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TPS2HC08-Q1 9.4mQ Dual-Channel Automotive Smart High-Side Switch

1 Features

» Dual-Channel smart high-side switch with full
diagnostics
— Control using GPIO pins
— Open-drain status output
— Current sense analog output, <+2.5% at = 1A
* Wide operating voltage 3V to 28V
e Low Rpn: 9.4mQ typical, 19mQ max
« Ultra-low standby current, <1.5uA
* Adjustable current limit with and without thermal
regulation
— Current limit range: 7.5A to 30A
* Protection
— Overload and short-circuit protection
— Undervoltage lockout (UVLO)
— Thermal shutdown and swing with self recovery
— Integrated output clamp to demagnetize
inductive loads
— Loss-of-GND, loss-of-battery, and reverse
battery protection
» Diagnostics
— Global fault report for fast interrupt
— Overcurrent and short-to-ground detection
— Open-load and short-to-battery detection
* Qualified for automotive applications
— AEC-Q100 qualified with the following results:
» Temperature grade 1: —40°C to 125°C
ambient operating temperature range
— Electrical transient disturbance immunity
certification of ISO7637-2 and 1ISO16750-2
« Small footprint: 11-pin QFN 2.2mm x 3.6mm,
0.55mm pitch

2 Applications

* Incandescent and LED lighting
* Body control module
+ Zone control module

3 Description

TPS2HCO08-Q1 is a dual-channel, smart high-side
switch, with integrated NMOS power FETs and charge
pump, designed to meet the requirements of 12V
automotive battery systems. The low RON (9.4mQ)
minimizes device power dissipation when driving a
wide range of output load current up to 7.5A DC when
both channels are enabled or 10A DC when only one
channel is enabled.

The device integrates protection features such as
thermal shutdown, output clamp, and current limit.
TPS2HCO08-Q1 implements an adjustable current
limiting circuit that improves the reliability of the
system by reducing inrush current when driving large
capacitive loads and minimizing overload current. The
adjustable current limit can be adjusted from (7.5A to
30A) using an external resistor on the ILIM pin. The
devices offers current limit settings with and without
thermal regulation. The thermal regulated current limit
can be useful when charging large capacitors at start-
up. The current limit setting without thermal regulation
is useful for loads such motor stall currents or bulb
loads.

The device also provides an accurate load current
sense that allows for improved load diagnostics such
as overload and open-load detection enabling better
predictive maintenance. TPS2HCO08-Q1 is available in
a 11-pin, 2.2mm x 3.6mm QFN leaded package with
0.55mm pin pitch minimizing the PCB footprint.

Package Information
PACKAGE!(") PACKAGE SIZE®
VAH (QFN, 11) 2.2mm x 3.6mm

PART NUMBER
TPS2HCO08-Q1

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

(2) The package size (length x width) is a nominal value and
includes pins, where applicable.

:
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Typical Application 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. ADVANCE INFORMATION for preproduction products; subject to change

without notice.

ADVANCE INFORMATION


https://www.ti.com/solution/automotive-headlight
https://www.ti.com/solution/body-control-module-bcm
https://www.ti.com/solution/zone-control-module
https://www.ti.com/product/TPS2HC08-Q1
https://www.ti.com/lit/pdf/SLVSHX5

I3 TEXAS
TPS2HC08-Q1 INSTRUMENTS
SLVSHX5 — JULY 2025 www.ti.com
Table of Contents
TFEAtUres.........ooiiiiii 1 8.3 Feature Description...........cccocvvreeeiiieeinie e 13
2 Applications.............ccooiiiiiiii 1 8.4 Device Functional Modes............cccooveiiiiiinieeeinnenn. 29
3 DeSCription...........oooiiiiiiii 1 9 Application and Implementation.................................. 32
4 Device Comparison Table...............cccccoiiiiiiinn e, 3 9.1 Application Information...........cccccoeriiiiniiiince, 32
5 Pin Configuration and Functions....................c.ccccoe. 4 9.2 Typical Application..........cccccveiriiiiiieceiec e 32
6 Specifications..............cccooiiiiiiiii 5 9.3 Power Supply Recommendations..............cccccceenee. 33
6.1 Absolute Maximum Ratings.........c.cccocveviiiiinieeeniinnes 5 9.4 LayOuUL.....c.oeeiiiiii e 34
6.2 ESD RatiNgS.....cocuveiiiiieiiie et 5 10 Device and Documentation Support.......................... 37
6.3 Recommended Operating Conditions............c.cccouee... 5 10.1 Receiving Notification of Documentation Updates..37
6.4 Thermal Information.............ccceviiinicii e 6 10.2 Support RESOUICES.........ceoiveeeiiiiceie e 37
6.5 Electrical Characteristics............cccovveiiniiiiiiieeinieees 6 10.3 Trademarks.........coccvveiiieeiriieeeecee e 37
6.6 SNS Timing Characteristics...........cccooviviiiiniiecinenn. 9 10.4 Electrostatic Discharge Caution...............ccceiineens 37
6.7 Switching CharacteristiCs...........ccccvvveeeiiieeiiieee, 10 10.5 GlOSSANY...ccueiieiiieeetit e 37
7 Parameter Measurement Information......................... 11 11 Revision History.............ccocoiiiiiiiii s 37
8 Detailed Description.................cccciiiiiiii e 12 12 Mechanical, Packaging, and Orderable
8.1 OVEIVIEW. ...ttt 12 Information...............ccco i 37
8.2 Functional Block Diagram..........cccccueeeviiieriieennneenn. 13 12.1 Tape and Reel Information.............ccoeceviniiiiiieenns 41

NOILVINYO4ANI 3ONVAQV

2

Submit Document Feedback

Copyright © 2025 Texas Instruments Incorporated
Product Folder Links: TPS2HC08-Q1


https://www.ti.com/product/TPS2HC08-Q1
https://www.ti.com/lit/pdf/SLVSHX5
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLVSHX5&partnum=TPS2HC08-Q1
https://www.ti.com/product/tps2hc08-q1?qgpn=tps2hc08-q1

13 TEXAS

INSTRUMENTS

www.ti.com

TPS2HC08-Q1
SLVSHX5 — JULY 2025

4 Device Comparison Table

Current Limit with

external resistor

Part Number Current Limit Current Limit Range ILIM = GND Overcurrent behavior
Current limiting with thermal
. e th h regulation when external resistor is
TPS2HC08-Q1 adjustable throug 7.5A - 30A 30A used on ILIM pin

Current limiting with no thermal
regulation when ILIM pin = GND

Copyright © 2025 Texas Instruments Incorporated

Product Folder Links: TPS2HC08-Q1

Submit Document Feedback

3

ADVANCE INFORMATION


https://www.ti.com
https://www.ti.com/product/TPS2HC08-Q1
https://www.ti.com/lit/pdf/SLVSHX5
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLVSHX5&partnum=TPS2HC08-Q1
https://www.ti.com/product/tps2hc08-q1?qgpn=tps2hc08-q1

NOILVINYO4ANI 3ONVAQV

TPS2HC08-Q1
SLVSHX5 — JULY 2025

13 TEXAS
INSTRUMENTS

www.ti.com

5 Pin Configuration and Functions
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Figure 5-1. VAH Package, TPS2HC08-Q1 (Top View)

Table 5-1. Pin Functions

o) PIN e TYPE DESCRIPTION
1 VOUT1 Power Channel 1 output, connect to load.
2 VBB Power Power supply.
ILIM Output Adjustable current limit. Connect Ry to GND to set the current limit.
4 GND Power rCZ:;)eurr;: (;; ;jtz\r/)ilcsr.oCt):Cntir;encj‘t to resistor-diode ground network to have
5 SEL Input Selects the channel to output on the SNS pin.
6 DIAG_EN Input Enable-disable pin for diagnostics, internal pulldown.
7 EN1 Input Input control for channel 1 activation, internal pulldown.
8 EN2 Input Input control for channel 2 activation, internal pulldown.
Analog current sense output corresponding to load current. Connect
9 SNS Output Rsns to ground to convert to a voltage. Also shows fault status by
going high.
10 FLT Qutput Open drain global fault output. Referred to FAULT, FLT, or fault pin.
11 VOUT2 Power Channel 2 output, connect to load.
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6 Specifications

