
Introduction
With the explosion of Internet traffic, systems for handling large volumes of 
data and video at very high speeds are now crucial parts of business and social 
communications networks. These systems are based on increasingly larger and 
more complex logic devices that process this traffic, switch its pathway from one 
route to another, and run specialized algorithms on the data for searching, tracking, 
and other classification functions. The logic devices that are used, such as FPGAs, 
CPLDs, ASICs, and ASSPs, are very high-density logic devices (HDLDs) usually 
made from the smallest process geometry semiconductors available. Although we 
will use the term FPGA often in this paper, the results can also be used for other 
types of HDLDs.

Furthermore, as digital semiconductor process nodes advance, the logic device 
power requirements are following trends that were previously associated with 
microprocessors fabricated on these same processes. Each advance in process 
node brings new challenges for providing suitable power for HDLDs. As many 
devices move to 14 nm and smaller, next-generation FPGAs will face more of these 
challenges.

With advancements in digital logic device technology offering more capability and 
performance than ever, how will designers be able to:

• Meet stringent power rail requirements?

• Meet system power and thermal budget limits?

• Build a robust, reliable system?

• Physically fit all the functionality and performance they need on their boards and 
in their systems?

Implications of advanced FPGA design on power 
management requirements 
Modern FPGA-based systems, employing the latest in semiconductor technology, 
present hardware designer with two major challenges: 

• As FPGAs are built on smaller process nodes and integrate faster and more types 
of elements, the static and dynamic power rail tolerances become painfully 
restrictive—requiring unprecedented power converter performance and careful 
power supply design. 

• Power supplies must be as flexible as the FPGAs they power—during the design 
phase and after the end equipment is deployed. 

The following sections outline these challenges.

Designers can overcome power management requirements and challenges with 
next-generation digital power management technology.
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Process nodes drive increasingly more challenging 
voltage regulation requirements
The latest FPGA process technology is driving three trends 
that present voltage regulation challenges:

• Higher quantity, more dense logic elements

• Increasing logic speeds

• More integration

First, the semiconductor techniques used for fabricating 
today’s massive logic devices require them to be powered 
with ever lower voltages and ever more dynamic transient 
current loads. Scaling FPGAs to include more and more 
logic elements (over two million in larger FPGAs) results in 
correspondingly larger amounts of current the chip needs. 
Because the logic is programmable, the total current drawn 
from the power supply varies depending on the logic 
function used. Thus, there is an increasing need for the 
power delivery to support the appropriate low voltages (from 
0.7 to 1.0 volts), high and variable currents (into the range 
exceeding 240 amperes), and accurate regulation for these 
devices.

As the logic densities become higher, there is more 
need to manage the power dissipation to control device 
temperatures. With small geometry process nodes, a 
significant portion of the dissipated power (sometimes on the 
order of 30%) is unavoidable due to sub-threshold leakage 
for a certain logic speed capability. For the remainder of 
the dissipated power, some of the logic can be partitioned 
into fast but lossy paths or slow but efficient paths. To 
make significant savings on the sub-threshold power 
dissipation, techniques like voltage identification (VID) are 
being incorporated into some FPGAs. In these techniques, 
one or more of the chip voltages are manipulated in a way 
that reduces overall power dissipation. In the future, power 
converters must be capable of these manipulations now as 
well as support more sophisticated adaptive voltage scaling 
(AVS) strategies for voltage manipulation of FPGAs. 

Second, as logic speeds increase and the size of the 
transistors in FPGAs decreases, the requirements increase 
for tight control of the operating voltage delivered to the 
chips. This control necessitates a highly accurate initial 
voltage supplied by the power converter as well as low 
output voltage ripple. Additionally, the converter must be 
able to sense the voltage at the FPGA very accurately through 
differential remote sensing connections even though the 
converter is physically separated from the FPGA. It is not 
unusual for FPGAs to require 0.5% steady-state voltage 
accuracy and dynamic accuracy during changes in the load 
of 3% or better. Both specifications require a combination of 
the best power converter devices and careful power supply 
component and hardware design. 

