 01 along with an internal comparator which is used to detect when the output 
voltage rises above the VOL_OFF_TH. The pull-down resistor is specified by the RSHRT_VBB parameter in the 
electrical characteristics. The device offers a programmable blanking timer per channel to allow the output to 
settle before determining if there is a short-to-battery event. The blanking time can be programmed through the 
OL_SVBB_BLANK_CHx bits in the CHx_CONFIG registers.

When OL_SVBB_EN_CHx [1:0] = 01, the device is only able to report if there is a short-to-battery event. The 
device is not able to detect if an open load fault has occurred. If a short-to-battery fault has occurred, then 
the SHRT_VBB_CHx bit in the FLT_STAT_CHx register for the corresponding channel will be set to 1. The 
SHRT_VBB_CHx bit is a read clear bit which will clear when the FLT_STAT_CHx register is read and the fault no 
longer exists, either from the removal of the fault or from the short-to-battery detection circuitry being disabled. 
To distinguish between an open load and short-to-battery faults, a certain procedure needs to be followed. This 
is detailed below in the Distinguishing Between Open Load and Short-to-Battery Faults section.

If OL_SVBB_EN_CHx [1:0] = 01 and the output is enabled, the device will disable the pull-down resistor and 
internal comparator before turning on the output. If OL_SVBB_EN_CHx [1:0] = 01 and the channel is enabled 
and then is disabled the device will automatically enable the pull-down resistor and the internal comparator.

Distinguishing Between Open Load and Short-to-Battery Faults

The TPS2HCS10-Q1 device is able to distinguish between an open load and a short-to-battery fault through a 
defined procedure. Figure 8-20 highlights the procedure that is recommended to distinguish between an open 
load and a short-to-battery fault.

When reading the OL_OFF_CHx bits and SHRT_VBB_CHx bits to determine if there is an open load fault or a 
short-to-battery fault, three read command should be used to determine which fault has occurred. The first read 
command is to set which register to read, the second read command is to see if a fault has occurred and a third 
read command is to see if the fault has persisted. After these three successive reads, then the determination of 
the fault can be done.
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Write <10> to OL_SVBB_EN_CHx bits to enable 

OL_PU with OL_PU_STR_CHx[1:0] pull-up current

Device waits for OL_SVBB_BLANK_CHx[1:0]

Channel is disabled

CHx_ON = 0 (Version A) ||DIx = 0 (Version B)

Is VOUT > VOL_OFF_TH?

No o�-state open load or short-to-

VBB fault

SHRT_VBB_CHx = 0

OL_OFF_CHx = 0

OL_SHRT_VBB_OFF_FLT = 0

No

Yes

Write <01> to OL_SVBB_EN_CHx bits to enable 

the RSHRT_VBB pull-down resistor

(Device �rst disables OL_PU pull-up current)

Device waits for OL_SVBB_BLANK_CHx[1:0]

Is VOUT > VOL_OFF_TH?

O�-state open load fault exists

SHRT_VBB_CHx = 0

OL_OFF_CHx = 0

OL_SHRT_VBB_OFF_FLT = 0

No

Yes

O�-state open load or short-to-VBB fault exists

SHRT_VBB_CHx = 0

OL_OFF_CHx = 1

OL_SHRT_VBB_OFF_FLT = 1

O�-state short-to-VBB fault exists

SHRT_VBB_CHx = 1

OL_OFF_CHx = 0

OL_SHRT_VBB_OFF_FLT = 1

If not already enabled, write <01> to 

OL_SVBB_EN_CHx bits to enable RSHRT_VBB pull-

down resistor to discharge the output capacitor 

(COUT)

Wait t > 5*τ,

(where τ = RSHRT_VBB * COUT)

Figure 8-20. Logic Flow Chart to Distinguish Between Open Load and Short-to-Battery Faults
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8.3.3 Parallel Mode Operation

When the PARALLEL_12 bit is set to 1, the device supports a parallel mode where the outputs of the device 
can be connected together externally to operate the device as a single channel device. This reduces the RON 
approximately by half and increases the continuous output current by approximately 2x.

When setting the PARALLEL_12 bit, both channels must be off in order for it to take effect. To confirm if the 
PARALLEL_12 bit has taken effect, the DEV_CONFIG register can be read to verify the PARALLEL_12 bit is set 
to 1.

The following sections cover the different configurations and behaviors specific to the parallel mode of the 
device. If any function or feature is not described in the followings sections, the device will operate the same as 
in single channel operation for that function or feature.

Channel Control in Parallel Mode

In parallel mode, channel control in the ACTIVE state is set only through the CH1_ON bit in the SW_STATE 
register for TPS2HCS10A-Q1. For TPS2HCS10B-Q1, channel control in ACTIVE state is set only through the 
DI1 pin. For LIMP_HOME state, channel control is set only through CH1_LH_IN bits only in the DEV_CONFIG 
register.

Fault Reporting - Parallel Mode

In parallel mode, if a fault on either or both channels, the fault flags for both channels will assert for the 
respective fault.

Diagnostics - Parallel Mode

In parallel mode, the ADC diagnostics (ISNS, VSNS, VBBSNS, VDS_SNS, and TSNS) are available for 
both channels. These diagnostics can be enabled or disabled on a per channel basis through the respective 
CHx_CONFIG registers.

To enter KSNS2 operation (or also known as OL_ON_EN_CHx = 1 mode), the output current must be below 
2x IENTRY_OL_ON before the OL_ON_EN_CH1 bit is set to 1. If the current is not below 2x IENTRY_OL_ON, the 
KSNS2 operation will not be entered and the KSNS1 operation will still be active. If the channel is operating with 
KSNS2 and the output current increases above 2x IEXIT_OL_ON, the device will automatically transition out of 
KSNS2 to KSNS1 where the OL_ON_EN_CH1 bit will be reset to 0 and the full MOSFET is active. If the current 
falls below 2x IENTRY_OL_ON again then the OL_ON_EN_CH1 bit needs to be set back to 1 to transition to 
KSNS2 operation again. The system can manually exit KSNS2 operation by writing OL_ON_EN_CH1 = 0. When 
measuring the output current through the integrated ADC in KSNS2 operation, the system should continue to 
monitor the OL_ON_EN_CH1 = 1 bit to ensure the device is still in KSNS2 operation when the output current 
measurement is read.

Off state open load detection and off state short to battery detection settings are set by the CH1_CONFIG 
register only. The device will only enable the circuitry on channel 1 to detect off state open load and the off state 
short to battery.

Inrush Period - Overcurrent Protection in Parallel Mode

In parallel mode, the overcurrent protection in the optional inrush period is set by the ILIM_CONFIG_CH1 
register only. Either of the two capacitive charging modes, no capacitive charging or current regulation, can be 
used in parallel mode and is set by the CAP_CHRG_CH1 bits. The duration for the inrush period is set by 
INRUSH_DURATION_CH1. The value for the capacitive charging is set by the INRUSH_LIMIT_CH1 bits and the 
effective value for the entire device for parallel operation will be approximately double the INRUSH_LIMIT_CH1 
setting.

The overcurrent protection and thermal shutdown protection in both channels will be enabled for the two 
capacitive charging modes. For the no capacitive charging mode, if the output current through either channel 
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goes above the INRUSH_LIMIT_CH1 setting then both channels will be turned off. For both capacitive charging 
modes, if either channel has a thermal shutdown fault, both channels will be turned off.

See Table 8-3below for more details on how the device can be configured for the overcurrent protection in the 
optional inrush period.

Table 8-3. Inrush Period Overcurrent Protection Configuration Methods for Parallel Mode
Capacitive Charging 

Mode (CAP_CHRG_CH1) Duration Set By Value Set By Effective Typical Value When 
PARALLEL_12 = 1

00 INRUSH_DURATION_CH1 [2:0] INRUSH_LIMIT_CH1 [3:0] 2x INRUSH_LIMIT_CH1 [3:0]

10 INRUSH_DURATION_CH1 [2:0] INRUSH_LIMIT_CH1 [3:0] 2x INRUSH_LIMIT_CH1 [3:0]

Steady State - Overcurrent Protection in Parallel Mode

In parallel mode, the immediate shutdown overcurrent protection (IOCP) in the steady state operation is set by 
the ILIMIT_SET_CH1 bits in the ILIM_CONFIG_CH1 register only. The effective value for the entire device for 
parallel operation will be approximately double the ILIMIT_SET_CH1 setting.

The overcurrent protection and thermal shutdown protection in both channels will be enabled in steady state 
operation. If the output current through either channel goes above the ILIMIT_SET_CH1 setting then both 
channels will be turned off.

Note

The max ILIMIT_SET_CH1 value that is supported for parallel mode is 20A. If CAP_CHRG_CH1 = 00, 
the max INRUSH_LIMIT_CH1 value that is supported for parallel mode is 20A.

Steady State - I2T Protection in Parallel Mode

In parallel mode, the I2T protection is set by the I2T_CONFIG_CH1 register only. The value for INOM for the 
I2T is set by the NOM_CUR_CH1 bits and the effective value for the entire device for parallel operation will be 
approximately double the NOM_CUR_CH1 setting. The value for the I2T threshold is set by the I2T_TRIP_CH1 
bits and the effective value for the entire device for the parallel operation is approximately quadruple the 
I2T_TRIP_CH1 setting. The value for the ISWCL is set by the ISWCL_CH1 bits and the effective value for the 
entire device for the parallel operation is approximately double the ISWCL_CH1 setting.

Enabling of I2T in parallel mode is done only through the I2T_EN_CH1 bit in the ILIM_CONFIG_CH1 register.

For I2T accumulation, only the current sense for channel 1 is used. If the I2T_TRIP_CH1 value is exceeded for 
channel 1 then both channels will be turned off.

MANUAL_LPM - Parallel Mode

In parallel mode, the MANUAL_LPM is entered through the MANUAL_LPM_ENTRY bit. The device operates the 
same as in single channel operation as described in the MANUAL_LPM section with the following exceptions:
• For TPS2HCS10A-Q1, the device only monitors the AUTO_LPM_EXIT_CH1 setting when coming out of 

MANUAL_LPM to determine if the channel needs to be turned on when in active state if not already enabled. 
AUTO_LPM_EXIT_CH2 setting will be ignored.

• The device monitors the output current for both channels to determine when the device will exit the 
MANUAL_LPM state. If either of the channels output current exceeds the IEXIT_LPM_MAN thresholds, the 
device will exit the MANUAL_LPM state. For the correct operation, MAN_LPM_EXIT_CURR_CH1 and 
MAN_LPM_EXIT_CURR_CH2 settings need to be set to the same value. The effective value for the entire 
device for the parallel operation is approximately double the MAN_LPM_EXIT_CURR_CHx settings.

• For TPS2HCS10B-Q1, the device only monitors changes in the DI1 pin to exit MANUAL_LPM.
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AUTO_LPM - Parallel Mode

In parallel mode, the AUTO_LPM is entered AUTO_LPM_ENTRY bit is set to 1. The device operates the same 
as in single channel operation as described in the AUTO_LPM section with the following exceptions:
• For TPS2HCS10A-Q1, the device will only monitor AUTO_LPM_EXIT_CH1 to exit AUTO_LPM and turn on 

the channels if they are not already enabled. AUTO_LPM_EXIT_CH2 setting will be ignored.
• The device monitors the output current for both channels to determine when the device should exit 

the AUTO_LPM state. If either of the channels output current exceeds the IEXIT_LPM_AUTO threshold, the 
device will exit the AUTO_LPM state. The effective value for the entire device for the parallel operation is 
approximately double the IEXIT_LPM_AUTO value.

• For TPS2HCS10B-Q1, the device will only monitor changes in the DI1 pin to exit AUTO_LPM.

PWM - Parallel Mode

In parallel mode, the PWM settings will be set by the PWM_CH1 register only. The PWM_SHIFT_DIS bit will be 
ignored as both channels will turn on at the same time. Enabling of PWM for parallel mode is done through the 
PWM_EN_CH1 bit.

RON - Parallel Mode

The RON for each channel varies slightly from each other and can cause a small load mismatch. This is 
specified in the electrical characteristics through the ΔRON parameter.

Layout Recommendations - Parallel Mode

In parallel mode, the routing of the output channels is important to avoid any additional load mismatch. The 
output traces should be symmetrical to avoid any extra resistance which can cause uneven current draw through 
the output channels.

8.4 Device Functional Modes
8.4.1 State Diagram

The device has three main categories of states it can transition into and out of low quiescent current, normal 
operation, and limp home. Inside of each of the categories are several states the device can be in. The state 
diagram for the TPS2HCS10A-Q1 device is shown in Figure 8-21 and the state diagram for the TPS2HCS10B-
Q1 device is shown in Figure 8-22.
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Figure 8-21. State Diagram - Version A
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MANUAL_LPM
VOUTx: Set by DIx prior to LPM entry

Registers: retained

SPI: Write only to LPM register / All registers can be read**

IQ: Low IQ (IQ,LPM_MAN)

Diagnostics: OFF

Protection: Enabled*

VDD < VDD_UVLOF

VBB_WRN

VOUTx: Determined by DIx
Registers: retained
SPI: Full Read/Write

IQ: Full
Diagnostics: OFF

Protection: Enabled*

VBB_UVLOF < VBB < VBB_UV_WRN_F  

&& VDD > VDD_UVLOF

VBB ≥  VBB_UV_WRN_R  

&& VDD > VDD_UVLOF

Notes:

��Diagnostics = I2T, any ADC sensing, off-state open load detection, or VBB short-to-supply 

��Protection = Overcurrent protection, Thermal shutdown (TREL or TABS)

**   = I2T disabled

**   = Registers can be read in both LPM modes but the registers values will not be updated

t > tSTBY_LPM_AUTO

VDD < VDD_UVLOF

SLEEP

AUTO_LPM
VOUTx: Set by DIx prior to LPM entry

Registers: retained

SPI: Write only to LPM register / All registers can be read**

IQ: Low IQ (IQ,LPM_AUTO)

Diagnostics: OFF

Protection: Enabled*

Figure 8-22. State Diagram - Version B

8.4.2 Output Control

Control of the eFuse channels varies depending on the device version. See the below sections for more details 
on the ouptut control method for each of the device versions.

Output Control - Version A

The state of the eFuse outputs for ACTIVE state for TPS2HCS10A-Q1 is controlled by the CHx_ON bits in the 
SW_STATE register. Table 8-4 below showcases the output control method in each state for the TPS2HCS10A-
Q1 device.
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Table 8-4. Output Control by State - TPS2HCS10A-Q1 
State Control Type Output Control Description

SLEEP N/A Output OFF

CONFIG SPI Output OFF

ACTIVE SPI Set by CHx_ON

LIMP_HOME SPI or DI pin
Set by SPI through CHx_LH_IN bit

See Section 8.4.7 section for more details on 
output control settings

AUTO_LPM SPI Set by CHx_ON prior to AUTO_LPM entry

MANUAL_LPM SPI Set by CHx_ON prior to MANUAL_LPM entry

VBB_WRN SPI Set by CHx_ON

VBB_UVLO N/A Output OFF

Output Control - Version B

The state of the eFuse outputs for ACTIVE state for TPS2HCS10B-Q1 is controlled exclusively by the DI1 for 
channel 1 and DI2 for channel 2. The CHx_ON bits in the SW_STATE register have no effect on the output 
state of the TPS2HCS10B-Q1. Table 8-5 below showcases the output control method in each state for the 
TPS2HCS10B-Q1 device.

Table 8-5. Output Control by State - TPS2HCS10B-Q1 
State Control Type Output Control Description

SLEEP N/A Output OFF

CONFIG DIx Output OFF

ACTIVE DIx Set by DIx pins

AUTO_LPM DIx Set by DIx pins prior to AUTO_LPM entry

MANUAL_LPM DIx Set by DIx pins prior to MANUAL_LPM entry

VBB_WRN DIx Set by DIx pins

VBB_UVLO N/A Output OFF

8.4.3 SPI Mode Operation

The TPS2HCS10-Q1 communicates with the host controller through a high-speed SPI serial interface. The 
interface has three logic inputs: clock (CLK), chip select ( CS), serial data in (SDI), and one data out (SDO). The 
SDO is tri-stated when the CS pin is high. The maximum SPI clock rate is 8MHz, but is limited in practice by the 
series protection resistor.

The device supports simple daisy chain SPI. This mode can be used with or without CRC.

The communication between the TPS2HCS10-Q1 IC and the controller or MCU is through a SPI bus in a 
primary-secondary configuration. The external MCU is always an SPI primary device that sends command 
requests on the SDI pin of the TPS2HCS10-Q1 IC and receives device responses on the SDO pin of the IC. The 
TPS2HCS10-Q1 device is always an SPI secondary device that receives command requests over the SDI line 
and sends responses (such as status and measured values) to the external MCU over the SDO line.

