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TPS25921x 4.5V - 18V eFuse with Precise Current Limit and Over Voltage Protection

1

4

Viy  45t018V

Features

4.5V — 18 V Operating Voltage, 20 V (Max)
90 mQ Rps(ony (Typical)

0.4 Ato 1.6 A Adjustable Current Limit
2% Accurate I 7 at 1A at 25°C

+3% Overvoltage, Undervoltage Threshold
Programmable dVy/dt Control

Fault Output for Thermal Shutdown, UVLO and
OVP

-40°C to 125°C Junction Temperature Range
Auto-Retry and Latch-Off Versions

UL2367 Recognized - File No. E169910
UL60950 - Safe during Single Point Failure Test

Applications

White Goods, Appliances

Set Top Boxes, DVD and Gaming Consoles
HDD and SSD drives

Smart Meters, Gas Analyzers

Smart Load Switch

USB Switch

Adapter Power Devices

Application Schematic
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3 Description

The TPS25921 is a compact, feature rich eFuse with
a full suite of protection functions. The wide operating
voltage allows control of many popular DC buses.
The precise 2% current limit, at room temperature,
provides excellent accuracy making the TPS25921
well suited for many system protection applications.

Load, source and device protection are provided with
multiple programmable features including overcurrent,
overvoltage and undervoltage. 3% threshold accuracy
for UV and OV, ensures tight supervision of bus
voltages, eliminating the need for supervisor circuitry.
Fault flag output (FLT) is provided for system status
monitoring and down stream load control.

For hot-plug-in boards, TPS25921 provides in-rush
current control and programmable output ramp-rate.
Output ramp rate is programmable using a capacitor
at soft-start (SS) pin, for maximum design flexibility.

Device Information®

PART NUMBER PACKAGE BODY SIZE (NOM)
TPS25921A
SOIC 4.90mm x 3.91mm
TPS25921L

(1) For all available packages, see the orderable addendum at
the end of the datasheet.
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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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6 Pin Configuration and Functions

SOIC (D) 8 PIN PACKAGE

(TOP VIEW)
°
GND [ ]2 8 | 1] ovp
ss 1] 2 7 [1T] um

enuv [ ] 3 6 [ []FT
N[ ] 4 5 [ ] out

Pin Functions

NAME NUMBER DESCRIPTION

GND 1 Ground.

SS 2 A capacitor from this pin to GND sets the ramp rate of output voltage at device turn-on.

ENUV 3 Input for setting programmable undervoltage lockout threshold. An undervoltage event will open internal FET and
assert FLT to indicate power-failure. When pulled to GND, resets the thermal fault latch in TPS25921L.

IN 4 Power Input and supply voltage of the device.

ouT 5 Power Output of the device.

=Ry 6 Fault event indicator, goes low to indicate fault condition due to Undervoltage, Overvoltage, and Thermal shutdown
event. A nuisance fast trip does not trigger fault. It is an open drain output.

ILIM 7 A resistor from this pin to GND will set the overload and short circuit limit.

ovP 8 Input for setting programmable overvoltage protection threshold. An overvoltage event will open the internal FET and
assert FLT to indicate overvoltage.

7 Specifications

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

VALUE®
UNIT
MIN MAX
IN, OUT, ENUV, OVP, FLT -0.3 20 v
Input voltage range IN (10 ms Transient) 22
ILIM, SS -0.3 7
. SS 5 mA
Sink current —
FLT 100 mA
Source current ILIM, SS, FLT Internally Limited
Maximum junction temperature, T, Internally Limited °C
Storage temperature range, Ty -65 150 °C

(1) Stresses beyond those listed under absolute maximum ratings may cause permanent damage to the device. These are stress ratings
only and functional operation of the device at these or any conditions beyond those indicated under recommended operating conditions
is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) All voltage values, except differential voltages, are with respect to network ground terminal.

7.2 ESD Ratings

VALUE UNIT
Human body model (HBM), per ANSI/ESDA/JEDEC JS-0011 +2000
VEsp) | Electrostatic discharge Charg(%d device model (CDM), per JEDEC specification JESD22- +500 \%
c101 =

(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)

MIN  TYP MAX | UNIT
IN 45 18
OUT, OVP, ENUV, FLT 0 18
Input voltage range \%
SS 0 6
ILIM 0 3.3
Resistance ILIM 35.7 95.3 158 kQ
) ouT 0.1 1 uF
External capacitance
SS 1 1000 nF
Operating junction temperature range, T; -40 25 125 °C

7.4 Thermal Characteristics®

TPS2592xx
THERMAL METRIC SOIC (8) PINS UNIT
Rgia Junction-to-ambient thermal resistance 120.8
Rajctop Junction-to-case (top) thermal resistance 65.5
Rgig Junction-to-board thermal resistance 51.8 °C/IW
Wit Junction-to-top characterization parameter 17.4
Wig Junction-to-board characterization parameter 61.2

(1) For more information about traditional and new thermal metrics, see the IC Package Thermal Metrics application report, SPRA953.
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7.5 Electrical Characteristics

Conditions (unless otherwise noted) are —40°C < T; < 125°C, 45V <V <18 V, Venuyy = 2 V, Viovp) = 0V, Ryimy = 95.3
kQ, Cgss = OPEN, FLT = OPEN. Positive current into terminals. All voltages are referenced to GND (unless otherwise noted).

PARAMETER TEST CONDITIONS ‘ MIN TYP MAX | UNIT

SUPPLY VOLTAGE AND INTERNAL UNDERVOLTAGE LOCKOUT
Viny Operating Input Voltage 4.5 18 \%
V(uvr) UVLO Threshold, Rising 4.10 4.26 4.40 \Y
V(uvhys) UVLO Hysteresis 168 224 279 mvV
lo( ony Supply Current, Enabled Venuy =2V, Vgyy =12V 0.22 0.41 0.58 mA
lo( oFF) Supply Current, Disabled Venuy =0V, Voyy =12V 0.08 0.132 0.20 mA
OVERVOLTAGE PROTECTION (OVP) INPUT
Viover) gi\;(ia':\éoltage Threshold Voltage, 1.35 1.39 1.43 v
Viover) Sa\ﬁ%mtage Threshold Voltage, 1.30 1.34 1.37 v
liovp) OVP Input Leakage Current 0V <=Viuwp)s18V -100 0 100 nA
ENABLE AND UNDERVOLTAGE LOCKOUT (ENUV) INPUT
V(ENR) ENUV Threshold voltage, rising 1.36 1.39 1.42 \%
V(Enr) ENUV Threshold voltage, falling 1.30 1.34 1.37 \Y
V(ENF_RsT) :Eh'\el:JrTYa;rParjlihfgllltljir:/; ltage to reset 0.5 0.61 0.8 \Y
len EN Input leakage current 0<Vgny <18V -100 0 100 nA
SOFT START: OUTPUT RAMP CONTROL (SS)
I(ss) SS charging current V(s =0V 0.9 1.04 1.2 HA
R(ss) SS discharging resistance Venuy) = 0V, Iss) = 10 mA sinking 60 70 85 Q
V(ssmax) SS maximum capacitor voltage 5.5 \%
GAINss) SS to OUT gain AVoun/AV(ss) 4.81 4.86 492 VN
CURRENT LIMIT PROGRAMMING (ILIM)
lomy ILIM Bias current 6 10 16 pA

