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TPS2521xx, 2.7-V-5.7-V, 4-A, 31-mQ True Reverse Current Blocking eFuse with Input
Reverse Polarity Protection

1 Features

+ Wide operating input voltage range: 2.7 V10 5.7 V
* 28-V absolute maximum
» Withstands negative voltages up to -15V
* Integrated back-to-back FETs with low on-
resistance: Ron = 31 mQ (typ.)
* |deal diode operation with true reverse current
blocking
» Fast overvoltage clamp (OVC) with pin-selectable
threshold (3.8 V, 5.7 V) with 5-ps (typ.) response
time
* Overcurrent protection with load current monitor
output (ILM)
— Active current limit response
— Adjustable threshold (I 1) 0.5 A—4.44 A
* +10% accuracy for Iy > 1A
— Adjustable transient blanking timer (ITIMER) to
allow peak currents up to 2 x I |y
— Output load current monitor accuracy: +6%
(lout21A)
» Fast-trip response for short-circuit protection
— 500-ns (typ.) response time
— Adjustable (2 x I y) and fixed thresholds
« Active High Enable input with adjustable
undervoltage lockout threshold (UVLO)
» Adjustable output slew rate control (dVdt)
* Overtemperature protection
» Power Good indication (PG) with adjustable
threshold (PGTH)
* UL 2367 recognition
— File No. E169910
- Rim=2750Q
+ |EC 62368-1 CB certified
«  Small footprint: QFN 2 mm x 2 mm, 0.45-mm pitch

2 Applications

» Adapter input protection

» Enterprise storage — RAID/HBA/SAN/eSSD
* USB PD port protection

» Server, PC motherboard, add-on cards

* Monitors and docks

3 Description

The TPS2521x family of eFuses is a highly integrated
circuit protection and power management solution
in a small package. The devices provide multiple
protection modes using very few external components
and are a robust defense against overloads,
short-circuits, voltage surges, reverse polarity and

excessive inrush current. With integrated back-to-
back FETSs, reverse current flow from output to input is
blocked at all times, making the device well suited for
systems which need load side energy hold up storage
in case input power supply fails.

Output current limit level can be set with a single
external resistor. It is also possible to get an accurate
sense of the output load current by measuring the
voltage drop across the current limit resistor.

Applications  with  particular  inrush  current
requirements can set the output slew rate with a
single external capacitor. Loads are protected from
input overvoltage conditions by clamping the output to
a safe fixed maximum voltage (pin selectable).

The devices are available in a 2-mm x 2-mm,
10-pin HotRod QFN package for improved thermal
performance and reduced system footprint.

The devices are characterized for operation over a
junction temperature range of —40°C to +125°C.

Device Information
PACKAGE!(" BODY SIZE (NOM)
QFN (10) 2 mm x 2 mm

PART NUMBER
TPS2521xxRPW

(1)  For all available packages, see the orderable addendum at
the end of the data sheet.
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An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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5 Device Comparison Table

Part Number Overvoltage Response Overcurrent Response Response to Fault
TPS25210A Auto-Retry

Pin Selectable OVC (3.8 V/5.7 V) Active Current Limit
TPS25210L Latch-Off
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6 Pin Configuration and Functions
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Figure 6-1. TPS2521x RPW Package 10-Pin QFN Top View

Table 6-1. Pin Functions

PIN
TYPE DESCRIPTION
NAME NO.
Analo Active High Enable for the device. A Resistor Divider on this pin from input supply to GND
EN/UVLO 1 9 |can be used to adjust the undervoltage lockout threshold. Do not leave floating. Refer to
Input : .
Section 8.3.2 for details.
Analog . . .
OVCSEL 2 Input Overvoltage clamp threshold select pin. Refer to Section 8.3.3 for details.
Diaital Power Good indication. This pin is an Open Drain signal which is asserted High when the
PG 3 9 internal power path is fully turned ON and PGTH input exceeds a certain threshold. Refer
Output . .
to Section 8.3.9 for more details.
Analog . .
PGTH 4 Input Power Good Threshold. Refer to Section 8.3.9 for more details.
IN 5 Power |Power input
ouT 6 Power |Power output
DVDT 7 Analog |A capacitor from this pin to GND sets the output turn on slew rate. Leave this pin floating
Output |for the fastest turn on slew rate. Refer to Section 8.3.4.1 for details.
GND 8 Ground 'IC';;\IITDpIn is the ground reference for all internal circuits and must be connected to system
This pin is a dual function pin used to limit and monitor the output current. An external
Analog |resistor from this pin to GND sets the output current limit threshold during start-up as well
ILM 9 . .
Output |as steady state. The pin voltage can also be used as analog output load current monitor
signal. Do not leave floating. Refer to Section 8.3.4.2 for more details.
A capacitor from this pin to GND sets the overcurrent blanking interval during which the
Analog |output current can temporarily exceed set current limit (but lower than fast-trip threshold)
ITIMER 10 . - L
Output |before the device overcurrent response takes action. Leave this pin open for fastest
response to overcurrent events. Refer to Section 8.3.4.2 for more details.
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7 Specifications

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

Parameter Pin MIN MAX| UNIT

Maximum Input Voltage Range, —40°C < T, < 125°C max(-15, VOUZT " 28| Vv
ViN IN

Maximum Input Voltage Range, —10°C < T, < 125°C max(-15, VOUZTZ‘) 28| v
Vour Maximum Output Voltage Range, —-40°C < T, < 125°C ouT -0.3 min (28, V|y +21)

Maximum Output Voltage Range, —10°C < T, < 125°C -0.3 min (28, V|\ +22)
VoutpLs | Minimum Output Voltage Pulse (< 1 us) ouT -0.8
Venuvio | Maximum Enable Pin Voltage Range (2 EN/UVLO -0.3 65| V
Vovcser | Maximum OVCSEL Pin Voltage Range OVCSEL Internally Limited \%
VavdT Maximum dVdT Pin Voltage Range dvdt Internally Limited \%
V\TIMER Maximum ITIMER Pin Voltage Range ITIMER Internally Limited \%
VpGTH Maximum PGTH Pin Voltage Range @ PGTH -0.3 6.5 V
Vpg Maximum PG Pin Voltage Range PG -0.3 6.5 \%
ViLm Maximum ILM Pin Voltage Range ILM Internally Limited \%
IMAx Maximum Continuous Switch Current IN to OUT Internally Limited A
T, Junction temperature Internally Limited °C
TLeaD Maximum Lead Temperature 300 °C
Tste Storage temperature —65 150| °C

(1)  Operation outside the Absolute Maximum Ratings may cause permanent device damage. Absolute Maximum Ratings do not imply
functional operation of the device at these or any other conditions beyond those listed under Recommended Operating Conditions.

If used outside the Recommended Operating Conditions but within the Absolute Maximum Ratings, the device may not be fully

functional, and this may affect device reliability, functionality, performance, and shorten the device lifetime.

(2) If this pin has a pull-up up to V), it is recommended to use a resistance of 350 kQ or higher to limit the current under conditions where

IN can be exposed to reverse polarity.

