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TPS272C45 45-m(Q, Dual-Channel Smart High-Side Switch With Diagnostics

1 Features

* Low Rpgon) (45-mQ typical) high-side switch for
24-V industrial applications
* Wide DC operating voltage range: 6 V to 36 V
* Low quiescent current (Iq) of 0.5 mA per channel
(typical) from 24-V supply
+ Fixed (5.8 A) and adjustable (0.7 A to 4 A with
external resistor) current limiting
» Drive inductive, capacitive, and resistive loads
— Integrated output clamp to support inductive
load discharge
— Capacitive load drive minimizing peak inrush
current through dual threshold current limiting
* Robust output protection
— Thermal shutdown
— Protection against short to ground events
— Configurable fault handling
» Enhanced diagnostic feature
— Output load current measurement
— Open load (off-state) detection
» Package: 24-pin QFN (5 mm x 4 mm)
» UL 2367 Recognized
— File No. 169910
» Functional Safety-Capable
— Documentation available to aid functional safety
system design

2 Applications

* Industrial PLC systems
— Digital output modules
— 10-Link master ports

* Motor drives

* Building automation systems

5-V/3.3-V Power
Supply (Optional)

3 Description

The TPS272C45 is a dual-channel smart high-side
switch designed to meet the requirements of industrial
control systems. The low on-resistance (Rpg(n) Of
45 mQ) minimizes device power dissipation driving
a wide range (100 mA to 3 A) of output load
current. The device provides an additional low voltage
supply (3.3 V to 5 V) input pin to minimize no-load
power dissipation. The device integrates protection
features such as thermal shut down, output clamp,
and overcurrent limit. These features improve system
robustness during fault events such as short circuit.

The TPS272C45 device implements an adjustable
threshold current limiting circuit that improves the
reliability of the system by reducing inrush current
when driving large capacitive loads and minimizing
overload current. The device also implements a
configurable inrush current time period with a higher
level of allowed current to drive high inrush current
loads like lamps or for fast charging of capacitive
loads. The device also provides an accurate
load current sense that allows for improved load
diagnostics enabling better predictive maintenance.

The TPS272C45 device is available in a small 24-pin,
5 mm x 4 mm QFN leadless package with 0.5 mm pin
pitch minimizing the PCB footprint.

Package Information
PACKAGE(") BODY SIZE (NOM)

QFN (24) 5.00 mm x 4.00 mm

PART NUMBER
TPS272C45

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

Integrated
Low Integrated
Device Clamp for Fault Diagnosis Current Limit Advantage
Voltage .
Inductive Loads
Regulator
Lower device power dissipation with most of
the quiescent current drawn from the lower
Single FLT pin, : voltage supply input — enables reduced total
. . Dual level, inrush ST
TPS272C45A No Yes SNS pin provides ] heat dissipation and thus smaller module
per -ch fault period sizes. Connect a 3.3V DC-DC regulator output
to VDD pin.
Single fault pin reduces 10 count.
Single FLT pin, Dual level. inrush Lower system costs with a single power
TPS272C45B Yes Yes SNS pin provides - supply (cost of a low voltage regulator is
period :
per -ch fault avoided).
Enables usage of external TVS Clamp for high
inductive loading.
Single FLT pin, ; The device variant can be used with an
: . Dual level, inrush
TPS272C45C Yes No SNSeflr;rE)erwI?es period external supply on VDD pin or using the
- u
P internal 3.3-V regulation by GNDing the VDD
pin.
Dual FLT pins provides easier fault diagnosis.
The device variant can be used with an
Dual fault FLT1/ ) vice var .u V\."
TPS272C45D Yes Yes FLT2 pins Single level external supply on VDD pin or using the
i
P internal 3.3-V regulation by GNDing the VDD
pin.
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6 Pin Configuration and Functions
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Figure 6-1. RHF Package, 24-Pin QFN (Top View)
Version A and C
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Figure 6-2. RHF Package, 24-Pin QFN (Top View)
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Figure 6-3. RHF Package, 24-Pin QFN (Top View) Version D

Table 6-1. Pin Functions

PIN
NAME 1{.253227722%1552’ TPS272C45B TPS272C45D o DESCRIPTION
DIA_EN 12 12 12 | Enables diagnostic functionality
SEL 13 13 13 | SEL =0: SNS pin measures channel 1 load current or fault output SEL
= 1: SNS pin measures channel 2 load current or fault output.
LATCH 14 14 14 | Sets retry behavior. LATCH = 0: auto-retry after faults or LATCH = 1:
latch off after faults.
EN2 15 15 15 | Enables channel 2 output current
EN1 16 16 16 | Enables channel 1 output current
GND 17 17,19 17 GND |Device ground
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Table 6-1. Pin Functions (continued)

PIN
TPS272C45A, 110 DESCRIPTION
NAME TPS272C45C TPS272C45B TPS272C45D
ILIMD 18 18 — O Connect Ry jyp to GND to set higher inrush current limit time duration.
SR . . 18 o) Qpen drain output with pulldown to signal fault on Ch2 (active low
signal).
ILIM2 20 20 20 (0] Connect Ry vz to GND to set channel 2 current limit.
ILIM1 21 21 21 (6] Connect Ry jm1 to GND to set channel 1 current limit.
PowerPad Pad Pad Pad . Heat dissipation pad — goqneqt to device GND. Maximize PCB copper
area for the best heat dissipation.
Vs 23.24,8,9 23.24,8,9 23.24,8,9 | Primary input supply, connect throggh vias down to a power plane to
connect the two set of VS power pins.
VOUT1 1,2,3 1,2,3 1,2,3 o Channel 1 output
NC 4,22 4,22 4,22 No connect pin, leave unconnected
VOUT2 56,7 56,7 56,7 (¢] Channel 2 output
BT 10 10 o o) Open_ drain output with pulldown to signal fault on either channel (active
low signal).
SRE} . o 10 o Qpen drain output with pulldown to signal fault on Ch1 (active low
signal).
SNS 1 1 1 o Anglog current output corresponding to load current — connect a
resistor to GND to convert to voltage.
Version A: Connect low voltage supply input for lower
power dissipation(").
VDD 19 — 19 |
Version C, D: Optionally tie to gnd to use internal LDO or connect to
external low voltage supply(!).

(M) When the device is configured to support an external regulator connected to VDD, it is required that the
supply input for the external regulator is derived from the same VS supply of TPS272C45 as shown in Figure

9-6.

Copyright © 2023 Texas Instruments Incorporated
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6.1 Recommended Connections for Unused Pins

The TPS272C45 is designed to provide an enhanced set of diagnostic and protection features. However, if the
system design only allows for a limited number of I1/0 connections, some pins can be considered as optional.

Table 6-2. Connections for Optional Pins

PIN NAME CONNECTION IF NOT USED IMPACT IF NOT USED
SNS Ground through 1-kQ resistor | Analog current sense is not available.
With LATCH unused (pin grounded), the device auto-retries after a fault.
LATCH GND pin of IC If Iatghed behavior is dgswed, but the system describes limited |/O,.It is
possible to use one microcontroller output to control the latch function of
several high-side channels.
If ILIMD pin is connected to IC_GND, the current limit threshold is at a
ILIMD GND pin of IC constant value determined by the ILIM1/ILIM2 resistor values (delay time of
zero).
. If either ILIMx pin is left floating or connected to IC_GND, the device is set
ILIM1/ILIM2 GND pin of IC to the default internal current-limit threshold.
FLT / FLTx GND pin of IC If the FLT pin is unused, the system cannot read faults from the output.
SEL GND pin of IC Wlth SEL unused, only channel one current sensing or Fault reporting is
available from the SNS pin.
DIA_EN GND pin of IC With DIA_EN ur_1used, the anal_og current sense, open-load and short-to-
supply diagnostics are not available.
Version A: Connect to a 3.3-V or 5-V supply
VDD GND pin of IC Version C, D: With VDD unused, all supply current is drawn from the
primary supply VS.
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7 Specifications

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

MIN MAX| UNIT
Maximum continuous supply voltage, Versions A, B, D: Vg with respect to GND -0.7 60 \Y
Maximum voltage across the VS and OUT pins (Vg — Vout) Version A, B, D -0.7 48 Vv
Maximum continuous supply voltage Version C, Vg with respect to GND -0.7 60 Vv
Maximum voltage across the VS and OUT pins (Vs — VoyT) Version C -0.7 71 \Y
Low voltage supply pin voltage, Vpp -1 5.5 V
Enable pin voltage, Vgnq and Veno -1 VS Vv
LATCH pin voltage, Vi atcH -1 VS Vv
Diagnostic Enable pin voltage, Vpia en -1 VS \Y
Sense pin voltage, Vsns -1 VS V
FLT pin voltage, Version A, B, C Vg -1 VS \Y
FLTx pin voltage, Version D, Ve, Ve -1 55 \Y
Select pin voltage, Vsg| -1 VS \%
Reverse ground current, Ignp Vg<0V -50 mA
Maximum junction temperature, T 150 °C
Storage temperature, Tgg -65 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress
ratings only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under
Recommended Operating Conditions. Exposure to absolute maximum rated conditions for extended periods may affect device

reliability.

