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3-V to 20-V Integrated FET Hot Swap

Check for Samples: TPS2421-1, TPS2421-2

FEATURES

e Integrated Pass MOSFET
e 3.3-Vto 20-V Bus Operation
e Programmable Fault Current

e Current Limit Proportionally Larger than Fault
Current

e Programmable Fault Timer

e Internal MOSFET Power Limiting

e Latch-Off on Fault (-1) and Retry (-2) Versions
e SO-8 PowerPad™ Package

e —40°Cto 125°C Junction Temperature Range
* UL Listed - File Number E169910

APPLICATIONS

* RAID Arrays

» Telecommunications
* Plug-In Circuit Boards
» Disk Drive

DESCRIPTION

The TPS2421 provides highly integrated hot swap
power management and superior protection in
applications where the load is powered by voltages
between 3 V and 20 V. These devices are very
effective in systems where a voltage bus must be
protected to prevent shorts from interrupting or
damaging the unit. The TPS2421 is an easy to use
devices in an 8-pin PowerPad™ SO-8 package.

The TPS2421 has multiple programmable protection
features. Load protection is accomplished by a non-
current limiting fault threshold, a hard current limit,
and a fault timer. The current dual thresholds allow
the system to draw short high current pulses, while
the fault timer is running, without causing a voltage
droop at the load. An example of this is a disk drive
startup. This technique is ideal for loads that
experience brief high demand, but benefit from
protection levels in-line with their average current
draw.

Hotswap MOSFET protection is provided by power
limit circuitry which protects the internal MOSFET
against SOA related failures.

The TPS2421 is available in latch-off on fault (-1) and
retry on fault (-2).

Typical Application

3Vto20 VIN
(A)
CVIN__
(a)
Y

Optional: To
System Monitor

A. Required only in systems with lead and/or load inductance.

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PowerPad is a trademark of Texas Instruments.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of the Texas
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.
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‘ 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.

PRODUCT INFORMATION®

DEVICE FEATURE PACKAGE MARKING
TPS2421-1 Latchoff 2421-1
DDA (SO8 PowerPad™)
TPS2421-2 Auto-retry 2421-2

(1) For the most current package and ordering information, see the Package Option Addendum at the end of this document, or visit the
device product folder on www.ti.com.

ABSOLUTE MAXIMUM RATINGS

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

VALUE UNIT
Input voltage range, Vyin, VvouT —0.3t0 25 v
Voltage range, FLT, PG -0.3t0 20
Maximum continuous output current, Iyax 9 A
Output sink current, FLT, PG 10 mA
Input voltage range, EN -0.3to6
Voltage range, CT,® ISET® -0.3t03 v
ESD rating, HBM 25 kv
ESD rating, CDM 400 \%
Operating junction temperature range, T, Internally Limited .
Storage temperature range, Tgg —65 to 150 ¢

(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 other 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 are with respect to GND.

(3) Do not apply voltage to these pins.

DISSIPATION RATINGS®

PACKAGE 05 05 054
LOW K, °C/W HIGH K, °C/W BEST®, °c/w
DDA 190® 45™ 45

(1) Tested per JEDEC JESD51, natural convection. The definitions of high-k and low-k are per JESD 51-7 and JESD 51-3.

(2) The best case thermal resistance is obtained using the recommendations per SLMAOO2A (2 signal — 2 plane with the pad connected to
the plane).

(3) Low-k (2 signal — no plane, 3 in. by 3 in. board, 0.062 in. thick, 1 oz. copper) test board with the pad soldered, and an additional 0.12
in.2 of top-side copper added to the pad.

(4) High-k is a (2 signal — 2 plane) test board with the pad soldered.

