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TPS25221 2.5-V to 5.5-V, 2-A Continuous Current Limited Switch
1 Features 3 Description

2.5-V to 5.5-V VgperaTinG
Pin-to-Pin with TPS2553

2-A lconT_max

0.275-A to 2.7-A Adjustable Iyt (£6.5% at 1.7 A)

70-mQ (typical) Ron

1.5-ps Short Circuit Response

8-ms Fault Reporting Deglitch

Reverse Current Blocking (when disabled)
Built-In Soft Start

UL 60950 and UL 62368 Recognition

15-kV ESD Protection per IEC 61000-4-2 (with
external capacitance)

Applications

USB Ports/Hubs, Laptops, Desktops
HDTV

Set Top Boxes

Optical Socket Protection

The TPS25221 is intended for applications where
heavy capacitive loads and short circuits may be
encountered. The  programmable current-limit
threshold maybe set between 275 mA and 2.7 A
(typical) using an external resistor. I 1 accuracy as
tight as +6% can be achieved at the higher current-
limit settings. Power-switch rise and fall times are
controlled to minimize current surges during turn on
and turn off.

When a load attempts to draw current exceeding the
programmed I w7 the internal FET enters constant
current mode in order to keep I pap at or below Iyt
The FAULT output will assert low during over-current
conditions after the built in de-glitch time.

Device Information®

PART NUMBER PACKAGE BODY SIZE (NOM)
SOT-23 (6) 2.90 mm x 1.60 mm

TPS25221
WSON (6) 2.00 mm x 2.00 mm

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

Simplified Schematic

5-V USB 0.1 yF <4—USB Data—p| USB
Input IN ouT ‘I Port
ReauLt 120 uF g
20 kQ
ILIM
Fault Signal FAULT Ruw USB requirement only*
20 kQ
Control Signal — ¥ EN
GND
Thermal Pad

<

*USB requirement that downstream facing ports are bypassed with at

least 120 pF per hub.

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

MF3X OUTPUT
OPERATING ENABLE CURRENT LIMIT LATCH OFF Package BASE PART NUMBER
DISCHARGE
CURRENT
2 High Adjustable SOT-23 (6) TPS25221DBV
2 High Adjustable WSON (6) TPS25221DRV

6 Pin Configuration and Functions

DBV PACKAGE

DRV PACKAGE

SOT-23 6-Pin WSON 6-Pin
Top View Top View
)
—_ === —
O out [1 | | ]I e
IN 1 6 ouT -— | | -
|
- Thermal | ]
ano [ 2 5 [ wum M |2 : pag | s | ano
EN 3 4 FAULT I :
-1 I I JE—
|
FAULT |3 | | 4] &~
Not to scale
Not to scale
Pin Functions
PIN
110 DESCRIPTION
NAME SOT-23 WSON
IN 1 6 | Input voltage and power switch drain; connect a 0.1 pF or greater
ceramic capacitor from IN to GND close to IC
GND - Ground connection
EN | Enable input, logic high/low turns on power switch
EAULT 4 3 o Active-low open-d_r_am output, asserted during over-current, or over-
temperature conditions
ILIM O External resistor used to set current limit threshold
ouT 6 (@) Power switch output, connect to load
_ _ Internally connected to GND; used to heat-sink the part to the circuit
Thermal Pad PAD board traces. Connect thermal pad to GND pin externally.
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7 Specifications

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

MIN MAX UNIT
Voltage range on IN, OUT, EN, FAULT,ILIM -0.3 6 v
Voltage range from IN to OUT -6 6
Continuous FAULT sink current 0 25 mA
ILIM source current 0 1 mA
Maximum junction temperature, T; Internally Limited
Storage temperature, Tgyg —65 150 °C

