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ABSTRACT

This application report discusses how the Texas Instruments LM3743 minimizes power consumption
during fault conditions thereby reducing thermal loads and increasing reliability.
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1 Introduction

The LM3743 is a DC-DC voltage mode PWM buck controller featuring synchronous rectification at
300 kHz or 1 MHz. It can deliver current as high as 20A and step down from an input voltage between 3V
and 5.5V down to a minimum output voltage of 0.8V. It is a highly integrated device in a small MSOP-10
package. Features include; pre-biased soft-start, tracking capability, and comprehensive fault protection
features suitable for high reliability systems such as rack mounted servers and telecom base station
subsystems.

Data center facilities and telecom base station subsystems must manage the balance of two essential
commodities - power and cooling capacity. For example, processors in rack mounted servers demand
large amounts of power and are one of the greatest sources of heat during normal operation. Substantial
increases in heat during normal operation and fault conditions will reduce the reliability of many
components in the server racks including semiconductor components, hard drives, and fans. The LM3743
will minimize power consumption during fault conditions thereby reducing thermal loads and increasing
reliability.

2 Typical Application Circuit

Figure 1. Typical Application Circuit
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3 LM3743 Comprehensive Fault Protection Features

The LM3743 provides the following comprehensive fault protection features: high side current limit
(HSCL), output under-voltage protection (UVP), and low side current limit (LSCL). When engaged, these
three features can each independently initiate a hiccup protection mode which disables both the high-side
and low-side FETs and begin a cool down period of 5.5 ms, see Figure 2. At the conclusion of this cool
down period, the LM3743 performs an internal 3.6 ms soft-start to check for the removal of the fault
condition and to continue normal operation. Hiccup protection mode enables the system designer to avoid
the need to over design components due to thermal runaway during fault conditions resulting in a lower bill
of material cost.

Figure 2. Hiccup Time Out and Internal Soft-Start

To help quantify the power consumption during a persistent fault condition, let us examine an application
with a 10A low-side current limit. Once in overload, the low-side current limit controls the valley current
and only allows an average of 10A plus the ripple current to pass through the inductor and MOSFETs.
Hiccup mode initializes after 15 switching cycles allowing only a very small temperature rise. Once in
hiccup mode, the average current through the high-side FET is:

IHSF-AVE = (ICLIM + ΔI) × [D(15 cycles × TSW) ] / 5.5 ms = 71 mA (1)

With an arbitrary D = 60%, ripple current of 3A, and a 300 kHz switching frequency.

The average current through the low-side FET is:
ILSF-AVE = (ICLIM + ΔI) × [(1–D) x (15 cycles × TSW) ] / 5.5 ms = 47 mA (2)

And the average current through the inductor is:
IL-AVE = (ICLIM + ΔI) × [ (15 cycles × TSW) ] / 5.5 ms = 118 mA (3)

4 Protecting Typical Fault Conditions in High-Reliability Systems

Server racks and telecom base station subsystems require high reliability to enable uninterrupted flow of
data and communication. When unexpected failures occur, the LM3743 fault protection features can help
to prevent further electrical and thermal stress. Examining some typical system fault conditions, we can
elaborate on the protection modes of the LM3743 device and the operational benefit:

1. A capacitor such as a POS-cap located at the output of the LM3743 fails as a short circuit after an
over-voltage surge exceeds the maximum capacitor voltage rating, see Figure 3. In such a situation
duty cycle and the inductor current increase cycle by cycle, but fortunately input current is decreased
because the LM3743 UVP initializes Hiccup-Mode.

2. A small piece of metal falling into the product from the outside or a piece of metal that was loose in the
product changes positions during shipment and lands across the switch node (VSW) and ground, see
Figure 4. High side current limit immediately senses the short circuit fault condition.
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3. Excessive load and/or incorrect selection of the MOSFET results in an open circuit failure. For
example; if the low side MOSFET (Q2) fails, shown in Figure 5, the inductor current will not flow
during the time Q2 should be on, thus the inductor current will increase cycle by cycle. The high side
current limit will capture the over current event, thereby protecting the high side MOSFET (Q1) from
over heating and failure.

Figure 3. Output Short-Circuit to Ground

Figure 4. Switch Node Short-Circuit to Ground

Figure 5. Low Side MOSFETOpen-Circuit Failure

In all these situations, the LM3743 provides fault protection, reduces the average input current, and
relieves the power components from thermal stress during persistent fault conditions. After the removal of
the fault condition, the LM3743 performs an automatic self test and recovery sequence. User intervention
is not required, in so reduces maintenance cost and designed in circuit complexity.

The LM3743 provides comprehensive fault protection and a reduction in server power consumption during
fault conditions. It also combines high efficiency with high drive capabilities for loads up to 20A. With the
LM3743, the balance between power and cooling capacity are much more manageable during device
failure and short circuit conditions.

For datasheet, evaluation board, application note, and reference design information, see LM3743 High-
Performance Synchronous Buck Controller with Comprehensive Fault Protection Features (SNVS427).
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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 JESD48, 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 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 as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, TI will not be responsible for any failure to meet ISO/TS16949.
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