RECOMMENDED OPERATING CONDITIONS

MIN NOM MAX UNIT

Vvin: VvouT Input voltage range 3 20

EN Voltage range 0 5 \Y;
FLT, PG Voltage range 0 20

lout Continuous output current 0 A

FLT, PG Output sink current 0 1 mA
Cer 0.1 nF
RRrseT 49.9 200 kQ

Ty Junction temperature —40 125 °C
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ELECTRICAL CHARACTERISTICS

Unless otherwise noted: 3V < Vy,y <18V, EN =0V, PG = FLT = open, Royt = open, Rgser = 49.9 kQ, —40°C < T, < 125°C,
No external capacitor connected to VOUT

PARAMETER TEST CONDITIONS MIN TYP  MAX| UNIT
VIN
UVvVLO VIN rising 2.6 2.85 2.9 \%
Hysteresis 150 mV
Bias current EN = 2.4V 25 100| pA
EN=0V 3.9 5/ mA
VIN, VOUT
Ron Rvin-vouT: lvout < lumy LA lyour £ 4.5 A 33 50| mQ
Power limit TPS242x | Vyy: 12 V, Cout = 1000 yF EN: 3V — 0 V 3 5 7.5
5;;’:&26 diode Vyour > Vuin s EN =5V, Iy = -1 A 077 10| ¥
ISET
lvout 1, lcT: sinking — sourcing, pulsed test
RrseT = 200 kQ 0.80 1.2
0°C < T, < 85°C RrseT = 100 kQ 1.80 2.2
lser t':h"’:g'sth%jge”t Reser = 49.9 kQ 3.60 440 A
RrseT = 200 kQ 0.75 1.25
-40°C < Ty < 125°C RrseT = 100 kQ 1.75 2.25
RrseT = 49.9 kQ 3.60 4.40
RrseT = 200 kQ 1.1 1.8 2.6
:;'EAT/ Ratio Iy / lseT Rgrset = 100 kQ 1.1 1.5 2.1 ~
RrseT = 49.9 kQ 1.1 1.4 1.6
RrseT = 200 kQ 1.1 1.8 24
ILim Current limit lyour rising, Vyin-vout = 0.3V, pulsed test Rrset = 100 kQ 2.3 3.0 3.7
RrseT = 49.9 kQ 4.6 5.5 6.3
CT
Charge/discharge leT sourcing, Ver =1V, In current limit 29 35 41
current Ict sinking (-2), Vet = 1V, drive CT to 1 V, measure current 1.0 1.4 1.8 HA
V¢ rising 1.3 14 15
Threshold voltage - - \%
Vc falling, drive CT to 1 V, measure current 0.1 0.16 0.3
e A vygur= 0 v 28%  3.7% 46%
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ELECTRICAL CHARACTERISTICS (continued)

Unless otherwise noted: 3V < Vy,y <18V, EN =0V, PG = FLT = open, Royt = open, Rgser = 49.9 kQ, —40°C < T, < 125°C,
No external capacitor connected to VOUT

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
EN
V gy falling 0.8 1.0 15 \%
Threshold voltage -
Hysteresis 20 150 250 mV
. Ven =24V -2.0 0 0.5
Input bias current — HA
VEN =02V -3.0 1 0.5
Turn on propagation |Vyy=3.3V,lloap=1A,VgN:24V —>02V, 350 500
delay Vyourt: rising 90% x Vyn
5
Turn off propagation |Vy =33V, lloap=1A,VgN:02V 24V, 30 50 H
delay VvouT: § 10% X Vyin
FLT
Vo, Lowleveloutput Ver=18V, 1f7=1mA 0.2 04| V
oL voltage ct=1leV, gy . .
Leakage current VeT=18V 1 A
PG
VvIN- fallin 0.4 05 0.75
PG threshold (vin VOU_T) g
Hysteresis 0.1 0.25 0.4 v
Low level output —_

VoL Voltage Ipc=1mMA 0.2 0.4
Leakage current Vpg=18V 1 MA
Thermal Shutdown
Thermal shutdown Junction temperature rising 160 oc

Hysteresis 10
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BLOCK DIAGRAM
Block Diagram
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PINOUT DIAGRAM