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

7.2 ESD Ratings

VALUE UNIT
Human-body model (HBM), per ANSI/ESDA/JEDEC Js-001® +2000 \%
Charged-device model (CDM), ger JEDEC specification JESD22-C101 +500 vV
V(esp) Electrostatic discharge or ANSI/ESDA/JEDEC JS-002()
IEC 61000-4-2 contact discharge©® +8000 Y
IEC 61000-4-2 air-gap discharge©® +15000 Y
(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.
(3) Surges per EN61000-4-2. 1999 applied to output terminals of EVM. These are passing tests levels, not failure threshold.
7.3 Recommended Operating Conditions
Voltages are respect to GND (unless otherwise noted)
MIN  NOM MAX| UNIT
VN Supply voltage IN 25 55 \%
VEN Input voltage EN 0 55 \%
Vi High-level input voltage EN 1.7 \%
Vi Low-level input voltage EN 0.66 \%
Icon Output continuous current ouT 0 2 A
Rium Current-limit threshold resistor range (nominal 1%) from ILIM to GND 20 210 kQ
lEAULT Sink current into FAULT | FAULT 0 10| mA
T; Operating junction temperature -40 125 °C
7.4 Thermal Information
TPS25221
THERMAL METRIC® DBV (SOT-23) | DRV (WSON) UNIT
6-PIN 6-PIN
Roia Junction-to-ambient thermal resistance 193.2 83 °CIW
Rojctop) Junction-to-case (top) thermal resistance 127.1 100.5 °CIW
Ross Junction-to-board thermal resistance 65.6 46.5 °CIW
Wit Junction-to-top characterization parameter 49.0 8.7 °CIW
ViR Junction-to-board characterization parameter 65.3 46.4 °CIW
Roic(bot) Junction-to-case (bottom) thermal resistance -- 24.4 °C/IW

(1) Proper thermal design is required to ensure T; <125°C for best long term reliability. This is particularly important at higher currents, see
the Semiconductor and IC Package Thermal Metrics application report.
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7.5 Electrical Characteristics
over recommended operating conditions, Vey = Vin, Reauir = 10 kKQ (unless otherwise noted)

PARAMETER TEST CONDITIONS ‘ MIN TYP MAX| UNIT
POWER SWITCH
DBV package, T; = 25°C 70 80
; Static drain-source on-state | DBV package, —40°C <T, <125°C 110 mo
bSO resistance DRV package, Ty = 25°C 70 92
DRV package, —40°C <T; £125°C 122
o Viy=5.5V 055 0.95
r Rise time, output
Vin=25V C_=1pF, R =100 Q, 0.35 0.62 ms
] ViN=55V (see Figure 1) 0.24 0.3
t Fall time, output
ViN=25V 0.22 0.28
ENABLE INPUT EN OR EN
Enable pin turn on/off
threshold 08 16 v
len Input current Ven=0Vor55V -0.5 0 0.5 HA
ton Turnon time CL=1pF, R =100 Q, (see Figure 2) 3 ms
toff Turnoff time CL=1pF, R =100 Q, (see Figure 2) 0.7 ms
CURRENT LIMIT
T;=25°C 2585 2720 2850
R||_|M =20 kQ
—40°C <T; £125°C 2560 2880
Current-limit threshold _ Ty=25°C 1710 1820 1930
: R||_|M =30 kQ
(Maximum DC output current —40°C <T, £125°C 1700 1945
los louT delivered to load) and . mA
Short-circuit current, OUT _ Ty=25°C 630 690 755
R||_|M =80 kQ
connected to GND —40°C <T, £125°C 610 790
T;=25°C 220 275 330
R||_|M =210 kQ
—40°C <T; £125°C 210 370
tios Response time to short Vin =5V (see Figure 4) 15 ps
circuit
SUPPLY CURRENT
o goply current, switch Viy = 5.5V, No load on OUT, Vey = 0 V,Ry = 20 kO 002 05| pA
g Supply current, switch Vjy = 5.5V, No load on OUT ,Ryjy = 20 kQ 75 90| pA
enable
UNDERVOLTAGE LOCKOUT
UVLO Low-level input voltage, IN V) rising 2.37 2.47 \%
Hysteresis, IN Ty;=25°C 45 mV
FAULT FLAG
VoL Output low voltage, FAULT | lpauLt =1 mA 180 mVv
Off-state leakage VieauLT =55V 0.5 HA
FAULT deglitch FAULT assertion or de-assertion due to overcurrent condition 6 8 12 ms
THERMAL SHUTDOWN
Thermal shutdown threshold 165 °C
Thermal shutdown threshold o
in current-limit 145 ¢
Hysteresis 20 °C
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Figure 1. Power-On and Off Timing

) O, 0O,
Ve 50% 50% |

Figure 2. Enable Timing, Active High Enable

\ O, O,
Ven | 50% 50% M
le—p' >
13 90% I
VOUT | lon /1l |
' 10% |

Figure 3. Enable Timing, Active Low Enable

tIOS_>”<_
Figure 4. Output Short Circuit Parameters
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7.6 Typical Characteristics
See Figure 21 for reference schematic

