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TPS1214-Q1 Low Iq Automotive High Side Switch Controller With Low Power Mode,

Load Wakeup, 1%, and Diagnostics

1 Features

AEC-Q100 automotive qualified for grade 1
temperature

3.5V to 73V input range (74V absolute maximum)
Reverse input protection down to —65V

— TPS12141-Q1 with reverse FET ON (-45V)
Integrated 12V charge pump

Low Iq = 20pA in low power mode (LPM = Low)
Low 1pA shutdown current (EN/UVLO = Low)
Dual gate drive: GATE: 0.5A source and 2A sink
G: 100pA source and 0.39A sink

Accurate 12t overcurrent protection (I0C) with
adjustable circuit breaker timer (12t)

Accurate and fast (5us) short-circuit protection
Fast transition (5us) from low power mode

to active mode using adjustable load wakeup
threshold or LPM trigger with WAKE indication
Accurate analog current monitor output (IMON):
2% at 30mV Vgns

NTC based overtemperature sensing (TMP) and
monitoring output (ITMPO)

Fault indication (FLT) during short circuit fault, 12t,
charge pump UVLO

TPS12142-Q1 (RPP turn OFF), TPS12143-Q1
(RPP turn ON) with 1%t disabled

Accurate and adjustable undervoltage lockout
(UVLO)

Short-circuit comparator diagnosis (SCP_TEST)

2 Applications

Power distribution box

Body control module

DC/DC converter

Battery management system
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3 Description

TPS1214-Q1 is a family of low Ig smart high side
drivers with protection and diagnostics. With wide
operating voltage range of 3.5V to 73V and a 74V
absolute maximum rating the device is suitable for
12V, 24V, and 48V automotive system designs.

It has two integrated gate drives with 0.5A source and
2A sink (GATE) and 100pA source and 0.39A sink
(G). With LPM Low, the low power path is kept ON
and the main FETs are turned OFF with 1o of 20pA
(typ). Auto load wakeup threshold adjusted using
Rgypass resistor placed across CS2+ and CS2-. 1Q
reduces to 1A (typ) with EN/UVLO low.

The device has accurate current sensing (+2%) output
(IMON) with adjustable 12t based overcurrent and
short circuit protection using an external Rgyg resistor
and FLT indication. Auto-retry and latch-off fault
behavior can be configured. The device also has NTC
based temperature sensing (TMP) and monitoring
output (ITMPO) output for overtemperature detection
of external FETs.

The TPS1214-Q1 is available in 23-pin VQFN
package.
Package Information
PART NUMBER PACKAGE!(") PACKAGE SIZE®

TPS12140-Q1,
TPS12141-Q1,
TPS12142-Q1,
TPS12143-Q1

RGE (VQFN, 23)  |4.00mm x 4.00mm

(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.

Reveass l_H_l
T T
cs2+  cs2-
G
a1 Q2
VBATT, Rovs . r’P_,
Risce R L1l L1l vour
so . .
csz+ o5 R AT ok &
L T L e
[cs2+Cs2-1sCPCS1+ CS1- TMP GATE SRC BST G

ON |OFF —pm! EN/UVLO
ONOFF —| INP TPS1214%Q1

Active | LeM ™| LPM

Veo
Ri
FLT
Veo
%R/

SCP_TEST
loc 12t TMR GND ITMPO IMON WAKE|

TPS12140-Q1 Application Circuit Driving PAAT
Loads, B2B FETs

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/power-distribution-box?variantid=186092&subsystemid=188039
https://www.ti.com/solution/body-control-module-bcm
https://www.ti.com/solution/automotive-dc-dc-converter
https://www.ti.com/solution/battery-management-system-bms?variantid=14012&subsystemid=17238
https://www.ti.com/product/TPS1214-Q1
https://www.ti.com/lit/pdf/SLUSFA1
https://www.ti.com/product/TPS1214-Q1?dcmp=dsproject&hqs=#order-quality
https://www.ti.com/product/TPS1214-Q1?dcmp=dsproject&hqs=#tech-docs
https://www.ti.com/product/TPS1214-Q1?dcmp=dsproject&hqs=#design-development
https://www.ti.com/product/TPS1214-Q1?dcmp=dsproject&hqs=#support-training

NOILVINYO4ANI 3ONVAQV

TPS1214-Q1
SLUSFA1 — SEPTEMBER 2024

13 TEXAS
INSTRUMENTS

www.ti.com

Table of Contents

TFEAtUres.........ooiiiiii 1 9.2 Typical Application 1: Driving Power at all times

2 Applications.............ccooiiiiiiii 1 (PAAT) Loads With Automatic Load Wakeup.............. 36

3 DeSCription...........oooiiiiiiii 1 9.3 Typical Application 2: Driving Power at all times

4 Device COMPAriSON.........cccceiiiiiiiniiee e 3 (PAAT) Loads With Automatic Load Wakeup and

5 Pin Configuration and Functions....................c.ccccoe. 4 Output Bulk Capacitor Charging..........ccccecvevveeeinieenns 42

6 Specifications..............cccooiiiiiiiii 7 9.4 Power Supply Recommendations..............ccccceeeneee. 45
6.1 Absolute Maximum Ratings.........c.cccocveviiiiinieeeniinnes 7 9.5 LayOUL....coiiiiiie e 46
6.2 ESD RatiNgS.....cocuveiiiiieiiie et 7 10 Device and Documentation Support.......................... 48
6.3 Recommended Operating Conditions............c.cccouee... 7 10.1 Device SUPPOIt......ccooieiiriiieiiee e 48
6.4 Thermal Information.............ccceviiinicii e 8 10.2 Documentation Support..........ccccverrieeiniieeiiieene 48
6.5 Electrical Characteristics............cccovveiiniiiiiiieeinieees 8 10.3 Receiving Notification of Documentation Updates..48
6.6 Switching CharacteristiCs...........ccccovveeeiiiiiiniieee, 10 10.4 Support RESOUICES........cciiiiieeiiiieeeee e 48

7 Parameter Measurement Information......................... 12 10.5 Trademarks.........coccveiiieiiiiieeee e 48

8 Detailed Description..............ccocceiiiiiiniic e 15 10.6 Electrostatic Discharge Caution...............cccceviieene 48
8.1 OVEIVIEW. ...ttt 15 10.7 GlOSSAIY...ccuiieeiiiie ettt 48
8.2 Functional Block Diagram...........cccceeeviiierieeeenneenn. 16 11 Revision History.............cccocoiiiiiiiiie s 48
8.3 Feature Description...........ccccveviieiiiiieeeiiic e 17 12 Mechanical, Packaging, and Orderable
8.4 Device Functional Modes...........ccccooveeeniiiiinieeeineennn 30 Information...............ccco i 48

9 Application and Implementation.................................. 36 12.1 Tape and Reel Information............cccoccviniieeinieenns 49
9.1 Application Information............ccccoveeriiiiiniieiiniieee 36 12.2 Mechanical Data...........ccccooviiiiiiiiiic e 51

2 Submit Document Feedback Copyright © 2024 Texas Instruments Incorporated

Product Folder Links: TPS1214-Q1


https://www.ti.com/product/TPS1214-Q1
https://www.ti.com/lit/pdf/SLUSFA1
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLUSFA1&partnum=TPS1214-Q1
https://www.ti.com/product/tps1214-q1?qgpn=tps1214-q1

13 TEXAS
INSTRUMENTS

www.ti.com

TPS1214-Q1
SLUSFA1 — SEPTEMBER 2024

4 Device Comparison

Table 4-1. Device Comparison

Device name /Feature

TPS12140-Q1

TPS12141-Q1

TPS12142-Q1

TPS12143-Q1

Reverse Battery Protection

GATE OFF

GATE ON

GATE OFF

GATE ON

12t Protection

Yes

Yes

No

No
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5 Pin Configuration and Functions
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Figure 5-1. RGE Package, 23-Pin VQFN (Transparent Top View)
Table 5-1. Pin Functions
PIN
TPS12140- | TPS12142-
Q1 Q1 A
NAME TPS12141- | TPS12143- | ' YTE i=iditlzulel
Q1 Q1
23-Pin VQFN
EN/UVLO 1 1 EN/UVLO input.
A voltage on this pin above V(yyLor) 1.21V enables normal operation. If EN/
UVLO is below V(yyLor) then Gate drives are turned OFF.
Forcing this pin below Vgnry 0.3V shuts down the device reducing quiescent
current to approximately 1uA (typ). Optionally connect to the input supply through
a resistive divider to set the undervoltage lockout.
When EN/UVLO is left floating an internal pull down of 100nA pulls EN/UVLO low
and keeps the device in OFF state.
Mode control input.
When driven high, the device enters into active mode. When driven low, the
LPM 2 2 devices enter into low power mode.
If low power mode is not required, LPM pin can be tied to EN/UVLO pin.
When LPM is left floating an internal pull down of 100nA pulls LPM low.
Input signal for external FET control.
INP 3 3 CMOS compatible input reference to GND that sets the state of GATE pin.
INP has an internal weak pull down of 100nA to GND to keep GATE pulled to
SRC when INP is left floating.
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Table 5-1. Pin Functions (continued)

PIN

NAME

TPS12140-
Q1
TPS12141-
Q1

TPS12142-
Q1
TPS12143-
Q1

23-Pin

VQFN

TYPE()

DESCRIPTION

SCP_TEST

4

Internal short-circuit comparator (SCP) diagnosis input.

When driven low to high, the internal SCP comparator operation is checked.
FLT goes low and GATE gets pulled to SRC with INP pulled high initially if SCP
comparator is functional.

Connect SCP_TEST pin to GND if this feature is not desired.

WAKE

Open drain WAKE output.
This pin is asserted low by device when device enters into active mode (when
LPM is driven high or when a load wakeup event has occurred).

Open drain fault output.

FLT goes low during charge pump UVLO, Main FET SCP, |2t timer trigger,
SCP_TEST.

This pin asserts low after the voltage on the 12t pin has reached the fault
threshold of 2V. This pin indicates the main FET is about to turn off due to

an overload condition. This pin asserts low along with GATE turn off during
short-circuit.

The FLT pin does not go to a high impedance state until the overcurrent condition
and the auto-retry time expire.

TMR

Auto-retry or latch timer input after overcurrent fault.

A capacitor across TMR pin to GND sets the times for retry periods. Leave it
open for fastest setting.

Connect resistor across Ctyr from TMR pin to GND for latch-off functionality.

GND

Connect GND to system ground.

IMON

Analog current monitor output.

This pin sources a scaled down ratio of current through the external current
sense resistor Rgns. A resistor from this pin to GND converts current proportional
to voltage.

If unused, leave floating or can be connected to ground.

ITMPO

10

10

Analog temperature output.

Analog voltage feedback provides a voltage proportional to thermistor
temperature.

If unused, leave floating.

10C

1

Overcurrent detection setting.
A resistor across I0C to GND sets the over current comparator threshold. I0C
pin can also be driven externally using MCU.

N.C.

1

No connect.

12t

12

12t timer input.
A capacitor across 12t pin to GND sets the times for overcurrent (toc).

12

No connect.

13

13

Gate of external bypass FET.
100pA peak source and 0.39A sink capacity.
Connect to the gate of the external bypass FET.
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Table 5-1. Pin Functions (continued)

PIN
TPS12140- | TPS12142-
o o TYPE(") DESCRIPTION
NAME TPS12141- | TPS12143-
Q1 Q1
23-Pin VQFN
BST 14 14 High side bootstrapped supply.