Third, FPGA logic architectures are evolving to include 
more functionality with embedded processors (system on a 
chip or SoC), which allows more flexibility and covers more 
system functions. These subsystem variants often introduce 
additional power domains and constraints on the application 
of power to the chips, such as sequencing of the power rails. 
Also, each FPGA subsystem (logic, memory, high-speed I/O, 
processor, etc.) has its own power requirements, therefore, 
each power converter must be tailored to its usage.

Projecting into the future, it is likely that these trends will 
continue to challenge power system designers. The largest 
FPGAs are only now adopting the best semiconductor 
process nodes used by microprocessors, and both geometry 
nodes and logic architecture are still evolving at formidable 
rates. The result should be a continuing migration to lower 
voltages and higher currents, with even more stringent 
control of the FPGA power rail voltage needed to achieve the 
desired functionality at the lowest power.

FPGA flexibility necessitates power supply 
programmability
Most FPGAs have a significant portion of the device devoted 
to logic that is user programmable or configurable to 
implement user functions. Because the logic configuration 
is unknown at the time of system design, the power needs 
are also not well known. Furthermore, many recent devices 
support partial reconfiguration, whereby part of the 
logic function is redefined while the remainder continues 
operating. This capability, while very useful for logic 
functions, also makes planning for the power requirements 
of the device more uncertain. The result is a pronounced 
need for a great range of flexibility in the amount of current 
delivered to the device—and therefore great flexibility in the 
device power supply—according to the logic function it is 
called to perform.

Power supply configurability is also a growing challenge 
at the greater system level. With so many highly flexible 
logic devices in one system, the power delivery to those 
devices must also be flexible and configurable in a way that 
is easy to implement during the design process and as the 
product is being manufactured. Each FPGA may require 
several unique power supplies for different sub-system 
blocks. With applications containing large numbers of 
FPGAs, the number of power converters can exceed one 
hundred. Programmable, configurable power supplies that 
minimize the design cycle time and production test time 
are essential to build and manufacture advanced systems 
successfully. Furthermore, it is often the case that field 
software upgrades are made to systems to correct issues or 
extend functionality—which, in turn, may also require in-
field changes to the configuration of the power converters. 
Lastly, with such a large number of regulators, monitoring of 
the power system via telemetry is needed to ensure proper 
operation of the power system.

Meeting stringent FPGA power rail 
requirements with fully digital power 
converters
Despite the many challenges in power supply design that 
FPGAs present, fully digital power converters offer the 
performance and flexibility needed to create systems that 
operate at peak performance. Power converters with digital 
control architectures enable better accuracy and dynamic 
performance than previously possible. Integration of digital 
communication, control, and telemetry offers designers the 
configurability and information needed to build intelligent 
systems. The following sections provide more details on how 
digital power converters address the power rail requirements 
of FPGAs. 
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Achieving difficult static voltage regulation accuracy 
targets
Power converters with digital control loops are specifically 
intended to achieve the tight static voltage regulation 
requirements of FPGAs. Leading devices achieve an initial 
accuracy of down to 0.5% in the voltage range common 
for FPGAs (0.7 V to 1.35 V) over line, load, and temperature 
variation. Many converters with analog control loops now 
have reference voltages of 0.6 V or lower, allowing the 
converter to be used for powering today’s FPGAs. However, 
even state-of-the-art analog chip design techniques cannot 
hold reference accuracy of 0.5% or better over process, 
voltage, and temperature without significant cost increases 
due to either binning or die trimming. Also, analog control 
loops often require external resistors for setting the 
output voltage, which contributes to inaccuracy. A digital 
controller implementation can store the required calibration 
information (including temperature effects) to achieve the 
0.5% accuracy target, and typically no external resistors are 
required.