Tek Prevu it = Tek Stop it
: u 1 : : : []
T
V& \
£ A N
/' N
/1 S
VA e
E{vouTrmm i = - et Z{vout B

Device Disabled
Device Enabled «

" Inrush Current Limit

C @ 200/ @ 500V @ 500mAC (8004 2.50G5/5 @ / 340V @ 200/ @ 500V @ 500mAC (8004 2.50G5/5 @ . 200V
+v2.39600ms 20M points +v2.40000ms 20M points

VIN =5 V, RILIM =20 kQ, ROUT =5Q VIN =5 V, RILIM =20 kQ, ROUT =5Q
Figure 5. Turnon Delay and Rise Time Figure 6. Turnoff Delay and Fall Time
Tek Stop L i - it -

[] [1]

‘/Output Shor-Circuit Applied

Device Begins

Device Enabled P /Cycli

Device Turn Off and Re-enables
into Current-Limit

Inrush Current Limit FAULT Asserted(Active Low)

BFauLT

( @ 2.00v @ |.UU’A o ]an:s’ ] ] @ - 200V @ 200V @ 200V [ z.onTA <) xlonpsm oo
W>v1.59600ms p 0-7500.000us p
VIN =5 V, RILIM =20 kQ, ROUT =0Q VIN =5 V, RILIM =20 kQ

Figure 7. Device Enabled into Short-Circuit Figure 8. Full-Load to Short-Circuit Transient Response

Tek Stop - i Tek Stop - . . it
[] [

Output Short-Circuit
Removed T ———

./ Output Short-Circuit Applied

i

| [ | |
|
| | |
i . : : : ; | | I ; Ll } ]
L | | | |
Short-Circuit Present Device L i | {
Thermal Cycles - 1N ¥ ”
Short-Circuit Present Device 1

FAULT De-asserted(Attive Low)
After Deglitch Period Thermal Cycles

#y{vout

No Load F F ‘h‘ F

| |

4 FAULT Asserted ]
= (Active Low)
+
®) @‘m
( @ 500V 4 @ 2.00V @ IOO'A Q J[z.aomjO ) ] ;bo’vtlmsl_s( @ 5 232 v] C @ 500V @ 5.00V [ ] 1.007A Q J[z.onms ]B.ﬂo’\zcs(s‘ ]F. Y 2.30v]
(TEAG 0000ms points W>v1.96000ms points

VIN =5V, R||_|M =20 kQ VIN =5V, R|L|M =20 kQ

Figure 9. Short-Circuit to Full-Load Recovery Response Figure 10. No-Load to Short-Circuit Transient Response
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Typical Characteristics (continued)

See Figure 21 for reference schematic

Tek Prevu Tek Prevu
Output Short-Circuit 1Q Load applied
Removed ( ot
VOUT= - o :
vouT
| F ‘\ No Load }\
| | 3 -
! “‘ | ! A : ‘ Device Enters Current Limit
Short-Circuit Present,Device
Thermal Cycles B
FAULT De-asserted(Active Low) _—] FAULT Asserted(Active Low)
After Deglitch Period R After Deglitch Period R
[B{FAuL [BFauLT anm
C 2 @ 200V & @ 1.00AQ )[zooms ]H,n%)csl_s( ][_i 7 2.nsv] C 2 @ 200V & @ 1.00AQ )[zooms ]H,n%)csl_s( ][_3 hY 2.nsv]
points points
VIN =5 V, RILIM =20 kQ VIN =5 V, RILIM =20 kQ
Figure 11. Short-Circuit to No-Load Recovery Response Figure 12. No Load to 1-Q Transient Response
Tekstop 2.4
1Q Load Removed . 2139
2
5 2.38
o
/\ [\ $ 237
vour - - e s 3
ﬂ ﬂ No Load o 2.36
&
J A / g 2.35
I\ \ A ‘ g 234
iiN =
i = 233
s e e S 23
FAULT De-asserted(Active Low) 4 = 534 — UVLO Rising
After Deglitch Period - UVLO Fa|||ng
[33|FAUL 23
| -50 0 50 100 150
( 2 @ 200V & @ 1.00AC )[z.ooms ] [;boN?GS/ISt ]F. 7 2.08 v] TJ - Junction Temperature (OC) UVLO
points UVLC
Riw = 20ka
V|N =5 V, RlLlM =20 kQ
Figure 13. 1-Q to No Load Transient Response Figure 14. UVLO - Undervoltage Lockout -V
__ 0.04 90
z —~
2 EP
E 0.035 B
g / @ 70
2 0.03 Y60
> >
s / £ 50
= >
O 0.025 ]
o / — g 0
3 o002 ’// 3 3
= =
S < 20
AT D — S — 25V
[} [}
; — 25V .10 — 5V
=z — 55V Z 55V
0.01 0
-50 0 50 100 150 -50 0 50 100 150
Ty - Junction Temperature (°C) D007 T, - Junction Temperature (°C) D00
RILIM =20 kQ RILIM =20 kQ
Figure 15. Iy — Supply Current, Output Disabled — pA Figure 16. Iy — Supply Current, Output Enabled — pA