Raumy = 35.7 kQ, (Vg - Vioury) =1V 0.284 0.368  0.452

Rumy = 45.3 KQ, (Vany - Vour) =1V 0.394 0471  0.547

Rqumy = 95.3 KQ, (Vg - Viour) =1V, Ta = Ty= 25°C 0.98 1.0 1.02
(e Current Limit® Raumy = 95.3 kQ, (Viny - Vioun) =1V 0.93 10 1.062 A

Rqumy = 150 KQ, (Vgny - Vioury) =1V 1.43 1.57 1.7

Rqumy = SHORT, Shorted resistor current limit

Rguimy = OPEN, Open resistor current limit 0.12 0.257 0.406

(Single Point Failure Test: UL60950)

Raumy = 35.7 kQ, (Vgny - Vioun) =12V 0.275 0.356 0.438
los Short-circuit current limit® Roaw = 45.3 k0, (Vo - Vioun) =12 V 0.376 045 0522 A

Raumy = 95.3 kQ, (V) - Viour) =12V 0.837 0.9 0.964

Raumy = 150 KQ, (Vi - Vioun) =12V 1.219 1.34 1.46

0.0142 x
l(FasTRIP) Fast-Trip comparator threshold Rguimy in kQ Raumy + A
0.36

V(iLiMopen) ILIM Open resistor detect threshold | V) Rising, Ryvy = OPEN 2.81 3.0 3.25 \%
MOSFET — POWER SWITCH
Ros(on) FET ON resistance @ =T, =8 = o 20 mo

—40°C £ T; < 125°C 55 87 135
PASS FET OUTPUT (OUT)
hhgioun OUT Bias current in off state Veenwy =0V, Vioun 20V (Sour(?ing-;) 2 0 ! pA
Isink(ouT) Vienu) = 0V, V(oyr) = 300 mV (Sinking) 5 7 10

(1) Pulse-testing techniques maintain junction temperature close to ambient temperature. Thermal effects must be taken into account

separately.

(2) The limits for these parameters are specified based on design and characterization data, and are not tested during production.
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Electrical Characteristics (continued)

Conditions (unless otherwise noted) are —40°C < T; < 125°C, 45V <V, < 18 V, Vg uy) =

=2V, Viovp) = 0V, Ry = 95.3

kQ, Css = OPEN, FLT = OPEN. Positive current into terminals. All voltages are referenced to GND (unless otherwise noted).

PARAMETER | TEST CONDITIONS | mIN TYP  MAX| UNIT
FAULT FLAG (FLT): ACTIVE LOW
REm FLT Pull down Resistance Device in fault condition, Vienuy) = OV, |Err) = 100mA 22 26 32 Q
lFm FLT Input Leakage Current Device not in fault condition, Vg = 0V, 18V -0.5 0 0.5 HA
THERMAL SHUT DOWN (TSD)
Trso) TSD Threshold, rising® 155 °C
T(rsphys) TSD Hysteresis® 20 °C
TPS25921L LATCHED
Thermal fault: Latched or Auto Ret -
v TPS25921A I?IS'ITSY
7.6 Timing Requirements
Conditions (unless otherwise noted) are —40°C < T, < 125°C, V= 12V, Vigy uv) = 2V, Viovp) = 0V, Ryumy = 95.3 KQ, Csg =

OPEN, FLT = OPEN. Positive current into terminals. All voltages are referenced to GND (unless otherwise noted). Refer to

Figure 26 for the timing diagrams

| MIN TYP  MAX| UNIT
ENABLE AND UNDERVOLTAGE LOCKOUT (ENUV) INPUT
torF(dly) Turn Off delay ENUV | to Vourn)! 8 ps
ENUV 1 to V(OUT) =1V, 96
C(SS) = OPEN
t Turn-On dela 14.5 + s
ON() Y ENUV 1 to Vioun = 1V, 0.5x ( !
C(ss) > 0.39nF, [C(dVdT) in nF] 70p +
Ciss)
OVERVOLTAGE PROTECTION (OVP) INPUT
tovp(dly) OVP Disable delay | OVP1 to Viour)d 8 ps
SOFT START: OUTPUT RAMP CONTROL (SS)
ENUV 1 to V(our) = 11.7 V, with C(ss) = open , 0.2 0.26 0.33
. Cioum) = 2.2 yF
tss Output ramp time - ms
ENUV T to V(OUT) =117V, with C(SS) =1nF, C(OUT)
_ 2.1 3 3.6
=22 uF
CURRENT LIMIT PROGRAMMING (ILIM)
Fast-Trip comparator
tFASTRIP(dly) delay louT) > lFASTRIP) 3 us
THERMAL SHUT DOWN (TSD)
Retry Delay after TSD TPS25921A Only, Vgyy = 12V 150 ms
t recovery, T; < -
TSD() 20°C] V- To<lToso) = [ rosa89214 Only, Viny =45V 100 ms
6 Submit Documentation Feedback Copyright © 2014-2015, Texas Instruments Incorporated
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7.7 Typical Characteristics

Conditions (unless otherwise noted) are —40°C < T; < 125°C, V= 12V, Vien uv) = 2 V, Viovp) = 0V, Ry = 95.3 KQ, Cou
= 2.2 yF, Cgs = OPEN, FLT = OPEN. Positive current into terminals. All voltages referenced to GND (unless otherwise
noted). For all oscilloscope waveforms T, = 25°C.

4.4 0.6
— — Vuwr)
b — Vuvr
L a3 ~ 05
g <
£ g —
> = 04 —_—
= 0.
k=) 5 L—]
c 4.2 <
L
= g i //
5 41 5 —
par > 0.2
3 B
B > —— Ta=-40°C
e 4 ? 01 — Ta=25°C
£ Ta=85°C
—— Ta=125°C
3.9 0
50  -25 0 25 50 75 100 125 150 4 6 8 10 12 14 16 18
Temperature (°C) Input Voltage (V)
Figure 1. UVLO Threshold Voltage vs Temperature Figure 2. Input Supply Current vs Supply Voltage During
Normal Operation
250 1.4
>
()
200 g 1.38
— o
< / >
3 h°)
€ 150 2 136
[ n
=] / <
3 el S
2 100 g 134
S /_/ 3
(] °
3
50 S 132
=)
—— Ta=25°C z — VENR), V(OVPR)
—— Ta=125°C — VEnr), V(ovPR)
0 13
0 5 10 15 20 50  -25 0 25 50 75 100 125 150
Input Voltage (V) Temperature (°C)
Figure 3. Input Supply Current vs Supply Voltage at Figure 4. ENUV and OVP Threshold Voltage vs Temperature
Shutdown
S 08 1.2
e
2]
g 1.15
3 07 ]
L put
% § 11
& 3 —
2 06 o 105 —
% = L—]
) < 1
> ()
E 0.5 a
7] 0.95
[}
=
=
g 04 0.9
50 -25 0 25 50 75 100 125 150 -50  -25 0 25 50 75 100 125 150
Temperature (°C) Temperature (°C)
Figure 5. EN Threshold Voltage to Reset Fault Latch vs Figure 6. SS Pin Charging Current vs Temperature
Temperature
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Typical Characteristics (continued)

Conditions (unless otherwise noted) are —40°C < T; < 125°C, V= 12V, Vign uy) = 2V, Viovp) = 0V, Ryumy = 95.3 KQ, Coum
= 2.2 yF, Css = OPEN, FLT = OPEN. Positive current into terminals. All voltages referenced to GND (unless otherwise
noted). For all oscilloscope waveforms T, = 25°C.