The TPS2HCS10-Q1 device can be connected to the primary MCU in the following formats:
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TPSxHCSxx

nCS_S1

SPI 

Communication

TPSxHCSxx

SDO_S2

SCLK_S2

SDI_S2

SPI 

Communication

Controller

SPI 

Communication

MnCS1

MSDI

MSDO

MSCLK

MnCS2

nCS_S2

SDO_S1

SCLK_S1

SDI_S1

Figure 8-23. Independent Secondary Configuration (Separate nCS Signal)

TPSxHCSxx

SDI_S1

SCLK_S1

SDO_S1

nCS_S1

SPI 

Communication

TPSxHCSxx

SPI 

Communication

Controller

SPI 

Communication

MnCS

MSDI

MSDO

MSCLK

SDI_S2

SCLK_S2

SDO_S2

nCS_S2

Figure 8-24. Daisy Chain Configuration
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SPI Interface

The SPI interface pin behavior is described in this section

Chip Select ( CS or nCS)

The system microcontroller selects the TPS2HCS10-Q1 to receive communication using the  CS pin. With the   
CS pin in a logic LOW state, command/configuration words may be sent to the TPS2HCS10-Q1 via the serial 
input (SDI) pin, and the device information can be retrieved by the microcontroller via the serial output (SDO) 
pin. The falling edge of the  CS enables the SDO output and latches the content of the GLOBAL_FAULT_TYPE 
register that will be sending out on SDO. The microcontroller may issue a READ command to retrieve 
information stored in the registers. The rising edge on the  CS pin initiates the following actions:

1. Addressed registers are updated if there is no SPI communication error and if it is an SPI write command.
2. Read clear register is cleared if a READ command to this register was issued during CS = LOW.

To avoid any corrupted data, it is essential the HIGH-to-LOW and LOW-to-HIGH transitions of the  CS signal 
occur only when SCLK is in a logic LOW state. A clean  CS signal is needed to ensure no incomplete SPI words 
are sent to the device. This pin is internally pulled up to the VDD rail.

System Clock

The system clock (SCLK) pin clocks the internal shift register of the TPS2HCS10-Q1. The SDI data is latched 
into the input shift register on the falling edge of the SCLK signal. The SDO pin shifts the device stored 
information out on the rising edge of SCLK. The SDO data is available for the microcontroller to read on the 
falling edge of SCLK.

False clocking of the shift register must be avoided to ensure validity of data and it is essential the SCLK pin be 
in a logic LOW state whenever  CS pin makes any transition. Therefore, it is recommended that the SCLK pin 
gets pulled to a logic LOW state as long as the device is not accessed and the  CS pin is at a logic HIGH state. 
When the  CS is in a logic HIGH state, any signal on the SCLK and SDI pins will be ignored and the SDO pin 
remains as a high impedance output.

Serial Data In (SDI) and Serial Data Out (SDO)

The SDI pin is used for serial instruction data input. SDI information is latched into the input shift register on the 
falling edge of the SCLK when  CS is low.

The SDO pin is the output from the internal shift register. This pin is internally pulled up to the VDD rail. SDO 
pin is high impedance when the  CS pin is high. Each successive rising SCLK edge makes the next data bit 
available for the microcontroller to read on the falling edge of SCLK. SDO will go back to high-impedance when   
CS is high.

CRC Error Detection and Checking of Clocks

Setting the CRC_EN bit high enables CRC error detection. A CRC-4-ITU-Normal Check Sequence (FCS) is then 
sent along with each serial transaction. The 4-bit CRC is based on the normal generator polynomial X4+X+1 with 
CRC starting value = 1111. When CRC is enabled, the TPS2HCS10-Q1 expects a check byte appended to the 
SDI program/configure data that it receives.

To program a complete word, exact bits of information (shown in following table) must be enter into the device. 
When CRC is disabled, the IC enables register write only if exactly bits have been clocked in. When CRC is 
enabled, the IC enables register write only if exactly bits have been clocked in with no CRC errors. In case 
the word length exceeds or does not meet the required length or there is CRC errors, the SPI_ERR bit in the 
GLOBAL_FAULT_TYPE register is asserted to logic “1”,and the data received is considered invalid. Note the 
SPI_ERR bit is not flagged if SCLK is not present. The SPI_ERR will be sent back to SPI Main device on SDO 
during next chip access. Note that clear on read applies only when there is no SPI error when the register 
is read.
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SPI Frame Format

The device uses a 24-bit frame width (when CRC is not used) with the format as shown in Figure 8-25. Please 
note that the 16-bit wide "Data Out" in the SDO output is always for the previous SPI command frame (Read or 
Write).

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

CS

SCLK

SDI X

Don’t Care

DATA OUT

17 18 19 20 21 22 23 24

R(0) RA6 RA5 RA4 RA3 RA2 RA0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

F15 F14 F13 F12 F11 F10 F9 F8 D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 D0SDO

GLOBAL_FAULT_TYPE Register [15:8]

Register Address

RA1

Rd

Figure 8-25. 24-Bit Read, No CRC (CRC_EN=0)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

CS

SCLK

SDI X

DATA IN

DATA OUT

17 18 19 20 21 22 23 24

W(1) RA6 RA5 RA4 RA3 RA2 RA0 D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 D0

F15 F14 F13 F12 F11 F10 F9 F8 D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 D0SDO

GLOBAL_FAULT_TYPE Register [15:8]

Register Address

RA1

Wr

Figure 8-26. 24-Bit Write, No CRC (CRC_EN=0)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

CS

SCLK

SDI X

Don’t Care

DATA OUT

17 18 19 20 21 22 23 24

R(0) RA6 RA5 RA4 RA3 RA2 RA0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

F15 F14 F13 F12 F11 F10 F9 F8 D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 D0SDO

GLOBAL_FAULT_TYPE Register [15:8]

Register Address

RA1

Rd

25 26 27 28 29 30 31 32

0 0 0 0 CRC3 CRC2 CRC1 CRC0

0 0 0 0 CRC3 CRC2 CRC1 CRC0

CRC BYTE

CRC BYTE

Figure 8-27. 32-Bit Read, CRC Enabled (CRC_EN=1)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

CS

SCLK

SDI X

DATA IN

DATA OUT

17 18 19 20 21 22 23 24

W(1) RA6 RA5 RA4 RA3 RA2 RA0 D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 D0

F15 F14 F13 F12 F11 F10 F9 F8 D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 D0SDO

GLOBAL_FAULT_TYPE Register [15:8]

Register Address

RA1

Wr

25 26 27 28 29 30 31 32

0 0 0 0 CRC3 CRC2 CRC1 CRC0

0 0 0 0 CRC3 CRC2 CRC1 CRC0

CRC BYTE

CRC BYTE

Figure 8-28. 32-Bit Write, CRC Enabled (CRC_EN=1)

GLOBAL_FAULT_TYPE [15:8] Bits

The TPS2HCS10-Q1 device, outputs the GLOBAL_FAULT_TYPE [15:8] bits on the SDO header so these status 
bits can be continously read thr during each SPI transaction. The GLOBAL_FAULT_TYPE [15:8] bits can be 
configured as read clear or real-time status bits based on the FLT_LTCH_DIS bit setting in the DEV_CONFIG 
register. The FLT_LTCH_DIS bit however does not apply to the LPM_STATUS bit.
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If FLT_LTCH_DIS = 0, then the fault bits are latched and are cleared only when the associated regsiter in the bit 
description is read and the fault no longer exists. Table 8-6 below highlights which registers need to be read in 
order to clear each of the different fault bits if the fault no longer exists. This is also detailed in each of the bit 
descriptions in the register map.

Table 8-6. GLOBAL_FAULT_TYPE [15:8] Bits Behavior when FLT_LTCH_DIS = 0
Bit # Bit Name Register Which Needs to be Read to Clear the Fault Bit if the 

Fault no Longer Exists
15 Reserved N/A

14 Reserved N/A

13 CH2_FLT FLT_STAT_CH2

12 CH1_FLT FLT_STAT_CH1

10 CHAN_OCP_I2T_TSD FLT_STAT_CHx

9 OL_SHRT_VBB_OFF_FLT FLT_STAT_CHx

8 GLOBAL_ERR_WRN GLOBAL_FAULT_TYPE

If FLT_LTCH_DIS = 1, then the fault bits will not be latched and will clear when the fault no longer exists.

Figure 8-29 highlights the FLT_LTCH_DIS function of the device in regards to the GLOBAL_FAULT_TYPE [15:8] 
bits.

0MUXMUXMUXMUX

CH2_FLT
CH1_FLT

CHAN_OCP_I2T_TSD

OL_SHRT_VBB_OFF_FLT
GLOBAL_ERR_WRN

Read Clear Faults

Real Time Faults

GLOBAL_FAULT_TYPE 

[13:12, 10:8]

FLT_LTCH_DIS

0

1

CH2_FLT_RT
CH1_FLT_RT

CHAN_OCP_I2T_TSD_RT

OL_SHRT_VBB_OFF_FLT_RT

GLOBAL_ERR_WRN_RT

5

5

Figure 8-29. FLT_LTCH_DIS Implementation

SPI Watchdog Function

The TPS2HCS10-Q1 device offers an optional SPI watchdog function to monitor for valid SPI transactions from 
the host controller and loss of the VDD supply. If a valid SPI transaction does not occur in the configurable 
timeout period, WD_TO, then the FLT pin will go low and the WD_ERR bit in the GLOBAL_FAULT_TYPE 
register will be set to 1. A valid SPI transaction consists of a SPI transaction with no SPI errors and/or CRC 
errors (if enabled). If the VDD supply to the device drops below the VDD_UVLO threshold then SPI on the 
device is not operational. If the VDD supply remains below the VDD_UVLO for longer than the watchdog time 
period, then the device will issue a watchdog error where the WD_ERR bit will be set to 1 and the FLT pin will go 
low.

The watchdog function is enabled through WD_EN bit in the DEV_CONFIG register. Table 8-7 below showcases 
the different configurable watchdog timeout windows, WD_TO.

Table 8-7. Watchdog Timeout Settings
WD_TO Setting Watchdog Timeout Period

00 400µs

01 400ms

10 800ms

11 1200ms
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Depending on the version, the watchdog will work differently. See the below sections on how the watchdog 
works for TPS2HCS10A-Q1 and TPS2HCS10B-Q1.

SPI Watchdog Operation - TPS2HCS10A-Q1

If the watchdog function is enabled (WD_EN = 1) and a watchdog error occurs either do to no valid SPI 
transactions in the watchdog timeout window or due to a loss of VDD supply, WD_ERR = 1, FLT pin will go low, 
and the device will transition to the LIMP_HOME state where the output control of the channels will be set by 
the CHx_LH_IN bits in the DEV_CONFIG register. Note, the LIMPHOME_STAT bit will not be set to 1 as a result 
of watchdog error. Once a valid SPI transaction has been detected, the FLT pin will go high and the device will 
automatically exit the LIMP_HOME state and will revert the output control of the channel back to the CHx_ON 
bit. The WD_ERR bit in the GLOBAL_FAULT_TYPE register will be latched to 1 as a result of a SPI watchdog 
timeout error and will be cleared only after read and the error no longer exists.

SPI Watchdog Operation - TPS2HCS10B-Q1

If the watchdog function is enabled (WD_EN = 1) and a watchdog error occurs either do to no valid SPI 
transactions in the watchdog timeout window or due to a loss of VDD supply, WD_ERR = 1 and the FLT pin will 
go low. The output state will not change as result of the watchdog error and the output control of the channels 
will continue to follow the DIx exclusively. Once a valid SPI transaction has been detected, the FLT pin will go 
high. The WD_ERR bit in the GLOBAL_FAULT_TYPE register will be latched to 1 as a result of a SPI watchdog 
timeout error and will be cleared only after read and the error no longer exists.

8.4.4 Fault Reporting

The device provides enhanced fault reporting through a FLT status pin and fault status bits through SPI.

The FLT status pin allows the device to interrupt the system when a fault has occurred on the device. The FLT 
status pin is an open drain output that asserts low when a fault occurs on the device. For faults which are read 
clear, the FLT pin will go high if the fault no longer exists and the specific register to clear the fault is read. 
Indication on the FLT pin can be masked for some faults through FAULT_MASK register. See the FAULT_MASK 
register for more details.

The device also provides fault information through SPI through a global fault register (GLOBAL_FAULT_TYPE) 
and channel specific fault registers (FLT_STAT_CHx) to enable the system to quickly diagnose what caused 
the fault in the device. The device outputs the GLOBAL_FAULT_TYPE [15:8] bits on the SDO header so these 
status bits can be continosly read for each SPI transaction.

For more details on each of the individual fault status bits see the GLOBAL_FAULT_TYPE and FLT_STAT_CHx 
registers in the register map.

Table 8-8 highlights how the device signals different events through the FLT pin and the fault status bits.

When the device is in low power mode no fault information is available through the FLT pin. If short circuit were 
to occur in LPM the device would protect itself then transition to ACTIVE state and then will signal fault on the 
FLT pin and in the fault status registers.
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Table 8-8. Fault Reporting Table
Event / Fault Detection Protection GLOBAL_FAULT_TYPE 

Reporting FLT_STAT_CHx Reporting FLT 
Indication

FET - Overtemperature Warning Y N CHx_FLT1 THERMAL_WRN_CHx1 N

FET - Temperature shutdown 
(TSD) Y Y CHx_FLT1 and 

CHAN_OCP_I2T_TSD1 THERMAL_WRN_CHx1 Y

IOCP - Immediate shutdown Y Y CHx_FLT1 and 
CHAN_OCP_I2T_TSD1 ILIMIT_CHx1 Y

ICL_REG - Current limit regulation Y Y N/A N/A N

ICL_REG - Current limit regulation - 
inrush period expiry Y Y CHx_FLT1 and 

CHAN_OCP_I2T_TSD1 ILIMIT_CHx1 Y

ICL_REG - Current limit regulation - 
TSD Y Y CHx_FLT1 and 

CHAN_OCP_I2T_TSD1
ILIMIT_CHx1 and 

THERMAL_SD_CHx1 Y

Channel in TRETRY
(LATCH_CHx = 0) Y N/A N/A FLT_CHx Y

Channel is latched-off
(LATCH_CHx = 1) Y N/A N/A LATCH_STAT_CHx and 

FLT_CHx Y

Limp Home Entry (LHI = 1) Y N/A GLOBAL_ERR_WRN1 and 
LIMPHOME_STAT2 N/A N

Active I2T Accumulation or 
Decrement Y N/A N/A I2T_MOD_CHx N

I2T Shutdown Y Y CHx_FLT1 and 
CHAN_OCP_I2T_TSD1

I2T_FLT_CHx1 and 
FLT_CHx Y

VOUT shorted to VBB Y N

CHx_FLT1 and 
OL_SHRT_VBB_OFF_FLT1

(if OL_SVBB_EN_CHx = 
01)

OL_OFF_CHx1

(if OL_SVBB_EN_CHx = 
01)

Y, unless 
masked

Open load
Off State Y N

CHx_FLT1 and 
OL_SHRT_VBB_OFF_FLT1

(if OL_SVBB_EN_CHx=10)

OL_OFF_CHx1

(if OL_SVBB_EN_CHx=10)
Y, unless 
masked

On State Y N N/A N/A N

Reverse battery Y
Y, with 

external 
components

N/A N/A N

VBB UV warning Y N GLOBAL_ERR_WRN1 and 
VBB_UV_WRN1 N/A N

VBB_UVLO Y Y GLOBAL_ERR_WRN1 and 
VBB_UVLO1 N/A Y

VDD_UVLO Y Y GLOBAL_ERR_WRN1 and 
VDD_UVLO1 N/A N

Power on Reset (POR) Y Y GLOBAL_ERR_WRN1 and 
POR1 N/A Y

Loss of GND Y Y, with RSDO 
≥ 768Ω N/A N/A N

SPI Watchdog Error Y N/A GLOBAL_ERR_WRN1 and 
WD_ERR1 (if WD_EN = 1) N/A Y, unless 

masked

SPI Frame Error Y N/A GLOBAL_ERR_WRN1 and 
SPI_ERR1 N/A Y, unless 

masked

SPI CRC Error Y N/A GLOBAL_ERR_WRN1 and 
SPI_ERR1 (if CRC_EN = 1) N/A Y, unless 

masked

1. Read-clear (RC) fault bits
2. Write 1 to clear (W1C) bits
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8.4.5 SLEEP

The TPS2HCS10-Q1 device offers a SLEEP state where the device is placed into an ultra low current 
consumption state. When the device is in SLEEP state, both channels are OFF, registers are cleared, and 
all digital circuits are powered off. The device will transition to this state if VBB < VBB_UVLO and VDD < 
VDD_UVLO or if VDD drops below VDD_UVLO while in either MANUAL_LPM or AUTO_LPM state. The device 
can manually be put into SLEEP state by writing a 1 to the SLEEP bit in the SLEEP register.

The device can be woken from the SLEEP state through the CSN pin going low. There are two methods to wake 
the device up from SLEEP through the CSN pin:

1. Pulse the CSN pin low for t < tREADY
2. Hold the CSN pin low for at least tREADY and continue to hold CSN pin low through the first SPI transaction

Both methods above will result in the device waking up without a SPI_ERR fault. A dummy SPI transaction could 
be used to sastify method #1 if the dummy SPI transaction is completed in t < tREADY. Figure 8-30 below shows 
examples of the two proper wakeup scenarios which will result in no SPI_ERR fault and one improper wakeup 
scenario which will result in a SPI_ERR fault.

