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4 Device Comparison

£ 4-1. Device Comparison

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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5-1. RGE Package, 23-Pin VQFN (Transparent Top View)
# 5-1. Pin Functions
PIN
NAME TPS12140-Q1 TPS12142-Q1 TYPE(1) DESCRIPTION
TPS12141-Q1 | TPS12143-Q1

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.

EN/UVLO 1 1 Forcing this pin below V(gnry 0.3V shuts down the device reducing quiescent
current to approximately 1pA (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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# 5-1. Pin Functions (%i¥)

PIN

TPS12140-Q1 | TPS12142-Q1 | TYPE() DESCRIPTION
TPS12141-Q1 | TPS12143-Q1

NAME

Internal short-circuit comparator (SCP) diagnosis input.

When driven low to high, the internal SCP comparator operation is checked. FLT
SCP_TEST 4 4 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.

Open drain WAKE output.
WAKE 5 5 O 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, 12t timer trigger,
SCP_TEST.

This pin asserts low after the voltage on the 12t pin has reached the fault

FLT 6 6 O 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.

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.

TMR 7 7

GND 8 8 G Connect GND to system ground.

Analog current monitor output.

This pin sources a scaled down ratio of current through the external current
IMON 9 9 O 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.

Analog temperature output.

Analog voltage feedback provides a voltage proportional to thermistor
temperature.

If unused, leave floating.

ITMPO 10 10 o}

Overcurrent detection setting.
10C 11 — A resistor across I0C to GND sets the over current comparator threshold. I0C
pin can also be driven externally using MCU.

N.C. — 11 — No connect.

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

12t 12 — o}

N.C. — 12 — No connect.

Gate of external bypass FET.
G 13 13 (6] 100pA peak source and 0.39A sink capacity.
Connect to the gate of the external bypass FET.

High side bootstrapped supply.
BST 14 14 O 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 (0] Source connection of the external FET.
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# 5-1. Pin Functions (%i¥)

PIN
NAME TPS12140-Q1 | TPS12142-Q1 |TYPE(") DESCRIPTION
TPS12141-Q1 | TPS12143-Q1
High current gate driver pull-up and pull-down.
0.5A peak source and 2A sink capacity.

GATE 16 16 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.

Temperature input.

TMP 18 18 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.

Main path current sense positive input.

CS1+ 20 20 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 .sett?ng. o .

Connect ISCP to CS1- if short-circuit protection is not desired.

'S 22 22 P Supply pin of the controller.

CS2- 23 23 | Bypass path current sense negative input.

Bypass path current sense positive input.

CS2+ 24 24 | P P P P . .

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.

6 BRHCIT BT — RS2 (DB RBE bt B
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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 Vv
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 Vv
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)> 0V -1 74 \
Input pins EN/UVLO, INP, LPM, V(yg) <0V Vivsy (70 +V(s)) \
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 IMON to GND -1 5.5 \%
Output pins :)Zr:ileMPO to GND, For TPS12140-Q1 and TPS12141-Q1 1 75 v
Output pins ITMPO to GND, For TPS12142-Q1 and TPS12143-Q1 only -1 7.5 \Y
Output pins GATE, G, BST to GND -65 88 \%
Sink current lics1+) to lcs1o), Tmsec ; lics2+) to lics2o), 1msec 100 mA
Operating junction temperature, T; @) —40 150 o
Storage temperature, Tgq —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
Inbut pins VS, CS1+, CS1-, CS2+, CS2—, ISCP, TMP to GND, For TPS12140-Q1 and 60 73 v
PULPINS | 1p512142-Q1 only
Inout pins VS, CS1+, CS1-, CS2+, CS2—, ISCP, TMP to GND, For TPS12141-Q1 and a5 73 Vv
PULPINS | 1p512143-Q1 only
Copyright © 2024 Texas Instruments Incorporated HFHE 57— RN 2 (DRSBTS PE) #55F 7
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6.3 Recommended Operating Conditions (¥tX)

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

MIN NOM MAX UNIT

Input pins  |EN/UVLO, INP, LPM 0 73 \Y
Input pins |SCP_TEST to GND 0 15 \Y
Input pins  |IOC, TMR to GND, For TPS12140-Q1 and TPS12141-Q1 only 0 \Y
Input pins | TMR to GND, , For TPS12142-Q1 and TPS12143-Q1 only 0 \Y
Output pins |12t, IMON, ITMPO to GND, For TPS12140-Q1 and TPS12141-Q1 only 0 \Y
Output pins | IMON, ITMPO to GND, For TPS12142-Q1 and TPS12143-Q1 only 0 \%
Output pins |FLT, WAKE to GND 0 15 \Y
External —|\/5 SRC to GND 22 nF
capacitor
External | por 44 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 UNIT
23 PINS
Rgya Junction-to-ambient thermal resistance 43 °C/W
Rauc(top) Junction-to-case (top) thermal resistance 38.3 °C/W
Rgus Junction-to-board thermal resistance 20.8 °C/W
YT 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 73 Vv
V(vs_PORR) Input supply POR threshold, rising 2.05 2.6 3.32 \Y
V(vs_PORF) Input supply POR threshold, falling 2 2.5 3 \%
Total System Quiescent current, lgnp) ¥§3Egl1ug%_2()).=Qv1(?é ?’IESV12141-Q1 only 380 475| pA
Total System Quiescent current, gnp) \T/f:ESQUﬁ/ﬁ);Q\Q(?é ?gs\/{2143_Q1 onl 310 457| pA
y
Total System Quiescent current, lignpy |VENUVLO) = 2V, Vitem) = 0 V 20 24 A
S et e o) Vo= 24 e =0 s s
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6.5 Electrical Characteristics (¥tX)
T, =-40 °C to +125°C. V(VS) =12V, V(BST—SRC) =12V, V(SRC) =0V