5 1k
4.95 —_ g
2 e
- 3 100 =
P 4.9 1S
2 = i
B I 3 =
£ 485 e =7 | i
© .
3 5 |
2 10 ==
g Tp = -40°C
— A= - 0
4.8 — Ta=25°C
Ta =85°C
— Ta=125°C
4.75 1
-50  -25 0 25 50 75 100 125 150 1 10 100
Temperature (°C) Soft Start Capacitor (nF)
Figure 7. GAIN(ss) vs Temperature Figure 8. Output Ramp Time vs C(sg)
0.275 25
< L~
b=
o
027 £ 2
[%) [}
g ~ £
(0]
E 0.265 £ 15
[ = /
jo %]
§ 0.26 o~ E 1 —
: — EOA
=4 S /
e} 3
0.255 = 05
o el
= — lumit
O — lFAsSTRIP)
0.25 0
50  -25 0 25 50 75 100 125 150 20 40 60 80 100 120 140 160
Temperature (°C) RqLm) Resistor (k)
C(ss) = Open
Figure 9. Output Ramp Time vs Temperature Figure 10. Current Limit vs Current Limit Resistor
v 25 24
2 — 35.7kQ
g — 45.3kQ
=2 2 95.3 kQ
5 20 \ — 150 kQ
K
) < 16
g 15 N =
9 E
i’ 2 12
n o
§ 10 ‘\ £
= - O 08
o
= v/
g 5
> 0.4
Q
[
3
< 0 0
0 0.25 0.5 0.75 1 1.25 15 1.75 50 -25 0 25 50 75 100 125 150
Current Limit (A) Temperature (°C)
Figure 11. Current Limit Accuracy vs Current Limit Figure 12. Current Limit vs Temperature Across Rg_)
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Typical Characteristics (continued)

Conditions (unless otherwise noted) are —40°C < T; < 125°C, V= 12V, Vign uy) = 2V, Viovp) = 0V, Ryumy = 95.3 KQ, Coum
= 2.2 yF, Css = OPEN, FLT = OPEN. Positive current into terminals. All voltages referenced to GND (unless otherwise

noted). For all oscilloscope waveforms T, = 25°C.

0 \
g s N
o \
[}
N
©
£ -10
[=}
z
E 15
™~
3 -20
-25
0 5 10 15 20 25
Power Dissipation (W)
Po = [Vany

Voun*lumir

Figure 13. Current Limit Normalized (%) vs Power
Dissipation in the Device Pp

0.28
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— Rqum) = Open
0.27
< N
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3 0.26
&
£ \\
\\
0.25 =
0.24
-60 -30 0 30 60 90 120 150

Temperature (°C)

Figure 14. Current Limit for R ;) = Open and Short vs
Temperature
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[(e]
o
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45
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Figure 15. Rpgon) VS Temperature
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T

T

0.1 il N
0.1 1 10 100
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Figure 16. Thermal Shutdown Time vs Power Dissipation

i
Tigger @)

5.00 Vidiv] 10.0 vidiv] 100 ps/div) Stop 275V

-5.000 V ofst] -30.000 V] 5.00MS 50GS/sjEdge  Positive]

C(SS) = Open C(OUT) =4.7nF

Figure 17. Turn ON with Enable

EN la

VIN

i
Tigger @)

5.00 Vidiv| 5.00 Vidiv] 500 ps/div] Stop 275V
10.000 V| -5.000 V ofst] 12.5MS 2.5 GS/s|Edge  Positive]

C(SS) =1nF C(OUT) =4.7nF

Figure 18. Turn ON with Enable

Copyright © 2014-2015, Texas Instruments Incorporated

Submit Documentation Feedback 9

Product Folder Links: TPS25921A TPS25921L


http://www.ti.com/product/tps25921a?qgpn=tps25921a
http://www.ti.com/product/tps25921l?qgpn=tps25921l
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVSCE1A&partnum=TPS25921A
http://www.ti.com/product/tps25921a?qgpn=tps25921a
http://www.ti.com/product/tps25921l?qgpn=tps25921l

TPS25921A, TPS25921L
SLVSCE1A —AUGUST 2014—REVISED APRIL 2015

13 TEXAS
INSTRUMENTS

www.ti.com

Typical Characteristics (continued)

Conditions (unless otherwise noted) are —40°C < T; < 125°C, V= 12V, Vign uy) = 2V, Viovp) = 0V, Ryumy = 95.3 KQ, Coum
= 2.2 yF, Cgs = OPEN, FLT = OPEN. Positive current into terminals. All voltages referenced to GND (unless otherwise

noted). For all oscilloscope waveforms T, = 25°C.

e
By

vout ______,.,...._.—-—"'""'_#
FLTb (
[} _/"’.-.

imebase 60.0 13|

2,00 Vi 10,0 Vidiy| 1,00 Vidiv| 20,0 psfdiv| Normal - 2.2
2,000V ofs 0 mV offsef -2.0600 V} 1.00Ms 50 GSis|Edge _Positive

Figure 19. EN Turn ON Delay : EN 1 to Output Ramp 1

EN la

vouT

FiTh

I

Lout

2,00 Vrdiv| 10.0 Vidiv] 500 mA/div| 10.0 psidiv| Stop 248V
3.0000V]  -7.800V ofsi -1.5200 Al 500kS 5.0 GS/s]Edge Negative)

imebase -30.0 ps| Trigger  (EE)CIB|

Figure 20. EN Turn OFF Delay : EN | to Fault |

Regulation

10.0 Vidiv| 5.00 Vidiv| 1.00 Aidiv] 20.0 psidivfNormial 142 A
20.000 V] 0 mV offset] -3.0000 Al 1.00MS 5.0 GS/sjEdge  Positive]

Figure 23. Hot-Short: Fast Trip Response and Current

B *—---.__,____ -,'__...-—-*
Fite — _..--""'—'#‘
e,
e, '___,..-ﬂ
1 ouT _,.-r-""
TR BT
R.=12Q R@Em = 100 kQ R.=12Q R@Em = 100 kQ
Figure 21. OVP Turn OFF delay: OVP 1 to Fault | Figure 22. OVP Turn ON delay: OVP | to Output Ramp 1
o N
il u e
\ T
I \"-__“'"‘ M‘“‘*‘m—._
i
L __ﬂ_/ l’\/’\ A
Vv

10.0 Vrdiv| 2.00 Aldiv|
20.800 V| -6.000 A ofst]

ry

1.00 psfdiv] Stop 204A
50.0kS 5.0 GS/isjEdge  Positive]

Figure 24. Hot-Short: Fast Trip Response (Zoomed)
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8 Parametric Measurement Information

AN A
5V
Viour) Ven 5
1 o T 10%
» »
> 90%—f~ N 90%
VEN / V(OUT) \
» »
: - 0 time "
0o — <«— time — «—
ton(dly) Torr(dly)
/ N
5V
|
Viowr) Z 0% (FASTRIP) |
7 N | lumir
» ) |
90%
Vioun ;
> 0 - : >
o — «— time P time
tove(dly) trasTRIP(dly)
Figure 25. Timing Diagrams
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9 Detailed Description

9.1 Overview

TPS25921 is a smart eFuse with enhanced built-in protection circuitry. It provides robust protection for all
systems and applications powered from 4.5V to 18 V.