Upon wakeup from SLEEP state, the values in the registers will be set to their reset values detailed in the 
register map below. Additionally, the FLT pin will be asserted low and the POR, VDD_UVLO, and VBB_UVLO 
fault bits will be asserted and will be cleared when the GLOBAL_FAULT_TYPE register is read if none of these 
faults currently exist when read.
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Figure 8-30. Startup Communication Timing

8.4.6 CONFIG/ACTIVE

The CONFIG/ACTIVE state is where the device stays during normal operation when the outputs are OFF 
(CONFIG) or ON (ACTIVE). The difference between the two is that in the CONFIG state (with the outputs OFF) 
all of the registers can be configured. In the ACTIVE state with the outputs ON, the parallel configuration of 
the channel cannot be changed (PARALLEL_12 bit in the DEV_CONFIG register). The configuration registers 
(especially ones needed to successfully enable the channel) are expected to be written to before the outputs 
can be turned ON, when transitioning from the SLEEP state (and all the registers are lost). However, the 
configuration registers are retained while in the LPM state and so the device does not need to be reconfigured 
while tranisitioning from the LPM state to the ACTIVE state. The quiescent current draw from VBB, (IQ,VBB) and 
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VDD, (IQ,VDD) is higher than in the other states to support the load and device diagnostics. SPI communication 
and diagnostics checks are fully supported in this state.

The device can be transitioned into the CONFIG state from the SLEEP state by the CSN pin going low (a 
dummy SPI command serves this purpose). The device completes the transition through all initializations and 
functional safety checks. The device transitions to and from the LIMP HOME state depending on the internal SPI 
watchdog monitor and the status of the LHI input pin. The device can transition into and out of the LPM state by 
a write to the LPM register.

In the CONFIG state, the device utilizes a gate to source pulldown to achieve the configured slew rate when the 
channel is enabled and disabled. As a result, when the channel is off there is a 1µA bias path to VOUT which 
creates a 1µA leakage current to VOUT. If there is no load on the output this can cause the output to float up. 
To reduce the open load VOUT voltage, the RSHRT_VBB pulldown resistor can be enabled to reduce the output 
voltage to low levels. The RSHRT_VBB pulldown resistor can be enabled through the OL_SVBB_EN_CHx [1:0] bits 
in the CHx_CONFIG registers. In SLEEP and LPM states, to achieve the lowest IQ the device instead utilizes a 
gate to ground pulldown so the 1µA bias path doesn't exist in these states.

8.4.7 LIMP_HOME State (Version A only)

The LIMP_HOME state is intended to place the outputs in the desired safe state when there is a failure of SPI 
communication (if WD_EN=1), loss of VDD supply (if WD_EN = 1), or another system-level fault which causes 
the LHI pin to go high. When the ECU detects a system-level fault, the system controller raises the LHI pin high 
to signal to the device to go to the LIMP_HOME state. If the device detects a SPI watch dog timeout error and 
thus a SPI communication error, the device goes to the LIMP HOME state. In both cases, the output state is as 
specified on a per channel basis through the CHx_LH_IN bits of the DEV_CONFIG register. The settings for the 
CHx_LH_IN bits are detailed in Table 8-9.

Table 8-9. CHx_LH_IN Bit Settings
Setting Setting Description

00

Output state is set by the DI pin when in LIMP_HOME state
• If DI = HI, then CHx = ON in LIMP_HOME state

• If DI = LO, then CHx = OFF in LIMP_HOME state

01 Keeps the same output state from CHx_ON bit when entering LIMP_HOME state

10 Output will be OFF in LIMP_HOME state

11 Output will be ON in LIMP_HOME state

The register values are retained in the LIMP HOME state, which means that the appropriate overcurrent 
protection threshold values, duration and retry behavior are all set with the outputs corresponding to the state 
based on the CHx_LH_IN bits. If the device entered into the LIMP_HOME state as a result of the LHI pin 
going high, the LIMPHOME_STAT bit in the GLOBAL_FAULT_TYPE register is set to 1 which lets the MCU or 
controller know that the device is in the LIMP HOME state. The MCU cannot write to any of the registers until the 
device is out of the LIMP HOME state.

If the device entered the LIMP_HOME state as a result of LHI going high, the device transitions out of the 
LIMP_HOME state when the LHI pin is brought low and a is written to the LIMPHOME_STAT bit in the 
GLOBAL_FAULT_TYPE register. The register settings are reatined while in LIMP HOME state and the device 
transitions back into normal operation in the ACTIVE state.

If the device entered LIMP_HOME state as a result of a SPI watchdog timeout error, the outputs will be 
set according to the CHx_LH_IN bits but the LIMPHOME_STAT bit will not be set to 1. The device will 
automatically exit the LIMP_HOME state if a valid SPI transaction is detected. The WD_ERR bit in the 
GLOBAL_FAULT_TYPE register will be latched to 1 as a result of a SPI watchdog timeout error and can be 
cleared only after read and the error no longer exists.

If VDD < VDD_UVLO, the device can still transition to LIMP_HOME state through the LHI input if LHI = 1.
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LIMP HOME State Exceptions

The device can receive an LHI signal during cap charging or inrush duration. If the desired state is ON, the 
device continues cap charging per programmed register values. If the desired state is OFF, then the channel is 
turned off.

In LIMP_HOME state, if a short circuit occurs that causes an overcurrent fault (ILIMIT_CHx) or a thermal 
shutdown fault (THERMAL_SD_CHx), the output channels will continue to retry regardless of the LATCH_CHx 
bit setting if the channel(s) are configured to be ON by the CHx_LH_IN bits. If LATCH_CHx = 1 and the 
output channel(s) are latched off due to an overcurrent fault or thermal shutdown fault and the device enters 
LIMP_HOME state either through LHI = 1 or a watchdog fault (if WD_EN = 1), the channel(s) will be re-enabled 
and will continue to retry if a persistent short exists regardless of the LATCH_CHx setting if the channel(s) are 
configured to be ON through the CHx_LH_IN bits.

In LIMP_HOME state, if an I2T fault (I2T_FLT_CHx) should occur on the channel(s) and TCLDN_CHx = 00 
(indefinite cooldown), the channel(s) will remain in indefinite cooldown and will not retry even if the channel(s) 
are configured to be ON through the CHx_LH_IN bits. If an I2T fault occurs in active state and TCLDN_CHx = 
00 (indefinite cooldown) and the device enters LIMP_HOME state either through LHI = 1 or a watchdog fault 
(if WD_EN = 1), the channel(s) will remain in indefinite cooldown and will not retry even if the channel(s) are 
configured to be ON through the CHx_LH_IN bits.

8.4.8 Battery Supply Input (VBB) Under-Voltage

The device includes a battery supply (VBB) under-voltage monitoring and a VDD under-voltage monitoring. 
Some of the internal reference and regulators and the output FETs are turned OFF when the VBB supply falls 
below the VBB_UVLOF threshold. When the input VBB supply is lost, the device relies on the VDD supply input 
to keep the digital functions and registers alive. The SPI communication is also available as long as the VDD 
input is greater than VDD_UVLOF. If VDD < VDD_UVLOF and VBB > VBB_UVLOF then the device is still able to enter 
LIMP_HOME state if LHI = 1. The VBB_UVLO fault and the VDD_UVLO bits can be read over SPI from the 
GLOBAL_FAULT_TYPE register. The VBB_UVLO and VDD_UVLO fault bits are latched if there is a fault for 
either and are cleared on read if the UVLO condition no longer exists. The following table indicates the device 
operation under a loss of supply condition.

Table 8-10. Device Operation Under Supply Loss Condition
VDD < VDD_UVLO VDD > VDD_UVLO

VBB < VBB_UVLO

• Channels are OFF
• Registers are reset and digital core OFF
• SPI communication not possible

• Channels are OFF
• Registers are maintained and digital core is 

ON
• SPI communication possible

VBB > VBB_UVLO

• If WD_EN = 1 & LHI = 0
– Device is in LIMP_HOME state after watchdog 

timeout expires, channels output states are set by 
the CHx_LH_IN bits.

• If WD_EN = 0 & LHI = 0
– Channels are based on CHx_ON setting

• Registers are maintained and digital core is ON
• Device is still able to enter LIMP_HOME state if LHI = 

1 when VDD < VDD_UVLO
• SPI communication not possible

• Channel output states are set by the CHx_ON 
bits.

• Registers are maintained and digital core is 
ON

• SPI communication possible

The register information may be lost when both the VBB and VDD supplies are below the POR and 
UVLO conditions respectively. The device is able to indicate with a register read of the POR bit in the 
GLOBAL_FAULT_TYPE register that a reset of the digital has occurred. This will ensure that the SPI master 
can identify that the register contents are all lost and the configuration registers needs to be rewritten. It is 
recommended that the bit be read if any under-voltage fault is detected.
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VBB During Short-to-Ground

When VOUT is shorted to ground, the module power supply (VBB) can have a transient decrease. This is 
caused by the sudden increase in current flowing through the wiring harness cables. To achieve ideal system 
behavior, it is recommended that the module maintain VBB above the maximum VBB_UVLOF threshold during VOUT 
short-to-ground. This is typically accomplished by placing bulk capacitance on the module power supply node 
(VBB).

8.4.9 LOW POWER MODE (LPM) States

The device offers two low power mode (LPM) states where the device can remain on but the device operates 
in a low quiescent current (IQ) state to extend battery life. The device offers a manual LPM (MANUAL_LPM) 
state which can be entered through a SPI write to the LPM register and an automatic LPM (AUTO_LPM) state 
which can be entered automatically if the output current in the enabled channels is below a certain threshold for 
tSTBY_LPM_AUTO.

When the device is in either LPM state, SPI writes and reads are only available to the LPM register. In either 
LPM state, the device can continue to pass SPI data to successive devices in a daisy chain configuration and 
the status bits in the SDO frame can still be read. When the device transitions in and out of LPM, the fault bits in 
the SDO frame will update to alert the system the device has exited LPM mode.

A valid VDD voltage greater than VDD_UVLOF is required for the device to remain in either of the LPM states. If the 
VDD voltage is removed in either LPM states the device will transition to the SLEEP state which in turn disables 
the outputs and clears the registers.

In MANUAL_LPM state, the device disables all diagnostics as well as the watchdog timer and I2T protection to 
help reduce the IQ of the device. Once the device exits MANUAL_LPM, the diagnostics which were enabled 
prior to LPM entry will automatically be re-enabled. I2T protection and the watchdog timer will also be re-enabled 
after LPM exit. For AUTO_LPM state, the system must first disable the watchdog timer and all ADC diagnostics 
except ISNS before the device can transition into the AUTO_LPM state. The device will automatically disable 
the I2T protection and ISNS for AUTO_LPM state and will re-enable these functions when the device exits the 
AUTO_LPM state to the ACTIVE state. In terms of protection, short-circuit protection remains enabled in the 
both the LPM states. Different short circuit thresholds are used in the LPM states compared to the short circuit 
thresholds in ACTIVE state.

When in either of the LPM states, the device automatically responds to load current increases by transitioning to 
active state. If the current increase is too high the device will trip its short circuit protection. For MANUAL_LPM 
state, the device provides a wake signal to the microcontroller (which is in sleep mode) to wake the system 
up through the FLT / WAKE_SIG pin for either load increase scenario. For the AUTO_LPM state, only a load 
increase above the LPM short-circuit threshold (ISCP_AUTO) will trigger the FLT / WAKE_SIG pin to be pulled 
low. If a load increase in AUTO_LPM is above the exit threshold (IEXIT_LPM_AUTO) but below the ISCP_LPM_AUTO 
threshold, the device will not pull the FLT / WAKE_SIG pin low. For both LPM states, the device will only signal 
an overcurrent protection fault if the overcurrent is confirmed in the ACTIVE state as well.

If needed, the system can manually wake up the device from the LPM states through different SPI writes 
depending on the LPM state that the device is in. If LHI goes high in either of the LPM states, the device will exit 
LPM and will transition to ACTIVE state and then to LIMP_HOME state.

Table 8-11 below highlights some of the major differences between the two low power modes. For more 
information on how each LPM state operates, see the below sections on the MANUAL_LPM and AUTO_LPM 
states.
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Table 8-11. LPM Characteristics
Mode Type Entry Method Specification Description Typical Unit

MANUAL_LPM Write 1 to LPM bit in LPM 
register

IQ,VBB,LPM_MAN Both channels enabled 6.42 μA

IQ,VDD,LPM_MAN Both channels enabled 15.6 μA

RON,LPM_MAN RON in MANUAL_LPM 36 mΩ

IEXIT_LPM_MAN

IEXIT_LPM_MAN_CHx = 00 0.5

A
IEXIT_LPM_MAN_CHx = 01 0.625

IEXIT_LPM_MAN_CHx = 10 0.15

IEXIT_LPM_MAN_CHx = 11 0.325

ISCP_LPM_MAN short-circuit threshold in MANUAL_LPM 4 A

AUTO_LPM Automatic entry if 
AUTO_LPM_ENTRY =1

IQ,VBB,LPM_AUTO Both channels enabled 11.6 μA

IQ,VDD,LPM_AUTO Both channels enabled 15.6 μA

RON,LPM_AUTO RON in AUTO_LPM 11.3 mΩ

tSTBY_LPM_AUTO
standby time before entry into 

AUTO_LPM if IOUTx < IENTRY_LPM_AUTO
20 ms

IENTRY_LPM_AUTO IOUTx current to enter AUTO_LPM 0.95 A

IEXIT_LPM_AUTO IOUTx current to exit AUTO_LPM 1.05 A

ISCP_LPM_AUTO short-circuit threshold in AUTO_LPM 13.7 A

8.4.9.1 MANUAL_LPM State

The MANUAL_LPM state provides a mode where the system can manually put the device into a low IQ 
state while keeping the channels on, if desired, and protected through short-circuit protection. To enter the 
MANUAL_LPM state the LPM bit in the LPM register needs to be set to 1. Depending on the version, before the 
LPM command is written to enter MANUAL_LPM the device needs to meet the following conditons:
• Version A

– In active or config state with no channel state changes through CHx_ON bits
– Enabled channels are not in the inrush period
– IOUT < IEXIT_LPM_MAN for enabled channels
– THERMAL_WRN_CHx = 0

• Version B
– In active or config state with no channel state changes through DIx pins
– Enabled channels are not in the inrush period
– IOUT < IEXIT_LPM_MAN for enabled channels
– THERMAL_WRN_CHx = 0

If the above conditions are not met the device will not transition to the MANUAL_LPM state and the 
MANUAL_LPM_ENTRY bit will be set back to 0 and the LPM_STATUS bit in the SDO frame will remain 0. 
If all conditions are met and 1 is written to the LPM bit the device will update the LPM_STATUS bit in the SDO 
frame and then will transition to the MANUAL_LPM state in tLPM_ENTRY.

In the MANUAL_LPM state, the smaller internal FET is used to provide the lowest IQ. The RON for the smaller 
FET is defined by the RON,LPM_MAN in the electrical characteristics section. Given the smaller FET is used in 
MANUAL_LPM, the exit thresholds and the short-circuit thresholds will be lower compared to the AUTO_LPM 
state where the larger internal FET is used.

System Wakeup from MANUAL_LPM

For TPS2HCS10A-Q1, the MCU or controller can write a 0 to the LPM bit in the LPM register to 
manually transition the device out of MANUAL_LPM state to the ACTIVE state. The device will evaluate the 
AUTO_LPM_EXIT_CHx bits when a 0 is written to the LPM bit to exit the MANUAL_LPM state. If either 
AUTO_LPM_EXIT_CHx are 1 then the corresponding channel will be enabled if not already enabled when the 
device is in ACTIVE state.
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For TPS2HCS10B-Q1, the MCU or controller can also write a 0 to the LPM bit in the LPM register to manually 
transition the device out of MANUAL_LPM state to the ACTIVE state except the TPS2HCS10B-Q1 device 
will not evaluate the AUTO_LPM_EXIT_CHx bits. The AUTO_LPM_EXIT_CHx bits have no effect on the 
TPS2HCS10B-Q1. The TPS2HCS10B-Q1 will also transition out of the MANUAL_LPM state to ACTIVE state if 
DI1 or DI2 change states in MANUAL_LPM state.

Automatic Exit from MANUAL_LPM

When in MANUAL_LPM state, the device will wake itself up and the system through the FLT / WAKE_SIG 
pin when there is a load current increase beyond the programmed IEXIT_LPM_MAN threshold. The FLT / 
WAKE_SIG pin will pulse low for tWAKE_SIG to alert the system that the device has exited MANUAL_LPM and 
transitioned to the ACTIVE state. The threshold to switchover for each channel can be programmed through the 
MAN_LPM_EXIT_CURR_CHx bits to the following wake up settings detailed in Table 8-12.

If there is a larger ECU load current demand increase or output short circuit above the ISCP_LPM_MAN, the device 
will turn off the smaller internal FET for that channel and will retry with the larger MOSFET in tRETRY_LPM with 
IOCP set as the overcurrent protection threshold.

The additional load current demand and the transition to the active state is signaled to the MCU or the System 
Basis Chip (SBC) with a falling edge of the FLT or WAKE_SIG (active low pull-up resistor to VDD) that can be 
used as an interrupt by the MCU or the SBC to wake up the system. The device can then be polled over SPI to 
see if the FLT or WAKE_SIG pin transition was caused by the load ECU current demand or a short circuit. The 
device registers a fault as over-current protection fault only if the overcurrent is also confirmed in the ACTIVE 
state.

Depending on the load step magnitude, the device will transition to the ACTIVE state in different ways. Figure 
8-31, Figure 8-32, and Figure 8-33 showcase how the device responds to different load step magnitudes.

Once the device transitions to ACTIVE because of a load current increase, the LPM bit in the LPM register 
remains set to 1. To go to LPM state again, the LPM bit in the LPM register needs to be set to 0 and then to 1 
again.