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

MIN MAX| UNIT
Maximum continuous supply voltage, Vgg 28 V
Load dump voltage, V| p 1ISO16750-2:2010(E) 35 \
Reverse Polarity Voltage g;ﬁ:gignd;zﬂﬁn of 3 minutes and with the -18 V
Enable pin current, lgny -1 20 mA
Enable pin voltage, Veny -1 7 V
Diagnostic Enable pin current, Ipjag_gn -1 20 mA
Diagnostic Enable pin voltage, Vpiag en -1 7 Vv
SEL pin current, Isg. -1 20 mA
SEL pin voltage, Vsg -1 7 V
Sense pin current, Igns -100 10 mA
Sense pin voltage, Vsns -1 7 \%
FLT pin current, lg 1 -30 10 mA
FLT pin voltage, Vg 1 -0.3 7 V
Reverse ground current, Ignp Vpgg < 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

All pins except VBB and
Human-body model (HBM), per AEC Q100-002 VOBT P 2000

Electrostatic Classification Level 2(2)
discharge(")

V(esb) VBB and VOUT +4000 \%

Charged-device model (CDM), per AEC Q100-011

Classification Level C5 All pins 750

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

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

MIN MAX UNIT
Vyes_NOM Nominal supply voltage (1) 4 18 \Y
VvBB_EXT Extended supply voltage(@ 3 28 \Y
VvBB_sc Short circuit supply voltage capability 26 \%
VENx Enable voltage -1 5.5 \%
Vpiag_EN Diagnostic Enable voltage -1 5.5 \%
VseL Select voltage -1 5.5 \%
Vsns Sense voltage -1 5.5 \%
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6.3 Recommended Operating Conditions (continued)

over operating free-air temperature range (unless otherwise noted) ()

MAX

UNIT

Ta

‘ Operating free-air temperature

—40

125

°C

(1)  All operating voltage conditions are measured with respect to device GND
(2) Device functions within extended operating range, however some timing parametric values does not always apply. See the respective
sections for what voltages are used. Additionally more explanation can be found in the Power Supply Recommendations.

6.4 Thermal Information

TPS2HC08-Q1
THERMAL METRIC(") ) VAH UNIT
11 PINS
Rgya Junction-to-ambient thermal resistance 41.6 °C/W
Rauc(top) Junction-to-case (top) thermal resistance 37.3 °C/W
Ress Junction-to-board thermal resistance 9.3 °C/W
Wyt Junction-to-top characterization parameter 1.9 °C/W
Wis Junction-to-board characterization parameter 9.3 °C/W
Reuc(bot) Junction-to-case (bottom) thermal resistance 9.8 °C/W

(1)  For more information about traditional and new thermal metrics, see the SPRA953 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
Vgg = 6V to 18V, T; = —40°C to 150°C (unless otherwise noted); Typical application is 13.5V, RILIM=Open (unless otherwise

specified)
PARAMETER TEST CONDITIONS MIN TYP MAX‘ UNIT
INPUT VOLTAGE AND CURRENT
Measured with respect to | Ves rising threshold 3.7 3.85 4.0 \Y
VUVLO VBB undervoltage lockout devi . -
evice GND pin Vgg falling threshold 2.8 29 3.0 \Y
Sleep state 20 22 24 \%
i i i Vgg rising threshold
_ Active, diagnostic, or BB 9 20 29 24 v
VpeT1 Vpgg detection 1 threshold | standby state
Active, diagnostic, or .
standby state Vpgg falling threshold 18.5 19.5 20.5 \%
T,=25°C 35 37 \%
Veg = VpeT1 . .
Veiamp VDS clamp voltage T,=-40°C to 150°C 31 42 \%
Vgg < VpeT1 T,=-40°C to 150°C 24 33 \%
Standby current (total Ve, =V Y Ty=25°C 1.2 WA
ISLEEP device leakage including VENX _ O?)AG—EN ’ T,=85°C 15 pA
out =
both MOSFET channels) T, =150°C 20 LA
| Output leakage current | Ve = Vpiag_en = OV, Ty=25°C 0.01 02| WA
OUT(SLEEP) | per channel Vour = 0V T,=85C 05/ pA
Diagnostic state current
IDIAG con%umption Venx = 0V, VDIAGiEN =5V, VOUT =0V, ISNS =0mA 1.9 3 mA
la Quiescent current VEnx = Vbiag_en = 5V, loutx = 0A 2 3 mA
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6.5 Electrical Characteristics (continued)

Vgg = 6V to 18V, T, = —40°C to 150°C (unless otherwise noted); Typical application is 13.5V, RILIM=Open (unless otherwise
specified)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Vpgg Vvoltage to transition
Vhv R from sleep to standby Vpgg rising threshold 19 23 27 \%
VBB high voltage wakeup | State
threshold Vgg Voltage to transition
Vhv F from standby to sleep Vpgg falling threshold 18 \%
state
tSTBY Standby mode delay time VENX = VDIAG_EN = OV, VBB < VHV_F to standby 16 ms
RON CHARACTERISTICS
T,=25°C 9.4 10.5 mQ
6V < VBB < 28V, IOUT= 1A
T,=150°C 19 mQ
Ron On-resistance
Y oV | A T,=25°C 9.8 11 mQ
< <6V, =
B8 ouT T,=150°C 20 ma
AR Delta On-resistance g/ < v/ < 28V 15yr= 1A | T)= -40°C to 150°C 5 %
ON between channels = VBB = <5% fout J °
On-resistance during v < T,=25°C 10 13 mQ
RoNREV) | reverse polarity 18V < Vg <6V T,=150°C 20| ma
L Continuous load current, | Two channels enabled, Tayg = 85°C 7.5 A
NOM per channel One channel enabled, Tayg = 85°C 10 A
CURRENT SENSE CHARACTERISTICS
Vg headroom needed Vpiag_EN = 3.3V 5.3
VBB_IsNs for full current sense and
fault functionality Vbiag_en = 5V 6.5
Ksns Current sense ratio lour = 1A 3000
lout / Isns
Current sense ratio IOUT/ Vgg > VBBflSNS: VEN = _
Ksns Isns across loyt Vpiag EN = 9V lour = 10A 3007
Current sense ratio loyt / | Ves > VB _isns, VEN = _ ) o
Ksns lens ACr0SS louT VoiaG.eN = 5V lout = 10A 1.8 0.9 %o
Current sense ratio loyt/ | Vg > VBB I1sns, VEN = _
K — | =5A 3004
SNS Isns across loyrt Vpiag EN = 5V out
Current sense ratio loyt / | Ve > VBB_isns, VEN = _ ) o
Ksns Isns across lout Vpiac_en = 5V lour = 5A 18 08 %
Current sense ratio loyt/ | Vg > VBB I1sns, VEN = _
K. — | =2A 3001
SNS Isns across loyt Vpiag_EN = SV out
Current sense ratio IOUT/ VBB > VBB_ISNSv VEN = _ _ 0,
Ksns Isns across loyrt Vpiag_EN = SV lour = 2A 19 0-9 %
Current sense ratio IOUT/ Vg > VBB I1sns: VEN = _
K. — | =1A 3000
SNS Isns across loyt Vbiag_EN = 5V out
Current sense ratio IOUT/ Vgg > VBBflSNS: VEN = _ R o
Ksns Isns across loyt Vpiag EN = 9V lour = 1A 2.2 15 %
Current sense ratio IOUT/ Vgg > Vg ISNS:» VEN =
K — | =500mA 2994
SNS Isns across lout VpiaG_en =5V out
Current sense ratio loyt / | Veg > VB _Isns, VEN = _ } o
Ksns lsns across loyt VDIAG_EN =5V louT = 500mA 3.1 3.1 %o
Current sense ratio loyt / | Vg > VBB I1sns, VEN = _
K — | =200mA 2975
SNS Isns across loyrt Vpiag EN = 5V out
Current sense ratio loyt / | Ve > VBB_isns, VEN = _ } o
Ksns lsns A6r0SS loyT VoG ex = 5V lout = 200mA 6.8 7.7 %o
Current sense ratio loyt/ | Vg > VBB I1sns, VEN = _
K. — | =100mA 2950
SNS Isns across loyrt Vpiag_EN = SV out
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6.5 Electrical Characteristics (continued)
Vgg = 6V to 18V, T, = —40°C to 150°C (unless otherwise noted); Typical application is 13.5V, RILIM=Open (unless otherwise

specified)
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Current sense ratio IOUT/ Vgg > VBBflSNS: VEN = _ o
Ksns lsns across loyt VDIAGiEN =5V lout = 100mA -12.5 16.5 %o
Current sense ratio loyt/ | Ves > VBB 1sns, VEN = _
K — | =50mA 2909
SNS Isns across loyt Vpiag EN = 9V out
Current sense ratio loyt / | Veg > Vag_isns, VEN = _ } o
Ksns Isns across lout Vpiag_en = 9V lour = 50mA 26 % %
Vbiac_en = 5V, lout = Ty=25°C 0.5 HA
| | leakage -

