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

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

ORDERING INFORMATION (1)

DEVICE TEMPERATURE PACKAGE (2) ORDERING CODE MARKING

TPS2410 TPS2410PW TPS2410
–40°C to 85°C PW (TSSOP-14)

TPS2411 TPS2411PW TPS2411

(1) Add an R suffix to the device type for tape and reel.
(2) For the most current package and ordering information, see the Package Option Addendum at the end

of this document, or see the TI website at www.ti.com.

over operating free-air temperature range, voltage are referenced to GND (unless otherwise noted)

VALUE UNIT

A, C, FLTR, VDD, STAT voltage –0.3 to 18 V

A above C voltage (2) 7.5 V

C above A voltage 18 V

GATE (3), BYP voltage –0.3 to 30 V

BYP (3) to A voltage –0.3 to 13 V

GATE above BYP voltage 0.3 V

FLTR (3) to C voltage –0.3 to 0.3 V

OV, UV voltage –0.3 to 5.5 V

RSET voltage (3) –0.3 to 7 V

FLTB, PG voltage –0.3 to 18 V

STAT, PG, FLTB sink current 40 mA

GATE short to A or C or GND Indefinite

Human body model 2 kV
ESD

Charged device model 500 V

TJ Maximum junction temperature Internally limited °C

Tstg Storage temperature –65 to 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 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) See the section "Bidirectional Blocking and Protection of C."
(3) Voltage should not be applied to these pins.

POWER RATINGPACKAGE θJA – Low k °C/W θJA – High k °C/W High k TA = 85°C (mW)

PW (TSSOP) 173 99 404
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FUNCTIONAL BLOCK DIAGRAM
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TYPICAL CHARACTERISTICS
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TPS2410 V(AC) REGULATION
VOLTAGE FAST TURNOFF THRESHOLD PULSED GATE SINKING CURRENT

vs vs vs
TEMPERATURE TEMPERATURE GATE VOLTAGE

Figure 2. Figure 3. Figure 4.

TURNON DELAY
vs VDD CURRENT

VDD vs
(POWER APPLIED UNTIL GATE IS VDD VOLTAGE

ACTIVE) (GATE SATURATED HIGH)

Figure 5. Figure 6.
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TYPICAL CHARACTERISTICS (continued)
TYPICAL TURNOFF WITH TWO ORED DEVICES ACTIVE

(VDD = 12 V, I(LOAD) = 5 A, IRL3713,
TRANSIENT APPLIED TO LEFT SIDE)

Figure 7.

TYPICAL TURNOFF AND RECOVERY WITH TWO ORED DEVICES ACTIVE
(VDD = 3 V, VA = 18 V, I(LOAD) = 5 A, IRL3713,

TRANSIENT APPLIED TO LEFT SIDE)

Figure 8.

10 Submit Documentation Feedback Copyright © 2006–2009, Texas Instruments Incorporated

Product Folder Link(s): TPS2410 TPS2411



V
at 20 mV/div

(AC) I
at 2 A/div

(GATE)

V
at 5 V/div

(GATE)

Delay = 68 ns,  V = 12 V at  103 ns(GATE)

V(AC)

GATE

I(GATE

20 ns/div

V
at 2 V/div

(GATE)

I
at 2A/div

(GATE)

Delay = 70 ns,  V = 1 V at  113 ns(GATE)

V
at 20 mV/div

(AC)

20 ns/div

V(AC)

GATE

I(GATE

TPS2410
TPS2411

www.ti.com .................................................................................................................................................. SLVS727C–NOVEMBER 2006–REVISED JUNE 2009

TYPICAL CHARACTERISTICS (continued)
TURNOFF TIME WITH

C(GATE) = 10 nF and V(AC) = -20 mV, VDD = VA = 12 V

Figure 9.

TURNOFF TIME WITH
C(GATE) = 10 nF, V(AC) = -20 mV, VDD = 5, VA = 1 V

Figure 10.
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APPLICATION INFORMATION
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The TPS2410/11 is designed to allow output ORing in N+1 power supply applications (see Figure 12) and
input-power bus ORing in redundant source applications (see Figure 13). The TPS2410/11 and external
MOSFET emulate a discrete diode to perform this unidirectional power combining function. The advantage to this
emulation is lower forward voltage drop and the ability to tune operation.