7.2 ESD Ratings

VALUE UNIT
Electrostatic Human body model (HBM), per ANSI/ESDA/JEDEC .
V(EsD) discharge S-001(1) All pins except VS and OUTx +2000 \%
Vv Electrostatic Human body model (HBM), per ANSI/ESDA/JEDEC |VS and OUTx with respect to +4000 Vv
(ESD) | discharge Js-001() GND ®
Electrostatic Charged device model (CDM), ANSI/ESDA/JEDEC .
ViEsD) | gischarge 18002 Al pins +750 v
Electrostatic Surge protection with 42 Q, per IEC 61000-4-5; .
Visurge) discharge 1.2/50 ps @) OUTXx pins £1000 v

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.
(3) Tested with application circuit and supply voltage (VS) of 24-V, ENx pins High (Output Enabled) and and EN pins Low (Outputs

Disabled)

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

MIN MAX UNIT
Vs_opmax Nominal supply voltage 4.5 36 \%
Vpp Low Voltage Supply Voltage 3.0 5.5 \%
Vent, Enable voltage -1 36 \Y
Venz
VLATCH LATCH voltage -1 36 \
Vbia_EN Diagnostic Enable voltage -1 36 \%
VELT FLT pin voltage (Versions A, B,C) -1 36 \Y
Copyright © 2023 Texas Instruments Incorporated Submit Document Feedback
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7.3 Recommended Operating Conditions (continued)

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

MIN MAX UNIT
VELT1, ELT2 FLT1, FLT2 pin voltage (Version D) -1 5.5 \Y,
VseL Select pin voltage -1 36 \%
Vsns Sense pin voltage -1 7 \%
Ta Operating free-air temperature -40 125 °C
(1)  All operating voltage conditions are measured with respect to device GND
7.4 Thermal Information

TPS272C45
THERMAL METRIC(") () RHF (QFN) UNIT

24 PINS
Rgya Junction-to-ambient thermal resistance 32.2 °C/W
Reauc(top) Junction-to-case (top) thermal resistance 225 °C/W
Reus Junction-to-board thermal resistance 10.2 °C/W
Wyt Junction-to-top characterization parameter 0.3 °C/W
WiB Junction-to-board characterization parameter 10.2 °C/W
Reuc(bot) Junction-to-case (bottom) thermal resistance 0.7 °C/W

(1)  For more information about traditional and new thermal metrics, see the SPRA953 application report.
(2) The thermal parameters are based on a 4-layer PCB according to the JESD51-5 and JESD51-7 standards.

7.5 Electrical Characteristics
Vg=6V1t036V,Vpp=3.0Vto 3.6V, T;=-40°C to 125°C (unless otherwise noted)

PARAMETER TEST CONDITIONS ‘ MIN TYP MAX| UNIT
INPUT VOLTAGE AND CURRENT
Vps,clamp | VDs clamp voltage FET current =10 mA, Vg =24 V 49 53 61 \%
Vg overvoltage protection | Measured with respect to the GND pin of the device,
Vs.over rising ENx = HI 415 455 50 \Y
Vg overvoltage protection | Measured with respect to the GND pin of the device,
Vs.overF recovery falling ENx = Hl 40 435 48 v
Vs overvoltage protection | . . .
Vs,ovPRD deglitch time Time from triggering the OVP fault to FET turn-off 30 72 85 us
Vs uvLor xssir:’gdem'tage lockout | \1easured with respect to the GND pin of the device 35 40 Y
Vv Vs undervoltage lockout M ith he GND bin of th ) 24 9 2 Vv
SUVLOF | falling easured with respect to the GND pin of the device . .6 .9
Vpp undervoltage . . .
Vbbp,uvLoF lockout falling Measured with respect to the GND pin of the device 2.63 2.8 2.9 \%
VDD, UVLOR :{gi[r)];ndervoltage lockout | \jeasured with respect to the GND pin of the device 2.74 2.90 3.0 \Y;
L Continuous load current, |One channel enabled, Tavyg = 85°C 4.0 A
NOM per channel Two channels enabled, Tayg = 85°C 3.0 A
| Output leakage current  |VS<=36V, T; =85°C 05 30 A
OUT(OFF) (per channel) VENnx = VDIAﬁEN =0V, VOUT =0V ’ ' H
VS quiescent current,
Dual Supply input, Vs<36V,Vpp=5V
la.vs bs  |poth channels enabled, Venx = HI Vpia en =0V, loyrx = 0 1.05 14/ mA
diagnostics disabled.
8 Submit Document Feedback Copyright © 2023 Texas Instruments Incorporated
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7.5 Electrical Characteristics (continued)
Vs=6V1to36V,Vpp=3.0Vto3.6V,T;=-40°C to 125°C (unless otherwise noted

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
VDD quiescent current, < _
lo_vop_ps | both channels enabled, xs = ?;63\% \\//D\'j’ =33 \i ol -0 20/ mA
diagnostics disabled. BNx = - DIA_EN = = TOUTx
VDD quiescent current, < _
lo_vop_ps | both channels enabled, xs = ?;GSV\’/\\//DD =5 \i o “0A 2.1 mA
diagnostics disabled. ENx DIA_EN = = TOUTx
VS quiescent
IQ_VS_DIA_D current, Dual Supply Vs<36V,Vpp=5V 28 mA
s input, both channels Venx = Voia en =9V, loutx = 0 A .
diagnostics enabled
VS quiescent current,
single (VS only) supply _ _ _
la_vs_ss input, both channels ON Venx = HIVpia en =0V, loyr =0 44| mA
diagnostics disabled
Vs quiescent current,
lo_vs_pia_s |single VS supply input, _ _ _
s both channels ON Venx = Voia_en = HI lourx = 0 49| mA
diagnostics enabled
RON CHARACTERISTICS
On-resistance 6V <Veas<36V Ty=25C 45 mQ
(Includes MOSFET and = vs= ’ T,=85°C 68 mQ
package) lourc < 4 A
R T,=125°C 78 mQ
N On-resistance when 6V <Vs<36V, T,=25°C 23 27| ma
channels are paralleled |loytx < 4 A _ aro
. Ty = 4 Q
(Includes MOSFET and VEN1 tied to VENZ, VOUT‘] J 85°C 3 m
package) tied to Voyr2 T,=125°C 39 mQ
CURRENT SENSE CHARACTERISTICS
Ksns Current sense ratio lourx = 1A lourx = 1 A 1200
loutx / Isns
Current sense current _ _ _
Isnsi and accuracy VEN=Vpia EN=5V lour=4A 3.33 mA
Current sense current
ISNSl and accuracy VEN = VDlA_EN =5V IOUT =4 A 4.4 44 %
Current sense current
ISNSl and accuracy VEN = VDlA_EN =5V IOUT =2A 1.67 mA
Current sense current
ISNSI and accuracy VEN = VDlA_EN =5V IOUT =2A 4.4 4.4 %
Current sense current
ISNSI and accuracy VEN = VDlA_EN =5V IOUT =1A 0.83 mA
Current sense current
Isnsi and accuracy VEN=Vpa EN=5V lour=1A -4 4 %
Current sense current
Isnsi and accuracy VEN = VDIA_EN =5V lout = 500 mA 0.425 mA
Current sense current
Isnsi and accuracy Ven =Vpia en =35V lout = 500 mA -6 6 %
Current sense current
ISNSI and accuracy VEN = VDIAﬁEN =5V IOUT =200 mA 0.17 mA
Current sense current
ISNSl and accuracy VEN = VDlA_EN =5V IOUT =200 mA -10 10 O/o
Current sense current
Isns and accuracy Ven=Vpia EN=5V lout = 100 mA 0.083 mA
Current sense current
ISNSI and accuracy VEN = VDlA_EN =5V IOUT =100 mA -18 18 %
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7.5 Electrical Characteristics (continued)

Vs=6V1to36V,Vpp=3.0Vto3.6V,T;=-40°C to 125°C (unless otherwise noted

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Current sense current
ISNSI and accuracy VEN = VDlA_EN =5V IOUT =50 mA 0.0416 mA
Current sense current
ISNSI and accuracy VEN = VDIA_EN =5V IOUT =50 mA -25 25 %
| Paralleled channels Venq tied to Veno, VouT1 | Multiply percentage
sgfallleled current sense accuracy |tied to Voyrpand |_Load |accuracy specification by 12| times
multiplier >1A this factor
SNS CHARACTERISTICS
VDIAﬁEN = Hl device in VDIAﬁEN = HlI, device in
IsNSFH Isns fault high-level FLT state of CH selected, |FLT state of CH selected, 3.333 45 5.5 mA
Vs>10V Vs>10V
Vs - Vgns headroom
Isns_HR needed for current sense |Vs =6V, Isng = 3.4 mA 2.35 \%
functionality
| leakage, with no
Ionsieak | SNS 19949 Voia_en = HI, Ven = HI, I =0 mA 10 pA
CURRENT LIMIT CHARACTERISTICS
RlLIMX = GND, open, or
leL Current limitation Level I-!ea\{y over!qad or short out of range (<4.3 kQ, 4.3 5.8 6.95 A
circuit condition
and > 80 kQ)
leL Current limitation Level | 16@vy overload or short | Ry = 5 kQ, Vvs-Vour 3.15 41 47| A
circuit condition >2V
Overcurrent limit . 1 RILIMX =5kQ VVS'VVOUT
ICLLUNPK | threshold!) Overload condition(") <1\ 478 A
oL Current limitation Level | 6@vy overload or short | Ry = 10 kQ, Vys-Vour 1.58 2.05 23] A
circuit condition >2V
Overcurrent limit - Riiimx = 10 kQ Vys-Vout
lcL_LINPK threshold™ Overload condition <1V 2.42 A
IcL Current Limitation Heavy overload or short |Rj jux = 28.7 kQ, Vys-
lou Level circuit condition Vvour>2V 0.52 0.7 0.82 A
Overcurrent limit o R =28.7 kQ, Vys-
1) ILIMx » Vvs
lcL_LiNPK threshold™) Overload condition Vour <1V 0.9 A
KeL Current Limit Ratio 20.5 A*kQ
leL Current Limitattion | e gverload or short  |Ri = 10 kQ, Vys-V.
lcL_match12 | Level - Matching between circuizlcondition :'5"';"\’} » TvsTiout -10 10 %
CH1 and CH2
Peak current before
| regulation while enabling R = 5KQ to 20 kQ. VS = 24V 2.7 times A
CL_ENPS | switch into 100 mohm ILIMx : loL
load
Current limitation level Regulated current @ _
leL during inrush delay Short circuit when Eé“&"a ;/5 k\(/) R':%'\D/ > 13 15 171 A
period Enabled vsTrout
Nominal Higher Inrush
tpeLAY Current limit time delay | Set by resistor on ILIMD pin in discrete steps 0 22 ms
range
Variation in ILIMD pin set
toELAY VAR delay time —250 250 us
Paralled Channels
Current Limitation Level | Vg tied to Veno, VouTt _
loLpRLL - Multiplier compared to  |tied to Voyro RiLm = 5 kQ to 20 kQ 11
one channel
FAULT CHARACTERISTICS
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7.5 Electrical Characteristics (continued)
Vs=6V1to36V,Vpp=3.0Vto3.6V,T;=-40°C to 125°C (unless otherwise noted

