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TPS2HCS08-Q1 8.9mQ, Automotive Dual-Channel, SPI Controlled High-Side Switch
With Integrated 12T Wire Protection and Low Power Mode

1 Features

* AEC-Q100 qualified for automotive applications
— Temperature grade 1: —40°C to 125°C
— Device HBM ESD classification level 2
— Device CDM ESD classification level C5
— Withstands 36V load dump

» Dual-channel SPI controlled smart high-side switch
with integrated nFETSs.

* 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 TPS2HCS08-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 10-20pA of current.

The TPS2HCS08-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 TPS2HCS08-Q1 is available in a HTSSOP
package which allows for reduced PCB footprint.

Package Information
PACKAGE!(") PACKAGE SIZE®
PWP (HTSSOP, 16) |5mm x 6.4mm

PART NUMBER
TPS2HCS08-Q1

(1)  For all available packages, see Section 12.
(2) The package size (length x width) is a nominal value and
includes pins, where applicable.

‘Sensor/ECU Loads (Power Dist.

Simplified Schematic

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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4 Device Comparison Table

Table 4-1. Device Options

Device 12T Range Based on OB Limp Home
R Part Number Output Control in ACTIVE State 9 _ Protection (locp) P
Version Rsns = 700Q State
Range
A TPS2HCS08A-Q1 Set through SPI Yes
- 8.8A%s to 350A%s 10A to 55A
B TPS2HCS08B-Q1 Set through DIx pins only No

Copyright © 2025 Texas Instruments Incorporated

Product Folder Links: TPS2HCS08-Q1

Submit Document Feedback

3


https://www.ti.com
https://www.ti.com/product/TPS2HCS08-Q1
https://www.ti.com/lit/pdf/SLVSHR0
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLVSHR0&partnum=TPS2HCS08-Q1
https://www.ti.com/product/tps2hcs08-q1?qgpn=tps2hcs08-q1

13 TEXAS
TPS2HCS08-Q1 INSTRUMENTS
SLVSHRO — MAY 2025 www.ti.com

5 Pin Configuration and Functions
5.1 A Version Package

e [ |1 6 [ ] ] sax
s [ 1| 2 15 [T 7 ncs
voo [ [ | 3 14 [ T ] spoo
o [T | & B[ T ] so
T I I ” 12 FLT / WAKE_SIG
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Figure 5-1. TPS2HCS08A-Q1 PWP Package,16-Pin HTSSOP (Top View)

5.2 Pinout - Version A

Pin Number Pin Name Type Description
1 GND GND Device ground
2 SNS (0] SNS current output — use a parallel RC network to the GND pin of the IC.
VDD Power Logic Supply Input — closely decouple to GND pin of the IC with a ceramic capacitor.

Sets the output behavior in the LIMP HOME mode, if configured as such.The pin needs
4 DI 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 | External input (active High) to enable LIMP HOME mode.
6,7,8 VOUT1 (0] Qutput of channel 1
9,10,11 VOuUT2 (0] Output of channel 2
12 FLT/ o F_ault output —onany (one or n_10re) channel - open drain, pull up with a 4.7|_( resistor to VDD
WAKE_SIG pin. Also functions as a wake signal to the MCU upon load current demand in key-off mode.
13 SDI | SPI device (secondary) data input
14 SDO (0] SPI Data Output from the device. Internally pulled up to VDD.
15 CSN | Chip select. Internally pulled up to VDD
16 SCLK | SPI Clock input
Thermal Pad |VBB Power Power Supply
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5.3 Version B Package
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Figure 5-2. PWP Package, 16-Pin HTSSOP (Top View) - TPS2HCS08B-Q1

5.4 Pinout - Version B

Pin Number | Pin Name Type Description
1 GND GND Device ground
2 SNS (0] SNS current output — use a resistor to GND.
VDD Power Logic Supply Input — closely decouple to GND pin of the IC with a ceramic 1uF capacitor.