(0] An external capacitor with a minimum value of 0.1uF should be connected

between this pin and SRC. Voltage swing on this pin is 12V to (VIN + 12V).
SRC 15 15 o) Source connection of the external FET.
GATE 16 16 High current gate driver pull-up and pull-down.

0.5A peak source and 2A sink capacity.

(0] This pin pulls GATE up to BST and down to SRC. For the fastest tun-on and
turn-off, tie this pin directly to the gate of the external high side MOSFET in main
path.

TMP 18 18 Temperature input.
Analog connection to external NTC thermistor.
Connect TMP pin directly to VS if this feature is not used.
CS1- 19 19 Main path current sense negative input.
CS1+ 20 20 Main path current sense positive input.
Connect resistor across CS1+ to the external current sense resistor.
Connect CS1+ and CS1- to VBATT if main FET current sensing is not used.
ISCP 21 21 | Short-circuit detection threshold setting.
Connect ISCP to CS1- if short-circuit protection is not desired.
VS 22 22 =] Supply pin of the controller.
CS2- 23 23 | Bypass path current sense negative input.
CS2+ 24 24 | Bypass path current sense positive input.
Connect to CS2+ and CS2- together to VBATT if bypass path is not used.
GND Thermal Pad | — — Connect exposed thermal pad to GND plane.
(1) = Input, O = Output, I/O = Input or Output, G = Ground, P = Power.
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6 Specifications

6.1 Absolute Maximum Ratings

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

MIN MAX UNIT
Input pins VS, CS1+, CS1-, CS2+, CS2—, ISCP, TMP to GND, For 65 74 Vv
TPS12140-Q1 and TPS12142-Q1 only
Input pins VS, CS1+, CS1—, CS2+, CS2—, ISCP, TMP to GND, For 45 74 v
TPS12141-Q1 and TPS12143-Q1 only
Input pins VS, CS1+, CS1—, CS2+, CS2—, ISCP, TMP to SRC, For 65 74 v
TPS12140-Q1 and TPS12142-Q1 only
Input pins VS, CS1+, CS1—, CS2+, CS2—, ISCP, TMP to SRC, For _45 74 v
TPS12141-Q1 and TPS12143-Q1 only
Input pins SRC to GND -65 74 \%
Input pins GATE, G, BST to SRC -0.3 19 \Y
Input pins TMR to GND -0.3 5.5 \Y
Input pins I0C to GND, For TPS12140-Q1 and TPS12141-Q1 only -1 5.5 \Y
Input pins SCP_TEST to GND -1 20 \Y
Input pins EN/UVLO, INP, LPM, V(ys) > 0 V -1 74 \
Input pins CS1+to CS1- -0.3 0.4 \%
Input pins CS2+ to CS2—- -5 74 \%
Output pins FLT, WAKE to GND -1 20 \Y
Output pins !?;slqﬂz(izlplg\fzg;o GND, For TPS12140-Q1 and 1 75 Vv
Output pins ICI;/:OOI;I‘,IJTMPO to GND, For TPS12142-Q1 and TPS12143- 1 75 Vv
Output pins GATE, G, BST to GND —65 88 \Y
Sink current lics1+) to lcs1-), Tmsec ; licso+) to licso-), Tmsec 100 mA
Operating junction temperature, T; ?) —40 150 o
Storage temperature, Tgig —40 150

(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.

(2) High junction temperatures degrade operating lifetimes. Operating lifetime is de-rated for junction temperatures greater than 125°C.

6.2 ESD Ratings

VALUE | UNIT
Human body model (HBM), per AEC Q100-002(") +2000
V(esp) |Electrostatic discharge Charged device model (CDM), per | Corner pins () 750 \
AEC Q100-011 Other pins +500
(1) AEC Q100-002 indicates that HBM stressing shall be in accordance with the ANSI/ESDA/JEDEC JS-001 specification.
6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)(")
MIN NOM MAX UNIT
Inout pins VS, CS1+, CS1-, CS2+, CS2—, ISCP, TMP to GND, For TPS12140-Q1 and _60 73 Vv
PULPINS | 1p512142-Q1 only
. VS, CS1+, CS1-, CS2+, CS2—, ISCP, TMP to GND, For TPS12141-Q1 and
Ut pins | 15512143-Q1 only —45 v
Input pins  |EN/UVLO, INP, LPM 0 73 \Y
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6.3 Recommended Operating Conditions (continued)

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

MIN NOM MAX UNIT

Input pins  |SCP_TEST to GND 0 15 \Y
Input pins  |IOC, TMR to GND, For TPS12140-Q1 and TPS12141-Q1 only 0 5 \
Input pins | TMR to GND, , For TPS12142-Q1 and TPS12143-Q1 only 0 5 \Y
Output pins | 12t, IMON, ITMPO to GND, For TPS12140-Q1 and TPS12141-Q1 only 0 5 \%
Output pins | IMON, ITMPO to GND, For TPS12142-Q1 and TPS12143-Q1 only 0 5 \%
Output pins |FLT, WAKE to GND 0 15 \Y
External —|\/5 SRC to GND 22 nF
capacitor
External

. BST to SRC 0.1 uF
capacitor
External >t 15 GND 10 nF
capacitor
External

. TMR to GND 1 nF
capacitor
Tj Operating Junction temperature(?) —40 150 °C

(1) Recommended Operating Conditions are conditions under which the device is intended to be functional. For specifications and test
conditions, see Electrical Characteristics.
(2) High junction temperatures degrade operating lifetimes. Operating lifetime is de-rated for junction temperatures greater than 125°C.

6.4 Thermal Information

TPS1214x-Q1
THERMAL METRIC(") RGE (VQFN) UNIT
23 PINS
Rgya Junction-to-ambient thermal resistance 43 °C/W
Rauc(top) Junction-to-case (top) thermal resistance 38.3 °C/W
Rays Junction-to-board thermal resistance 20.8 °C/W
WYr Junction-to-top characterization parameter 0.8 °C/W
Y5 Junction-to-board characterization parameter 20.7 °C/W

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

6.5 Electrical Characteristics
TJ =-40 °C to +125°C. V(VS) =12 V, V(BST—SRC) =12 V, V(SRC) =0V

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX| UNIT
SUPPLY VOLTAGE (VS)
VS Operating input voltage 3.5 73 Vv
Total System Quiescent current, I(GND) V(VS) =12V, V(EN/UVLO) = V(W) =2V 350 uA
Vs) =12V, Venuvio)= Viemy =2 V
Total System Quiescent current, Ignpy | TPS12142-Q1 and TPS12143-Q1 380 A
Only
Total System Quiescent current, lgnp) g(\‘;s) =12V, Venuvio) = 2V, Vitrm) = 20 pA
Total System Quiescent current, lignpy |Vvs) = 12V, Venuvio) = 2V, Vieem) = 124 A
in SCP_TEST Diagnosis Mode 0V, Viscp tesT) =2V H
I(sHoN) SHDN current, lignp) \=/<8F§</3) =12V, Venuvio) = 0V, Visre) 1 uA
ENABLE, UNDERVOLTAGE LOCKOUT (EN/UVLO) AND SCP_TEST
V(uvLoR) UVLO threshold voltage, rising 1.2 \%
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6.5 Electrical Characteristics (continued)

TJ =-40 °C to +125°C. V(VS) =12 V, V(BST—SRC) =12 V, V(SRC) =0V

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
V(uvLoF) UVLO threshold voltage, falling 1.1 Vv
Vv Enable threshold voltage for low Iq 1 v
(ENR) shutdown, rising
Enable threshold voltage for low Iq
Vienr) shutdown, falling 03 v
V(scp_TEST H) SCP_TEST mode rising threshold 2 \%
V(SCPfTESTfL) SCP_TEST mode falling threshold 0.72 Vv
CHARGE PUMP (BST-SRC)
I(BST_LPM) Charge Pump Supply current in LPM V(BST;SR_C) =10V, Vienuvio) = 2 320 pA
= V,Viiemy =0V
| Charge Pump Supply current in active |Vigst_src) = 12V, Venuvio)= 2 600 A
(BST_AM) mode V, Viemy = 2 V H
'\_I/é?r?;_ SRC) UVLO voltage threshold, V(EN/UVLO) =2V 76 vV
Vv
(BSTLVLO) V(BST* SRC) UVLO voltage threshold, V =2V 6.6 vV
falllng (EN/UVLO) — .
Charge Pump Turn ON voltage in _ -
VCPLow_awm) active mode Vienuveo)=2 VY, Vieemy =2V 10.4 \%
Charge Pump Turnoff voltage in active
VCP(HicH_Am) modeg P & Vienuveoy=2 V, Vieemy =2V 1.4 \%
Charge Pump Turn ON voltage in low
VCPLow_LPm) powegr modep 9 Vienuveoy=2V, Vieemy =0V 9.3 \Y
Charge Pump Turnoff voltage in low
VCP(HiGH_LPM) powe% modep 9 Venuvio)=2 V, Ve =0V 10.3 \Y
VCP(AM_VS_3V) Charge Pump Voltage at V(VS) =35V V(EN/UVLO) =2V 8 Vv
G Drive Good rising threshold
V(c_coob) w.r.t BST when bypass comparator 2.3 Vv
reference changes from 2 V to 200 mV
IsRe) SRC pin leakage current x(EN’UV'-O) = 2V, Vane) =0, Vieem) = 2 1 pA
GATE DRIVER OUTPUTS (GATE, G)
l(GATE) Peak Source Current 0.5 A
l(GATE) Peak Sink Current 2 A
Gate charge (sourcing) current, on
le) state 100 KA
lG) G Peak Sink Current 390 mA
CURRENT SENSE AND CURRENT MONITOR (CS1+, CS1—, IMON)
Input referred offset (Vsns to Vmon) _
V(OS_SET) Scallng) 150 150 HV
V(GE_SET) Gain error (VSNS to V(IMON) Scaling) -1 1 %
Vsns = 15 mV, Rser = 350 Q, Rimon
V(IMON_Acc) IMON accuracy = 17.5kQ, -2 2 %
Gain = 90
Vsns = 30 mV, Rser = 350 Q, Rimon
V(IMON_Acc) IMON accuracy = 35kQ, -2 2 %
Gain = 90
OVERCURRENT (I2t) AND SHORT CIRCUIT PROTECTION (IOC, I2t, ISCP)
Rset =350 Q,V ocp) = 15 mV, Rjoc) =
Viocp) OCP threshold accuracy 544 kQ (OCP) (100) -5 5 %
Viocp) OCP threshold accuracy ?;%T;Q?’SO 0, Vioce) = 30 mV, Ryoc) = -5 5 %
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6.5 Electrical Characteristics (continued)