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Open-load (OL, wire
Rpu_oL break) detection internal | Veny =0V, Vpia ENn=5V 125 150 180 kQ
pull-up resistor
Open-load (OL, wire
VoL _off break) detection voltage |Venx =0V, Vpia en=5V 1.4 2.0 2.5 \
VS - VOUT
Open Load (wire-break) _ - x(@
toLt indication-time from ENXx VENX_HI 0LO, Voin en =5V, Vsg = X 170 300 440 us
. lout = 0 mA, Open load condition
falling
Open load (wire-break) _ _ - %2
toL2 indication-time from YENX=_OOF:1/AV8AEEINL;|8_C?$%:(1Iiti\éiEL =X 650 us
DIA_EN rising out P
Open load (wire-break)
t indication-time from VOUT Venxk =0V, VDIAﬁEN =5V, VSEL =X 600 s
oL3 rising beyond open load | loyt =0 MA, Vg- Vourx = < 2V H
threshold
Tass Thermal shutdown 160 185 210 °C
Relative thermal o
TreL shutdown threshold 93 18 143 ¢
Thermal shutdown o
Thvs hysteresis 18 24 30 ¢
Fault low-output voltage _ . . .
Vol_FLT (Versions A, B, C) IrLT = 2 mA, sink current into the pin 0.4 \%
V, Fault low-output voltage | IrLT2= 2 mA, sink current into the pin 0.4 \%
ol_FLTx Version D FLT1, IFLT2 ) .
t Retrv time Time from fault shutdown until switch re-enable 1 9 3 ms
RETRY Y (thermal shutdown or current limit).
EN1 AND EN2 PIN CHARACTERISTICS
VIL, ENx Input voltage low-level 0.8 \%
ViH, ENx Input voltage high-level 2 \%
Vibvs,enx | Input voltage hysteresis 350 mV
Renx Internal pulldown resistor 0.8 1.5 2.5 MQ
liH, EN Input current high-level  |Vgn=5V 5 pA
DIA_EN PIN CHARACTERISTICS
Vi, bia en | Input voltage low-level 0.8 \Y
ViH,pia_EN | Input voltage high-level 2 \%
Vikvs, Input voltage hysteresis 200 350 530 mv
DIA_EN
Rpia EN Internal pulldown resistor 0.8 1.5 2.5 MQ
|||_|Y DIA_EN Input current high-level VDIA_EN =5V 2.5 5.0 10.0 HA
SEL Characteristics
VL, sEL Input voltage low-level 0.8 \Y
ViH, SEL Input voltage high-level 2 \%
Vinvs, seL | Input voltage hysteresis 200 350 530 mV
RseL Internal pulldown resistor 0.8 1.5 2.5 MQ
I|H, SEL Input current high-level VDIAﬁEN =5V VDIAﬁEN =5V 25 5.0 10.0 HA
LATCH PIN CHARACTERISTICS
VL, LatcH | Input voltage low-level 0.8 \%
Viu, LatcH | Input voltage high-level 2 \%
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7.5 Electrical Characteristics (continued)
Vs=6V1to36V,Vpp=3.0Vto3.6V,T;=-40°C to 125°C (unless otherwise noted

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Virvs, Input voltage hysteresis 200 350 53| mv
LATCH
RiaTCH Internal pulldown resistor ‘ 0.8 1.5 2.5 MQ
liH, LATCH Input current high-level  |Viatch=5V 25 5.0 10.0 uA

(1)
@)

on channel 2 when SEL =1

7.6 SNS Timing Characteristics
Vs=6V1to36V, T;=-40°C to +125°C (unless otherwise noted)

The maximum current output under overload condition before current limiting occurs.
SEL must be set to select the relevant channel. Diagnostics are performed on Channel 1 when SEL = 0 and diagnostics are performed

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX| UNIT
SNS TIMING - CURRENT SENSE
¢ Settling time from rising edge of DIA_EN  |VEnx =5V, Vpia eEn=0V 1o 5V 30 s
SNSIONT 1 50% of Vpja_gn to 95% of settled ISNS Rens = 1kQ, IL=2A H
t Settling time from rising edge of DIA_EN  |Veny =5V, Vpjpa en=0V 05V 60 s
SNSIONT  150% of Vpia_gn to 95% of settled ISNS Rsns = 1 kQ, I, = 100 mA H
Settling time from rising edge of EN and Veny = Vo en=0V 105V
tsnsionz | DIA_EN Vs =24V, Rens = 1kQ, R_= 120 85 s
50% of Vpja_en Ven to 95% of settled Isys | ° » TSNS L
Settling tlm.e from rising edge of EN with VS=24V Vene = 0 V10 5 V, Vs en =
tsnsions | DIA_EN H; 5V Rgns = 1 kQ, I = 2A B 85| ue
50% of Vpia_en Ven to 95% of settled Isns SNS b
tsnsiorr1 | Settling time from falling edge of DIA_EN | VENx =5V, Vo En =5V 0 0V 20| ps
Rsns =1kQ, I =2A
— o VEN1 =5V, Vpp ENn=5V
tsetren | Settling time from rising edge of load step Rens = 1 kQ, logr = 0.8 Ato 2 A 20 us
. . . VENx =5 V, VDIA_EN =5V
tsETTLEL Settling time from falling edge of load step Rens = 1 KQ, logr = 2 A0 0.8 A 20 us
SNS TIMING - MULTIPLEXER
Venx = 5V, Vpia EN=5V
t Settling time from current sense on CHx to |Vgg =0V to 5V 20 s
MUX CHy Rsns = 1KQ, lout1 =0.2 A, loyt2 =2 "
A
7.7 Switching Characteristics
Vs=6V 1036V, T;=-40°C to +125°C (unless otherwise noted)
Parameter Test Conditions Min Typ Max Unit
. Vs =24V, R =48 Q 50% of EN to
tor CH1 and CH2 Turnon delay time 10% of VOUT 10 15 25 us
' Vs =24V, R =48 Q 50% of EN to
tor CH1 and CH2 Turnoff delay time 90% of VOUT 25 35 50 us
= o, o,
SR2g VOUTXx rising slew rate Vs =24V, 25% to 75% of Vour, 0.45 0.65 1.05 Vips
R.=48Q
= o, o,
SR2: VOUTXx falling slew rate Vs =24V, 75% 10 25% of Vour, g 5 0.9 14 Vis
R.=48Q
fax Maximum PWM frequency 1 kHz
. Vs=24V,R_=48Q 50% of EN to
ton CH1 and CH2 Turnon time 90% of VOUT 25 40 65 us
. Vs=24V,R_=48Q 50% of EN to
torr CH1 and CH2 Turnoff time 10% of VOUT 40 50 80 us
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7.7 Switching Characteristics (continued)
Vg=6V1to36V, T;=-40°C to +125°C (unless otherwise noted)

Parameter Test Conditions Min Typ Max Unit
fon - t CH1 and CH2 Turnon and off 1ms ON time switch enable _o5 0 25 s
ON™OFF | matching pulse Vgg =24 V, R, =48 Q W
CH1 and CH2 PWM accuracy - 200-ps enable pulse, Vs =24 V, R, =
Apwm 48 Q -12.5 0 12.5 %
average load current F=f
~ max
CH1 and CH2 PWM accuracy - 100-ps enable pulse, Vs =24 V, R, =
Apwm 48 Q -20 10 %
average load current F=f
~ Imax
100-ps enable pulse, Vg =24 V, R =
ton - torr |CH1 Turnon and off timing matching |48 Q —40 10 ys
F = fiax
. . Vs=24V,R_=80Q, 1 ms pulse,
E Switching energy losses during VOUT from 10% to 80% of VS 03 0.4 mJ
ON turnon voltage : '
Switching energy losses durin Vs=24V,R =80, 1 ms pulse,
Eorr oo energy 9 VOUT from 10% to 90% of VS 0.25 0.35 mJ
voltage

Copyright © 2023 Texas Instruments Incorporated

Product Folder Links: TPS272C45

Submit Document Feedback

13


https://www.ti.com
https://www.ti.com/product/TPS272C45
https://www.ti.com/lit/pdf/SLVSF24
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLVSF24C&partnum=TPS272C45
https://www.ti.com/product/tps272c45?qgpn=tps272c45

TPS272C45
SLVSF24C — DECEMBER 2020 — REVISED MAY 2023

13 TEXAS
INSTRUMENTS

www.ti.com

7.

8 Typical Characteristics

lq_vs vs. Temperature
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— 24V
— 30V
0.95
-50 -25 0 25 50 75 100 125
Temperature (°C)
VDD =33V VEN =33V VDlA_EN =0V
Rout = open

Figure 7-1. Quiescent Current (I yvs ps) From VS
Input Supply vs Temperature

lg_vbp vs. Temperature
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— 5V
— 33V
1.35
-50 -25 0 25 50 75 100 125
Temperature (°C)
VS =24V VEN =5V VDIA_EN =0V
Rout = open

Figure 7-2. Quiescent Current (Iq vpp_ps) From
VDD Input Supply vs Temperature

lq_vs vs. Temperature
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Figure 7-3. Quiescent Current (lg ys_ss) From VS
Input Supply vs Temperature

Ron vs. Temperature
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Figure 7-4. On Resistance (Rgy) vs Temperature
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Figure 7-5. Turn-on Time (tgn) vs Temperature
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Figure 7-6. Turn-off Time (torg) vs Temperature
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Vg=24V,30V Ven =5V Vo en =5V Vs=24V Voin eN=0V Rour = 1kQ
Rsns = 1kQ Figure 7-8. VIH, V|_ vs Temperature
Figure 7-7. Current Sense Output Current (Igyg)) vs
Load Current (loyt) Across Temperature
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Figure 7-9. Turn-on Time (Ton) Figure 7-10. Turn-off Time (TopF)
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Figure 7-11. Igys Settling Time on DIA_EN
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8 Parameter Measurement Information
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<
<

torr

v

I Vs VOUT1 lout >
Ioo VDD VOUT2 lout .
LATCH LATCH SEL I
e EN1 SNS lsn >
lenz EN2 ILIML i ———
< 3
a 2 =
= 3 ——lbiaen DIA_EN ILim2 liine—— L =
1 — 2
> - FLT ILIMD lumo—» L >
g 5
> 3
E‘ GND T g 3
N 1 o :2
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| L[ | |
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®
Figure 8-1. Parameter Definitions
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A. Rise and fall time of Vgy is 100 ns.

