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Today’s electronic systems typically have multiple DC
voltage rails that are powered by point-of-load regulators.
The input rail to these regulators can be an AC adapter,
an intermediate bus, a battery, or a USB power rail.
Often it is desirable to find a power solution that can
handle a relatively wide input range, is reasonably inte-
grated, and simple to use. National Semiconductor’s
LM26400Y dual buck switching regulator addresses such
applications. It has an operating input voltage range of
3V to 20V and a guaranteed maximum duty cycle of
90% so it is able to handle a large range of step-down
conversions. The LM26400Y device has integrated power
FETs and internal-loop compensation. The two packages
offered, TSSOP and LLP, have an exposed pad that allows
unimpeded heat flow from the die to the PCB surface.

Many Features Enable Flexibility

Figure 1 is a simplified block diagram of the LM26400Y
regulator. The device features separate soft-start, enable
pins, and internal bootstrap diodes. Sequencing of the
regulator can be controlled by toggling the enable pins at
different times or slewing the soft-start pins at different
rates. The integrated bootstrap diodes can simplify
designs when a bootstrap bias is not readily available in
the system. The two channels switch at the same 500
kHz frequency but are 180° out of phase, reducing the

AC current in the input capacitors.
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Figure 1. Simplified View of the LM26400Y Regulator

FPGA Power-Up

In this article, the LM26400Y is powering a popluar
FPGA off of an input voltage range of 4.75V to 13.2V.
The example uses an FPGA-based subsystem that has six
functions in the chip that need power as listed below:

Supply Function Voltage

VCCINT Core 1.2v

VCCAUX Auxiliary 2.5V

VCCO0_0-3 41/0 Banks 0-3 1.2/1.5/1.8/2.5/3.3V

To interface effectively with different output buffer
standards, the four I/O banks can work at five different
voltage levels.

To design a power supply solution for the FPGA, more
must be known about the application. The power required
by the six functions in the chip can vary dramatically
depending on the utilization ratio. The power estimation
tool provided by the FPGA vendor translates the usage

scenario into terms a power designer can readily utilize:

A D 0 0
Voltage | 1.2V 2.5V 2.5V 3.3V
1.75A 0.62A 1.41A 1.27A

Current

VCCAUX and VCCO_O0 are the same voltage
level and could share a voltage regulator. How-
ever, in this case, VCCO_0 needs to power up
separately to satisfy peripheral device sequenc-
ing, and thus a total of four voltage rails are
employed.
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Vin
475V to 13.2V

All four rails may ramp up independently
of each other as long as they reach their
nominal voltage levels within 0.2 ms to
50 ms in a monotonic fashion. The only
potential concern to meet that requirement
is VCCINT. According to the datasheet, if
VCCINT comes up earlier than VCCAUX,
there can be a surplus current (366 mA
typical) on the VCCINT rail which appears
somewhere after VCCINT hits 0.5V.

The board hosting the FPGA is to be plugged
into two kinds of systems, one supplying an
input of 12V +/-10%, the other an input
of 5V +/-5%. The FPGA voltage regulators
need to handle an input range from 4.75V
to 13.2V. A linear solution is not an option
due to the unacceptable power losses which

are worst at the 12V input.
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Figure 2. FPGA Power - VCCINT and VCCAUX

Based on the estimates above, plus some
safety margin (because those numbers are
just estimates), two switchers are required of
up to 2A each for VCCINT and VCCO_0,
one switcher of approximately 1A for
VCCAUX and one switcher of approxi-
mately 1.5A for VCCO_1, VCCO_2, and
VCCO_3 combined. One LM26400Y reg-
ulator can be used to generate VCCINT and
VCCAUX and another to generate the 1/
O:s. The schematic for the VCCINT (1.2V)
and VCCAUX (2.5V) supply is shown in
Figure 2.

The startup behavior is shown in Figure 3.
Although the two channels share a 15 nF
soft-start capacitor, VCCAUX will rise twice
as fast as VCCINT due to the greater
voltage-divider ratio. This allows the power
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Figure 3. FPGA Solution - Startup

designer to avoid the surplus current of a
few hundred milliamps mentioned above.

Regarding the other two FPGA rails, the
VCCO_0 (2.5V) circuit uses the same design
as VCCAUX as does the VCCO_1/2/3
(3.3V) circuit except for the upper feed-
back resistor. The enable pins of the VCCO
circuits are not tied to the input voltage due
to the potential sequencing requirement of
peripheral devices. Two separate ON signals
are generated by the system to turn on the
VCCO circuits independently. They also
have separate soft-start capacitors which are
15 nF each.

This design has been bench verified with
the typical efficiency of the VCCO_1/2/3
regulator shown in Figure 4.
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Figure 4. FPGA Solution - Efficiency

To read more about Powering Multi-Rail
Systems Using the LM26400Y Regulator,
including a POS systems barcode scanner
example, visit www.national.com/ae5
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

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

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

TI does not warrant or represent that any license, either express or implied, is granted under any Tl patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from Tl 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 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. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

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

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by Tl as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications
Audio www.ti.com/audio Communications and Telecom www.ti.com/communications
Amplifiers amplifier.ti.com Computers and Peripherals www.ti.com/computers
Data Converters dataconverter.ti.com Consumer Electronics Www.ti.com/consumer-apps
DLP® Products www.dlp.com Energy and Lighting www.ti.com/energy
DSP dsp.ti.com Industrial www.ti.com/industrial
Clocks and Timers www.ti.com/clocks Medical www.ti.com/medical
Interface interface.ti.com Security www.ti.com/security
Logic logic.ti.com Space, Avionics and Defense  www.ti.com/space-avionics-defense
Power Mgmt power.ti.com Transportation and Automotive www.ti.com/automotive
Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video
RFID www.ti-rfid.com
OMAP Mobile Processors www.ti.com/omap
Wireless Connectivity www.ti.com/wirelessconnectivity
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