TJ =-40 °C to +125°C. V(VS) =12 V, V(BST—SRC) =12 V, V(SRC) =0V

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
. Rser=350 Q, V =15mV, R =
12 12t Acc) 12 current accuracy on 12t pin szTkQ (ocP) (10C) -10 10| %
12 12t Ace) 12 current accuracy on 12t pin Rser = 350 O, V(ocp) = 30 mV, Ryoc) = -10 10| %
— 13.6 kQ
Vv 12t pin voltage threshold for 2 Vv
(121.0C) overcurrent shutdown
V(12t_ OFFSET) 12t pin offset voltage 500 mV
V(Rer_oc) I0C pin reference voltage 200 mV
V(scP_Range) SCP threshold range 10 100, mV
Iscp SCP Input Bias current 25 A
LOAD WAKEUP COMPARATOR (CS2+, CS2-)
V(LPM_SCP) Short-circuit threshold in LPM 2 \
Vwu) Load wakeup current threshold 200 mV
AUTO-RETRY OR LATCH-OFF TIMER (TMR)
ITMR_sRrc) TMR source current 2.5 uA
I(TMRfSINK) TMR sink current 2.5 uA
Voltage at TMR pin for AR counter
V(TuR_HiGH) rising threshold 1.23 v
Voltage at TMR pin for AR counter
V(rmR_Low) falling threshold 0.21 v
N(a-R Count) 32
TEMPERATURE MONITOR (CS1—, TMP, ITMPO)
Temperature amplifier internal
V(ReF_TMP) reference voltage 500 mV
INPUT CONTROLS (INP, LPM), & FAULT FLAG (FLT)
Rermy , Rwake) FLT, WAKE Pull-down resistance 70 Q
- = OVSVEm=<20V,
I | lwake) FLT leakage current 0V = VEWAI)(E) <20V 360 nA
Vane_wy , Vem_n) 2V
V(INF’_L) X V(W_L) 072 V
Vane_Hys) , VLPVL_H | |Np, LPM Hysteresis 400 mv
ys)
laney |, lcPmy INP, LPM leakage current 170 nA
6.6 Switching Characteristics
TJ =-40 °C to +125°C. V(VS) =12 V, V(BST— SRC) =12 V, V(SRC) =0V
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
tGATEANP_H) INP Turn ON propogation Delay INP 1 to GATE 1, C_=47nF 1 us
tGATE(NP L) INP Turn OFF propogation Delay INP | to GATE |, C_ =47 nF 1 us
p— Active mode to LPM mode transition PM [ t0G 1, CLe = 1nF 75 us
- delay
. . LPM |, G 1 (above V(G_GOOD)) to
A —— Active mode to LPM mode transition GATE |, WAKE 1 (low to High 05 us
— delay _
Z) s CL(GATE) =47 nF
LPM Mode to Active mode transition | =
{GATEWAKETPM) | gglay with LPM trigger LPM 1 to GATE 1, Cy(care) =47 nF 5 Hs
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6.6 Switching Characteristics (continued)
TJ =-40 °C to +125°C. V(VS) =12 V, V(BST—SRC) =12 V, V(SRC) =0V

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
¢ - LPM Mode to Active mode transition EPM \TN’A?(AETE T((:abov;a 1V(nG|:‘G\(/)C£)) t(=) 10 s
G(WAKE_LPM) delay with LPM trigger 0 Vl, 1, Cre) , V(TPm) ]
t GATE turn ON propagation deIay V(CSZ+7CSZ-)T V(qu) to GATE 1, 5 s
GATE(WAKE_LWU) | during Load wakeup CueaTe) = 47 nF, Viipmy = 0 V H
G turn OFF propagation delay during Vicszr-cs2)! Viuwu) , GATE 1 (abovxi
towake_Lwu) V(c_coop)) o G |, WAKE |, Crg) = 10 us
Load wakeup 1 o
nF, V(LPM) =0V
tGATE(EN_OFF) EN Turn OFF Propogation Delay 5:;# to GATE |, C =47 nF, LPM = 4 us
tGATE(UVLO_OFF) UVLO Turn OFF Propogation Delay g;’%tj ﬁg}:E LCL=47 4 us
UVLO to GATE Turn ON Propogation _
teatEQVLO.ONy | Delay with CBT pre-biased > VPORF E\]NF{Lisz\? T%A:TE%CL =47 nF, 4 us
and INP kept high & 9
GATE Turn OFF Propogation Delay VS | (cross VPORF) to GATE |, C, =
tGATE(VS_OFF) with VS falling < VPORF and INP, EN/ |47 nF, INP = EN/UVLO = 2V, LPM = 40 us
UVLO kept high High
t Short circuit protection propogation V(cs1+-cs1-) T Viscp) to GATE |, C| = 5 s
sc delay in active mode 47 nF, C(ayy= 100 nF, V(cpmy = 2 V H
Short circuit protection propogation V(cs2+-cs2-) T ViLpm_scr) to GATE 1,
tLPM_SC delay in LPM (Powerup into LPM with C|_ =47 nF, C(|2t) =100 nF, V(W) =0 5 us
short) \%
GATE turn ON delay during reverse V(VS) =0to-16Vto V(GATE - SRC) >5
tGATE_ON(RPP) poIarity event when V(BST) < V, 150 MS
V(BST_UVLOF) CL =47 nF, Cgst= 100 nF
GATE turn ON delay during reverse V(VS) =24to—-45Vto V(GATE - SRC) >5
tGATE_ON(RPP) polarity event 1 20 MS
when VgsT) > V(BsT_UVLOF) CL =47 nF, Cgsr=14F
tGATE(ﬁiASSERT) FLT assertion delay during short circuit V(CS1+—CS1—)T V(scp) to FLT l 15 us
t FIT FLT de-assertion delay during short =
GATE(FLT_DE_ASSER | L1 C y g V(cst+csiol Viscp) to FLT 1 4 us
) circuit
tGATE(FTT AssERT B | FLT assertion delay during GATE =
STUVL(O) - ~ I Drive UVLO V(eate-src) | VesTuvior)to FLT | 25 ps
teaTE(FLT_DE_aAsseR | FLT de-assertion delay during GATE =
T BSTUVLO) Drive UVLO V(eate-src) T VesTuvLor)to FLT 1 15 ps
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7 Parameter Measurement Information

Y
A

WAKE

ILOAD

lLwu

Bypass FET VGS Vie_coon)

V(G_coob)

Main FET VGS

Vdrop
VOUT

Bypass FET (G) is ON
Main FET (GATE) is
OFF

Bypass (G) to
Main (GATE) FET
Transition

Bypass FET (G) is OFF
Main FET (GATE) is ON

Figure 7-1. System Wake to Active Mode From Low Power Mode by Load Wakeup
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> <

WAKE

—» {WAKE_TPM) —

LPM

Bypass FET VGS /¢-5°

V. /
Main FETVGS " /

L ___ -t

»> ) -
tGATE(WAKE_(PV) g—— >

\* tc(wake_CPM)

Bypass (G) to

Bypass FET (G) is ON Main (GATE) Bypass FET (G) is OFF
Main FET (GATE) is OFF FET Main FET (GATE) is ON
Transition

Figure 7-2. System Wake to Active Mode From Low Power Mode by LPM External Trigger
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\Y;
A
WAKE
INP
LPM

Main FET Vi(e_cooD)
VGS = V(GaTE) - V(SRC)

_— ——— — — —_— — . — — = —

Bypass FET V(c_coop) 3 /
VGS = V(G)- V(sRe) /

tc(oN_TPM) 4-/*/ A L

\-» tGATE(OFF_CPM)

Main (GATE)
Bypass FET (G) is OFF [to Bypass (G) Bypass FET (G) is ON
Main FET (GATE) is ON FET Main FET (GATE) is OFF
Transition

Figure 7-3. Active Mode to Low Power Mode by LPM Trigger
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8 Detailed Description
8.1 Overview

TPS1214-Q1 is a family of low Iq smart high side drivers with protection and diagnostics. The TPS1214x-Q1 has
wide operating voltage range of 3.5V to 73V, (74V absolute maximum) the device is suitable for 12V, 24V, and
48V automotive system designs.

TPS1214x-Q1 has two integrated gate drives with 0.5A peak source and 2A sink gate driver to drive FETs in
main path and 100pA source and 0.39A sink capacity for the low power path. The strong gate drive (GATE)
enables power switching using parallel FETs in high current system designs where INP pin can be used as the
GATE control input.

In the low power mode with LPM = Low, the low power path FET (G drive) is kept ON and the main FETs (GATE
drive) are turned OFF. The device consumes low Iq of 20pA (typ) in this mode. Auto load wakeup threshold
and output bulk capacitor charging current can be programmed using Rgypass resistor placed across CS2+ and
CS2- pins in low power path. Iq reduces to 1pA (typical) with EN/UVLO pulled low. The device features WAKE
output pin to indicate the mode of operation (Active/Low power mode).

The device has accurate current sensing (2% at 30mV VSNS) output (IMON) enabling systems for energy
management. The device has integrated accurate and adjustable 12t based overcurrent and short circuit
protection by using an external Rgng resistor. Auto-retry and latch-off fault behavior can be configured.

TPS1214x-Q1 indicate fault on open drain FLT output during overcurrent, short circuit and charge pump under
voltage conditions. Diagnosis of the integrated short circuit comparator is possible using external control on
SCP_TEST input.

TPS12140-Q1 and TPS12142-Q1 has integrated reverse polarity protection down to —65V and do not need any
external components to protect the ICs during an input reverse polarity fault.

TPS12141-Q1 and TPS12143-Q1 variants features GATE drive ON when input reverse polarity fault is detected
down to —45V.

The device features NTC based temperature sensing (TMP) and monitor output (ITMPO) output to sense
overtemperature of external FETs enabling robust thermal system designs.

The TPS1214x-Q1 is available in a 23-pin QFN package.
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8.2 Functional Block Diagram

Reypass
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R: |
SET Rnte I
VS CS2+ CS2- | cst1-L T™P BST GATE | SRC_| G
Internal Vienso) b N V(REF_TMP) BST
Regulator 05A 2115 0.39A
| + + | ]
T ., |
EN EN GATE_ON/OFF  G_ON/OFF
GATE_ON/ 100 uA(4
s CP (12V)
OFF BST
—» G_ON/OFF N be
—— —FLT b vt T
EnuvLo [ uvLO — -« ViRer 06y 600 pA ] WAKE
1.18 VA || —»WAKE - e BST G
111VY cote [ @—OC_OUT —| - * * WARE < 700
INP ]— tl Driver SCP, VINT r + [ Charge
2V +_ i cont_rol CS- T EN pump ) .
0.8 V* logic VINT L enable logic :l ELT
J— t Logic |_|
LPM t[L 2.5 pA FLT 700
2vA || > VGS_OK EN BST SRC
08VY _>—} 6.5V 6.5V 6.5V
SCP_TEST 2.5 pA, 6.5V Rever_se
2 V+ CS2+—pw{ protection GATE_ON/OFF
ryin g oc_ouT logic -
08VY Y65 o AL L L L T TPS1214-Q1
TMRI IMON 12t I 10C ITMPO GND $
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8.3 Feature Description

8.3.1 Charge Pump and Gate Driver Output (VS, GATE, BST, SRC)

VS

|csi+, I 212V
To S
current :; Rsns
<

sensmg‘ csi-

Vaux

*D1
BST § Raypass

CesT[
' '_1 oate | “
— 2 &
INP o D» L:TzA L‘ F Q2

V(8ST - SRC)
VCP(HIGH)+ .
VC P(LOW)*

| Gate

08VY Drive SRC

2vA | L |+':loA39A 4 3
08V G M

* l_q 1 '
[
J ::lmo uA
>
TPS1214-Q1 BST SRuom
<

Figure 8-1. Gate Driver

Figure 8-1 shows a simplified diagram of the charge pump and gate driver circuit implementation. The device
houses a strong 0.5A/2A peak source/sink gate driver (GATE) for main FETs Q1 Q2, and 100uA/0.39A peak
source/sink current gate driver (G) for bypass FET Q3. The strong gate drivers enable paralleling of FETs in
high power system designs ensuring minimum transition time in saturation region. A 12V in active mode, 600uA
charge pump is derived from VS terminal and charges the external boot-strap capacitor, Cgst that is placed
across the gate driver (BST and SRC).