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
I(sHON) SHDN current, lgnp) Visre) = 12V, Vienuvio) = 0V, 0.9 3| A
V(sre)=0V
livs) leakage current during Reverse 0VsVygs-65V
lRev_vs) Polarity TPS12140-Q1 and TPS12142-Q1 only 50 100 A
livs) leakage current during Reverse 0VsVygs-45V
Rev) Polarity TPS12141-Q1 and TPS12143-Q1 only 145 18| mA
| Iisrc) leakage current during Reverse |0V <V(yg)<—-65V 85 15 A
(REV_SRC) Polarity TPS12140-Q1 and TPS12142-Q1 only : H
| Iisrc) leakage current during Reverse |0V <V(yg <—45V 60 05 A
(REV_SRC) Polarity TPS12141-Q1 and TPS12143-Q1 only H
ENABLE, UNDERVOLTAGE LOCKOUT (EN/UVLO) AND SCP_TEST
V(uvLoR) UVLO threshold voltage, rising 1.16 1.2 1.245 Vv
V(uvLOF) UVLO threshold voltage, falling 1.09 1.1 1.16 \Y
Vv Enable threshold voltage for low Iq 1 Vv
(ENR) shutdown, rising
Enable threshold voltage for low Iq
Vienr) shutdown, falling 0.3 v
lEnuvLO) Enable input leakage current VEnuvLo) =12V 500 nA
V(SCP_TEST_H) SCP_TEST mode rising threshold 24 \Y
V(SCP_TEST_L) SCP_TEST mode faIIlng threshold 0.6 \Y
liscp_TEST) SCP_TEST input leakage current 500 nA
CHARGE PUMP (BST-SRC)
I(BST_LPM) Charge Pump Supply current in LPM V(f‘_SRC) =10V, Venwvio = 2V, 175 370 575| pA
- Vicemy =0V
Charge Pump Supply current in active |Vgst_src) = 10V, Venuvioy= 2V,
IBsT_AM) mode Vieem = 2V 300 600 775 HA
:I/é?r?;_ src) UVLO voltage threshold, Vienuvioy= 2V 7 76 8.4 Vv
\
(BST UVLO)
V(B.ST_ src) UVLO voltage threshold, Vienuvioy= 2V 6 6.6 73 Vv
falling
Charge Pump Turn ON voltage in _ _
Charge Pump Turnoff voltage in active
VCP(HIGH_AM) mod(g p 9 V(EN/UVLO) =2 V, V(W) =2V 10.42 11.3 13 \Y
Charge Pump Turn ON voltage in low
VCP(LOW_LPM) powe?’ modep 9 V(EN/UVLO) =2 V, V(W) =0V 8.3 9.3 10.2 \
Charge Pump Turnoff voltage in low
VCP(HIGHiLPM) powe?‘ modep 9 V(EN/UVLO) =2V, V(m) =0V 9.02 10.3 11.8 V
Charge Pump Voltage at V(ygy =3 Vin
VCPam_vs_3v) activg mode P 9 vs) Venuveoy=2V, Viemy =2V 8 \%
Charge Pump Voltage at V(ysy=3 Vin _ -
VCPwPMVS3V) 10w power mode vs) Venuveo)y=2V, Viemy =0V 8 \Y
G Drive Good rising threshold w.r.t
V(G_GOOD) BST 2.2 4 \%
Iisro) SRC pin leakage current V(EN/UVL-O) = 2V Vane) =0, 157 uA
Viemy =2V
GATE DRIVER OUTPUTS (GATE, G)
l(GATE) Peak Source Current 0.5 A
l(GATE) Peak Sink Current A
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6.5 Electrical

Characteristics (%:X)

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

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Gate charge (sourcing) current, on
I(G) state 100 }JA
lg) G Peak Sink Current 390 mA
CURRENT SENSE AND CURRENT MONITOR (CS1+, CS1—, IMON)
Input referred offset (VSNS to V(IMON) _
V(os_seT) scaling) 140 140 v
V(GE_SET) Gain error (VSNS to V(IMON) scaling) -1 1 %
V(IMON_ACC) IMON accuracy Vsns = 6 mV -5 5 %
V(IMONiAcc) IMON accuracy Vgns = 10 mV -5 5 %
V(IMONiAcc) IMON accuracy Vgns = 15 mV -2 2 %
V(IMON_Acc) IMON accuracy Vgns = 30 mV -2 2 %
OVERCURRENT (I2t) AND SHORT CIRCUIT PROTECTION (IOC, I2t, ISCP)
V(ocp) OCP threshold accuracy 15 mV 2 Vgcpy 2 100 mV -7.5 7.5 %
. 15mvz2V =100 mV,
2 2 (ocp) ) . 0
1° (12t_Acc) 1< current accuracy on 12t pin Vens = Vioor) + 50% of Vocp) 15 15 %
. 15mvVzV =100 mV,
2 2 (ocp) ) . 0
1 12t_Acc) 1< current accuracy on 12t pin Vens = Viocr) + 100% of Vioce) 10 10 %
. 15mvVzV =100 mV,
2 2 (ocP) ) _ 0
1€ (12t_Aco) 12 current accuracy on 12t pin Vens = Vioce) + 200% of Vioce) 10 10 %
12t pin voltage threshold for
Va2t oc) overcurrent shutdown 1.93 2 209V
L2t Gharge) Charging current on 12t pin to 5100 uA
—-harg V(i2t_OFFSET)
R(2t_pischarge) Internal switch discharge resistance 1200 Q
V12t OFFSET) 12t pin offset voltage 490 500 515 mV
V(REF_oC) I0C pin reference voltage 190 200 205 mVv
V =20 mV,
(SNS_SCP) )
V(scp) SCP threshold accuracy Rusce) = 732 O 19 20 21 mV
\Y, =100 mV,
(SNS_SCP) )
V(scp) SCP threshold accuracy Rusce) = 3.92 kQ 95 100 105 mVv
Iscp SCP Input Bias current 24.5 25 25.2 MA
LOAD WAKEUP COMPARATOR (CS2+, CS2-)
V(Lpm_scP) Short-circuit threshold in LPM 1.72 2 217 \%
VLwu) Load wakeup current threshold 177 200 216 mV
AUTO-RETRY OR LATCH-OFF TIMER (TMR)
l(TMR_SRc) TMR source current 2.5 HA
I(TMR_SINK) TMR sink current 2.5 |JA
Voltage at TMR pin for AR counter
VuR_HiGH) rising threshold 1.04 1.23 142 v
Voltage at TMR pin for AR counter
V(TMR_Low) falling threshold 0.15 0.25 0.39 \%
N(A—R Count) 32
TEMPERATURE MONITOR (CS1-, TMP, ITMPO)
Temperature amplifier internal
V(ReF_TMP) reference voltage 475 500 525 mv
Temperature monitor output voltage at |Rtvp) = 330 Q,
V(tmPO) 150°C Rntc) = 309 Q at 150°C, -6 6.64 %
R(NTC) =10 kQ at 25°C R(ITMPO) =2.55kQ
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6.5 Electrical Characteristics (¥tX)
T, =-40 °C to +125°C. V(VS) =12V, V(BST—SRC) =12V, V(SRC) =0V