7.2 ESD Ratings

VALUE UNIT
Human body model (HBM), per ANSI/ESDA/JEDEC +2000
A -001(M *
V(Esp) Electrostatic discharge JS-00 \%
Charged device model (CDM), ANSI/ESDA/JEDEC JS-002(2) +500

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

Parameter Pin MIN MAX| UNIT
Vin Input Voltage Range IN 2.7 570 v
Vout Output Voltage Range ouT min (23, Viy + 20) \%
Venuvio | Enable Pin Voltage Range EN/UVLO 5@ v
VavdT dVdT Capacitor Voltage Rating dvdt Vnt5V \%
VpaTH PGTH Pin Voltage Range PGTH 5@ v
Vpg PG Pin Voltage Range PG 5@ v
V|TIMER ITIMER Pin Capacitor Voltage Rating ITIMER 4 \%
RiLm ILM Pin Resistance ILM 750 6650 Q
Imax Continuous Switch Current, T; < 125°C IN to OUT 4 A
T, Junction temperature —40 125 °C

(1) The input operating voltage should be limited to the selected Output Voltage Clamp threshold as listed in the Electrical Characteristics
section

(2) For supply voltages below 5V, it is okay to pull up the EN pin to IN directly. For supply voltages greater than 5V or systems which can
be exposed to reverse polarity on input supply, it is recommended to use a pull-up resistor with a minimum value of 350 kQ.

(3) For systems which can be exposed to reverse polarity on input supply, if this pin is referred to input supply, it is recommended to use a
pull-up resistor with a minimum value of 350 kQ to limit the current through the pin.

7.4 Thermal Information

TPS2521xx
THERMAL METRIC () RPW (QFN) UNIT
10 PINS
41.7@ °C/W
Resa Junction-to-ambient thermal resistance
74.5®) °C/W
Wyr Junction-to-top characterization parameter 1 °C/W
20 @ °C/W
Y Junction-to-board characterization parameter
27.6 G °C/W

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

(2) Based on simulations conducted with the device mounted on a custom 4-layer PCB (2s2p) with 8 thermal vias under device

(3) Based on simulations conducted with the device mounted on a JEDEC 4-layer PCB (2s2p) with no thermal vias under device
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7.5 Electrical Characteristics
(Test conditions unless otherwise noted) —-40°C < T; < 125°C, V| =5V, OUT = Open, Venuvio = 2 V, OVCSEL = Open, R

=750 Q, dVdT = Open, ITIMER = Open, PGTH = Open, PG = Open. All voltages referenced to GND.

Par-:-::ttater Description MIN TYP MAX UNITS

INPUT SUPPLY (IN)

VuveR) IN Supply UVP Rising Threshold 244 2.53 2.64 Vv

VuveF) IN Supply UVP Falling Threshold 2.35 242 2.55 Vv

laon) IN Supply Quiescent Current 411 593 uA

la(on) IN Supply Current during OVC 426 620 uA
laon) IN Supply Quiescent Current during RCB, Voyt=Vin+ 1V 186 MA
laoFF) IN Supply OFF State Current (Vsp(r) < Ven < VuvLo(F)) 67 130 MA

Isp IN Supply Shutdown Current (Ven < Vsp(r)) 1.62 28.7 MA

IINLKG(IRPP) IN Supply Leakage Current (Viy = =14V, Vour=0V) -3.7 HA

ON RESISTANCE (IN - OUT)

Rox VIN=5V, oyt =3A, T;=25C 31 mQ
27<V|y$5.7V,-40°C<T;<125°C 50.2 mQ

ENABLE/UNDERVOLTAGE LOCKOUT (EN/UVLO)

VuvLoR) EN/UVLO Rising Threshold 1.183 1.2 1.223 \%

VuvLoF) EN/UVLO Falling Threshold 1.076 1.1 1.116 \

Vsp(F) EN/UVLO Falling Threshold for lowest shutdown current 0.45 0.73 \Y

lENLKG EN/UVLO Leakage Current -0.1 0.1 HA

OUTPUT VOLTAGE CLAMP (OUT)

Vo Overvoltage Clamp Threshold, OVCSEL = Shorted to GND 3.65 3.88 41 \%
Overvoltage Clamp Threshold, OVCSEL = Open 5.25 5.74 6.2 \%
gntg?:;ﬂti%eol?yﬂng Clamping, OVCSEL = Shorted to 3.2 3.82 49 Vv

VeLave - -

Output Voltage During Clamping, OVCSEL = Open, loyt =
10 mA 5 5.58 6.1 \

OVERCURRENT PROTECTION (OUT)

Current Limit Threshold, Ry y = 6.65 kQ 0.425 0.5 0.575 A

™ Current Limit Threshold, Ry = 3.32 kQ 0.85 1.0 1.15 A
Current Limit Threshold, Ry y = 1.65 kQ 1.8 2.02 22 A
Current Limit Threshold, R,y = 750 Q 3.96 4.44 4.84 A
Ci.rcuit Breaker Threshold, ILM Pin Open (Single point 01 A
failure)

et Circuit Breaker Threshold, ILM Pin Short to GND (Single
point failure) 11 2.1 A

lscGain Scalable Fast Trip Threshold (Is¢) : I v Ratio 201 %

leT Fixed Fast-trip Current Threshold 22 A

VEp Vour threshold to exit Current Limit Foldback 1.9 \%

VINT ITIMER pin internal pull-up voltage 23 2.52 2.72 \%

OVERCURRENT FAULT TIMER (ITIMER)

I TIMER ITIMER pin internal discharge current, loyt > I jm 1.2 1.81 25 MA

RimiMer ITIMER pin internal pull-up resistance 15 kQ

AVTiMER ITIMER discharge voltage 1.28 1.51 1.74 \Y

OUTPUT LOAD CURRENT MONITOR (ILM)
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7.5 Electrical Characteristics (continued)
(Test conditions unless otherwise noted) —40°C < T; < 125°C, V|y =5V, OUT = Open, Venuvio = 2V, OVCSEL = Open, Ry v

=750 Q, dVdT = Open, ITIMER = Open, PGTH = Open, PG = Open. All voltages referenced to GND.

LS Description MIN TYP MAX| UNITS
Parameter

Analog Load Current Monitor Gain (Iyon : lout), lout = 0.5 A 165 182 200 UA/A

G to 1A, lout < Ilum
IMON - - - ~

Analog Load Current Monitor Gain (Iyon : lout), lout = 1 Ato 165 182 200 UAIA

4 A, lout <lum
REVERSE CURRENT BLOCKING (IN - OUT)

VEwp VN — Vout Forward regulation voltage, loyt= 10 mA 5 174 mV

VN = Vour threshold for fast BFET turn off (enter reverse . N N
VRevTH current blocking) 36.5 29.1 223 mv

VN = Vourt threshold for fast BFET turn on (exit reverse
VewoTH current blocking) 83 102.2 125 mv

OUT Leakage Current during ON state with RCB, Voyt =
louTLkG(RCB) 270 pA

ViN+t1V
| Reverse Leakage Current during unpowered condition, Voyr 4 A
REVLKG(OFF) | =12\ V=0 V 8 [y
POWER GOOD INDICATION (PG)

PG pin voltage while de-asserted, Viy < VyypF), Ven < 0.67 1 Vv

VSD(F): Weak pU”-Up (IPG =26 HA) :

Vpep PG pin voltage while de-asserted, V| < VUVP(F)v VEn < 0.78 1 v

Vsp(r), Strong pull-up (Ipg = 242 LA) ’

PG pin voltage while de-asserted, VN > Vyvp(R) 0 \%
lpeLKG PG Pin Leakage Current, PG asserted 0.9 3 WA
POWERGOOD THRESHOLD (PGTH)

VPGTH(R) PGTH Rising Threshold 1.183 1.2 1.223 Vv
VPGTH(F) PGTH Falling Threshold 1.076 1.09 1.116 \
IPGTHLKG PGTH Leakage Current -0.1 0.3 MA
OVERTEMPERATURE PROTECTION (OTP)

TSD Thermal Shutdown Rising Threshold, T 1 154 °C
TSDnys Thermal Shutdown Hysteresis, T,| 10 °C
DVDT

lgvdt dVdt Pin Charging Current 0.78 1.97 3.3 pA
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7.6 Timing Requirements