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

5 DI2 | Enables channel 2 output to turn ON
6,7,8 VOUT1 (0] Output of channel 1
9,10,11 VOUT2 O Output of channel 2
12 FLT/ 0 Fgult output —onany (one or more) channel - open drain, pull up with a 4.7K resistor to VDD
WAKE_SIG pin. Also functions as a wake signal to the MCU upon load current demand in key-off mode.
13 SDI | SPI device (secondary) data input
14 SDO (0] SPI Data Output from the device. Internally pulled up to VDD.
15 CSN | Chip select. Internally pulled up to VDD
16 SCLK | SPI Clock input
Thermal Pad |VBB Power Power Supply
Copyright © 2025 Texas Instruments Incorporated Submit Document Feedback 5

Product Folder Links: TPS2HCS08-Q1


https://www.ti.com
https://www.ti.com/product/TPS2HCS08-Q1
https://www.ti.com/lit/pdf/SLVSHR0
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLVSHR0&partnum=TPS2HCS08-Q1
https://www.ti.com/product/tps2hcs08-q1?qgpn=tps2hcs08-q1

13 TEXAS
TPS2HCS08-Q1 INSTRUMENTS
SLVSHRO — MAY 2025 www.ti.com

6 Specifications

6.1 Absolute Maximum Ratings
Over operating free-air temperature range (unless otherwise noted)(")

MIN MAX| UNIT
Maximum continuous supply voltage, Vygg 28 \Y
Load dump voltage ‘ 1ISO16750-2:2010(E) 36 \Y
Maximum transient voltage on VBB pin, (example during ISO 7637 pulse 2a transient) Vggt 54 V
Short circuit supply voltage capability !I(.JACZ ?25550AC Lour = SkH, tstorr = 300ms, 24 Y,
Short circuit supply voltage capability, parallel mode t'::ig"';%'&?:% I=O(1:Z5=O4COA’ Lour = SkH, 24 V
VOUT voltage -30 Vyst0.3 \Y
Reverse polarity voltage, continuous on VBB pin -18 Vv
Low voltage supply pin voltage, Vpp -0.3 7 \Y
Digital input pin voltages, Vpig SDI, SDO, SCLK, CS -0.3 7 \Y
Sense pin voltage, Vsns -0.3 7 Vv
FLT pin voltage, Vet -0.3 7 \Y
Limp home activation pin voltage, V g Vgg V
Limp home direct input pin voltages, Vp, -0.3 7 V
Reverse ground current, Ignp Vgg <0V -50 mA
Maximum junction temperature, T 150 °C
Storage temperature, Tgg —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
Human-body model (HBM), per AEC All pins including VBB and +2000
Q100-002 Classification Level H2 VOUTx -
Electrostatic Human-body model (HBM), per AEC
VEsp) | gischarge( Q100-002 Classification Level H3A® VBB and VOUTXx +4000 v
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 \%

See the conditions in section 9.2, power
VBB _EXT Extended supply voltage supply recommendations, operating 3 28 \
voltage range

Vpp Low voltage supply voltage 3.0 5.5 \%
Vpig All digital input pin voltage -0.3 55 \%
VErT FLT pin voltage -0.3 5.5 \%
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over operating free-air temperature range (unless otherwise noted)

MIN MAX UNIT
Vini Limp home activation pin voltage, LHI Vg \%
Vp Limp home direct pin input voltage, DI -0.3 5.5 \%
Ta Operating free-air temperature -40 125 °C
6.4 Thermal Information

TPS2HCS08-Q1
THERMAL METRIC(") @) PWP UNIT

16 PINS
Rgia Junction-to-ambient thermal resistance 321 °C/W
Rauc(top) Junction-to-case (top) thermal resistance 24.8 °C/W
Rgus Junction-to-board thermal resistance 8.4 °C/W
Wyt Junction-to-top characterization parameter 2.0 °C/W
Wi Junction-to-board characterization parameter 8.4 °C/W
ReJyc(pot) Junction-to-case (bottom) thermal resistance 1.2 °C/W

M
)

report.