SNSleak SNS g OmA T,=125°C 1 uA
ISNSFH ISNS fault high-level VDIAG_EN > VIH,DIAG_EN 5.2 7.4 10.5 mA
CURRENT LIMIT CHARACTERISTICS

RILlM Short Circuit 16.66 kQ

R Detection Range

ILIM -
RiLim Open Detection 66.66 KO
Range
R m = 16.9kQ 425 500 575 A xkQ
KL Current Limit Ratio(") T, =-40°C to 150°C Rim = 33.2kQ 425 500 575 A xkQ
RiLm = 66.5kQ 425 500 575 A xkQ
imi R;um = GND 30 A
leL IcL Current Limit T, = —40°C to 150°C ILIM
Threshold RiLm = OPEN 75 A
Peak current threshold Ty=-40°C 23 A
Ics when short is applied Rim = 16.9kQ to 66.5kQ | T, =25°C 25 A
while switch enabled T, =150°C 22 A
VBB detection 2 . Vgg rising threshold 25.2 26.5 27.8 \
VpET2 active state
threshold Vg falling threshold 23 24.3 25.5 Y
| imit Ves < VpeT1 lev
current limit deratin o o
ICL_HV ac;thgh Voltage 9 TJ =-40°C to 150°C VDET1 < VBB < VDET2 ICL 20 A
VBB 2 VpeT2 lev 10
RILIM > 24 .9kQ 1.45 x ICL A
leL LNPK Linear mode peak T,=-40°C to 150°C
- Rium < 24.9kQ 1.45 x I Ic A
FAULT CHARACTERISTICS
Open-load detection _ _ . .
VoL voltage (VDS voltage) VEn = 0V, Vpiag_en = 5V, diagnostic state 1.5 2 2.5 \%
Open-load (OL) detection
RvoL internal pull-up resistor | Vey = 0V, Vpjag_en = 5V, diagnostic state 75 kQ
per channel
t Open-load (OL) detection VEN = OV, VDIAG_EN = 5V, When VBB - VOUT < VOLv 150 500 s
oL deglitch time duration longer than to, H
OL and STB indication- VEN =5V to OV, VDlAG_EN =5V
oL time from EN falling lout = 0MA, Vour = Vas - VoL 150 500 us
OL and STB indication- _ _
toL time from DIAG_EN Ven = 0V, Vpiag_en = 0V to 5V 150 3200 ps
risin lout = 0MA, Vour = Vg - VoL
g
OL and STB indication- VEN = oV, VDIAG_EN =5V,
tOL3 time from VOUT rising IOUT = OmA, VOUT =0V to VBB - VOL 150 1600 Hs
TaBs Thermal shutdown 150 165 187 °C
Relative thermal o
TreL shutdown 85 C
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6.5 Electrical Characteristics (continued)

Vgg = 6V to 18V, T, = —40°C to 150°C (unless otherwise noted); Typical application is 13.5V, RILIM=Open (unless otherwise
specified)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Thermal shutdown o
Thvs hysteresis 28 C
VELT FLT low output voltage | Igr = 2.5mA 0.2 \Y
trauLt_Fur |Fault indication-time Vbiac_en = 5V, time between fault and FLT asserting 20 us
teauLt sns | Fault indication-time Vpiag_EN = 9V, time between fault and Isys settling 30 us
- at VsnsrH
IRETRY_WIN | |nitial retry time window 50 ms
DOW
tRETRY, INT S;‘?&\t’:’me in initial retry Time from thermal shutdown to switch re-enable 100 200 300 us
Retry time in extended
IRETRYEXTD | oyercurrent window 50 100 150]  ms
n Number of retry cycles
RETRY.EXT |in extended overcurrent 7
b window
EN PIN CHARACTERISTICS
V Input voltage low-level 0.8 \%
I, B P 9 No GND Network
VIH, ENx Input voltage high-level 15 \%
Vibvs,enx | Input voltage hysteresis 280 mV
Renx Internal pulldown resistor 150 250 500 kQ
I, ENnx Input current low-level Veny = 0.8V 1.6 2.2 4 pA
liH, ENx Input current high-level  |Vgny =5V 19 25 35 MA
DIAG_EN PIN CHARACTERISTICS
V Input voltage low-level 0.8 \%
IL, DIAG EN | TP 9 - No GND Network
VIH, biac_eN | Input voltage high-level 1.5 \Y
Vikys, Input voltage hysteresis 280 mv
DIAG_EN
Rpiac EN Internal pulldown resistor 100 250 500 kQ
|||_Y DIAG_EN Input current low-level VDIAG_EN =0.8V 3 4 7.5 HA
IIH, DIAG_EN Input current high-IeveI VDIAG_EN =5V 19 25 35 [JA
SEL PIN CHARACTERISTIC
V Input voltage low-level 0.8 \%
It SEL P 9 - No GND Network
ViH, SEL Input voltage high-level 1.5 \%
Vibvs, seL | Input voltage hysteresis 280 mV
RsgL Internal pulldown resistor 100 250 500 kQ
I, seL Input current low-level VsgL = 0.8V 1.8 23 3 MA
|||_|Y SEL Input current high-IeveI VSEL =5V " 15 20 HA

(1) To calculate Ig, from K¢ use equation I = K¢ / Rim

6.6 SNS Timing Characteristics
Vgg = 6V t0 18V, VEny = 5V, Vpiag_En = 5V, Rsns = 1kQ, Ty = -40°C to +150°C (unless otherwise noted)

PARAMETER TEST CONDITIONS ‘ MIN TYP MAX| UNIT
SNS TIMING - CURRENT SENSE

\Y =0Vto b5V, | =1A 15 s
tSNSIONT Settling time from rising edge of DIAG_EN DIAG_EN oUTx s
VDIAG_EN =0V to 5V, lOUTX =50mA 15 VS
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6.6 SNS Timing Characteristics (continued)
Vpg = 6V to 18V, Veny = 5V, Vpiag_en = 5V, Rens = 1kQ, Ty =—40°C to +150°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Settling time from rising edge of EN and
tsnsion2 DlAG_EN, 50% of VDIAGiENv Ven to 90% Ven = VDIAGiEN =0V to 5V, IOUTX =1A 230 us
of ISNS
t Settling time from rising edge of EN with VEnx = 0V to 5V, Vpiag_en = 5V, loutx 150 s
SNSIONS | DJAG_EN = HI, 50% of Vgy to 90% of Igng |= 1A H
t Settling time from falling edge of VEnx =9V, Vpjag_en = 5V to OV, loyTx 10 s
SNSIOFF I DIAG_EN, 50% of Vpjag_en to 5% of Isns | = 1A H
tSETTLEH Settling time from rising edge of load step |loytx = 50mA to 1A 10 us
tSETTLEL Settling time from falling edge of load step |loytx = 1A to 50mA 10 us
Settling time from switching from CHx to VsgL = 0V to 5V, loyt1 = 50mA, louTt2
tmux _ 20 MS
CHy =1A
t Settling time from switching from CHx to Veng =5V, Veng = 0V, VggL =0V to 20 s
MUX CHy with an open load fault 5V, louT1 = 1A, CH2 = Isnsen H