VS is the supply pin to the controller. With VS applied and EN/UVLO pulled high, the charge pump turns ON
and charges the Cgst capacitor. After the voltage across Cpgst crosses V(gst uvLor) the GATE driver section
is activated. The device has a 1V (typical) UVLO hysteresis to ensure chattering less performance during initial
GATE turn ON. Choose Cggt based on the external FET Qg and allowed dip during FET turn ON. In active
mode, the charge pump remains enabled until the BST to SRC voltage reaches VCPigH_awm), typically, at
which point the charge pump is disabled decreasing the current draw on the VS pin. The charge pump remains
disabled until the BST to SRC voltage discharges to VCPow_awm) typically at which point the charge pump is
enabled.

The voltage between BST and SRC continue to charge and discharge between VCP igH_am) and VCPow_am)
in active mode as shown in the following figure:
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—P»-Torv_en|lf—
A

V(vs) /

EN/UVLO

VCPHIGH_AM)
VCPLow_am)

V(BsT-SRC)

V/(BST_UVLOR)

lesnf - - - - /m—m—————b0bk/ /02 ——""—"--—---- -~~~ — 1

lsT)

GATE DRIVE
ENABLE (Internal)

Figure 8-2. Charge Pump Operation
Use the following equation to calculate the initial gate driver enable delay:

_ CpsT X V(BST_UVLOR)
TpRV_EN = 500 1A (1)

Where,
Cgst is the charge pump capacitance connected across BST and SRC pins.

V(BsT uvLor) = 7.6V (typ).

If Torv En Needs to be reduced then pre-bias BST terminal externally using an external VAUX or input supply
through a low leakage diode D1 as shown in Figure 8-3. With this connection, Tpry gn reduces to 350us.
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Q3
Reypass EK—l
Wt Q2 LI
CS2+  Cs2 4
J;' -
R at VOUT
VBATT SN ‘L_K_l >
T
Riscp RseT ] it —K_|VAUX
Rnte C *D1
CS2+ CS2- S BsT
T T
CS2+CS2- ISCPCS1+CS1- TMP GATE SRC BST G
VS Vee
ON |OFF —» EN/UVLO %m
ON [OFF —»| INP TPS1214x-Q1 FLT
Active | LPM— P LPM Vee
SCP_TEST Rz

lIoC ITMPO IMON WAKE

12t TMR GND
Rioc Cit :IETMRJT_ Rtmpo % Rimon

Figure 8-3. TPS1214x-Q1 Application Circuit With External Supply to BST

Note
Vaux can be supplied by external supply ranging between 8.1V and 15V. Input supply VS can also be
connected to BST via D1 diode for reducing Tpry EN-

8.3.2 Capacitive Load Driving

Certain end equipment like automotive power distribution unit and zonal controller power different loads
including other ECUs. These ECUs can have large input capacitances. If power to the ECUs is switched on
in uncontrolled way, large inrush currents can occur and potentially damaging the power FETs.

To limit the inrush current during capacitive load switching, the following system design techniques can be used
with TPS1214-Q1 device.

8.3.2.1 Using Low Power Bypass FET (G Drive) for Load Capacitor Charging

In high-current applications where several FETs are connected in parallel in main path, the gate slew rate control
for the main FETs is not recommended due to unequal distribution of inrush currents among the FETs resulting in
over sizing of the FETs.

The TPS1214-Q1 integrates pre-charge gate driver (G) with a dedicated control input (LPM) and bypass
comparator between CS2+ and CS2- pins. This feature can be used to drive a separate low power bypass
FET and pre-charge the capacitive load with inrush current limiting. Figure 8-4 shows the low power bypass FET
implementation for capacitive load charging using TPS1214-Q1. An external capacitor C4 reduces the gate turn
ON slew rate and controls the inrush current.
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VBATT

INP_| Level Shifter

TPS1214-Q1

Hlwom
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poccae

T
J_CBST

T ar
GATE )

AL _JYT

SRC 4

r
S

Raveass

VOUT

|:} Q3

~ CLOAD

Figure 8-4. Capacitor Charging Using Gate (G) Slew Rate Control of Low Power Bypass FET

During power-up with EN/UVLO pulled high and LPM pulled low, the device turns ON bypass FET (G drive) by
pulling G high with 100uA of source current and the main path (GATE) is kept OFF.

In this low power mode (LPM), TPS1214-Q1 senses voltage between CS2+ and CS2- pins along with VGS of
bypass FET (G to SRC). The voltage across CS2+ and CS2- is compared initially with V( py_scp) threshold (2V
typical) to detect powerup into short fault event until Vig_goop) threshold is reached.

After V(g_coon) threshold is reached, the voltage between CS2+ and CS2- is compared against Vyy) threshold
(200mV typ) for load wakeup event. With this scheme capacitor charging current (IyrusnH) can be set at higher
than load wakeup threshold (l.wy) and power-up into short event can also be detected reliably as shown in

below timing diagram:
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\%
A SCP Comparator active Load Wakeup Comparator active
CS2+and CS2-  —Jp-rf CS2+ and CS2- |
are monitored are monitored
EN/UVLO is pulled HIGH
EN/UVLO Externally

LPM

LPM is pulled LOW Externally

BYPASS FET

(Q3) Ve cooD)fp ———————————— /
VGS = V@) - Visre) Vel =

v scl-—----—---—-- - —
IINRUSH |- — — Y
oAb wob--H-—ooo—C B

Vout

Output Bulk
Capacitor Charging

WAKE WAKE pin is pulled HIGH internally

Figure 8-5. Timing Diagram for Bulk Capacitor Charging Using Bypass Path

Setting the Load Wakeup Trigger Threshold:

During normal operation, the series resistor Rgypass is used to set load wakeup current threshold. After
VG_GOOD threshold is reached, the voltage between CS2+ and CS2- is compared against V(LWU) threshold
(200mV typ) for load wakeup event.

RBYPASS can be selected using below equation:

Vwu
Rpypass = I(LWU) (2)

Setting the INRUSH Current:

Use Equation 3 to calculate the l|yrush:

VBATT
IINrUSH = CLoAD X Teharge (3)

Where,
CLoap is the load capacitance.
VparT is the input voltage and Tcharge is the charge time.

linrusH should be always less than wakeup in short in low power mode (I py_sc) current which can be calculated
using following equation:
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V(LPM_SCP
Ipm sc = —%BYP 2SS ) 4)

Use Equation 5 to calculate the required Cq value.

CLoaD X I(G)
&~ IINRUSH (5)

Where,

A series resistor Ry must be used in conjunction with Cq to limit the discharge current from Cg4 during turn-off.
The recommended value for Rg is between 220Q to 470Q.

After the output capacitor is charged, main FETs can be controlled (GATE drive) and bypass FET (G drive) can
be turned OFF by driving LPM high externally. The main FETs (G drive) can now be turned ON by driving INP
high.

Figure 8-6 shows application circuit to charge large output capacitors using low power bypass path in high
current applications.

Q3
Rsyrass EN—J
*—/\\ .
cst cTsz a2 LI R
+ - rﬁ g
T
117 0
Q1
VBATT Rens [ —
T
% gl LIl VOUT
Riscp RseT % <
Rnte
CS2+ CS2- S
T T Cos'T
CS2+CS2- ISCPCS1+ CS1- TMP GATE SRC BST G
- VS Vee
ON |OFF —{ EN/UVLO Ri1
FLT —%»
ON [OFF —¥» INP TPS1214x-Q1
Active | LPM | LPM Vee
SCP_TEST Ro
loC TMR GND ITMPO IMON WAKE

12t
Roce Cuat CtvR JT_ RITMPO% Rimon

Figure 8-6. TPS1214-Q1 Application Circuit for Capacitive Load Driving Using Low Power Bypass FET
(Q3) and Series Resistor (RBYPASS)

8.3.2.2 Using Main FET (GATE drive) Gate Slew Rate Control

In the applications where low power bypass path is not used, the cap charging can be done using main FET
GATE drive control.

For limiting inrush current during turn-ON of the main FET with capacitive loads, use R4, Ry, C4, D, as shown
in Figure 8-7. The Ry and C4 components slow down the voltage ramp rate at the gate of main FET. The FET
source follows the gate voltage resulting in a controlled voltage ramp across the output capacitors.

22 Submit Document Feedback Copyright © 2024 Texas Instruments Incorporated
Product Folder Links: TPS1214-Q1


https://www.ti.com/product/TPS1214-Q1
https://www.ti.com/lit/pdf/SLUSFA1
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLUSFA1&partnum=TPS1214-Q1
https://www.ti.com/product/tps1214-q1?qgpn=tps1214-q1

13 TEXAS
INSTRUMENTS TPS1214-Q1
www.ti.com SLUSFA1 - SEPTEMBER 2024

BST

| __CBST
o Q1
= Jfes By b
|_T Ri %Rz
::I Ci1
SRC T

T

TPS1214x-Q1

1

< J—
4: RLoap I CLoap

Figure 8-7. Inrush Current Limiting in Main Path

Use the Equation 6 to calculate the inrush current during turn-ON of the FET.

VBATT
IINRUSH = CLoAD X Tcharge ©
0.63 X V(BST — SRC) X CLOAD (7)
Ry X IINRUSH

Ci=

Where,

CLoap is the load capacitance.

VBATT is the input voltage and Tcharge is the charge time.
V(BsT-sre) is the charge pump voltage (12V).

Use a damping resistor R, (~10Q) in series with C4. Equation 8 can be used to compute required C4 value for a
target inrush current. A 100kQ resistor for Ry can be a good starting point for calculations.

D, ensures fast turn OFF of GATE drive by bypassing Ry.
C, results in an additional loading on Cggt to charge during turn-ON. Use below equation to calculate the
required Cggt value:

Qg(total)
AVBsT

CpsT = +10 x Cq (8)

Where,
Qqtotal) is the total gate charge of the FET,
AVgsT (1V typical) is the ripple voltage across BST to SRC pins.
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8.3.3 Overcurrent and Short-Circuit Protection

TPS1214-Q1 features integrated accurate 12t functionality for the implementation of a robust and flexible
overcurrent protection mechanism. This 1%t functionality features an intelligent circuit breaking aimed at
protecting PCB traces, connectors and wire harness from overheating, with no impact on load transients like
inrush currents and bulk capacitor charging.

The device also features accurate and configurable short-circuit protection threshold (lsc) with fixed response
time (tsc = 5 us max).

Figure 8-8 shows the overall current-time characteristics.
+ Configurable |2t based overcurrent protection (loc) threshold and adjustable response time (toc and toc_miN)

» Adjustable short-circuit threshold (Isc) with internally fixed fast response (tsc)

Time
No
Shutdown
12t based Overcurrent
Shutdown
toc >
Fuse
Shutdown
Immediate
oo Shutdown
tsc
Current
loc Isc
Maximum adjustable Adjustable short-circuit
continuous current threshold threshold
Figure 8-8. Configurable Current vs Time characteristics curve for TP$1214-Q1
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8.3.3.1 It-Based Overcurrent Protection

The It profile for TPS1214-Q1 is set by two parameters which are 12t start overcurrent threshold, loc and
12T ampere squared second factor (melting point or breaking point). The overcurrent protection time toc is
determined based on set I2T factor when load current is higher than set Io¢ threshold.

Setting I’t Protection Starting Threshold, R,oc
The 12t protection starting threshold I is set using an external resistor R,oc across I0C and GND pins.

