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AN-2027 Inverting Application for the LMZ14203 SIMPLE
SWITCHER® Power Module

Alan Martin

ABSTRACT

This application report illustrates how to apply the LMZ14203 integrated buck module into the buck-boost
configuration such that a positive input voltage can be used to create a regulated negative output voltage.

Contents
1 110 8o 1T o 2
2 [ = 0] Lo 0 ) o T 4
3 External Enable LogiC Level Sifters ...uuuiiieiiieiii i s s e e s aees 5
4 Typical Performance CharaCteriStiCS ..uvuiiiiereeiiiineeessiiiseessaasnnessaasnneessaannressssannessssnnneessssnnnessnnns 6
5 =] (=] 1] 0T 7
List of Figures
1 Evaluation Board Connections for Inverting APPlICatioN ........eeeeiiiiiii i i s s e raannes 3
2 Inverting Application Schematic for Simple Enable and —5V oyt «ueeerriiiieiiiiiiiiiiiiiiiiirniienanes 4
3 L N L I o 1T 5
4 P-Ch MOSFET LeVel Shifter v e e ranes 5
5 Adjustable Shunt Reference-Based PreciSion UVLO CirCUILS 1..uuueeiiriiueesrsiinnresraisnssiiannssisainnsiaanns 5

SIMPLE SWITCHER is a registered trademark of Texas Instruments.
All other trademarks are the property of their respective owners.

SNVA425A—March 2010—-Revised May 2013 AN-2027 Inverting Application for the LMZ14203 SIMPLE SWITCHER® 1

Submit Documentation Feedback Power Module
Copyright © 2010-2013, Texas Instruments Incorporated


http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNVA425A

13 TEXAS
INSTRUMENTS

Introduction www.ti.com

1

Introduction

This application report shows how the conventional non-inverting demonstration and evaluation boards for
the device can be connected into the inverting configuration without the need to acquire a new PCB to
evaluate the application. For detailed descriptions on the PCB assemblies in the conventional buck
topology, see the AN-2024 LMZ1420x / LMZ1200x Evaluation Board User's Guide (SNVA422), the AN-
2031 LMZ12003 3A Demo Board SIMPLE SWITCHER® Power Module Quick Start Guide User's Guide
(SNVA427), and the AN-2032 LMZ14202 / LMZ14203 Demo Board SIMPLE SWITCHER® Power Module
Quick Start Guide User's Guide (SNVA428).

Figure 1 illustrates the method of reassigning the terminals of the evaluation board (or demo board) for the
inverting application. Careful labeling of leads is suggested to avoid confusion since the terminals formerly
at ground potential are now connected to -V 7, and the connection formerly assigned to +Vout is now
connected to ground. The three connections to the power path are straightforward. But there may be
additional circuitry required for the enable signal to function as desired in the target system as the
precision enable reference voltage is referred to ground while disabled and to -V ; once enabled. This
adds a large and possibly undesirable amount of hysteresis to the simplest form of enable. To alleviate
this situation several level shift methods are discussed in the following text.

It should also be noted that the maximum output current obtained from the module is decreased from that
obtained in the conventional buck configuration (see the graphs in Section 4). Further, since the ground
terminal of the module is connected to -V, the maximum positive input voltage into the inverting
application is decreased by the amplitude of the output voltage.Thus for a -5V output application the
maximum input voltage will be 37V.

This configuration can be applied to the whole family of LMZ1420x and LMZ1200x modules so long as the
input voltage and output current limits are observed. Be aware that efficiency is lower in the inverting
configuration resulting in higher dissipation for a given output power and that thermal derating may need
to be observed when operating at maximum output current.
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Figure 1. Evaluation Board Connections for Inverting Application
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For the Bill of Materials (BOM), see the AN-2024 LMZ1420x / LMZ1200x Evaluation Board User's Guide (SNVA422).
Figure 2. Inverting Application Schematic for Simple Enable and -5V ¢

Enable Options

Essentially there are three methods for enabling the module in the inverting application. The first is the
precision threshold shown in Figure 2. Under-voltage lock-out (UVLO) is determined by the values of
RENT and RENB in the same manner as described in the device-specific data sheet. Once the module is
enabled -V goes from its initial ground potential to the regulated negative Vo level at a rate
determined by the soft-start capacitor. Since RENB is also tied to -V a reinforcing action occurs that
increases the 90 mV hysteresis level substantially such that the total hysteresis is essentially the
magnitude of V. As previously suggested, a hysteresis level this large may be undesirable in certain
system situations so two other methods are described as alternatives.

Many systems have ground referred control or supervisory logic signals that need to be level shifted for
compatibility with the enable input of the LMZ14203 which in this application is referenced to —Vqr. The
level shift is quite straight forward and can be accomplished with a single transistor. The transistor type
can either be small signal PNP or low level P-channel mosfet. The transistor terminal connections are
essentially identical. These circuits are shown in Figure 3 and Figure 4.

For applications where precision UVLO is needed with a small and controllable amount of hysteresis, then
an adjustable shunt reference can be configured as a precision comparator to meet the requirements.
Suggested circuitry is detailed in Figure 5. The first is based on the common LMV431 type device with a
PNP inverter output section. The other circuit uses the similar LM4041 that differs in that it has high side
feedback reference and the inversion is not required. Either circuit is both low cost and compact.
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Figure 4. P-ch MOSFET Level Shifter
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Figure 5. Adjustable Shunt Reference-Based Precision UVLO Circuits
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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.
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