Table 8-12. Load Wake Up Settings - MANUAL_LPM State
MAN_LPM_EXIT_CURR_CHx in LPM 

Register Typ Unit

00 (default) 0.5 A

01 0.625 A

10 0.15 A

11 0.325 A
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Figure 8-31. Load Increase Above IEXIT_LPM_MAN and Below ISCP_LPM_MAN in MANUAL_LPM State
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Figure 8-33. Load Increase Above IOCP in MANUAL_LPM State

8.4.9.2 AUTO_LPM State

The AUTO_LPM state provides a mode where the device can automatically transition to a low IQ state while 
keeping the channels on, if desired, and protected through short-circuit protection. Depending on the device 
version used, to enter the AUTO_LPM state the AUTO_LPM_ENTRY bit in the DEV_CONFIG register needs to 
be set to 1 and the following conditions need to be met for at least tSTBY_LPM_AUTO:

• Version A
– In active or config state with no channel state changes through CHx_ON bits
– Enabled channels are not in the inrush period
– All ADC diagnostics (VSNS, VBBSNS, TSNS, and VDS_SNS) are disabled except ISNS
– IOUT < IENTRY_LPM_AUTO for enabled channels
– AUTO_LPM_EXIT_CHx bits must both be set to 0
– THERMAL_WRN_CHx = 0
– Watchdog timer is disabled (WD_EN = 0)
– No faults exist on the device
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• Version B
– In active or config state with no channel state changes through DIx pins
– Enabled channels are not in the inrush period
– All ADC diagnostics (VSNS, VBBSNS, TSNS, and VDS_SNS) are disabled except ISNS
– IOUT < IENTRY_LPM_AUTO for enabled channels
– AUTO_LPM_EXIT_CHx bits must both be set to 0
– THERMAL_WRN_CHx = 0
– Watchdog timer is disabled (WD_EN = 0)
– No faults exist on the device

Once the conditions are met the device will update the LPM_STATUS bit in the SDO frame/
GLOBAL_FAULT_TYPE register and the LPM_STATUS_1 bit in the GLOBAL_FAULT_TYPE register before 
entering the AUTO_LPM state to alert the system that device has transitioned to AUTO_LPM. The device will 
enter AUTO_LPM state in tLPM_ENTRY.

In the AUTO_LPM state, the larger internal FET is used to allow for larger load steps. The RON for the larger 
internal FET is defined by the RON,LPM_AUTO in the electrical characteristics section. The IQ in AUTO_LPM will be 
higher compared to the MANUAL_LPM state. In AUTO_LPM, the entry threshold is specified by IENTRY_LPM_AUTO 
and the exit threshold is specified by IEXIT_LPM_AUTO.

System Wakeup from AUTO_LPM

For TPS2HCS10A-Q1, the MCU or controller can write a 1 to the either or both AUTO_LPM_EXIT_CHx bits to 
manually transition the device out of the AUTO_LPM state to the ACTIVE state. If either AUTO_LPM_EXIT_CHx 
are 1 then the corresponding channel will be enabled if not already enabled when the device is in ACTIVE state. 
For TPS2HCS10A-Q1, both AUTO_LPM_EXIT_CHx bits have to be set back to 0 before the device is allowed to 
transition back to the AUTO_LPM state.

For TPS2HCS10B-Q1, the AUTO_LPM_EXIT_CHx bits have no effect on the TPS2HCS10B-Q1. The system 
can manually transition the TPS2HCS10B-Q1 device out of AUTO_LPM by changing the state of DI1 or DI2 or 
both in AUTO_LPM state.

Automatic Exit from AUTO_LPM

When in AUTO_LPM state, the device will wake itself up and will change the LPM_STATUS bit to 0 
when there is a load current increase beyond the IEXIT_LPM_AUTO threshold. The LPM_STATUS_1 bit in the 
GLOBAL_FAULT_TYPE register is set to 1 when in AUTO_LPM state and is read clear which enables the 
system to tell if the device had transitioned to the AUTO_LPM state since the GLOBAL_FAULT_TYPE register 
was last read. An ECU load current demand increase above the IEXIT_LPM_AUTO threshold will activate the 
transition to the ACTIVE state. Note, in this load increase scenario the device will not pull the FLT / WAKE_SIG 
low.

If there is a larger ECU load current demand increase or output short circuit above the ISCP_LPM_AUTO, the device 
will turn off the internal FET for that channel and will retry in tRETRY with IOCP set as the overcurrent protection 
threshold. In this scenario, the device will pull the FLT / WAKE_SIG pin low when there is a load current increase 
beyond the ISCP_LPM_AUTO threshold. The device registers a fault as over-current protection fault only if the 
overcurrent is also confirmed in the ACTIVE state.

Depending on the load step magnitude, the device will transition to the ACTIVE state in different ways. Figure 
8-34, Figure 8-35, and Figure 8-36 showcase how the device responds to different load step magnitudes.
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Ac�ve State
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Small FET

tWAKE

VOUTx

IEXIT_LPM_AUTO

ISCP_LPM_AUTO

LPM_STATUS

Large FET

tLPM_ENTRY

IOCP IOCP

Ac�ve State

tSTBY_LPM_AUTO

IENTRY_LPM_AUTO

Figure 8-34. Load Increase Above IEXIT_LPM_AUTO and Below ISCP_LPM_AUTO in AUTO_LPM State
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Figure 8-35. Load Increase Above ISCP_LPM_AUTO and Below IOCP in AUTO_LPM State
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LPM_STATUS
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tLPM_ENTRY
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Figure 8-36. Load Increase Above IOCP in AUTO_LPM State
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8.5 TPS2HCS10-Q1 Registers
Table 8-13 lists the memory-mapped registers for the TPS2HCS10-Q1 registers. All register offset addresses not 
listed in Table 8-13 should be considered as reserved locations and the register contents should not be modified.

Table 8-13. TPS2HCS10-Q1 Registers
Offset Acronym Register Name Section

0h DEV_ID Read the device ID from NVM Go

1h CRC_CONFIG CRC configuration register Go

2h SLEEP Set to go to SLEEP state from ACTIVE or CONFIG state Go

3h LPM Low power mode (LPM) settings register Go

4h GLOBAL_FAULT_TYPE Channel Fault Status and Global Fault Type Go

5h FAULT_MASK Mask the reporting of faults on the fault pin Go

7h SW_STATE ON/OFF control for VOUT1 and VOUT2 Go

9h DEV_CONFIG Global device configuration register Go

Ah ADC_CONFIG ADC configuration register Go

Bh ADC_RESULT_VBB ADC conversion result - VBB Go

Dh FLT_STAT_CH1 Channel 1 fault status Go

Eh PWM_CH1 PWM configuration register for channel 1 Go

Fh ILIM_CONFIG_CH1 Protection configuration register for channel 1 Go

10h CH1_CONFIG Configuration register for channel 1 Go

11h ADC_RESULT_CH1_I ADC conversion result - load current sense for channel 1 Go

12h ADC_RESULT_CH1_T ADC conversion result - TJ.FET temperature sense for 
channel 1

Go

13h ADC_RESULT_CH1_V ADC conversion result - VOUT sense for channel 1 Go

14h ADC_RESULT_CH1_VDS ADC conversion result - VDS sense for channel 1 Go

15h I2T_CONFIG_CH1 I2T configuration register for channel 1 Go

16h FLT_STAT_CH2 Fault status for channel 2 Go

17h PWM_CH2 PWM configuration register for channel 2 Go

18h ILIM_CONFIG_CH2 Protection configuration register for channel 2 Go

19h CH2_CONFIG Configuration register for channel 2 Go

1Ah ADC_RESULT_CH2_I ADC conversion result - load current sense for channel 2 Go

1Bh ADC_RESULT_CH2_T ADC conversion result - TJ.FET temperature sense for 
channel 2

Go

1Ch ADC_RESULT_CH2_V ADC conversion result - VOUT sense for channel 2 Go

1Dh ADC_RESULT_CH2_VDS ADC conversion result - VDS sense for channel 2 Go

1Eh I2T_CONFIG_CH2 I2T configuration register for channel 2 Go

Complex bit access types are encoded to fit into small table cells. Table 8-14 shows the codes that are used for 
access types in this section.

Table 8-14. TPS2HCS10-Q1 Access Type Codes
Access Type Code Description

Read Type

R R Read

RC R
C

Read
to Clear

Write Type

W W Write

W1C W
1C

Write
1 to clear
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Table 8-14. TPS2HCS10-Q1 Access Type Codes 
(continued)

Access Type Code Description
Reset or Default Value

-n Value after reset or the default 
value
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8.5.1 DEV_ID Register (Offset = 0h) [Reset = XXXXh] 

DEV_ID is shown in Table 8-15.

Return to the Summary Table.

Table 8-15. DEV_ID Register Field Descriptions
Bit Field Type Reset Description

15-0 DEVICE_ID R X X = Part Number

FFF4h = TPS2HCS10A
FFF5h = TPS2HCS10B
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8.5.2 CRC_CONFIG Register (Offset = 1h) [Reset = FFFEh] 

CRC_CONFIG is shown in Table 8-16.

Return to the Summary Table.

Table 8-16. CRC_CONFIG Register Field Descriptions
Bit Field Type Reset Description

15-1 RESERVED R 7FFFh Reserved

0 CRC_EN R/W 0h Enables CRC check of SPI command frame.

0h = No CRC check of SPI command frame
1h = CRC check of SPI command frame enabled
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8.5.3 SLEEP Register (Offset = 2h) [Reset = FFFEh] 

SLEEP is shown in Table 8-17.

Return to the Summary Table.

Table 8-17. SLEEP Register Field Descriptions
Bit Field Type Reset Description

15-1 RESERVED R 7FFFh Reserved

0 SLEEP R/W 0h Set this bit to 1 to send the device to SLEEP state

0h = No change
1h = Sends the device to SLEEP state
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8.5.4 LPM Register (Offset = 3h) [Reset = FF80h] 

LPM is shown in Table 8-18.

Return to the Summary Table.

Table 8-18. LPM Register Field Descriptions
Bit Field Type Reset Description

15-7 RESERVED R 1FFh Reserved

6-5 MAN_LPM_EXIT_CURR_CH2 R/W 0h Set the threshold to exit from MANUAL_LPM mode due to load current 
increase - CH2

0h = 500mA
1h = 625mA
2h = 150mA
3h = 325mA

4-3 MAN_LPM_EXIT_CURR_CH1 R/W 0h Set the threshold to exit from MANUAL_LPM mode due to load current 
increase - CH1

0h = 500mA
1h = 625mA
2h = 150mA
3h = 325mA

2 AUTO_LPM_EXIT_CH2 R/W 0h This bit forces the device out of AUTO_LPM mode to ACTIVE state and 
enables CH2 if not already enabled. To re-enable the device to enter 
AUTO_LPM mode this bit must be set back to 0.

0h = Re-enables device to enter AUTO_LPM mode if all conditions are 
met
1h = Forces an exit from AUTO_LPM state to ACTIVE state. Enable CH2 
if not already enabled

1 AUTO_LPM_EXIT_CH1 R/W 0h This bit forces the device out of AUTO_LPM mode to ACTIVE state and 
enables CH1 if not already enabled. To re-enable the device to enter 
AUTO_LPM mode this bit must be set back to 0.

0h = Re-enables device to enter AUTO_LPM mode if all conditions are 
met
1h = Forces an exit from AUTO_LPM state to ACTIVE state. Enable CH1 
if not already enabled

0 MANUAL_LPM_ENTRY R/W 0h Setting this bit to 1 puts the device into MANUAL_LPM.

Note: Both channels must be off or the current on any enabled channel(s) 
must be below MAN_LPM_EXIT_CURR_CHx to enter MANUAL_LPM 
mode.

If the device is in MANUAL_LPM state and a 0 is written to the 
MANUAL_LPM_ENTRY bit the device will look at the contents of 
AUTO_LPM_EXIT_CHx bits and if any of the bits are set to 1 the device 
will exit MANUAL_LPM mode and will turn on the channel(s) if not already 
enabled.

If the device exits MANUAL_LPM state to ACTIVE state due 
to a load current increase > MAN_LPM_EXIT_CURR_CHx, the 
MANUAL_LPM_ENTRY bit needs to be set 0 and then back to 1 to re-
enter MANUAL_LPM state

0h = Sends the device to ACTIVE mode if device is in MANUAL_LPM
1h = Sends the device to MANUAL_LPM mode if all conditions are met
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8.5.5 GLOBAL_FAULT_TYPE Register (Offset = 4h) [Reset = 0147h] 

GLOBAL_FAULT_TYPE is shown in Table 8-19.

Return to the Summary Table.

Table 8-19. GLOBAL_FAULT_TYPE Register Field Descriptions
Bit Field Type Reset Description
15 RESERVED R 0h Reserved

14 RESERVED R 0h Reserved

13 CH2_FLT R 0h Fault status of channel 2.

If FLT_LTCH_DIS = 0, then the fault bit is latched and is cleared only 
when the FLT_STAT_CH2 register is read and the fault condition(s) no 
longer exist

If FLT_LTCH_DIS = 1, then the fault bit is cleared when the fault 
condition(s) no longer exist

0h = No fault(s) have occurred on CH2
1h = Fault(s) have occurred on CH2

12 CH1_FLT R 0h Fault status of channel 1.

If FLT_LTCH_DIS = 0, then the fault bit is latched and is cleared only 
when the FLT_STAT_CH1 register is read and the fault condition(s) no 
longer exist

If FLT_LTCH_DIS = 1, then the fault bit is cleared when the fault 
condition(s) no longer exist

0h = No fault(s) have occurred on CH1
1h = Fault(s) have occurred on CH1

11 LPM_STATUS R 0h This bit indicates if the device is in either MANUAL_LPM mode or 
AUTO_LPM mode and is cleared when the device is not in any LPM 
mode.

0h = Device is not in the AUTO_LPM or MANUAL_LPM state
1h = Device has entered either AUTO_LPM or MANUAL_LPM state

10 CHAN_OCP_I2T_TSD R 0h This bit indicates if there is an overcurrent protection or I2T protection or 
thermal shutdown fault in any one of the channels.

If FLT_LTCH_DIS = 0, then the fault bit is latched and is cleared only 
when the FLT_STAT_CHx register is read and the fault condition(s) no 
longer exist

If FLT_LTCH_DIS = 1, then the fault bit is cleared when the fault 
condition(s) no longer exist

0h = No overcurrent protection, I2T protection, or thermal shutdown fault 
in any of the channels
1h = Overcurrent protection, I2T protection, or thermal shutdown fault(s) in 
one or both of the channels

9 OL_SHRT_VBB_OFF_FLT R 0h This bit indicates if there is a short to VBB supply in the off-state fault in 
any one of the channels.

If FLT_LTCH_DIS = 0, then the fault bit is latched and is cleared only 
when the FLT_STAT_CHx register is read and the fault condition(s) no 
longer exist

0h = No off-state short to VBB or open load fault in any of the channels
1h = Off-state short to VBB or open load fault(s) in one or both of the 
channels
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Table 8-19. GLOBAL_FAULT_TYPE Register Field Descriptions (continued)
Bit Field Type Reset Description
8 GLOBAL_ERR_WRN R 1h This bit indicates if there is a global fault reported in 

FLT_GLOBAL_TYPE[7:0] bits.

The faults that are reported through this bit are LIMPHOME_STATE, POR, 
SPI_ERR, WD_ERR, VDD_UVLO, VBB_UV_WRN, or VBB_UVLO.

If FLT_LTCH_DIS = 0, then the fault bit is latched and is cleared 
only when the GLOBAL_FAULT_TYPE register is read and the fault 
condition(s) no longer exist

If FLT_LTCH_DIS = 1, then the fault bit is cleared when the fault 
condition(s) no longer exist

0h = No global fault has occurred
1h = One of the following event(s) have occurred: LIMPHOME_STATE, 
POR, SPI_ERR, WD_ERR, VDD_UVLO, VBB_UV_WRN, or VBB_UVLO

7 LIMPHOME_STAT R/W1C 0h This bit indicates if the device is in LIMP_HOME state as a result of the 
LHI pin going high.

Write 1 to clear and exit LIMP_HOME state. The LHI pin must be LOW 
when the bit is set to 1 to exit LIMP_HOME state.

0h = Device is not in LIMP_HOME state
1h = Device is in LIMP_HOME state due to LHI pin going high

6 POR RC 1h The bit is indicates if a power on reset (POR) has occurred since the last 
read

This bit is cleared on read, so if read again and the bit is 0, this means 
that no power-on reset has occurred since the read.

0h = No power on reset (POR) has occured since the last register read
1h = A power-on reset has occurred since the last register read.

5 LPM_STATUS_1 RC 0h This bit indicates if the device is in either MANUAL_LPM or AUTO_LPM 
modes.

This bit is latched and cleared only when read and the device is not in any 
LPM mode.

Note: If the conditons are not met for MANUAL_LPM entry, this bit will be 
set to 1 and cleared when read.

0h = Device is not in the AUTO_LPM or MANUAL_LPM state
1h = Device has entered either AUTO_LPM or MANUAL_LPM state

4 SPI_ERR RC 0h This bit indicates if there is a SPI communication error either from format, 
clock or CRC. The fault bit is latched and cleared only after read and the 
error(s) no longer exist.

0h = No SPI communication error(s) fault have occurred
1h = SPI communication error either from format, clock or CRC has 
occurred

3 WD_ERR RC 0h If WD_EN = 1, this bit indicates if there has not been an acceptable SPI 
command in the watchdog timeout window.