For hot-plug-in boards, the device provides in-rush current control and programmable output ramp-rate.
TPS25921 integrates overcurrent and short circuit protection. The precision overcurrent limit helps to minimize
over design of the input power supply, while the fast response short circuit protection immediately isolates the
load from input when a short circuit is detected. The device allows the user to program the overcurrent limit
threshold between 0.4 A and 1.6 A via an external resistor. The device provides precise monitoring of voltage
bus for brown-out and overvoltage conditions and asserts fault for downstream system. Its threshold accuracy of
3% ensures tight supervision of bus, eliminating the need for a separate supply voltage supervisor chip.
TPS25921 is designed to protect systems such as White Goods, STBs, DTVs, Smart Meters and Gas Analyzers.

The additional features include:

« Over temperature protection to safely shutdown in the event of an overcurrent event
» Fault reporting for brown-out and overvoltage faults
» A choice of latched or automatic restart mode

9.2 Functional Block Diagram

N ,—N—l ouT
1 N le
C t il 1
urren
ove 8 - ovp 3 | 2 Sense 90mQ
N | ©
1.39v 4 __| +_[]— Sl < Charge
Py « >
1.34V ¥ Pump
o+
ENUV 1 3 l:i | oy |
- T EN L
1.30v 4 o
— . - c
134V y 5‘ 2
o
Thermal TSD I
Shutdown | —1 T~ swen|  GATE
> CONTROL SWEN J
_/ Fault 260
R Logic
Retry Timer
0.61V Vv ‘ (TPS25921A Only)
10uA
1A > |
LUmIT
ILIM
SS
T :
70pF -
GND |— SWEN Facst Trip
omp
708
TPS25921x

12

Submit Documentation Feedback

Copyright © 2014-2015, Texas Instruments Incorporated

Product Folder Links: TPS25921A TPS25921L


http://www.ti.com/product/tps25921a?qgpn=tps25921a
http://www.ti.com/product/tps25921l?qgpn=tps25921l
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVSCE1A&partnum=TPS25921A
http://www.ti.com/product/tps25921a?qgpn=tps25921a
http://www.ti.com/product/tps25921l?qgpn=tps25921l

13 TEXAS
INSTRUMENTS
TPS25921A, TPS25921L

www.ti.com SLVSCE1A —AUGUST 2014—REVISED APRIL 2015

9.3 Feature Description

9.3.1 Enable and Adjusting Undervoltage Lockout (UVLO)

The ENUV pin controls the ON/OFF state of the internal FET. A voltage Vgnuv) < Venr on this pin turns off the
internal FET, thus disconnecting IN from OUT.

Toggling the ENUV pin below Vene rst) resets the TPS25921L that has latched off due to a fault condition. The
internal de-glitch delay on ENUV falling edge is kept low for quick detection of power failure. For applications
where a higher de-glitch delay on ENUV is desired, or when the supply is particularly noisy, it is recommended to
use an external filter capacitor from the ENUV terminal to GND.

The undervoltage lockout threshold can be programmed by using an external resistor divider from the supply IN
terminal to the ENUV terminal to GND as shown in Figure 26. When an undervoltage or input power fail event is
detected, the internal FET is quickly turned off, and FLT is asserted. If the undervoltage lockout function is not
needed, the ENUV pin should be connected to the IN terminal. The ENUV terminal should not be left floating.

TPS25921 also implements internal undervoltage lockout (UVLO) circuitry on the IN pin. The device gets
disabled when the IN terminal voltage falls below internal UVLO Threshold V yyg).

V
Wy, IN TPS25921x
Ry
ENUV +
EN
1.39VA _ﬂ_
R; — =
1.34Vy
ovP +
_[T ovp
Ry 139v4 | .
ano| 134V

Figure 26. UVLO and OVP Thresholds Set By R;, R, and R;

9.3.2 Overvoltage Protection (OVP)

TPS25921 incorporates circuits to protect the system during overvoltage conditions. A resistor divider, connected
from the supply to OVP terminal to GND (as shown in Figure 26), programs the overvoltage threshold. A voltage
more than Voypgry 0N the OVP pin turns off the internal FET and protects the downstream load. This pin should
be tied to GND when not used.

9.3.3 Hot Plug-in and In-Rush Current Control

TPS25921 is designed to control the in-rush current upon insertion of a card into a live backplane or other "hot"
power source. This limits the voltage sag on the backplane’s supply voltage and prevents unintended resets of
the system power. A slew rate controlled startup (SS) also helps to eliminate conductive and radiated
interference. An external capacitor from the SS pin to GND defines the slew rate of the output voltage at power-
on (as shown in Figure 27). The equation governing slew rate at start-up is shown in Equation 1 :
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Feature Description (continued)

TPS25921x

Y

0 QE \_m

SS

Ciss) 1~

1
7
Cinm)
GND T

A4
Figure 27. Output Ramp Up Time tgyqr is Set by Cvqr)

ss) = (Css) * ), Mour)

Galn(SS) dt (1)
Where:
* liss) = 1 HA (typical)

dViour)
. dt = Desired output slew rate

i GA'N(SS) = AV(OUT)/AV(SS) gain =4.85
The total ramp time (tss) of V(our) for 0 to V(v can be calculated using Equation 2:
tss =20.6 x 104 x V) x (C(gs) +0.07) @

The inrush current, I yrusH) Can be calculated as

liNrRUSH) = C(ouT) X Vin)
tss (3)
The SS pin can be left floating to obtain a predetermined slew rate (tgg) on the output. When terminal is left
floating, the device sets an internal ramp rate of ~50V/ms for output (Voyr)) ramp.

Figure 36 and Figure 37 illustrate the inrush current control behavior of the device. For systems where load is
present during start-up, the current never exceeds the overcurrent limit set by R resistor for the application.
For defining appropriate charging time/rate under different load conditions, refer to the Setting Output Voltage
Ramp time (tgg) section.

9.3.4 Overload and Short Circuit Protection :

At all times load current is monitored by sensing voltage across an internal sense resistor. During overload
events, current is limited to the current limit (I, 1) programmed by R resistor

ILmT = 10.73x 10 x Ry ) - 0.018 @
R - |L|M|T +0.018
LM =073 x 1073 (5)

el wt is overload current limit in Ampere
* Rquwm) is the current limit programming resistor in kQ

TPS25921 incorporates two distinct overcurrent protection levels: the current limit (I 1) and the fast-trip
threshold (Igastripy)- The fast trip and current limit operations are shown in Figure 28.

Bias current on ILIM pin directly controls current-limiting behavior of the device, and PCB routing of this node
must be kept away from any noisy (switching) signals.
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Feature Description (continued)
9.3.4.1 Overload Protection

For overload conditions, the internal current-limit amplifier regulates the output current to I .- The output
voltage droops during current limit regulation, resulting in increased power dissipation in the device. If the device
junction temperature reaches the thermal shutdown threshold (T(rsp)), the internal FET is turned off. Once in
thermal shutdown, The TPS25921L version stays latched off, whereas TPS25921A commences an auto-retry
cycle trgpayy ms after Ty < [T(rsp) - 20°C]. During thermal shutdown, the fault pin FLT pulls low to signal a fault
condition. Figure 40 and Figure 41 illustrate overload behavior.

9.3.4.2 Short Circuit Protection

During a transient short circuit event, the current through the device increases very rapidly. As current-limit
amplifier cannot respond quickly to this event due to its limited bandwidth, the device incorporates a fast-trip
comparator, with a threshold |gastrip). When the current through the internal FET exceeds lgastripy (Iout) >
lEasTrIP)), this comparator shuts down the pass device within 3 us and terminates the rapid short-circuit peak
current. The lastrip) threshold is dependent on programmed overload current limit and function of R ). See
Equation 6 for the calculation.