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
tove Overvoltage clamp response time Vin > Vovc to Vourl 5 us
iy Current limit response time Isct)aLtJtTIi:g1t-§ v)\(/i:hlm g‘ (I,Z I(I;/fIEIELITMexpired to lour 400 us
tsc Scalable fast-trip response time lout > 3 x Ium to lout! 500 ns
ter Fixed fast-trip response time lout > leT o louT! 500 ns
trsT Auto-Retry Interval after fault (TPS25210A) 110 ms
tswres Reverse Current Blocking recovery time (Vin = VouT) > VFwpTH to Vout 1 50 us
trcs rRei\;ir::e(iil:T:fnt Blocking comparator (Vout = Vin) > 1.3 X Vigyrh to BFET OFF 1 us
tpca PG Assertion de-glitch 12 us
tpeD PG De-assertion de-glitch 12 us

7.7 Switching Characteristics

The output rising slew rate is internally controlled and constant across the entire operating voltage range to ensure the
turn on timing is not affected by the load conditions. The rising slew rate can be adjusted by adding capacitance from

the dVdt pin to ground. As Cgyqt is increased it will slow the rising slew rate (SR). See Slew Rate and Inrush Current

Control (dVdt) section for more details. The Turn-Off Delay and Fall Time, however, are dependent on the RC time constant
of the load capacitance (Coyt) and Load Resistance (R, ). The Switching Characteristics are only valid for the power-up
sequence where the supply is available in steady state condition and the load voltage is completely discharged before the
device is enabled.Typical Values are taken at T; = 25°C unless specifically noted otherwise. Vi =2.7 V, R. =100 Q, Coyt =

1 uF

PARAMETER Cgvat = Open Cgvat = 1800 pF Cdthp=F33°° UNIT
SRon Output Rising slew rate 12.14 0.87 0.5 V/ms
tp.on Turn on delay 0.09 0.6 0.97 ms
tr Rise time 0.17 2.51 4.33 ms
ton Turn on time 0.27 3.1 5.31 ms
tp oFF Turn off delay 64.44 64.44 64.44 us

A
|

Ven/uvio —] :
EN/UVLO UVLO(R) ™ '/. -

|

0— I

|

out

|

|
VUVLO(F)_ - \ -

|

|

Time

Figure 7-1. TPS2521xx Switching Times
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7.8 Typical Characteristics
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Figure 7-6. IN Shutdown Current vs Supply Voltage Figure 7-7. IN Undervoltage Threshold vs Temperature
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7.8 Typical Characteristics (continued)
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Figure 7-8. EN/UVLO Rising Threshold vs Temperature Figure 7-9. EN/UVLO Falling Threshold vs Temperature
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Figure 7-10. EN/UVLO Shutdown Falling Threshold vs Figure 7-11. Overcurrent Protection Threshold vs ILM Resistor
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Figure 7-12. Overcurrent Protection Threshold Accuracy Figure 7-13. Analog Current Monitor Gain Accuracy
(Across Process, Voltage, and Temperature)
Copyright © 2022 Texas Instruments Incorporated Submit Document Feedback 11

Product Folder Links: TPS2521


https://www.ti.com
https://www.ti.com/product/TPS2521
https://www.ti.com/lit/pdf/SLVSFX8
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLVSFX8A&partnum=TPS2521
https://www.ti.com/product/tps2521?qgpn=tps2521

TPS2521
SLVSFX8A — MARCH 2021 — REVISED MARCH 2022

13 TEXAS
INSTRUMENTS

www.ti.com

7.8 Typical Characteristics (continued)
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7.8 Typical Characteristics (continued)
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Figure 7-20. OVC Threshold vs Temperature Figure 7-21. OVC Clamping Voltage (OVCSEL = GND) vs Load
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Figure 7-24. ITIMER Discharge Current vs Temperature Figure 7-25. ITIMER Internal Pullup Resistance vs Temperature
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7.8 Typical Characteristics (continued)
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Figure 7-26. ITIMER Internal Pullup Voltage vs Temperature Figure 7-27. DVDT Charging Current vs Temperature
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Figure 7-29. PG Low Voltage Without Input Supply vs
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Figure 7-30. Time to Thermal Shut-Down During Inrush State Figure 7-31. Time to Thermal Shut-Down During Steady State
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7.8 Typical Characteristics (continued)

VIN

vout
2

to1.4V

Figure 7-32. Start-Up with Enable

Vin =5V, Court = 220 pF, Cyvat = Open, VenuvLo stepped up

VIN

vout
2

Venwvio = 1.5V, Cout = 220 pF, Cqygt = Open, Viy ramped
uptob5V

Figure 7-33. Start-Up with Supply

ViN =5V, Coyr =690 pF, Cyyat = 3300 pF, Venuvio stepped
upto 1.4V

Figure 7-34. Inrush Current with Capacitive Load

Figure 7-35. Inrush Current with Resistive and Capacitive Load

VIN

VIN =5 V, COUT =690 HF, ROUT =4 Q’ Cdth =3300 pF, VEN/
uvLo stepped up to 1.4V

- VN
|

Cout = 220 pF, PG pulled up to 3 V, =15 V hot-plugged to IN

Figure 7-36. Input Reverse Polarity Protection - Fast Ramp

VIN

PG

nnnnn

Cout = 220 yF, PG pulled up to 3 V, V|y ramped down from 0O
V to —15 V and then ramped up to 0 V

Figure 7-37. Input Reverse Polarity Protection - Slow Ramp
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7.8 Typical Characteristics (continued)

VIN

vout

PG 1 PG

ROVCSEL = GND, COUT =220 [JF, IOUT =120 mA, VIN ramped ROVCSEL = Open, COUT =220 IJF, IOUT =150 mA, VIN ramped
up from3.3Vto6V up from5Vto 8V
Figure 7-38. Overvoltage Clamp Response Figure 7-39. Overvoltage Clamp Response
VITIMER ‘\\J/——__—
' S . v er
{ \ \
.- N =
- WA N

A. ViN=5V, Cimmer = 2.2 nF, Coyt = 220 pF, Ryum = 750 Q, lout Vin =5V, Cmimer = 2.2 nF, Coyt = 220 pF, RiLm = 750 Q, lout
stepped from2 A — 6 A — 2 A within 1 ms stepped from 0 A — 6.7 A
Figure 7-40. Transient Overcurrent Blanking Timer Response Figure 7-41. Active Current Limit Response

vout - vourt

louT

VIN =5V, RILM =750 Q, VEN/UVLO =14V, OUT Stepped from VIN =5V, RILM =750 Q, VEN/UVLO =14V, OUT Stepped from
Open — Short-circuit to GND Open — Short-circuit to GND
Figure 7-42. Output Short-Circuit During Steady State Figure 7-43. Output Short-Circuit During Steady State (Zoomed
In)
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7.8 Typical Characteristics (continued)

vout

V|N =5V, COUT = Open, OUT short-circuit to GND, R||_M =750 Q, VEN/UVLO Stepped from0Vto14V

Figure 7-44. Power Up into Short-Circuit
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8 Detailed Description
8.1 Overview

The TPS2521xx is an eFuse with integrated power path that is used to ensure safe power delivery in a system.
The device starts its operation by monitoring the IN bus. When the input supply voltage (V|n) exceeds the
Undervoltage Protection threshold (Vyyp), the device samples the EN/UVLO pin. A high level (> VyyLo) on this
pin enables the internal power path (BFET + HFET) to start conducting and allow current to flow from IN to
OUT. When EN/UVLO is held low (< VyyLo), the internal power path is turned off. In case of reverse voltages
appearing at the input, the power path remains OFF thereby protecting the output load.