Figure 8-2. Switching Characteristics Definitions
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VEN1

Vbia_EN

louTs

Isns

tsnsioNt

tsnsionz

VEN1

Vbia_EN

louTs

Isns

J— |

tSETTLEH

l—!

tSETTLEL

—!

tsnsions

Rise and fall times of control signals are 100 ns. Control signals include: EN, DIA_EN, SEL

SEL pin must be set to the appropriate value.

Figure 8-3. SNS Timing Characteristics Definitions

tsNsioFF1 |
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9 Detailed Description
9.1 Overview

The TPS272C45 device is a dual channel 45-mQ smart high-side switch that is intended to provide protection
for output ports in 24-V Industrial systems. The device is designed to drive a variety of resistive, inductive and
capacitive loads. The device integrates various protection features including overload protection through current
limiting, thermal protection, and short-circuit protection. For more details on the protection features, refer to the
Feature Description and Application Information sections of the document.

In addition, the device diagnostics features include the analog SNS output that is capable of providing a signal
proportional to the load current flowing through the switch or constant high current as a fault indication. The
high-accuracy load current sense allows for integration of load diagnostic features that can enable predictive
maintenance for the system by watching for leading indicators of load failures. The device also integrates open
load detection to enable protection against wire breaks. In addition, the device includes a single open drain FLT
pin output (version A, B, C) and dual FLT pin outputs (version D) that indicate device fault states such as short to
GND, short to supply, or overtemperature.

The TPS272C45 is one device in Tl's industrial high side switch family. For each device, the part number
indicates elements of the device behavior. Figure 9-1 explains the device nomenclature.

| TPS | 27 2 | C | 45 X | RHFR |

Package Designator

Prefix

27 40 V Industrial Device Version
High Side Switch

60 V Industrial S | Single Channel

High Side Switch Ron (mQ)
2 Dual Channel

28

L Generation
4 | Quad Channel

Figure 9-1. Naming Convention
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9.2 Functional Block Diagram

'S T
uv/ov
Detection Internal Power FET Vds Clamp
Supply
GN
GND
VDD
1
EN1 :|
d Gate Driver _[ VouTH
EN2 > >
Power FET
f Channel 1/2
LATCH > —{ }—vour2
ILIM1 » |
Limi
ILIM2 > Current Limit
ILIMD > Thermal
Shutdown
FLT
DIA_EN
SEL
Open-load
detection N
dl
< Fault Indication |
SNS —[
SNS Mux |« Current Sense |«

9.3 Feature Description
9.3.1 Programmable Current Limit

The TPS272C45 integrates a dual stage adjustable current limit. For the most efficient and reliable output
protection, the current limit can be set as close to the DC current level as possible. Sometimes, systems require
high inrush current handling as well (example incandescent lamp and capacitive loads). By integrating a dual
stage current limit, the TPS272C45 enables robust DC current limiting while still allowing flexible inrush handling.

With the adjustable current limit feature, a lower current limit setting can reduce the fault energy and the output
current during a load failure event such as a short-circuit or a partial load short (soft-short). By lowering fault
energy and current, the overall system improves through:

* Reduced size and cost in current carrying components such as PCB traces and module connectors
» Less disturbance at the power supply (VS pin) during a short circuit event

* Less additional budget for the power supply to account for overload currents in one channel or more
» Improved protection of the downstream load
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9.3.1.1 Inrush Current Handling

The TPS272C45 uses a resistor from the following pins to the IC GND to configure the current limit behavior:
ILIM1, ILIM2, and ILIMD. The ILIM1 and ILIM2 pin resistors set the current limit thresholds for CH1 and CH2
respectively while ILIMD pin resistor sets a delay time for the device to operate in a higher or lower current limit
during device start-up or output turn-on by retry after a fault (thermal) shutdown).

24-V Power Supply

5-V/3.3-V Power
Supply (Optional)

VOUT1

VOUT2

R >
ILIM‘E)

Load 1 Load 2

L L
Figure 9-2. Current Limit Set Functionality

The ILIM1/ILIM2 thresholds and the ILIMD pin resistor controlled timing enable flexible inrush current control
behavior. The following table shows the various options available.

Table 9-1. Inrush Current Limit Options

Case ILIMD Resistor |Inrush Delay Time | Current Limit During Notes
Number Settings (ms) Inrush Duration
At the level set by | The device shows constant current limit threshold in each
! Short to GND 0 ILIM1/2 resistor channel at all times set by the ILIM1/2 resistors.

Discrete resistor ) The current is set higher during the duration of the inrush
values Programmable in Current limitat2 | delay to support high inrush current loads like incandescent

2 (See table discrete steps times the level set by |lamps. See figure (case 1) showing current limit behavior
below) 2-18 ILIM1/2 resistor enabling into a short circuit with ILIM1/2 threshold set at 2.2

elow
A

o Additional feature to limit the current and power dissipation
Current limit fixed at | quring initial phase of charging large power supply capacitor
1.5-A threshold for  ||0ads. The Vds dependence of current limit exists only

3 40.2kQ +/-2% Fixed 30 Vds > 16 V, or at the | quring the duration set by the ILIMD resistor.

level set by ILIM1/2 If the ILIMD resistor is not connected (floating) or > 40.2 kQ,

istor if Vds < 16 V
resistort s the inrush current limit behavior defaults to Case 3.

Table 9-2. Delay Resistor Values

ILIMD Resistor Value Delay
3.48 kQ 2ms
7.15kQ 4ms
12.1 kQ 6 ms
17.8 kQ 10 ms
24.9 kQ 18 ms
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Figure 9-3. Inrush Current Control (Case 2) With a Shorted Load

IOUT
A
L 1xILIM
1A (e.g. 2.2A)
en 4
Note : tpgay = 30ms
D > >

TpeLay

Figure 9-4. Inrush Current Control (Case 3) With a Shorted Load

For the Case 2, when the ENx pin goes high to turn on one of the channels (or the channel is turned on
automatically to retry after a fault shutdwon), the device defaults to twice current limit threshold as determined
by RiLim1/RiLmz or the maximum internal current limit level (whichever is lower). The internal current limit level
is defined in the Specifications section of this document. After a Tpg ay period that is determined by Ry jvp, the
current limit changes to the threshold determined by R jm1/RiLimz2. The delay can be set in the range from 0 (the
current limit threshold at all times set to that determined by R m1/RiLimz2) to @ maximum of 22 ms in dscrete
steps.
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Each channel operates independently with current limit thresholds controlled by R m¢1 and R me(so both
channels can have separate current limit thresholds). If channel 2 is enabled after channel one, channel 2 has its
own separate timing.

The initial inrush current period when the current limit is higher enables two different system advantages when

driving loads

» Enables higher load current to be supported for a period of time of the order of milliseconds to drive high
inrush current loads like incandescent bulb loads.

» Enables fast capacitive load charging. In some situations, it is ideal to charge capacitive loads at a higher
current than the DC current to ensure quick supply bring up. This architecture allows a module to quickly
charge a capacitive load using the initial higher inrush current limit and then use a lower current limit to
reliably protect the module under overload or short circuit conditions.

While in current limiting mode, at any level, the device has a high power dissipation. If the FET temperature
exceeds the over-temperature shutdown threshold, the device turns off just the channel that is overloaded. After
cooling down, the device either latches off or re-tries, depending on the state of the LATCH pin. If the device is
turning off prematurely on start-up, Tl recommends to improve the PCB thermal layout, lower the current limit to
lower power dissipation, or decrease the inrush current (capacitive loading).

9.3.1.2 Calculating RILIMX
To set the current limit thresholds, connect resistors from both ILIM1 and ILIM2 pins to GND. The current limit
threshold for each channel is determined by Equation 1 (R jux in kQ):

ler = KeL / RiLivx (1)

The nominal K¢ value to be used in the calculation is 20.5 A.kQ. The allowed R jux range is between 5 kQ
and 28.2 kQ. If either pin is floating, grounded, or outside of the range specified, the current limit defaults to an
internal level that is defined in the Specifications section of this document.

9.3.1.3 Configuring ILIMx From an MCU

In many situations, modules like to allow the current limit to be set programmatically from an MCU. This action
enables a module to set current limits to fit the load after determining what load is plugged in. As described, the
TPS272C45 current limits are set by Ry jmx- However, the R jux that is seen by the device can be configured
through small external FETs as shown in Figure 9-5.

24-V Power Supply

5-V/3.3-V Power

| tional
Supply (Optional) ]
VS
VDD VOUT1
* ILIMA1
vouT2 [
Riumi_1 RiLim1 2 ILIM2
ILIMD

L
L
@
&

Load 1 Load 2

H

1 L

Figure 9-5. Dynamic ILIMx Control

For example, Ry u1_1 can set the device to 500-mA ILIM while R ¢ 2 can set the device at 2-A ILIM. After
the MCU realizes how much current draw is required by the load, the MCU can drive one of the series FET's
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to set the ILIM to be ideal for the specific load. The current limit (ILIM1 and ILIM2) thresholds can be changed
dynamically, but the inrush current limit delay set with the ILIMD resistor cannot be changed after powerup.

The external FET switches used to dynamically adjust the current limit must be chosen with a minimum
capacitance (Coss) from the drain the ground. The total capacitance to PCB ground at the ILMx pins including
from traces must be limited to less than 100 pF.