Use Equation 9 to calculate the required R|o¢c value:

V(REF_0C)
R Q) =—"== 9
IOC( ) K x (o) ®)

Where,

V(rRer_oc) is internal reference voltage of 200mV,

loc is the overcurrent level

The scaling factor, K can be calculated by Equation 10;

R 2
(0.1 x SNS)
RSET

IB1AS

Scaling factor | K | =

(10)

Where,

Igias is internal reference current of 5pA,

Rset is the resistor connected across CS1+ and input battery supply,
Rsns is the current sense resistor

Setting It Profile, C

The device senses the voltage across the external current sense resistor (Rgng) through CS1+ and CS1-.
When sensed voltage across Rgyg exceeds Igc threshold set by R ¢ resistor, Cjo; capacitor starts charging with
current proportional to I oap 2 — loc 2 current.

The time to turn OFF the gate drive at maximum overcurrent limit (loc_max) can be determined using below
equation:

12T factor
t s) =
OC—MIN( ) Toc_MAX X 10C_MAX (1)

Note
The maximum overcurrent limit (Ioc max) can 5 to 10% below short-circuit protection threshold (Isc).

Use Equation 12 to calculate the required Cj value.

_ K X toc_MIN 22
Crat (F) = V{i2t.0C) — V(12 OFFSET) [[OC—MAX loc ] (12)

Where,
V2t oc) is 1t trip threshold voltage of 2V (typ),
V(i2t_orrseT) is offset voltage of 500mV (typ) on 12t pin during normal operation,

toc_min is the desired overcurrent response time at maximum overcurrent threshold loc max
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8.3.3.1.1 Pt-Based Overcurrent Protection With Auto-Retry

The Cy programs the over current protection delay (toc_min) @and Cryr programs auto-retry time (tretry). Once
the voltage across CS1+ and CS1- exceeds the set point (V(ocp)), the Cp capacitor starts charging with current
proportional to I oap 2 — loc 2 current.

After Cj; charges to V(21 oc), GATE pulls low to SRC turning OFF the main FET and FLT assets low as same
time. Post this event, the auto-retry behavior starts. The Cryr starts charging with 2.5uA pullup current till
voltage reaches V(tur_HigH) level. After this level, capacitor starts discharging with 2.5uA pulldown current.

After the voltage reaches V(tmr Low) level, the capacitor starts charging again with 2.5pA pullup. After 32
charging-discharging cycles of Cyr the FET turns ON back and FLT de-asserts.

\%
TeuLse
A Al B —> -
loc|-=-=-=====———- -11{-t----------r--—q1--—-—-——-————————————
VT |_LOAD »
(ILoao)? = (loc)? oAl RN P
(lioao)? = (loc)?
12t f V@ztoc)|—-====-=-=-=----+ ST = —(( —————— SN S
2 2
) 12t (or0)? = (locf ey i/N o) = (lod')
—~[(lono)? - (loc)?] v Cit w Cun
Cit I |_ aorFsen) O U N A L
= MAIN FET
VINT VGS
wsmw(yy 22202000 1T - -7~ -
Vee —_—
TMR f FLT
I
Crvr r
I 2.5 A I_ VMR HIGH) [ = = = = = = = = = = = = e A S m g
— TMR
= — VIMR LOW) = === === === === ———mmmm——m— ——— ——— —— B e e e e
rst214t s - f —_— —* ————— 4} — -t
1st 2nd 32nd

Figure 8-9. I2t-Based Overcurrent Protection With Auto-Retry

The auto-retry time can be set by CTMR capacitor to be connected across TMR and GND pins as per Equation
13.

V(TMR_HIGH) — V(TMR_LOW
‘RETRY <S> = 04 X Crmr X s I(Tl\)/lR SR(C) o (13)
where
V(TMR_HiGH) is 1.2V (typ) and V(tmr_Low) is 0.2V (typ)
l(rMR_src) is internal source current on TMR pin with 2.5uA (typ) value
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8.3.3.1.2 I’t-Based Overcurrent Protection With Latch-Off
Connect 100kQ resistor across TMR pin to GND for latch-off configuration.

Latch is reset on falling edge of INP or LPM going low or EN/UVLO (below Vgnr)) or power cycle VS below
V(vs_porF)- At low edge, the timer counter is reset and Cryr is discharged. GATE pulls up to BST when INP is
pulled high.

\%
y TruLse
: Al Bi —» -—
loc [-====-=---- - ﬂ 77777777777 E e e e
I_LOAD [ I
VINT oAl _____ L o
(ILoao)? Ly (Ioan)2 = (loc)2
(/ Crt
Viaroo) |==========—+ "*;*‘\_; ””””” [ Al [aiatat St
12t f 12t (1020)2 = (loc) g ‘/‘ —[lltcmu():2 = (loc)?] — CI(Z:K Intehrnal‘ sw;tcr:/for discharging
V' \ rgin,
i 1 Vi orrsen C v | W Cuo | /> 12 charging to Vit orrseT)
e Fht =t - — = = — 5 Pt
Ciat L [ |
I (lock P
L MAIN FET
= L 1 VGS
VINT
Vce
ImMR_ske)
FLT
TMR f -+ ————— = - ——-
! VMR HIGH) |~ = = = = = = = = = mm o e s R
( The resistor across TMR to GND prevents the
Rtmr 2 CTMR VTMR to charge to upper threshold and counter doesn'’t
I liw_sie I_ TMR s00 next counts, resulting in FET to stay latch OFF
= — VMR Low) [ = === === ———— - - m oo T i sttt
TPS1214-Q1 -
When INP is pulled low, the timer counter is reset ‘ Starts a fresh
INP and TMR cap i discharged ~ —m turn ON cycle
e e e R et — =t

Figure 8-10. I’t-Based Overcurrent Protection With Latch-Off

8.3.3.2 Short-Circuit Protection

The short-circuit current threshold (Isc) can be set Riscp resistor. Use Equation 14 to calculate the required
RlSCP value.

Isc X Rgns — 1.8
Riscp (ka) = LSS = 12 (14)

where

Isc is the short-circuit current threshold in Ampere,
Rgsns is external current sense resistor in miliohms,
Iscp is the internal reference current of 25 PA,

When the load current exceeds the Isc threshold then, GATE pulls low to SRC within 5 ps (max) in TPS1214-Q1,
protecting the main path FETs and FLT asserts low at the same time. Subsequent to this event, the charge
and discharge cycles of Cqyr starts similar to the behavior post FET OFF event in the overcurrent protection
scheme.

Latch-off can also achieved in the similar way as explained in the overcurrent protection scheme.
8.3.4 Analog Current Monitor Output (IMON)

TPS1214-Q1 features an accurate analog load current monitor output (IMON) with adjustable gain. The current
source at IMON terminal is configured to be proportional to the current flowing through the Rgns current sense
resistor. This current can be converted to a voltage using a resistor Rjyion from IMON terminal to GND pins.
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This voltage, computed using following equation, can be used as a means of monitoring current flow through the
system.

Use Equation to calculate the Vvon.-

0.9 X RiMON
Vamon) = (VSNS + V(VOS_SET)) X —Rggp (15)

Where,

Vsns = lLoap * Rsns,

V(os_ser) is the input referred offset (+150uV) of the current sense amplifier (Vsns to Vmon) scaling),

0.9 is the current mirror factor between the current sense amplifier and the IMON pass FET.

The maximum voltage range for monitoring the current (V(jmonmax)) is limited to minimum([V(ys) — 0.5V], 5.5V)

to ensure linear output. This puts limitation on maximum value of Rjon resistor. The IMON pin has an internal
clamp of 6.5V (typical).

Accuracy of the current mirror factor is < +1%. Use the following equation to calculate the overall accuracy of
V(imon)-

V(0S_SET)
VsSNS

8.3.5 NTC based Temperature Sensing (TMP) and Analog Monitor Output (ITMPO)

TPS1214-Q1 features an integrated temperature monitoring amplifier (ON in active mode and load wakeup
only). This temperature monitoring function is implemented with a differential amplifier with input pin as TMP and
output as ITMPO.

The output is an analog voltage signal: Vitmpo represents the temperature in the Rytc. It can be directly read on
pin ITMPO (Temperature monitoring output) by a microcontroller.

%V(IMON) = X 100 (16)

Rntc is the NTC thermistor resistance which varies with the temperature and Ry is a normal resistor used to
linearize the thermistor behavior with respect to temperature, positioned as per Figure 8-11:

Ccsi- -
+ [V (REF_TMP)|
Rtvp RnTc
Vitmpo ITMPO

Ritmpo To

TPS1214-Q1

Figure 8-11. NTC based Temperature sensing and monitoring output

V|tmpo can be calculated based on following equation:

RITMPO
Virmpo = (VREF TMP + VTMP OFFSET) X 75— o (17)

(RNTC + RTMP)
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8.3.6 Fault Indication and Diagnosis (FLT, SCP_TEST)

The TPS1214-Q1 features integrated charge pump UVLO feature. The voltage across BST-SRC is internally
monitored. If the voltage is < V(gsT uvLo) then FLT is asserted low. Both the GATE and G gate drives also get
disabled in this condition turning OFF main and bypass FETs. FLT gets de-asserted and gate drivers get enabled
when BST to SRC voltage rises above V(gst uvL0)-

FLT asserts low in TPS1214-Q1 when short-circuit or 12t based overcurrent or charge pump UVLO is detected.
In the safety critical designs, short-circuit protection (SCP) feature and its diagnosis (SCP_TEST) is important.

The TPS1214-Q1 also features the diagnosis of the internal short circuit protection. SCP_TEST diagnosis can
be done in low power mode or active mode.

» Short-circuit protection diagnosis in active mode:

When SCP_TEST is driven low to high in active mode then, a voltage is applied internally across the SCP
comparator inputs to simulate a short circuit event. The comparator output controls the gate drive (GATE) and
also the FLT. If the gate drive goes low (with initially being high due to INP = High) and FLT also goes low then it
indicates that the SCP is good otherwise it is to be treated as SCP feature is not functional.

* Short-circuit protection diagnosis in low power mode:

When SCP_TEST is driven low to high in low power mode then, internal short-circuit protection (SCP)
comparator wakeup up in low power mode and a voltage is applied internally across the SCP comparator
inputs to simulate a short circuit event. The comparator output controls the FLT. If the FLT also goes low then it
indicates that the SCP is good otherwise it is to be treated as SCP feature is not functional. G drive reamins ON
while SCP_TEST is pulled high. This ensures output always connected to input during diagnosis in low power
mode.

8.3.7 Reverse Polarity Protection

The TPS1214x-Q1 devices features integrated reverse polarity protection to protect the device from failing
during input and output reverse polarity faults. Reverse polarity faults occur during installation and maintenance
of the end equipment’s. The device is tolerant to reverse polarity voltages down to —65V both on input and on the
output.

TPS12140-Q1 and TPS12142-Q1 variants turn OFF Back to back FETs (GATE) when input reverse battery
events —65V is detected to protect the load.

TPS12141-Q1 and TPS12143-Q1 variants integrate GATE drive turn ON when input reverse battery fault in
detected down to —45V. This feature is mainly useful for heater loads and enables use of single power FET in
main path saving space and BOM cost.

On the output side, the device can see transient negative voltages during regular operation due to output cable
harness inductance kickbacks when the switches are turned OFF. In such systems the output negative voltage
level is limited by the output side TVS or a diode.

8.3.8 Undervoltage Protection (UVLO)

TPS1214-Q1 features an accurate undervoltage protection using EN/UVLO pin. When EN/UVLO pin voltage
goes below 1.2V (typ), then GATE and G goes low.