8 Submit Documentation Feedback

Copyright © 2018-2019, Texas Instruments Incorporated

Product Folder Links: TPS25221


http://www.ti.com/product/tps25221?qgpn=tps25221
http://www.ti.com
http://www.ti.com/product/tps25221?qgpn=tps25221
http://www.ti.com/feedbackform/techdocfeedback?litnum=SLVSDT3D&partnum=TPS25221

13 TEXAS
INSTRUMENTS

www.ti.com

TPS25221
SLVSDT3D —JANUARY 2018—REVISED DECEMBER 2019

Typical Characteristics (continued)

See Figure 21 for reference schematic

20
18
16
14
12

10

6 \
6

4 \
2

0

Current Limit Response (us)

0 1.5 3 45 6
Peak Current (A)

VIN =5V, R||_|M =20 kQ, TA =25°C

Figure 17. Current Limit Response — ps

g 150
E
3
E 125
@
3
o 100
:% /%
Og & /
g /
s> 50
o
(%]
£
S 25
% — DBV package
= —— DRV package
5] 0
-50 0 50 100 150

Ty - Junction Temperature (°C)

Figure 18. On-Resistance Vs. Junction Temperature

w

//
/
[ —

N
o

N

-
- 3
\

Ips - Static Drain-Source Current (A)

05
—— Ta=25C
Ta = 125°C
0
0 01 02 03 04 05 06 07 08 09 1

Vin - Vour (V/div)
VIN =55V, R||_|M =20 kQ

Figure 19. Switch Current Vs. Drain-Source Voltage Across
Switch

0.35

< 03

5

S 025

(&)

3

5 02

o

@

-§ 0.15

a

Q

5 o

(]

005 —— Ta=-40°C

& — Ta=25°C

Ta=125°C

0
0 005 01 015 02 025 03 035 04 045

ViN - Vour (V/div)
VIN =55V, R||_|M =210 kQ

Figure 20. Switch Current Vs. Drain-Source Voltage Across
Switch
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8 Parameter Measurement Information
TPS§25221

VIN 10 uF

vouT

IN ouT

Reaur<
10 ks l
ILIM
Fault Signal FAULT

1

‘;|;’15U uF

1
&
2 Rim
Control Signal ——— N EN Gnni

Power Pad

v

Figure 21. Typical Characteristics Reference Schematic

ouT

Ro C.

Figure 22. Output Rise / Fall Test Load

Decreasing
A Load Resistance

Vout

Decreasing
Load Resistance

T

los

» lout

Figure 23. Output Voltage vs Current-Limit Threshold
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9 Detailed Description

9.1 Overview

The TPS25221 is current-limited, power-distribution switch using N-channel MOSFETs for applications where
short circuits or heavy capacitive loads are encountered. The TPS25221 allows the user to program the current
limit threshold between 275 mA to 2.7A (typical) through an external resistor.

This device incorporates an internal charge pump and the gate drive circuitry necessary to drive the N-channel
MOSFET. The charge pump supplies power to the driver circuit and provides the necessary voltage to pull the
gate of the MOSFET above the source. The charge pump operates from input voltages as low as 2.5 V and
requires little supply current. The driver controls the gate voltage of the power switch. The driver incorporates
circuitry that controls the rise and fall times of the output voltage to limit large current and voltage surges and
provides built-in soft-start functionality.

