Powering FPGAs Using
LM201xx PowerWise®
Synchronous Buck
Regulators

The LM201xx PowerWise® synchronous buck regulators are
full-featured products, capable of delivering up to 5A of con-
tinuous output current. The devices in the family operate from
input voltages between 2.95V and 5.5V and convert down to
outputs as low as 0.8V. The integrated low RDSon FETSs en-
able a very efficient power supply solution for the multiple rails
required to power a FPGA. All of the devices are current-
mode controlled providing excellent line regulation and load
transient response, and require only two external compo-
nents for compensation. They feature precision enable, soft-
start, tracking, UVLO, OVP, over-temp protection, and
PGOOD. The soft-start pin can be used with a capacitor to
control start-up inrush current or with an external voltage
source to track or sequence multiple supplies. All devices can
start into a pre-biased output without discharging it, and they
have a diode emulation mode for higher efficiency at light
loads. The devices are differentiated by output current capa-
bility (3A, 4A, and 5A), frequency (500 kHz, 1 MHz, and 1.5
MHz), and synchronization mode (free-running, sync-in,
sync-out, and external resistor adjust). Based on the supply
requirements of the FPGA design, an appropriate combina-
tion of devices can combine to create a small, efficient, and
complete solution.
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FPGA Power Supply Requirements

There are several high performance FPGAs currently on the
market such as the Xilinx Virtex and Spartan series, and the
Altera Cyclone and Stratix series. All of these require multiple
power rails including the FPGA core, the I/O, as well as ad-
ditional rails for powering clocks, PLLs, transceivers, and
other circuitry. The core voltage in FPGAs can currently be as
low as 0.9V with the current demand for this rail being highly
dependent on the utilization of the FPGA. FPGA manufactur-
ers offer power estimation software which assists users in
identifying their power needs based on the performance re-
quirements of the design. The I/O rail can also have demand-
ing power needs depending on the number of I/O registers
employed in the FPGA design. Most of the latest generation
FPGAs have internal POR circuitry which can eliminate the
need for power rail sequencing. Select FPGAs specify input
inrush currents for particular power-up sequences and others
require sequencing rails to avoid start-up or latch-up prob-
lems. Start-up time requirements for FPGA rails are varied
ranging from 100-200 us at the fastest and 50-100 ms at the
slowest.
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Example FPGA Power Supply Design
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FIGURE 1. Example FPGA Power Design
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For the purposes of illustration, an example FPGA power
supply design is shown in block diagram form in Figure 1. This
design features a LM20145 supplying a core voltage of 1.1V
capable of delivering up to 5A, a LM20154 supplying an 1/O
voltage arbitrarily chosen as 1.8V capable of delivering up to
4A, and a LM20133 supplying an auxiliary rail of 2.5V at 3A.
Output voltage rails can regulate within 1.5% over temp and

Design Features

One of the features highlighted in this design is the many
useful frequency synchronization options available. The
LM20145 has a resistor adjustable frequency which can be
tuned to keep switching noise within a particular spectrum.
The LM20133 is a sync-in part which can be synchronized to
an external clock signal to achieve the same effect. In this
case the LM20133 is synchronized to the sync-out signal
coming from the LM20154 which has the added benefit of
synchronizing the two parts 180° out of phase. This reduces
input ripple current on the input power supply and can thus
reduce the input capacitor requirements. Figure 2 shows an
example of input ripple current reduction using out of phase
converters.
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FIGURE 2. Input Capacitor Current Comparison of

LM20134/LM20154 (out of phase) and LM20154/LM20154
(in phase) based Buck Regulators

are also easily scaled by a resistor divider between the output
and the FB pin. All of the devices are packaged in a slim ex-
posed pad TSSOP-16 package enabling a compact power
supply design. Additionally, they are pin-to-pin compatible so
output current capability can be easily scaled to the FPGA
design’s power requirements simply by choosing different de-
vices in the family.