[

Rs3
EN/UVLO 3
UVLOb
R s V<uvaiA_ __ﬂ-
63 Vivior g

e TPS1214-Q1

Figure 8-12. Programming Undervoltage Protection Threshold
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8.4 Device Functional Modes

8.4.1 State Diagram

ACTIVE MODE LOAD WAKEUP

POWERDOWN

EN/UVLO = High
Main FET is ON (GATE = High)
Bypass FET is OFF (G = Low)
LPM = Low; WAKE = Low
All Protections & Diagnosis
available

EN/UVLO = High
Main FET is ON/OFF (INP based)
Bypass FET is OFF (G = Low)
LPM = High; WAKE = Low
All Protections & Diagnosis
available

V(vs) < V(vs_poRF) LPM = High

Main FET is OFF (GATE = Low)
Bypass FET is OFF (G = Low)

EN/UVLO = Low
EN/UVLO = LPM = High

V(vs) > V(vs_porr) If loao > lwu (Load Wakeup Threshold);
then LOAD WAKEUP Detected
TPM = High (Internal Trigger)

(External Trigger)

EN/UVLO = Low

LOW POWER
MODE
EN/UVLO = High
Main FET is OFF (GATE = Low)
Bypass FET is ON (G = High)
LPM = Low; WAKE = High
Bypass FET VGS Monitored
CS2+ and CS2- Active
CPUMP UVLO
available

SHUTDOWN
MODE

EN/UVLO = Low
Main FET is OFF (GATE = Low)
Bypass FET is OFF (G = Low)
WAKE = High

. EN/UVLO = High
LPM = Low (till V(c_coon) is reached)

Figure 8-13. State Diagram
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TPS1214-Q1

8.4.2 State Transition Timing Diagram

v
A

[\/(vsjom;

V(vs)
EN/UVLO pulled LOW to HIGH
E N/UVLO Externally
VCPAMHIGH) | — — — b o o o e — e —— — — — — — — — p—— e — — — — — Sp——— — — — — —
VCPamLtowmf - == ———mmm e A TS T/ e/ T/ T
V(BST-SRC)
VESTUWLOR)f — = =+ = —— = — = —— — — 4 —f =
—_— TPS1214-Q1 waits for LPM| —
LPM Trigger to Transition to | LPM pulled LOW to HIGH
Active Mode Externally
(— > 500 ys— P
BYPASS FET m
VGS = Vie) - V(ske) VOC00D) | md oo e N
Vel - - & o ____ L
. V(c_coop)
Main FET VGS
—»
<>
\-b te(WAKE_Lwu)
P tGATE(WAKE_LWU)
IPM_SC— b m e R —
INRUSH| === d=————————— === === ————— m—- - /
1Yo T VY S S SR S S Lodo
Vdrop -
Vour
Output Bulk
Capacitor Charging
WAKE WAKE pin pulled
HIGH to LOW internally
e Bypass (G) and Bypass (G)
MBYEF’FSET(GC);/‘:?‘I’E Main FET (GATE) Bypass FET (G) ON Y ( Bypass FET (G) OFF Sifnaézﬁé ;(\CT‘\',)E)OSZ
ai OFF( ) OFF Main FET (GATE) OFF Main | Main FET (GATE) ON | A e uone
POWER DOWN SHUTDOWN LOW POWER MODE (LPM) (GATE) LOAD WAKEUP AM
MODE Transition (AM)

Figure 8-14. State Transition Timing Diagram With Load Wakeup Event
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Figure 8-15. State Transition Timing Diagram With LPM Trigger
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Figure 8-16. LPM and INP Signal Sequencing Consideration to Enter Into Low Power Mode From Active
Mode

8.4.3 Power Down

If applied VS voltage is below V(ys porr) then the device is in disabled state. In this mode, the charge pump and
all the protection features are disabled. Both the gate drive outputs (GATE and G) are low.

8.4.4 Shutdown Mode

With VS > V(ys porr) and EN/UVLO pulled < Venr), the device transitions to low I shutdown mode. In this
mode, the charge pump and all the protection features are disabled. Both the gate drive outputs (GATE and G)
are low. The device consumes low Iq of 1-pA (typical) in this mode.

¢ Shutdown to Low Power Mode:

To transition from shutdown to low power mode, drive EN/UVLO high ( > V(gngr)) and simultaneously drive
LPM low for > 500us.
* Shutdown to Active Mode:

To transition from shutdown to active mode directly, drive EN/UVLO and LPM together high at same time.

8.4.5 Low Power Mode (LPM)

The device transitions from shutdown to low power mode when EN/UVLO is driven high ( > Venr)) and LPM is
driven low for > 500us simultaneously.
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The device can also transition from active mode to low power mode when LPM is pulled low. When entering from
active mode to low power mode, LPM and INP signal sequencing consideration can be followed as per Figure
8-16. Pulling INP low before LPM results in main FET (GATE drive) turning OFF which can cause output voltage
droop momentarily before bypass FET (G drive) turns ON. Pulling INP low after at least 10-us of LPM is pulled
low makes a seamless transition from active to low power mode without any output voltage dip.

In this mode, charge pump and G gate drive are enabled. The main FET (GATE drive) is OFF and bypass FET
(G drive) is turned ON and WAKE pin asserts high in this state. TPS1214-Q1 consumes low Iq of 20-pA (typical)
in low power mode.

The device transitions from low power mode to active mode when:

« External Trigger: LPM is pulled high externally
« Internal Trigger: Load current exceeds load wakeup trigger threshold (I.wy)

After load current exceeds load wakeup threshold (I wy), the device automatically turns ON main FET (GATE
drive) first and bypass FET (G drive) is turned OFF after main FET (GATE drive) has fully turned ON and and
WAKE asserts low indicating the exit from the low power mode.

The device waits for external LPM signal to go high to transition into Active mode.
Protections available in low power mode are:

* Input UVLO: Bypass FET (G drive) is turned OFF when voltage on EN/UVLO falls below Vyy| oF)-

* Charge pump UVLO: Bypass FET (G drive) is turned OFF when voltage between BST to SRC falls below
V(gsT_uvLor) and FLT asserts low.

» Bypass FET Short-circuit Protection (Wakeup in short): This protection is available until VGS of bypass
FET (G to SRC) reaches Vg goop threshold. If voltage across CS2+ and CS2- exceeds the set short-circuit
threshold V( pm_scp) then, the device transitions to LOAD WAKEUP state by turning ON main FET (GATE
drive) within t pp sc time.

In LOAD WAKEUP state if load current is still high and exceeds set short-circuit threshold (Vgcp) then, the
device turns OFF main path (GATE drive) and bypass FET (G drive) within tgc time. The device goes in
auto-retry or latch-off based on the selected configuration and FLT asserts low.

8.4.6 Active Mode (AM)

The device transitions from shutdown mode to active mode directly when EN/UVLO and LPM are driven high
together at same time.

TPS1214-Q1 transitions from low power mode into active mode by:

« External Trigger: Drive LPM high externally.

» Internal Trigger: After load current exceeds load wakeup threshold (I ywy), TPS1214-Q1 automatically turns
ON main FET (GATE drive) and turns OFF the bypass FET (G drive). Drive LPM high after load wakeup
event to switch to active mode.

In this mode, charge pump, gate drivers and all protections are enabled. The main FET (GATE drive) can be
tuned ON or OFF by driving INP high or low respectively and bypass FET (G drive) is turned OFF and WAKE pin
asserts low in this state.

The device exits active mode and enters low power mode when LPM is pulled low.
Protections available in active state are:

* Input UVLO: Main FET (GATE drive) is turned OFF when voltage on EN/UVLO falls below Vv oF)-

* Charge pump UVLO: Main FET (GATE drive) is turned OFF when voltage between BST to SRC falls below
V(gsT_uvLor) and FLT asserts low.

* Main path It protection: Main FET (GATE drive) is turned OFF when voltage across CS1+ and CS1-
remains above |2t start threshold (V(ocp)) for time set by the 12t factor based on Cjy. The device goes in
auto-retry or latch-off based on the selected configuration and FLT asserts low.
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* Main path Short-circuit protection: Main FET (GATE drive) is turned OFF when voltage across CS1+ and
CS1- exceeds the set short-circuit threshold (V(scp)). The device goes in auto-retry or latch-off based on the
selected configuration and FLT asserts low.
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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

9.2 Typical Application 1: Driving Power at all times (PAAT) Loads With Automatic Load

Wakeup

Q3

Ravrass

CS2+ CS2-

! R

Rsns

—— S

a

' —/ A | *
Riscp RseT 2l [
CS2+ CS2- % % Rwre ¢ 1
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Figure 9-1. TPS1214-Q1 Application circuit for driving power at all times (PAAT) loads with automatic

9.2.1 Design Requirements

load wakeup

Table 9-1. Design Parameters

PARAMETER VALUE
Typical input voltage, Veart min t0 VBATT MmaAX 8V to 16V
Undervoltage lockout set point, ViyuvLo 6.5V
Maximum load current, loyt 35A
12t Start threshold, loc 40A
12t Protection threshold 3000AZs
Maximum overcurrent threshold, loc_max 120A
Short-circuit protection threshold, Isc 130A
Fault response Auto-retry
Auto-retry time 1000ms
Load wakeup threshold, Iy 200mA
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9.2.2 Detailed Design Procedure
Selection of Current Sense Resistor, Rgys

The recommended range of the |2t based overcurrent protection threshold voltage, V(sns_ocp), extends from
6mV to 200mV. Values near the low threshold of 6mV can be affected by the system noise. Values near the
upper threshold of 200mV can cause high power dissipation in the current sense resistor. To minimize both the
concerns, 20mV is selected as the |2t protection start threshold voltage. The current sense resistor, Rgyg can be
calculated using following equation:

_ V(sNs_ocp)

RsNs = —Toc (18)

For 40A (loc) of 12t protection start threshold, Rgns is calculated to be 0.5mQ,
Two of 1mQ, 1% sense resistor can be used in parallel.
Selection of IMON Scaling Resistor, Rget

RseT is the resistor connected between VS or input supply and CS1+ pins. This resistor scales the [%t based
overcurrent protection threshold voltage and coordinates with R,gc, charging current on Cj5; and Ryyon t0
determine the 12t profile and current monitoring output.

The maximum current on 12t pin can be calculated based on short-circuit protection (Isc) threshold based on
following equation:

I2emax (14) = K xIgc? (19)
where scaling factor, K can be calculate based on below equation:

RSNS)Z
RSET
IB1AS

(0.1 X
Scaling factor | K | =

(20)

Rset needs to adjusted so that Ijp; vax is always less than 100pA. The recommended range of Rget is 100Q—
500Q.

Rser is selected as 300Q, 1% for this design example to get I max current < 100pA.
Choosing the Current Monitoring Resistor, Rjyon

Voltage at IMON pin V(uon) is proportional to the output load current. This can be connected to an ADC of
the downstream system for monitoring the operating condition and health of the system. The Ryyon must be
selected based on the maximum load current and the input voltage range of the ADC used. Rjyon is set using
following equation:

0.9 X RiMON
Vamon) = (VSNS + V(VOS_SET)) X —Rgppr (21)

Where Vsns = loc_max * Rsns and V(os seT) is the input referred offset (+150uV) of the current sense ampilifier.
For loc_max = 120A and considering the operating range of ADC to be 0V to 3.3V (for example, V(mon) = 3.3V),
Rimon is calculated to be 18.33kQ.