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Temperature monitor output voltage at |Rvp) = 1 kQ,
V(tmPO) 150°C Rntey = 520 Q at 150°C, -6 6.64 %
R(NTC) =47 kQ at 25°C R(ITMPO) =6.19kQ
lrvp) TMP leakage current 100 nA
INPUT CONTROLS (INP, LPM), & FAULT FLAG (FLT)
RFrm), Rwake) FLT , WAKE pull-down resistance 70 Q
S OV<SVgms20V
IEm), | wake) FLT, WAKE leakage current ov< VECVL/I:(E) <20V 400| nA
Vine_ny, V(TPw_H) 2V
Vane_Ly,, VicemL) 0.72 \
VNe_Hys), VLPV_Hy | \Np, LPM hysteresis 440 mv
s)
luney, Py INP, LPM leakage current 200 nA
HTOL
6.6 Switching Characteristics
TJ =—-40 °C to +125°C. V(VS) =12V, V(BST— SRC) = 1Yy, V(SRC) =0V
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
tGATE(INP_H) INP Turn ON propogation Delay INP T to GATE T, Cygarg) =47 nF 1.2 25 us
tGATE(INP_L) INP Turn OFF propogation Delay INP l to GATE l , CL(GATE) =47 nF 0.35 15 MS
Active mode to LPM mode transition  |——
tc_on@em) delay LPM | toG T, Cyg=1nF 1.8 9| us
. o LPM |,G 1 (above V(GiGOOD)) to
{GATE OFF(LPH) G\th;\;e mode to LPM mode transition GATE |, WAKE 1 (low to High 37 51 us
Z) s CL(GATE) =47 nF
LPM Mode to Active mode transition |——
tGATE(WAKE_TPM) delay with LPM trigger LPM T to GATE T, Cr(caTE) = 47 nF 3.8 6 us
t - LPM Mode to Active mode transition l'Pgl Tl VC\;/'Q;E Tl (at():ove Y(?*GOOD)) 9 15 s
G(WAKE_LPM) delay with LPM trigger 0 ' »VLe) T H
nF, V(W) =0V
GATE turn ON propagation delay Vicso+—cs2) TV to GATE 1
t . ( ) (Lwu) : 4 5.5 s
GATE(WAKE_LWU) | during Load wakeup CuGaTE) = 47 nF, Vipmy = 0 V H
. . V —cs29 1 V GATE 1
G turn OFF propagation delay durin (CS2+-CS2-) (twu)»
towake_Lwu) Load wakeuz pag y 9 (above V(g_goop)) to G |, WAKE 9 15 us
) s CL(G) =1nF, V(W) =0V
tGATE(EN_OFF) EN Turn OFF Propogation Delay E(NL%)SZGCTE 1, Cieate) = 47 nF, 3.1 45 us
UVLO | to GATE | f CL(GATE) =47
tGaTEUVLO_OFF) UVLO Turn OFF Propogation Delay nF, 4 6.5 us
V(W) =2V
UVLO to GATE Turn ON Propogation |EN/UVLO 1 to GATE 1, Cygarg) =
tGATE(UVLO_ON) Delay with CBT pre-biased >VPORF |47 nF, 8.5 25 MS
and INP kept high Viewmy =2V
GATE Turn OFF Propogation Delay
{GATE(VS_OFF) with VS falling < VPORF and INP, EN/ | VS | (cross VPORF) to GATE |, 25 40| s
B UVLO kept high Cueare) = 47 nF, Vpm = 0 V
tse Short circuit protection propogation Vicst+-cst-) T Vscp)to GATE |, 39 5 us

delay in active mode

Create) =47 nF, V(ipmy = 2 V
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6.6 Switching Characteristics (#tX)
T, =-40 °C to +125°C. V(VS) =12V, V(BST— SRC) = 11V, V(SRC) =0V

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Short circuit protection propogation
fLpu SC delay in LPM (Powerup into LPM with | Y(Cs2+-cs2) T Vieu_sce) to GATE T, 3.1 45| us
- Ci(eatE) = 47nF, Viipmy = 0 V
short)
GATE turn ON delay during reverse x(vs) =01t0-16 Vto V(gate - sre) > 5
tGATE_ON(RPP) (J/olarlty event when VgsT) < Cu(oe) = 47 nF, Cast = 100 nF 120 us
(BST_UVLOF) TPS12141-Q1 and TPS12143-Q1 only
GATE turn ON delay during reverse x(VS) = 2410 -45 V10 V(GaTE - sRC) > 5
t olarity event Y 26 s
GATE_ON(RPP) \?vhen i// >V Cr(eatE) = 47 nF, CpsT= 1 WF H
(BST) = ¥(BST_UVLOF) TPS12141-Q1 and TPS12143-Q1 only
toaTEFLT Assert) | FLT assertion delay during short circuit |V(cs1+—cs1-) T V(scp) to FLT | 15 21| us
teaTEFLT DE Asser |FLT de-assertion delay during short ——
n (FLT_DE_ circuit Vicst+—cst-) b Viscpyto FLT 1 3.8 ps
teaTE(FLT AsserT B |FLT assertion delay during GATE —_
STU\/L(O) - ~ I Drive UVLO Veate-src) 1 VesTuvior)to FLT | 30 us
teATE(FLT DE Asser |FLT de-assertion delay during GATE —
Te ST(UVLZ)) - Drive UVLO Veare-src) | V@stuvior)to FLT 1 15 ps
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6.7 Typical Characteristics