9.3.2 Low Power Dissipation

There are two primary sources of power dissipation in the TPS272C45:
1. Resistive losses in the primary FET, which are calculated as (I oap)? * Ron
2. Controller losses due to quiescent operating current, which are calculated as g * VgyppLy

If ILoap is significantly more than 1 A, the resistive losses dominates the controller losses and they can be
ignored. However, if I oap is less than 1 A, the controller losses comprise a significant portion of the total device
power dissipation. To lower the controller losses, version A of the TPS272C45 introduces a secondary low
voltage supply on pin VDD that can power much of the device functionality. By lowering the controller supply
voltage from 24 V to 3.3 V, the total controller losses decrease significantly. Table 9-3 shows the impact this
second supply can make on the total device power dissipation calculated at a worst case supply voltage of 30
V, without diagnostics enabled. There is an additional contribution to power dissipation from the current sense
circuitry as well as the sensed current out of the SNS pin when diagnostics are enabled. Savings of over 80 mW
per channel in the IC is achieved by powering the device with a separate 3.3-V supply.

Table 9-3. Power Dissipation Calculations

I Version Resistive Losses Controller Losses Total Pp;ss (Maximum,

posD (Maximum, 125°C) (Maximum, 125°C) 125°C)
B 39 mw 211 mW 250 mW

500 mA (both channels)
A 39 mw 50 mw 89 mw
B 624 mW 211 mW 735 mW
2 A (both channels)

A 624 mW 50 mwW 674 mW

By using version TPS272C45A and providing a 3.3-V supply to the VDD pin, for a 500-mA output module the
worst case device total heating is cut from 250 mW to 89 mW, about a 30% decrease in per channel power
dissipation. This lower power dissipation, in addition to the small size of the TPS272C45, enables modules
that have many low current outputs to shrink the size of their casings without limiting output power distribution
capability. To minimize power dissipation, the VDD supply must be powered by a small DC/DC providing the less
than 5 mA per device. Multiple devices can use one DC/DC converter to limit system costs, as shown in Figure
9-6.
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Figure 9-6. Secondary Low Voltage Supply Schematic

For higher current modules, the resistive losses dominate the total power dissipation and the impact of the
secondary supply is less valuable. For example, Table 9-3 shows that for a 2-A output, providing the secondary
supply lowers the total device dissipation by only 12%. In this case, to lower total system costs, versions with
an internal regulator that need only single supply input can be used. If using versions C or D and the secondary
supply is not useful or available, the VDD pin can be grounded and all current is drawn from the primary supply
with no loss of functionality, but higher power dissipation.

9.3.3 Protection Mechanisms

The TPS272C45 protects the system against load fault events like short circuits, inductive load kickback,
overload events, overvoltage and over-temperature events. This section describes the details for protecting
against each of these fault cases.

There are a number of protection features which, if triggered, causes the switch to automatically disable:

* Current limit
* Thermal shutdown
+ DC overvoltage on VS supply above the overvoltage protection threshold, Voypr

When one of these protections are triggered for either channel, the device enters the FAULT state. In the FAULT
state, the fault indication is available on the FLT pin for an MCU to monitor and react to.

The fault indication is reset and the switch turns back on when all of the below conditions are met:

* LATCH pinis low
. tRETRY has expired
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» All faults are cleared (thermal shutdown, current limit, overvoltage)
9.3.3.1 Short-Circuit Protection

TPS272C45 provides output short-circuit protection to ensure that the device prevents current flow in the event
of a low impedance path to GND, removing the risk of damage or significant supply droop. The device is
specified to protect against short-circuit events regardless of the state of the ILIM pins and or supply voltages up
to 36V and across the entire opeprating temperature range -40 °C 125°C.

Figure 9-7 shows the behavior of the TPS272C45 when the device is enabled into an overload condition and
then recovers to a normal load.

Voltage (V)
A
Vs —————————————————————————————
Vs-Vpsp————————————————— |
I
I
I
I
l » Time (s)
Current (A) |
A |
|<:L_ENPs——————————————————l———
leLt -—
I
I
| I
NOM —————————————————l—
At »
dt l
T » Time (s)

Figure 9-7. Enable into Short-Circuit Behavior

Due to the low impedance path, the output current rapidly increases until it hits the current limit threshold. Due to
the response time of the current limiting circuit, the measured maximum current can temporarily exceed the I
value defined as Ic|_gnps, before it settles to the current limit regulation value (I ).

In this state high power is dissipated in the FET, so eventually the internal thermal protection temperature for the
FET is reached and the device safely shuts down. Then if LATCH pin is low the part waits tretry @amount of time
and turns back on.

Figure 9-8 shows the behavior of the TPS272C45 when a short-circuit occurs when the device is in the on-state
and already outputting current. When the internal pass FET is fully enabled, the current clamping settling time
is slower so to ensure overshoot is limit, the device implements a fast trip turn-off at a high current threshold
(approximately 40% higher than I ). When this fast trip threshold is hit, the device shuts off after a delay for a
short period of time before quickly re-enabling and clamping the current to the regulation current limit level (Ig)
after a brief transient overshoot to the higher peak current level. The device then keeps the current clamped at
the regulation current limit until the thermal shutdown temperature is hit and the device safely shuts off.
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Figure 9-8. On-State Short-Circuit Behavior

Overload Behavior shows the behavior of the TPS272C45 when there is a small change in impedance that
sends the load current above the Ig. threshold. The current rises to Ic. |y above the regulation level. Then the
current limit regulation loop kicks in and the current drops to the I value.

Current (A)
A
lcL_enps|

leL_uinpk

ey
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» Time (s)

Figure 9-9. Overload Behavior

In all of these cases, the internal thermal shutdown is safe to hit repetitively. There is no device risk or lifetime
reliability concerns from repeatedly hitting this thermal shutdown level.

9.3.3.1.1 Vg During Short-to-Ground

When Vgyt is shorted to ground, the module power supply (Vg) can see a transient decrease. This decrease is
caused by the sudden increase in current flowing through the cable inductance. For ideal system behavior, TI
recommends that the module maintain Vg > 3 V (above the maximum Vyy_of) during Voyt short-to-ground. This
event is typically accomplished by placing bulk capacitance on the power supply node. If Vg goes below Vyy, oF,
the device can sustain unexpected latch and timing behavior.

9.3.3.2 Inductive Load Demagnetization

When switching off an inductive load, the inductor can impose a negative voltage on the output of the switch.
The TPS272C45 includes voltage clamps between Vg and Vgoyt to limit the voltage across the FETs and
demagnetize load inductance if there is any. The negative voltage applied at the OUT pin drives the discharge of
inductor current. Figure 9-10 shows the device discharging a 40-mH load.

26 Submit Document Feedback Copyright © 2023 Texas Instruments Incorporated

Product Folder Links: TPS272C45


https://www.ti.com/product/TPS272C45
https://www.ti.com/lit/pdf/SLVSF24
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLVSF24C&partnum=TPS272C45
https://www.ti.com/product/tps272c45?qgpn=tps272c45

13 TEXAS

INSTRUMENTS TPS272C45
www.ti.com SLVSF24C — DECEMBER 2020 — REVISED MAY 2023
Tekstop
|L\:\u.'g ..................................................
[ 4vauT R —
3 o i
(3 :EN — L —— e "

H2.00ms 5.00MS/s 8 | 19 Mov 2021
100k points 1.10Y 150 10: 48

L | 2
@ ooy @ 2004

Figure 9-10. TPS272C45 Inductive Discharge (40 mH)

The maximum acceptable load inductance is a function of the energy dissipated in the device and therefore the
load current and the inductive load. The maximum energy and the load inductance the device can withstand for
one pulse inductive dissipation at 125°C is shown in Figure 9-11.The device can withstand 50% of this energy

for one million inductive repetitive pulses with a >4-Hz repetitive pulse. If the application parameters exceed this

device limit, use a protection device like a freewheeling diode to dissipate the energy stored in the inductor.
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Figure 9-11. TPS272C45 Inductive Load Discharge Energy Capability at 125°C
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For more information on driving inductive loads, refer to Tl's How to Drive Inductive, Capacitive, and Lighting
Loads With Smart High-Side Switches application report.

9.3.3.3 Thermal Shutdown

The TPS272C45 includes a temperature sensor on the power FET and also within the controller portion of the
device. The device registers a thermal shutdown fault:

* Tyrer > TaBs

* TJ,FET - TJ,controI > TREL

After the fault is detected, the switch turns off. If T,rer passes Tpags, the fault is cleared when the switch
temperature decreases by the hysteresis value, Tpys. If instead the Trg threshold is exceeded, the fault is
cleared after TreTry passes.

Each channel shuts down independently in case of a thermal event, as each has its own temperature sensor and
fault reporting.

9.3.3.4 Undervoltage Lockout on VS (UVLO)

The device monitors the supply voltage at the VS pin to prevent unpredicted behaviors in the event that the
supply voltage is too low. When the supply voltage falls down to Vv, of, the device enters the shut down state
automatically. When the supply rises up to Vyyor, the device turns back on. When the device is configured to
support an external regulator connected to VDD, for proper device behavior it is required that the supply input for
the external regulator is derived from the same VS supply of TPS272C45 as shown in Figure 9-6.

Fault is not indicated on the FLT pin during an UVLO event. During an initial ramp of Vyg from 0 V at a ramp
rate slower than 1 V/ms, Vgny pins must be held low until Vg is above the UVLO threshold. For best operation,
ensure that Vg has risen above UVLO before setting the Vg, pins to high.

9.3.3.5 Undervoltage Lockout on Low Voltage Supply (VDD_UVLO)

The device monitors the input supply voltage Vypp (in versions A/C/D with external supply input) to prevent
unpredictable behavior in the event that the supply voltage is too low. When the supply voltage falls down to
Vvop uvLor, the device switches operation to the VS (24 V) power supply, but results in increased current draw
from the VS supply input.

9.3.3.6 Power-Up and Power-Down Behavior

All versions of the device power up from the OFF state only when the VS supply input exceeds the VysyvLor
threshold (independent of the VDD supply input level). When VS supply is above the threshold, the internal
regulators are enabled, the device version is recognized. The device then enters the standby state. With
versions A, C, and D and using using an external supply on VDD pin - the device will use the internal regulators
until the VDD voltage exceeds VVDD_UVLOR-

In case the VDD power supply is enabled first and the VDD voltage exceeds Vypp uvLor before the VS supply is
up and the VS voltage exceeds VSy or, the device remains in the off-state.