In addition to initial output voltage accuracy, the static 
accuracy also includes the total allowable output voltage 
ripple that is inherent to any switching converter design. A 
digital power converter using carefully selected components 
and optimized layout helps designers minimize the switching 
converter current loops and parasitic inductances that 
determine the magnitude of a converter’s ripple. Integrated 
digital power modules generally offer the tightest layout and 
optimized component selection. Intel® Enpirion® integrated 
digital power modules include the EM2120 (20 A), EM2130 
(30 A), and EM2140 (40 A).

Next-generation FPGAs require ±30 mV or less of total static 
voltage accuracy, which is the combination of a converter’s 
voltage set point accuracy and output ripple. Figure 1 shows 
the implications to power supply design when using a 
conventional analog controller versus a digital controller. In 
Figure 1a, when using a conventional analog controller with 

2% set point accuracy (including load, line, and temperature 
variation), only 5 mV of ripple can be allowed to meet the 
30 mV envelope. Figure 1b uses Intel’s EM2130 as an example 
integrated digital converter with 0.5% set point accuracy, no 
set resistor, and ±8 mV typical ripple. In this case, a designer 
easily meets the ±30 mV static tolerance requirement with 
17 mV extra margin. At 30 A load current, improving static 
accuracy by up to 17 mV could represent up to 510 mW of 
additional power reduction (Figure 1c).

Full-differential remote sensing and selectable voltage 
ranges for logic devices or bus converters can also 
improve output regulation accuracy. Regulation accuracy is 
particularly important for high-current applications, which 
may require multiple voltage converters to be used in parallel 
to deliver sufficient power. These applications require that 
the voltage sensing be carefully chosen at the FPGA’s voltage 
rail pin to avoid ohmic voltage losses in the connections. 
Using a digital voltage converter with differential sensing 
makes it possible to group multiple devices together while 
maintaining the accurate regulation needed by the logic 
device during changes in the current consumption.

Maximizing dynamic performance with an adaptive 
digital control loop architecture
One major advantage of utilizing a power converter with a 
digital control loop is the ability to tune the feedback loop 
finely to accommodate the load steps that can occur when 
using FPGAs. The digital controller features direct control of 
the loop bandwidth through digital parameters instead of 
fixed resistor and capacitor networks on the circuit board. 
Digital voltage converters can also support automatic 
adaptive control of the bandwidth, which acts to ensure 
initial stability of the regulation loop during engineering. It 
also ensures ongoing performance maximization as events 
occur (such as capacitor degradation over temperature and 
lifetime, load behavior changes, and system configuration 
updates). The regulation parameters are stored digitally in 

Figure 1. Example Voltage Regulation Budget for FPGA: Analog vs. Digital Converter
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the controller, and can be loaded from configuration files at 
the time of manufacture. They can also be loaded via a field 
upgrade, which—unlike static analog voltage converters—
provides the flexibility to ensure optimal performance if 
system conditions change.

For a typical FPGA, the specification for maximum voltage 
deviation during a load transient is ±5% under all conditions, 
which translates to the maximum allowable undershoot 
and overshoot of the regulated voltage (VCC) during a 
load current step. Figure 2 shows an example using Intel’s 
EM2130 digital power converter. A tunable, optimized loop, 
such as that found in digital converters, is key to meeting 
this stringent requirement, particularly over the life of the 
product. A loop dynamically accommodates the impacts of 
aging and other system variations. 

Building better systems with communication, control, 
and telemetry
Incredible system intelligence and optimization is now 
possible with the availability of voltage converters that 
integrate digital communication, control, and telemetry.

The most common power management digital protocol for 
communication and control is the PMBus*. PMBus provides 
a sophisticated power management bus that allows full 
flexibility in accessing and changing over 60 parameters 
related to regulation, fault thresholds and timing, transient 
load performance, and telemetry calibration. This bus 
conveniently provides the means to engineer the power 
converter within the design environment utilizing a graphical 
user interface. It also enables quick configuration of a large 
number of converters on a production assembly line. 