6.7 Switching Characteristics
Vgg = 13.5V, R. =10Q, T; = —40°C to +150°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
0, 0,
50% of ENx to 20% of VOUTx 6 20 45 us
from standby state
tbr Channel Turn-on delay time
50% of ENx to 20% of VOUTx
10 55 90 us
from sleep state
tor Channel Turn-off delay time 50% of ENx to 80% of VOUTx 40 70 105 us
0, 0, =
SRR VOUT rising slew rate (2)0|c/:até) 80% of VOUT, OTP = 1b, 1.3 0.02 0.06 0.1 V/us
0, 0, =
SRR VOUT rising slew rate 20% to 80% of VOUTX, OTP = 0b, 0.3 0.45 0.61 V/us
1.3 Q load
0, 0, =
SRr VOUT falling slew rate gok/;at; 20% of VOUT, OTP = 1b, 1.3 0.02 0.06 01| Vs
0, 0, =
SRr VOUT falling slew rate golé’atg 20% of VOUT, OTP = 0b, 1.3 0.3 0.4 0.8 V/us
. 50% of EN to 80% of VOUT,
ton Channel Turn-on time from standby state 20 45 90 us
torr Channel Turn-off time 50% of EN to 20% of VOUT 50 90 130 us
1ms enable pulse -75 40 us
ton —torr | Turn-on and off matching
200us enable pulse -75 40 us
A PWM accuracy - average load 200us enable pulse (1ms period) -35 25 %
M current <500Hz, 50% Duty cycle —12 12 %
Switching energy losses during turn- |Vgg = 18V, R = 3.3Q, 10% to 90%
Eon on of VOUT 0.576 mJ
Switching energy losses during turn- |Vgg = 18V, R = 3.3Q, 10% to 90%
Eorr off of VOUT 0.584 mJ
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7 Parameter Measurement Information

For reference purposes throughout the data sheet, current directions on the respective pins are as shown by the
arrows in Figure 7-1. All voltages are measured relative to the ground plane.

i leny ENx VBB H]: Ives A
£ DIAG_EN
i FLT vouTx[_} loure LY
SEL
i g SNS 3
g L &
) ILIM 3
B GND >
> !
1
J 8
A 4 A A 4 * A 4 A 4

Figure 7-1. Voltage and Current Conventions
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Rise and fall time of VEN is 100 ns.

Figure 7-2. Switching Characteristics Definitions
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8 Detailed Description
8.1 Overview

The TPS2HCO08-Q1 is a dual-channel, fully-protected, high side power switch with an integrated NMOS power
FETs and charge pump. Full diagnostics and high-accuracy current-sense features enable intelligent control
of the load. The device offers two pins to support both digital status and analog current-sense output. The
current-sense output can be set to high-impedance state when diagnostics are disabled, which can enable
multiplexing of the MCU analog interface between multiple devices.

The device has logic pins to enable each of the four channels and a separate pin to enable the diagnostic output
with two pins to select the channel to be output on the analog current SNS pin. The device also implements
a global FLT pin to be used as an interrupt to the MCU. The global FLT is implemented with an open-drain
structure. When a fault condition occurs, the pin is pulled down to GND. An external pullup is required to match
the microcontroller supply level.

High-accuracy current sensing allows for better real-time monitoring and more-accurate diagnostics without
additional in-line calibration. A current mirror is used to source 1 / Kgns of the load current, which is reflected as
voltage across a resistor on the SNS pin. Kgns is a constant value across the temperature and supply voltage.
The SNS pin can also report a fault by forcing a voltage of Vgnsen that scales with the diagnostic enable voltage
so that the maximum voltage seen by the system ADC is within an acceptable value. This action removes the
need for an external Zener diode or resistor divider on the SNS pin.

The device also offers a programmable current-limit function which greatly improves the reliability of the whole
system. The current limit highly improves the reliability of the system by clamping the inrush current effectively
under start-up when charging large capacitances or during short-circuit conditions. The high-accuracy current
limit of the device can be set using an external resistor to 7.5A to 30A. An internal current limit is also
implemented in this device when the ILIM pin is connected to ground through a resistor. The devices also
offers current limit settings with and without thermal regulation. The thermal regulated current limit can be useful
when charging large capacitors at startup. The current limit setting without thermal regulation is useful for loads
such high motor stall currents or bulb loads.

A voltage clamp is built in to address switching off the energy of inductive loads, such as relays, solenoids,
pumps, motors, and so forth. During the inductive switching-off cycle, both the energy of the power supply (Egar)
and the load (E poap) are dissipated on the high side power switch. With the benefits of process technology
and excellent IC layout, the TPS2HCO08-Q1 device can achieve excellent power dissipation capacity, which can
help save the external free-wheeling circuitry in most cases. For more details, see Inductive-Load Switching-Off
Clamp.

The TPS2HCO08-Q1 device can be used as a high side power switch for a wide variety of resistive, inductive, and
capacitive loads, including the low-wattage bulbs, LEDs, relays, solenoids, and heaters.
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8.2 Functional Block Diagram

l VBB
[
[ VD
"L L] v g Clans%p )
|_
DIAG_EN L Gate | e
B Logic drive
SEL Registers, & (|33harge | r—|VOUTX
— — Protection ump 15
Egé[]— FET Protection
2 Current -ILIM
ILIM Sense —
—{1—
Fault
SNS Indication
—1 MUX |
Off-state Open
SEL Load Detection
T GND

8.3 Feature Description
8.3.1 Accurate Current Sense

The high-accuracy current-sense function is internally implemented, which allows a better real-time monitoring
effect and more-accurate diagnostics without further calibration. A current mirror is used to source 1 / Kgns of the
load current, flowing out to the external resistor between the SNS pin and GND, and reflected as voltage on the
SNS pin.

Ksns is the ratio of the output current and the sense current. The accuracy values of Kgys quoted in the
electrical characteristics do take into consideration temperature and supply voltage. Each device is internally
calibrated while in production, so post-calibration by users is not required in most cases.

The sense resistor value, Rgng, can be chosen to maximize the range of currents needed to be measured by
the system. The Rgng value must be chosen based on application need. The minimum Rgyg value is bounded
by the ADC minimum acceptable voltage, Vapc min, for the smallest load current needed to be measured by
the system, I oap min- The maximum Rgng value is chosen to verify that the Vgns voltage is below the Vgnsen
value so that the system can determine faults from normal load currents. This difference between the maximum
readable current through the SNS pin, I oap max X Rsns, and the Vgnsrn is called the headroom voltage, Vyg.
The headroom voltage is determined by the system but is important so that there is a difference between the
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maximum readable current and a fault condition. Therefore, the maximum Rgyg value has to be the Vgnsen
minus the Vyr times the sense current ratio, Kgng divided by the maximum load current the system must
measure, | oap max- Use the following equation to see the boundary equation.

Vapc,min * Ksns / ILoab,min S Rsns < (VsnsFH — VHR) * Ksns / ILoAD,max (1)

In some applications, where there is a higher load current range the above boundary equation can only satisfy
either the lower or upper bound. In these cases, more emphasis can be put on the lower measurable current
values which increases Rgys. Likewise, if the higher currents are of more interest the Rgyg can be decreased.

Current Sense

Voltage VsnsrH
ADC Full Scale Range, Vapcmax oo —

Max Measurable Current|—"— "~~~ | __

Max Nominal Current}— — — — — _  __ J—
|
Normal Rsns |
|
|

Open Load Current, Vapc min |— - _|_ -

/

Load Current

Figure 8-1. Voltage Indication on the Current-Sense Pin

The maximum current the system wants to read, | oap max, Must be below the current-limit threshold because
after the current-limit threshold is tripped the Vgns value goes to Vgnsph-

8.3.2 Overcurrent Protection

The TPS2HCO08-Q1 provides thermal shutdown and current limiting protection during overcurrent events to
protect the internal power MOSFETs. These protection functions are enabled when the device is in the active
state. Each channel has an independent thermal shutdown and current limiting circuitry.

8.3.2.1 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 (T, re7) and the temperature of the controller (T; conTrROLLER)- There are
two cases that the device considers 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 is 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.

8.3.2.1.1 Relative Thermal Shutdown

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 (T, ret) quickly rises relative to the controller temperature (T coNTROLLER)-
Once the relative temperature (T et — Ty conTROLLER) €Xceeds Trg the relevant channel is turned off.
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8.3.2.1.2 Absolute Thermal Shutdown

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

8.3.2.2 Adjustable Current Limit

The TPS2HCO08-Q1 offers a high accuracy, adjustable current which enables higher reliability and provides
protection to the power supply during a short circuit or power up with large capacitance. An adjustable current
limit can also save system costs by reducing PCB traces, connector size, and the capacity of the preceding
power stage by setting the current limit at a lower level.