- -2
I(FASTRlP) =142x10™“ x R(|L|M) +0.36

where
* leastrip is fast trip current limit in Ampere
*  Rquwm is the current limit resistor in kQ (6)

The fast-trip circuit holds the internal FET off for only a few microseconds, after which the device attempts to turn
back on normally, allowing the current-limit loop to regulate the output current to I . Then, device behaves
similar to overload condition. Figure 42 through Figure 44 illustrate the behavior of the system when the current
exceeds the fast-trip threshold.

9.3.4.3 Start-Up with Short on Output

During start-up into a short circuit current is limited to I 7. Figure 45 and Figure 46 illustrate start-up with a
short on the output. This feature helps in quick fault isolation and hence ensures stability of the DC bus.

9.3.4.4 Constant Current Limit Behavior during Overcurrent Faults

When power dissipation in the internal FET [Pp = (V) - Voun) X loun] > 2 W, there is a ~1 to 20 % thermal fold
back in the current limit value so that the regulated current drops from I 1 to los. Eventually, the device shuts
down due to over temperature.

D
= l(FasTRIP)

<

)

< -2

o Ieastaip) = 1.42 x 107 X Ryum) + 0.36

—

=]

(@)

N/ I
D
LIMIT
Thermal Foldback
1-20%

IOS

Figure 28. Overcurrent Protection Levels
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Feature Description (continued)
9.3.5 FAULT Response

The FLT open-drain output is asserted (active low) during undervoltage, overvoltage and thermal shutdown
conditions. The FLT signal remains asserted until the fault condition is removed and the device resumes normal
operation. During thermal shutdown, TPS25921L version stays latched off, whereas TPS25921A commences an
auto-retry cycle trspay) millisecond after T; < [T(rsp) - 20°C]. For TPS25921L, thermal fault latch can be reset by
cycling the ENUV pin below Vgne rst) threshold. A nuisance fast trip does not trigger fault.

Connect FLT with a pull up resistor to Input or Output voltage rail. FLT may be left open or tied to ground when
not used.
9.3.6 IN, OUT and GND Pins

The IN pin should be connected to the power source. A ceramic bypass capacitor close to the device from IN to
GND is recommended to alleviate bus transients. The recommended operating voltage range is 4.5V — 18 V.

The OUT pin should be connected to the load. V oy in the ON condition, is calculated using the Equation 7
ViouT) = ViiNy - Ros(on) x kour)) @)

where, Rpg(on is the ON resistance of the internal FET.

GND terminal is the most negative voltage in the circuit and is used as a reference for all voltage reference

unless otherwise specified.

9.3.7 Thermal Shutdown:

Internal over temperature shutdown disables/turns off the FET when T; > 155°C (typical). The TPS25921L
version latches off the internal FET, whereas TPS25921A commences an auto- o-retry cycle trspay) Milliseconds
after T, drops below [T tgp) - 20°C]. During the thermal shutdown, the fault pin FLT is pulled low to signal a fault
condition.
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9.4 Device Functional Modes

9.4.1 Shutdown Control

The internal FET and hence the load current can be remotely switched off by taking the ENUV pin below its 1.34
V threshold with an open collector or open drain device as shown in Figure 29. Upon releasing the ENUV pin the

device turns on with soft-start cycle.

Vin)
»

IN TPS25921x

+
EN
|J 1.39V4 _ﬂ_
R, _— =
1.34V¥
GND

Figure 29. Shutdown Control

R1

ENUV

9.4.2 Operational Overview of Device Functions

The Table 1 below elucidates the device functionality for various conditions

Table 1. Operational Overview of Device Functions

Device TPS25921
Inrush ramp controlled by capacitor at SS pin
Start Up Inrush limited to Iyt level as set by R w)

If T; > T(rsp) device shuts off

Current is limited to Iy, level as set by Ry vy

Power dissipation increases as V) - V(our) grows

Overcurrent Response

Device turns off when T; > T(rgp)

‘L' Version remains off

‘A’ Version will attempt restart trsp(glyy ms after T; < [Trsp) -20°C]

Fast shut off when I(LOAD) > I(FASTRIP)

Short-Circuit Response

Quick restart and current limited to I T, follows standard startup cycle
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10 Applications and Implementation

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

10.1 Application Information

The TPS25921x is a smart eFuse. It is typically used for Hot-Swap and Power rail protection applications. It
operates from 4.5 V to 18 V with programmable current limit, overvoltage and undervoltage protection. The
device aids in controlling the in-rush current and provides precise current limiting during overload conditions for
systems such as White Goods, Set-Top-Box, DTVs, Gaming Consoles, SSDs/HDDs and Smart Meters. The
device also provides robust protection for multiple faults on the sub-system rail.

The following design procedure can be used to select component values for the device.

Alternatively, the WEBENCH® software may be used to generate a complete design. The WEBENCH® software
uses an iterative design procedure and accesses a comprehensive database of components when generating a
design. Additionally, a spreadsheet design tool TPS25921 Design Calculator is available on web folder.

This section presents a simplified discussion of the design process.
10.2 Typical Application

10.2.1 Precision Current Limiting and Protection for White Goods

V(|N) 45t018V V(OUT)
.. i L i ouT o
(Note 1) § J_ I J_
Ry Cn = 90mQ
470kQ 0.1uF%
ENUV
R2 BT
FLT
53kQ ovp
SS
ILIM
R3 CSS GND TP525921X R||_|M
47kQ 1nF ’J\ 95.3kQ

(1) C)\: Optional and only for noise suppression.

Figure 30. Typical Application Schematics: eFuse for White Goods
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Typical Application (continued)
10.2.1.1 Design Requirements

Table 2. Design Parameters

DESIGN PARAMETER EXAMPLE VALUE

Input voltage range, V() 12V
Undervoltage lockout set point, Vyy) 8V
Overvoltage protection set point , V(ov) 17V
Load at Start-Up , R (sy) 24 Q
Current limit, I it 1A

Load capacitance , C(our) 100 pF
Maximum ambient temperatures , Tp 85°C

10.2.1.2 Detailed Design Procedure
The following design procedure can be used to select component values for the TPS25921A and TPS25921L.

10.2.1.2.1 Step by Step Design Procedure

To begin the design process a few parameters must be decided upon. The designer needs to know the following:
» Normal input operation voltage

» Maximum output capacitance

» Maximum current Limit

» Load during start-up

» Maximum ambient temperature of operation

This design procedure below seeks to control the junction temperature of device under both static and transient

conditions by proper selection of output ramp-up time and associated support components. The designer can
adjust this procedure to fit the application and design criteria.

10.2.1.2.2 Programming the Current-Limit Threshold: R, Selection

The R resistor at the ILIM pin sets the over load current limit, this can be set using Equation 5.

RaLIM) = _1+0.018 _g,8k0

10.73x 1073 )
Choose closest standard value: 95.3 kQ, 1% standard value resistor.

10.2.1.2.3 Undervoltage Lockout and Overvoltage Set Point

The undervoltage lockout (UVLO) and overvoltage trip point are adjusted using the external voltage divider
network of R;, R, and R; as connected between IN, ENUV, OVP and GND pins of the device. The values
required for setting the undervoltage and overvoltage are calculated solving Equation 9 and Equation 10.

R3
ViovPR) =555 X VoV
( )" R{+Rp 1Ry  (©OV) ©)]
Ry +R3
VENR) =55 5~ XV(Uv
( ) R1+Ro +Rj3 (L) (10)

For minimizing the input current drawn from the power supply {lr123) = Vany/(R1 + R2 + R3)}, it is recommended to
use higher values of resistance for Ry, R, and Rj.