The PMBus specification supports clocking speeds of 
400 kHz or greater. Many PMBus-compatible devices can 
achieve communication interface speeds up to 50 MHz. 
With access to communications capabilities, it becomes 
straightforward to implement sophisticated VID strategies 
for controlling power dissipation. Additionally, it provides a 
foundation for implementing more advanced AVS strategies 
for further reducing FPGA power dissipation in the future. 
The impact of utilizing these power reduction features can 
be significant. For example, implementing the SmartVID 
feature in an Intel Arria® 10 FPGA can result in up to 35% 

total static power consumption savings without reduction in 
FPGA performance.† The ability to support current and future 
power reduction techniques gives digital converters a unique 
advantage over analog converters for optimizing logic device 
and system power consumption.

Lastly, while discrete voltage, temperature, and current 
monitor solutions exist, digital power converter architectures 
make it easier to monitor and share key system parameters 
while saving PCB space and minimizing costly extra 
components. Voltage, current, temperature, and fault 
status parameters provide critical system health and 
status information. For example, unexpected or changing 
performance can alert a system monitor and any issues 
can be proactively addressed before system reliability is 
compromised (Figure 3). Furthermore, integrated digital 
telemetry can be calibrated more accurately to ensure the 
highest precision information. In expensive, complex systems 
where performance and robustness matter, having access 
to the most accurate data is essential to maintain system 
performance.

Meeting complex power sequencing requirements 
with digital regulators
With SoCs, which have many subsystems integrated into 
FPGAs and other HDLDs, it is inevitable that constraints 
arise on the order of power up and power down of the 
supply voltage rails. For known logic states and robustness 
of the HDLDs, the voltages must be controlled under any 
combination of loading conditions in the correct time 
segment. This function is made much easier, and can be 
implemented with significantly fewer parts and board space, 
if the regulators can be programmed for:

• Rising delay time

• Rising ramp time

• Falling delay time

• Falling ramp time

• Final OFF voltage

The first four values are standard PMBus configuration 
parameters. In addition to these values, Intel’s EM21xx 
family also supports a target final voltage during ramp down 

Figure 2. FPGA Transient Voltage Deviation and Adaptive Digital Regulator Response
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Figure 3. PMBus Digital Status Reporting Framework for EM21xx
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as shown in Figure 4. Choosing the optimum value for this 
parameter guarantees the minimum possible safe ramp-
down time for each rail, which in turn guarantees the smallest 
overall sequence-down time for all rails. The result is the 
smallest possible board size for sequencing circuitry and 
energy-storage devices.

Flexibility of digital regulators
Figure 5 shows an example system utilizing digital power 
converters such as Intel’s EM2120, EM2130, and EM2140. 
This example shows how a configurable digital device 
can be used in multiple positions on a circuit board with 
different addresses, voltage settings, and regulation loop 
compensation values.
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Conclusion
Advancements in the complexity of and process technology 
used for HDLDs, and FPGAs in particular, provide significant 
power design challenges. The requirements include tight 
static voltage regulation, fast transient response with 
minimal under and overshoot, design flexibility, device 
configurability, and comprehensive communication, control, 
and telemetry. While various solutions may exist, fully 
digital power converters offer a more integrated, precise, 
programmable, and intelligent approach to powering HDLDs 
and FPGAs, both now and in the future. 

Where to get more information
For more information about Intel, Intel Enpirion Power 
Solutions, and the EM21xx family, visit  
https://www.altera.com/em2130

† Tests measure performance of components on a particular test, in specific systems. 
Differences in hardware, software, or configuration will affect actual performance. Consult 
other sources of information to evaluate performance as you consider your purchase. For 
more complete information about performance and benchmark results, visit  
www.intel.com/benchmarks.

Figure 5. Example Intelligent System with Digital Power Conversion
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