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How to configure the fault and current limit
pins of Nexperia NPS40XX load switch ICs

Abstract: This application note provides comprehensive guidance on configuring the fault and current limit
pins of Nexperia NPS40XX family of load switch ICs for optimized performance and enhanced
reliability in various electronic systems. Load switches play a crucial role in modern electronic devices,
offering efficient power management and protection against overcurrent and fault conditions. Proper
configuration of fault detection and current limit features ensures the safety and longevity of electronic
systems, while also enhancing their overall performance.
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1. Introduction

Efficient power management including current limitation and protection against fault conditions, are
essential requirements in the design of modern electronic systems. Load switches offer a versatile
solution for achieving these objectives.

Central to Nexperia’s NPS40XX family of load switches are their fault detection and current limiting
features, which play a critical role in safeguarding downstream components and ensuring reliable
operation. Configuring these features requires a good understanding of system requirements, load
characteristics, and application-specific considerations.

This application note provides comprehensive details of the configuration of the fault, (/FLT), and
current limit, (ILIM), pins in the NPS40XX family of load switches, offering practical guidance to
enhance system reliability, efficiency, and performance. Through a detailed explanation of fault
detection mechanisms, current limiting techniques, and practical implementation strategies, this
application note equips designers and engineers with the knowledge needed to effectively tailor
load switch configurations to the unique demands of their applications.

1.1. Fault pin (flag pin, /[FLG) in a load switch IC

In the NPS40XX family of load switch ICs (Integrated Circuits), the fault pin, or flag (/FLG) pin,

is an open-drain, active-low output signal that indicates a fault condition. In normal operation, a
pull-up resistor is connected between the /FLG pin and VIN, or an external voltage. When a fault
condition occurs, such as over-current, short circuit, over-temperature, reverse current, or other
fault conditions, the fault pin is pulled low via an internal MOSFET, indicating the presence of the
fault.

The fault pin functions by monitoring parameters such as voltage, current, or temperature,
depending on the specific fault detection mechanism implemented in the load switch IC. Once a
fault is detected, the fault pin may be configured to respond in various ways, such as signaling the
occurrence of the fault to a microcontroller, activating protective measures, or initiating shutdown
sequences to prevent damage to the load switch or connected components.

Fig. 1 shows the system block diagram of the NPS4053, and how the fault pin operates internally.
When the IC experiences an over current, over temperature, or reverse voltage condition, the fault
block will pull the /FLG pin low to indicate a fault event.
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Fig. 1. Fault control block of NPS4053
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1.2. Current limit (ILIM) pin in a load switch IC

The current limit pin (ILIM) in a load switch IC allows the designer to set the maximum output
current for the load switch. By configuring this pin with a resistor to ground, you can adjust the
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threshold at which the load switch will limit the output current to protect the connected downstream
loads. The NPS4053 features this unique function at the pin labeled “ILIM” as shown in Fig. 2. By
adjusting the value of resistor R j from 9.31 kQ to 210 kQ, the maximum allowable output current

can be set from 2.5 A to 0.11 A; see Fig. 3 and Table 1.
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Fig. 2. ILIM pin of NPS4053, connected to ground via Ry iy
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Fig. 3. Current limit vs Ry for NPS4053
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Table 1. Ry values and corresponding output current limits

Symbol |Parameter Conditions Tamb = -40 °C to +125 °C | Unit
Min Typ Max
lLwir current-limit ViN-Vour=1.0V
threshold Rium = 9.31kQ; T;s 125 °C 225 | 25 | 272 A
Rium =10.2kQ; T;<125°C 2.06 23 250 |A
Rium = 12.7 kQ; Tj< 125 °C 1.68 185 | 201 A
Rium =15.0kQ; Tj= 125 °C 1.48 1.57 1.67 A
Rium =20.0kQ; Tj< 125 °C 1.09 1.18 125 A
RiLm = 49.9kQ; Tj< 125 °C 042 | 047 | 051 A
Rium =210.0kQ; T;< 125 °C 0.08 0.11 0.14 A
pin LIMIT shorted to GND - 2.46 - A
pin LIMIT open - 0.11 - A
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2. How to configure the fault (/FLT) pin

Configuring the /FLT pin in a load switch IC is essential for protecting the connected loads,
ensuring system safety, and enhancing overall reliability. It provides an important layer of protection
against over-current and thermal issues, while also enabling valuable diagnostic capabilities.