After a successful start-up sequence, the device now actively monitors its load current and input voltage, and
controls the internal HFET to ensure that the user adjustable overcurrent limit threshold (I jm) is not exceeded
and overvoltage spikes are either safely clamped to the selected threshold voltage (Vovyc). The device also
provides fast protection against severe overcurrent during short-circuit events. This keeps the system safe from
harmful levels of voltage and current. At the same time, a user adjustable overcurrent blanking timer allows the
system to pass moderate transient peaks in the load current profile without tripping the eFuse. This ensures
a robust protection solution against real faults which is also immune to transients, thereby ensuring maximum
system uptime.

The device has integrated reverse current blocking FET (BFET) which operates like an ideal diode. The BFET
is linearly regulated to maintain a small constant forward drop (Vgwp) in forward conduction mode and turned off
completely to block reverse current if output voltage exceeds the input voltage.

The device also has a built-in thermal sensor based shutdown mechanism to protect itself in case the device
temperature (T,) exceeds the recommended operating conditions.
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8.2 Functional Block Diagram
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8.3 Feature Description

The TPS2521xx eFuse is a compact, feature rich power management device that provides detection, protection
and indication in the event of system faults.

8.3.1 Input Reverse Polarity Protection

The TPS2521xx device is internally protected against steady state negative voltages applied at the input supply
pin. The device blocks the negative voltage from appearing at the output, thereby protecting the load circuits.
There’s no reverse current flowing from output to the input in this condition. The lowest negative voltage the
device can handle at the input is limited to =15 V or VOUT —-21 V, whichever is higher. Tl also recommends that
all signal pins (for example, EN/UVLO, PGTH) which are connected to input supply should have a sufficiently
large pullup resistor to limit the current flowing out of these pins during reverse polarity conditions.

8.3.2 Undervoltage Lockout (UVLO and UVP)

The TPS2521x implements Undervoltage Protection on IN in case the applied voltage becomes too low for the
system or device to properly operate. The Undervoltage Protection has a default lockout threshold of Vyp which
is fixed internally. Also, the UVLO comparator on the EN/UVLO pin allows the Undervoltage Protection threshold
to be externally adjusted to a user defined value. The Figure 8-1 and Equation 1 show how a resistor divider can
be used to set the UVLO set point for a given voltage supply.

Power

Supply
Ry

=

EN/UVLO

GND

Figure 8-1. Adjustable Undervoltage Protection

VuvLor) x (R1 + R2)
R2 (1)
8.3.3 Overvoltage Clamp (OVC)

The TPS2521xx implements a voltage clamp on the output to protect the system in the event of input
overvoltage. When the device detects the input has exceeded the Overvoltage Clamp Threshold (Voyc), it
quickly responds within toyc and stops the output from rising further and then regulates the HFET linearly to
clamp the output voltage below V¢ apvp @s long as an overvoltage condition is present on the input.

Vinwy) =

If the part stays in clamping state for an extended period of time, there is higher power dissipation inside the
part which can eventually lead to thermal shut-down (TSD). After the part shuts down due to TSD fault, it either
stays latched off (TPS2521xL variant) or restarts automatically after a fixed delay (TPS2521xA variant). See
Overtemperature Protection (OTP) for more details on device response to overtemperature.
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Figure 8-2. TPS2521xA Overvoltage Response (Auto-Retry)

There are two available overvoltage clamp threshold options which can be configured using the OVCSEL pin.
Table 8-1. TPS2521xx Overvoltage Clamp Threshold Selection

OVCSEL Pin Connection

Overvoltage Clamp Threshold

Shorted to GND

3.8V

Open

57V

8.3.4 Inrush Current, Overcurrent, and Short Circuit Protection
TPS2521xx incorporates four levels of protection against overcurrent:

Adjustable slew rate (dVdt) for inrush current control

Adjustable threshold (I, ) for overcurrent protection during start-up or steady-state

Adjustable threshold (Isc) for fast-trip response to severe overcurrent during start-up or steady-state

Fixed threshold (Igt) for fast-trip response to quickly protect against hard output short-circuits during steady-
state

8.3.4.1 Slew Rate (dVdt) and Inrush Current Control

During hot-plug events or while trying to charge a large output capacitance at start-up, there can be a large
inrush current. If the inrush current is not managed properly, it can damage the input connectors and/or cause
the system power supply to droop leading to unexpected restarts elsewhere in the system. The inrush current
during turn on is directly proportional to the load capacitance and rising slew rate. Equation 2 can be used to find
the slew rate (SR) required to limit the inrush current (Iinrush) for a given load capacitance (Coyr):

1

2.
3.
4

IinrusH (MA)

SR(V/ms) = Cour (uF)

)

A capacitor can be connected to the dVdt pin to control the rising slew rate and lower the inrush current during
turn on. The required Cyy4t capacitance to produce a given slew rate can be calculated using Equation 3.

2000

Cavadt (pF) = m

©)
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The fastest output slew rate is achieved by leaving the dVdt pin open.

Note

For Cgvgt > 10 nF, Ti recommends to add a 100-Q resistor in series with the capacitor on the dVdt pin.

8.3.4.2 Active Current Limiting

The TPS2521xx responds to output overcurrent conditions by actively limiting the current after a user adjustable
transient fault blanking interval. When the load current exceeds the set overcurrent threshold (I ) set by the
ILM pin resistor (R y), but stays lower than the short-circuit threshold (2 x I 1), the device starts discharging the
ITIMER pin capacitor using an internal 1.8-pA pulldown current. If the load current drops below the overcurrent
threshold before the ITIMER capacitor (Cityver) discharges by AVitimer, the ITIMER is reset by pulling it up to
V|nT internally and the current limit action is not engaged. This allows short load transient pulses to pass through
the device without getting current limited. If the overcurrent condition persists, the C;ryer continues to discharge
and after it discharges by AV|tmer, the current limit starts regulating the HFET to actively limit the current to
the set overcurrent threshold (I y)- At the same time, the Ci1er is charged up to VNt again so that it is at its
default state before the next overcurrent event. This ensures the full blanking timer interval is provided for every
overcurrent event. Equation 4 can be used to calculate the R\ value for a desired overcurrent threshold.

3334

Rim (Q) = ———
I.m (A) (4)

Note

1. Leaving the ILM pin open sets the current limit to nearly zero and results in the part entering
current limit with the slightest amount of loading at the output.

2. The current limit circuit employs a foldback mechanism. The current limit threshold in the foldback
region (0 V < Vgout < Vgg) is lower than the steady state current limit threshold (I ;).

3. Shorting the ILM pin to ground at any point during normal operation is detected as a fault and the
part shuts down. There is a minimum current (Ir ) which the part allows in this condition before
the pin short condition is detected.

The duration for which transients are allowed can be adjusted using an appropriate capacitor value from ITIMER
pin to ground. The Cimer value needed to set the desired transient overcurrent blanking interval can be
calculated using Equation 5 below.

AViTiver (V) x Crtiver (nF)

IitiMer (LA) (5)

tiriMer (MS) =

22 Submit Document Feedback Copyright © 2022 Texas Instruments Incorporated

Product Folder Links: TPS2521


https://www.ti.com/product/TPS2521
https://www.ti.com/lit/pdf/SLVSFX8
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLVSFX8A&partnum=TPS2521
https://www.ti.com/product/tps2521?qgpn=tps2521

13 TEXAS
INSTRUMENTS TPS2521
www.ti.com SLVSFX8A — MARCH 2021 — REVISED MARCH 2022

Transient Overcurrent Persistent Output Overload | ITIMER expired Overload Removed
| | Persistent Output Overload | ITIMER expired Thermal shutdown
|
|

| |

| I

| |

| ! )
2xlyy—-—---— e oo - A e—————

I

|

I

|

bk ————

lout bw— == -\ —+-

|
Current limiting
operation

! I
} I Current limiting
I | operation
! |
I
|
! I
i

—  tmmer 4’?
|
|

L — trimer ———»

ITIMER

ouT

PGTH

PG

T

Ty —1

Time

Figure 8-3. TPS2521xx Active Current Limit Response

Note

Leave the ITIMER pin open to allow the part to limit the current with the minimum possible delay.