TPS2421-x
PG [8]
VOUT
CT 6]
GND ISET

Table 1. TERMINAL FUNCTIONS

FUNCTION PIN NO. DESCRIPTION

FLT 1 Fault low indicated the fault time has expired and the FET is switched off

EN 2 Device is enabled when this pin is pulled low

VIN 3 Power In and control supply voltage

GND 4 GND

ISET 5 A resistor to ground sets the fault current, the current limit is 125% of the fault current. TPS2421 only
CT 6 A capacitor to ground sets the fault time

VOUT 7 Output to the load

PG 8 Power Good low represents the output voltage is within 300 mV of the input voltage

PIN DESCRIPTION

CT: Connect a capacitor from CT to GND to set the fault time. The fault timer starts when |,q 1 exceeds Iggr or
when SOA protection mode is active, charging the capacitor with 35 yA from GND towards an upper threshold of
1.4 V. If the capacitor reaches the upper threshold, the internal pass MOSFET is turned off. For TPS2421-1, the
MOSFET will remain off until EN is cycled. For TPS2421-2, the capacitor will discharge at 1.4 yA to 0.16 V and
then re-enable the pass MOSFET. If the upper threshold is not crossed, the capacitor will discharge at 40 pA to
0.16 V and then to 0 V at 1.4 pA. When the device is disabled, CT is pulled to GND through a 50-kQ resistor.

The timer period must be chosen long enough to allow the external load capacitance to charge. The nominal (not
including component tolerances) fault timer period is selected using Equation 1 where Tgay 1 is the minimum
timer period in seconds and Cct is in Farads.

C.. — TeauLr
cT 3
40 x 10 @

For TPS2421-2, the second and subsequent retry timer periods will be slightly shorter than the first retry period.
CT nominal (not including component tolerances) discharge time, tsp from 1.4 V to 0.16 V is shown in
Equation 2, where Cc1 is in Farads and tgp is in seconds.

Ts, =885.7 x1 0° x Cer @)

The nominal ratio of on to off times represents about a 3.7% duty cycle when a hard fault is present on the
output.

FLT: Open-drain output that pulls low on any condition that causes the output to open. These conditions are
either an overload with a fault time-out, or a thermal shutdown. FLT becomes operational before UV, when Vy
is greater than 1V. FLT will pulse low momentarily prior to the onset of Vygyt ramp up during IN or EN based
start up.

GND: This is the most negative voltage in the circuit and is used as reference for all voltage measurements
unless otherwise specified.

ISET: A resistor from this pin to GND sets both the fault current (Isgt) and current limit (I, ;) levels. The current
limit is internally set at 150% of the fault current. The fault timer described in the CT section starts when lyoyt
exceeds lget.
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The internal MOSFET actively limits current if I,y reaches the current limit set point. The fault timer operation is
the same in this mode as described previously.

The fault current value is programmed as shown in Equation 3:
200kQ

lseT ®)

RRrseT =

EN: When this pin is pulled low, the device is enabled. The input threshold is hysteretic, allowing the user to
program a startup delay with an external RC circuit. EN is pulled to VIN with a 10-MQ resistor and to GND with a
16.8 MQ resistor. Because high impedance pullup/down resistors are used to reduce current draw, any external
FET controlling this pin should be low leakage.

VIN: Input voltage to the TPS2421. The recommended operating voltage range is 3 V to 20 V. Connect VIN to
the power source.

VOUT: Output connection for the TPS2421. V, gyt in the ON condition considering the ON resistance of the
internal MOSFET, Rgy is shown in Equation 4:

Viour =V = Ron X hour 4)
Connect VOUT to the load.