The fault bit is latched and cleared only after read and the error no longer 
exists

0h = No SPI interface watchdog error
1h = SPI watchdog timeout error has occurred

2 VDD_UVLO RC 1h This bit indicates if the VDD supply is below VDD_UVLOF at any time.

The fault bit is cleared if the GLOBAL_FAULT_TYPE register is read and 
the UVLO condition is removed

0h = No VDD_UVLO fault has occurred
1h = VDD_UVLO fault has occurred
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Table 8-19. GLOBAL_FAULT_TYPE Register Field Descriptions (continued)
Bit Field Type Reset Description
1 VBB_UV_WRN RC 1h This bit indicates if the VBB supply is below the VBB_UV_WRN at any time. If 

VBB is below VBB_UV_WRN, the diagnostics in the device are turned off

The fault bit is cleared if the GLOBAL_FAULT_TYPE register is read and 
the UV condition no longer exists

0h = No VBB_UV_WRN fault has occurred
1h = VBB_UV_WRN fault has occurred

0 VBB_UVLO RC 1h This bit indicates if the VBB supply is below the VBB_UVLOF at any time.

The fault bit is cleared if the GLOBAL_FAULT_TYPE register is read and 
the UVLO condition is removed

0h = No VBB_UVLO fault has occurred
1h = VBB_UVLO fault has occurred
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8.5.6 FAULT_MASK Register (Offset = 5h) [Reset = FF80h] 

FAULT_MASK is shown in Table 8-20.

Return to the Summary Table.

Table 8-20. FAULT_MASK Register Field Descriptions
Bit Field Type Reset Description

15-7 RESERVED R 1FFh Reserved

6 RESERVED R/W 0h Reserved

5 MASK_SHRT_VBB R/W 0h This bit determines if the device should mask the signaling of an off-state 
short-to-battery fault on the FLT pin

0h = Short to VBB fault is signaled on the FLT pin
1h = Short to VBB fault is not signaled (masked from) on the FLT pin

4 MASK_OL_OFF R/W 0h The bit determines if the device should mask the signaling of an off-state 
open load fault on the FLT pin

0h = Off-state wire-break fault is signaled on the FLT pin on detecting the 
fault with the diagnostic
1h = Off-state wire-break fault is not signaled (masked from) on the FLT 
pin

3 RESERVED R 0h Reserved

2 MASK_SPI_ERR R/W 0h The bit determines if the device should mask a SPI error (SPI_ERR) on 
the FLT pin and in the GLOBAL_FAULT_TYPE register

0h = SPI error is signaled on the FLT pin and in the 
GLOBAL_FAULT_TYPE register
1h = SPI error is not signaled on the FLT pin or in the 
GLOBAL_FAULT_TYPE register

1 MASK_WD_ERR R/W 0h The bit determines if the device should mask a SPI watchdog error 
(WD_ERR) on the FLT pin and in the GLOBAL_FAULT_TYPE register

0h = SPI watchdog error is signaled on the FLT pin and in the 
GLOBAL_FAULT_TYPE register
1h = SPI watchdog error is not signaled on the FLT pin or in the 
GLOBAL_FAULT_TYPE register

0 MASK_VBB_UVLO R/W 0h The bit determines if the device should mask the supply voltage VBB 
UVLO fault on the FLT pin

0h = VBB_UVLO fault is signaled on the FLT pin
1h = VBB_UVLO fault is not signaled (masked from) on the FLT pin
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8.5.7 SW_STATE Register (Offset = 7h) [Reset = FFFCh] 

SW_STATE is shown in Table 8-21.

Return to the Summary Table.

Table 8-21. SW_STATE Register Field Descriptions
Bit Field Type Reset Description

15-2 RESERVED R 3FFFh Reserved

1 CH2_ON R/W 0h This bit determines the output state of channel 2 for TPS2HCS10A-Q1 
versions.

0h = CH2 Output set to OFF (FET is OFF)
1h = CH2 Output set to ON (FET is ON)

Note: This bit has no effect on TPS2HCS10B-Q1. For TPS2HCS10B-Q1, 
control of channel 2 output is determined only through the DI2 pin.

0 CH1_ON R/W 0h This bit determines the output state of channel 1 for TPS2HCS10A-Q1 
versions.

0h = CH1 Output set to OFF (FET is OFF)
1h = CH1 Output set to ON (FET is ON)

Note: This bit has no effect on TPS2HCS10B-Q1 version. For 
TPS2HCS10B-Q1, control of channel 1 output is determined only through 
the DI1 pin
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8.5.8 DEV_CONFIG Register (Offset = 9h) [Reset = F800h] 

DEV_CONFIG is shown in Table 8-22.

Return to the Summary Table.

Table 8-22. DEV_CONFIG Register Field Descriptions
Bit Field Type Reset Description

15-11 RESERVED R 1Fh Reserved

10-9 CH2_LH_IN R/W 0h These bits determine how the channel 2 output should respond in 
LIMP_HOME state for the TPS2HCS10A-Q1 versions.

Note: These bits have no effect on TPS2HCS10B-Q1. There is no 
LIMP_HOME state in TPS2HCS10B-Q1.

0h = DI pin controls the output when in LIMP_HOME state
1h = Keeps the same output state from CH2_ON bit when entering 
LIMP_HOME state
2h = Output will be OFF in LIMP_HOME mode
3h = Output will be ON in LIMP_HOME mode

8-7 CH1_LH_IN R/W 0h These bits determine how the channel 1 output should respond in 
LIMP_HOME state for the TPS2HCS10A-Q1 versions.

Note: These bits have no effect on TPS2HCS10B-Q1. There is no 
LIMP_HOME state in TPS2HCS10B-Q1.

0h = DI pin controls the output when in LIMP_HOME state
1h = Keeps the same output state from CH1_ON bit when entering 
LIMP_HOME state
2h = Output will be OFF in LIMP_HOME mode
3h = Output will be ON in LIMP_HOME mode

6 PWM_SHIFT_DIS R/W 0h This bit determines if there should be an offset in the start of the PWM 
between the channels.

0h = PWM rising edges delayed by 100µs on the first rising edge
1h = PWM delay (offset) is disabled so rising edges are aligned

5 AUTO_LPM_ENTRY R/W 0h This bit determines if the device should enter AUTO_LPM mode if all the 
conditions are met to enter AUTO_LPM mode.

0h = Entry into AUTO_LPM mode is disabled
1h = Entry into AUTO_LPM mode is enabled and the device enters if all 
the conditions are met to enter

4 PARALLEL_12 R/W 0h This bit signals to the device that channel 1 (CH1) and channel 2 (CH2) 
are paralleled in the system.

0h = CH1 and CH2 are not paralleled together
1h = CH1 and CH2 are paralleled together

Note: A write to this bit is only valid if CH1_ON and CH2_ON bits in the 
SW_STATE register are 0.

3 WD_EN R/W 0h The bit determines if the SPI watchdog function is enabled. If enabled, 
the watchdog timeout triggers if there is not a valid SPI command in the 
watchdog timeout window

0h = Watchdog is disabled
1h = Watchdog function is enabled

2-1 WD_TO R/W 0h This bit determines the timeout period for the SPI watchdog function 
(if enabled). The watchdog timeout triggers if there is not a valid SPI 
command in the watchdog timeout window.

0h = Watchdog timeout period is 400µs
1h = Watchdog timeout period is 400ms
2h = Watchdog timeout period is 800ms
3h = Watchdog timeout period is 1200ms
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Table 8-22. DEV_CONFIG Register Field Descriptions (continued)
Bit Field Type Reset Description
0 FLT_LTCH_DIS R/W 0h This bit determines if the fault bits in FAULT_GLOBAL_TYPE [13:8] 

should latch if a fault occurs.

0h = Fault bits [13:8] in FAULT_GLOBAL_TYPE register latched and 
cleared only on read of the associated register
1h = Fault bits [13:8] in FAULT_GLOBAL_TYPE register are not latched 
and are cleared when the fault no longer exists

Note: See each fault bit description for more details on how to clear the 
individual fault bits when FLT_LTCH_DIS = 0. LPM_STATUS[0] is read 
only.
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8.5.9 ADC_CONFIG Register (Offset = Ah) [Reset = FF3Ah] 

ADC_CONFIG is shown in Table 8-23.

Return to the Summary Table.

Table 8-23. ADC_CONFIG Register Field Descriptions
Bit Field Type Reset Description

15-8 RESERVED R FFh Reserved

7-6 ADC_ISNS_SAMPLE_CONFIG R/W 0h These bits determine the sampling and conversion rate for the current 
sense (ISNS). The slower the sampling and conversion rate the lower the 
IQ consumption.

0h = Current sense and ADC conversion at max rate
1h = Current sense and ADC conversion at max rate
2h = Current sense and ADC conversion at one half max rate
3h = Current sense and ADC conversion at one quarter max rate

5 ADC_VDS_DIS R/W 1h This bit determines if the VDS sense funciton should be disabled for all 
channels. If disabled, this excludes VDS conversion for all channels in the 
ADC conversion sequence.

Note: The VDS sense function can also be enabled or disabled 
per channel through the VDS_SNS_DIS_CHx bit in the CHx_CONFIG 
register. This bit must be set to 0 to enable/disable the function on a 
channel basis.

0h = VDS_SNS ADC function is enabled
1h = VDS SNS ADC functionality is disabled for all channels, VDS_SNS 
ADC conversion is excluded in the ADC conversion sequence for all 
channels

4 ADC_VSNS_DIS R/W 1h This bit determines if the VOUT sense (VSNS) funciton should be 
disabled for all channels. If disabled, this excludes the VOUT conversion 
for all channels in the ADC conversion sequence.

Note: The VSNS function can also be enabled or disabled per channel 
through the VSNS_DIS_CHx bit in the CHx_CONFIG register. This bit 
must be set to 0 to enable/disable the function on a channel basis.

0h = VSNS ADC function is enabled
1h = VSNS ADC functionality is disabled for all channels, VSNS ADC 
conversion is excluded in the ADC conversion sequence for all channels

3 ADC_TSNS_DIS R/W 1h This bit determines if the temperature sense function is disabled for all 
channels. If disabled, this excludes the temperature sense conversion for 
all channels in the ADC conversion sequence.

Note: The temperature sense function can only be enabled or disabled 
globally

0h = TSNS ADC function is enabled
1h = TSNS ADC functionality is disabled for all channels, TSNS ADC 
conversion is excluded in the ADC conversion sequence for all channels

2 ADC_ISNS_DIS R/W 0h This bit determines if the current sense (ISNS) function is disabled for all 
channels. If disabled, this excludes the ISNS conversion for all channels 
in the ADC conversion sequence

Note: The ISNS function can also be enabled or disabled per channel 
through the ISNS_DIS_CHx in the CHx_CONFIG register. This bit must 
be set to 0 to enable/disable the function on a channel basis.

0h = ISNS ADC function is enabled
1h = ISNS ADC functionality is disabled for all channels, ISNS ADC 
conversion is excluded in the ADC conversion sequence for all channels

1 ADC_VBB_DIS R/W 1h This bit determines if the VBB_SNS function is disabled. If disabled, 
this excludes supply voltage VBB conversion in the ADC conversion 
sequence.

0h = VBB_SNS ADC function is enabled, VBB_SNS ADC conversion is 
included in the ADC conversion sequence
1h = VBB_SNS ADC function is disabled, VBB_SNS ADC conversion is 
excluded in the ADC conversion sequence
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Table 8-23. ADC_CONFIG Register Field Descriptions (continued)
Bit Field Type Reset Description
0 ADC_DIS R/W 0h This bit determines if the ADC function should be disabled. If disabled, no 

VDS_SNS, VSNS, TSNS, or ISNS is possible.

The ADC is enabled by default.

0h = ADC function enabled
1h = All ADC function disabled
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8.5.10 ADC_RESULT_VBB Register (Offset = Bh) [Reset = F800h] 

ADC_RESULT_VBB is shown in Table 8-24.

Return to the Summary Table.

Table 8-24. ADC_RESULT_VBB Register Field Descriptions
Bit Field Type Reset Description

15-11 RESERVED R 1Fh Reserved

10 VBB_RDY R 0h This bit indicates if a new ADC result for VBB voltage conversion is 
available since the last read

0h = VBB ADC value not updated
1h = New VBB ADC value ready since last read

9-0 ADC_RESULT_VBB R 0h 10-bit ADC result from the conversion of the VBB voltage
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8.5.11 FLT_STAT_CH1 Register (Offset = Dh) [Reset = E000h] 

FLT_STAT_CH1 is shown in Table 8-25.

Return to the Summary Table.

Table 8-25. FLT_STAT_CH1 Register Field Descriptions
Bit Field Type Reset Description

15-13 RESERVED R 7h Reserved

12 I2T_MOD_CH1 R 0h This bit indicates if channel 1 in the I2T loop and is accumulating or 
decrementing. When channel 1 is not in the I2T loop the value will be 0

0h = I2T is off or the channel is not in the I2T loop
1h = Channel is in the I2T loop and is accumulating

11 LATCH_STAT_CH1 R 0h This bit indicates if channel 1 has been latch off due to an overcurrent 
protection or thermal shutdown fault.

The bit clears when the channel is toggled off and back on.

Note: This bit does not signal when a shutdown occurs due to I2T

0h = This channel is not latched off
1h = This channel is currently latched off

10 FLT_CH1 R 0h This bit indicates if channel 1 is currently in an auto retry wait time period 
(2ms), latch off, or in I2T cooldown

0h = This channel is currently not in auto retry wait time, latch off state, or 
I2T cooldown
1h = This channel is currently in auto retry wait time, latch off state, or I2T 
cooldown

9 SW_STATE_STAT_CH1 R 0h This bit indicates the current state of channel 1 no matter which mode the 
device is in as long as SPI is functioning

0h = CH1 is OFF
1h = CH1 is ON

8 VOUT_ERR_CH1 R 0h This bit indicates if the drain-to-source voltage (VDS) of channel 1 output 
when enabled is < 2V after the INRUSH_DURATION period.

0h = Output voltage is correct (< 2V) when this channel is enabled
1h = Output voltage is incorrect (> 2V) when this channel is supposed to 
be enabled or disabled

7 I2T_FLT_CH1 RC 0h This bit indicates if an I2T fault has occured on channel 1. I2T_EN must 
be set to 1 in order for this bit indicate an I2T fault.

The fault is latched and cleared when FLT_STAT_CH1 register is read 
and the fault condition no longer exists

Note: This bit does not indicate an overcurrent protection or thermal 
shutdown fault
0h = no I2T fault has occurred or I2T is not enabled
1h = I2T fault has occurred on this channel

6 LPM_WAKE_CH1 RC 0h This bit indicates if channel 1 was the cause for the device to come out of 
MANUAL_LPM regardless of the cause (load step, short-circuit)

0h = The device was not in LPM or this channel was not the cause the 
device came out of MANUAL_LPM mode
1h = This channel was the reason the device came out of MANUAL_LPM

5 THERMAL_SD_CH1 RC 0h This bit indicates if thermal shutdown fault has occurred on channel 1.

The fault is latched and cleared when the FLT_STAT_CH1 register is 
read and the channel temperature has fallen below the thermal shutdown 
hysteresis threshold

0h = No thermal shutdown fault has occurred on this channel
1h = A thermal shutdown fault has occurred on this channel
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Table 8-25. FLT_STAT_CH1 Register Field Descriptions (continued)
Bit Field Type Reset Description
4 ILIMIT_CH1 RC 0h This bit indicates if an overcurrent protection fault has occurred on 

channel 1

The fault is latched and cleared when FLT_STAT_CH1 register is read 
and the fault condition no longer exists

0h = No overcurrent protection fault has occurred on this channel
1h = Overcurrent protection fault has occurred on this channel

3 SHRT_VBB_CH1 RC 0h This bit indicates if there was a short to VBB in the off-state on channel 1.

The output of channel 2 is pulled down by the RSHRT_VBB internal 
resistor.

The fault is latched and cleared when FLT_STAT_CH1 register is read 
and the fault condition no longer exists

0h = No Short to VBB fault in off-state has occurred on this channel or 
short to VBB in off-state is not enabled
1h = Short to VBB fault in the off-state has occurred on this channel

2 OL_OFF_CH1 RC 0h This bit indicates if there is an open load in the off-state on channel 1.

The output of channel 1 is pulled up by the OL_PULLUP_STR setting.

The fault is latched and cleared when FLT_STAT_CH1 register is read 
and the fault condition no longer exists

0h = No off-state open load fault has occurred on this channel or off-state 
open load detection in off-state is not enabled
1h = Off-state open load fault has occurred on this channel

1 RESERVED R 0h Reserved

0 THERMAL_WRN_CH1 RC 0h This bit indicates if the channel 1 FET temperature is above the 
overtemperature warning threshold.

The fault is latched and cleared when FLT_STAT_CH1 register is read 
and the fault condition no longer exists

0h = FET temperature is below the over-temperature warning threshold in 
this channel
1h = FET temperature is above the over-temperature warning threshold in 
this channel
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8.5.12 PWM_CH1 Register (Offset = Eh) [Reset = F000h] 

PWM_CH1 is shown in Table 8-26.

Return to the Summary Table.