6-1. Shutdown Supply Current vs Supply Voltage

40
— 40°C
— 25°C
— 85°C
— 125°C
30 150°C

Total System Quiescent Current in LPM (pA)

0 10 20 30 40 50 60
Input Supply Voltage (V)

6-2. Operating Quiescent Current in LPM vs Supply Voltage

70 75

6-3. Operating Quiescent Current in Active Mode vs Supply

6-4. Charge Pump Current vs Supply Voltage

Temperature (°C)

6-5. Charge Pump Current vs Temperature

Voltage
800 10
— list_am) . — V(gsT_uvLor) Rising threshold
— ligsT_LPM) = = V(gsT_uvLoF). Falling threshold

= g2 9
% e00 E
= — s
g -""‘--.____\-_ E

3 h‘“"—-\_____ F 8

o

a 400 g
£ —_— 3

o _-—'—'_‘—'—-—._______ o 7
3 — :
2 200 <

5} 2 6
1]
=
S

0 5

-50 0 50 100 150 -50 0 50 100 150

Temperature (°C)
6-6. Charge Pump UVLO Thresholds vs Temperature
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6.7 Typical Characteristics (continued)

8 5
— ligsT) Loading in active mode — 40°C
— ligsT) Loading in LPM — 25°C
4| — 85°C

L=2]

— 125°C
— 150°C
3 /

——
~

n

BST Loading, ligsT) Current (uA)
S
Current Monitor Output Voltage (V)

0 0
-50 0 50 100 150 0 20 40 60 80 100
Temperature (°C) Current Sense Voltage (mV)
V(BST) =15V V(SRC) =0V RIMON =5.6kQ RSET =124Q
6-7. BST Loading Current (Igst)) vs Temperature %] 6-8. Current Monitor Voltage (Vuon)) vs Sense Voltage (Vsns)
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7 Parameter Measurement Information

Y
A

WAKE

ILOAD

lLwu

Bypass FET VGS Vie_coon)

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Main FET VGS Vie-coon) 7777777
{GATE(WAKE_LWU) j
Vdrop| ’\/ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
vouT o
—,—t—_———,e—,——r - = — -t
Bypass FET (G) is ON | Bypass (G) to

Bypass FET (G) is OFF

Main FET (GATE) is Main FET (GATE) is ON

OFF

Main (GATE) FET
Transition

B 7-1. System Wake to Active Mode From Low Power Mode by Load Wakeup
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\Yj
WAKE

—» {WAKE_TPM) —

LPM
Bypass FET VGS /-
v /
Main FETVGS /
i -t
— Y, ;
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
Ed 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 V(G_GooD) j i

VGS = V(GATE) - V(SRC) !
Bypass FET V(c_coob) i / } 3
VGS = V(6)- V(sre) /
- —_—— e ———————— — — — = -t
—» 34— b
tc(oN_TPM) 4_// -
| \-» tGATE(OFF_PM)
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

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 lq 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. I 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 (x2% at 30mV VSNS) output (IMON) enabling systems for energy
management. The device has integrated accurate and adjustable |2t based overcurrent and short circuit
protection by using an external Rgyg 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
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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[
3 '_1 | GATE F “
— >
INP ,_T Q2
i* }’ Gate |.!_< 2A L‘ F

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

08VY | Drive SRC
avA | L |l—< 0.39A e
08VY —. 7l G 1 -~
J ::lmo uA '
TPS1214-Q1 BST EERLOAD

B 8-1. Gate Driver

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, Cggt 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 Cpst crosses V(gst yvLor), 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 VCP igH_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 —
A

V(vs) /

EN/UVLO

VCPHIGH_AM)
VCPLow_am)

V(BsT-SRC)

V/(BST_UVLOR)

lesnf - - - - m—m—o———-—~ -~ ~"~"—"~"~"-—"-—- ' —

lsT)

GATE DRIVE
ENABLE (Internal)

8-2. Charge Pump Operation

Use the following equation to calculate the initial gate driver enable delay:

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

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

V(BsT uvLoRr) = 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 [X] 8-3. With this connection, Tpry gn reduces to 350ps.
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Rioc Cit :IETMRJT_ Rtmpo % Rimon

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

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. 8-4 shows the low power bypass FET

implementation for capacitive load charging using TPS1214-Q1. An external capacitor Cq reduces the gate turn
ON slew rate and controls the inrush current.
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Eq 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 (lyrusH) 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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CS2+and CS2-  —jp-rutlf CS2+ and CS2- |
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LPM .
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BYPASS FET
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Output Bulk
Capacitor Charging

WAKE WAKE pin is pulled HIGH internally

EJ 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:

ViLwu) )

RpypASS = T wo

Setting the INRUSH Current:

Use = 3 to calculate the Iyrush:

VBATT
Tcharge 3)

IiNrusH = CLoaD X

Where,
CLoap is the load capacitance.
Vparr is the input voltage and Tcnarge 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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%
(LPM_SCP)
RBYPASS )

ILpM_sc

Use = 5 to calculate the required Cg value.

_ CLoap X I(g) (5)
g [INRUSH

Where,
) is T00pA (typical),

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.

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

Q3

Reveass E’F—
T a2 1

cs2+  Cs2 4 Re
L Cq
1T
VBATT Rsns [ —

“— " -
Ricer R i — vouT
Cs2+ CS2- 1 CosT
[CS2+CS2- ISCPCS1+ CS1- TMP GATE SRC BST G

VS
ON [OFF —» EN/JUVLO

FLT
ON |OFF —#» INP TPS1214x-Q1

Active | LPM | LPM Vee
SCP_TEST %Rz

10C ITMPO IMON WAKE

GND
Rocp JT_ RITMPO% Rimon

Cizt

=
||l—||—§

EJ 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 Ry, Ry, C4, D, as shown in

8-7. The R4y and C{ 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.
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B 8-7. Inrush Current Limiting in Main Path

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

VBATT
IINrusH = CLoAD X Teharge ©
. = 063 X V(BST — SRC) X CLOAD (7)
1 R1 X IINRUSH

Where,

CLoap is the load capacitance.

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

Use a damping resistor R, (~10Q) in series with C4. =\ 8 can be used to compute required C value for a target
inrush current. A 100kQ resistor for R4y can be a good starting point for calculations.