6.5 Electrical Characteristics
Vgg = 6V to 18V, Vpp = 3.0V to 5.5V, T; = —40°C to 150°C (unless otherwise noted)

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

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

PARAMETER TEST CONDITIONS MIN TYP  MAX| UNIT
INPUT VOLTAGE AND CURRENT
lout = 10mA VBB > 28V T,=25°C to 150°C 35 40 45| V
Veiamp VDS clamp voltage IZOBL{} =10mA 12V < VBB < T,=-40°C to 150°C 30 34 38| V
lout = 10mA VBB = 3V T, =-40°C to 150°C 27.5 36.5| V
Ves_Uvior :{Sgi?]:ndervoltage lockout 30 35 a0l v
v g " ookout Measured with respect to the GND pin of the device.
undervoltage lockou
Ves_uvLoF faﬁl?ng 9 2.6 2.8 30| Vv
VBB voltage UV_WRN
VBB_UV_WRN R rising threshold 4.9 v
Measured with respect to the GND pin of the device.
Vv VBB voltage UV_WRN 45 Vv
BB_UV_WRN_F I £3|ling threshold threshold :
\ undervoltage lockout
Vvbb_uvior rigi?\% g 1.94 22|V
v 5 m lockout Measured with respect to the GND pin of the device
undervoltage lockou
VyDD_UVLOF fa‘lfl?r?g 9 1.86 207 v
T,=25°C
. 0.5| pA
| Z'aes:g‘;“i:im d(itnoéa;ﬁ’e"'ce Vs < 18V, device in SLEEP i
SLEEP,VBB - e
MOSFET channels) mode, Vour = 0V T,=85°C 22| pA
. |Vypp £ 5.5V, device in T,=25°C 03| pA
IsLEEP VDD Sleep current from VDD pin SLEEP mode, Vour = 0V T,=85°C 05| uA
Vout = 0V, Channel
louT(oFF) cohuz:ﬁﬁte:;aakage current (per | icabled, T,=-40to 125°C 1 14| pA
ACTIVE/CONFIG state
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6.5 Electrical Characteristics (continued)
Vgg = 6V to 18V, Vpp = 3.0V to 5.5V, T; = —40°C to 150°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
) ACTIVE state, SCLK off 1.4 1.6 mA
la.vbp VDD quiescent current Vpp = 5.5V
' ACTIVE state, SCLK ON 2.2 mA
All channels enabled, loytx |Vpp = 5.5V 3.8 43| mA
= 0A, SCLK off, Diagnostics
disabled Vpp = 3.0V 4.25 52| mA
| V uiescent current
aves B8 d All channels enabled, loyry | Vop = 5.5V 39 45 mA
= 0A, SCLK off, Diagnostics
enabled (ISNS, ADC) Vpp =0V 4.4 5.5| mA
| Continuous load current, per | All channels enabled, Tayg = 85°C 8 A
LCONT channel One channel enabled, Tayg = 85°C 13 A
RON CHARACTERISTICS
= T,=25°C 8.9 mQ
Ron On-resistance 6V'< Vgg = 28V, IOETX 1A 1
OL_ON_EN_CH1=0 T, =150°C 17.8| mQ
On-resistance, OL_ON 6V < Veg s_ Ty=25°C 27 mQ
Ron_oL 28V, loytx = 0.3A,
- mode = °
OL_ON_EN _CHx=1 T,=150°C 54| mQ
R On-resistance during —18V < Vgg £ -7V, T,=25°C 9.5 mQ
ON(REV) reverse polarity Version A & B T,=150°C 20| ma
Percentage difference in
on-resistance between — apo o
ARG ehanmels (Ron crn Vgs2 6V, T, = 25°C 05 71 %
Ron,cHy )
CURRENT SENSE CHARACTERISTICS
Ksnst Current sense ratio lour = 1.0A, OL_ON_EN_CHx =0 5000
loutx / Isns
Ksnsz Current sense ratio lour = 50mA, OL_ON_EN_CHx = 1 1400
loutx / Isns
VBB > 6V, RSNS = 374Q
Isns_saT Saturated sense current OL_ON_EN_CHx =0 loutr=> 30A 6 mA
RSNS = 3740, _ 5000
- lout = 20A
OL_ON_EN_CHx =0 3 3l %
| - 10A 5000
ouT 2 i %
Cen 5000
ouT 5 5 %
| 25A 5000
ouT = 4.
K Ksns1 ratio lout / Isnst -5 50 %
SNS1
across lour RSNS = 6980 1A 5000
OL_ON_EN_CHx=0 out 5 5 o