Table 8-26. PWM_CH1 Register Field Descriptions
Bit Field Type Reset Description

15-12 RESERVED R Fh Reserved

11-9 PWM_FREQ_CH1 R/W 0h Set the PWM frequency

0h = 0.8Hz
1h = 3.4Hz
2h = 13.8Hz
3h = 111Hz
4h = 221Hz
5h = 425Hz
6h = 885Hz
7h = 1770Hz

8-1 PWM_DTY_CH1 R/W 0h These bits are used to set the duty cycle for the PWM operation for 
channel 1. Each bit is ~0.39% duty cycle, linearly up to 100% duty cycle

0 PWM_EN_CH1 R/W 0h This bit enables PWM operation of channel 1.

Note: The duty cycle of PWM > 200us. If fault will occur 
in FLT_STAT_CH1 register. PWM mode can only be enabled if 
CAP_CHRG_CH1[1:0] = 0

0h = Output follows CH1_ON setting
1h = Output is PWM according to duty cycle and frequency set if CH1_ON 
is high
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8.5.13 ILIM_CONFIG_CH1 Register (Offset = Fh) [Reset = 0066h] 

ILIM_CONFIG_CH1 is shown in Table 8-27.

Return to the Summary Table.

Table 8-27. ILIM_CONFIG_CH1 Register Field Descriptions
Bit Field Type Reset Description

15-14 RESERVED R/W 0h Reserved

13-12 CAP_CHRG_CH1 R/W 0h These bits set the capacitive charging mode during the inrush period after 
turn on.

When CAP_CHRG_CH1 = 00, these are bits are programmed as the 
overcurrent protection threshold during the INRUSH_DURATION_CH1 
period. The channel will immediately turn off if the threshold is reached.

When CAP_CHRG_CH1 = 10, these bits are programmed as the current 
limit regulation threshold. The channel will turn on into the current limit 
and will continue to regulate the current until the output is fully charged or 
there is a thermal shutdown event.

Note: PWM and I2T is not enabled during the INRUSH_DURATION.

0h = No cap charging mode, IOCP value set by INRUSH_LIMIT_CH1 bits
1h = Not supported
2h = Current limit regulation mode, value set by INRUSH_LIMIT_CH1 bits
3h = Not supported

11 I2T_EN_CH1 R/W 0h Enables the I2T functionality for channel 1. I2T can be enabled before the 
channel is enabled or while it is enabled, but the I2T calculation will only 
start after the inrush period ends.

0h = I2T functionality not enabled
1h = I2T functionality is enabled

10-8 INRUSH_DURATION_CH1 R/W 0h These bits determine the inrush period duration during which the 
INRUSH_LIMIT_CH1 level applies.

0h = 0ms
1h = 2ms
2h = 4ms
3h = 6ms
4h = 10ms
5h = 20ms
6h = 50ms
7h = 100ms
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Table 8-27. ILIM_CONFIG_CH1 Register Field Descriptions (continued)
Bit Field Type Reset Description
7-4 INRUSH_LIMIT_CH1 R/W 6h These bits determine the inrush current limit on channel 1 for the different 

capacitive charging modes set by CAP_CHRG_CH1 bits.

If no cap charging mode (CAP_CHRG_CH1 = 00) is used, the values are:

0h = 10A
1h = 12.5A
2h = 15A
3h = 17.5A
4h = 20A
5h = 22.5A
6h = 25A
Note: The max INRUSH_LIMIT_CH1 value that is supported for parallel 
mode for CAP_CHRG_CH1 = 00 is 20A.

If current regulation mode (CAP_CHRG_CH1 = 10) is used, the values 
are:

0h = 1.5A
1h = 1.85A
2h = 2.25A
3h = 2.6A
4h = 3A
5h = 3.4A
6h = 3.8A
7h = 5A
8h = 6.25A
9h = 7.5A
Ah = 8.7A
Bh = 10.1A
Ch = 11.3A
Other settings are not supported.

3-0 ILIMIT_SET_CH1 R/W 6h These bits determine the overcurrent protection (IOCP) threshold for 
channel 1 in steady state operation after the INRUSH_DURATION period 
expires.

Note: The max ILIMIT_SET_CH1 value that is supported for parallel mode 
for CAP_CHRG_CH1 = 00 is 20A.

0h = 10A
1h = 12.5A
2h = 15A
3h = 17.5A
4h = 20A
5h = 22.5A
6h = 25A
Other settings are not supported.
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8.5.14 CH1_CONFIG Register (Offset = 10h) [Reset = C002h] 

CH1_CONFIG is shown in Table 8-28.

Return to the Summary Table.

Table 8-28. CH1_CONFIG Register Field Descriptions
Bit Field Type Reset Description
15 VSNS_DIS_CH1 R/W 1h This bit determines if the VOUT VSNS ADC function for channel 1 is 

enabled.

0h = CH1 VOUT VSNS ADC functionality enabled
1h = CH1 VOUT VSNS ADC functionality is disabled

14 VDS_SNS_DIS_CH1 R/W 1h This bit determines if the VDS_SNS ADC function for channel 1 is 
enabled.

0h = CH1 VDS_SNS ADC functionality enabled
1h = CH1 VDS_SNS ADC functionality is disabled

13 ISNS_DIS_CH1 R/W 0h This bit determines if the ISNS ADC function for channel 1 is enabled.

0h = CH1 ISNS ADC functionality enabled
1h = CH1 ISNS ADC functionality is disabled

12-11 RESERVED R/W 0h Reserved

10 ISNS_SCALE_CH1 R/W 0h This bit determines the voltage scaling of the channel 1 ISNS for the input 
to the ADC

Note: It is recommended to only use the 8x voltage scaling option when 
in OL_ON_EN_CH1 = 1 mode and with I2T disabled (I2T_EN_CH1 = 
0). If I2T is enabled (I2T_EN_CH1 = 1) and ISNS_SCALE_CH1 = 1, the 
8x voltage scaling will be applied to the I2T algorithm which will provide 
different I2T trip thresholds and can cause the channel to turn off at a 
lower I2T threshold.

0h = ADC input voltage scale equals 1x
1h = ADC input voltage scale equals 8x

9 OL_ON_EN_CH1 R/W 0h This bit determines if channel 1 should enter a mode with a higher 
RON and a lower KSNS value to more accurately measure lower output 
current.

Note: It is recommended to only use OL_ON_EN_CH1 = 1 mode with 
I2T disabled (I2T_EN_CH1 = 0). If I2T is enabled (I2T_EN_CH1 = 1) and 
OL_ON_EN_CH1 = 1, the lower KSNS2 will be applied to the I2T algorithm 
which will provide different I2T trip thresholds and can cause the channel 
to turn off at a lower I2T threshold. The device can only enter this mode if 
there are no existing faults on the channel and the output current is below 
IENTRY_OL_ON.

0h = KSNS1 ratio and RON = RON
1h = KSNS2 ratio and RON = RON_OL

8-7 OL_SVBB_BLANK_CH1 R/W 0h These bits determine the blanking time for open load or short to VBB 
faults in the OFF state for channel 1

0h = Blanking time is 0.4ms
1h = Blanking time is 1.0ms
2h = Blanking time is 2.0ms
3h = Blanking time is 4.0ms

6-5 OL_PU_STR_CH1 R/W 0h These bits determine the pull-up current (I_pu) at the VOUT1 for the 
off-state open load detection circuitry.

0h = I_pu is 26.5µA
1h = I_pu is 60µA
2h = I_pu is 127µA
3h = I_pu is 260µA
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Table 8-28. CH1_CONFIG Register Field Descriptions (continued)
Bit Field Type Reset Description
4-3 OL_SVBB_EN_CH1 R/W 0h These bits are used to enable open load and short to supply detection in 

OFF state.

Setting the bits to 10 turns on the pull up to see if there is an open load or 
short to supply in the off state with an output comparator. If OL_OFF_CH1 
= 1, then either a short to supply or an open load fault exists.

After this, the bits can be set to 01 to turn on a pull down to distinguish a 
short to supply from an open load in the off state.

If there is a short to supply then SHRT_VBB_CH1 = 1 and if not then 
SHRT_VBB_CH1 = 0 and an open load exists.

The above sequence is detailed in the 'Detection With Switch Disabled' 
section

0h = Disabled
1h = Enables an output pulldown to differentiate short to supply from open 
load.
2h = Enables a pull-up from VBB supply to output to detect if either an 
open load or short-to-battery exists.
3h = Only the output comparator is enabled, use external switches and 
pull-up/pull-down to detect open load or short-to-supply.

2 LATCH_CH1 R/W 0h This bit determines if channel 1 should auto-retry or latch off after an 
overcurrent or thermal shutdown event has occurred.

0h = Channel 1 will auto retry after tRETRY expires and THYS is reached
1h = Channel 1 latches off until SW_STATE register is written to again

1-0 SLRT_CH1 R/W 2h These bits determine the turn on and turn off slew rates for channel 1.

0h = 0.14V/µs
1h = 0.2V/µs
2h = 0.25V/µs
3h = 0.32V/µs
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8.5.15 ADC_RESULT_CH1_I Register (Offset = 11h) [Reset = F000h] 

ADC_RESULT_CH1_I is shown in Table 8-29.

Return to the Summary Table.

Table 8-29. ADC_RESULT_CH1_I Register Field Descriptions
Bit Field Type Reset Description

15-12 RESERVED R Fh Reserved

11 ISNS_SCALE_EFF_CH1 R 0h The bit indicates the voltage scaling factor used for the conversion

0h = 1x ISNS1 voltage scaling
1h = 8x ISNS1 voltage scaling

10 ISNS_RDY_CH1 R 0h Making sure the ADC conversion is new from the last time this was read

0h = ADC value not updated
1h = ADC value ready since last read

9-0 ADC_RESULT_CH1_I R 0h ADC result (10-bits) from the conversion of the current in CH1

www.ti.com
TPS2HCS10-Q1

SLVSGY2A – OCTOBER 2023 – REVISED OCTOBER 2025

Copyright © 2025 Texas Instruments Incorporated Submit Document Feedback 89

Product Folder Links: TPS2HCS10-Q1

https://www.ti.com
https://www.ti.com/product/TPS2HCS10-Q1
https://www.ti.com/lit/pdf/SLVSGY2
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLVSGY2A&partnum=TPS2HCS10-Q1
https://www.ti.com/product/tps2hcs10-q1?qgpn=tps2hcs10-q1


8.5.16 ADC_RESULT_CH1_T Register (Offset = 12h) [Reset = F800h] 

ADC_RESULT_CH1_T is shown in Table 8-30.

Return to the Summary Table.

Table 8-30. ADC_RESULT_CH1_T Register Field Descriptions
Bit Field Type Reset Description

15-11 RESERVED R 1Fh Reserved

10 TSNS_RDY_CH1 R 0h This bit indicates if a new ADC result for channel 1 TSNS conversion is 
available since the last read

0h = ADC value not updated
1h = ADC value ready since last read

9-0 ADC_RESULT_CH1_T R 0h 10-bit ADC result from the conversion of channel 1 FET temperature 
(TSNS)
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8.5.17 ADC_RESULT_CH1_V Register (Offset = 13h) [Reset = F800h] 

ADC_RESULT_CH1_V is shown in Table 8-31.

Return to the Summary Table.

Table 8-31. ADC_RESULT_CH1_V Register Field Descriptions
Bit Field Type Reset Description

15-11 RESERVED R 1Fh Reserved

10 VSNS_RDY_CH1 R 0h This bit indicates if a new ADC result for channel 1 VOUT voltage (VSNS) 
conversion is available since the last read

0h = ADC value not updated
1h = ADC value ready since last read

9-0 ADC_RESULT_CH1_V R 0h 10-bit ADC result from the conversion of channel 1 VOUT voltage (VSNS)
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8.5.18 ADC_RESULT_CH1_VDS Register (Offset = 14h) [Reset = F800h] 

ADC_RESULT_CH1_VDS is shown in Table 8-32.

Return to the Summary Table.

Table 8-32. ADC_RESULT_CH1_VDS Register Field Descriptions
Bit Field Type Reset Description

15-11 RESERVED R 1Fh Reserved

10 VDSSNS_RDY_CH1 R 0h This bit indicates if a new ADC result for channel 1 VDS voltage 
(VDSSNS) conversion is available since the last read

0h = ADC value not updated
1h = ADC value ready since last read

9-0 ADC_RESULT_CH1_VDS R 0h 10-bit ADC result from the conversion of channel 1 VDS voltage 
(VDSSNS)
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8.5.19 I2T_CONFIG_CH1 Register (Offset = 15h) [Reset = 0000h] 

I2T_CONFIG_CH1 is shown in Table 8-33.

Return to the Summary Table.

Table 8-33. I2T_CONFIG_CH1 Register Field Descriptions
Bit Field Type Reset Description

15-14 TCLDN_CH1 R/W 0h These bits set the cool down time (or time to retry) after an I2T shutdown 
for Channel 1.

Note: If setting 0x0 is used, the channel will remain off after an I2T 
shutdown with no retry. To retry in this setting, change the bits to 0.8s, 
2.0s, or 4.0s options to allow the device to retry after an I2T shutdown.

0h = indefinite cooldown
1h = 0.8s
2h = 2.0s
3h = 4.0s

13-11 RESERVED R/W 0h Reserved

10-9 SWCL_DLY_TMR_CH1 R/W 0h These bits set the timer at which Channel 1 will shut down if the IOUT 
current continuously exceeds the ISWCL level for the configured time.

0h = 0.2ms
1h = 0.4ms
2h = 1.0ms
3h = 2.0ms

8-7 ISWCL_CH1 R/W 0h These bits set the delayed turn off current sense value (ISWCL,700) for 
channel 1. Once the IOUT current exceeds the ISWCL,700 value, a timer 
starts and will turn off the channel if the current remains above the 
ISWCL,700 threshold for a duration of SWCL_DLY_TMR_CH1.

The threshold should be set below the current sense saturation value 
(IOUT_SAT = KSNS1 * ISNS_SAT). The current threshold below assume RSNS = 
700Ω. To calculate the new ISWCL,700 thresholds based on a different RSNS 
value, the following equation can be used:

ISWCL,ADJ = ISWCL,700 * (700 / RSNS)

0h = 19.55A
1h = 17.6A
2h = 16.05A
3h = 13.3A
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Table 8-33. I2T_CONFIG_CH1 Register Field Descriptions (continued)
Bit Field Type Reset Description
6-3 I2T_TRIP_CH1 R/W 0h These bits set the I2T trip value for Channel 1.

Note: For reference the equation for the I2T trip value is:

I2T = (IOUT1 2 - NOM_CUR_CH12) * t

The below values assume RSNS = 700Ω. To calculate the new I2T trip 
values based on a different RSNS value, the following equation can be 
used:

I2TADJ = I2T700 * (700 / RSNS)2

Note: The I2T_TRIP_CH1 value cannot be modified when the device is in 
the cool down time period.

0h = 8.8 A2s
1h = 13.1 A2s
2h = 26.3 A2s
3h = 39.4 A2s
4h = 52.5 A2s
5h = 65.6 A2s
6h = 78.8 A2s
7h = 91.9 A2s
8h = 109.4 A2s
9h = 126.9 A2s
Ah = 144.4 A2s
Bh = 166.3 A2s
Ch = 192.5 A2s
Dh = 218.8 A2s
Eh = 262.5 A2s
Fh = 350 A2s

2-0 NOM_CUR_CH1 R/W 0h These bits set the nominal current value for channel 1 for the I2T function. 
If the I2T function is enabled for channel 1, above this value the device 
will enter the I2T accumulation mode.

The nominal current values below assume RSNS = 700Ω. To calculate 
the new I2T trip values based on a different RSNS value, the following 
equation can be used:

NOM_CUR_CH1ADJ = NOM_CUR_CH1700 * (700 / RSNS)

Note: The NOM_CUR_CH1 value cannot be modified when the device is 
in the cool down time period.

0h = 4.0A
1h = 5.0A
2h = 5.7A
3h = 6.5A
4h = 7.5A
5h = 9.0A
6h = 12.0A
7h = 15.0A

TPS2HCS10-Q1
SLVSGY2A – OCTOBER 2023 – REVISED OCTOBER 2025 www.ti.com

94 Submit Document Feedback Copyright © 2025 Texas Instruments Incorporated

Product Folder Links: TPS2HCS10-Q1

https://www.ti.com/product/TPS2HCS10-Q1
https://www.ti.com/lit/pdf/SLVSGY2
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLVSGY2A&partnum=TPS2HCS10-Q1
https://www.ti.com/product/tps2hcs10-q1?qgpn=tps2hcs10-q1


8.5.20 FLT_STAT_CH2 Register (Offset = 16h) [Reset = E000h] 

FLT_STAT_CH2 is shown in Table 8-34.

Return to the Summary Table.

Table 8-34. FLT_STAT_CH2 Register Field Descriptions
Bit Field Type Reset Description

15-13 RESERVED R 7h Reserved

12 I2T_MOD_CH2 R 0h This bit indicates if channel 2 in the I2T loop and is accumulating or 
decrementing. When channel 2 is not in the I2T loop the value will be 0

0h = I2T is off or the channel is not in the I2T loop
1h = Channel is in the I2T loop and is accumulating

11 LATCH_STAT_CH2 R 0h This bit indicates if channel 2 has been latch off due to an overcurrent 
protection or thermal shutdown fault.

The bit clears when the channel is toggled off and back on.

