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Revision History

The following table shows the revision history for this document.

Date Version Revision
07/25/12 2012.2 Initial Xilinx release.
10/30/12 2012.3 Revisions to manual for Vivado™ Design Suite 2012.3 release:

« Changed product name of XPower Estimator to Xilinx Power Estimator
throughout manual.

« Added information about performing pre-place and post-place power
optimization in the Vivado Design Suite. See Running Power Optimization in
Chapter 5.

« Added information about maximizing the power savings from Vivado power
optimization by properly constraining the design. See Using Power Optimization
to Maximize Power Saving in Chapter 5.

« Added information about Input Files tab in the Report Power dialog box. This tab
is used to specify a SAIF or VCD simulation output file that Report Power reads
to perform a more accurate power analysis. See Review Device/Design Settings
and Adjust Activity for Known Elements in Chapter 4.
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Chapter 1

Power in FPGAS

Introduction

This chapter provides the terminology used in describing power when implementing an
FPGA on a board. It also puts the FPGA development in the greater context of the system
being designed and provides a high level description of what to expect at each stage of the
design flow.

Power Terminology

The following terminology will be used throughout this document.

Quiescent Current

The current drawn by a blank configured device with no output current loads, no active
input pull-up resistors, and all I/O pins 3-state and floating.

Device Static Power

The power from transistor leakage on all connected voltage rails and the circuits required
for the FPGA to operate normally, post configuration. Device static power is a function of
process, voltage and temperature. This represents the steady state, intrinsic leakage in the
device.

Design Power

The power of the user design, due to the input data pattern and the design internal activity.
This power is instantaneous and varies at each clock cycle. It depends on voltage levels and
logic and routing resources used. This also includes static current from I/O terminations,
clock managers, and other circuits which need power when used. It does not include power
supplied to off-chip devices.

Power Analysis and Optimization www.xilinx.com 5
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Total On-Chip Power

The power consumed internally within the FPGA, equal to the sum of Device Static Power
and Design Power. It is also known as Thermal Power.

Off-Chip Power

The current that flows from the supply source through the FPGA power pins then out of the
I[/Os and dissipated in external board components. The currents supplied by the FPGA are
generally consumed in off-chip components such as I/O terminations, LEDs, or the I/O
buffers of other chips, and therefore do not contribute to raising the device junction
temperature.

Power-On Current

Transient current which occurs when power is first applied to the FPGA. This current varies
for each voltage supply and depends on the FPGA construction as well as the ability of the
power supply source to ramp up to the nominal voltage. This current also depends on the
device's operating conditions, such as temperature, sequencing between the different
supplies, etc. Power-on current is generally lower than operating current due to
architectural enhancements as well as adherence to proper power-on sequencing.

Junction Temperature (°C)

Temperature of the device in operation. Typically when selecting the device you choose a
temperature grade. This grade defines a temperature range where Xilinx® guarantees the
device will operate as specified. If your operating conditions are above the Grade Maximum
but remain below the Absolute Maximum temperature then the device operation is no
longer guaranteed. Exceeding the Absolute Maximum operating conditions may cause
damage to the device.

Junction Temperature = Ambient Temperature + Thermal Power *
Effective Thermal Resistance to Air
Ambient Temperature (°C)

The temperature of the air immediately surrounding the device under the expected system
operating conditions.

Effective Thermal Resistance to Air (®JA (°C/W))

Also known as Theta-JA, and Tj. This coefficient defines how power is dissipated from the

FPGA silicon to the environment (device junction to ambient air). It includes contributions
from all elements, from the silicon chip dimensions to the surrounding air, plus any material
in between, such as the package, the PCB, any heat sink, airflow, etc. Typically this combines
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thermal resistance and interdependencies from the two main paths which the generated
heat can escape onto the environment:

« Upward from the die to the air (junction to air or ©JA),

« Downward from the die through the board and into the air (junction to board or ©JB).

Device Characterization

« Advance

Devices with this designation have data models primarily based on simulation results or
measurements from early production device lots. This data is typically available within a
year of product launch. The Power model data with this designation is considered
relatively stable and conservative, although some under or over-reporting may occur.
Advance data accuracy is considered lower than the Preliminary and Production data.

« Preliminary

Devices with this designation are based on complete early production silicon. AlImost all
the blocks in the device fabric are characterized. The probability of accurate power
reporting is improved compared to Advance data.

e« Production

Devices with this designation are released after enough production silicon of a
particular device family member has been characterized to provide full power
correlation over numerous production lots. Device models with this characterization
data are not expected to evolve further.