PG: Active low, Open Drain output, Power Good indicates that there is no fault condition and the output voltage
is within 0.5 V of the input voltage. PG becomes operational before UV, whenever Vy, is greater than 1 V.
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TYPICAL CHARACTERISTICS

FAULT CURRENT
Vs
JUNCTION TEMPERATURE

FAULT TIMER THRESHOLD VOLTAGE
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Figure 1. Figure 2.
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Figure 3. Figure 4.
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TYPICAL CHARACTERISTICS (continued)
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Figure 5. 12-V Startup Into 15 Q, 700 pF Load
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Figure 6. 12-V, 140 pF Added to 8 Q Load
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Figure 7. 12-V Faulted Startup Into 4 Q Load

L

Soft overload, power limit not tripped,
12-V load stepped from 3 Ato 4.2 A,
C\oap = 700 uF, R, = 49.9 kQ

vout

M40ms Z5MSE  400nsit

4 Ch3 r 4284

ohz
Ehd

1%
ooy

Ch
Ch3

S0V

204 o

Figure 8. 12-V Soft Overload, 3 A to 4.2 A, Power Limit Not
Tripped
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TYPICAL CHARACTERISTICS (continued)
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Figure 9. 12-V Firm Overload, 3 A to 5.4 A, Power Limit Figure 10. 12-V Hard Overload, 3.6-A Load Then Short
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Figure 11. Power Dissipation During 12-V Startup into 60 Q, Figure 12. Power Dissipation During 12-V Startup into 15 Q,
800 pF 140 pF
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TYPICAL CHARACTERISTICS (continued)
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Figure 15. 3-V Hard Overlo%dl, Il&oad Stepped From 3.8 A to Figure 16. 3-V Output Shorted While Under 3.5-A Load
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.~ 3.3V, 1600 uF added while under 3.5
Aload, Ry, = 49.9 kQ

TYPICAL CHARACTERISTICS (continued)

3.3 V attempting startup into 1 W,

e  EN | 2200 uF load, retry mode - CT = 0.1 uF

Rger = 49.9 kO

[
A

4 fd g Sl L 1 | T ' ki
*cm 20 chz  S00mY M 10ms 100MSE  100nsdat Ch1  2ov Ch2 — 10v¥ M 20.0ms 125kS%& & .0psht
ch3 208 o Chd 2oy & DR - 4724 Ch3 204 Q Chd 20V A Ch1 ~x 1.24Y
Figure 17. 3V, 1600 yF Added To 3.5-A Load Figure 18. 3-V Retry Startup into 1 Q, 2200-yF Load
leCroy T
EN T
—— T
5 mg T
2.aa T
b /l
A IO IR I . IR 1 T D I R
@57 T \
ms I
S veur
CcT / T
5 ms T
I T T PRORT -
LOAD 0.1AIDIV I
Figure 19. Startup Into a Short Circuit Output
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APPLICATION INFORMATION

Startup

Large inrush current occurs when power is applied to discharged capacitors and load. During the inrush period,
the TPS2421 operates in power limit (or SOA protect mode) managing the current as Vygut rises. In SOA protect
mode, the internal MOSFET power dissipation ([Vyin — Vvout] X lvouT) IS regulated at 5W typical while the fault
timer starts and Ccr ramps up. As the charge builds on C, oap, the current increases towards I . When the
capacitor is fully charged, oyt drops to the dc load value, the fault timer stops, and Cct ramps down. In order
for the TPS2421 to start properly, the fault timer duration must exceed Cg7 start up time, toy. Start up time
without additional dc loading can be determined using Equation 5 where P, = 5W (typical).

2
too= Cout xPum . Cout * Vi

2><IE|M 2><PL||\/| (5)

When the load has a resistive component in addition to Cqyt, the fault time must be extended because the
resistive load current is unavailable to charge Cqoyt. Table 2 and Table 3 can be used to predict start up time in
the presence of resistive dc loading.

Refer to the TPS2421 Design Calculator Tool (SLUC427) for assistance with design calculations.