The current limit of the device can be adjusted via an external resistor on the ILIM pin. The value which is set by
the ILIM pin is applied to both the channels. The device provides ILIM settings with a thermal regulated current
limit which adjusts the current limit level based on the relative temperature of the FET and the controller to
enable the device to charge up large capacitors at startup. The device also offers ILIM settings without thermal
regulation where the device limits the current at the set ILIM value. Table 8-1 details the different settings that
are possible based on the ILIM pin configuration.

Table 8-1. Current Limit settings through ILIM pin

Rj.m Value Typ ILIM Thermal Regulation
GND (< 16.66kQ) 30A Disabled
16.9kQ 30A Enabled
66.5kQ 7.5A Enabled
Open ( > 66.66kQ) 7.5A Enabled

The device also offers a fast-trip circuit breaker function which is used when a short-circuit occurs while a
channel is enabled which is also known as a hot-short. Once the Icg threshold is reached, the device quickly
turns off the channel to protect the internal MOSFET. Additionally, the device provides a current limit foldback
function at higher voltages to help protect the internal power MOSFETs during high Vpg events.

The different overcurrent events that can occur in a system are:

* hot-short
» enable into short
» current overload (slow creep)

A hot-short occurs when a channel is enabled and a short-circuit condition is applied to the output of a channel.
Enabling in to short occurs when there is already a short on the output of the MOSFET and the channel is
enabled into the short-circuit condition. Current overload or also known as slow creep can occur if there is a slow
rising overcurrent event at the output.

The next sections describe how the current limiting with thermal regulation and without thermal regulation work
along with the circuit breaker and thermal shutdown functions to help protect against the various overcurrent
conditions that can occur.

8.3.2.2.1 Current Limiting With Thermal Regulation

Based on the ILIM setting the device can be configured to limit current with thermal regulation. The thermal
regulation works by monitoring the relative temperature of the MOSFET (T, ret) to the temperature of controller
(Ty.conTROLLER) @nd reducing the current limit based on the relative temperature.
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Figure 8-2. On-state Short-circuit Behavior With Thermal Regulation
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Figure 8-3. Enable Into Short With Thermal Regulation
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Figure 8-4. Overload Behavior (Current Creep) With Thermal Regulation

8.3.2.2.2 Current Limiting With No Thermal Regulation

Based on the ILIM setting, the device can be configured to limit current without thermal regulation. The device
limits the current based on the setting at the ILIM pin. Applications where this can be used are bulb loads and

motor loads with high stall currents.
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Figure 8-5. On-state Short-circuit Behavior With No Thermal Regulation
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Figure 8-6. Enable Into Short With No Thermal Regulation
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Figure 8-7. Overload Behavior (Current Creep) With No Thermal Regulation

8.3.2.2.3 Current Limit Foldback

To protect the MOSFET from overcurrent at high Vpg voltages the device offers a current limit foldback
mechanism. If the ILIM is set to greater than 20A and the Vgg voltage is greater than VpgT¢ then the current limit
folds back to 20A. If the Vg voltage is above VpeTo, the current limit folds back 10A if the ILIM setting is greater
than 10A.
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8.3.3 Retry From Thermal Shutdown

When a thermal shutdown occurs on a channel, the device can respond using three methods depending on the
duration of the overcurrent event. Table 8-2 explains how the affected channel responds depending on the time
in overcurrent and the number of retries that occur.

Table 8-2. Response To Thermal Shutdown

Conditions Retry time
et 200ps
RETRY_WINDOW (typical)
n <7 100ms
RETRY,EXTD .
t > trReTRY_WiNDOW (typical)
NRETRY,EXTD >7 Latch-off

In any of the above retry cases the relevant channel must wait for the ty, interval and the Tags or TreL to
recover below the Tys level to restart the device. If the retry timer has expired and the temperature of Tagg or
TreL has not recovered below the Thys level, the channel does not retry until the temperature falls below the
THYS level.

Once a channel latches off due to an extended overcurrent event, the ENx pin can be brought from high to
low to clear the thermal shutdown fault. The FLT pin is pulled high and the SNS pin no longer outputs IsnskH
or VgnseH- The output of the channel then follows the ENx pin after the initial toggle from high to low. Figure
8-8 and Figure 8-9 below shows how the device retries after a hot-short on VOUT1 with and without thermal
regulation, respectively.

SEL

EN1

ov —

VSNSFH

SNS
oV — f

FLT

ov —

VOUT1

ov —|

«—>
- J\Jﬁ / ﬁ
0A —
Initial Retry Period Extended overcurrent Normal operation
Devicenrletl:es uﬁﬂ?{) le"° Device retries until retry attempts Short-circuit event removed,
RETRY_WiNDOW = Nretrvexo then latches off switch follows the ENx

Figure 8-8. Retry Behavior After Hot-short With Thermal Regulation
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let ||« <« > -«
|OUT1 : e > L"«/ U 4/ L‘”‘/ /
o LE .
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De icle"'::felsRﬁ:W:enod Device retries until retry attempts Short-circuit event removed,
Vice retries until £ > lrery_winoow = Nretryexo then latches off switch follows the ENx

Figure 8-9. Retry Behavior After Hot-short With No Thermal Regulation

8.3.4 Inductive-Load Switching-Off Clamp

When switching an inductive load off, the inductive reactance tends to pull the output voltage negative.
Excessive negative voltage can cause the power FET to break down. To protect the power FET, an internal
clamp between drain and source is implemented, namely Vpsciamp)-

Vbs(clamp) = Yvs — Vourt (2)

During the period of demagnetization (tyecay), the power FET is turned on for inductance-energy dissipation.
The total energy is dissipated in the high-side switch. Total energy includes the energy of the power supply
(E(vs)) and the energy of the load (E(oaq))- If resistance is in series with inductance, some of the load energy is
dissipated on the resistance.

E Hss) = E(vs)* Eqoat) = Ervs) + Eq)~ Er) 3)
When an inductive load switches off, Ess) causes high thermal stressing on the device.. The upper limit of

the power dissipation depends on the device intrinsic capacity, ambient temperature, and board dissipation
condition.
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Figure 8-10. Drain-to-Source Clamping Structure
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Figure 8-11. Inductive Load Switching-Off Diagram

From the perspective of the high-side switch, Ess) equals the integration value during the demagnetization
period.

t(decay)

Enss) Vbs(clamp) X lout (t)dt

0

L
t(decay) = E xIn

Rxloyt(max) + |VOUT |J
IVour|

Vys +|Vour| y

Rxlout(max) +|Vour|
E(HSS) = L X (max)

{R *lout(max) ~|[Vour| In(

R? Vour
Vour| )
When R approximately equals 0, Esp) can be given simply as:
E _ 1><L><|2 Vys +[Vour|
(HS$)~ 5 OUT(max) ﬁ
ouT (5)
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Note that for PWM-controlled inductive loads, adding the external freewheeling circuitry as shown in Figure 8-12
is recommended to protect the device from repetitive power stressing. TVS is used to achieve the fast decay.
See Figure 8-12 for more details.

L

Output
Clamp

-

_IOUTX [ —.— _ ]
| I

D |

!
| |}L
' Tvs |

!

!

-

T T
<

Figure 8-12. Protection With External Circuitry

8.3.5 Fault Detection and Reporting

8.3.5.1 Diagnostic Enable Function

The DIAG_EN pin enables or disables the diagnostic functions. If multiple devices are used, but the ADC
resource is limited in the microcontroller, the MCU can use GPIOs to set DIAG_EN high to enable the

diagnostics of one device while disabling the diagnostics of the other devices by setting DIAG_EN low. In
addition, the device can keep the power consumption to a minimum by setting DIAG_EN and ENx low.

8.3.5.2 Multiplexing of Current Sense

The SEL pin is used to multiplex the shared current-sense function among the two channels. Pulling the SEL pin
high or low sets the corresponding channel to be output on the SNS pin if DIAG_EN is high. FLT still represents
a global interrupt that goes low if a fault occurs on any channel.