All of the devices have flexible sequencing options as shown
in Figure 3. In the example design, the LM20145 is "tracked"
off of the I/O rail by using the SS pin with a resistive voltage
divider. This type of sequencing, known as simultaneous se-
quencing, allows the voltage difference between the two rails
to be minimized which can eliminate parasitic conduction
paths between the two rails. The precision EN pin on the
LM20133 allows it to be sequentially sequenced by the
LM20154 using a voltage divider from the 1/O rail. Another
method for sequencing involves attaching the PGOOD pin of
one part to the EN pin of another. In that case the second part
will enable when the output of the first has reached 94% (typ)
of its final value.
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FIGURE 3. Multiple Sequencing Options
i lution to meet the system application needs. Full details of the
CO"C'USIOh . many options and useful features of the entire LM201xx family
The LM201xx family offers a full range of features and options can be found in the product datasheets at www.national.com/

enabling a FPGA designer to fully customize their power so- switcher.

www.national.com 4




www.national.com

SV.LL-NV



Regulators

Powering FPGAs Using LM201xx PowerWise® Synchronous Buck

AN-1745

Notes

THE CONTENTS OF THIS DOCUMENT ARE PROVIDED IN CONNECTION WITH NATIONAL SEMICONDUCTOR CORPORATION
(“NATIONAL”) PRODUCTS. NATIONAL MAKES NO REPRESENTATIONS OR WARRANTIES WITH RESPECT TO THE ACCURACY
OR COMPLETENESS OF THE CONTENTS OF THIS PUBLICATION AND RESERVES THE RIGHT TO MAKE CHANGES TO
SPECIFICATIONS AND PRODUCT DESCRIPTIONS AT ANY TIME WITHOUT NOTICE. NO LICENSE, WHETHER EXPRESS,
IMPLIED, ARISING BY ESTOPPEL OR OTHERWISE, TO ANY INTELLECTUAL PROPERTY RIGHTS IS GRANTED BY THIS
DOCUMENT.

TESTING AND OTHER QUALITY CONTROLS ARE USED TO THE EXTENT NATIONAL DEEMS NECESSARY TO SUPPORT
NATIONAL'S PRODUCT WARRANTY. EXCEPT WHERE MANDATED BY GOVERNMENT REQUIREMENTS, TESTING OF ALL
PARAMETERS OF EACH PRODUCT IS NOT NECESSARILY PERFORMED. NATIONAL ASSUMES NO LIABILITY FOR
APPLICATIONS ASSISTANCE OR BUYER PRODUCT DESIGN. BUYERS ARE RESPONSIBLE FOR THEIR PRODUCTS AND
APPLICATIONS USING NATIONAL COMPONENTS. PRIOR TO USING OR DISTRIBUTING ANY PRODUCTS THAT INCLUDE
NATIONAL COMPONENTS, BUYERS SHOULD PROVIDE ADEQUATE DESIGN, TESTING AND OPERATING SAFEGUARDS.
EXCEPT AS PROVIDED IN NATIONAL’S TERMS AND CONDITIONS OF SALE FOR SUCH PRODUCTS, NATIONAL ASSUMES NO
LIABILITY WHATSOEVER, AND NATIONAL DISCLAIMS ANY EXPRESS OR IMPLIED WARRANTY RELATING TO THE SALE
AND/OR USE OF NATIONAL PRODUCTS INCLUDING LIABILITY OR WARRANTIES RELATING TO FITNESS FOR A PARTICULAR
PURPOSE, MERCHANTABILITY, OR INFRINGEMENT OF ANY PATENT, COPYRIGHT OR OTHER INTELLECTUAL PROPERTY
RIGHT.

LIFE SUPPORT POLICY

NATIONAL’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR
SYSTEMS WITHOUT THE EXPRESS PRIOR WRITTEN APPROVAL OF THE CHIEF EXECUTIVE OFFICER AND GENERAL
COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION. As used herein:

Life support devices or systems are devices which (a) are intended for surgical implant into the body, or (b) support or sustain life and
whose failure to perform when properly used in accordance with instructions for use provided in the labeling can be reasonably expected
to result in a significant injury to the user. A critical component is any component in a life support device or system whose failure to perform
can be reasonably expected to cause the failure of the life support device or system or to affect its safety or effectiveness.

National Semiconductor and the National Semiconductor logo are registered trademarks of National Semiconductor Corporation. All other
brand or product names may be trademarks or registered trademarks of their respective holders.
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