Table 2 shows a number of common /FLT pin configurations.

Table 2. Common fault (/FLT) pin configurations of the NPS40XX family of load switch ICs

Configuration Comments
NPS4053 » Typical application, since /FLT is active low, this pin is
VIN (2.5V to 5.5 V) pulled up to VIN through external resistor
€L Cn IN ouT Co e /FLT pin will be pulled low when NPS4053 enters over
g 100 k g o current limit mode, over temperature protection mode
and reverse voltage blocking mode
[FLT ILIM
Fault indication
typically connected
to uC RiLm
Control signal ON GND
(device enable/disable)
NPS4053 * /FLT pin is pulled up to another power rail (i.e. 1.8 V as
VIN (2.5 V to 5.5 V) shown) through external resistor
L Cn IN out Co * /FLT pin will be pulled low when NPS4053 enters over
g o current limit mode, over temperature protection mode
18V 100k and reverse voltage blocking mode.
[FLT ILIM
Fault indication R
typically connected ILIM
touC
- ON GND
Control signal
(device enable/disable)
NPS4053 * /FLT pin can be floating if not used
VIN (2.5 V to 5.5 V)
IN ouT ——17—
i Cin g Cour
XK— IFLT ILIM
RiLm
Control signal ON GND
(device enable/disable)
NPS4053 * FLT pin can be shorted to GND if not used
VIN (2.5 V to 5.5 V)
IN ouT ——17—
i Cin g Cour
J7_ [FLT ILIM
RiLm
Control signal ON GND
(device enable/disable)
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Configuration

Comments

VIN (2.5 V 0 5.5 V)

1
gc'“ 100 kr]

Control signal
(device enable/disable)

VIN (2.5 V 0 5.5 V)

Ly

2

NPS4053
IN ouT #
g Cour
JFLT ILIM
RiLm
» ON GND
NPS4053
IN ouT #
g Cour
/FLT ILIM
Rium
ON GND

Control signal
(device enable/disable)

/FLT pin can be set up into ORing configuration for

multiple load switches
Eliminates the need for multiple pull up resistors

3. How to configure the current limit (ILIM) pin

Configuring the ILIM pin on a load switch IC is vital for ensuring the protection of the load, the load
switch IC itself, and the overall system stability. It allows for customization based on application
requirements, which ultimately contributes to the reliability and longevity of the system.

Table 3 shows a number of common ILIM pin configurations.

Table 3. Common current limit (ILIM) pin configurations of the NPS40XX family of load switch ICs

Configuration

Comments

(device enable/disable)

v control circuit

NPS4053 * Cyyatleast 0.1 pF.

VIN (25 V t0 5.5 V) *  Couyr at least 120 yF at output for USB port application,
L Cn IN out c other applications except USB choose output capacitor
g 100 k g our according to actual transient requirements.

FLT LM * The maximum output current can be set by selecting the

Fault indication value of resistor Ry v (9.31 kQ to 210 kQ ). The current

typically connected Rium limit threshold is hence programmable from 2.5 A to
toue 0.1 A.
Control signal ON GND
(device enable/disable)
NPS4053 * Cyyatleast 0.1 pF.

VIN 2.5V t0 5.5V) N ouT » Choose Coyrt according to actual transient requirements.
L Cn I Cour *  Rjm1 to set first current limit threshold, Ry jm1/RiLimz to
g 100k ; set second current limit threshold.