Shorting the ITIMER pin to ground results in minimum overcurrent response delay (similar

to ITIMER pin open condition), but increases the device current consumption. This is not a

recommended mode of operation.

3. Active current limiting based on Ry is active during start-up. In case the start-up current exceeds
ILim, the device regulates the current to the set limit. However, during start-up the current limit is
engaged without waiting for the ITIMER delay.

4. During overvoltage clamp condition, if an overcurrent event occurs, the current limit is engaged
without waiting for the ITIMER delay.

5. Increasing the Citver value extends the overcurrent blanking interval, but it also extends the time
needed for the Cim)ver to recharge up to V\y. If the next overcurrent event occurs before the
CiTiver is recharged fully, it takes lesser time to discharge to the ITIMER expiry threshold, thereby
providing a shorter blanking interval than intended.

N —

During active current limit, the output voltage drops resulting in increased device power dissipation across the
HFET. If the device internal temperature (T;) exceeds the thermal shutdown threshold (TSD), the HFET is
turned off. After the part shuts down due to TSD fault, it either stays latched off (TPS252x1L variant) or restarts
automatically after a fixed delay (TPS2521xA variant). See Overtemperature Protection (OTP) for more details
on device response to overtemperature.

8.3.4.3 Short-Circuit Protection

During an output short-circuit event, the current through the device increases very rapidly. When a severe
overcurrent condition is detected, the device triggers a fast-trip response to limit the current to a safe level.
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The internal fast-trip comparator employs a scalable threshold (Isc) which is equal to 2 x I . This enables the
user to adjust the fast-trip threshold rather than using a fixed threshold which can be too high for some low
current systems. The device also employs a fixed fast-trip threshold (Ig1) to protect fast protection against hard
short-circuits during steady state. The fixed fast-trip threshold is higher than the maximum recommended user
adjustable scalable fast-trip threshold. After the current exceeds Igc or Ig, the HFET is turned off completely
within ter. Thereafter, the devices tries to turn the HFET back ON after a short de-glitch interval (30 ps) in a
current limited manner instead of a dVdt limited manner. This ensures that the HFET has a faster recovery after
a transient overcurrent event and minimizes the output voltage droop. However, if the fault is persistent, the
device stays in current limit causing the junction temperature to rise and eventually enter thermal shutdown. See
Overtemperature Protection (OTP) section for details on the device response to overtemperature.

'y
Transient Severe Overcurrent Persistent Severe Overcurrent Output Hard Short-circuit to ground

Thermal Shutdown
Short-circuit Removed

, Thermal Shutdown }
Overcurrent Removed }
|
|

|
i | ‘
| |
! Retry Timer Elapsed | } Retry Timer Elapsed "
z | : : —— -
! | | } |
| | |
IN i i | I |
! | | } |
— | | |
0 ! } ! ! |
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! | ! } |
! | ! |
1
| FT | | |
IFT* | - 7} 7777777777777777777 I | I
! | | | |
! | | ! |
2% lum—j 4 i | E—— | | |
lour ! | | ! i
! | ! } |
luw—| : e | R - P
| —
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0— | Start-up } ‘ ‘ Start-up } ‘ Start-up
\ ! h

PG I i

T

(™ Applicable only for TPS25210A variant Time

Figure 8-4. TPS2521xx Short-Circuit Response

8.3.5 Analog Load Current Monitor

The device allows the system to accurately monitor the output load current by providing an analog current sense
output on the ILM pin which is proportional to the current through the FET. The user can sense the voltage (Vi )
across the R to get a measure of the output load current.

Vim (uV)
RiLm () x Gimon (LA/A) (6)

lIour (A) =

The waveform below shows the ILM signal response to a load step at the output.
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ViN=5V, Cout =220 pF, Ryum = 750 Q, loyT stepped up from 0 Ato 4 A

Figure 8-5. Analog Load Current Monitor Response

Note
The ILM pin is sensitive to capacitive loading. Careful design and layout is needed to ensure the
parasitic capacitive loading on the ILM pin is < 50 pF for stable operation.

8.3.6 Reverse Current Protection

The device functions like an ideal diode and blocks reverse current flow from OUT to IN under all conditions.
The device has integrated back-to-back MOSFETs connected in a common drain configuration. The voltage
drop between the IN and OUT pins is constantly monitored and the gate drive of the blocking FET (BFET) is
adjusted as needed to regulate the forward voltage drop at Vgywp. This closed loop regulation scheme (linear
ORing control) enables graceful turn off of the MOSFET during a reverse current event and ensures there is no
DC reverse current flow.

The device also uses a conventional comparator (VreyTtH) based reverse blocking mechanism to provide fast
response (trcg) to transient reverse currents. After the device enters reverse current blocking condition, it waits
for the (VN — Vour) forward drop to exceed the VpwptH before it performs a fast recovery to reach full forward
conduction state. This provides sufficient hysterisis to prevent supply noise or ripple from affecting the reverse
current blocking response. The recovery from reverse current blocking is very fast (tswrcg). This ensures
minimum supply droop which is helpful in applications such as supply MUXing/ORing and USB Fast Role Swap
(FRS).

VFWD

]

BFET operating state

Linear ORing loop response BFET turned OFF BFET regulation BFET full conduction

|

|

|

|
RCB fast comparator response | BFET fast enable
[
|

I
I
I
BFET fast disable :
I
|

| .
(RCB entry) : | (RCB exit)
- | | »
Vin - Vour VRevTH ov Vewp VewTH
Iin Reverse 0A Forward
Figure 8-6. Reverse Current Blocking Response
The waveforms below illustrate the reverse current blocking performance in various scenarios.
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During fast voltage step at output (for examp-le. hot-plug), the fast comparator based reverse blocking
mechanism ensures minimum jump/glitch on the input rail.

|

Figure 8-7. Reverse Current Blocking Performance During Fast Voltage Step at Output

During slow voltage ramp at output, the linear ORing based reverse blocking mechanism ensures there is no DC
current flow from OUT to IN, thereby avoiding input rail from getting slowly charged up to output voltage.

Figure 8-8. Reverse Current Blocking Performance During Slow Voltage Ramp at Output

When the input supply droops or gets disconnected while the output storage element (capacitor bank or super
capacitor) is charged to the full voltage, the linear ORing scheme minimizes the self-discharge from OUT to IN.
This ensures maximum hold-up time for the output storage element in critical power back-up applications.

It also prevents incorrect supply presence indication in applications which sense the input voltage to detect if the
supply is connected.

Figure 8-9. Reverse Current Blocking Performance During Input Supply Failure

8.3.7 Overtemperature Protection (OTP)

The device monitors the internal die temperature (T,) at all times and shuts down the part as soon as the
temperature exceeds a safe operating level (TSD) thereby protecting the device from damage. The device does
not turn back on until the junction cools down sufficiently, that is the die temperature falls below (TSD — TSDyys).