The behavior of all versions of the device in case of brown-out or power loss in VS supply is as described in
Undervoltage Lockout on VS (UVLO). For versions A, C, and D if the VDD power supply is lost (VDD supply
voltage falls below V\pp yyvLor threshold), the device switches over to the internal power supply, the switch
outputs are disabled.

9.3.3.7 Overvoltage Protection (OVPR)

The device monitors the supply voltage Vg to prevent higher voltages from appearing at the output than can
be supported by the load, when the supply voltage is too high. When the supply voltage goes above Vyg ovpr,
the FET is shut down automatically after a deglitch time to prevent short transients or noise from triggering the
protection. When the supply falls below Vys ovpr, the FET is allowed to turn back on.
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9.3.4 Diagnostic Mechanisms

As systems demand more intelligence, it is becoming increasingly important to have robust diagnostics
measuring the conditions of output power. The TPS272C45 integrates many diagnostic features that enable
modules to provide predictive maintenance and intelligence power monitoring to the system.

9.3.4.1 Current Sense

The SNS output can be used to sense the load current through either channel. The SNS pin outputs a current
that is proportional to the load current through either channel, depending on the state of the SEL pin. This
current is sourced into an external resistor to create a voltage that is proportional to the load current. This
voltage can be measured by an ADC or comparator and used to implement intelligent current monitoring for a
system. To ensure accurate sensing measurement, Rgnyg must be connected to the same ground potential as the
uC ADC.

The SNS pin output is controlled by the SEL pin. If SEL pin is low, SNS outputs load current proportional to
channel 1, whereas if SEL is high SNS outputs load current proportional to channel 2.

Equation 3 shows the transfer function for calculating the load current from the SNS pin current.

Isnsi = lout / Ksns (2)

Ksns is defined in the Specifications section.
9.3.4.1.1 Rgys Value
The following factors must be considered when selecting the Rgyg value:

* Current sense ratio (Kgns)

» Largest and smallest diagnosable load current required for application operation
» Full-scale voltage of the ADC

» Resolution of the ADC

For an example of selecting Rgns value, reference Rj;sys Calculation in the applications section of this data
sheet.

9.3.4.1.1.1 Current Sense Output Filter

To achieve the most accurate current sense value, Tl recommends to filter the SNS output. There are two
methods of filtering:

» Low-Pass RC filter between the SNS pin and the ADC input. This filter is illustrated in Figure 10-1 with
typical values for the resistor and capacitor. The designer must select a Cgng capacitor value based on
system requirements. A larger value provides improved filtering but a smaller value allows for faster transient
response.

» The ADC and microcontroller can also be used for filtering. TI recommends that the ADC collects several
measurements of the SNS output. The median value of this data set must be considered as the most
accurate result. By performing this median calculation, the microcontroller can filter out any noise or outlier
data.

9.3.4.2 Fault Indication
The following faults are registered on the FLTx pin:

* FET thermal shutdown

* Active current regulation

» Thermal Shutdown caused by current limitation
* Open-load (FET OFF state only)

Open-load or short-to-supply are not indicated while the switch is enabled, although in on-state these conditions
can still be detected through the sensed current (ISNS current). Hence, if there is a fault indication while the
channel is enabled, then it must be either due to an overcurrent or overtemperature event. On the other hand, a
fault indication while the output (FET) is disabled must be either due to an open load or output short-to-supply.
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In versions A, B, C of the device, the open drain FLT pin output is a global fault output. FLT pin indicates a fault
when one occurs in either channel. The FLT signal can be deactivated by toggling the EN input of the faulted
channel and sequential toggling of ENx inputs can be used to determine the faulted channel. In versions A, B, C
of the device the SNS pin also indicates the fault status of the channel, provided the faulted channel is selected
with the SEL pin.

In version D of the device, there are two (FLT1 and FLT2) pin outputs corresponding the presence of a fault in
each channel. The independent FLTx signals can be used to easily determine the faulted channel. The FLTx
signal is deactivated by toggling the EN input of the faulted channel. In version D of the device the SNS pin does
not indicate the fault status of the channel, just the load current sense.

Table 9-4 shows the states for both the SNS pin and the FLT pins based on the fault states and ENx/SEL pin
state (applies to versions A, B, C). By looking at these pins, it is possible to detect where the fault has occurred.
The method to identify the channel that caused the FLT signal is as follows when an MCU is monitoring the SNS
pin output. If the SNS is signaling a fault (with Isyspy current output) while SEL=LO, then the fault is in channel
1, whereas with SEL=HI, the fault is in channel 2. If SNS pin signals fault with SEL at either LO or HI, then
both channels are faulted. As discussed earlier, the type of faults (whether it is overcurrent, overtemperature or
open-load) can be determined by the state of EN input in each channel. If the SNS pin output is not monitored, it
is still possible to identify the channel that is faulted. To do this, the EN pin in each channel must be toggled (LO
to Hl or Hl to LO as the case can be). If the fault indication on the FLT pin is removed by toggling the EN input
in a channel, then the fault is in that channel. If the fault indication does not go away with toggling EN input of
both channels, then the fault is in both. The time duration for toggling the EN input must be kept below 10 us to
ensure that there is no impact on the actual output of the channels.

Table 9-4. Device Fault Mux (Versions A, B, C)

INPUTS OUTPUTS
SEL CH1 FAULT CH2 FAULT SNS FLT
0 0 0 CH1 load current High
0 0 1 CH1 load current Low
0 1 0 Correspondﬁ to fault Low
casel!)
0 1 1 Correspond(s1)to fault Low
case
1 0 0 CH2 load current High
1 0 1 Correspond(s1)to fault Low
case
1 1 0 CH2 load current Low
1 1 1 Correspond(s1)to fault Low
case

(1) Table 9-5 describes this behavior

While typically the SNS pin output corresponds to |, oap, in a fault case the switch turns off and I pap goes to
zero so the SNS behavior is modified in a fault case. In the event of a fault cases where SEL is monitoring the
proper channel, the SNS pin outputs a voltage level corresponding to the fault type to enable improved diagnosis
as shown in Table 9-5.

By looking at the combination of the ENx condition, FLT , and SNS pins, it is possible to distinguish between fault
states. Each channel has independent fault states, so the table below applies to CH1 when SEL = LO and CH2
when SEL = HI.
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Table 9-5. Distinguishing Different Fault Cases (Versions A, B, C)

Channel State Fault Case SNS FLT
Regulating current past the initial inrush delay
) IsnsFH Low
set by ILIMD resistor
Enabled )
Short-to-supply/open-load 0 High
T, overtemperature IsNSFH Low
Short-to-supply/open-load ISNSFH Low
Disabled
T, overtemperature 0 High

In version D of the device the fault table is shown in Table 9-6. By looking at these pins, it is possible to
detect which channel the fault has occurred. As discussed earlier, the type of faults (whether it is overcurrent,
overtemperature or open_load) can be determined by the state of EN input in each channel.

Table 9-6. Device Fault Mux (Version D)

INPUTS OUTPUTS
CH1 FAULT CH2 FAULT FLT1 FLT2
0 0 High High
0 1 High Low
1 0 Low High
1 1 Low Low

9.3.4.2.1 Fault Event Diagrams

All timing diagrams assume that the SEL pin is low to measure channel one behavior on the SNS pin.
DIA_EN and SEL pins have no effect on the FLT (versions A, B, C) or FLT1, FLT2 (version D) pin

output.

The LATCH, SEL, DIA_EN, and ENXx pins are controlled by the user. The timing diagrams represent
possible use-cases.

Figure 9-12 shows the device fault reporting behavior in the event of a fault in channel 2 (only) with LATCH and
SEL pin set to LO. As shown, the fault signaling is deactivated when EN is toggled (in this case from HI to LO to
HI). The faulted channel can be determined by toggling the EN pin with a short pulse (less than 10-us wide) that
does not affect the output of the channel.

Copyright © 2023 Texas Instruments Incorporated

Product Folder Links: TPS272C45

Submit Document Feedback 31


https://www.ti.com
https://www.ti.com/product/TPS272C45
https://www.ti.com/lit/pdf/SLVSF24
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLVSF24C&partnum=TPS272C45
https://www.ti.com/product/tps272c45?qgpn=tps272c45

13 TEXAS

TPS272C45 INSTRUMENTS
SLVSF24C — DECEMBER 2020 — REVISED MAY 2023 www.ti.com
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A
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>t
EN2
A
S >t
FLT
A
-t

Figure 9-12. FLT Pin Behavior (Versions A, B, C)

Figure 9-13 shows the device fault reporting behavior in the event of an overcurrent fault when EN goes high. As
shown, the fault signaling is active only after the initial inrush current limit phase is complete.
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louTx
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1X|c|_ \
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FLT -
A
Pt
ENx
A
Pt

Figure 9-13. FLT Pin Behavior With an Overcurrent Event On Channel Enable (Versions A, B,C)

Figure 9-14 shows the device fault and retry behavior when there is a slow creep into an overcurrent event. As
shown, the switch clamps the current until it hits thermal shutdown, and then the device remains latched off until
the LATCH pin is low.
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Figure 9-14. Current Limit — Latched Behavior
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Figure 9-15 shows the behavior with LATCH tied to GND; hence, the switch retries after the fault is cleared and
treTRY has expired.

A

Signaling
FLT

FLT —

DIA_ EN —

— Curfent SNS signals e
SNS — —High-z Sefse L High-z over-current —LHigh-zmHigh-z—
[

VOUTXx

ENx

Tass

T,

leL

IOUTx

Load reaches limit.
Current is limited. Temp
reaches limit.

Switch is disabled. T, Switch follows ENXx.
decreases by Tuys Normal operation.

Figure 9-15. Current Limit - LATCH =10

When the switch retries after a shutdown event, the fault indication remains until Vgoyty has risen to Vyg — 1.8 V.
After Vouty has risen, the FLT output is reset and current sensing is available. If there is a short-to-ground and
Vourt is not able to rise, the SNS fault indication remains indefinitely. Figure 9-16 illustrates auto-retry behavior
and provides a zoomed-in view of the fault indication during retry.

