


System Design Challenges
There are three key areas of power usage and
control challenging system designers today:
static power, dynamic power, and in-rush
power. Each presents different issues and
requires different methods to calculate and
manage power.

Static power is the power consumed by a
device when it is in its quiescent condition
with no input signals being exercised. It is
also referred to as steady-state or standby
power. In today’s 90 nm technology devices,
leakage currents in the transistors are the
biggest contributors to static power. This is
usually the key parameter of concern to
designers of portable equipment because of
its effect on battery life, especially for
devices that spend large amounts of time in
a standby condition waiting for input from
the outside world.

Dynamic power is the power consumed
during normal operation. It is also referred to
as operating power. Dynamic power is depen-
dant on operating signal frequency, intercon-
nect capacitance, and operating voltage.
Because the voltage dependency is a square
function, the reduction in voltage when mov-
ing to 90 nm devices has substantially reduced
operating power in many devices. However,
for large, high-performance systems with high
operating frequencies, dynamic power is still a
significant component of total system power.

In-rush power is the power required at
device power-up. It is also referred to as
power-up or start-up power, or power-on
surge power (or current). Some devices
require many times more power to begin
operation than they do during normal
operation, thereby placing demands on
system power supplies. In a consumer sys-
tem with very tightly controlled power
supply size and cost, ensuring that in-rush
power is not more than normal operating
power is a key design goal.

Higher power levels can affect both man-
ufacturers and end-customers alike, in four
key areas:

• Performance. Higher power levels in a
chip can limit device and end-system
performance by forcing a lower system
clock rate to stay within the system
power budget.

This is enabled with industry-leading
technologies such as 90 nm triple-oxide
technology, high-performance embedded IP,
and power-saving configuration circuitry.

Xilinx also provides comprehensive
tools for power system design: Virtex-4
datasheet and user guide; a web-based
power estimator; and XPower, included in
ISE™ software.

Virtex-4 devices handle the three types
of power usage and control in the follow-
ing ways:

• Static power. As process geometries
shrink to 90 nm and lower, the
industry expects higher leakage and
higher static power when channel
length decreases.  Working with fab
partner United Microelectronics

Corp., Xilinx solved this problem by
using triple-oxide technology in the
Virtex-4 90 nm process, which
reduces leakage current significantly.
Two-oxide thicknesses are widely used
in the industry today, with a thin
oxide in the core and thicker oxide in
the I/O area. Virtex-4 devices add a
third medium-thick oxide transistor
used for certain functions in the
FPGA. The result is 50% lower static
power than that of Virtex-II Pro
FPGAs. Other FPGA vendors have
gone the other way when migrating
to a 90 nm process, with static power
increasing more than 2X compared to
130 nm devices.

• Dynamic power. New and existing
Virtex-4 embedded functions lower
dynamic power by 5 to 20x compared

• Reliability. As power goes up, so does
the threat of brown-out and latch-up
from high power-on surge. In addition,
higher failures-in-time (FIT) rates will
be expected due to higher device oper-
ating temperatures.

• Cost. As mentioned previously, higher
power equals higher cost in the system
because of larger, more expensive
power supplies and thermal manage-
ment components such as fans and
head sinks.

• End-customer operating expenses.
Higher power also impacts end users
in the form of higher power bills
(which can be significant for large
systems) and shorter battery life for
portable products.

How Xilinx Helps Manage System Power
Virtex-4 FPGAs
With a significant reduction in power con-
sumption over that of the competition, the
new Virtex™-4 platform FPGAs offer sig-
nificant benefits for system design, includ-
ing reduced thermal concerns, easier
power-supply design, lower cost power
supply, and higher system reliability.
Virtex-4 FPGAs dramatically reduce power
consumption when compared to other
FPGAs in all three key power areas:

• As much as 73 percent lower static
power with the industry’s first triple-
oxide technology 

• As much as 86 percent lower dynamic
power enabled by embedded IP blocks

• Negligible in-rush current with unique
power-saving configuration circuitry 
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Higher power levels in a chip can limit
device and end-system performance by
forcing a lower system clock rate to stay

within the system power budget.



to Virtex-II Pro FPGAs.  This results in
as much as 86% lower dynamic power
than that of other 90 nm FPGAs.