Table 2. Start up Time (ms) with DC Loading: V=5V, P jy=3W, I ;y=5A

RLoap_(Q) CLoap_= 100 pF CLoap_= 220 pF CrLoap_= 470 pF CLoap_= 1000 pF
1000 0.43 0.95 2.03 4.33
10 0.5 1.11 2.36 5.03
0.61 1.34 2.87 6.1
3 0.91 2 4.28 9.11
2.5 1.31 2.88 6.14 13.07

Table 3. Start up Time (ms) with DC Loading: V=12V, P jy=3W, I ,y=5A

RLoap_(Q) CLoap_= 100 pF CLoap_= 220 pF CLoap_= 470 pF CLoap_= 1000 pF
10000 2.46 541 11.56 24.59
100 2.67 5.87 12.55 26.69
50 2.93 6.45 13.79 29.34
15 6.7 14.74 315 67.01
13 11.68 25.69 54.87 116.75

Maximum Allowable Load to Ensure Successful Start up

The power limiting function of the TPS2421 provides very effective protection for the internal FET. Expectedly,
there is a supply voltage dependent maximum allowable load required for successful startup. Loads above this
can cause the output to shut off due to CT timeout or thermal shutdown because V\oyt hangs at an intermediate
voltage below V. The equation for maximum load (or Ry, is derived using the circuit equations for Vygyt as a
function of Vyn, Rioaps PLim, @and the result is quadratic in form.

Ruin % ? - Vinx1+Pm min =0 (6)
2
|- Vin £ \/VIN —4 xRy % PLIM_MIN
2xRuin (7
2
Vuin £ \/VVIN —4xRyin xPLim_min
Ruin x1'=Vyour = 2 @®

When R oap < Ruin, the numerical result for Vyoyr is real (Vyn? — 4 x Rioap X Pum > 0) and less than Vi
meaning the circuit will not start (CT or thermal shutdown). When R, oap > Ruin, the numerical result for Vygyr is
imaginary (Vyn? — 4 X Rioap X Pum < 0) and the circuit will start (Vyout = V). Ensure that Ry oap is > Ryin per
Equation 10.

Copyright © 2009-2013, Texas Instruments Incorporated Submit Documentation Feedback 13
Product Folder Links: TPS2421-1 TPS2421-2


http://www.ti.com/product/tps2421-1?qgpn=tps2421-1
http://www.ti.com/product/tps2421-2?qgpn=tps2421-2
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUS907G&partnum=TPS2421-1
http://www.ti.com/product/tps2421-1?qgpn=tps2421-1
http://www.ti.com/product/tps2421-2?qgpn=tps2421-2

TPS2421-1
TPS2421-2

SLUS907G —JANUARY 2009—-REVISED MAY 2013

13 TEXAS
INSTRUMENTS

www.ti.com

2
4xRyin *Pum_min > VYN

V\%IN
Rioap > Ruin =

Enable Pin Considerations

4x PLIMiMIN

©

(10)

For the case when EN is simply connected to GND, TPS2421 will start ramping the voltage on VOUT as VIN
rises above UVLO (~2.85V typical). If IN does not ramp monotonically, the TPS2421 may momentarily turn off
then on during startup if IN falls below ~2.70V. To avoid this problem, EN assertion can be delayed until IN is
sufficiently above UVLO. A simple approach is shown in Figure 20. The 100kQ pullup resistor will de-assert EN
when VIN is above ~1.75V maximum which is well below the minimum UVLO of ~2.6V. The Zener diode ensures
that EN remains below 5V. User control to enable the TPS2421 can be applied at the ON node to turn on the
FET once IN has risen sufficiently above UVLO.

12V Bus
* 63]\/"\, vouT| 7
A7 (1]
100ke> TPS2421
.—[2] = 7 | 8]
GND ISET CT
FET 4] ['5] ['6 |
|_
L 4.6V
ON —,v— 7 g &
© R
3 S

Optional:
To System
Monitor

/1
Cour

=

Fault Timer

Figure 20. EN Delay Circuit

The fault timer is active when the TPS2421 is in SOA protect mode or the current is above Iggy. Figure 21
illustrates operation during non-faulted start up (Coyr =470 pF and lyoyr = 1A in a 12V system). Ct charges at
~35PA until TPS2421 exits SOA protect mode, discharges quickly (~40uA) to ~0.16V, and then decays slowly

(~1.4pA) towards zero.
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2V/div FLT
—>

0.5V/div CT
—

1A/div
—>

5V/div
—

5ms/div

Figure 21. Fault Timer Operation During Start up

Cct can be chosen for fault-free start up including expected Cqyt and Cqt capacitance tolerance as shown in
Equation 11.