| 500mA 5000
=500m
ouT r; 1 %
| 250mA 5000
= m.
ouT -10 10| %
| 100mA 5000
=100m
ouT 18 18] %
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6.5 Electrical Characteristics (continued)
Vgg = 6V to 18V, Vpp = 3.0V to 5.5V, T; = —40°C to 150°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
| 250mA 1400
= m
ouT -10 10 %
| 100mA 1400
= m
ouT -10 10 %
K Ksns2 ratio loyt / RSNS = 698Q I - = 50mA 1400
SNS2 Isns2 across loyt OL_ON_EN_CHx =1 out 12 12 %
| 25mA 1400
=25m
ot -20 20 %
| 10mA 1400
=10m
ouT 40 40| %
IENTRY_OL_ON louT current to enter OL_ON mode (OL_ON_EN_CHx = 1) 0.5 A
lExIT oL_ON louT current to exit OL_ON mode (OL_ON_EN_CHx = 1) 1.7] A
ADC CHARACTERISTICS
VADCREFHI ADC reference voltage 2.76 2.81 2.9 \Y
Isample :il:]gent sense sampling Including mux timing and ADC conversion time 50 us
lapc ADC current consumption 0.5 mA
SNS CHARACTERISTICS
SNS pin voltage = 2.7V -3 3| %
OL ON_EN CHx =1, SNS pin voltage = 1.4V -3.25 325 %
ISNS_SCALE_CHx =1 SNS pin voltage = 0.7V -4 4] %
ISNSapc Acc ISNS ADC accuracy -
SNS pin voltage = 0.1V -15 15| %
OL_ON_EN_CHx =1, SNS pin voltage = 0.04V -10.5 105 %
ISNS_SCALE CHx =8 SNS pin voltage = 0.01V 375 375 %
ADCrsns Tsns ADC output code T,=25°C Includes buffer gain 474
TSNSace Tsns measurement A7 17| ec
accuracy
ADC code of output voltage |VOUTx = 13.5V, referenced .
ADCvsns measurement to device GND Includes buffer gain 459
VOUT SNS
VSNSacc (VSNS) measurement -5 5| %
accuracy
ADC code of VBB voltage VBB = 13.5V, referenced to .
ADCyggsns measurement device GND Includes buffer gain 452
VBB SNS
VBBSNSAcc (VBBSNS) measurement -5 51 %
accuracy
OVERCURRENT PROTECTION CHARACTERISTICS
Overcurrent protection
locP_RANGE threshold, immediate di/dt = 2A/us 10 55| A
shutdown - range
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6.5 Electrical Characteristics (continued)
Vgg = 6V to 18V, Vpp = 3.0V to 5.5V, T; = —40°C to 150°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP  MAX| UNIT
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
Overcurrer)t proteption difdt = 2A/us ILIMIT_SET_CHix i Ox4 20 A
locp tshhrst\:,jr:)(\)lﬁ, immediate T, = —40°C to 150°C ILIMIT_SET_CHx = 0x5 22.5 A
ILIMIT_SET_CHx = 0x6 25 A
ILIMIT_SET_CHx = 0x7 325 A
ILIMIT_SET_CHx = 0x8 40 A
ILIMIT_SET_CHx = 0x9 47.5 A
ILIMIT_SET_CHx = 0xA 55 A
Overcurrent protection
locP_RANGE,PARA | threshold, immedigte di/dt = 2A/us 10 40| A
LLEL shutdown - range in parallel |PARALLEL_12 =1
mode
lop rerme ria | folbank et |Only applicable for CAP_CHRG_CHx = 00 and locs > 75 A
- - immediate shutdown mode 47.5A, nreTryY > 7, di/dt = 2A/ps, T, = —40°C to 150°C
toce_pEtECT | opmeiare shutdown T, = -40°C to 150°C Z;?:ctligﬁT_RoLiC:j%é%ﬂf 03 15| us
locp , Lin= Loyr= OnH
From Igcp detection to
toce ToFF {ir:;rzedlate shutdown turn off T, = -40°C to 150°C l1:2(2)‘3;0:1‘ \1/5?81/: of log . L 75| us
= Loyt =0nH
loce. TEMP_COMP L%ﬁptgzggglperat”re T,285°C, logp 2 47.5A -0.375 %/°C
CAP CHRG CURRENT LIMITATION
INRUSH_LIMIT_CHx =0 0.81 1.67 2485 A
INRUSH_LIMIT_CHx =1 2 A