Note these specific examples:

– PowerPC™ – as much as 86%
power reduction 

– Block RAM – as much as 82%
power reduction

– DSP – as much as 23% reduction
with XtremeDSP™ slice

– Ethernet MAC – as much as 83%
power reduction

– Logic – although Virtex-4 devices
consume similar dynamic power-per-
logic cell when compared to other
FPGAs, the embedded IP blocks
often allow fewer general-purpose
logic cells to be used. For example,
when building a source-synchronous
I/O (SSIO) interface, the new
ChipSync™ block reduces the num-
ber of logic cells used.

• In-rush power. Other high-performance
90 nm FPGAs have exhibited levels of
in-rush power more than four times
that of Virtex-4 FPGAs. In Virtex-4
devices, by spending considerable time
designing very power-efficient configu-
ration logic, Xilinx has been able to
keep in-rush power within 15-20% of
the static power requirements and
below typical operating power. This
removes the need to use a larger power
supply just to address in-rush current.

CoolRunner-II CPLDs
When Xilinx designed the CoolRunner™-II
family of low-power CPLDs, our goal was to
deliver one of the industry’s lowest power
levels for a programmable logic device.
These devices have standby current require-
ments of less than 20 µA, making them ideal
for battery-powered portable devices. Other
CPLDs claiming to be low power have
standby power 100 to 1000x higher, affect-
ing battery life so significantly that they are
unsuitable for portable applications. 

The static RealDigital technology used
in the logic of CoolRunner-II devices does
away with power-hungry sense amplifiers

and delivers low dynamic power as good as
any other device available today. 

In addition to these advantages in the
basic circuit design and process technology,
CoolRunner-II devices also offer power-
management features unique to the CPLD
industry, including a DataGate feature to
reduce effective logic usage in the device
and clock management and input hysteresis
features to reduce internal operating fre-
quencies and dynamic power.

Spartan-3 FPGAs
Our customers have told us that in today’s
cost-conscious consumer products, being
forced to put in a bigger supply just to sup-
ply a high power-on or in-rush current is
not a viable option for their system designs. 

Attention to detail when designing the
Spartan-3 configuration logic has yielded
devices where the maximum quiescent
power alone is guaranteed to be sufficient
to power up the device. Spartan-3 devices
have no in-rush current or power specifica-
tion. When using these low-cost devices,
you can focus on the product features and
design without worrying about increased
system cost because of high in-rush power
requirements.

Power Management Tools
Web Power Tools are pre-implementation
tools that estimate a design’s power con-
sumption based on the expected utilization
of device resources, operating frequencies,
and toggle rates. 

Once you have implemented your
design in the Xilinx software tools, you can
use XPower to accurately estimate the power
consumption. Actual power consumption
must be determined in-circuit under the
appropriate operating conditions. 

Web Power Tools
The intuitive interface guides you through
the steps of the data-entry process and
ensures the most accurate estimates possible.
The equations and values used by Web Power
Tools are based on device characterizations
for the family. Web Power Tools are available
for the Virtex-4, Virtex-II Pro, Virtex-II,
Virtex/Virtex-E, and Spartan-3 FPGA fami-
lies, as well as CoolRunner-II CPLDs.

XPower
XPower is the first power-analysis software
available for programmable logic design,
allowing the analysis of total device power,
power-per-net, routed, partially routed, or
un-routed designs.

Power Management Hardware
Tools for managing power are not just of
the software variety. Power-management
chips from National Semiconductor,
Intersil, Texas Instruments, and Linear
Technology are available to make the job
of supplying the multiple supply voltages
needed by today’s FPGAs easier, and 
they can be valuable companions to
Virtex-4 or Spartan-3 devices. Their
individual capabilities are highlighted 
in this issue of the Xcell Journal in the 
following pages.

Conclusion
To conquer the key challenges of power
consumption, it takes a combination of
good product design, proper device tech-
nology, and tools that let you take control
of system power management.

Xilinx is an industry leader in power
management and now offers many advan-
tages within its programmable solutions:

• Virtex-4 FPGAs consume 1 to 5W less
power than competing 90 nm FPGAs. 

• Spartan-3 FPGAs are the one of the
only low-cost FPGAs in the industry
to eliminate power-on surge. In these
devices, the maximum quiescient
power alone is sufficient to guarantee
device power-up.

• CoolRunner-II CPLDs are the
world’s lowest power CPLDs, ideal
for even the most power-critical
portable applications.

• Xilinx offers a comprehensive suite
of power management tools, from
Web Power Tools to the XPower
analysis tool integrated into the 
ISE environment. 

You can find comprehensive information
on power consumption and solving key
power challenges with Xilinx devices, tools,
and solutions at www.xilinx.com/power/.
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