When the TPS2521xL (latch-off variant) detects thermal overload, it shuts down and remains latched-off until
the device is power cycled or re-enabled. When the TPS2521xA (auto-retry variant) detects thermal overload, it
remains off until it has cooled down by TSDyys. Thereafter, the device remains off for an additional delay of tgrgT
after which it automatically retries to turn on if it is still enabled.
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Table 8-2. Thermal Shutdown

Device Enter TSD Exit TSD
T, <TSD - TSDnys
TPS2521xL (Latch-Off) T,2TSD Vin cycled to 0 V and then above Vyypr) OR

EN/UVLO toggled below VgpF)

T, <TSD - TSDnys

Vn cycled to 0 V and then above Vyypr) OR
TPS2521xA (Auto-Retry) T,2TSD EN/UVLO toggled below Vpry OR trr timer
expired

8.3.8 Fault Response
The following table summarizes the device response to various fault conditions.

Table 8-3. Fault Summary

Event Protection Response Fault Latched Internally

Overtemperature Shutdown Y
Undervoltage (UVP or UVLO) Shutdown N
Input Reverse Polarity Shutdown N
Input Overvoltage Voltage Clamp N
Transient Overcurrent (I < lout <2 % I ;) |None N
Persistent Overcurrent Current Limit N
Output Short-Circuit to GND Fast-trip followed by Current Limit N
:LD'\L/Jlr:?E thZZy State) Shutdown N
ILM Pin Shorted to GND Shutdown

Reverse Current ((Vout — Vin) > VReVTH) Reverse Current Blocking

Faults which are latched internally can be cleared either by power cycling the part (pulling V,y to 0 V) or by
pulling the EN/UVLO pin voltage below Vgp. This also resets the trgt timer for the TPS2521xA (auto-retry)
variants.

During a latched fault, pulling the EN/UVLO just below the UVLO threshold has no impact on the device. This is
true for both TPS2521xL (latch-off) and TPS2521xA (auto-retry) variants.

For TPS2521xA (auto-retry) variant, on expiry of the trgttimer after a fault, the device restarts automatically.
8.3.9 Power Good Indication (PG)

The TPS2521xx provides an active high digital output (PG) which serves as a power good indication signal and
is asserted high depending on the voltage at the PGTH pin along with the device state information. The PG is an
open-drain pin and needs to be pulled up to an external supply.

After power up, PG is pulled low initially. The device initiates a inrush sequence in which the HFET is turned
on in a controlled manner. When the HFET gate voltage reaches the full overdrive indicating that the inrush
sequence is complete and the voltage at PGTH is above Vpgrhr), the PG is asserted after a de-glitch time
(tpga)-

PG is de-asserted if at any time during normal operation, the voltage at PGTH falls below Vpgri ), Or the device
detects a fault (except overcurrent). The PG de-assertion de-glitch time is tpgp.
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Figure 8-10. TPS2521xx PG Timing Diagram
Table 8-4. TPS2521xx PG Indication Summary
Event Protection Response PG Pin PG Delay
Undervoltage (UVP or UVLO) Shutdown L
Input Reverse Polarity Shutdown L
H (If PGTH pin voltage >
VPGTHR)) trea
Overvoltage (OVC Clam
ge (OVC) P L (If PGTH pin voltage < thep
VpaTH(F)
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Table 8-4. TPS2521xx PG Indication Summary (continued)

Event

Protection Response

PG Pin

PG Delay

H (If PGTH pin voltage >

V t
Steady State NA PGTHR)) ) PGA
L (If PGTH pin voltage < tpeD
VeGTH(F))
H (If PGTH pin voltage >
V t
Transient Overcurrent NA PGTHR)) ) PGA
L (If PGTH pin voltage < tpgD
VeGTH(F))
H (If PGTH pin voltage >
V t
Persistent Overload Current Limiting PGTHR)) ) PGA
L (If PGTH pin voltage < tpgD
VpGTH(F))
H (If PGTH pin voltage > ¢
Output Short-Circuit to GND Fast trip followed by Current Limit | VpTi(r)) tPGA
L (If PGTH < VpgTr(r) PGD
) L (If PGTH pin voltage <
ILM Pin Open Shutdown tpeD
VpGTH(F))
ILM Pin Shorted to GND Shutdown L (lf PGTH < VPGTH(F)) tPGD
Reverse Current ((Voyt — Vin) >
((Vour =Vin) Reverse Current Blocking L tpeD
VREVTH)
Overtemperature Shutdown L

When there is no supply to the device, the PG pin is expected to stay low. However, there is no active pulldown
in this condition to drive this pin all the way down to 0 V. If the PG pin is pulled up to an independent supply
which is present even if the device is unpowered, there can be a small voltage seen on this pin depending on the
pin sink current, which is a function of the pullup supply voltage and resistor. Minimize the sink current to keep
this pin voltage low enough not to be detected as a logic HIGH by associated external circuits in this condition.

8.4 Device Functional Modes

Table 8-5. TPS2521xx Overvoltage Clamp Threshold Selection

OVCSEL Pin Connection

Overvoltage Clamp Threshold

Shorted to GND

3.8V

Open

5.7V
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9 Application and Implementation

Note

Information in the following applications sections is not part of the Tl component specification,
and Tl does not warrant its accuracy or completeness. TI's customers are responsible for
determining suitability of components for their purposes, as well as validating and testing their design
implementation to confirm system functionality.

9.1 Application Information

The TPS2521xx is a 2.7-V to 5.7-V, 4-A eFuse that is typically used for power rail protection applications. The
device can withstand maximum input voltage of 28 V with adjustable undervoltage lockout and fast overvoltage
clamp protection. The device provides ability to control inrush current and protection against input reverse
polarity as well as reverse current conditions. The device can be used in a variety of systems such as adapter
input protection, storage — eSSD/cSSD, e-meters, smart speakers, headphones, USB power accessories. The
design procedure explained in the subsequent sections can be used to select the supporting component values
based on the application requirement. Additionally, a spreadsheet design tool, TPS2521x Design Calculator, is
available in the web product folder.

9.2 Single Device, Self-Controlled

Vin=271057V IN ! ! ouT Vour
;: Cour

EN/UVLO PGTH Vioac
TPS25210x
OVCSEL PG
ITIMER  dvdt GND ILM
®

Figure 9-1. Single Device, Self-Controlled

Other variations:

In a Host MCU controlled system, EN/UVLO or OVCSEL can also be driven from the host GPIO to control/
configure the device operation.

ILM pin can be connected to the MCU ADC input for current monitoring purpose.

Note

Tl recommends to keep parasitic capacitance on ILM pin below 50 pF to ensure stable operation.
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Either V|y or Vout can be used to drive the PGTH resistor divider depending on which supply needs to be
monitored for power good indication.

9.3 Typical Application

End equipments like PC, notebooks, docking stations, monitors, and so on have USB PD ports which can be
configured as DFP (Source), UFP (Sink) or DRP (Source + Sink). TPS2521xx can be used independently or
in conjunction with LM73100 to handle the power path protection requirements of USB PD ports as shown in
Figure 9-2 below.

TPS2521xx provides overcurrent and short-circuit protection in the source path, while blocking any reverse
current from the port to the internal source power rail. The fast recovery (tswrcg) from reverse current blocking
ensures minimum supply droop during Fast Role Swap (FRS) events.

The LM73100 provides overvoltage protection on the sink path, while blocking reverse current from internal sink
rail to the port.