INRUSH_LIMIT_CHx =2 24 A
INRUSH_LIMIT_CHx =3 2.8 A
INRUSH_LIMIT_CHx =4 1.7 3.3 5 A
INRUSH_LIMIT _CHx =5 36 A
e e s [WRUSH LT = 2|
INRUSH_LIMIT_CHx =7 55 A
INRUSH_LIMIT_CHx =8 6.8 A
INRUSH_LIMIT_CHx =9 8.1 A
INRUSH_LIMIT_CHx = A 9.5 A
INRUSH_LIMIT_CHx =B 1 A
INRUSH_LIMIT_CHx=C 12 A
CAPACITIVE CHARGING
{NRUSH_RANGE 'r’;;“gs: duration settings |\ RUSH_DURATION_CHx range 0 100| ms
FAULT CHARACTERISTICS
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6.5 Electrical Characteristics (continued)
Vgg = 6V to 18V, Vpp = 3.0V to 5.5V, T; = —40°C to 150°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
OL_PULLUP_STR=00 20.1 26.5 100| pA
Off state open-load (OL) Switch disabled, OL_PULLUP_STR=01 48.1 60 126| A
loL oFf detection internal pull-up OL_OFF_EN_CHx =
- current enabled OL_PULLUP_STR=10 103.2 127 208| pA
OL_PULLUP_STR=11 213 260 348| pA
Off state short to . . .
RsHRT VBB VBB detection pulldown Channel disabled, off-state short_VBB diagnostics 55 6.8 8l ka
) ; enabled
resistance
Vv Off state Open-load (OL) Channel Disabled, off-state open load diagnostics 19 25 205 v
OL_OFF_TH detection voltage enabled, Voutx : . :
TaBs Thermal shutdown 155 180 205 °C
Totw Thermal shutdown warning 130 150 170| °C
TreL Relative thermal shutdown 60 oc
temperature
Thermal shutdown o
Thvs hysteresis 20 25 30| *C
Number of retry Only applicable for CAP_CHRG_CHx = 00 and locp >
nRETRY’ INT cycles before IOCF’ = 47.5A - - ocp 7
locP_RETRY_FLBK
Time from fault shutdown until switch re-enable (thermal
tRETRY Retry time shutdown or overcurrent). PWM will wait until next cycle 2 ms
to come back on
WAKE_SIG / FLT pin
fwake sic indication for LPM exit 100 us
TIMING CHARACTERISTICS
OSCacc Oscillator accuracy -10 10 %
PWMeRreq PWM Frequency PWM_EN =1 PWM_FREQ_CHx =101 372 425 478| Hz
LOW POWER MODE CHARACTERISTICS
Ronpm_auto  |Ronin AUTO_LPM mode T,=-40°C to 105°C 9 18| mQ
RON LPM MAN RON In MANUAL_LPM TJ =-40°C to 105°C 28 58| mQ
ik mode
| current to enter o o
IENTRY_LPM_AUTO A?I}JJ'TI'O_LPM state T, =-40°C to 105°C 0.95 A
| current to exit ° o
IEXIT_LPM_AUTO /A(\)U%O_LPM state TJ =-40°C to 105°C 1.05 A
Short-circuit detection
ISCP_LPM_AUTO threshold for AUTO_LPM TJ =-40°C to 105°C 13.7 A
state
MAN_LPM_EXIT CURR_
CHx = 00 365 530 690| mA
MAN:LPM_EXIT_CURR_ 500 700 915 mA
| IOUTx threshold for Current ramp at 1mA/us T, CHx =01
EXIT_LPM_MAN . - o o
== MANUAL_LPM exit =-40°C to 85°C
| MAN:LPM_EXIT_CURR_ 14 165 236 mA
CHx =10
MAN:LPM_EXIT_CURR_ 240 350 460 mA
CHx =11
Load current when the
Iscp_LPM_MAN channel detects a short di/dt = 5mA/us LPM exit test mode 4.0 A
circuit
tRETRY_LPM Retry time in LPM state 5 us
¢ standby time before enter | < 20 ms
STBY_LPM_AUTO | AUTO LPM state ouTx = IENTRY_LPM_AUTO
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6.5 Electrical Characteristics (continued)
Vgg = 6V to 18V, Vpp = 3.0V to 5.5V, T; = —40°C to 150°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
tLPM_ENTRY Time to enter LPM state 200 us
twake IEXIT_LPM_MAN detection time 5 V5