The TPS2410 turns the MOSFET on with a linear control loop that regulates V(AC) to 10 mV as shown in
Figure 11. With the gate low, and V(AC) increasing to 10 mV, the amplifier drives GATE high with all available
output current until regulation is reached. The regulator controls V(GATE) to maintain V(AC) at 10 mV as long as the
MOSFET rDS(on) × I(DRAIN) is less than this the regulated voltage. The regulator drives GATE high, turning the
MOSFET fully ON when the rDS(on) × I(DRAIN) exceeds 10 mV, otherwise V(GATE) will be near V(A) plus the
MOSFET gate threshold voltage. If the external circuits force V(AC) below 10 mV and above the programmed fast
turnoff, GATE is slowly turned off. GATE is rapidly pulled to ground if V(AC) falls to the RSET programmed fast
turn-off threshold.

The TPS2411 turns the MOSFET on and off like a comparator with hysteresis as shown in Figure 11. GATE is
driven high when V(AC) exceeds 10 mV, and rapidly turned off if V(AC) falls to the RSET programmed fast turn-off
threshold.

System designs should account for the inherent delay between a TPS2410/11 circuit becoming forward biased,
and the MOSFET actually turning ON. The delay is the result of the MOSFET gate capacitance charge from
ground to its threshold voltage by the 270 µA gate current. If there are no additional sources holding the ORed
rail voltage up, the MOSFET internal diode will conduct and maintain voltage on the ORed output, but there will
be some voltage droop. This condition is analogous to the power source being ORed in this case. The DC/DC
converter output voltage droops when its load increases from zero to a high value. Load sharing techniques that
keep all ORed sources active solve this condition.

Figure 11. TPS2410/11 Operation
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N+1 POWER SUPPLY – TYPICAL CONNECTION
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The N+1 power supply configuration shown in Figure 12 is used where multiple power supplies are paralleled for
either higher capacity, redundancy or both. If it takes N supplies to power the load, adding an extra, identical unit
in parallel permits the load to continue operation in the event that any one of the N supplies fails. The supplies
are ORed together, rather than directly connected to the bus, to isolate the converter output from the bus when it
is plugged-in or fails short. The TPS2410/11 with an external MOSFET emulates the function of the ORing diode.

It is possible for a malfunctioning converter in an ORed topology to create a bus overvoltage if the loading is less
than the converter’s capacity (e.g. N = 1). The ORed topology shown cannot protect the bus from this condition,
even if the ORing MOSFET can be turned off. One common solution is to use two MOSFETs in a back-to-back
configuration to provide bidirectional blocking. See the section on BIDIRECTIONAL BLOCKING AND
PROTECTION OF C.

ORed supplies are usually designed to share power by various means, although the desired operation could
implement an active and standby concept. Sharing approaches include both passive, or voltage droop, and
active methods. Not all of the output ORing devices may be active depending on the sharing control method, bus
loading, distribution resistences, and TPS2410/11 settings.

Figure 12. N+1 Power Supply Example
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INPUT ORing – TYPICAL CONNECTION
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Figure 13 shows how redundant buses may be ORed to a common point to achieve higher reliability. It is
possible to have both MOSFETs ON at once if the bus voltages are matched, or the combination of tolerance
and regulation causes both TPS2410/11 circuits to see a forward voltage. The ORing MOSFET disconnects the
lower-voltage bus, protecting the remaining bus from potential overload by a fault.

Figure 13. Example ORing of Input Power Buses

The power system, perhaps consisting of multiple supplies, interconnections, and loads, is unique for every
product. A power distribution has low impedance, and low loss, which yields high Q by its nature. While the
addition of lossy capacitors helps at low frequencies, their benefit at high frequencies is compromised by
parasitics. Transient events with rise times in the 10-ns range may be caused by inserting or removing units, load
fluctuations, switched loads, supply fluctuations, power supply ripple, and shorts. These transients cause the
distribution to ring, creating a situation where ORing controllers may trip off unnecessarily. In particular, when an
ORing device turns off due to a reverse current fault, there is an abrupt interruption of the current, causing a fast
ringing event. Since this ringing occurs at the same point in the topology as the other ORing controllers, they are
the most likely to be effected.

The ability to operate in the presence of noise and transients is in direct conflict with the goal of precise ORing
with rapid response to actual faults. A fast response reduces peak stress on devices, reduces transients, and
promotes un-interrupted system operation. However, a control with small thresholds and high speed is most
likely to be falsely tripped by transients that are not the result of a fault. The power distribution system should be
designed to control the transient voltages seen by fast-responding devices such as ORing and hotswap devices.