D, ensures fast turn OFF of GATE drive by bypassing R1.

C4 results in an additional loading on Cggt to charge during turn-ON. Use below equation to calculate the
required Cggt Vvalue:

Qg(total
CgsT = E(TST)+ 10 x Cq (8)

Where,
Qg(totar) 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 |2t functionality for the implementation of a robust and flexible
overcurrent protection mechanism. This |2t 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 (Isc) with fixed response
time (tgc = 5ys max).

8-8 shows the overall current-time characteristics.
+ Configurable |2t based overcurrent protection (loc) threshold and adjustable response time (tgc 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
toc_am Shutdown
tsc
Current
loc Isc
Maximum adjustable Adjustable short-circuit
continuous current threshold threshold
Eq 8-8. Configurable Current vs Time Characteristics Curve for TPS1214-Q1
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8.3.3.1 It-Based Overcurrent Protection

The 12t profile for TPS1214-Q1 is set by two parameters which are 1%t start overcurrent threshold, loc and It
ampere squared second factor (melting point or breaking point). The overcurrent protection time toc is
determined based on set |2t factor when load current is higher than set Ioc threshold.

Setting I’t Protection Starting Threshold, R,oc
The 1%t protection starting threshold I is set using an external resistor R,oc across I0C and GND pins.
Use 3 9 to calculate the required R,o¢ value:

V(REF_0C)
R Q=—-""2% (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 = 10:

RSET
IB1AS

R 2
(0_1 « RSNS )

(10)

Scaling factor | K | =

Where,

Igias is internal reference current of S5uA,

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

Setting I?t Profile, C;y

The device senses the voltage across the external current sense resistor (Rgng) through CS1+ and CS1—-. When
sensed voltage across Rgns exceeds lgc threshold set by Rio¢ resistor, Cpt 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
toc_MIN (S> ~ Toc_MaAX X 10C_MAX (1)

e

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

Use 3( 12 to calculate the required Cjo; value.

K X toc_MIN 2 2
Crot[F| = = x |1 -1
IZt( ) V(12t.0C) — V(I2t_OFFSET) [OC—MAX oc ] (12)

Where,
V12t oc) is 12t trip threshold voltage of 2V (typ),

V2t orrseT) is Offset voltage of 500mV (typ) on 12t pin during normal operation,

28 BFHB T 57— N2 (ZE RSB EPE) #55 Copyright © 2024 Texas Instruments Incorporated

Product Folder Links: TPS1214-Q1
English Data Sheet: SLUSFA1


https://www.ti.com/product/jp/tps1214-q1?qgpn=tps1214-q1
https://www.ti.com/jp/lit/pdf/JAJSQL2
https://www.ti.com/jp
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSQL2A&partnum=TPS1214-Q1
https://www.ti.com/product/jp/tps1214-q1?qgpn=tps1214-q1
https://www.ti.com/lit/pdf/SLUSFA1

13 TEXAS
INSTRUMENTS TPS1214-Q1
www.ti.comlja-jp JAJSQL2A — SEPTEMBER 2024 — REVISED DECEMBER 2024

toc_min is the desired overcurrent response time at maximum overcurrent threshold loc_max.
8.3.3.1.1 I’t-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 Cjp capacitor starts charging with current
proportional to | oap 2 — loc 2 current.

After Cjyt charges to V(a1 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 Cyyr starts charging with 2.5yA pullup current fill
voltage reaches V(tmr_HigH) level. After this level, capacitor starts discharging with 2.5uA pulldown current.

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

\%
TruLse
A Al B —> -—
loc|--=-====--—- -{1-t---——-fF-—-—
VT I_LOAD n
(Ioan)? = (loc)? oAl NI
(I.oap)? — (loc)?
12t f vV, Cizt
2 00) |- ————-——==—d-+4<4-4 ot i il
l ! 2t (ol ~ o), A/ i = (o)
Ciat I ~[(Iono)? = (loc)’] |_ V(12t_OFFSET) _ _CE /0N /:E\zt_ _______________________ I
= = MAINFET
VINT vGs
2.5pA
Vee —_—
T™MR f FLT
L
Crvr (
I 2.5 pA |_ B s 0 e
= TMR
= = VMR Low) [ === === == === ———————— - ——————————— o B e wi e i
psi214t 0 A4 = f_ _—— _* _____ ﬂ} —_—pt
1st 2nd 32nd

£ 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 =X 13.

V(TMR_HIGH) — V(TMR_LOW

where

Vmr_HigH) is 1.2V (typ) and V(tmr_Low) is 0.2V (typ)
lrMr_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 Cyyr is discharged. GATE pulls up to BST when INP is
pulled high.
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loc [-====-=---- - ﬂ 77777777777 E e e e
I_LOAD [ I
VINT oAl _____ L | o
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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
-1 —_—_—_—_—_—— . ———————— — =t

8-10. It-Based Overcurrent Protection With Latch-Off

8.3.3.2 Short-Circuit Protection
The short-circuit current threshold (Isc) can be set Rigcp resistor. Use =i 14 to calculate the required Rigcp
value.

_ Isc X Rgns — 18
Riscp (k) = SC2SN (14)
where
Isc is the short-circuit current threshold in Ampere,
Rgns is external current sense resistor in miliohms,
Iscp is the internal reference current of 25pA.

When the load current exceeds the Ig¢ threshold then, GATE pulls low to SRC within 5us (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.
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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 Rgng current sense
resistor. This current can be converted to a voltage using a resistor Rjyion from IMON terminal to GND pins.

This voltage, computed using following equation, can be used as a means of monitoring current flow through the
system.

Use Equation to calculate the V(von) for TPS12140-Q1 and TPS12141-Q1 variant with 12t enabled.

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

Use Equation to calculate the Vuon) for TPS12142-Q1 and TPS12143-Q1 variant with 1t disabled.

R
Vamon) = (VSNS + V(VOS_SET)) x RISN;)FN (16)

Where,

Vsns = lLoab * Rsns,

V(os_ser) is the input referred offset (£140uV) 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 Ryyon 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)

Vons < 100 (17)

% V(MoN) =

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.