Time to slew on the main

t 200 s

SLEW FET after lexit_Lpm_maN H
both channels OFF 9 18| pA

VDD quiescent current in Vpp = 5.0V, loytx = 0A,

IQ,VDD,LPM_MAN MANUAL_LPM TJ = _40°C to 85°C one channel ON 12.3 21.6 HA
both channels ON 15.6 23| pA
both channels OFF 9 18| pA

VDD quiescent current in Vpp = 5.0V, loytx = OA,

IQ,VDD,LPMiAUTO AUTO_LPM TJ = _40°C to 85°C one channel ON 12.3 21.6| pA
both channels ON 15.6 23| WA
both channels OFF 3.72 7| PA

VBB quiescent current in Vpp = 5.0V, loytx = OA,

IQ,VBB,LPM_MAN MANUAL_LPM TJ = _40°C to 85°C one channel ON 5.1 9.1 |JA
both channels ON 6.42 9.5 pA
both channels OFF 10.4 15.5] pA

VBB quiescent current in Vpp = 5.0V, loytx = OA,
IQ,VBB,LPM_AUTO AUTO_LPM TJ = _40°C to 85°C one channel ON 11 15.8 UA
both channels ON 11.6 16.1] pA
DIGITAL INPUT PIN CHARACTERISTICS
Input voltage high-level 0.7 x

ViH, sPI (SCLK, SDI, CSN) 3.0v=VDD = 5.5V VoD \Y
Input voltage low-level 0.3 x

VL, spi (SCLK, SDI, CSN) 3.0V =<VDD =< 5.5V Vuop \
SCLK Internal pulldown

Rep scLk resistor 1.90 2 216 MQ

I, scLk Input current high-level SCLK Vp, =5V ‘VSCLK =5V 2.5 pA
SDI Internal pulldown

Rpp,soi resistor 1.90 2 216| MQ

liH, spi Input current high-level SDI ‘Vsm =5V 2.5 pA

Rpu,csn CSN Internal pullup resistor 85 90 96| kQ

ViH,pl input voltage high-level 1.65 V

ViLpl Input voltage low-level 08| V

. DI (version A)