However, leakage currents due to external active components connected to the resistor string can add error to
these calculations. So, the resistor string current, Iry123 must be chosen to be 20x greater than the leakage
current expected.

From the device electrical specifications, Vovpry = 1.40 V and Vengy = 1.40 V. For design requirements, V oy, is
17 V and V(y, is 8 V. To solve the equation, first choose the value of R = 47 kQ and use Equation 9 to solve for
(R1 + Ry) =523.71 kQ. Use Equation 10 and value of (R; + R,) to solve for R, = 52.88 kQ and finally R,= 470.83
kQ.
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Using the closest standard 1% resistor values gives R; = 470 kQ, R, = 53 kQ, and R; = 47 kQ.

The power failure threshold is detected on the falling edge of supply. This threshold voltage is 4% lower than the
rising threshold, V(yy). This is calculated using Equation 11.

Veeaiy = 0.96 X Vv (11)
Power fail threshold set is : 7.68 V

10.2.1.2.4 Setting Output Voltage Ramp time (tgs)

For a successful design, the junction temperature of device should be kept below the absolute-maximum rating
during both dynamic (start-up) and steady state conditions. Dynamic power stresses often are an order of
magnitude greater than the static stresses, so it is important to determine the right start-up time and in-rush
current limit required with system capacitance to avoid thermal shutdown during start-up with and without load.

The ramp-up capacitor C(ss) needed is calculated considering the two possible cases:

10.2.1.2.4.1 Casel: Start-up Without Load: Only Output Capacitance Cyn Draws Current During Start-up

During start-up, as the output capacitor charges, the voltage difference across the internal FET decreases, and
the power dissipated decreases as well. Typical ramp-up of output voltage V oy with inrush current limit of 0.5A
and power dissipated in the device during start-up is shown in Figure 31. The average power dissipated in the
device during start-up is equal to area of triangular plot (red curve in Figure 32) averaged over tss.

uy § 7 Input Current 14
= 6 Power Dissipation 12
wnvour é Output Voltage
el ©
g5 105
, a o
g 4 8 E’
E 3 6 g
s < /\ %
-l g2 4 &
5
O 1 2
N - -
go 0
. 0 20 40 60 80 100
e F2 .50;::: Start-Up Time, tgg (%)
Vany =12V Ciss) =1 nF Coun=100 uF Vi =12V Crss) =1 0F Coun=100 uF
Figure 31. Start-up Without Load Figure 32. PpgnrusH) Due to Inrush Current
For TPS25921 device, the inrush current is determined as,
dv VN
I=Cx — =>IiNRUsSH) = C(ouT) X
oT ( ) = ~(OUT) tss (12)
Power dissipation during start-up is:
Ph(NRUSH) = 0.5 X V(IN) X [INRUSH) (13)

Equation 13 assumes that load does not draw any current until the output voltage has reached its final value.

10.2.1.2.4.2 Case 2: Start-up With Load: Output Capacitance Cyr) and Load Draws Current During Start-up

When load draws current during the turn-on sequence, there will be additional power dissipated. Considering a
resistive load R sy, during start-up, load current ramps up proportionally with increase in output voltage during
tss time. Typical ramp-up of output voltage, load current and power dissipation in the device is shown in
Figure 33 and power dissipation with respect to time is plotted in Figure 34. The additional power dissipation
during start-up phase is calculated as follows.

M=Volt) = Vun) x

gt
tss

(14)
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VN
RL(sv)

t

IL(t) = tss

Where Ry sy is the load resistance present during start-up
charging time due to resistive load is given by:

(15)
. Average energy loss in the internal FET during

tss V
W, — f Viny X 1_;]X VNt
0 tss) |Rusu) tss (16)
2.0 — 14
un g Power Dissipation
c e Load Current - 12
. % 1.6 Output Voltage
| / 2 14 T [ 10
(2}
« 8 12
= -8
/ g, / N\
3 1
% o8 6
) Z 0
o = 06 / \ L4
A S S £ 04 / — 5\(
Lok © 0.2 — | [ 2
Bl st E | —
S 00 0
. 0 10 20 30 40 50 60 70 80 90 100
B e Start-Up Time, tss (%)
Vi =12V g(ss) iio%F : Ri(su) = 24 Q Vany =12V Css)=1nF Rusu) =24 Q
©un= H Figure 34. Ppoap) in Device during Start-up with Load
Figure 33. Start-up With Load

On solving Equation 16 the average power loss in the internal
g
—| X
6
Total power dissipated in the device during startup is:
Pb(sTARTUP) = Po(aNRUSH) * Pb(LOAD)

V2N
RiL(sv)

Pb(LoAD)

Total current during startup is given by:
l(STARTUP) lINRUSH) * IL(1)

FET due to load is:

7

(18)

(19)

If IistarTUR) > lLiMiT, the device limits the current to It and the current limited charging time is determined by:

lLimiT) lINRUSH)
t Jimited) = C xR x| =) g N —EREeT)
SS(current-limited) (OUT) * RL(SU) lINRUSH) | B ViIN)
Lmim — 5
L(SU)

(20)

The power dissipation, with and without load, for selected start-up time should not exceed the shutdown limits as

shown in Figure 35.
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Figure 35. Thermal Shutdown Limit Plot
For the design example under discussion,
Select ramp-up capacitor C(ssy = 1nF, using Equation 2.
tsg =20.6 x 104 x 12 x (1 +0.07)=2.64 ms 1)
The inrush current drawn by the load capacitance (Coyr)) during ramp-up using Equation 3.
linrusk) = (100 x 10 )x [Ls] =0.454 A
2.64x10° (22)

The inrush Power dissipation is calculated, using Equation 13.
PD(INRUSH) = 0.5x 12 x0.454 =2.72 W )

For 2.72 W of power loss, the thermal shut down time of the device should not be less than the ramp-up time tgg
to avoid the false trip at maximum operating temperature. From thermal shutdown limit graph Figure 35 at
Tp = 85°C, for 2.72 W of power the shutdown time is ~170 ms. So it is safe to use 2.64 ms as start-up time
without any load on output.

Considering the start-up with load 24 Q, the additional power dissipation, when load is present during start up is
calculated, using Equation 17.

1 12 x 12
PD(LOADf(ng[ : J=1W

24 (24)
The total device power dissipation during start up is:
PD(STARTUP) =272+1=3.72 W (25)

From thermal shutdown limit graph at T, = 85°C, the thermal shutdown time for 3.72 W is close to 60 ms. It is
safe to have 30% margin to allow for variation of system parameters such as load, component tolerance, and
input voltage. So it is well within acceptable limits to use the 1 nF capacitor with start-up load of 24 Q.

If there is a need to decrease the power loss during start-up, it can be done with increase of Css) capacitor.
To illustrate, choose C(sg) = 4.7 nF as an option and recalculate:

tgg =20.6 x 104 x 12 x (4.7 + 0.07) =11.8 ms (26)

6 12

lINRUSH) = @00 x 10 )x [73J =0.102 A
11.8x10° 7)
Po(NRUSH) =0.5x12x0.102=0.61W 8
1 12x12

Pouon) = (] 25572 = 1w
D(LOAD) 6 24 29)
PD(STARTUP) =0.61+1=161W (30)
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From thermal shutdown limit graph at T, = 85°C, the shutdown time for 1.61 W power dissipation is ~1000 ms,
which increases the margins further for shutdown time and ensures successful operation during start up and
steady state conditions.