Table 8-3. Diagnosis Configuration Table

DIAG_EN ENx seL  |SNSACTIVATED | g FLT PROTECTIONS AND DIAGNOSTICS
CHANNEL
H See Table SNS disabled, FLT reporting, full protection
: . . High |84
impedance | High ) ) ) )
L . Diagnostics disabled, no protection
impedance
0 Channel 1
H o See Table |See Table See Table 8-4
1 Channel 2 8-4 8-4

8.3.5.3 FAULT Reporting

The global FLT pin is used to monitor the global fault condition among the two channels. When a fault condition
occurs on any channel, the FLT pin is pulled down to GND. A 3.3V or 5V external pullup is required to match the
supply level of the microcontroller.

After the FAULT report, the microcontroller can check and identify the channel in fault status by the multiplexed
current sensing. The SNS pin also works as a fault report with an internal pullup voltage, Vsnsey if DIAG_EN is
high.
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8.3.5.4 Fault Table

Table 8-4 below shows the response of the FLT and SNS pins when DIAG_EN = HIGH during different
conditions.

Table 8-4. Fault Table

CONDITIONS ENx | OUTx CRITERION SNS FLT FAULT RECOVERY
L L — 0 H —
Normal -
H H . In I|qear H _
region
Overload, short to ground H L Current limit V. L Auto
' 9 triggered SNSFH
Open load, short to battery, reverse Vs — VouTtx <
. L H V. L Auto
polarity Violoff SNSFH
Absolute Thermal shutdown H — Tags triggered VsNSEH L Auto-retry or latch, see Section 8.3.3
Relative Thermal Shutdown H — TreL triggered VsNSFH L Auto-retry or latch, see Section 8.3.3

8.3.6 Full Diagnostics
8.3.6.1 Open-Load Detection
8.3.6.1.1 Channel On

If a channel is on and the DIAG_EN = HlI, then the high accuracy current sense of the device can be used to
detect open-loads in the on state through an external ADC. Please note there is no detection reported on the
FAULT pin. Determination of an open-load while a channel is on must be made by the user or system.

8.3.6.1.2 Channel Off

Open load detection is available in the off state if DIAG_EN = HI. If a channel is off and a load is connected to
the relevant channel, the output voltage is pulled low to =0V by the load. In the case of an open load on the
channel, the output voltage is close to the supply voltage, Vgg — Vout < Vo oi- The FLT pin goes low to indicate
a fault to the MCU. If the particular channel experiencing the open load fault is selected through the SEL pin,
then the SNS pin outputs Isyspy Or clamps the voltage to Vgnsen- If the channel is not selected through the
SEL pin then the SNS pin does not show Igysey until the channel is selected through the SEL pin. There is
always a leakage current lol,off present on the output, due to the internal logic control path or external humidity,
corrosion, and so forth. Thus, the device implements an internal pullup resistor (RPU) on each channel to offset
the leakage current. This pullup current must be less than the output load current to avoid false detection in the
normal operation mode. To reduce the standby current, the device implements a switch and pullup resistor on
each channel which is controlled by the DIAG_EN pin and the EN pin for that channel.

VBAT.
lveB
DIAG_EN - DIAG_EN
NG~
Voltage Iswsr OPEN LOAD 17
Scaling V0|,0ﬁ
Rpu
SNS VsnseH
RN <
SEL %
FLT OUTx
] ‘ |
Ein
GND
Figure 8-13. Open-Load Detection in Off-State
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8.3.6.2 Short-to-Battery Detection

Short-to-battery detection has the same detection mechanism and behavior as open-load detection, both in the
on-state and off-state. The device is not able to differentiate between open load and short-to-battery, the device
does detect the short-to-battery fault and can signal the fault to the system. See Table 8-4 for more details.

8.3.6.3 Reverse-Polarity and Battery Protection

Reverse-polarity, commonly referred to as reverse battery, occurs when the ground of the device goes to the
battery potential, Vgnp = Veat, and the supply pin goes to ground, Vgg = OV. In this case, if the EN pin has a
path to the ground plane, then the FET turns on to lower the power dissipation through the main channel and
prevent current flow through the body diode. Note that the resistor/diode ground network (if there is not a central
blocking diode on the supply) must be present for the device to protect the device during a reverse battery event.

— Smart High Side Switch VBB
J Rerot — <&
| GPIO '\/V\’ =0 Gate Driver
- 13
GND % Rioap
Renp

Figure 8-14. Reverse Battery Circuit
For more external protection circuitry information, see Reverse Current Protection. See the fault truth table for
more details.

8.3.7 Full Protections
8.3.7.1 UVLO Protection

The device monitors the supply voltage Vygg, to prevent unpredicted behaviors when V\gg is too low. When
Vygg falls down to Vv oF, the device shuts down. When Vygg rises up to Vyy or, the device turns on.
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8.3.7.2 Loss of GND Protection
When loss of GND occurs, output is turned off regardless of whether the input signal is high or low.

Case 1 (loss of device GND): loss of GND protection is active when the thermal pad (Tab), Ic_gnp, and current
limit ground are one trace connected to the system ground, as shown in Figure 8-15.

Smart High Side [ i
Switch e
MCU —wwW—1{11/0s
<
. VOUT
J_ GND ]
{]
\ Load
Figure 8-15. Loss of Device GND
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Case 2 (loss of module GND): when the whole ECU module GND is lost, protections are also active. At this

condition, the load GND remains connected.

i

Smart High Side —{}—
Switch VBB
MCU |—m—11/0s |—<|
| vout
GND —Cr

Figure 8-16. Loss of Module GND

Load
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8.3.7.3 Loss of Power Supply Protection

When loss of supply occurs, output is turned off regardless of whether the input is high or low. For a resistive or
capacitive load, loss of supply protection is easy to achieve due to no more power. The worst case is a charged
inductive load. In this case, the current is driven from all of the 10s to maintain the inductance output loop. Tl
recommends either the MCU serial resistor plus the GND network (diode and resistor in parallel) or external
free-wheeling circuitry.

Fpu—
— \

Smart High Side &
Switch VBB

MCU —@—[J I/0s | L

GﬁD —Er T
T D

L
RGND{} Deno > {

I—

Figure 8-17. Loss of Battery
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8.3.7.4 Reverse Current Protection

Method 1: block diode connected with Vgg. Both the device and load are protected when in reverse polarity. The
blocking diode does not allow any of the current to flow during reverse battery condition.

Smart High Side Switch
ENXx

VBB

LS ——w 4
-
W JFLT Reverse FET
Turn On
MCU F>o—war IDIAG_EN =VOUTx
T e Load
T b3 ILIM
GND X
T X 7

Figure 8-18. Reverse Protection With Block Diode
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Method 2 (GND network protection): only the high-side device is protected under this connection. The load
reverse current is limited by the impedance of the load. When reverse polarity happens, the continuous reverse
current through the power FET must not make the heat build up be greater than the absolute maximum junction
temperature. This can be calculated using the Ronrey) Value and the Rgya specification. In the reverse battery
condition, the FET must come on to lower the power dissipation. This action is achieved through the path from
EN to system ground where the positive voltage is being applied. No matter what types of connection are
between the device GND and the board GND, if a GND voltage shift happens, verify that the following proper
connections for the normal operation:

Connect the current limit programmable resistor to the device GND.

Rioap

Smart High Side Switch
EN VBB
- AN {1
-
r B LFLT Reverse FET I
Turn On
VOUT -
MCU AV {1DIAG_EN
] SNS Load
—[ S ILIM

Figure 8-19. Reverse Protection With GND Network

Recommendation — resistor and diode in parallel: a peak negative spike can occur when the inductive
load is switching off, which can damage the HSD or the diode. So, Tl recommends a resistor in parallel with
the diode when driving an inductive load. The recommended selection are a 1kQ resistor in parallel with an I¢
> 100mA diode. If multiple high-side switches are used, the resistor and diode can be shared among devices.

If multiple high-side power switches are used, the resistor can be shared among devices.
Ground Resistor: The higher resistor value contributes to a better current limit effect when the reverse
battery or negative ISO pulses.

lano) (6)

where

— —Vc is the maximum reverse battery voltage (typically —16V).

— —lgnp is the maximum reverse current the ground pin can withstand, which is available in the Absolute
Maximum Ratings.

Ground Diode: A diode is needed to block the reverse voltage, which also brings a ground shift (=600mV).