The TPS25221 limits the output current to the current-limit threshold los during an over-current or short-circuit
event by reducing the charge pump voltage driving the N-channel MOSFET and operating it in the saturation
region. The result of limiting the output current to los reduces the output voltage at OUT because N-channel
MOSFET is no longer fully enhanced (see Figure 22).

9.2 Functional Block Diagram

IN { @ ouT
J_ -,__ Current

"~ Sense
Charge
Pump
? ; » Current
EN Q| Driver |e Limit
7 WY Y 7'y
FAULT
uvLo
GND
Thermal J—
— Sense 8-ms
- > Deglitch
ILIM L
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9.3 Feature Description

9.3.1 Over-current Conditions

The TPS25221 responds to over-current conditions by limiting output current to log as show in Figure 24. When
an overload condition occurs, the device maintains a constant output current and the output voltage reduces
accordingly. Two possible overload conditions can occur.

1. The first condition is when a short circuit or overload is present when the device is powered-up or enabled.
The short circuit and overload holds the output near zero potential with respect to ground and the TPS25221
ramps the output current to lgs. The TPS25221 limits the current to log until the overload condition is
removed or the device begins to thermal cycle.

2. The second condition is when a short circuit, partial short circuit, or transient overload occurs when the
device is on and the internal NFET is fully enhanced. The device responds to the over-current condition by
turning off the NFET within the time limit specified by t,o5 (see Figure 4). The current-sense amplifier is over-
driven during this time and momentarily disables the internal N-channel MOSFET. The current-sense
amplifier then recovers and ramps the output current to log. Similar to the previous case, the TPS25221
limits the current to Iy until the overload condition is removed or the device begins to thermal cycle.

The TPS25221 thermal cycles if an overload condition is present long enough to activate thermal limiting in any
of the above cases. Thermal limiting turns off the internal NFET and starts when the junction temperature
exceeds 145°C (typical). The device remains off until the junction temperature cools 20°C (typical) and then
restarts.

9.3.2 Fault Response

The FAULT open-drain output is asserted (active low) during an over-current or over-temperature condition. The
TPS25221 asserts the FAULT signal until the fault condition is removed and the device resumes normal
operation. The TPS25221 is designed to eliminate nuisance FAULT reporting by using an internal 8 ms deglitch
delay when reporting a fault. This ensures that FAULT is not accidentally asserted due to normal transient
conditions, such as starting into a heavy capacitive load. The deglitch circuitry delays asserting and de-asserting
current limit induce FAULT reports. The FAULT signal is not deglitched when the MOSFET is disabled due to an
over-temperature condition, but is deglitched after the device has cooled and begins to turn on. This
unidirectional deglitch prevents FAULT oscillation during an over-temperature event.

9.3.3 Undervoltage Lockout (UVLO)

The undervoltage lockout (UVLO) circuit disables the power switch until the input voltage reaches the UVLO turn-
on threshold. Built-in hysteresis prevents unwanted on/off cycling due to input voltage droop during turn on.

9.3.4 Enable, (EN)

The logic enable controls the power switch and device supply current. The supply current is reduced to less than
0.5 pA.

The TPS25221 is active high logic, when a logic low is present on EN, the part is disabled. A logic high input on
EN enables the driver, control circuits, and power switch. The enable input is compatible with both TTL and
CMOS logic levels.

9.3.5 Thermal Sense

The TPS25221 has self-protection features using two independent thermal-sensing circuits that monitor the
operating temperature of the power switch and disable operation if the temperature exceeds the Over
Temperature Shutdown Threshold (OTSD). The TPS25221 device operates in constant-current mode during
overload conditions, which increases the voltage drop across power-switch. Power dissipation in the package is
proportional to the voltage drop across the power switch, which increases the junction temperature during an
over-current condition. The first thermal sensor turns off the power switch when the die temperature exceeds
145°C (typical) and the part is in current limit. Hysteresis is built into the thermal sensor, and the switch turns on
after the device has cooled approximately 20°C (typical). The TPS25221 continues to cycle off and on until the
fault condition is removed.

The ambient thermal sensor turns off the power-switch when the junction temperature exceeds 165°C (typical) in
non-current limit condition. The part will turn the switch back on once the junction temperature has cooled
approximately 20°C (typical).
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Feature Description (continued)

The open-drain fault reporting output FAULT is asserted (active low) immediately during an over-temperature
shutdown condition.