The spreadsheet tool available on the web can be used for iterative calculations.

10.2.1.2.5 Support Component Selections - R, and Cy

Reference to application schematics, R, is required only if FLT is used; The resistor serves as pull-up for the
open-drain output driver. The current sunk by this pin should not exceed 100 mA (refer to the Absolute Maximum
Ratings table). Cyy is a bypass capacitor to help control transient voltages, unit emissions, and local supply noise.
Where acceptable, a value in the range of 0.001 pF to 0.1 uF is recommended for Cy.
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10.2.1.3

Application Curves

ENUV
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LN /'_ -\\__

base 151 ms (Trigger GG
2.00 Vidiv| 100 Vidiv] 10.0 Vidiv| 500 psfdiv| Normal 93V
5000V ofst| 10.000 V} -10.000 v} GS/s|Edge _ Positivel

Figure 36. Hot-Plug Start-Up: Output Ramp Without Load
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Figure 37. Hot-Plug Start-Up: Output Ramp With 24 Q Load
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Figure 38. Overvoltage Shutdown
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Figure 39. Overvoltage Recovery
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Figure 40. Over Load: Step Change in Load from 19 Q to
9 Q Back
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Figure 41. Overload Condition: Auto Retry and Recovery -
TPS25921A
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Figure 42. Hot Short: Fast Trip and Current Regulation
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Figure 43. Hot Short: Latched - TPS25921L
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Figure 44. Hot Short: Auto-Retry and Recovery from Short
Circuit - TPS25921A
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Figure 45. Hot Plug-in with Short on Output: Latched -
TPS25921L
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Figure 46. Hot Plug-in with Short on Output: Auto-Retry - TPS25921A
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11 System Examples

The TPS25921 provides a simple solution for current limiting, inrush current control and supervision of power
rails for wide range of applications operating at 4.5 V to 18 V and delivering up to 1.5 A.

11.1 Protection and Current Limiting for Primary-Side Regulated Power Supplies

Primary side regulated power supplies and adapters are dominant today in many of the applications such as
Smart-phones, Portable hand-held devices, White Goods, Set-Top-Box and Gaming consoles. These supplies
provide efficient, low cost and low component count solutions for power needs ranging from 5W to 30W. But,
these come with drawbacks of

* No secondary side protection for immediate termination of critical faults such as short circuit and over voltage
» Do not provide precise current limiting for overload transients

» Have poor output voltage regulation for sudden change in AC input voltages - triggering output overvoltage
condition

Many of the above applications require precise output current limiting and secondary side protection, driving the
need for current sensing in the secondary side. This needs additional circuit implementation using precision
operational amplifiers. This increases the complexity of the solution and also results in sensing losses The
TPS25921 with its integrated low-ohmic N-channel FET provides a simple and efficient solution. Figure 47 shows
the typical implementation using TPS25921.

Vacin Rectifier + Noise Vioun

Filter

TPS25921

Y

ovpP ILIM

RILIM

VDC _
H T
CB —IF RZ

UCC287xx
Primary Regulated

Fly-back Controller

Figure 47. Current Limiting and Protection for AC-DC Power Supplies

During short circuit conditions, the internal fast comparator of TPS25921 turns OFF the internal FET in less than
3 s (typical) as soon as current exceeds lrastrip), St by the current limit Ry resistor. The OVP comparator
with 3% precision helps in quick isolation of the load from the input when inputs exceeds the set V oypg)

Figure 42 and Figure 38 shows short circuit and overvoltage response waveforms of implementation using
TPS25921. In addition to above, the TPS25921 provides inrush current limit when output is hot-plugged into any
of the system loads.
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11.2 Precision Current Limiting in Intrinsic Safety Applications

Intrinsic safety (IS) is becoming prominent need for safe operation of electrical and electronic equipment in
hazardous areas. Intrinsic safety requires that equipment is designed such that the total amount of energy
available in the apparatus is simply not enough to ignite an explosive atmosphere. The energy can be electrical,
in the form of a spark, or thermal, in the form of a hot surface.

This calls for precise current limiting and precision shutdown of the circuit for over voltage conditions ensuring
that set voltage and current limits are not exceeded for wide operating temperature range and variable
environmental conditions. Applications such as Gas Analyzers, Medical equipment (such as
electrocardiographs), Portal Industrial Equipment, Cabled Power distribution systems and hand-held motor
operated tools need to meet these critical safety standards.

The TPS25921 device can be used as simple protection solution for each of the internal rails. Figure 48 shows
the typical implementation using TPS25921.

Lo
V(IN) o Sync Buck | Y Y Y - TPS25921 N V(OUT)
” DC-DC Converter

Ry ovP ILIM

Cs

R2
N4 7 Rum

Viw . TPS25921 _ﬂ )

ovp ILIM

R;
i% R|L||V|

LDO

\ 4

4

Figure 48. Precision current Limit and Protection of Internal Rails
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11.3 Smart Load Switch

A smart load switch is a series FET used for switching of the load (resistive or inductive). It also provides
protection during fault conditions. Typical discrete implementation is shown in Figure 49. Discrete solutions have
higher component count and require complex circuitry to implement each of the protection fault needs.

TPS25921 can be used as a smart power switch for applications ranging from 4.5 V to 18 V. TPS25921 provides
programmable soft start, programmable current limits, over-temperature protection, a fault flag, and under-
voltage lockout.

Enabl
Az ten

Vi _ : Load Vi TPS25921 Load
[ OVP ILIM
Vo R1 C. | OverCurrent Re
T Protection
OovpP
* R, Ritim

R,
8

\

o|gesid

Enable Q,

Figure 49. Smart Load Switch Implementation

Figure 49 shows typical implementation and usage as load switch. This configuration can be used for driving a
solenoid and FAN control. It is recommended to use a freewheeling diode across the load when load is highly

inductive.
Figure 50 shows load switching waveforms using TPS25921 for 12 V Bus

Y
i GEmE
2,00 Vrdiv| 10.0 Vidiv|
4.0200 V] -19.900 V|

Figure 50. Smart Load Switch (100 Hz Operation)
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12 Power Supply Recommendations

The device is designed for supply voltage range of 4.5 V < V| < 18 V. If the input supply is located more than a
few inches from the device an input ceramic bypass capacitor higher than 0.1 yF is recommended. Power supply
should be rated higher than the current limit set to avoid voltage droops during over current and short-circuit
conditions.

12.1 Transient Protection

In case of short circuit and over load current limit, when the device interrupts current flow, input inductance
generates a positive voltage spike on the input and output inductance generates a negative voltage spike on the
output. The peak amplitude of voltage spikes (transients) is dependent on 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

* Minimizing lead length and inductance into and out of the device

» Using large PCB GND plane

» Schottky diode across the output to absorb negative spikes

* A low value ceramic capacitor (Cy) = 0.001 pF to 0.1 yF) to absorb the energy and dampen the transients.
The approximate value of input capacitance can be estimated with Equation 31.

L(N
VSPIKE(Absolute) = V(IN) * kLOAD) X #
(IN) (31)
Where:
*  Vqn is the nominal supply voltage
* lwoap) is the load current,
* Lqn equals the effective inductance seen looking into the source

» Cyy) is the capacitance present at the input
Some applications may require the addition of a Transient Voltage Suppressor (TVS) to prevent transients from
exceeding the Absolute Maximum Ratings of the device.

The circuit implementation with optional protection components (a ceramic capacitor, TVS and schottky diode) is
shown in Figure 51.