Rntc is the NTC thermistor resistance which varies with the temperature and Ryyp is a normal resistor used to
linearize the thermistor behavior with respect to temperature, positioned as per [¥] 8-11:
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’_< V(ReF_TMP)
Vitmpo ITMPO

Ritmpo To

TPS1214-Q1

Eq 8-11. NTC based Temperature Sensing and Monitoring Output

V|Tmpo can be calculated based on following equation:

RITMPO (18)

\' = (V + V X
ITMPO ( REF_TMP TMP_OFFSET) (RNTC + RTMP)

Where,

VRer_tmp is 500mV (typical)

V1mP_oFFsET is £dmV

Rrmp is 330Q for 10k NTC at 25°C

Rrup is 1kQ for 47k NTC at 25°C

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_yvLo) 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_uvLo)-

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.

32 BFHB T 57— N2 (ZE RSB EPE) #55 Copyright © 2024 Texas Instruments Incorporated

Product Folder Links: TPS1214-Q1
English Data Sheet: SLUSFA1


https://www.ti.com/product/jp/tps1214-q1?qgpn=tps1214-q1
https://www.ti.com/jp/lit/pdf/JAJSQL2
https://www.ti.com/jp
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSQL2A&partnum=TPS1214-Q1
https://www.ti.com/product/jp/tps1214-q1?qgpn=tps1214-q1
https://www.ti.com/lit/pdf/SLUSFA1

13 TEXAS
INSTRUMENTS TPS1214-Q1
www.ti.comlja-jp JAJSQL2A — SEPTEMBER 2024 — REVISED DECEMBER 2024

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 A
UVLOb
R s unvLcR;A_ __ﬂ-
6 < Viuvony

e TPS1214-Q1

Eq 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 lLoao > lwu (Load Wakeup Threshold);
then LOAD WAKEUP Detected

(Internal Trigger)

LPM = High
(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)

8-13. State Diagram
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8.4.2 State Transition Timing Diagram

v
A

V(vs)

1 J

EN/UVLO

[\/(vsjom;

EN/UVLO pulled LOW to HIGH

Externally

VCP@am HieH) | — — — L — — —

VCP@m_Low) | — — —
V(BST-SRC)

V(BsT_UVLOR) | — — —

LPM

TPS1214-Q1 waits for LPM
Trigger to Transition to
Active Mode

BYPASS FET
VGS = V(o) - V(sre) V(68000
Va(TH)|

LPM pulled LOW to HIGH

Externally

. 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 N Lodo
Vdrop -
Vour
- T hT T
Output Bulk
Capacitor Charging
WAKE WAKE pin pulled
HIGH to LOW internally
- Bypass (G) and Bypass (G)
MZ‘{E?;#%Z?E) Main FET (GATE) Bypass FET (G) ON to Bypass FET (G) OFF Sifnaézﬁé ;(\(T;'é)c’g;
OFF OFF Main FET (GATE) OFF Main Main FET (GATE) ON ACTIVE MODE
POWER DOWN SHUTDOWN LOW POWER MODE (LPM) (GATE) LOAD WAKEUP (AM)
MODE Transition

8-14. State Transition Timing Diagram With Load Wakeup Event
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v
A

V(VS) 7/\/(\/57PORR)
EN/UVLO pulled LOW to HIGH
EN/UVLO Z:Ieemally °
VCPAM HIGH) | — = — - — o o e e e p——— e — ——— — — — — — — — p— i — — — — — —p—— — — — — — —
VCPamtowmp———bm oo~ T/ T~/ T/ T/
V/(BST-SRC)
VST UWVOR) === — e e e e et = e e
=1V LPM pulled LOW to HIGH
LPM pquternallyo
— > 500 us— P>
BYPASS FET ) S —
VGS = V(G) - Vi(sre) VG800 |- — e o oo e b it e K
Vo) - - — b __ L _
. V(c_coop
Main FET VGS
> -
<>
oot sobmm oo I P S~ towake_PW)
INRUSH| = === === m e e e el e e e - — {GATE(WAKE_LPM)
lLoAd  woloo ot | A S S
Vour
-« T
Output Bulk
Capacitor Charging
WAKE WAKE pin pulled
HIGH to LOW internally
——————————————————————— >t
- = Bypass (G) and
MBV."EFS;T(GG)/ﬂg Main FET (GATE) Bypass FET (G) ON Bypass (G) Bypass FET (G) OFF
ain OFé ) OFF Main FET (GATE) OFF Eg/“\"_lf’l';'; Main FET (GATE) ON
POWER DOWN SHl'JVI':')DDOEWN LOW POWER MODE (LPM) Transition ACTIVE MODE (AM)
8-15. State Transition Timing Diagram With LPM Trigger
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A
WAKE
INP
LPM

Main FET V(c_coon) |
VGS = V(GaTE) - V(SRC)

_— ——— — — —_— — . — — = —

Bypass FET V(G_cooD)
VGS = V(G)- V(sRe)

>
tc(oN_TPM) 4_// -
| \-» tGATE(OFF_PM)

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

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 < V(enr), 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(gng)) 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 ( > Vgnr)) 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 [ 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 wu)

After load current exceeds load wakeup threshold (Ipwy), 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 py_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 wy), 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 It start threshold (V(ocp)) for time set by the 1t factor based on Cy. 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

.
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 E’F—
T a2 L

cs2+  CS2 4 Rs
Xl - c
= 9
Qt 1
Rsns rﬁ —
VBATT —
* ' —/ A ) ot 1 * -
tl- VOUT
Riscp RseT [
CS2+ CS2- % % Rure 4 CESTl
T 7 T
CS2+CS2-ISCPCS1+ CS1- TMP GATE SRC BST G
— Rs Vs cc

EN/UVLO

R ON |OFF — | INP FLT

TPS1214x-Q1
—  Active | LPM P LPM

Vee

SCP_TEST R2
I0C 12t GND ITMPO IMON WAKE
Rioc Cit J__

Ritvpo S Rimon

|||—||—§

B 9-1. TPS1214-Q1 Application circuit for driving power at all times (PAAT) loads with automatic load
wakeup

9.2.1 Design Requirements

£ 9-1. Design Parameters

PARAMETER VALUE
Typical input voltage, Veart min t0 VBATT MaAX 8V to 16V
Undervoltage lockout set point, ViyuvLo 6.5V
Maximum load current, loyt 35A
12t Start threshold, loc 40A
12t 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
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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 It protection start threshold voltage. The current sense resistor, Rgng can be
calculated using following equation:

_ V(sNs_ocp)

RsNs = —Toc (19)

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

RseT is the resistor connected between VS or input supply and CS1+ pins. This resistor scales the I%t based
overcurrent protection threshold voltage and coordinates with R,gc, charging current on Cjp; 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? (20)
where scaling factor, K can be calculate based on below equation:

RSNS)Z
RSET
IB1AS

(0.1 X
Scaling factor | K | =

(21)

Rset needs to adjusted so that lj»; max is always less than 100uA. The recommended range of Rggt is 100Q-
500Q.