The TPS2410 was designed with several features to help tune its speed and sensitivity to individual systems.
The FLTR pin provides a convenient place to filter the bus voltage before it causes undesired tripping (see Fast
Comparator Input Filtering – C(FLTR)). Some applications may find it possible to use RSET to advantage by
setting the reverse turn-off threshold more negative. Last, the STAT pin may be used to desensitize the turnoff
threshold of an on-line TPS2410 when a redundant TPS2410 has turned off. This is especially attractive in dual
redundant systems (see Input ORing and STAT). Ultimately, the performance may have to be tuned to fit the
characteristics of each particular system.
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The UV and OV inputs can be used in a several ways. These include voltage monitoring and forcing the pass
MOSFET off.

A voltage bus may be monitored for undervoltage with the UV pin, and overvoltage with the OV pin. Figure 15
demonstrates a basic three resistor divider, however, two separate two resistor dividers may be used. PG is high
if V(UV) exceeds the UV threshold, and V(OV) is below the OV threshold, else PG is low. Each of these inputs has
a 0.6-V threshold and 7 mV of hysteresis. Optionally, UV and OV may be independently disabled by connecting
them to ground, and PG may be left floating if not used. The state of PG is undefined until the internal UVLO is
satisfied.

GATE is forced low if V(OV) exceeds 0.6 V. This allows OV to be used as an enable as shown in Figure 15. This
can be used for testing purposes, or control of back-to-back MOSFETs to force an output off even though V(AC) is
greater than 10 mV.

Figure 15. UV, OV, AND PG
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BIDIRECTIONAL BLOCKING AND PROTECTION OF C
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The TPS2410/11 may be used in applications where bidirectional blocking is desired. This may occur in
situations where two different voltages are ORed together, and operation from the lower voltage is desired.
Another important application allows isolation of a redundant unit that is generating too high an output voltage.
There are two considerations, first is the selection of the VDD source, and second is protection of the C pin from
excessive current. Figure 18 provides an example of this type of application.

VDD needs to have voltage applied when A is to be connected to the load. Connecting VDD to C only works when
voltage on C is always present before A is connected. VDD may be connected to A, a separate supply, or have
voltage from A ORed with voltage from C. OV may be used to force GATE low, even when V(A) is greater than
V(C), by driving OV to a voltage between 0.6 V and less than 5.25 V.

The C pin must be protected from excessive current if V(A) can exceed V(C) by more than 5.5 V. With a single
MOSFET, V(C) will never be more than a diode drop lower than V(A). When V(AC) is greater than a diode drop, a
small current flows out of the C pin into the load. If V(AC) exceeds 5.5 V, a current limiting circuit should be used
to protect C. Figure 18 provides an example circuit. Inserting this protection circuit creates a small offset in the
forward regulation and threshold voltage.

Figure 18. Bidirectional Blocking Example
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ORing EXAMPLES

Input 1

Input 2

2200 pF

Output

V
D

D

CG
A

T
E

B
Y

P

A

G
N

D

2
2

0
0

p
F

V
D

D
CG

A
T

E

B
Y

P
A

G
N

D

STAT

Input 1

Input 2 Output

10 kW

TPS2410
TPS2411

www.ti.com .................................................................................................................................................. SLVS727C–NOVEMBER 2006–REVISED JUNE 2009

Applications with the TPS2410/11 are not limited to ORIng of identical sections. The TPS2410/11 and external
MOSFET form a general purpose function block. Figure 19 shows a circuit with ORing between a discrete diode
and a TPS2410/MOSFET section. This circuit can be used to combine two different voltages in cases where the
output is reregulated, and the additional voltage drop in the Input 1 path is not a concern. An example is ORing
of an ac adapter on Input 1 with a lower voltage on Input 2 Figure 20 shows an improved efficiency version of the
first in which a P MOSFET replaces the simple diode. This circuit may not be useful in applications where Input 1
may be shorted because the P MOSFET is not managed, permitting reverse current flow. Input 2 should be the
lower of the two voltage rails. If Input 1 was the lower voltage rail and connected first, then Input 2 is connected,
there will be a momentary reverse current in the P MOSFET. The reverse current occurs because the STAT
signal will not go high until VGATE ramps above Input 2 (the higher voltage) by 0.4 V. The Input 1 to Input 2
difference voltage momentarily appears across the PMOS device which is turned on until STAT switches high,
causing a reverse current. The highest efficiency with the best fault tolerance is provided by two
TPS2410/MOSFET sections.