_ (1+Cour_toL +Ccr_ToL ) * ton
cr 40000 (11)

Normal Operation

When load current exceeds lggr during normal operation the fault timer starts. If load current drops below Iget
before the fault timer expires, normal operation continues. If load current stays above the Igg7 threshold the fault
timer expires and a fault is declared. When a fault is declared a TPS2421-1 device turns off an can be restarted
by cycling power or toggling the EN signal. A TPS2421-2 device attempts to turn on at a 3.7% duty cycle until the
fault is cleared. When I,y is reached during a fault the device goes into current limit and the fault timer keeps
running.

Start up into a Short

The controller attempts to power on into a short for the duration of the timer. Figure 19 shows a small current
resulting from power limiting the internal MOSFET. This happens only once for TPS2421-1. For TPS2421-2, the
cycle repeats at a 3.7% duty cycle as shown in Figure 18.

Shutdown Modes

Hard Overload - Fast Trip

When a hard overload causes the load current to exceed ~1.6 x I the TPS2421 immediately shuts off current
to the load without waiting for the fault timer to expire. After such a shutoff the TPS2421 enters startup mode and
attempts to apply power to the load. If the hard overload was caused by a transient, then normal startup can be
expected. If the hard overload is caused by a persistent, continuous failure then the TPS2421 goes into current
limit during the restart attempt and either latches off (TPS2421-1) or attempts retry (TPS2421-2).

Overcurrent Shutdown

Overcurrent shutdown occurs when the output current exceeds Isgr for the duration of the fault timer. Figure 8
shows a step rise in output current which exceeds the Iggr threshold but not the I threshold. The increased
current is on for the duration of the timer. When the timer expires, the output is turned off.
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Programming the Fault (Isgr) and Current-limit (. ,,) Thresholds

The Isgt and I thresholds is user programmable with a single external resistor connected to ISET and the Iy
threshold is internally set according to the I /lser ratio specified in the electrical characteristics table. The
TPS2421 uses an internal regulation loop to provide a regulated voltage on the ISET pin. The fault and current-
limit thresholds are proportional to the current sourced out of ISET. The recommended 1% resistor range is
49.9kQ < RgseT < 200kQ to ensure the rated accuracy. Many applications require that minimum fault and current
limits are known or that maximum current limit is bounded. It is important to consider the tolerance of the fault
and current limit thresholds, as well as Rgger When selecting values. Consult the Electrical Characteristics table
for specific fault and current limit settings.

Using the data for Isgr and I from the Electrical Characteristics table, equations can be generated and used for
other set points. Equation 12 and Equation 13 are used to calculate minimum and maximum Isgr where Rrset max
and Rrsermin iNClude Rgrser tolerances. Equation 14 and Equation 15 calculate Rgrser max and Rrser min Where
RroL is the 1% resistor tolerance.

185.58
ISET min = Roe 0.13
RSET,max (12)
213.68
lSET,max = R— + 01 3
RSET,min (13)
213.68
RRsETmin = (1 +RroL )X T na4a
ISET,maX -0.13 (14)
185.58
RrseTmax = (1-RroL )x 013
SET,min T Y- (15)

Equation 16 and Equation 17 are used to calculate minimum and maximum I,y where Rrsgt max @and RrseT min
include Rgset tolerances.

232.19

™ RrsETmax (16)
259.26
|L|M =—+ 1 1 1
¥ RrseTmin (17)

Design Example

A typical design is shown in Figure 22 with the following requirements:

* Nominal input voltage, Vyn: 12V

e Maximum expected load current, ly,out: 2.1A

» Load capacitance, Cqyt: 220uF

» Expected resistive load, R, oap during start up: 15Q

» Example calculations are shown in the TPS2421 Design Calculator Tool (SLUC427).
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TPS2421
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g e
o )
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Figure 22. Designh Example Schematic

1. Calculate maximum Rgger to ensure that minimum Iget is above maximum operating load current using
Equation 15 as shown below in Equation 18.