The linear ORing mechanism in TPS2521xx and LM73100 ensures that there is no reverse current flowing from
one power source to the other during fast or slow ramp of either supply.
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Vour=5Vto20V ouT IN
1 i1
IMON OovLO
LM73100
PGTH
dvdt GND PG EN/UVLO
§ Vgus=5 V to 20V
CDVDT [D
\V —
PD Controller
\V4
EN/UVLO PG
V|N = 5 V |N OUT
TPS25210L
OVCSEL PGTH
ITIMER dVdt GND ILM
CITIMER CDVDT RILM
\V4
Figure 9-2. USB PD Port Protection
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9.3.1 Application

&——— USBDATA —]
Vin=5V IN ouT
> ° * ® °
J_ _L J_ J. Veus
R1 R3 1 Cour
100 kQ
470 kQ 00 T jour
EN/UVLO PGTH
R2 TPS25210L R4 V 3.3V
36.5 kQ
205 kQ
OVCSEL 47 kKQ
PG
ITIMER dvdt GND ILM
CIT]MER CDVDT F{ILM
2.2nF 1nF 953 Q

Figure 9-3. TPS2521xx Application Circuit for USB PD Source Path Protection

9.3.2 Design Requirements

Table 9-1. Design Parameters

PARAMETER VALUE
Input supply voltage (V|N) 5V
Undervoltage threshold (Vinuv)) 4V
Overvoltage clamp (Vinovc)) 57V
Output Power Good threshold (Vpg) 45V
Output capacitance (Coyr) 10 pF
Output Slew Rate (SR) 2 Vims
Max continuous current 3A
Overcurrent response Current limit
Current limit threshold (I ;p) 3.5A
Load transient blanking interval (trimer) 2ms
Fault response Latch-off

9.3.3 Detailed Design Procedure
9.3.3.1 Device Selection

Because the application requires current limit response to overcurrent with latch-off response after a fault, the
TPS25210L variant is selected after referring to the Device Comparison Table.

9.3.3.2 Setting Undervoltage and Overvoltage Thresholds

The supply undervoltage threshold is set using the resistors R1, R2 and can be calculated using Equation 7:

VuvLor) x (R1 + R2)
R2 ()

VuvLo(r is the UVLO rising threshold. Because R1 and R2 leak the current from input supply V|, these resistors
must be selected based on the acceptable leakage current from input power supply V|y. The current drawn by
R1 and R2 from the power supply is IR12 = V|5 / (R1 + R2 ). However, leakage currents due to external active

Vinwv) =
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components connected to the resistor string can add error to these calculations. So, the resistor string current,
IR12 must be chosen to be 20 times greater than the leakage current expected on the EN/UVLO pin.

From the device electrical specifications, the EN/UVLO leakage current is 0.1 A (maximum), and Vyy or) = 1.2
V. From design requirements,V|yuy) = 4 V. To solve the equation, first choose the value of R1 = 470 kQ and use
the above equation to solve for R2 = 201.4 kQ.

Using the closest standard 1% resistor values, we get R1 = 470 kQ and R2 = 205 kQ.
Refer to Table 8-5 to set overvoltage clamp. OVCSEL pin is left open to select overvoltage clamp as 5.7 V.
9.3.3.3 Setting Output Voltage Rise Time (tg)

The slew rate (SR) needed to meet the target specification is:

SR(V/ms) =2V/ms ®)

The Cgyyqt Needed to achieve this slew rate can be calculated as:

2000 __ 2000 = 1000 pF

Choose the nearest standard capacitor value as 1 nF.

For this slew rate, the inrush current can be calculated as:

Iinrust (MA) = SR (V/ms) x Cout (UF) = 2 x 10 = 20 mA (10)

The average power dissipation inside the part during inrush can be calculated as:

| A xVin(V)  0.02x5
INRUSH (A) x IN()Z “2 — 0.05W

PDinrusH (W) =
W) 2 2 (1)
The power dissipation is below the allowed limit for a successful start-up without hitting thermal shut-down within

the target rise time as shown in Figure 9-4.
10000

1000 |23
2
7 \
[RCY =
a \
== 10
o ~
2 ~
i
|
0.1
0.01

0 10 20 30 40 50 60 70 80 90 100
Power Dissipation (W)

Figure 9-4. Thermal Shut-Down Plot During Inrush

9.3.3.4 Setting Power Good Assertion Threshold

The Power Good assertion threshold can be set using the resistors R3 and R4 connected to the PGTH pin
whose values can be calculated as:
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_ VrerH®r) x (R3 + R4)
B R4 (12)

Because R3 and R4 leak the current from the output rail Vour, these resistors must be selected to minimize the
leakage current. The current drawn by R3and R4 from the power supply is IR34 = Voyt / (R3 + 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, IR34 must be chosen to be 20 times greater than the PGTH leakage
current expected.

PG

From the device electrical specifications, PGTH leakage current is 1 A (maximum), Vpgrhr) = 1.2 V and from
design requirements, Vpg = 4.5 V. To solve the equation, first choose the value of R3 = 100 kQ and calculate R4
= 36.4 kQ. Choose nearest 1% standard resistor value as R4 = 36.5 kQ.

9.3.3.5 Setting Overcurrent Threshold (I ;)

The overcurrent protection (Current limit) threshold can be set using the Ry resistor whose value can be
calculated as:

3334 3334
=952.57Q

R Q) = =
i ( ) [Lim (A) 35A (13)

Choose nearest 1% standard resistor value as 953 Q.
9.3.3.6 Setting Overcurrent Blanking Interval (ti1yyer)

The overcurrent blanking timer interval can be set using the Ci1jmer capacitor whose value can be calculated as:

tirimer (ms) X Immer (PA) ~ 2x 1.8

Citiver (nF) = = = 2.4 nF
AVitiver (V) 1.5 (14)
Choose nearest standard capacitor value as 2.2 nF.
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9.3.4 Application Curves

VvBUs. ! | i LR Wi

I m

Figure 9-5. VBUS 20-V Hot-Plug Figure 9-6. VBUS 20-V Slow Ramp Up

. veus

[P E———

Vin=5YV, Cout = 10 uF, Royt = 8 Q, Vgys = 20 V initially and then disconnected
Figure 9-7. Fast Role Swap
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10 Power Supply Recommendations

The TPS2521xx devices are designed for a supply voltage range of 2.7 V < V|y < 5.7 V. Tl recommends an
input ceramic bypass capacitor higher than 0.1 pF if the input supply is located more than a few inches from
the device. The power supply must be rated higher than the set current limit to avoid voltage droops during
overcurrent and short-circuit conditions.

The lowest negative voltage the device can handle at the input is limited to —15 V or Vgoyr =21 V, whichever
is higher. Any low voltage signals (for example. EN/UVLO, PGTH) derived from the input supply must have
a sufficiently large pullup resistor to limit the current through those pins to < 10 pA during reverse polarity
conditions. Please refer to Absolute Maximum Ratings table for more details.

10.1 Transient Protection

In the case of a short-circuit and overload current limit when the device interrupts current flow, the input
inductance generates a positive voltage spike on the input, and the output inductance generates a negative
voltage spike on the output. The peak amplitude of voltage spikes (transients) is dependent on the value of
inductance in series to the input or output of the device. Such 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:

* Minimize lead length and inductance into and out of the device.

* Use alarge PCB GND plane.

» Use a Schottky diode across the output to absorb negative spikes.

* Connect a low ESR capacitor of value greater than 1 yF at the OUT pin very close to the device.

* Use a low-value ceramic capacitor C\ = 1 yF to absorb the energy and dampen the transients. The capacitor
voltage rating must be at least twice the input supply voltage to be able to withstand the positive voltage
excursion during inductive ringing.

The approximate value of input capacitance can be estimated with Equation 15:

L
VSPIKE (absolute) = Vi + Ipoap X Cﬂ
IN 15)

where

* V|y is the nominal supply voltage.

* | oap is the load current.

* Ly equals the effective inductance seen looking into the source.
* Cy\ is the capacitance present at the input.

Some applications can require the addition of a Transient Voltage Suppressor (TVS) to prevent transients from
exceeding the absolute maximum ratings of the device. In some cases, even if the maximum amplitude of the
transients is below the absolute maximum rating of the device, a TVS can help to absorb the excessive energy
dump and prevent it from creating very fast transient voltages on the input supply pin of the IC, which can couple
to the internal control circuits and cause unexpected behavior.

Note
If there is a likelihood of input reverse polarity in the system, Tl recommends to use a bi-directional
TVS, or a reverse blocking diode in series with the TVS.