Note
Figure 9-16 assumes that treTry has expired by the time that T, reaches the hysteresis threshold.
LATCH = LO and DIA_EN = HI
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Figure 9-16. Fault Indication During Retry
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9.3.4.3 Short-to-Supply or Open-Load Detection

The TPS272C45 is capable of detecting short-to-supply and open-load events regardless of whether the switch
is turned on or off, however the two conditions use different methods to signify fault. This feature enables
systems to recognize mis-wiring or wire-break events.

9.3.4.3.1 Detection With Switch Enabled

When the switch is enabled, the short-to-supply and open-load conditions are detected through the current
sense feature. In both cases, the load current drops from the nominal value and instead be measured as close to
zero. By measuring load current through the SNS pin, this state can be recognized.

9.3.4.3.2 Detection With Switch Disabled

While the switch is disabled and DIA_EN high, an internal comparator watches the condition of Vgoyt. The
TPS272C45 includes a nominally 150-kQ pull-up resistor from OUT pin to VS pin in series with a switch
controlled by the DIA_EN signal. So, if the load is disconnected (open load condition) or there is a short to
supply the VouT voltage is pulled towards Vys. In either of these events, the internal comparator measures Vgout
as higher than the open load threshold (Vo o) and a fault is indicated on the FLT pin (Version A) or FLTx pins
(Version D) and on the SNS pin (only for versions A, B, C). No external component is required in most cases,
however if there is a pull-down resistor to GND on VT, an additional external pull-up resistor can be necessary
to bias Voyt appropriately.

Open load fault signaling on the SNS and the internal pull-up on OUT is enabled only if DIA_EN is set HI. To
detect open-load threshold at higher pull-down load current, an external pull-up resistor (and potentially a switch)
can be needed.

While the switch is disabled, the fault indication mechanisms continuously represent the present status.
For example, if Voyr decreases from greater than Vo o to less than Vo o the fault indication is reset.
Additionally, the fault indication is reset upon the falling edge of DIA_EN (for SNS pin) or the rising edge of EN.

VS
V OL,off) J
n_ol_fault
Py Py
Digital N~ 2 I'g
(]
ouT =
—[ ]_
FLT
TPS272C45
.}
4
GND
Figure 9-17. Open-Load Detection Circuit
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Figure 9-18. Open-Load Detection Timing

9.3.4.4 Current Sense Resistor Sharing

Multiple high-side devices can use the same Rgyg as shown in Figure 9-19. This action reduces the total number
of passive components in the system and the number of ADC terminals that are required of the microcontroller.

38 Submit Document Feedback Copyright © 2023 Texas Instruments Incorporated

Product Folder Links: TPS272C45


https://www.ti.com/product/TPS272C45
https://www.ti.com/lit/pdf/SLVSF24
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLVSF24C&partnum=TPS272C45
https://www.ti.com/product/tps272c45?qgpn=tps272c45

13 TEXAS
INSTRUMENTS TPS272C45
www.ti.com SLVSF24C — DECEMBER 2020 — REVISED MAY 2023

Microcontroller
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¢ DIA_LEN  Switch 1 SNS ¢—

GPIO [] [ ] ¢ DIALEN  Switch2 SNS #]7
GPIO [] [ ] ¢ DIA.EN  Switch3 SNS #]7
GPIO [] R ¢ DIALEN  Switch4 SNS #]7
ADC [] * AN

— RPROT

CSNS RSNS
N

Figure 9-19. Sharing Rgsys Among Multiple Devices

9.4 Device Functional Modes

During typical operation, the TPS272C45 can operate in a number of states that are described below.
9.4.1 Off

OFF state occurs when the device is not powered.

9.4.2 Diagnostic

DIAGNOSTIC state occurs with DIA_EN is high but ENx are both low. The switch can be used to perform
diagnostics like off-state open-load detection in this state.

9.4.3 Active

In ACTIVE state, the switch is enabled with ENx high. The diagnostic functions like current sense can be either
on or off during ACTIVE state.

9.4.4 Fault

The FAULT state is entered if a fault shutdown occurs (thermal shutdown or current limit). After all faults are
cleared, the LATCH pin is low, and the retry timer has expired, the device transitions out of FAULT state. If the
EN pin is high, the switch re-enables. If the EN pin is low, the switch remains off.
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10 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.

10.1 Application Information

Figure 10-1 shows the schematic of a typical application of the TPS272C45. The schematic includes all standard
external components. This section of the data sheet discusses the considerations in implementing commonly
required application functionality.

If reverse polarity can be applied to the VS supply voltage input, the ground network protection circuit must be
added. The diode prevents the reverse current flow from the GND pin to supply. An additional resistor of 10
ohms or less is added to reduce the current flow if the VS to GND voltage rating is exceeded during any surge
conditions. TI recommends the 1-K resistor in parallel to keep the GND potential close to the board GND under
conditions where the ground network diode can be reverse biased.

VDD

"ol

CVIN_L CVIN2 l
L
VDD DIA_EN
] GND

SEL

Optional FLT

1K Reverse
Polarity EN1

Ronpo | Protection

A

A

A

A
-

I/O Source

RILIMD

Load ] vouT2

47 Cout I SNS [ [ ] ADC

Rerot
Rsns Csns
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Figure 10-1. System Diagram
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Table 10-1. Recommended External Components

COMPONENT TYPICAL VALUE PURPOSE
Rsns 1kQ Translate the sense current into sense voltage.
RproT 10 kQ Low-pass RC filter resitance and protection for the ADC input.
Csns 100 pF Low-pass filter capacitance for the ADC input.
RiLivx 5 kQ to 40 kQ Set current limit threshold, connect from pin to IC GND.
Cuint 4.7 nF to Device GND Z::gé?gn:f voltage transients (for example, ESD, IEC 61000-4-5) and improved
Cvin2 100 nF to Module GND | Stabilize the input supply and filter out low frequency noise.
Cvop 2.2 uF to Module GND | Stabilize the input supply and limit supply excursions.
Court 22 nF Filtering of voltage transients (for example, ESD, RF transients)
Z1vs 36-V TVS Clamp surge voltages at the supply input.

Diode + < 10 ohm from
Denps ZoND Device GND to Module |Optional for reverse polarity protection if needed.
GND

10.1.1 IEC 61000-4-5 Surge

The TPS272C45 is designed to survive against IEC 61000-4-5 surge using external TVS clamps. The device
is rated to 48 V ensuring that external TVS diodes can clamp below the rated maximum voltage of the
TPS272C45. Above 48 V, the device includes Vpg clamps to help shunt current and ensure that the device
survives the transient pulses. Depending on the class of the output, TI recommends that the system has a
SMBJ36A or SMCJ36A between VS and module GND.

10.1.2 Inverse Current

Inverse current occurs when 0 V < Vyg < Vouyr. In this case, current can flow from VOUT to VS. Inverse current
cannot be caused by a purely resistive load. However, a capacitive or inductive load can cause inverse current.
For example, if there is a significant amount of load capacitance and the Vg node has a transient droop, Vour
can be greater than Vs.

The TPS272C45 does not detect inverse current. When the switch is enabled, inverse current passes through
the switch. When the switch is disabled, inverse current can pass through the MOSFET body diode. The device
continues operating in the normal manner during an inverse current event.

10.1.3 Loss of GND

The ground connection can be lost either on the device level or on the module level. If the ground connection is
lost, both the channel outputs are disabled irrespective of the EN input level. If the switch was already disabled
when the ground connection was lost, the outputs remain disabled even when the channels are enabled. The
steady state current from the output to the load that remains connected to the system ground is below the
level specified in the Specifications section of this document. When the ground is reconnected, normal operation
resumes.

10.1.4 Paralleling Channels

If an application requires lower power dissipation than is possible with a 45-mQ switch, the TPS272C45 can
have both channel outputs and ENx pins tied together to function as a single 22.5-mQ high side switch. In this
case, there is some decrease in Igys and Iy accuracy, however the device functions properly.

10.1.5 Thermal Information

When outputting current, the TPS272C45 heats up due to the power dissipation. The transient thermal
impedance curve can be used to determine the device temperature during a pulse current of a given duration
(time). This Zga value here corresponds to a JEDEC standard 2s2p thermal test PCB with no thermal vias.
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Figure 10-2. TPS272C45 Transient Thermal Impedance
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10.2 Typical Application

This application example demonstrates how the TPS272C45 device can be used as output switches in a digital
output module. In this example, consider an 8-channel module with a maximum output current capability of 2 A

per channel.
[N
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- e o X . 24-V Field
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-F Power De/De g
o " 33V/5V Protection [ —
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Figure 10-3. Block Diagram for PLC Digital Output Module

10.2.1 Design Requirements

For this design example, use the input parameters shown in Table 10-2.

Table 10-2. Design Parameters

DESIGN PARAMETER

EXAMPLE VALUE

Vs 24 \V +/-20%
Load 2-A maximum DC
Load type Resistive, Inductive, Capacitive

Load current sense

Maximum of 2.4 A

Regulation current limit (I, ;) 2.6-A typical
Ambient temperature 70°C
Device version A

10.2.2 Detailed Design Procedure

10.2.2.1 Ry Calculation

In this application, the TPS272C45 must allow for the maximum DC current with margin but minimize the energy
in the switch and the load on the input supply during a fault condition by minimizing the current limit.
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The nominal current limit must be set such that the worst case (lowest) current limit is higher than the maximum
load current (2 A). Because the lower limit is 23% below the typical value, for this application, the best I ) set
point is approximately 2.6 A for both channels. The below equation allows you to calculate the Ry value that is
placed from the I jux pins to GND pin of the device. R )y is calculated in kQ.

Rium = KeL / el (3)

The K¢ value in the Specifications section is 20.5 A x kQ. So the calculated value of Ry closest 2% resistor is
7.87 kQ.

10.2.2.2 Diagnostics

If the load is disconnected due a break in the connecting wire, an alert is desired. Open-load detection can be
performed in the switch-enabled state with the current sense feature of the TPS272C45 device. Similarly in the
off-state, a check for wire break can be performed. Under open load condition, with the DIA_EN set high, the
current in the SNS pin is the fault current and the can be detected from the sense voltage measurement.