Selecting Ryyon value less than shown in Equation 21 ensures that ADC limits are not exceeded for maximum
value of load current. Choose the closest available standard value: 18.2kQ, 1%

Selection of Main path MOSFETs, Q1 and Q2

Q1 and Q2 For selecting the MOSFET Q1 and Q2, important electrical parameters are the maximum continuous
drain current ID, the maximum drain-to-source voltage Vpsuax), the maximum drain-to-source voltage Vgsmwax),
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and the drain-to-source ON resistance Rpsion)- The maximum continuous drain current, ID, rating must exceed
the maximum continuous load current. The maximum drain-to-source voltage, Vpsmax), must be high enough to
withstand the highest voltage seen in the application. Considering 35V as the maximum application voltage due
to load dump, MOSFETs with VDS voltage rating of 40V is chosen for this application.

The maximum VGS TPS1214-Q1 can drive is 12V, so a MOSFET with 15V minimum VGS rating must be
selected.

To reduce the MOSFET conduction losses, an appropriate Rpson) is preferred. Based on the design
requirements, two of BUK7J1R4-40H are selected and its ratings are:

40V VDS(MAX) and £20V VGS(MAX)
Rps(on) is 1.06mQ typical at 10V VGS
 MOSFET Qg(total) is 73nC typical

Tl recommends to make sure that the short-circuit conditions such Vgart max and Isc are within SOA of selected
FETs (Q1 and Q2) for > tgc (5us max) timing.

Selection of Bootstrap Capacitor, Cgst

The internal charge pump charges the external bootstrap capacitor (connected between BST and SRC pins)
with approximately 600pA. Use the following equation to calculate the minimum required value of the bootstrap
capacitor for driving two parallel BUK7J1R4-40H MOSFETs.

CpsT = m (22)

Choose closest available standard value: 150nF, 10 %.
Programming the I’T Profile, Rjoc and C5; Selection

The Rjoc sets the 12T protection start threshold, whose value can be calculated using following equation:

V,
Ruoc <Q> _ Vewr.oc) 23)
K x (Ipc)

where scaling factor, K can be calculate based on below equation:

R 2
(0.1 x SNS)

R
Scaling factor | K | = I SET
BIAS

(24)
To set 40A as 12T protection start threshold, R o value is calculated to be 23kQ.
Choose the closest available standard value: 23kQ, 1%.

The time to turn OFF the gate drive at maximum overcurrent limit (loc_max) can be determined using below
equation:

_ 12T factor
foc_MIN (S> ~ Toc_MAX X 10C_MAX (25)

To set 3000A%s as I2T factor, toc_win Value is calculated to be 208ms.

Use Equation 26 to calculate the required Cjy value:

K X toc_MIN 2 2
= = X —
Crae (F) V(12t_0C) — V(i2t_OFFSET) [foc_max” = Toc’] (26)

38 Submit Document Feedback Copyright © 2024 Texas Instruments Incorporated
Product Folder Links: TPS1214-Q1


https://www.ti.com/product/TPS1214-Q1
https://www.ti.com/lit/pdf/SLUSFA1
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLUSFA1&partnum=TPS1214-Q1
https://www.ti.com/product/tps1214-q1?qgpn=tps1214-q1

13 TEXAS
INSTRUMENTS TPS1214-Q1
www.ti.com SLUSFA1 - SEPTEMBER 2024

To set 3000A2s as 12T factor with 40A as I2T start threshold and 120A as maximum overcurrent, Cy; is calculated
to be ~880nF.

Choose the closest available standard value: 1uF, 10%.
Programming the Short-Circuit Protection Threshold, R;scp Selection
The R,scp sets the short-circuit protection threshold, whose value can be calculated using following equation:

Isc X Rgns — 1.8
Riscp (kﬂ) == TIscp (27)

To set 130A as short-circuit protection threshold, R|scp value is calculated to be 2.53kQ for two FETs in parallel.
Choose the closest available standard value: 2.55kQ, 1%.
Programming the Fault Timer Period, Cryr Selection

For the design example under discussion, the auto-retry time, tretry Can be set by selecting appropriate
capacitor Cyyr from TMR pin to ground. The value of Ctyr to set 1ms for tgerry Ccan be calculated using
following equation:

V(TMR_HIGH) — V(TMR_LOW)
I(TMR_SRC)

tRETRY (S> = 64 X CTMR X (28)

To set 1000ms as auto-retry time, Ctyr value is calculated to be 39.06nF.
Choose closest available standard value: 47nF, 10%.
Programming the Load Wakeup Threshold, Rgypass and Q3 Selection

During normal operation, the resistor Rgypags along with bypass FET Rpgoy is used to set load wakeup current
threshold. For selecting the MOSFET Q3, important electrical parameters are the maximum continuous drain
current ID, the maximum drain-to-source voltage Vpsuax), the maximum drain-to-source voltage Vgsax), and
the drain-to-source ON resistance Rpson)-

Based on the design requirements, BUK6D23-40E is selected and its ratings are:

o 40V VDS(MAX) and 20V VGS(MAX)
Rps(on) is 17mQ typical at 10V VGS
MOSFET Qgqgtotary is 11nC typical
MOSET VGS(th) is 1.3V min
MOSFET C,gg is 582pF typical

Setting the Undervoltage Lockout Set Point, R3 and R4

The undervoltage lockout (UVLO) can be adjusted using an external voltage divider network of R3 and R4
connected between VS, EN/UVLO and GND pins of the device. The values required for setting the undervoltage
and overvoltage are calculated by solving below equation:

R4
VvLor) = VINUVLO X R3 + ’& (29)

For minimizing the input current drawn from the power supply, Tl recommends to use higher values of resistance
for R3 and R4. However, leakage currents due to external active components connected to the resistor string
can add error to these calculations. So, the resistor string current, lr34) must be chosen to be 20 times greater
than the leakage current of UVLO pin.

From the device electrical specifications, VyvLor) = 1.2V. From the design requirements, ViyyyLo is 6.5V. To
solve the equation, first choose the value of R3 = 470kQ and use Equation 29 to solve for R4 = 107.5kQ.

Choose the closest standard 1% resistor values: R3 = 470kQ), and R4 = 107kQ.
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9.2.3 Application Curves

Figure 9-2. Start-Up Profile of Low Power Path
(LPM = Low, VIN =12V, No Load, Cggt = 470nF)

Figure 9-3. State Transition From LPM to Active
Mode (LPM = Low, VIN =12V, EN/UVLO = High)

Figure 9-4. Zoom-In View of State Transition From
LPM to Active Mode (LPM = Low, VIN =12V, EN/
UVLO = High)

Figure 9-5. When LPM = Low in LOAD WAKEUP
state, INP Has No Control on GATE

Figure 9-6. State Transition From LPM to Active
Mode (LPM = Low to High, VIN =12V, No Load)

Figure 9-7. With LPM = Low to High, INP Gained
Control on GATE (VIN = 12V, No Load)
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Figure 9-8. I2T based Overcurrent Response of
TPS1214-Q1 EVM for 6A to 16A Load Step

Figure 9-9. I2T based Overcurrent Response of
TPS1214-Q1 EVM for 6A to 23A Load Step

Figure 9-10. Auto-Retry Response of TPS$1214-Q1
for an 12T-Based Overcurrent Fault

Figure 9-11. Latch-Off Response of TPS1214-Q1 for
an 12T-Based Overcurrent Fault

Figure 9-12. Output Short-Circuit Response of
TPS1214-Q1

Figure 9-13. TPS1214-Q1 Current Monitoring
Output (IMON) Transient Response
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Figure 9-14. GATE Turn-ON During Input Reverse
Battery Fault for TPS12141-Q1 and TPS12143-Q1

Figure 9-15. GATE Turn-OFF During Input Reverse
Battery Fault for TPS12140-Q1 and TPS12142-Q1

Figure 9-16. SCP_TEST Diagnosis in Active Mode
(LPM = High)

Figure 9-17. SCP_TEST Diagnosis in Low Power
Mode (LPM = Low)

9.3 Typical Application 2: Driving Power at all times (PAAT) Loads With Automatic Load

Wakeup and Output Bulk Capacitor Charging

42 Submit Document Feedback

Copyright © 2024 Texas Instruments Incorporated

Product Folder Links: TPS1214-Q1


https://www.ti.com/product/TPS1214-Q1
https://www.ti.com/lit/pdf/SLUSFA1
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLUSFA1&partnum=TPS1214-Q1
https://www.ti.com/product/tps1214-q1?qgpn=tps1214-q1

i3 TEXAS

INSTRUMENTS TPS1214-Q1
www.ti.com SLUSFA1 — SEPTEMBER 2024
Rsyrass E’ﬁ—
T 1
CS2+  CS2- l_K_l
L Cs
T ECU Load
VBATT Rsns L_K_l =

& a Py AM
RISCP% %RSET
CS2+ CS2-
T T

LT

CBSTT

ICS2+CS2-ISCPCS1+ CS1- TMP GATE SRC BST G

VS
EN/UVLO
R4 FLT
ON [OFF —®»| INP TPS1214x-Q1
—  Active [LPM Y
SCP_TEST
J_— I0C 2t TMR GND ITMPO IMON WAKE
Rioc Im :I: JT_ RitmPo S Rimon

VOUT

S

1D

Cout J_

Figure 9-18. TPS1214-Q1 Application circuit for driving power at all times (PAAT) loads with automatic
load wakeup and output bulk capacitor charging

9.3.1 Design Requirements

Table 9-2. Design Parameters

PARAMETER VALUE
Typical input voltage, Veart min t0 VBATT MAX 8V to 16V
Undervoltage lockout set point, Viyuvio 6.5V
Maximum load current, loyt 35A
12T Start threshold, loc 40A
I2T Protection threshold 3000A2s
Maximum overcurrent threshold, loc_max 120A
Short-circuit protection threshold, Isc 130A
Fault response Auto-retry
Auto-retry time 1000ms
Load wakeup threshold, Iy 200mA
Output bulk capacitor, Coyt 1mF
Court charging time, Tcharge 10ms

9.3.2 External Component Selection

By following similar design procedure as outlined in Section 8.2.2, the external component values are calculated

as below:
. RSNS =0.5mQ
* RSET =300Q

* RIMON =18.2kQ

* Rioc = 23kQ to set 40A as It protection start threshold

+  Cjp = 1uF to set 3000AZs as I2T factor
° CBST =150nF

* Riscp = 2.55kQ to set 130A as short-circuit protection threshold

*  Ctmr =47nF to set 1000ms auto-retry time
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* R3 and R4 are selected as 470kQ and 107kQ respectively to set VIN undervoltage lockout threshold at 6.5V
Programming the Load Wakeup Threshold, Rgypass and Q3 Selection

During normal operation, the series resistor Rgypass is used to set load wakeup current threshold. After
Ve coop threshold is reached, the voltage between CS2+ and CS2- is compared against Vwuy) threshold
(200mV typ) for load wakeup event. For selecting the MOSFET Q3, important electrical parameters are the
maximum continuous drain current Ip, the maximum drain-to-source voltage Vpgax), the maximum drain-to-
source voltage Vgs(max), and the drain-to-source ON resistance Rpson-

Based on the design requirements, BUK7J1R4-40H is selected and its ratings are:
40V Vpsmax) and +20V Vgsmax)

Rps(on) is 1.06mQ typical at 10V VGS

Rpypass resistor value can be selected using below equation:

VLwu)
ILwu (30)

Rpypass =

To set 200mA load wakeup current, Rgypass resistor is calculated to be 1Q.

The average power rating of the bypass resistor can be calculated by following equation:

2
Pave = Itwu” X Rpypass (31)

The average power dissipation of Rgypass is calculated to be 0.04W.

The peak power dissipation in the bypass resistor is given by following equation:

VBATT MAXZ
Rrvorce (32)

PPEAK = ~Rpypass

The peak power dissipation of Rgypass is calculated to be ~256W. The peak power dissipation time for power-up
with short into LPM can be derived from t py_sc) parameter (5us) in electrical characteristics table.