Figure 19. ORing Circuit Figure 20. P MOSFET Circuit

The TPS2410 may be a better choice in applications where inputs may be removed, causing an open-circuit
input. If the MOSFET was ON when the input is removed, VAC will be virtually zero. If the reverse turn-off
threshold is programmed negative, the TPS2410/11 will not pull GATE low. A system interruption could then be
created if a short is applied to the floating input. For example, if an ac adapter is first connected to the unit, and
then connected to the ac mains, the adapter's output capacitors will look like a momentary short to the unit. A
TPS2410 with RSET open will turn the MOSFET OFF when the input goes open circuit.
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PACKAGE OPTION ADDENDUM
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Addendum-Page 1

PACKAGING INFORMATION

Orderable Device Status (1) Package Type Package
Drawing

Pins Package Qty Eco Plan (2) Lead/
Ball Finish

MSL Peak Temp (3) Samples

(Requires Login)

TPS2410PW ACTIVE TSSOP PW 14 90 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

TPS2410PWG4 ACTIVE TSSOP PW 14 90 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

TPS2410PWR ACTIVE TSSOP PW 14 2000 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

TPS2410PWRG4 ACTIVE TSSOP PW 14 2000 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

TPS2411PW ACTIVE TSSOP PW 14 90 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

TPS2411PWG4 ACTIVE TSSOP PW 14 90 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

TPS2411PWR ACTIVE TSSOP PW 14 2000 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

TPS2411PWRG4 ACTIVE TSSOP PW 14 2000 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

 
(1) The marketing status values are defined as follows:
ACTIVE: Product device recommended for new designs.
LIFEBUY: TI 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 TI 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: TI has discontinued the production of the device.

 
(2) 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, TI 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): TI 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)

 
(3) MSL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.

 



PACKAGE OPTION ADDENDUM

www.ti.com 25-Jul-2011

Addendum-Page 2

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

 
In no event shall TI's liability arising out of such information exceed the total purchase price of the TI part(s) at issue in this document sold by TI to Customer on an annual basis.

 



TAPE AND REEL INFORMATION

*All dimensions are nominal

Device Package
Type

Package
Drawing

Pins SPQ Reel
Diameter

(mm)

Reel
Width

W1 (mm)

A0
(mm)

B0
(mm)

K0
(mm)

P1
(mm)

W
(mm)

Pin1
Quadrant

TPS2410PWR TSSOP PW 14 2000 330.0 12.4 6.9 5.6 1.6 8.0 12.0 Q1

TPS2411PWR TSSOP PW 14 2000 330.0 12.4 6.9 5.6 1.6 8.0 12.0 Q1

PACKAGE MATERIALS INFORMATION

www.ti.com 14-Jul-2012

Pack Materials-Page 1



*All dimensions are nominal

Device Package Type Package Drawing Pins SPQ Length (mm) Width (mm) Height (mm)

TPS2410PWR TSSOP PW 14 2000 367.0 367.0 35.0

TPS2411PWR TSSOP PW 14 2000 367.0 367.0 35.0

PACKAGE MATERIALS INFORMATION

www.ti.com 14-Jul-2012

Pack Materials-Page 2







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 JESD46C and to discontinue any product or service per JESD48B. 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 TI deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

TI 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 TI under the patents or other intellectual property of TI.

Reproduction of significant portions of TI information in TI data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. TI 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.
TI 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 TI and its representatives against any damages arising out of the use
of any TI 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 TI components are authorized for use in FDA Class III (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those TI components which TI 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 which meet ISO/TS16949 requirements, mainly for automotive use. Components which
have not been so designated are neither designed nor intended for automotive use; and TI will not be responsible for any failure of such
components to meet such requirements.

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 dataconverter.ti.com Computers and Peripherals www.ti.com/computers

DLP® Products www.dlp.com Consumer Electronics www.ti.com/consumer-apps

DSP dsp.ti.com Energy and Lighting www.ti.com/energy

Clocks and Timers www.ti.com/clocks Industrial www.ti.com/industrial

Interface interface.ti.com Medical www.ti.com/medical

Logic logic.ti.com Security www.ti.com/security

Power Mgmt power.ti.com Space, Avionics and Defense www.ti.com/space-avionics-defense

Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video

RFID www.ti-rfid.com

OMAP Mobile Processors www.ti.com/omap TI E2E Community e2e.ti.com

Wireless Connectivity www.ti.com/wirelessconnectivity
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