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Introduction

Negative voltages are used to power an expanding number of LCD screens
in automobile infotainment systems. Likewise, in industrial and railroad
environments, negative rails satisfy the needs of instrumentation and
monitoring applications. In all cases, the negative voltage rail must be
produced from a positive source, but positive-to-negative ICs are not as
readily available as buck controllers. Manufacturers are unlikely to have
tested and qualified negative output converters, but probably already have
a number of approved buck controllers, such as the LTC3892 dual output
controller. To avoid the extra time and cost of testing a dedicated negative
output converter, the LTC3892 dual output buck controller can be used to
produce a negative output voltage with a Cuk topology.

Dual Output Converter:—12 V at 3 A
and33Vat10A

The LTC3892 is a dual output controller, where one output can be used
for a positive voltage and the other channel for a negative voltage, as
shown in Figure 1. The input voltage range of this solution is 6V to 40V,
with Vyur, equal to 3.3V at 10 A and Vo, equal to —12 V at 3 A,V is
configured as a straightforward buck converter topology with power train
components Q2, Q3, L1, and the output filter capacitors. No voltage divider
is required at the VFB pin (tied directly to the output) to set the output
10 3.3V, as the LTC3892-2 features fixed 3.3V or 5V outputs set by the
grounding or by tying VPRG1 to INTV,, respectively.
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Figure 1. A solution for generating positive and negative voltages. V,; is 3.3V at 10 A and V,;, is =12 V at 3 A.
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Produce Negative Voltages Using the Buck Controller

Vour is @ negative output voltage relative to GND. The op amp U2 (LT1797) is
wired as a differential amplifier that is employed to sense the negative volt-
age and scale it to the 0.8 V reference of the LTC3892 error amplifier (EA).
In this approach, both the EA of the LTC3892 and the op amp are referenced
to system GND, which simplifies power supply control and functionality. The
seed formulas for setting the negative output voltage are:
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The Vo1, employs a nonsynchronous Cuk topology and includes power
train components of Q1, D1, L2, and output filter capacitors. The Cuk topology
is widely covered in other technical literature, so it is not covered at length
here. The stress on the power train components can be summed up by:
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A DC2727A demonstration board was used to evaluate this solution, with
the Vyyr, efficiency shown in Figure 2. This approach is also available in our
LTspice” simulation model of the LTC3892-2.
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Figure 2. Efficiency for the negative output (V) at 14 V input.

Conclusion

The LTC3892 is a versatile and flexible controller ostensibly designed for
synchronous step-down conversion, but it can be used in a Cuk topology
to generate positive and negative voltages for automotive, industrial, and
other applications.

About the Author

Victor Khasiev is a senior applications engineer at Analog Devices.
Victor has extensive experience in power electronics both in ac-
to-dc and dc-to-dc conversion. He holds two patents and wrote
multiple articles. These article relate to use ADI semiconductors
in automotive and industrial applications. They cover step-up,
step-down, SEPIC, positive-to-negative, negative-to-negative,
flyback, and forward converters, as well as bidirectional backup
supplies. His patents are about efficient power factor correction
solutions and advanced gate drivers. Victor enjoys supporting ADI
customers: answering questions about ADI products, design and
verification power supplies schematics, layout of the print circuit
boards, troubleshooting, and participating in testing final systems.
He can be reached at victor.khasiev@analog.com.

Online Support ~ )
Community ¥ EngineerZone:
Engage with the SUPPORT COMMUNITY

Analog Devices technology experts in our online support
community. Ask your tough design questions, browse FAQs,
or join a conversation.

Visit ez.analog.com

Analog Devices, Inc. Analog Devices, Inc. Analog Devices, Inc.
Worldwide Headquarters Europe Headquarters Japan Headquarters
Analog Devices, Inc. Analog Devices GmbH Analog Devices, KK

One Technology Way Otl-Aicher-Str. 60-64 New Pier Takeshiba

P.0. Box 9106 80807 Miinchen South Tower Building
Norwood, MA 02062-9106 Germany 1-16-1 Kaigan, Minato-ku,
USA. Tel: 49.89.76903.0 Tokyo, 105-6891

Tel: 781.329.4700 Fax: 49.89.76903.157 Japan

(800.262.5643, U.S.A. only) Tel: 813.5402.8200

Fax: 781.461.3113 Fax: 813.5402.1064

Analog Devices, Inc. ©2019 Analog Devices, Inc. All rights reserved. Trademarks and

Asia Pacific Headquarters registered trademarks are the property of their respective owners.
Ahead of What's Possible is a trademark of Analog Devices.

Analog Devices DN21065-0-1/19

5F, Sandhill Plaza

2290 Zuchongzhi Road UHG/OQ. com

Zhangjiang Hi-Tech Park

Pudong New District

Shanghai, China 201203 ANALOG

Tel: 86.21.2320.8000

Fax: 86.21.2320.8222 DEVICES

AHEAD OF WHAT'S POSSIBLE™


https://www.analog.com/en/index.html
https://www.analog.com/en/index.html
http://www.analog.com/lt1797
https://www.analog.com/en/design-center/evaluation-hardware-and-software/evaluation-boards-kits/dc2727a.html
https://www.analog.com/media/en/simulation-models/LTspice-demo-circuits/LTC3892_BuckCuk.asc
mailto:victor.khasiev%40analog.com?subject=
https://ez.analog.com
http://ez.analog.com
https://ez.analog.com