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

Voltage at IMON pin Vuon 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 Rjon 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 —Regr (22)

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

Selecting Rjmon Value less than shown in =X 22 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
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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 Vgswax),
and the drain-to-source ON resistance Rps(on). The maximum continuous drain current, ID, rating must exceed
the maximum continuous load current. The maximum drain-to-source voltage, Vpsuax), must be high enough to
withstand the highest voltage seen in the application. Considering 35V as the maximum application voltage due
to load dump, MOSFETSs 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 Rpsion) is preferred. Based on the design
requirements, two of BUK7J1R4-40H are selected and its ratings are:

o 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.

Q
Cpsy = ~Sootal) (23)

Choose closest available standard value: 150nF, 10 %.
Programming the I?T Profile, Rjoc and Cy Selection

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

\Y
Rioc (Q) - (RL—OC)Z (24)
K x (Ipc)

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

RSNS)Z
RSET
IB1AS

(0.1 X
Scaling factor | K | =

(25)
To set 40A as I2T protection start threshold, R,oc 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 (26)

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

Use X 27 to calculate the required Cjy; value:
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_ K X toc_MIN 2 2
Crat (F) = V(12t.00) — V(I2t OFFSET) [[OC—MAX loc ] (27)

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 Rscp sets the short-circuit protection threshold, whose value can be calculated using following equation:

Isc X Rgng — 1.8
Riscp (k6) = 2438 (28)

To set 130A as short-circuit protection threshold, Riscp 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, trery Can be set by selecting appropriate
capacitor Cyyr from TMR pin to ground. The value of Ctyr to set 1ms for tgerry can be calculated using
following equation:

V(TMR_HIGH) — V(TMR_LOW)
I(TMR_SRC)

tRETRY (S> = 64 x CTMR X (29)

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 Rgypass along with bypass FET Rpgop 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 Vpsguax), the maximum drain-to-source voltage Vgsax), and
the drain-to-source ON resistance Rps(on)-

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

* 40V Vpsmax) and £20V Vesmax)

* RDS(ON) is 17mQ typlcal at 10V VGS
* MOSFET Qgtotal) is 11nC typical

* MOSET VGS(th) is 1.3V min

*+ MOSFET Cigg 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 ’3 + Ta (30)

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.
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From the device electrical specifications, V(yyLor) = 1.2V. From the design requirements, ViyuyLo is 6.5V. To
solve the equation, first choose the value of R3 = 470kQ and use =\ 30 to solve for R4 = 107.5kQ.

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

9-2. Start-Up Profile of Low Power Path (LPM = 9-3. State Transition From LPM to Active Mode
Low, VIN = 12V, No Load, Cggt = 470nF) (CPM = Low, VIN = 12V, EN/UVLO = High)

B4 9-4. Zoom-In View of State Transition From LPM | [¥] 9-5. When LPM = Low in LOAD WAKEUP state,
to Active Mode (LPM = Low, VIN = 12V, EN/UVLO = INP Has No Control on GATE
High)
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B 9-6. State Transition From LPM to Active Mode 9-7. With LPM = Low to High, INP Gained
(LPM = Low to High, VIN = 12V, No Load) Control on GATE (VIN =12V, No Load)
9-8. I?T based Overcurrent Response of B 9-9. I?T based Overcurrent Response of
TPS1214-Q1 EVM for 6A to 16A Load Step TPS1214-Q1 EVM for 6A to 23A Load Step
9-10. Auto-Retry Response of TPS1214-Q1 for 9-11. Latch-Off Response of TPS1214-Q1 for an
an I12T-Based Overcurrent Fault I2T-Based Overcurrent Fault
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B 9-12. Output Short-Circuit Response of
TPS1214-Q1

B 9-13. TPS1214-Q1 Current Monitoring Output
(IMON) Transient Response

ovidiv ms ot

@ 10V 200M Q10 200 10.0nsipt

- 10.0viaiv M0 §y:20.0M a 1

@ 10.0Vidiv MO §y:20.0M 200M
.0Aldv X

@ 5.0A1d M0 §:20.0M

Ed 9-14. GATE Turn-ON During Input Reverse
Battery Fault for TPS12141-Q1 and TPS12143-Q1

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

= High)

Ed 9-16. SCP_TEST Diagnosis in Active Mode (LPM

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
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Rsyrass
AAA ¢
CS2+  CS2- l_K_l
L
ECU Load
VBATT Rsns I_K_l
& a Py AM I
Riscp RseT ] -b—_|
C§r2+ Q[SZ— % % Rute CBSTT
CS2+CS2- ISCPCS1+ CS1- TMP GATE SRC BST G Cour
— Rs Vce -
VS
EN/UVLO %m —
R4 FLT
ON |OFF —»{ INP TPS1214%-Q1
—  Active |[LPM Y Vce
SCP_TEST R»
J_— I0C 2t TMR GND ITMPO IMON WAKE
Rioc Im :I: JT_ RitmPo S Rimon

& 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

£ 9-2. Design Parameters

PARAMETER VALUE
Typical input voltage, Veart min t0 VBATT MaX 8V to 16V
Undervoltage lockout set point, VinuvLo 6.5V
Maximum load current, loyt 35A
12T Start threshold, loc 40A
I2T Protection threshold 3000A%s
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
Cour 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:
* Rgns = 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
i CBST =150nF

* Riscp = 2.55kQ to set 130A as short-circuit protection threshold
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*  Ctmr = 47nF to set 1000ms auto-retry time
* R3 and R4 are selected as 470kQ and 107kQ respectively to set VIN undervoltage lockout threshold at 6.5V

Programming the Load Wakeup Threshold, Rgypsss and Q3 Selection

During normal operation, the series resistor Rgypass is used to set load wakeup current threshold. After
Vs _coop threshold is reached, the voltage between CS2+ and CS2- is compared against V(wy) 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 Vpsax), the maximum drain-to-
source voltage Vgsuax), and the drain-to-source ON resistance Rpson.

