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ABSTRACT

This document describes the TPS57112-Q1 device Enable pin functionality and provides possible risks
associated with driving the Enable (EN) pin voltage higher than VIN pin voltage. This application note is
also applicable for TPS57114-Q1 and TPS54388-Q1 devices as they belong to the same family as
TPS57112-Q1.

1 Introduction

The TPS57112-Q1 device is a full-featured 6-Vin, 2-A, synchronous step-down current-mode converter
with two integrated metal—-oxide—semiconductor field-effect transistors (MOSFETS). When the EN pin is
left floating, the device turns off when the input voltage falls below 2.6 V. If an application requires a
higher undervoltage lockout (UVLO), use the EN pin as shown in Figure 1 to adjust the input voltage
UVLO by using two external resistors. The TPS57112-Q1 datasheet, SLVSALS8 (Enable Functionality and
Adjusting Undervoltage Lockout section) provides the detailed design procedure to calculate the values of
R1 and R2.

When the enable undervoltage lockout is set using this method, it ensures that the EN pin voltage is less
than the VIN voltage. This is the recommended method of driving the EN pin, if higher than 2.6 V
undervoltage lockout is desired.
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Figure 1. Adjustable Undervoltage Lockout Using External Voltage Divider to VIN Pin

Some applications, like driving EN pin using CAN inhibit signal or driving EN pin through some external
logic, may require using digital control for the EN pin. In such cases, there is a possibility that the EN pin
voltage is higher than the VIN voltage. This application note explains the risk of driving the EN pin voltage
higher than the VIN voltage and provides recommendations to address this issue.

All trademarks are the property of their respective owners.
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2 Interaction Between EN Pin and VIN Pin
Internally, the EN pin is connected via a 10-kQ resistor and a p-channel metal-oxide-semiconductor
(PMOS) to the VIN supply, as shown in Figure 2. When the EN pin voltage is greater than a diode drop
above VIN (0.5 V, typical), the body diode of the PMOS becomes forward biased causing the EN pin to
provide the supply for the TPS57112-Q1 device. Due to this incorrect drive, when the EN pin voltage is
larger than VIN by around 1.3 V, typical, the device will shut down. When the V¢, — V,,\ voltage is
between 1.1 V and 1.3 V, the device may enter into hiccup mode due to the UVLO comparator hysteresis
as shown in Figure 3.
Therefore, it is always advisable to have the EN voltage to be below the VIN voltage under all conditions
to avoid incorrect biasing of the device.
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Figure 2. Internal Drive Structure of EN and VIN Pins
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Figure 3. Vout Oscillation Observed on TPS57112-Q1 EVM With V,,y, =3V, Vg =4.1V, Vout = 1.8V
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3 Impact of Product Change Notification #PCN20140408000A on This Behavior

For device material which incorporates the product change notification PCN20140408000A, circulitry is
added to clamp the EN voltage to around 2.8 V internally as shown in Figure 4. With this change, it was
observed that the device does not shut down when Vg, > V,, by 1.3 V. Also, it does not show any

unstable behavior.

This was tested using the TPS57112-Q1 EVM with V,y, =3V, Vgy = 4.1 Vto 4.5V, Vout = 1.8 V. Even
with material that includes this PCN, it is not recommended to drive the EN pin with a voltage higher than

the VIN pin.
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Figure 4. Internal Drive Structure of EN and VIN Pins With PCN20140408000A
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4 Conclusion

When it is necessary to use the undervoltage lockout voltage higher than the default UVLO voltage, TI
recommends the use of a resistor divider to VIN as shown in Figure 1. If this method cannot be used,
customers should make sure that EN pin voltage is less than the VIN voltage.
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IMPORTANT NOTICE

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

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

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

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

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

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

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

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

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

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

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