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TI's Compact Power Solution for Virtex™-6 FPGAs
Russell Rathweg

........................................................................... PMP - DC/DC Low-Power Converters

This application report describes how a new, integrated FET dc-to-dc converter can meet the power
requirements of a new, high-performance FPGA from Xilinx in a very compact and board-space-saving
design.
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Introduction
Today’s high-performance processors require choosing power solutions much earlier in the design cycle.
This is because power is now a system issue as opposed to when providing a 5-V rail was the only
concern. Today’s 40-nanometer technology requires lower voltages that increase the critical nature of the
tolerance window. Requirements for both static and dynamic power are becoming more challenging with
many application reports devoted to meeting the required transient response for highend processors. Further complicating the design effort is the number of low-voltage rails that a typical
design with DDR memory and termination requires.
This can be seen in some of the power specifications for Xilinx’s new Virtex™-6 family of FPGAs. The
recommended operating conditions are as follows: Vccint, 0.95 V to 1.05 V; Vccaux, 2.375 V to 2.625 V; and
Vcco from 1.14 V to 2.7 V. Because accurate current calculations often are not known until the design is
finished, good estimations are very important. The currents can be calculated using the XPower Estimator
(XPE) available at http://www.xilinx.com/power. This spreadsheet allows the designer to estimate the
current after entering all the necessary operating characteristics of the FPGA design.
This makes the new TPS54620 an excellent choice for powering the new Virtex-6 line. TI also has
solutions from 1.5 A up to 10 A in this integrated FET SWIFT™ product line.
The 4.5-V to 17-V input supply of the TPS54620 allows the designer the freedom to use a 5-V bus, or as
is more common in higher power applications, a 12-V bus.
Looking at power from the total-system standpoint, the adjustable switching frequency provides flexibility
to move out of areas of interference in sensitive circuits. Also, external frequencies can be synchronized to
eliminate beat frequencies or to run 180° out-of-phase to cancel reflective noise on the bus.

2

Synchronizing Benefits
Providing 6 A in a synchronous buck converter, the TPS54620 is a high-efficiency, full-featured solution.
The very low EDSon of 26 mW for the high-side FET and the 19-mW EDSon for the low-side FET provide a
peak of 95 percent efficiency for a best-of-class rating.
Looking at the Virtex-6 family it can be seen that the quiescent Vccint supply current varies from 927 mA for
the XC6VLX75T to 5227 mA for the XC6VSX475T.
Figure 2 shows these effects of beat frequencies:
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Figure 1. Two Rails Synchronized at 180° Out-of-Phase
The blue line and the red line are two switching converters in a system that is not frequency synchronized.
The bottom yellow line is the reflected ripple showing the low-frequency component generated from the
beat frequency function.
Figure 2 shows the effect of synchronizing the switching frequency at 180° out-of-phase operation. This
results in the absence of the beat frequency that is seen in Figure 1. This solution also can eliminate an
input inductor for the low-frequency noise that can be generated from this interaction.

Figure 2. Two Rails Nonsynchronized
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Advantages of Tracking Voltage Rails
Another important feature of this new buck converter is the built-in tracking function. The TPS54620 allows
several types of sequencing schemes: sequential, ratiometric, and simultaneous. Virtex-6 devices require
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a sequential power up of Vccint, then Vccaux, and then Vcco (pages 3 and 4 of Xilinx datasheet DS152). The
track pin of the TPS54620 is dual functioned in that it also allows adjustable soft start which can help meet
the 20-ms to 50-ms required ramp time for the Virtex-6 family. This allows multiple TPS54620s to track
each other in the prescribed ramp rates meeting the Virtex-6 specifications without adding additional
external devices.
Advantages from sequencing the rails also include the reduced inrush current needed when staggering
power-up times. Reduced total inrush current means a smaller capacitor bank may be required and the
size of some components may be reduces. The high switching frequency of the converter allows smaller
output inductor and capacitors, allowing further reduction of board components.

Input
Current

Single phase

Two -phase

Figure 3. Inrush Current for Single-Phase and Two-Phase Operations
Figure 3 shows the reduced inrush current from operating in a 180° out-of-phase operation, allowing board
space savings and component count. The reduced stresses on the input rail make this technique a good
solution to consider. Balancing the currents on both phases provides the most effective results.
Best of all the features for the nonpower supply expert is the availability of design software to create your
new design with SwitcherPro™ software. This Web-based or downloadable tool is available at
http://www.ti.com/swift. Figure 4 shows a typical circuit with the few external parts required for a complete
TPS54620 solution.

Figure 4. TPS54620 Solution Schematic
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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.
TI 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 TI deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.
TI 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 TI patent right, copyright, mask work right,
or other TI intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from TI 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 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. Reproduction of this information with alteration is an unfair and deceptive
business practice. TI is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.
Resale of TI 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 TI product or service and is an unfair and deceptive business practice. TI is not
responsible or liable for any such statements.
TI products are not authorized for use in safety-critical applications (such as life support) where a failure of the TI 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 TI products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify TI and its representatives against any damages arising out of the use of TI products in
such safety-critical applications.
TI products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by TI as military-grade or "enhanced plastic." Only products designated by TI as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of TI products which TI 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.
TI products are neither designed nor intended for use in automotive applications or environments unless the specific TI products are
designated by TI 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

Amplifiers

amplifier.ti.com

Audio

www.ti.com/audio

Data Converters

dataconverter.ti.com

Automotive

www.ti.com/automotive

DLP® Products

www.dlp.com

Communications and
Telecom

www.ti.com/communications

DSP

dsp.ti.com

Computers and
Peripherals

www.ti.com/computers

Clocks and Timers

www.ti.com/clocks

Consumer Electronics

www.ti.com/consumer-apps

Interface

interface.ti.com

Energy

www.ti.com/energy

Logic

logic.ti.com

Industrial

www.ti.com/industrial

Power Mgmt

power.ti.com

Medical

www.ti.com/medical

Microcontrollers

microcontroller.ti.com

Security

www.ti.com/security

RFID

www.ti-rfid.com

Space, Avionics &
Defense

www.ti.com/space-avionics-defense

RF/IF and ZigBee® Solutions www.ti.com/lprf

Video and Imaging

www.ti.com/video

Wireless

www.ti.com/wireless-apps
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