Based on the design requirements, BUK7J1R4-40H is selected and its ratings are:
40V VDS(MAX) and 20V VGS(MAX)

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

Rgypass resistor value can be selected using below equation:

VLwu)
ILwu

Rpypass = (31)

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:

PavG = lLwu® X Rpypass (32)
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:

2
VBATT_MAX (33)
RBYPASS

Ppeak =

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 (Sus) 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 dissipation for > t| py_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 (34)

IPEAK_BYPASS = ~Rpypass

Ipeak_BYPASs is calculated to be 16A based on Rgypass selected in . 31. Tl suggest the designer to ensure that
operating point (Veart max, IPEAK BYPASS) for bypass path (Q3) is within the SOA curve for >t py_sc) time.

Programming the Inrush Current, Ry and Cg4 Selection

Use following equation to calculate the lyrusH:

VBATT_MAX
IINRUSH = CLOAD X — T = (35)

Tcharge

IINrusH calculated in 3 35 should be always less than wakeup in short in low power mode (ILpm_sc) current
which can be calculated using following equation:
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ILPM_SC = Rgypass (36)

For 1Q Rgypass, ILpm_sc is calculated to be 2A which is less than liyrysh-
Use following equation to calculate the required C4 based on Ijyrys calculated in U 35.

_ CLoap X I(g)

~  IINRUSH (37)

g

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

To set livrusH at 1.6A, Cy4 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 Rg is 100Q and Cy is 68nF.

9.3.3 Application Curves

& 9-19. Inrush Current Profile With 1000puF at the | ] 9-20. Inrush Current Profile With 1000uF at the
Output (LPM = Low) 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 Ryg — Cys filter between the input supply line and VS pin to filter out the supply noise. TI recommends
an Ryg value around 100Q and Cyg value around 0.1pF.

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 Rggy — Ceso filter between the input supply line and CS2+
pin to filter out the supply noise. Tl recommends an R¢go value around 100Q and Ccgo value around 0.1pF.
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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
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.

9-21 shows the circuit implementation with optional protection components.

Rces2 ng_ J;
CS2+

Ccs2

Parasitic — Q Parasitic

1 .
VBATT inductance Rsns bq{—l vouT inductance
® : Y
Y]

Riscp

CS2+ CS2-
T T

[CS2+CS2-1SCP CS1+ CS1-  GATE SRC BST G
VS

I TPS1214x-Q1

@
pd
o

|||—

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 Rgyg 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 MOSFETSs 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
770 Inner Layer GND plane
- Inner Layer PGND plane
@ Via to GND plane
@ Via to PGND plane

RBYPASS
L l

OJ©

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.
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10.3 Trademarks

THXP R A AV VA Y E2E™ is a trademark of Texas Instruments.
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11 Revision History
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Changes from Revision * (September 2024) to Revision A (December 2024) Page
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12 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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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 ©)
@ ©)
PTPS12140QRGERQ1 Active  Preproduction  VQFN (RGE) | 23 3000 | LARGE T&R - Call TI Call Tl -40 to 125
PTPS12140QRGERQ1.A Active  Preproduction  VQFN (RGE) | 23 3000 | LARGE T&R - Call TI Call Tl -40 to 125
PTPS12141QRGERQ1 Active  Preproduction  VQFN (RGE) | 23 3000 | LARGE T&R - Call Tl Call Tl -40 to 125
PTPS12141QRGERQ1.A Active  Preproduction  VQFN (RGE) | 23 3000 | LARGE T&R - Call Tl Call Tl -40 to 125
TPS12140QRGERQ1 Active Production VQFN (RGE) | 23 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 TPS
12140Q
TPS12140QRGERQ1.A Active Production VQFN (RGE) | 23 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 TPS
12140Q
TPS12141QRGERQ1 Active Production VQFN (RGE) | 23 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 TPS
12141Q
TPS12141QRGERQL.A Active Production VQFN (RGE) | 23 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 TPS
12141Q
TPS12142QRGERQL1 Active Production VQFN (RGE) | 23 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 TPS
12142Q
TPS12142QRGERQ1.A Active Production VQFN (RGE) | 23 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 TPS
12142Q
TPS12143QRGERQ1 Active Production VQFN (RGE) | 23 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 TPS
12143Q
TPS12143QRGERQ1.A Active Production VQFN (RGE) | 23 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 TPS
12143Q

@ 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.

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

column width.
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® 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 TI'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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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 [¢ KO [« P1L—>
L Regic oy Rogic e o T
o| |e o Bo W
el |
. Diameter ' '
Cavity —>| 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
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O 0O O 0O 0O 0O 0 O0 Sprocket Holes
| |
T T
L@l e )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ & |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
TPS12140QRGERQ1 VQFN RGE 23 3000 330.0 12.4 425 | 425 | 115 | 8.0 12.0 Q2
TPS12141QRGERQ1 VQFN RGE 23 3000 330.0 12.4 425 | 425 | 1.15 | 8.0 12.0 Q2
TPS12142QRGERQ1 VQFN RGE 23 3000 330.0 12.4 425 | 425 | 1.15 | 8.0 12.0 Q2
TPS12143QRGERQ1 VQFN RGE 23 3000 330.0 12.4 425 | 425 | 1.15 | 8.0 12.0 Q2
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TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)

TPS12140QRGERQ1 VQFN RGE 23 3000 367.0 367.0 35.0
TPS12141QRGERQ1 VQFN RGE 23 3000 367.0 367.0 35.0
TPS12142QRGERQ1 VQFN RGE 23 3000 367.0 367.0 35.0
TPS12143QRGERQ1 VQFN RGE 23 3000 367.0 367.0 35.0
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