185.58
R =0.99x —————— =82.39%kQ
RSETmax “21+013 (18)
e Choose a standard 1% value below Rgsgt max for Rrser = 80.6kQ

® lsermin = 2.15A using Equation 12 and will meet the maximum operating current requirement of 2.1A
without starting the fault timer during maximum steady state operation for Rgger = 80.6kQ, 1%.

® lseTmax = 4.359A using Equation 13 for Rgser = 80.6Q, 1%.
2. Calculate minimum and maximum | ;.
® |l mmin = 2.792A and I m max = 4.359A using Equation 16 and Equation 17 for Rgser = 80.6kQ), 1%.

3. Minimum R, gap at start up using Equation 10 is 12Q. Since R oap = 15Q is present during circuit start up,
use tON = 15ms from Table 3 for COUT = 220“F and RLOAD = 15Q.

e Calculate Ccr = 0.48uF including Coyr and Ccr tolerances (Coyr 1oL = 20% and Cer 1o, = 10%) using
Equation 19.

(1+Cout_7toL +C1_toL)*ton  (1+0.2+0.1)x0.012
cr = = =0.48yF
40000 40000 (19)

Transient Protection

The need for transient protection in conjunction with hot-swap controllers should always be considered. When
the TPS2421 interrupts current flow, input inductance generates a positive voltage spike on the input and output
inductance generates a negative voltage spike on the output. Such transients can easily exceed twice the supply
voltage if steps are not taken to address the issue. Typical methods for addressing transients include;

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

» Voltage Suppressors (TVS) on the input to absorb inductive spikes

» Shottky diode across the output to absorb negative spikes

» A combination of ceramic and electrolytic capacitors on the input and output to absorb energy
» Use PCB GND planes
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The following equation estimates the magnitude of these voltage spikes:

VsPIKEabsolute) = YNOM *lLoAD * N

where
Vnow IS the nominal supply voltage
l_oap is the load current
C is the capacitance present at the input or output of the TPS2421
L equals the effective inductance seen looking into the source or the load

(20)

Calculating the inductance due to a straight length of wire is shown in Equation 21.

4xL
I-straightwire ~ 0-2XLX|n(T—0.75] (nH)

(21)

Where
L is the length of the wire
D is diameter of the wire

Some applications may require the addition of a TVS to prevent transients from exceeding the absolute ratings if
sufficient capacitance cannot be included.

Layout

Support Components

Locate all TPS2421 support components, Rrset, Cet, OF any input or output voltage clamps, close to their
connection pin. Connect the other end of the component to the inner layer GND without trace length. The trace
routing the Rgget resistor to the TPS2421 should be as short as possible to reduce parasitic effects on fault and
current-limit accuracy.

PowerPad ™

When properly mounted the PowerPad package provides significantly greater cooling ability than an ordinary
package. To operate at rated power the Power Pad must be soldered directly to the PC board GND plane
directly under the device. The PowerPad is at GND potential and can be connected using multiple vias to inner
layer GND. Other planes, such a the bottom side of the circuit board can be used to increase heat sinking in
higher current applications. Refer to Technical Briefs: PowerPad™ Thermally Enhanced Package (TI literature
Number SLMAQ002) and PowerPad™ Made Easy (Tl Literature Number SLMAOO4) or more information on using
this PowerPad™ package. These documents are available at www.ti.com (Search by Keyword).
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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 0) ®3) (4/5)

TPS2421-1DDA ACTIVE SO PowerPAD DDA 8 75 Green (RoHS  CU NIPDAU  Level-1-260C-UNLIM -40 to 125 2421-1 Samples
& no Sh/Br)

TPS2421-1DDAR ACTIVE SO PowerPAD DDA 8 2500 Green (RoHS CUNIPDAU  Level-1-260C-UNLIM -40 to 125 2421-1 Samples
& no Sh/Br)

TPS2421-2DDA ACTIVE SO PowerPAD DDA 8 75 Green (RoOHS  CU NIPDAU  Level-1-260C-UNLIM -40 to 125 2421-2 Samples
& no Sh/Br)

TPS2421-2DDAR ACTIVE SO PowerPAD DDA 8 2500 Green (RoHS CUNIPDAU  Level-1-260C-UNLIM -40 to 125 2421-2 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.