Note: This bit does not signal when a shutdown occurs due to I2T

0h = This channel is not latched off
1h = This channel is currently latched off

10 FLT_CH2 R 0h This bit indicates if channel 2 is currently in an auto retry wait time period 
(2ms), latch off, or in I2T cooldown

0h = This channel is currently not in auto retry wait time, latch off state, or 
I2T cooldown
1h = This channel is currently in auto retry wait time, latch off state, or I2T 
cooldown

9 SW_STATE_STAT_CH2 R 0h This bit indicates the current state of channel 2 no matter which mode the 
device is in as long as SPI is functioning

0h = CH2 is OFF
1h = CH2 is ON

8 VOUT_ERR_CH2 R 0h This bit indicates if the drain-to-source voltage (VDS) of channel 2 output 
when enabled is < 2V after the INRUSH_DURATION period.

0h = Output voltage is correct (< 2V) when this channel is enabled
1h = Output voltage is incorrect (> 2V) when this channel is supposed to 
be enabled or disabled

7 I2T_FLT_CH2 RC 0h This bit indicates if an I2T fault has occured on channel 2. I2T_EN must 
be set to 1 in order for this bit indicate an I2T fault.

The fault is latched and cleared when FLT_STAT_CH2 register is read 
and the fault condition no longer exists

Note: This bit does not indicate an overcurrent protection or thermal 
shutdown fault

0h = no I2T fault has occurred or I2T is not enabled
1h = I2T fault has occurred on this channel

6 LPM_WAKE_CH2 RC 0h This bit indicates if channel 2 was the cause for the device to come out of 
MANUAL_LPM regardless of the cause (load step, short-circuit)

0h = The device was not in LPM or this channel was not the cause the 
device came out of MANUAL_LPM mode
1h = This channel was the reason the device came out of MANUAL_LPM

5 THERMAL_SD_CH2 RC 0h This bit indicates if thermal shutdown fault has occurred on channel 2.

The fault is latched and cleared when the FLT_STAT_CH2 register is 
read and the channel temperature has fallen below the thermal shutdown 
hysteresis threshold

0h = No thermal shutdown fault has occurred on this channel
1h = A thermal shutdown fault has occurred on this channel
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Table 8-34. FLT_STAT_CH2 Register Field Descriptions (continued)
Bit Field Type Reset Description
4 ILIMIT_CH2 RC 0h This bit indicates if an overcurrent protection fault has occurred on 

channel 2

The fault is latched and cleared when FLT_STAT_CH2 register is read 
and the fault condition no longer exists

0h = No overcurrent protection fault has occurred on this channel
1h = Overcurrent protection fault has occurred on this channel

3 SHRT_VBB_CH2 RC 0h This bit indicates if there was a short to VBB in the off-state on channel 2.

The output of channel 2 is pulled down by the RSHRT_VBB internal 
resistor.

The fault is latched and cleared when FLT_STAT_CH2 register is read 
and the fault condition no longer exists

0h = No Short to VBB fault in off-state has occurred on this channel or 
short to VBB in off-state is not enabled
1h = Short to VBB fault in the off-state has occurred on this channel

2 OL_OFF_CH2 RC 0h This bit indicates if there is an open load in the off-state on channel 2.

The output of channel 2 is pulled up by the OL_PULLUP_STR setting.

The fault is latched and cleared when FLT_STAT_CH2 register is read 
and the fault condition no longer exists

0h = No off-state open load fault has occurred on this channel or off-state 
open load detection in off-state is not enabled
1h = Off-state open load fault has occurred on this channel

1 RESERVED R 0h Reserved

0 THERMAL_WRN_CH2 RC 0h This bit indicates if the channel 2 FET temperature is above the 
overtemperature warning threshold.

The fault is latched and cleared when FLT_STAT_CH2 register is read 
and the fault condition no longer exists

0h = FET temperature is below the over-temperature warning threshold in 
this channel
1h = FET temperature is above the over-temperature warning threshold in 
this channel
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8.5.21 PWM_CH2 Register (Offset = 17h) [Reset = F000h] 

PWM_CH2 is shown in Table 8-35.

Return to the Summary Table.

Table 8-35. PWM_CH2 Register Field Descriptions
Bit Field Type Reset Description

15-12 RESERVED R Fh Reserved

11-9 PWM_FREQ_CH2 R/W 0h Set the PWM frequency

0h = 0.8Hz
1h = 3.4Hz
2h = 13.8Hz
3h = 111Hz
4h = 221Hz
5h = 425Hz
6h = 885Hz
7h = 1770Hz

8-1 PWM_DTY_CH2 R/W 0h These bits are used to set the duty cycle for the PWM operation for 
channel 2. Each bit is ~0.39% duty cycle, linearly up to 100% duty cycle

0 PWM_EN_CH2 R/W 0h This bit enables PWM operation of channel 2.

Note: The duty cycle of PWM > 200us. If fault will occur 
in FLT_STAT_CH2 register. PWM mode can only be enabled if 
CAP_CHRG_CH2[1:0] = 0

0h = Output follows CH2_ON setting
1h = Output is PWM according to duty cycle and frequency set if CH2_ON 
is high
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8.5.22 ILIM_CONFIG_CH2 Register (Offset = 18h) [Reset = 0066h] 

ILIM_CONFIG_CH2 is shown in Table 8-36.

Return to the Summary Table.

Table 8-36. ILIM_CONFIG_CH2 Register Field Descriptions
Bit Field Type Reset Description

15-14 RESERVED R/W 0h Reserved

13-12 CAP_CHRG_CH2 R/W 0h These bits set the capacitive charging mode during the inrush period after 
turn on.

When CAP_CHRG_CH1 = 00, these are bits are programmed as the 
overcurrent protection threshold during the INRUSH_DURATION_CH1 
period. The channel will immediately turn off if the threshold is reached.

When CAP_CHRG_CH1 = 10, these bits are programmed as the current 
limit regulation threshold. The channel will turn on into the current limit 
and will continue to regulate the current until the output is fully charged or 
there is a thermal shutdown event.

Note: PWM and I2T is not enabled during the INRUSH_DURATION.

0h = No cap charging mode, IOCP value set by INRUSH_LIMIT_CH1 bits
1h = Not supported
2h = Current limit regulation mode, value set by INRUSH_LIMIT_CH1 bits
3h = Not supported

11 I2T_EN_CH2 R/W 0h Enables the I2T functionality for channel 2. I2T can be enabled before the 
channel is enabled or while it is enabled, but the I2T calculation will only 
start after the inrush period ends.

0h = I2T functionality not enabled
1h = I2T functionality is enabled

10-8 INRUSH_DURATION_CH2 R/W 0h These bits determine the inrush period duration during which the 
INRUSH_LIMIT_CH2 level applies.

0h = 0ms
1h = 2ms
2h = 4ms
3h = 6ms
4h = 10ms
5h = 20ms
6h = 50ms
7h = 100ms
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Table 8-36. ILIM_CONFIG_CH2 Register Field Descriptions (continued)
Bit Field Type Reset Description
7-4 INRUSH_LIMIT_CH2 R/W 6h These bits determine the inrush current limit on channel 2 for the different 

capacitive charging modes set by CAP_CHRG_CH1 bits.

If no cap charging mode (CAP_CHRG_CH2 = 00) is used, the values are:

0h = 10A
1h = 12.5A
2h = 15A
3h = 17.5A
4h = 20A
5h = 22.5A
6h = 25A

If current regulation mode (CAP_CHRG_CH2 = 10) is used, the values 
are:

0h = 1.5A
1h = 1.85A
2h = 2.25A
3h = 2.6A
4h = 3A
5h = 3.4A
6h = 3.8A
7h = 5A
8h = 6.25A
9h = 7.5A
Ah = 8.7A
Bh = 10.1A
Ch = 11.3A
Other settings are not supported.

3-0 ILIMIT_SET_CH2 R/W 6h These bits determine the overcurrent protection (IOCP) threshold for 
channel 2 in steady state operation after the INRUSH_DURATION period 
expires.

0h = 10A
1h = 12.5A
2h = 15A
3h = 17.5A
4h = 20A
5h = 22.5A
6h = 25A
Other settings are not supported.
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8.5.23 CH2_CONFIG Register (Offset = 19h) [Reset = C002h] 

CH2_CONFIG is shown in Table 8-37.

Return to the Summary Table.

Table 8-37. CH2_CONFIG Register Field Descriptions
Bit Field Type Reset Description
15 VSNS_DIS_CH2 R/W 1h This bit determines if the VOUT VSNS ADC function for channel 2 is 

enabled.

0h = CH2 VOUT VSNS ADC functionality enabled
1h = CH2 VOUT VSNS ADC functionality is disabled

14 VDSSNS_DIS_CH2 R/W 1h This bit determines if the VDS_SNS ADC function for channel 2 is 
enabled.

0h = CH2 VDS_SNS ADC functionality enabled
1h = CH2 VDS_SNS ADC functionality is disabled

13 ISNS_DIS_CH2 R/W 0h This bit determines if the ISNS ADC function for channel 2 is enabled.

0h = CH2 ISNS ADC functionality enabled
1h = CH2 ISNS ADC functionality is disabled

12-11 RESERVED R/W 0h Reserved

10 ISNS_SCALE_CH2 R/W 0h This bit determines the voltage scaling of the channel 2 ISNS for the input 
to the ADC

Note: It is recommended to only use the 8x voltage scaling option when 
in OL_ON_EN_CH2 = 1 mode and with I2T disabled (I2T_EN_CH2 = 
0). If I2T is enabled (I2T_EN_CH2 = 1) and ISNS_SCALE_CH2 = 1, the 
8x voltage scaling will be applied to the I2T algorithm which will provide 
different I2T trip thresholds and can cause the channel to turn off at a 
lower I2T threshold.

0h = ADC input voltage scale equals 1x
1h = ADC input voltage scale equals 8x

9 OL_ON_EN_CH2 R/W 0h This bit determines if channel 2 should enter a mode with a higher 
RON and a lower KSNS value to more accurately measure lower output 
current.

Note: It is recommended to only use OL_ON_EN_CH2 = 1 mode with 
I2T disabled (I2T_EN_CH2 = 0). If I2T is enabled (I2T_EN_CH2 = 1) and 
OL_ON_EN_CH2 = 1, the lower KSNS2 will be applied to the I2T algorithm 
which will provide different I2T trip thresholds and can cause the channel 
to turn off at a lower I2T threshold. The device can only enter this mode if 
there are no existing faults on the channel and the output current is below 
IENTRY_OL_ON.

0h = KSNS1 ratio and RON = RON
1h = KSNS2 ratio and RON = RON_OL

8-7 OL_SVBB_BLANK_CH2 R/W 0h These bits determine the blanking time for open load or short to VBB 
faults in the OFF state for channel 2

0h = Blanking time is 0.4ms
1h = Blanking time is 1.0ms
2h = Blanking time is 2.0ms
3h = Blanking time is 4.0ms

6-5 OL_PU_STR_CH2 R/W 0h These bits determine the pull-up current (I_pu) at the VOUT1 for the 
off-state open load detection circuitry.

0h = I_pu is 26.5µA
1h = I_pu is 60µA
2h = I_pu is 127µA
3h = I_pu is 260µA
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Table 8-37. CH2_CONFIG Register Field Descriptions (continued)
Bit Field Type Reset Description
4-3 OL_SVBB_EN_CH2 R/W 0h These bits are used to enable open load and short to supply detection in 

OFF state.

Setting the bits to 10 turns on the pull up to see if there is an open load or 
short to supply in the off state with an output comparator. If OL_OFF_CH2 
= 1, then either a short to supply or an open load fault exists.

After this, the bits can be set to 01 to turn on a pull down to distinguish a 
short to supply from an open load in the off state.

If there is a short to supply then SHRT_VBB_CH2 = 1 and if not then 
SHRT_VBB_CH2 = 0 and an open load exists.

The above sequence is detailed in the 'Detection With Switch Disabled' 
section

0h = Disabled
1h = Turns-on an output pulldown to differentiate Short to supply from 
open load.
2h = Turns on a pull-up from VBB supply to output to detect if either an 
open load or short-to-battery exists.
3h = Output comparator enabled, use external switches and pull-up/pull-
down to detect open load or short-to-supply.

2 LATCH_CH2 R/W 0h This bit determines if channel 2 should auto-retry or latch off after an 
overcurrent or thermal shutdown event has occurred.

0h = channel 2 will auto retry after tRETRY expires and THYS is reached
1h = channel 2 latches off until SW_STATE register is written to again

1-0 SLRT_CH2 R/W 2h These bits determine the turn on and turn off slew rates for channel 2.

0h = 0.14V/µs
1h = 0.2V/µs
2h = 0.25V/µs
3h = 0.32V/µs
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8.5.24 ADC_RESULT_CH2_I Register (Offset = 1Ah) [Reset = F000h] 

ADC_RESULT_CH2_I is shown in Table 8-38.

Return to the Summary Table.

Table 8-38. ADC_RESULT_CH2_I Register Field Descriptions
Bit Field Type Reset Description

15-12 RESERVED R Fh Reserved

11 ISNS_SCALE_EFF_CH2 R 0h The bit indicates the voltage scaling factor used for the conversion

0h = 1x ISNS2 voltage scaling
1h = 8x ISNS2 voltage scaling

10 ISNS_RDY_CH2 R 0h Making sure the ADC conversion is new from the last time this was read

0h = ADC value not updated
1h = ADC value ready since last read

9-0 ADC_RESULT_CH2_I R 0h ADC result (10-bits) from the conversion of the current in CH2
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8.5.25 ADC_RESULT_CH2_T Register (Offset = 1Bh) [Reset = F800h] 

ADC_RESULT_CH2_T is shown in Table 8-39.

Return to the Summary Table.

Table 8-39. ADC_RESULT_CH2_T Register Field Descriptions
Bit Field Type Reset Description

15-11 RESERVED R 1Fh Reserved

10 TSNS_RDY_CH2 R 0h This bit indicates if a new ADC result for channel 2 TSNS conversion is 
available since the last read

0h = ADC value not updated
1h = ADC value ready since last read

9-0 ADC_RESULT_CH2_T R 0h 10-bit ADC result from the conversion of channel 2 FET temperature 
(TSNS)
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8.5.26 ADC_RESULT_CH2_V Register (Offset = 1Ch) [Reset = F800h] 

ADC_RESULT_CH2_V is shown in Table 8-40.

Return to the Summary Table.

Table 8-40. ADC_RESULT_CH2_V Register Field Descriptions
Bit Field Type Reset Description

15-11 RESERVED R 1Fh Reserved

10 VSNS_RDY_CH2 R 0h This bit indicates if a new ADC result for channel 2 VOUT voltage (VSNS) 
conversion is available since the last read

0h = ADC value not updated
1h = ADC value ready since last read

9-0 ADC_RESULT_CH2_V R 0h 10-bit ADC result from the conversion of channel 2 VOUT voltage (VSNS)
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8.5.27 ADC_RESULT_CH2_VDS Register (Offset = 1Dh) [Reset = F800h] 

ADC_RESULT_CH2_VDS is shown in Table 8-41.

Return to the Summary Table.

Table 8-41. ADC_RESULT_CH2_VDS Register Field Descriptions
Bit Field Type Reset Description

15-11 RESERVED R 1Fh Reserved

10 VDSSNS_RDY_CH2 R 0h This bit indicates if a new ADC result for channel 2 VDS voltage 
(VDSSNS) conversion is available since the last read

0h = ADC value not updated
1h = ADC value ready since last read

9-0 ADC_RESULT_CH2_VDS R 0h 10-bit ADC result from the conversion of channel 2 VDS voltage 
(VDSSNS)
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8.5.28 I2T_CONFIG_CH2 Register (Offset = 1Eh) [Reset = 0000h] 

I2T_CONFIG_CH2 is shown in Table 8-42.

Return to the Summary Table.

Table 8-42. I2T_CONFIG_CH2 Register Field Descriptions
Bit Field Type Reset Description

15-14 TCLDN_CH2 R/W 0h These bits set the cool down time (or time to retry) after an I2T shutdown 
for channel 2.

Note: If setting 0x0 is used, the channel will remain off after an I2T 
shutdown with no retry. To retry in this setting, change the bits to 0.8s, 
2.0s, or 4.0s options to allow the device to retry after an I2T shutdown.

0h = indefinite cooldown
1h = 0.8s
2h = 2.0s
3h = 4.0s

13-11 RESERVED R/W 0h Reserved

10-9 SWCL_DLY_TMR_CH2 R/W 0h These bits set the timer at which channel 2 will shut down if the IOUT 
current continuously exceeds the ISWCL level for the configured time.

0h = 0.2ms
1h = 0.4ms
2h = 1.0ms
3h = 2.0ms

8-7 ISWCL_CH2 R/W 0h These bits set the delayed turn off current sense value (ISWCL,700) for 
channel 2. Once the IOUT current exceeds the ISWCL,700 value, a timer 
starts and will turn off the channel if the current remains above the 
ISWCL,700 threshold for a duration of SWCL_DLY_TMR_CH2.

The threshold should be set below the current sense saturation value 
(IOUT_SAT = KSNS1 * ISNS_SAT). The current threshold below assume RSNS = 
700Ω. To calculate the new ISWCL,700 thresholds based on a different RSNS 
value, the following equation can be used:

ISWCL,ADJ = ISWCL,700 * (700 / RSNS)

0h = 19.55A
1h = 17.6A
2h = 16.05A
3h = 13.3A
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Table 8-42. I2T_CONFIG_CH2 Register Field Descriptions (continued)
Bit Field Type Reset Description
6-3 I2T_TRIP_CH2 R/W 0h These bits set the I2T trip value for Channel 2.