Rpp,pi Internal pulldown resistor 772 850 915| kQ

lin,pi Input current high-level Vp; =5V 6 MA

ViH,01 input voltage high-level 1.65 \Y

\Y Input voltage low-level 08| V

1D P 9 , DI1 (version B)

Rep,pi1 Internal pulldown resistor 772 850 915| kQ

liH,D11 Input current high-level Vpi1 =5V 6 MA

VIH,LHI input voltage high-level 1.65 V

\Y Input voltage low-level 08| V

ILLH P 9 - LHI (version A)

Rpp,LHI Internal pulldown resistor 772 850 915| kQ

liH,LHI Input current high-level Vi =5V 6 MA

Viu,pi2 input voltage high-level 1.65 \Y

\Y Input voltage low-level 08| V

LDz P 9 , DI2 (version B)

Rep,pi2 Internal pulldown resistor 772 850 915| kQ

liHpI2 Input current high-level Vpi2 =5V 6 MA

DIGITAL OUTPUT PIN CHARACTERISTICS
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6.5 Electrical Characteristics (continued)
Vgg = 6V to 18V, Vpp = 3.0V to 5.5V, T; = —40°C to 150°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP  MAX| UNIT
VoH,spo dOrLcJ)t;)ut logic high voltage SDO pin current = -2mA 02| V
VoL,spo Output logic low voltage SDO Pin current = 2mA 02| V
VoL fur Srlétgm logic low voltage FLT pin current = 4mA 0.55| V

6.6 SPI Timing Requirements
Over operating junction temperature T; = —40°C to 150°C, Vpp = 3.0V to 5.5V (measured with respect to the GND pin of the

device)
PARAMETER TEST CONDITIONS MIN NOM  MAX| UNIT
Cspo = 30 pF, 10 protection
fspi SPI clock (SCLK) frequency resistor 0.22 kO 8| MHz
thigh High time: SCLK logic high-time duration 45 ns
tiow Low time: SCLK logic low-time duration 45 ns
tsucs CS setup time: time delay between falling edge of CS and rising edge of SCLK 45 ns
tsu_spi SDI setup time: setup time of SDI before the falling edge of SCLK 15 ns
th_spi SDI hold time: hold time of SDI before the falling edge of SCLK 30 ns
t4_spo Delay time: time delay from rising edge of SCLK to data valid at SDO 30| ns
thes Hold time: time between the falling edge of SCLK and rising edge of CS 45 ns
tais_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
Vg = 13.5V, R =2Q, T, =-40°C to 150°C (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
) 50% of CS or DIx to 10% of VOUT, SLRT_CHx
tor1 Channel turnon delay time = 10 (default) 8 30 45| us
. 50% of CS or DIx to 90% of VOUT, SLRT_CHx
tor1 Channel turnoff delay time = 10 (default) 10 20 30| us
20% to 80% of Vout, SLRT_CHx = 11 0.55 Vlips
o 20% to 80% of Vout, SLRT_CHx = 10 (default) 0.45 V/us
SRR VOUT rising slew rate
20% to 80% of Voyt, SLRT_CHx = 01 0.34 Vlps
20% to 80% of Vout, SLRT_CHx = 00 0.25 Vlius
80% to 20% of Vout, SLRT_CHx = 11 0.6 Vlius
) 80% to 20% of Vout, SLRT_CHx = 10 (default) 0.42 Vlius
SRg VOUT falling slew rate
80% to 20% of Vout, SLRT_CHx = 01 0.30 Vlius
80% to 20% of Vouyt, SLRT_CHx = 00 0.21 Vlus
. 50% of CS or DIx to 90% of VOUT,
ton Channel turnon time SLRT_CHx=10 (default) 40 53 70 |ps
. 50% of CS or DIx to 90% of VOUT,
torr Channel turnoff time SLRT CHx=10 (default) 30 36 50| us
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6.7 Switching Characteristics (continued)
Vgg = 13.5V, R =2Q, T,=-40°C to 150°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
1ms ON time switch enable pulse -10 30| us
200us OFF time switch enable pulse, frequency ~10 30 |us