Important Information and Disclaimer:The information provided on this page represents Tl'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
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continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and 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)
TPS2421-1DDAR SO DDA 8 2500 330.0 12.8 6.4 5.2 2.1 8.0 12.0 Q1
Power
PAD
TPS2421-2DDAR SO DDA 8 2500 330.0 12.8 6.4 5.2 2.1 8.0 12.0 Q1
Power
PAD
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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)
TPS2421-1DDAR SO PowerPAD DDA 8 2500 364.0 364.0 27.0
TPS2421-2DDAR SO PowerPAD DDA 8 2500 364.0 364.0 27.0
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MECHANICAL DATA

DDA (R—PDS0O—-G8) PowerPAD MPLASTIC SMALL—QUTLINE

0,51

1,27 T ﬁ r 0 [ ]0,25®)
8 5

:__TFERMAL PAE_-: 0,20 NOM

SIZE AND SHAPE SHOWN 4’00 @
| ON SEPARATE SHEET | 3,80 5,80 /
/
H H H H Gage Plane
1 4]

L |
N
08

\\
)

5,00
4,80

—»

47

1,70 MAX

; e \
Seating Plane 4 \ % // /k

S —

— |J
-

Tt

=4
(@3]

o
o
(e

4202561 /F 12/11

NOTES:  A. All linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5-1994.
B. This drawing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusion not to exceed 0,15.
D. This package is designed to be soldered to a thermal pad on the board. Refer to Technical Brief, PowerPad
Thermally Enhanced Package, Texas Instruments Literature No. SLMAOO2 for information regarding
recommended board layout. This document is available at www.ti.com <http: //www.ti.com>.
E. See the additional figure in the Product Data Sheet for details regarding the exposed thermal pad features and dimensions.

F. This package complies to JEDEC MS—012 variation BA

PowerPAD is a trademark of Texas Instruments.
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THERMAL PAD MECHANICAL DATA

DDA (R—PDS0O-G8) PowerPAD" PLASTIC SMALL OUTLINE
THERMAL INFORMATION

This PowerPAD™ package incorporates an exposed thermal pad that is designed to be attached to a printed
circuit board (PCB). The thermal pad must be soldered directly to the PCB. After soldering, the PCB can
be used as a heatsink. In addition, through the use of thermal vias, the thermal pad can be attached
directly to the appropriate copper plane shown in the electrical schematic for the device, or alternatively,
can be attached to a special heatsink structure designed into the PCB. This design optimizes the heat
transfer from the integrated circuit (IC).

For additional information on the PowerPAD package and how to take advantage of its heat dissipating
abilities, refer to Technical Brief, PowerPAD Thermally Enhanced Package, Texas Instruments Literature
No. SLMAQQO2 and Application Brief, PowerPAD Made Easy, Texas Instruments Literature No. SLMAQO4.
Both documents are available at www.ti.com.

The exposed thermal pad dimensions for this package are shown in the following illustration.

T R
- Exposed Thermal Pad
| ‘/I’_ p

269 | _ ——
B
_l__L____J
HHEHH
1 3,20 4
' 3,00 >
Top View

Exposed Thermal Pad Dimensions

4206322-7/L 05/12

NOTE: A. All linear dimensions are in millimeters

PowerPAD is a trademark of Texas Instruments
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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.

Tl 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.

Tl 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 Tl 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 Tl 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, Tl 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 TI components are authorized for use in FDA Class Il (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.

Tl 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
Copyright © 2013, Texas Instruments Incorporated
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