Note: For reference the equation for the I2T trip value is:

I2T = (IOUT2 2 - NOM_CUR_CH22) * t

The below values assume RSNS = 700Ω. To calculate the new I2T trip 
values based on a different RSNS value, the following equation can be 
used:

I2TADJ = I2T700 * (700 / RSNS)2

Note: The I2T_TRIP_CH2 value cannot be modified when the device is in 
the cool down time period.

0h = 8.8 A2s
1h = 13.1 A2s
2h = 26.3 A2s
3h = 39.4 A2s
4h = 52.5 A2s
5h = 65.6 A2s
6h = 78.8 A2s
7h = 91.9 A2s
8h = 109.4 A2s
9h = 126.9 A2s
Ah = 144.4 A2s
Bh = 166.3 A2s
Ch = 192.5 A2s
Dh = 218.8 A2s
Eh = 262.5 A2s
Fh = 350 A2s

2-0 NOM_CUR_CH2 R/W 0h These bits set the nominal current value for channel 2 for the I2T function. 
If the I2T function is enabled for channel 2, above this value the device 
will enter the I2T accumulation mode.

The nominal current values below assume RSNS = 700Ω. To calculate 
the new I2T trip values based on a different RSNS value, the following 
equation can be used:

NOM_CUR_CH2ADJ = NOM_CUR_CH2700 * (700 / RSNS)

Note: The NOM_CUR_CH2 value cannot be modified when the device is 
in the cool down time period.

0h = 4.0A
1h = 5.0A
2h = 5.7A
3h = 6.5A
4h = 7.5A
5h = 9.0A
6h = 12.0A
7h = 15.0A
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9 Application and Implementation

Note

Information in the following applications sections is not part of the TI component specification, 
and TI does not warrant its accuracy or completeness. TI’s customers are responsible for 
determining suitability of components for their purposes, as well as validating and testing their design 
implementation to confirm system functionality.

9.1 Application Information
Figure 9-1 and Figure 9-2 shows the schematic of a typical application of the TPS2HCS10A-Q1 and 
TPS2HCS10B-Q1, respectively. It includes all standard external components. This section of the data sheet 
discusses the considerations in implementing commonly required application functionality. The circuit assumes 
no reverse polarity protection on the input supply, so additional components for protection are required.
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Figure 9-1. System Diagram - TPS2HCS10A-Q1 
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Figure 9-2. System Diagram - TPS2HCS10B-Q1 

With the ground protection network, the device ground will be offset relative to the micro-controller ground. The same power supply (5V 
(recommended) or 3.3V) source should be used for the controller (MCU) I/O as well as the VDD supply input to the TPS2HCS10B-Q1 
device.

Table 9-1. Recommended External Components
Component Typical Value Purpose

RSPI 22Ω (Optional) For EMI or other transient limits on the SPI pins.

RSDO 768Ω Higher values to increase the total resistance to MCU VDD to 768Ω for ground loss 
detection

RPROT 10kΩ Protect micro-controller and device GPIO pins

RPU 4.7kΩ Pull-up resistor

RSNS 0.2-1.5kΩ Translate the sense current into sense voltage for internal ADC input

CSNS 1 - 4.7nF Low-pass filter for the ADC input.

D1 +/-36V To suppress voltage transients (one for the module)

DGND BAS21 / Schottky Diode
To limit the voltage drop across RGND during normal operation of the device. A low 
forward voltage diode is recommended and a schottky diode is suggested when 
the VDD is 3.3V. (Note: Recommended VDD operation is 5V for lower Iq)

RGND 4.7kΩ Maintain ground potential during negative output voltage excursions

RVDD 10Ω Limit the rate of rise / fall in VDD supply input- to the IC.

CVDD 470nF VDD supply voltage stability to system ground.

CVBB1 1 – 4.7nF to IC_GND (Optional) For improved emissions.

CVBB2
100 – 2200nF to Module 

GND Stabilize the input supply and filter out low frequency noise.

COUTx 22nF - 100nF

Filtering of voltage transients (for example, ESD, ISO7637-2).
If MANUAL_LPM, CAP_CHRG_CHx = 10, and/or OL_ON_EN = 1 modes are used 
and a flyback diode is not used at the output, 100nF is the recommended capacitor 
value for short-circuit protection in MANUAL_LPM, CAP_CHRG_CHx = 10, and 
OL_ON_EN = 1 modes. If a flyback diode is used at the output, 22nF is the 
recommended capacitor value.

9.2 Typical Application
This application example demonstrates how the TPS2HCS10-Q1 device can be used to power ECU loads with 
large input capacitance. This is just one example of the many applications where this device can fit.
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Figure 9-3. Block Diagram for Powering an ECU Load with Input Capacitance

9.2.1 Design Requirements

For this design example, use the input parameters shown in Table 9-2.

Table 9-2. Design Parameters
Design Parameter Case 1

VBB range 8V to 16V

Input Capacitance of the ECU 
load 600µF

Maximum parallel load during the 
charging phase 3A

Time to charge 2ms

Ambient temperature 85°C

9.2.2 Detailed Design Procedure
9.2.2.1 Thermal Considerations

The output voltage ramps while the load capacitance is being charged. During this period, the power dissipation 
in the FET is high due to the large drain-to-source voltage. The power dissipation and the resultant increase 
in the silicon junction temperature limits the capacitance that can be charged before the device hits thermal 
shutdown. In general, lower the charging rate (current), the higher the value of capacitance that can be charged. 
But if a lower charging current is used, the charging time will be higher. In the application cases considered here, 
it is expected that the FET junction temperature will not reach the thermal shutdown threshold.

9.2.2.2 Configuring the Capacitive Charging Mode

The configuration parameters for the two channels are in the ILIM_CONFIG_CHx registers. The device offers 
a constant current charging mode designed for cases where there is a significant load current during charging 
phase. The current limit regulation value is set by the INRUSH_LIMIT_CHx bits ([7:4]) in the ILIM_CONFIG_CHx 
registers. The INRUSH_DURATION_CHx bits should be set such that the worst case expected capacitive 
charge time is below the programmed inrush duration. The recommended choice of bit settings for each 
application case is listed in the table below.
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Table 9-3. Setting Capacitive Charging Mode Parameters
Bit Field in the ILIM_CONFIG_CHx Register Case 1

CAP_CHRG_CHx 0x02h

INRUSH_DURATION_CHx 0x02h

INRUSH_LIMIT_CHx 0x06h

9.2.3 Application Curve

ICL_REG - Capacitive Charging Example (CAP_CHRG_CHx = 10)

Figure 9-4. ICL_REG - Current Limit Regulation, VBB = 16V, TAMB = 25C, INRUSH_DURATION = 0x6 (50ms), 
INRUSH_LIMIT_CHx = 0x6 (1.9A), CLOAD = 1mF, RLOAD = 50Ω

9.3 Power Supply Recommendations
The device is designed to operate in a 12V automotive system. The device works with two power supply inputs 
– a typically 12V battery input and a low voltage supply input (5V or 3.3V) typically generated with a DC-DC 
converter (recommended to reduce quiescent current draw from the battery) or LDO external to the IC from the 
battery.

The nominal supply voltage range is 6V to 18V as measured at the VBB pin with respect to the GND pin of the 
device. In this range the device meets full parametric specifications as listed in the Section 6.5 table. The device 
is also designed to withstand voltage transients beyond this range like load dump. When operating outside of the 
nominal voltage range but within the operating voltage range, the device will exhibit normal functional behavior.

Table 9-4. Operating Voltage Range
VBB Voltage Range Note

3V to 6V

Extended lower 12V automotive battery operation such as cold crank and 
start-stop. Device is fully functional and protected but some parametrics 

such as RON, current sense accuracy, over-current thresholds and 
timing parameters can deviate from specifications. Check the individual 

specifications in the Electrical Characteristics to confirm the voltage range 
it is applicable for.
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Table 9-4. Operating Voltage Range (continued)
VBB Voltage Range Note

6V to 18V
Nominal supply voltage, all parametric specifications apply. The device 
is short-circuit protected up to 18V in MANUAL_LPM, AUTO_LPM, and 

OL_ON_EN = 1 modes.

18V to 24V

Extended upper 12V automotive battery operation such as double battery. 
Device is fully functional and protected but some parametrics such as RON, 

current sense accuracy, over-current thresholds, and timing parameters 
can deviate from specifications. Check the individual specifications in the 

Electrical Characteristics to confirm the voltage range it is applicable for. The 
device is short-circuit protected up to 125°C.

24V to 35V Load dump voltage. Device is operational and lets the pulse pass through 
without being damaged but does not protect against short circuits.

9.4 Layout
9.4.1 Layout Guidelines

To achieve optimal thermal performance, connect the exposed pad to a large copper pour. On the top PCB layer, 
the pour may extend beyond the package dimensions as shown in the layout examples below. In addition to this, 
it is recommended to have a VBB plane on one or more internal PCB layers and/or on the bottom layer. Vias 
should connect these planes to the top VBB pour.

TI recommends that the IO signals that connect to the microcontroller be routed to a via and then through an 
internal PCB layer.

The RSNS and CSNS components should be placed close to the SNS pin. If a ground network is used for reverse 
battery protection, the RSNS and CSNS should be connected from the SNS pin to the IC_GND net for accurate 
current sense measurements by the internal ADC.

If used in the design, CVBB1, should be placed as close as possible to the VBB and GND pin of the device. If a 
ground network is used for reverse battery protection, the CVBB1 capacitor should be connected from the VBB 
net to the IC_GND net.

9.4.2 Layout Example

Figure 9-5 and Figure 9-6 below show example PCB layouts with and without a GND network, respectively. 
TI recommends that the IO signals that connect to the microcontroller be routed to a via and then through an 
internal PCB layer. For TPS2HCS10B-Q1 device, DI and LHI pins in the below example PCB layouts would be 
replaced with DI1 and DI2 pins, respectively.
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10 Device and Documentation Support
10.1 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.

10.2 Receiving Notification of Documentation Updates
To receive notification of documentation updates, navigate to the device product folder on ti.com. Click on 
Notifications to register and receive a weekly digest of any product information that has changed. For change 
details, review the revision history included in any revised document.

10.3 Support Resources
TI E2E™ support forums are an engineer's go-to source for fast, verified answers and design help — straight 
from the experts. Search existing answers or ask your own question to get the quick design help you need.

Linked content is provided "AS IS" by the respective contributors. They do not constitute TI specifications and do 
not necessarily reflect TI's views; see TI's Terms of Use.

10.4 Trademarks
TI E2E™ is a trademark of Texas Instruments.
All trademarks are the property of their respective owners.
10.5 Electrostatic Discharge Caution

This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled 
with appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.
ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may 
be more susceptible to damage because very small parametric changes could cause the device not to meet its published 
specifications.

10.6 Glossary
TI Glossary This glossary lists and explains terms, acronyms, and definitions.

11 Revision History
NOTE: Page numbers for previous revisions may differ from page numbers in the current version.

Changes from Revision * (October 2023) to Revision A (October 2025) Page
• Changed from Advance Information to Production Data ...................................................................................1
• Added TPS2HCS10B-Q1 preview orderable......................................................................................................3
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• Changed Switching Characteristics table......................................................................................................... 13
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12 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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PACKAGE OPTION ADDENDUM

www.ti.com 21-May-2025

PACKAGING INFORMATION

Orderable part number Status
(1)

Material type
(2)

Package | Pins Package qty | Carrier RoHS
(3)

Lead finish/
Ball material

(4)

MSL rating/
Peak reflow

(5)

Op temp (°C) Part marking
(6)

PTPS2HCS10AQPWPRQ1 Active Preproduction HTSSOP (PWP) | 16 3000 | LARGE T&R - Call TI Call TI -40 to 125

PTPS2HCS10AQPWPRQ1.A Active Preproduction null (null) | 3000 | LARGE T&R - Call TI Call TI See
PTPS2HCS10AQPWPRQ1

PTPS2HCS10AQPWPRQ1.B Active Preproduction null (null) | 3000 | LARGE T&R - Call TI Call TI See
PTPS2HCS10AQPWPRQ1

 
(1) Status:  For more details on status, see our product life cycle.

 
(2) Material type:  When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

 
(3) RoHS values:  Yes, No, RoHS Exempt. See the TI RoHS Statement for additional information and value definition.

 
(4) Lead finish/Ball material:  Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the finish value exceeds the maximum
column width.

 
(5) MSL rating/Peak reflow:  The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

 
(6) Part marking:  There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

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

 
Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is provided. TI bases its knowledge and belief on information provided by third parties, and
makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. TI has taken and continues to take reasonable steps to provide representative
and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals. TI and TI 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 TI part(s) at issue in this document sold by TI to Customer on an annual basis.

 

Addendum-Page 1

https://www.ti.com/product/TPS2HCS10-Q1/part-details/PTPS2HCS10AQPWPRQ1
https://www.ti.com/support-quality/quality-policies-procedures/product-life-cycle.html
https://www.ti.com/lit/szzq088




IMPORTANT NOTICE AND DISCLAIMER
TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE 
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS” 
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY 
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD 
PARTY INTELLECTUAL PROPERTY RIGHTS.
These resources are intended for skilled developers designing with TI products. You are solely responsible for (1) selecting the appropriate 
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable 
standards, and any other safety, security, regulatory or other requirements.
These resources are subject to change without notice. TI grants you permission to use these resources only for development of an 
application that uses the TI products described in the resource. Other reproduction and display of these resources is prohibited. No license 
is granted to any other TI intellectual property right or to any third party intellectual property right. TI disclaims responsibility for, and you fully 
indemnify TI and its representatives against any claims, damages, costs, losses, and liabilities arising out of your use of these resources.
TI’s products are provided subject to TI’s Terms of Sale, TI’s General Quality Guidelines, or other applicable terms available either on 
ti.com or provided in conjunction with such TI products. TI’s provision of these resources does not expand or otherwise alter TI’s applicable 
warranties or warranty disclaimers for TI products. Unless TI explicitly designates a product as custom or customer-specified, TI products 
are standard, catalog, general purpose devices.
TI objects to and rejects any additional or different terms you may propose.
IMPORTANT NOTICE

Copyright © 2025, Texas Instruments Incorporated

Last updated 10/2025

https://www.ti.com/legal/terms-conditions/terms-of-sale.html
https://www.ti.com/lit/pdf/SZZQ076
https://www.ti.com

	1 Features
	2 Applications
	3 Description
	Table of Contents
	4 Device Comparison Table
	5 Pin Configuration and Functions
	5.1 Version A Package
	5.2 Pinout - Version A
	5.3 Version B Package
	5.4 Pinout - Version B

	6 Specifications
	6.1 Absolute Maximum Ratings
	6.2 ESD Ratings
	6.3 Recommended Operating Conditions
	6.4 Thermal Information
	6.5 Electrical Characteristics
	6.6 SPI Timing Requirements
	6.7 Switching Characteristics
	6.8 Typical Characteristics

	7 Parameter Measurement Information
	8 Detailed Description
	8.1 Overview
	8.2 Functional Block Diagram
	8.3 Feature Description
	8.3.1 Protection Mechanisms
	8.3.1.1 Overcurrent Protection
	8.3.1.1.1 Inrush Period - Overcurrent Protection
	8.3.1.1.2 Overcurrent Protection - Steady State Operation
	8.3.1.1.3 Programmable Fuse Protection
	8.3.1.1.4 Immediate Shutdown Overcurrent Protection (IOCP)
	8.3.1.1.5 Auto Retry and Latch-Off Behavior

	8.3.1.2 Thermal Shutdown
	8.3.1.3 Reverse Battery

	8.3.2 Diagnostic Mechanisms
	8.3.2.1 Integrated ADC
	8.3.2.2 Digital Current Sense Output
	8.3.2.3 Output Voltage Measurement
	8.3.2.4 MOSFET Temperature Measurement
	8.3.2.5 Drain-to-Source Voltage (VDS) Measurement
	8.3.2.6 VBB Voltage Measurement
	8.3.2.7 VOUT Short-to-Battery and Open-Load
	8.3.2.7.1 Measurement with Channel Output (FET) Enabled
	8.3.2.7.2 Detection with Channel Output Disabled


	8.3.3 Parallel Mode Operation

	8.4 Device Functional Modes
	8.4.1 State Diagram
	8.4.2 Output Control
	8.4.3 SPI Mode Operation
	8.4.4 Fault Reporting
	8.4.5 SLEEP
	8.4.6 CONFIG/ACTIVE
	8.4.7 LIMP_HOME State (Version A only)
	8.4.8 Battery Supply Input (VBB) Under-Voltage
	8.4.9 LOW POWER MODE (LPM) States
	8.4.9.1 MANUAL_LPM State
	8.4.9.2 AUTO_LPM State


	8.5 TPS2HCS10-Q1 Registers

	9 Application and Implementation
	9.1 Application Information
	9.2 Typical Application
	9.2.1 Design Requirements
	9.2.2 Detailed Design Procedure
	9.2.2.1 Thermal Considerations
	9.2.2.2 Configuring the Capacitive Charging Mode

	9.2.3 Application Curve

	9.3 Power Supply Recommendations
	9.4 Layout
	9.4.1 Layout Guidelines
	9.4.2 Layout Example


	10 Device and Documentation Support
	10.1 Third-Party Products Disclaimer
	10.2 Receiving Notification of Documentation Updates
	10.3 Support Resources
	10.4 Trademarks
	10.5 Electrostatic Discharge Caution
	10.6 Glossary

	11 Revision History
	12 Mechanical, Packaging, and Orderable Information