Additionally, the diode must be =200V reverse voltage for the ISO 7637 pulse 1 testing so that the diode does

not get biased.
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8.3.7.5 Protection for MCU 1/Os

In many conditions, such as the negative ISO pulse, or the loss of battery with an inductive load, a negative
potential on the device GND pin can damage the MCU 1/O pins (more likely, the internal circuitry connected to

the pins). Therefore, the serial resistors between MCU and HSS are required.

Also, for proper protection against loss of GND, Tl recommends 10-kQ resistance for the RproT resistors.

Smart High Side Switch
i RPRAOT§ Il EN VBB
RKF}‘OT} % | —
P FLT Reverse FET
Turn On
'R
MCU vyl {1DIAG_EN vout
SNS
Load
ILIM
GND
|
RGND DGND

8.4 Device Functional Modes

Figure 8-20. MCU 1/O Protections

]

The device has several states to transition into based on the ENx pin, DIAG_EN pin, and Vgg voltage. The
different states are referenced throughout the data sheet.
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Vgg < UVLO
OFF =
Vgg > UVLO
EN1 & EN2 = Low
Y DIAG_EN = Low t> tsray
\ Vig < Vhv F
SLEEP )« N
Ves 2 Vv R
EN1 & EN2 = Low
DIAG_EN = Low
EN1 & EN2 = Low
DIAG_EN = High
EN1 & EN2 = Low
DIAG_EN = Low
ENA1 || EN2 = High
DIAG. EN = X DIAGNOSTIC ) STANDBY
EN1 & EN2 = Low
4 DIAG_EN = High 4
EN1 & EN2 = Low EN1 || EN2 = High
DIAG_EN = High v DIAG_EN=X
ACTIVE ~
EN1 & EN2 = Low
DIAG_EN = Low
Y,

EN1 || EN2 = High
DIAG_EN = X

Figure 8-21. State Diagram

OFF

Off state occurs when the Vg voltage of the device is below the Vyyo.

SLEEP

In the SLEEP state, everything inside the device is turned off and the current into the Vgg is Ig ggp. From SLEEP,
the device can transfer into the ACTIVE state if any of the ENx pins are pulled high, the DIAGNOSTIC state if
the DIAG_EN pin, without any of the ENx pins, goes high, or the STANDBY state if Vgg is greater than Vpy g.

DIAGNOSTIC

Diagnostic state is entered when both ENx pins are low and the DIAG_EN pin is high. Open-load or short-to-
battery can be diagnosed in this state. Both channels open load switches is enabled in this state. The device
signals a FLT if any of the channels experience either an open-load or short-to-battery. The SNS pin output
Isnskn Or clamp the voltage to Vgnsen if the channel that has a fault is selected through the SEL pin.

STANDBY

The STANDBY state is entered when the ENXx pins are all low. Outputs are all turned off and the DIAG_EN pin is
also low but there has not yet been tstgy amount of time. This state is included so that the channel outputs can
be modulated using PWM without any of the internal rails being cut off and put to SLEEP state. Once the device
has waited tstgy and Vgg is less than Vyy f, the device completely shuts down and transitions into SLEEP state.
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However, if the time is less than tgtgy and if either ENx pins were to go high, the device transitions into ACTIVE
state. Similarly if the DIAG_EN goes high, the device transitions into DIAGNOSTIC state.

ACTIVE

The ACTIVE state is when any of the channel outputs are on by the associated ENx pin. In the ACTIVE state,
the current limit value is set by the external resistor on the ILIM pin. If the DIAG_EN pin is pulled high while in
the ACTIVE state, the SNS pin outputs a proportional current to the load current of the channel associated to
the SEL pin configuration until a fault occurs on that channel. Additionally the FLT pin reports if there is a fault
occurring on any channel. The device can transition out of the ACTIVE state by turning off all of the channels
while DIAG_EN is high or low. If all of the channels turn off and DIAG_EN is high, the device transitions into the
DIAGNOSTIC state. If all of the channels turn off and the DIAG_EN pin is low, then the device transitions into the
STANDBY state.
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9 Application and Implementation

Note

Information in the following applications sections is not part of the Tl component specification,
and Tl 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

The TPS2HCO08-Q1 device is capable of driving a wide variety of resistive, inductive, and capacitive loads,
including the low-wattage bulbs, LEDs, relays, solenoids, heaters, and sub-modules. Full diagnostics and
high-accuracy current-sense features enable intelligent control of the load. An external adjustable current limit
improves the reliability of the whole system by clamping the inrush or overload current.

9.1.1 Application Limitations

This section highlights limitations in the application that are identified from bench evaluation of the existing
TPS2HCO08-Q1 silicon on the evaluation module (EVM).

9.1.1.1 Short-circuit Protection

Testing has shown that during output short circuit at supply voltage level > 22V, the device damages. A design
fix will be included in the final version of the IC to remove this limitation. This section will be removed in the
production version of the datasheet.

9.2 Typical Application

The following figure shows an example of the external circuitry connections for TPS2HC08-Q1.

h ve  TPS2HC08-Q1

\ 4 Vours
: oo [ 1
Batte
attery . | ves Cc Cvour
I
R IC_GND I
ot |
AN ] eme
‘ | out2 I: Vour2
Rpam‘ |
‘ ] X
T T L DIAG_EN Cvour
‘ [
‘ [
‘ [
7 |
‘ | - SEL
\
‘ [
| |
[ \
‘
T

Optional LM
for reverse
polarity

protection

Rum

IC_GND Optional |

for reverse |
polarity |
protection |
|

System_GND

Figure 9-1. Typical Application Diagram
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9.2.1 Design Requirements

Table 9-1. Recommended Component Values

COMPONENT DESCRIPTION PURPOSE
TVS SMBJ39CA Filter voltage transients coming from battery (ISO7637-2)
Cvss 220nF Better EMI performance
Cic 100nF Minimal amount of capacitance on input for EMI mitigation
CguLk 10pF Help filter voltage transients on the supply rail
RproT 10kQ Protection resistor for microcontroller and device 1/O pins

Values listed in Electrical

Rum Characteristics Set current limit threshold
Rsns 1kQ Translate the sense current into sense voltage
Criter 100nF Co_uplt_ad with RPROT on the SNS line creates a low pass filter to filter out noise
going into the ADC of the MCU
Cvourt 22nF Improves EMI performance, filtering of voltage transients
RpuLLup 5kQ Pull up resistor for open-drain pins (FLT and LPM)
Renp 1kQ Stabilize GND potential during turn-off of inductive load
Denp BAS21 Diode Keeps GND close to system ground during normal operation

9.2.2 Detailed Design Procedure
To keep the maximum voltage on the SNS pin at an acceptable range for the system, calculate the Rgyg resistor
using Equation 7. To achieve better current-sense accuracy, a 1% tolerance or better resistor is preferred.

VADC, min X KsNs / ILoAD, min < Rsns < (Vsnsrn — VHR) X Ksns / ILoAD, max (7)

Table 9-2. Typical Application

Parameter Value
VbiaGg_EN 5V
ILoAD max 7.5A
ILoAD, min 100mA
VADC min 5mvV

ViR 1v
Ksns 3000
KoL 500

For this application, a Rgnys value of 1000Q can be chosen to satisfy the equation requirements.

In other applications, where there is a higher dynamic current range either more emphasis can be put on the
lower end measurable values which increases RSNS. Likewise, if the higher currents are of more interest the
RSNS can be decreased.

To set the adjustable current limit value I, use Equation 8 to select the Ry value.
Rum = Ker / e (8)

Tl recommends Rprot = 10 kQ for 5V MCU IO connections.
9.3 Power Supply Recommendations

The device is qualified for both automotive and industrial applications. The normal power supply connection is a
12V automotive system. The supply voltage must be within the range specified in the Recommended Operating
Conditions.
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Table 9-3. Voltage Operating Ranges
VBB VOLTAGE RANGE NOTE

Extended lower 12V automotive battery operation such as cold crank and start-stop. The
device is fully functional and protected but some parametrics such as Rpy, current sense
3Vto 6V accuracy, current limit accuracy and timing parameters can deviate from specifications.
Check the individual specifications in the Electrical Characteristics to confirm the voltage
range.