IN 451018V N ——  our out
»

Y

(Note 1) T J_ I J_ l
C
90mQ i
ENUV
r._i._(Note 1)
ovP FLT '

35 ILIM

GND  1ps25921x

(1) Optional components needed for suppression of transients

Figure 51. Circuit Implementation With Optional Protection Components
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12.2 Output Short-Circuit Measurements

It is difficult to obtain repeatable and similar short-circuit testing results. Source bypassing, input leads, circuit
layout and component selection, output shorting method, relative location of the short, and instrumentation all
contribute to variation in results. The actual short itself exhibits a certain degree of randomness as it
microscopically bounces and arcs. Care in configuration and methods must be used to obtain realistic results. Do
not expect to see waveforms exactly like those in the data sheet; every setup differs.
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13 Layout

13.1 Layout Guidelines

» For all applications, a 0.01-uF or greater ceramic decoupling capacitor is recommended between IN terminal
and GND. For hot-plug applications, where input power path inductance is negligible, this capacitor can be
eliminated/minimized.

» The optimum placement of 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. See Figure 52 for a PCB layout example.

» High current carrying power path connections should be as short as possible and should 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. The PCB ground should be
a copper plane or island on the board.

+ Locate all TPS25921x support components: R vy, Css, and resistors for FLT, ENUV and OVP, close to their
connection pin. Connect the other end of the component to the GND pin of the device with shortest trace
length.

» The trace routing for the R, ;y and Cgsg components to the device should be as short as possible to reduce
parasitic effects on the current limit and soft start timing. These traces should not have any coupling to
switching signals on the board.

+ OVP and ENUV signal traces should be routed with sufficient spacing from FLT signal trace, to avoid
spurious coupling of FLT switching, during fault conditions.

» Protection devices such as TVS, snubbers, capacitors, or diodes should be placed physically close to the
device they are intended to protect, and 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,
and it should be physically close to the OUT pins.

» Obtaining acceptable performance with alternate layout schemes is possible; however this layout has been
shown to produce good results and is intended as a guideline.

13.2 Layout Example

Top layer
Bottom Layer: GND plane (Optional)
(@) Via to top layer ground plane (only for two layer board)
Ground
(e}
o o o ¢
oo oo VS o o
(]
® ® ®
e 7 GND [T]12 g [ ] ] ovp
1 s [[]>2 7 [ ] ium 1
(Notei.) .......... ENUV I:': 3 6 :I:' FLT (Note 1)
® o % N[ |4 s [ ] our ® [
Input Output

AN\ e

(1) Optional: Needed only to suppress the transients caused by inductive load switching.

Figure 52. Board Layout
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14 Device and Documentation Support

14.1 Related Links

The table below lists quick access links. Categories include technical documents, support and community
resources, tools and software, and quick access to sample or buy.

Table 3. Related Links

TECHNICAL TOOLS & SUPPORT &

PARTS PRODUCT FOLDER SAMPLE & BUY DOCUMENTS SOFTWARE COMMUNITY
TPS25921A Click here Click here Click here Click here Click here
TPS25921L Click here Click here Click here Click here Click here

14.2 Trademarks
All trademarks are the property of their respective owners.

14.3 Electrostatic Discharge Caution

A These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘Y‘ '\ during storage or handling to prevent electrostatic damage to the MOS gates.

14.4 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.

15 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 Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
I Drawing Qty @ (6) (3) (4/5)

TPS25921AD ACTIVE SoIC D 8 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 25921A Samples
& no Sh/Br)

TPS25921ADR ACTIVE SoIC D 8 2500  Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 25921A Samples
& no Sh/Br)

TPS25921LD ACTIVE SoIC D 8 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 25921L Samples
& no Sh/Br)

TPS25921LDR ACTIVE SOIC D 8 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 25921L Samples
& no Sh/Br)

@ 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.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)

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

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

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

Addendum-Page 1


http://www.ti.com/product/TPS25921A?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TPS25921A?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TPS25921L?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TPS25921L?CMP=conv-poasamples#samplebuy
http://www.ti.com/productcontent

H PACKAGE OPTION ADDENDUM

13 TEXAS
INSTRUMENTS

www.ti.com 24-Mar-2015

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

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO
i |
& go W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 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 1 Q4 User Direction of Feed
[ 4
T
=
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)
TPS25921ADR SoIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
TPS25921LDR SoIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
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TAPE AND REEL BOX DIMENSIONS
At
4
-
// S
/\g\ /)i\
. 7
\\ /
. P -
e e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS25921ADR SoIC D 8 2500 340.5 338.1 20.6
TPS25921LDR SoIC D 8 2500 340.5 338.1 20.6
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MECHANICAL DATA

D (R—PDSO—G8)

PLASTIC SMALL QUTLINE

0.197 (5,00)
‘ 0.189 (4,80) ’
A
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’ - 157 (4,00)
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4

0.050 ( « 0.020 (0,51)
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[ ]0.010 (0,25) @]
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v
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\
25) / ﬁ
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?
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[]0.004 (0,10)

/

-

0.050 (
0016

Gauge Plane i [:i
0.010 (0,25) L7

?

Seating Plane

4040047-3/M 06 /11

NOTES: All linear dimensions are in inches (millimeters).

This drawing is subject to change without notice.

Body length does not include mold flash, protrusions, or gate burrs.
not exceed 0.006 (0,15) each side.

Body width does not include interlead flash.
Reference JEDEC MS—012 variation AA.

.

Mold flash, protrusions, or gate burrs shall

Interlead flash shall not exceed 0.017 (0,43) each side.
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LAND PATTERN DATA

D (R—PDSO-G8)

PLASTIC SMALL OUTLINE

EXGmpl?NE?:r((j;)LOYOUt Sten(ﬂlogp%rsings
6x1.07 —— ~=—8x0,55
— —=— 0X]1,
|| ! = 1,27
HH--H 8x1,50 —-H-H-H
EEEREEN 1 * Egug r
5,40 5,40
AR J
gnlinknin (L
BNEpEyEEN O
|~
|
]
|
i Example
i Non Soldermask Defined Pad Example
Pad Geometry
(See Note C)
\ Example
* / Solder Mask Opening
! (See Note E)
—=1Il=—0,07 /
Al Around /
\ /
N e
\\_\\ ——/—_/
4211283-2/E 08/12

NOTES:

A. Al linear dimensions are in millimeters.

B. This drawing is subject to change without notice.

C. Publication IPC-7351 is recommended for alternate designs.

D. Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Refer to IPC—7525 for other stencil recommendations.

Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by TI for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Ill (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.

Products Applications
Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom  www.ti.com/communications

Data Converters
DLP® Products

DSP

Clocks and Timers
Interface

Logic

Power Mgmt
Microcontrollers
RFID

OMAP Applications Processors
Wireless Connectivity

dataconverter.ti.com

www.dlp.com

dsp.ti.com
www.ti.com/clocks

interface.ti.com

logic.ti.com

power.ti.com
microcontroller.ti.com

www.ti-rfid.com
www.ti.com/omap

Computers and Peripherals
Consumer Electronics
Energy and Lighting
Industrial

Medical

Security

Space, Avionics and Defense
Video and Imaging

Tl E2E Community

www.ti.com/wirelessconnectivity

www.ti.com/computers

www.ti.com/consumer-apps

www.ti.com/energy
www.ti.com/industrial

www.ti.com/medical

www.ti.com/security
www.ti.com/space-avionics-defense

www.ti.com/video

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
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