Based on Ppeak and tpm_sc), 1Q, 1%, 3/4W CRCW12101R00FKEAHP resistor is used to support both average
and peak power d|53|pat|on for > tLpm_sc) time. Tl suggests the designer to share the entire power dissipation
profile of bypass resistor with the resistor manufacturer and get their recommendation.

The peak short-circuit current in bypass path can be calculated based on following equation:

VBATT_MAX (33)

IPEAK_BYPASS = ~Rpypass

lpeak_BYPAss is calculated to be 16A based on Rgypass selected in Equation 30. Tl suggest the designer
to ensure that operating point (Veart max, IPEAK BYPASS) fOr bypass path (Q3) is within the SOA curve for >

t(LPM_SC) time.
Programming the Inrush Current, Ry and Cg4 Selection

Use following equation to calculate the lyrusH:

VBATT_MAX (34)

IiNrusH = CLoaD X Teharge

IinrusH calculated in Equation 34 should be always less than wakeup in short in low power mode (I pm_sc)
current which can be calculated using following equation:

2V
I = g
LPM_SC =~ Rpypass (3%)
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For 1Q Rgypass, lLpm_sc is calculated to be 2A which is less than liyrysh-
Use following equation to calculate the required C4 based on lyrysH calculated in Equation 34.

_ CLoap X I(g)
€&~ IINRUSH (36)

Where, |(g) is 100pA (typical)

To set livrusH at 1.6A, Cy value is calculated to be ~50nF.

A series resistor Ry must be used in conjunction with Cg to limit the discharge current from Cg during turn-off .
The chosen value of Ry is 100Q and Cy is 68nF.

9.3.3 Application Curves

Figure 9-19. Inrush Current Profile With 1000uF at | Figure 9-20. Inrush Current Profile With 1000uF at
the Output (LPM = Low) the Output and 0.5A Load (LPM = Low)

9.4 Power Supply Recommendations

When the external MOSFETs turn-OFF during the conditions such as INP control, overcurrent or short-circuit
protection causing an interruption of the current flow, the input parasitic line inductance generates a positive
voltage spike on the input and output parasitic inductance generates a negative voltage spike on the output. The
peak amplitude of voltage spikes (transients) depends on the value of inductance in series to the input or output
of the device. These transients can exceed the Absolute Maximum Ratings of the device if steps are not taken to
address the issue. Typical methods for addressing transients include:

» Use of a TVS diode and input capacitor filter combination across input to and GND to absorb the energy and
dampen the positive transients.
» Use of a diode or a TVS diode across the output and GND to absorb negative spikes.

The TPS1214-Q1 gets powered from the VS pin. Voltage at this pin must be maintained above V(ys porr level
to ensure proper operation. If the input power supply source is noisy with transients, then Tl recommends to
place a Rys — Cys filter between the input supply line and VS pin to filter out the supply noise. Tl recommends
an Ryg value around 100-Q and Cy;g value around 0.1 pF.

TPS1214-Q1 uses CS2+ pin for sensing input reverse polarity fault event. If the input power supply source is
noisy with transients, then Tl recommends to place a Rcsy — Ceso filter between the input supply line and CS2+
pin to filter out the supply noise. Tl recommends an R¢s, value around 100-Q and C¢g, value around 0.1 pF.

In a case where large di/dt is involved, the system and layout parasitic inductances can generate large
differential signal voltages between CS1+ and CS1- pins. This action can trigger false short-circuit protection
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and nuisance trips in the system. To overcome such scenario, Tl suggests to add a placeholder for RC filter
components across the sense resistor (Rgns) and tweak the values during test in the real system.

Figure 8-16 shows the circuit implementation with optional protection components.

Revpass Eﬁ
VW

Parasitic — Q1 Parasitic
VBATT inductance T Rens »q_l vouT inductance
23 . Y
M

Cast

CS2+ CS2-

T , I 0_“_| D2
CS2+CS2- ISCP CS1+ CS1-  GATE SRC BST G
VS

:|: TPS1214x-Q1

@
P
lw]

|||—

Figure 9-21. Circuit Implementation With Optional Protection Components For TPS1214-Q1

9.5 Layout
9.5.1 Layout Guidelines

The sense resistor (Rgns) must be placed close to the TPS1214-Q1 and then connect Rgng using the

Kelvin techniques. Refer to Choosing the Right Sense Resistor Layout for more information on the Kelvin
techniques.

For all the applications, Tl recommends a 0.1 pyF or higher value ceramic decoupling capacitor between VS
terminal and GND. Consider adding RC network at the supply pin (VS) of the controller to improve decoupling
against the power line disturbances.

The high current path from the board’s input to the load, and the return path, must be parallel and close to
each other to minimize loop inductance.

The external MOSFETs must be placed close to the controller such that the GATE of the MOSFETs are close
to GATE pin to form short GATE loop. Consider adding a place holder for a resistor in series with the Gate of
each external MOSFET to damp high frequency oscillations if need arises.

Place a TVS diode at the input to clamp the voltage transients during hot-plug and fast turn-off events.

The external boot-strap capacitor must be placed close to BST and SRC pins to form very short loop.

The ground connections for the various components around the TPS1214-Q1 must be connected directly to
each other, and to the TPS1214-Q1’s GND, and then connected to the system ground at one point. Do not
connect the various component grounds to each other through the high current ground line.
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9.5.2 Layout Example

Top Layer
Inner Layer GND plane
Inner Layer PGND plane

Via to GND plane

co NN

Via to PGND plane

RBYPASS
L l

OJ©

Figure 9-22. Typical PCB Layout Example of TPS1214-Q1
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10 Device and Documentation Support

Tl offers an extensive line of development tools. Tools and software to evaluate the performance of the device,
generate code, and develop solutions are listed below.

10.1 Device Support
10.2 Documentation Support
10.2.1 Related Documentation

10.3 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.

10.4 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.

10.5 Trademarks

TI E2E™ is a trademark of Texas Instruments.

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

This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled
‘ with appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

‘Q \ 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.

10.7 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
September 2024 * 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 devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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12.1 Tape and Reel Information
REEL DIMENSIONS TAPE DIMENSIONS

4 +‘|¢K0 <+ P1—»

oo & olo & 9 & T
& O &|( Bo W
Reel l

| |
Diameter
Cavity *I A0 |¢

A0 | Dimension designed to accommodate the component width

B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
4 W | Overall width of the carrier tape

i P1 | Pitch between successive cavity centers

t Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE

o O O O O O O O O Sprocket Holes
I I
[ [
Q1 : Q2 Q1 : Q2
77777777 777T77 B . .
Q3 1 Q4 Q3 I Q4 User Direction of Feed
| w A | v
T T
N
Pocket Quadrants
Device Package | Package | Pins SPQ Reel Reel A0 BO KO P1 w Pin1
Type Drawing Diameter Width W1 (mm) (mm) (mm) (mm) (mm) Quadrant
(mm) (mm)
PTPS12140QRGERQ1 | VQFN RGE 23 3000 330.0 12.4 4.25 4.25 1.15 8.0 12.0 Q2
PTPS12141QRGERQ1 | VQFN RGE 23 3000 330.0 124 425 4.25 1.15 8.0 12.0 Q2
PTPS12142QRGERQ1 | VQFN RGE 23 3000 330.0 124 425 4.25 1.15 8.0 12.0 Q2
PTPS12143QRGERQ1 | VQFN RGE 23 3000 330.0 12.4 4.25 4.25 1.15 8.0 12.0 Q2
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TAPE AND REEL BOX DIMENSIONS

Device Package Type Package Drawing | Pins | SPQ Length (mm) | Width (mm) | Height (mm)
PTPS12140QRGERQ1 VQFN RGE 23 3000 367.0 367.0 35.0
PTPS12141QRGERQ1 VQFN RGE 23 3000 367.0 367.0 35.0
PTPS12142QRGERQ1 VQFN RGE 23 3000 367.0 367.0 35.0
PTPS12143QRGERQ1 VQFN RGE 23 3000 367.0 367.0 35.0
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12.2 Mechanical Data

PACKAGE OUTLINE
RGE0023A VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

j 0.2) TYP
12

THERMAL PAD

1 |
9 ‘ E
PIN 1 INDEX AREAJ NNAS A LAAA A A LAAS A M g ;
% I (0.1) MIN
©. 13) —
[} SECTION A-A
TYPICAL
1.0
08
jx__g _ _O
0.05
0.00
i 2x[25 i
EXPOSED | f—01.9 04— 1

|
W U U1 U U
18X-:J: E_w U Uiu U LHAEB ) (0.16)TYPLD‘
1 T
T 1SS N
2X 017 D) 5l d
I) \ (@«
I) |
—E— —
ANA ﬂ ANA ﬂ l
“PIN 2ONLY “ S\&_’\AM 05
(d5'X0.3) 203

4230351/B  02/2024

NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

2. This drawing is subject to change without notice.

3. The package thermal pad must be soldered to the printed circuit board for thermal and mechanical performance.
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EXA
RGE0023A

MPLE BOARD LAYOUT
VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

@1.9)

SYMM
¢

. 27 1 \
PIN 2 ONLY

T Apea——

l@
:

o
1L

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:18X

0.05 MAX
ALL AROUND

EXPOSED METAL

METAL
EXPOSED METAL

T __SOLDER MASK
OPENING

NON SOLDER MASK
DEFINED
(PREFERRED)

SOLDER MASK DETAILS

(®0.2) TYP 1
‘ VIA ‘ ‘
‘ @ﬂﬂr@ﬂ -
| |
| - o |
L (3.8) ﬂ‘

0.05 MIN
ALL AROUND
SOLDER MASK

; OPENING
T ;
‘
‘
S METAL UNDER

|
=7 SOLDER MASK

SOLDER MASK
DEFINED

4230351/B  02/2024

NOTES: (continued)

4. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature

number SLUA271 (www.ti.com/lit/slua271).

5. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown

on this view. It is recommended that vias under paste be filled, plugged or tented.
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EXAMPLE STENCIL DESIGN

RGE0023A VQFN - 1 mm max height
PLASTIC QUAD FLATPACK - NO LEAD
—— O1.71) ——]
24 19
e | OOt
22X (0.25) 1 [ T 1t
| 18
0.27) 1 | T
PIN 2 ONLY T 1 ‘
C:j i,{::‘ i (1.25)
SY(LMMi,Cgi,iﬁ’;H,i’Lg,i;,i,i,CD Y (3.8)
18X1(075)7
ey

HEHEHHHT

SYMM

_— 1
T
13

D
-+

(38)

SOLDER PASTE EXAMPLE
BASED ON 0.1 mm THICK STENCIL

THERMAL PAD 25:

77% PRINTED SOLDER COVERAGE BY AREA UNDER PACKAGE

SCALE:20X

NOTES: (continued)

6. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate

design recommendations.
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PACKAGING INFORMATION

Samples

Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ® (415)
(6)
PTPS12140QRGERQ1 ACTIVE VQFN RGE 23 3000 TBD Call Tl Call T -40to 125
PTPS12141QRGERQ1 ACTIVE VQFN RGE 23 3000 TBD Call Tl Call Tl -40 to 125 -

@ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

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

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

OBSOLETE: Tl has discontinued the production of the device.

@ RoHS: Tl defines "ROHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

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

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

® | ead finish/Ball material - Orderable Devices 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.

Important Information and Disclaimer:The information provided on this page represents Tl'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 TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the 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
TI 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 © 2024, Texas Instruments Incorporated
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