ton - torrF Turnon and off matching =1kHz H
5010E;SN time switch enable pulse, frequency _15 4 5|us
VOUT from 10% to 90%, SLRT_CHx = 11 0.4 mJ
o . VOUT from 10% to 90%, SLRT_CHx =10
Switching energy losses during (default) 0.5 mJ
Eon turnon
VOUT from 10% to 90%, SLRT_CHx = 01 0.65 mJ
VOUT from 10% to 90%, SLRT_CHx = 00 0.9 mJ
VOUT from 90% to 10%, SLRT_CHx = 11 0.37 mJ
VOUT from 90% to 10%, SLRT_CHx =10
Switching energy losses during (default) 0.48 mJ
Eorr turnoff
VOUT from 90% to 10%, SLRT_CHx = 01 0.68 mJ
VOUT from 90% to 10%, SLRT_CHx = 00 0.9 mJ
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6.8 Typical Characteristics
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Figure 6-1. Transient Thermal Impedance
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Temperature Figure 6-6. VBB sleep current (Is| eepveg) VS Temperature
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6.8 Typical Characteristics (continued)
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IOUT = 0A SCLK off state
Channels off
Figure 6-7. VBB IQ current (Iq yvgg) vs Temperature
Figure 6-8. VBB 1Q current in MANUAL_LPM (lq veg,LPm_MAN) -
channels off vs. Temperature
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Figure 6-9. VDD IQ current in MANUAL_LPM (IQ,VDD,LPM_MAN) - . i
channels off vs. Temperature Figure 6-10. VBB 1Q current in MANUAL_LPM (lq,veB,LPm_maN) -
one channel enabled vs. Temperature
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6.8 Typical Characteristics (continued)
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Figure 6-14. Kgns1 % error vs. Temperature
Figure 6-13. VDD 1Q current in MANUAL_LPM (g vpp,L.Pm_maN) -
both channels enabled vs. Temperature
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6.8 Typical Characteristics (continued)
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7 Parameter Measurement Information

N thics tsucs .

sDI >:<MSB RN >< ><LSB X

| |

' e '

| |

| | | .
t | . |

SDO | ><VISB >< ><LSB : ><
| Josog | 3 |
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Figure 7-1. SPI Timing Characteristics Definitions
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8 Detailed Description
8.1 Overview

The TPS2HCS08-Q1 device is a dual-channel smart high-side switch intended for use with 12V automotive
batteries. The TPS2HCS08-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 tme-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 TPS2HCS08-Q1device 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 TPS2HCS08-Q1 is one device in a family of Tl high side switches. For each device, the part humber
indicates elements of the device behavior. Figure 8-1 gives an example of the device nomenclature.
| TPS | 2 | Mo s | 10 X PWPR |
| I

Package Designator

Prefix

1 | Single Channel Device Version
2 [ Dual Channel Generation of
12V Automotive Ron (MQ)
4 | Quad Channel High Side Swith
Smart fuse

Features Included

Figure 8-1. Naming Convention
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8.2 Functional Block Diagram
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Figure 8-2. TPS2HCS08A-Q1 functional block diagram
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Figure 8-3. TPS2HCS08B-Q1 functional block diagram

8.3 Device Functional Modes
8.3.1 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
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diagram for the TPS2HCS08A-Q1 device is shown in Figure 8-4 and the state diagram for the TPS2HCS08B-Q1
device is shown in Figure 8-5.
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Figure 8-4. State Diagram - Version A
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Figure 8-5. State Diagram - Version B

8.3.2 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 TPS2HCS08A-Q1 is controlled by the CHx_ON bits in the
SW_STATE register. Table 8-1 below showcases the output control method in each state for the TPS2HCS08A-
Q1 device.
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