9.4 Device Functional Modes

Table 1. Protection Function Table

EVENT CONDITION ACTION

The device outputs Igs X R oap until thermal shutdown. The
fault indicator asserts when the over-current condition
persists for more 8 ms, the fault does not de-assert until
over-current is removed and persists for 8 ms.

Overload on OUT ILoap > los

The device immediately shuts off the internal power switch
and the fault indicator asserts immediately when the junction
temperature exceeds 165°C (typical). The device has a
thermal hysteresis of 20°C (typical). The fault indicator de-
asserts when the junction temperature falls below 145°C
(typical).

The device immediately shuts off the internal current-limited
switch.

Overheating T;>165C

Undervoltage on IN ViN<237V

9.5 Programming

9.5.1 Programming the Current-Limit Threshold

The over-current threshold is user programmable through an external resistor. The TPS25221 uses an internal
regulation loop to provide a regulated voltage on the ILIM pin. The current-limit threshold is proportional to the
current sourced out of ILIM. The recommended 1% resistor range for R, is 20 kQ < R,y < 210 kQ to ensure
stability of the internal regulation loop. Many applications require that the minimum current limit is above a certain
current level or that the maximum current limit is below a certain current level, so it is important to consider the
tolerance of the over-current threshold when selecting a value for Ry . The following equations and Figure 24
can be used to calculate the resulting over-current threshold for a given external resistor value (R ). Figure 24
includes current-limit tolerance due to variations caused by temperature and process. However, the equations do
not account for tolerance due to external resistor variation, so it is important to account for this tolerance when
selecting R, . The traces routing the Ry resistor to the TPS25221 must be as short as possible to reduce
parasitic effects on the current-limit accuracy.

RLum can be selected to provide a current-limit threshold that occurs: 1) above a minimum load current or 2)
below a maximum load current.

To design above a minimum current-limit threshold, find the intersection of R, ;y and the maximum desired load
current on the logminy curve and choose a value of Ry below this value. Programming the current limit above a
minimum threshold is important to ensure start-up into full load or heavy capacitive loads. The resulting
maximum current-limit threshold is the intersection of the selected value of R, and the lggmax) Curve.

To design below a maximum current-limit threshold, find the intersection of Ry and the maximum desired load
current on the logmax) curve and choose a value of Ry above this value. Programming the current limit below a
maximum threshold is important to avoid current limiting upstream power supplies, causing the input voltage bus
to droop. The resulting minimum current-limit threshold is the intersection of the selected value of R,y and the
los(miny CUTVE.

Current-Limit Threshold Equation (lgs):

| (mA) — _52640V

OSmax R|L|M0'97kQ

| mA) = 55960V

OSnom ( ) RILIM1 004y

| . (mA) — _ 56850V

OSmin RILIM1.033kQ

where:

20 kQ < Ry < 210 kQ. 1)
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Programming (continued)
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Figure 24. Current-Limit Threshold vs Current-Limit Resistor (Ry_w)

10 Application 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

10.1.1 Constant-Current

During normal operation, the TPS25221 load current is less than the current-limit threshold and the device is not
limiting current. During normal operation the N-channel MOSFET is fully enhanced, and Vout = Viy - (louTt X
I'bsen))- The voltage drop across the MOSFET is relatively small compared to Vi, and Vgoyr is approximately
equal to V.

The TPS25221 limits current to the programmed current-limit threshold, set by Ry, reducing gate drive to the
internal NFET, which increases Rds(on) and reduces load current. This allows the device to effectively regulate
the current to the current-limit threshold. Increasing the resistance of the MOSFET means that the voltage drop
across the device is no longer negligible (V\y # Vout), and Vour decreases. The amount that Vgt decreases is
proportional to the magnitude of the overload condition. The expected Vgt can be calculated by:

los * Rioap

where:

los is the current-limit threshold and R, oap is the magnitude of the overload condition. (2)
For example, if 155 is programmed to 1 A and a 1 Q overload condition is applied, the resulting Vgoyt is 1 V.

While in current limit the power dissipation in the package can raise the die temperature above the thermal
shutdown threshold (145°C typical), and the device turns off until the die temperature decreases by the
hysteresis of the thermal shutdown circuit (20°C typical). The device then turns on and continues to thermal cycle
until the overload condition is removed.
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10.2 Typical Applications

10.2.1 Two-Level Current-Limit Circuit

Some applications require different current-limit thresholds d