For applications such as USB-C ports where a powered cable can be plugged to the output of the device, there
can be excess voltage stress from OUT to IN which exceeds the absolute maximum rating of the device. Tl
recommends to add a TVS diode from OUT to IN to clamp the voltage to a safe level.

The circuit implementation with optional protection components is shown in Figure 10-1.
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Vin=271057V Vour
IN ouT
— > o o ———
R1 D2 ;: Cour
EN/UVLO PGTH v
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Cin R2 ; ;
D1 T~
OVCSEL PG
ITIMER  dvdt GND ILM
Crmmer Covor Rim
@ 4 @ @

Figure 10-1. Circuit Implementation with Optional Protection Components

10.2 Output Short-Circuit Measurements

Obtain repeatable and similar short-circuit testing results is difficult. The following contribute to variation in
results:

» Source bypassing

* Input leads

» Circuit layout

» Component selection

» Output shorting method

* Relative location of the short
* Instrumentation

The actual short exhibits a certain degree of randomness because it microscopically bounces and arcs. Ensure
that configuration and methods are used to obtain realistic results. Do not expect to see waveforms exactly like
those in this data sheet because every setup is different.
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11 Layout
11.1 Layout Guidelines

For all applications, Tl recommends a ceramic decoupling capacitor of 0.1 yuF or greater between the IN
terminal and GND terminal.

The optimal placement of the decoupling capacitor is closest to the IN and GND terminals of the device. Care
must be taken to minimize the loop area formed by the bypass-capacitor connection, the IN terminal, and the
GND terminal of the IC.

High current-carrying power-path connections must be as short as possible and must be sized to carry at
least twice the full-load current.

The GND terminal must be tied to the PCB ground plane at the terminal of the IC with the shortest possible
trace. The PCB ground must be a copper plane or island on the board. It's recommended to have a separate
ground plane island for the eFuse. This plane doesn't carry any high currents and serves as a quiet ground
reference for all the critical analog signals of the eFuse. The device ground plane should be connected to the
system power ground plane using a star connection.

The IN and OUT pins are used for heat dissipation. Connect to as much copper area on top and bottom PCB
layers using as possible. Adding thermal vias on the under the device further helps to minimize the voltage
gradient across the IN and OUT pads and distribute current uniformly through the device, which improves the
on-resistance and current sense accuracy.

Locate the following support components close to their connection pins:

- Rim
— Cavar

- Cimmer
— Resistors for the EN/UVLO, OVCSEL and PGTH pins

Connect the other end of the component to the GND pin of the device with shortest trace length. The trace
routing for the Ry m, Cimiver and Cyvgt components to the device must be as short as possible to reduce
parasitic effects on the current limit , overcurrent blanking interval and soft start timing. Tl recommends to
keep parasitic capacitance on ILM pin below 50 pF to ensure stable operation. These traces must not have
any coupling to switching signals on the board.

Because the bias current on ILM pin directly controls the overcurrent protection behavior of the device, the
PCB routing of this node must be kept away from any noisy (switching) signals.

Protection devices such as TVS, snubbers, capacitors, or diodes must be placed physically close to the
device they are intended to protect. These protection devices must be routed with short traces to reduce
inductance. For example, a protection Schottky diode is recommended to address negative transients due to
switching of inductive loads. Tl also recommends to add a ceramic decoupling capacitor of 1 uF or greater
between OUT and GND. These components must be physically close to the OUT pins. Care must be taken to
minimize the loop area formed by the Schottky diode/bypass-capacitor connection, the OUT pin and the GND
terminal of the IC.
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11.2 Layout Example

- Bottom Signal/GND layer
- Top Power layer

Figure 11-1. Layout Example
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12 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.

12.1 Documentation Support
12.1.1 Related Documentation

For related documentation see the following:

» Texas Instruments, TPS25210EVM eFuse Evaluation Board user's guide

» Texas Instruments, TPS2521x Design Calculator

» Texas Instruments, Fast Role Swap, Linear ORing with TPS25947 and LM73100 in USB Type-C systems
application brief

» Texas Instruments, eFuses in Smart Electricity Meters application brief

12.2 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.

12.3 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.

12.4 Trademarks
TI E2E™ is a trademark of Texas Instruments.
All trademarks are the property of their respective owners.

12.5 Electrostatic Discharge Caution
This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled

‘ with appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.
“: \ 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.

12.6 Glossary

Tl Glossary This glossary lists and explains terms, acronyms, and definitions.
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13 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 ©)
@ )

TPS25210ARPWR Active Production  VQFN-HR (RPW) |10 3000 | LARGE T&R Yes SN Level-2-260C-1 YEAR -40 to 125 2AJH
TPS25210ARPWR.A Active Production  VQFN-HR (RPW) |10 3000 | LARGE T&R Yes SN Level-2-260C-1 YEAR -40 to 125 2AJH
TPS25210ARPWR.B Active Production  VQFN-HR (RPW) |10 3000 | LARGE T&R Yes SN Level-2-260C-1 YEAR -40 to 125 2AJH

TPS25210LRPWR Active Production  VQFN-HR (RPW) |10 3000 | LARGE T&R Yes SN Level-2-260C-1 YEAR -40 to 125 2AIH
TPS25210LRPWR.A Active Production  VQFN-HR (RPW) |10 3000 | LARGE T&R Yes SN Level-2-260C-1 YEAR -40 to 125 2AIH
TPS25210LRPWR.B Active Production  VQFN-HR (RPW) |10 3000 | LARGE T&R Yes SN Level-2-260C-1 YEAR -40 to 125 2AIH

@ 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 Tl 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.

® 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. TI 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
: |
© Bo W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
BO | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O QfSprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 I Q4 User Direction of Feed
[ 8
T
A
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant

(mm) |W1(mm)

TPS25210ARPWR VQFN- RPW 10 3000 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q2
HR

TPS25210LRPWR VQFN- RPW 10 3000 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q2
HR
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TAPE AND REEL BOX DIMENSIONS
.
7
e S
N s
e 7
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS25210ARPWR VQFN-HR RPW 10 3000 210.0 185.0 35.0
TPS25210LRPWR VQFN-HR RPW 10 3000 210.0 185.0 35.0
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PACKAGE OUTLINE
RPWOO10A VQFN-HR - 1 mm max height
PLASTIC QUAD FLATPACK - NO LEAD

.1_7 e

PIN 1 IDENTIFICATION %/

[l \N]
o

0.1) TYP

T
0.05 J * SEATING PLANE

1 MAX

i 2X[1.45 i
\ PKG |
\ ¢ o ax
4X[0.475 }— 2x[0.25] SQ (0.15) TYP
‘ 5 6 ‘
g T AN )
A .
i ] 4 0.35
pars] ‘ ‘ ~ .25
N 0.1M|C|A (B
2xf_-§ 2x[0.45] +—-—-— 1 - PkGe
Y= ] | C
n - 453
. | ] ] 10 $wLCFLAF@
] ‘ l N 0.05M|C
PIN1ID 0.3
(OPTIONAL) 8x 03 J‘—-j 2x 933 X5

025 0.1M|C|A (B
q}o:l—@‘%—f—@ ¢ 0.05M) |C

4225183/A 08/2019

NOTES:

1. Alllinear 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.
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EXAMPLE BOARD LAYOUT

RPWOO10A VQFN-HR - 1 mm max height
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SOLDER MASK DETAILS
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NOTES: (continued)

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

RPWOO10A VQFN-HR - 1 mm max height
PLASTIC QUAD FLATPACK - NO LEAD

(1.8)
(1.425)
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SOLDER PASTE EXAMPLE
BASED ON 0.100 mm THICK STENCIL

PADS 1, 4,7 & 10: 93%; PADS 5 & 6: 82%

SCALE: 30X
4225183/A 08/2019
NOTES: (continued)
5. 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
Tl products.

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

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