10.2.2.2.1 Selecting the Rigys Value

Table 10-3 shows the requirements for the load current sense in this application. The Kgng value is specified for
the device and can be found in the Specifications section.

Table 10-3. Rgnys Calculation Parameters

PARAMETER EXAMPLE VALUE
Current sense ratio (Kgns) 1200
Largest diagnosable load current 24 A
Smallest diagnosable load current 50 mA
Full-scale ADC voltage 5V
ADC resolution 10 bit

The load current measurement up to 2.4 A ensures that even in the event of a overcurrent but below the
set current limit, the MCU can register and react by turning off the FET while the low level of 50 mA allows
for accurate measurement of low load currents and enable the distinction open load faults from nominal load
currents.

The Rgns resistor value can be selected such that the largest diagnosable load current puts the SNS pin
voltage (Vgns) less than the ADC full-scale. With this design, any ADC value that shows full scale (FS) can be
considered a fault. Additionally, the Rgng resistor value must ensure that the smallest diagnosable load current
does not cause Vgns to fall below at a least a few LSB of the ADC. With the given example values, a 2.4-kQ
sense resistor satisfies both requirements shown in Table 10-4.

Table 10-4. Vgns Calculation

LOAD (A) SENSE RATIO Isns (mA) Rsns (Q) Vsns (V) % of 5-V ADC
24 1200 2.0 2400 4.8 96%
0.024 1200 0.02 2400 0.048 0.96% (9 LSB)
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10.2.3 Application Curves

Upon enabling our device into a capacitive load, TPS272C45 defaults the current limit to 2 times ICL for a
period of time programmed set by ILIMD. In Figure 10-4, TPS272C45 charges a 1-mF capacitor using the inrush
current handling feature. During the first 4 mS after enabling the device, IOUT1 is 2 times the ICL programmed
(4 A). After the 4-mS period, the current folds back to the programmed ICL (2 A).

[. 20.0 ¥ 2 J[Z.OOms 5.00MS/s 2 7 J[12N01r 2021]

@& -.o0v @ o0 O 100k points 2.40 Y 13: 04: 17

Figure 10-4. TPS272C45 Capacitor Charging

If the device has a no-load case due to an open load or wire-break, the device registers the fault even in an
off-state if the DIA_EN pin is high. Figure 10-5 shows the device behavior when an open load event is registered
with EN low and DIAG_EN is raised. Systems can PWM DIA_EN to lower system power losses while still
watching for open load events and the same timing applies.
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Figure 10-5. Open-Load (tg. ) Detection Time

If the output of the TPS272C45 is short-circuited, the device protects the system from failure. Depending on
RiLim, the current limit set-point varies. The waveforms below show examples of the current limit behavior when

the device is enabled into a short circuit.

In Figure 10-6, the output is permanently shorted. Upon enabling the device, the current reaches the 2 times
current limit is enabled for 6 mS set by ILIMD resistor. After the inrush current period, the current is reduced to
the programmed current limit set by Ry ju. In this case, because the power dissipation is low enough, the device
is able to constantly act as a current source.

Tek Stop_

(2 {EN 1
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Figure 10-6. Enabling Into Short (R = 10 k, Vs = 6 V, Delay = 6 mS)
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In Figure 10-6, the output is also permanently shorted. Upon enabling the device, the current reaches the 2
times current limit, however because the power dissipation is greater due to the higher input voltage at Vg the
device reaches its thermal shutdown threshold and disables itself before reaching the programmed delay time.

Tekstp

[@xI0UT1
@ ooy 2 40003 25.0MS/s 2 12 Now 2021
@ .00y @ so00k O 100k points 2.40 13: 56: 34

Figure 10-7. Enabling Into Short (R = 10 k, Vs = 24 V, Delay = 6 mS)

Figure 10-8 shows that after the device has been enabled into a short and due to the high power dissipation,
the device reaches its thermal shutdown threshold. The device then shuts down the FET for a period of tRETRY
and re-enables the FET into the short. The capture shows the continuous retry cycle and protection because the

short is permanently applied.
Tek Stop_

(2 fEN14

(35fSHS
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Figure 10-8. Permanent Short Behavior (R;_u = 10 k, Vg = 24 V, Delay = 6 mS)
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In the event a short is applied to the output while a load is being driven, the device activates its fast trip
comparator and shutdown the output to limit the inrush current. The device then immediately re-enables into the
short and limit the current to the programmed current limit value. Figure 10-9 describes the behavior.

Tekstp

@ oo 2 4005 250MS/5 & 17 Now 2021
@ ooy @ s ¢ 100k points 2,00V 12: 47: 38

Figure 10-9. On-State Short Circuit (R y=10k,Vg=24V)

10.3 Power Supply Recommendations

The TPS272C45 device is designed to operate in a 24-V industrial system. The allowed supply voltage range
(VS pin) is 6 V to 36 V as measured at the VSpin with respect to the GND pin of the device. In this range
the device meets full parametric specifications as listed in the Electrical Characteristics table. The maximum
continuous operating voltage is 36 V. The device is also designed to withstand voltage transients beyond this
range. The device version A requires an external power supply input in the range 3.0 V to 5.5 V. The C and
D versions of the device have an secondary internal regulator (nominally 3.3 V) but an external supply can be
optionally provided at the VDD pin to lower the power dissipation in the IC. Version B always use an internal
3.3V regulator, so a single 24V supply (VS pin) is sufficient.

Table 10-5. Operating Voltage Range
Supply voltage pin Input Supply Voltage Range Note

Nominal supply voltage, all parametric
VS 6Vto36V specifications apply. The device is completely
short-circuit protected up to 125°C.

Required for version A, and optional for
versions C and D. A DC/DC converter
supply reduces the overall power dissipation.
When the device is configured to support an
external regulator connected to VDD, it is
required that the supply input for the external

VDD 3.0to 5.5V

regulator is derived from the same VS supply
of TPS272C45 to ensure the outputs disable
during loss of supply. Reference Figure 9-6

for external supply configuration.
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10.4 Layout

10.4.1 Layout Guidelines

To achieve optimal thermal performance, connect the exposed pad to a large copper pour. On the top PCB layer,
the pour can extend beyond the package dimensions as shown in the example below. In addition to this, Tl
recommends to also have a GND plane either on one of the internal PCB layers or on the bottom layer.

Vias must connect this plane to the top GND pour.

Ensure that all external components are placed close to the pins. Device current limiting performance can be
harmed if the R, is far from the pins and extra parasitics are introduced.

10.4.2 Layout Example
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Figure 10-10. Layout Example
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11 Device and Documentation Support

11.1 Documentation Support

11.1.1 Related Documentation

» Texas Instruments, Adjustable Current Limit of Smart Power Switches application report

« Texas Instruments, How to Drive Inductive, Capacitive, and Lighting Loads With Smart High-Side Switches
application report

11.2 Receiving Notification of Documentation Updates

To receive notification of documentation updates, navigate to the device product folder on ti.com. Click on
Subscribe to updates 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.

11.3 Support Resources

TI E2E™ support forums are an engineer's go-to source for fast, verified answers and design help — straight
from the experts. Search existing answers or ask your own question to get the quick design help you need.

Linked content is provided "AS IS" by the respective contributors. They do not constitute Tl specifications and do
not necessarily reflect Tl's views; see TlI's Terms of Use.

11.4 Trademarks

TI E2E™ is a trademark of Texas Instruments.

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

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

“: \ ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may
- be more susceptible to damage because very small parametric changes could cause the device not to meet its published
specifications.

11.6 Glossary

Tl Glossary This glossary lists and explains terms, acronyms, and definitions.
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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.

Copyright © 2023 Texas Instruments Incorporated Submit Document Feedback 51

Product Folder Links: TPS272C45


https://www.ti.com
https://www.ti.com/product/TPS272C45
https://www.ti.com/lit/pdf/SLVSF24
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLVSF24C&partnum=TPS272C45
https://www.ti.com/product/tps272c45?qgpn=tps272c45

13 TEXAS
INSTRUMENTS

www.ti.com

PACKAGE OPTION ADDENDUM

10-Jan-2023

PACKAGING INFORMATION

® 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: TI 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 aline is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

© Lead 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 TlI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and

Addendum-Page 1

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)

TPS272C45ARHFR ACTIVE VQFN RHF 24 3000 RoHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 125 TPS
272C45A

TPS272C45BRHFR ACTIVE VQFN RHF 24 3000 RoHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 125 TPS
272C45B

TPS272C45CRHFR ACTIVE VQFN RHF 24 3000 RoHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 125 TPS
272C45C

TPS272C45DRHFR ACTIVE VQFN RHF 24 3000 RoHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 125 TPS
272C45D
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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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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO [¢—P1—
LR ey R g T
o| |e e Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
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 O O OO0 O 00 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ & A |
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)
TPS272C45ARHFR VQFN RHF 24 3000 330.0 12.4 4.3 53 1.3 8.0 12.0 Q1
TPS272C45BRHFR VQFN RHF 24 3000 330.0 12.4 4.3 53 1.3 8.0 12.0 Q1
TPS272C45CRHFR VQFN RHF 24 3000 330.0 12.4 4.3 53 1.3 8.0 12.0 Q1
TPS272C45DRHFR VQFN RHF 24 3000 330.0 12.4 4.3 53 1.3 8.0 12.0 Q1
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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)

TPS272C45ARHFR VQFN RHF 24 3000 367.0 367.0 35.0
TPS272C45BRHFR VQFN RHF 24 3000 367.0 367.0 35.0
TPS272C45CRHFR VQFN RHF 24 3000 367.0 367.0 35.0
TPS272C45DRHFR VQFN RHF 24 3000 367.0 367.0 35.0
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RHFO0024A

PACKAGE OUTLINE
VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

PIN 1 INDEX AREA—|

0.5
51
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4219064 /A 04/2017

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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EXAMPLE BOARD LAYOUT
RHFO0024A VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD
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SOLDER MASK DETAILS
4219064 /A _04/2017

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
RHFO0024A VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD
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SCALE:20X
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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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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 © 2023, Texas Instruments Incorporated
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