Nominal 12V automotive battery voltage range. All parametric specifications apply and the

6Vito 18V device is fully functional and protected.
Extended upper 12V automotive battery operation such as double battery. The device is fully
functional and protected but some parametrics such as Ry, current sense accuracy, current
18V to 28V o - . e R
limit accuracy, and timing parameters can deviate from specifications. Check the individual
specifications in the Electrical Characteristics to confirm the voltage range.
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 good thermal performance, connect the VBB pad to a large copper pour. On the top PCB layer, the
pour can extend beyond the package dimensions as shown in the layout examples below. In addition to this,
having a VBB plane on one or more internal PCB layers and/or on the bottom layer is recommended. Vias must
connect these planes to the top VBB pour. Connecting the VOUT1 and VOUT2 pads to large copper pours on
the board can also help to achieve better thermal performance as the heat can transfer through the internal
copper pillars to the large copper pours on the board.

Tl recommends that the 10 signals that connect to the microcontroller be routed to a via and then through an
internal PCB layer.

If used in the design, the C,c capacitor, must be placed as close as possible to the VBB and GND pins of the
device. If a ground network is used for reverse battery protection, the C,c capacitor must be connected from the
VBB net to the IC_GND net. The Cygg capacitor must be placed close to the VBB pin and connected to system
ground to allow for best performance.

The Ry component must be placed close to the ILIM and GND pins of the device. If a ground network is used
for reverse battery protection, the Ry must be connected from the ILIM pin to the IC_GND net for best current
limit performance.

9.4.2 Layout Examples
9.4.2.1 Without a GND Network

Figure 9-2 below shows an example PCB layout without a GND network. Tl recommends that the 10 signals that
connect to the microcontroller be routed to a via and then through an internal PCB layer.
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Figure 9-2. Layout Example Without a GND Network
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9.4.2.2 With a GND Network

Figure 9-3 below shows an example PCB layout with a GND network. Tl recommends that the 10 signals that
connect to the microcontroller be routed to a via and then through an internal PCB layer.
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Figure 9-3. Layout Example With a GND Network
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10 Device and Documentation Support
10.1 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.

10.2 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 Tl specifications and do
not necessarily reflect Tl's views; see TlI's Terms of Use.

10.3 Trademarks

TI E2E™ is a trademark of Texas Instruments.

All trademarks are the property of their respective owners.
10.4 Electrostatic Discharge Caution

This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled
A 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.

10.5 Glossary

Tl 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.

DATE REVISION NOTES
July 2025 * Initial Release

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 device. This data is subject to change without notice and without
revision of this document. For browser-based versions of this data sheet, see the left-hand navigation pane.

Copyright © 2025 Texas Instruments Incorporated Submit Document Feedback 37
Product Folder Links: TPS2HC08-Q1

ADVANCE INFORMATION


https://www.ti.com
https://e2e.ti.com
https://www.ti.com/corp/docs/legal/termsofuse.shtml
https://www.ti.com/lit/pdf/SLYZ022
https://www.ti.com
https://www.ti.com/product/TPS2HC08-Q1
https://www.ti.com/lit/pdf/SLVSHX5
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLVSHX5&partnum=TPS2HC08-Q1
https://www.ti.com/product/tps2hc08-q1?qgpn=tps2hc08-q1

NOILVINYO4ANI 3ONVAQV

TPS2HC08-Q1
SLVSHX5 — JULY 2025

13 TEXAS
INSTRUMENTS

www.ti.com

PACKAGE OUTLINE
VAHO0011C VQFN-HR - 1 mm max height
PLASTIC QUAD FLATPACK-NO LEAD
lj* 53 B—
PIN 1 / 3.7
IDENTIFICATION 3.5
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Y
; LA 1-—f T—f
0.05 J
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s |52 4x08
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2X0.575 ] |
|
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PIN 11D
4230594/A 03/2024
NOTES:

1. Alllinear dimensions are in millimeters.

per ASME Y14.5M.

Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing

2. This drawing is subject to change without notice.
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EXAMPLE BOARD LAYOUT

VAHO0011C VQFN-HR - 1 mm max height
PLASTIC QUAD FLATPACK-NO LEAD
2X (2.6)
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SCALE: 20X
0.05 MAX 0.05 MIN
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METAL N 1
e
EXPOSED | ™\ SOLDER MASK ‘L J METAL UNDER
METAL OPENING SOLDER MASK
NON- SOLDER MASK SOLDER MASK
DEFINED DEFINED
(PREFERRED)
SOLDER MASK DETAILS
NOT TO SCALE
4230594/A 03/2024

NOTES: (continued)

3. For more information, see Texas Instruments literature number SLUA271 (www.ti.com/lit/slua271).
4. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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VAH0011C

EXAMPLE STENCIL DESIGN
VQFN-HR - 1 mm max height

PLASTIC QUAD FLATPACK-NO LEAD
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’—7 20X (0.3)
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! 1

| Lol 2x(1.279)
|

4X (0.245)
——&-—0}

e
: 16X (0.55)

2X (1.476)
(1.651)

o (0.449)
———————— T‘—f—f—f——— —0.000 PKG ,
\
|
|
\

\
) o 8
~ —o ~ =
e g s
= = )
x x
N N
SOLDER PASTE EXAMPLE
BASED ON 0.1 mm THICK STENCIL
SCALE: 20X
4230594/A 03/2024
NOTES: (continued)
5. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
tﬁ INSTRUMENTS
www.ti.com
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12.1 Tape and Reel Information
REEL DIMENSIONS

Reel

Diameter

v

T Reel Width (W1)

TAPE DIMENSIONS

~>‘|<—K0 « P1-»]

R T

& = o | Bo VlV
Cavity —>| A0 |<—

A0

Dimension designed to accommodate the component width

BO

Dimension designed to accommodate the component length

KO

Dimension designed to accommodate the component thickness

Overall width of the carrier tape

P1

Pitch between successive cavity centers

QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE

0 O O O O O O OO0

Sprocket Holes

| |
T T
Q1 : Q2 Q1 : Q2
____I___. -__T__ - . .
Q3 | Q4 Q3 1 Q4 User Direction of Feed
[ & 4 |
T T
=
Pocket Quadrants
Reel Reel "
Device PaT"k?e ;?:""v?ge Pins sPQ Diameter | WidthW1 | ':fn) (::1) (“'f:‘) (r::“) ("‘1’"’“) Qu:'::a"t
b & (mm) (mm)
TPS2HC08PQVAHRQ1 | VQFN-HR VAH 11 3000 180 12.4 25 3.9 1.2 4 12 Q2
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TAPE AND REEL BOX DIMENSIONS

Device Package Type Package Drawing | Pins | SPQ Length (mm) | Width (mm) | Height (mm)
TPS2HCO08PQVAHRQ1 VQFN-HR VAH 11 3000 210 185 35
42 Submit Document Feedback Copyright © 2025 Texas Instruments Incorporated

Product Folder Links: TPS2HC08-Q1


https://www.ti.com/product/TPS2HC08-Q1
https://www.ti.com/lit/pdf/SLVSHX5
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLVSHX5&partnum=TPS2HC08-Q1
https://www.ti.com/product/tps2hc08-q1?qgpn=tps2hc08-q1

i3 TEXAS PACKAGE OPTION ADDENDUM
INSTRUMENTS

www.ti.com 30-Jun-2025

PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)
PTPS2HCO08PQVAHRQ1 Active  Preproduction VQFN-HR (VAH) |11 3000 | LARGE T&R - Call TI Call Tl -40 to 125

@ status: For more details on status, see our product life cycle.

@ Material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the TI RoHS Statement for additional information and value definition.

® | ead finish/Ball material: Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the finish value exceeds the maximum
column width.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

® part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

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

Important Information and Disclaimer:The information provided on this page represents TlI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information provided by third parties, and
makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and continues to take reasonable steps to provide representative
and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals. Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers
and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATA SHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you
will fully indemnify Tl and its representatives against, any claims, damages, costs, losses, and liabilities arising out of your use of these
resources.

TI’'s products are provided subject to TI’s Terms of Sale or other applicable terms available either on ti.com or provided in conjunction with
such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable warranties or warranty disclaimers for
Tl products.

Tl objects to and rejects any additional or different terms you may have proposed.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2025, Texas Instruments Incorporated
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