FLT ILIM * One load switch to achieve multiple current limit

Fault indication thresholds with different R, in parallel.

typically connected R R
to IJC ILIM1 ILIM2
ON GND
Control signal Fl—
4 To external
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Configuration Comments
NPS4053 *+ Cjyatleast0.1 pF.
VIN (25 V t0 5.5 V) N ouT *  Choose Coyrt according to actual transient requirements.
L I * I m pin floating to set a fixed 0.11 A current limit
IN Cour
$ 100k g threshold.
LT ILIM 9 - Saves on BOM cost by eliminating extra resistor.
Fault indication
typically connected
touC
Control signal ON GND
(device enable/disable)
NPS4053 * Cjyatleast0.1 pF.

VIN (25 V t0 5.5 V) N ouT * Choose Coyrt according to actual transient requirements.
L Ci L Cour * I m pin shorted to GND to set a fixed 2.5 A current limit
$ 100k g threshold.

FLT ILIM » Saves on BOM cost by eliminating extra resistor.
Fault indication
typically connected
to uC
ON GND

Control signal
(device enable/disable)

4. Revision history

Table 4. Revision history

Revision Date
number

Description

1.0 2024-04-24

Initial version.
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5. Legal information

Definitions

Draft — The document is a draft version only. The content is still under
internal review and subject to formal approval, which may result in
modifications or additions. Nexperia does not give any representations or
warranties as to the accuracy or completeness of information included herein
and shall have no liability for the consequences of use of such information.

Disclaimers

Limited warranty and liability — Information in this document is believed
to be accurate and reliable. However, Nexperia does not give any
representations or warranties, expressed or implied, as to the accuracy

or completeness of such information and shall have no liability for the
consequences of use of such information. Nexperia takes no responsibility
for the content in this document if provided by an information source outside
of Nexperia.

In no event shall Nexperia be liable for any indirect, incidental, punitive,
special or consequential damages (including - without limitation - lost
profits, lost savings, business interruption, costs related to the removal
or replacement of any products or rework charges) whether or not such
damages are based on tort (including negligence), warranty, breach of
contract or any other legal theory.

Notwithstanding any damages that customer might incur for any reason
whatsoever, Nexperia’s aggregate and cumulative liability towards customer
for the products described herein shall be limited in accordance with the
Terms and conditions of commercial sale of Nexperia.

Right to make changes — Nexperia reserves the right to make changes
to information published in this document, including without limitation
specifications and product descriptions, at any time and without notice. This
document supersedes and replaces all information supplied prior to the
publication hereof.

Suitability for use — Nexperia products are not designed, authorized or
warranted to be suitable for use in life support, life-critical or safety-critical
systems or equipment, nor in applications where failure or malfunction

of an Nexperia product can reasonably be expected to result in personal
injury, death or severe property or environmental damage. Nexperia and its
suppliers accept no liability for inclusion and/or use of Nexperia products in
such equipment or applications and therefore such inclusion and/or use is at
the customer’s own risk.

Applications — Applications that are described herein for any of these
products are for illustrative purposes only. Nexperia makes no representation
or warranty that such applications will be suitable for the specified use
without further testing or modification.

Customers are responsible for the design and operation of their applications
and products using Nexperia products, and Nexperia accepts no liability for
any assistance with applications or customer product design. It is customer’s
sole responsibility to determine whether the Nexperia product is suitable
and fit for the customer’s applications and products planned, as well as

for the planned application and use of customer’s third party customer(s).
Customers should provide appropriate design and operating safeguards to
minimize the risks associated with their applications and products.

Nexperia does not accept any liability related to any default, damage, costs
or problem which is based on any weakness or default in the customer’s
applications or products, or the application or use by customer’s third party
customer(s). Customer is responsible for doing all necessary testing for the
customer’s applications and products using Nexperia products in order to
avoid a default of the applications and the products or of the application or
use by customer’s third party customer(s). Nexperia does not accept any
liability in this respect.

Export control — This document as well as the item(s) described herein
may be subject to export control regulations. Export might require a prior
authorization from competent authorities.

Translations — A non-English (translated) version of a document is for
reference only. The English version shall prevail in case of any discrepancy
between the translated and English versions.

Trademarks

Notice: All referenced brands, product names, service names and
trademarks are the property of their respective owners.
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