Signal Rate

Defines the number of times the considered element changed state for the duration of the
analysis. This sums up the number of positive and negative edges that occurred. For
calculations Xilinx tools express this number as a number of millions of transitions per
seconds (Mtr/s).

Toggle Rate

Toggle Rate is the rate at which a net or logic element switches compared to its input(s).
Toggle rate is expressed as a percentage.

« Synchronous elements: For synchronous elements, the Toggle Rate reflects how often
an output changes relative to a given clock input and can be modeled as a percentage
between 0-200%. A toggle rate of 100% means that on average the output toggles
once during every clock cycle, making the effective output signal frequency half the
clock frequency. A toggle rate of 200% implies that the output toggles twice during
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every clock cycle, changing on both rising and falling clock edges, and making the
effective output signal frequency equal to the clock frequency.

« Asynchronous elements: For asynchronous elements such as nets and logic that are
not synchronized with a clock, the toggle rate cannot be computed. Vivado™ power
analysis displays Async in the Toggle Rate column for such cases.

TIP: The toggle rate of any individual /0O connected to a synchronous element may be adjusted due to
O an enable rate of the synchronous element (typically Set/Reset/Clock Enable ports).

Static Probability Rate

Defines the percentage of the analysis duration during which the considered element is
driven at a high logic level. Also referred to as percentage high.

Clock Buffer Enable

Represents the average % of time the Clock Buffer is Enabled.

Single/Double Data Rate

For Synchronous I/Os this represents the Data Rate for the I/Os in this module.

Power Analysis and Optimization www.xilinx.com 8
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FPGA Power Supplies

FPGA Power Supplies

Multiple power supplies are required to power an FPGA. The separate sources provide the
required power for the different FPGA resources. This allows different resources to work at
different voltage levels for increased performance or signal strength while preserving a

high immunity to noise and parasitic effects.

For logic resources typically available in Xilinx FPGAs, Table 1-1 presents the voltage source
that typically powers them. This table is provided only as a guideline because these details
may vary across Xilinx device families.

Table 1-1: FPGA Resources and the Power Supply that Typically Powers Them

Power Supply Resources Powered
VeanT All CLB resources
All routing resources
v & a) Entire clock tree, including all clock buffers
CCBRAM Block RAM/FIFO()
DSP slices(®
All input buffers
Logic elements in the IOB (ILOGIC/OLOGIC)(D)
ISERDES/OSERDES(®)
Clock Managers (MMCM, PLL, etc.) (minor)
PCIE and PCS portion of MGTs
Vecaux Clock Managers (MMCM, PLL, etc.)®)
IODELAY/IDELAYCTRL®)
v & a) All output buffers
CCAUXIO Differential Input buffers
Vgee-based, single-ended I/O standards, e.g., HSTL18_1
Phaser
Vcco All output buffers
Some input buffers
Digitally Controlled Impedance (DCI) circuits, also
referred to as On-Chip Termination (OCT)(2)
MGT* PMA circuits of transceivers

Notes:

1. These resources are available only in certain device families. Refer to the appropriate data

sheets and user guides for more information.

2. Veeo in bank 0 (Veco o or Veco conrig) powers all I/0s in bank 0 as well as the
configuration circuitry. See the applicable Configuration User Guide.

3. Xilinx 7 series FPGAs only.
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FPGA Power and the Overall Design Process

From project conception to completion there are many different aspects to consider that
influence power. Omitting for a moment all other constraints (functionality, performance,
cost, and time to market), power related tasks can be sorted into two separate classes.

« Physical domain

Enclosure, board shape, power delivery system, thermal power dissipation system.
* Functional domain

Area, performance, I/O interfaces signal integrity.

The next chapters will demonstrate interdependencies between these two classes. However,
they are different in that the former involves hardware decisions while the latter mostly
involves the FPGA logic design. Typically hardware selection and sizing occurs very early in
the design flow to give time to build prototype boards. The FPGA functionality's effect on
power consumption can be estimated early on, then refined as more and more of the
design logic is completed. Figure 1-1 illustrates a typical system design process and
highlights power related decision points. The figure shows that at the time you select your
device and associated cooling parts, the FPGA logic is not yet available. Therefore a careful
methodology to estimate the FPGA logic power requirements is needed. Methodologies are
discussed in Chapter 3, Power Estimation Methodology - Initial Evaluation Stage and
Chapter 4, Power Estimation Methodology - Design Flow Stage in the Vivado Design Suite.
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UG907 (v2012.3) October 30, 2012



http://www.xilinx.com

& XILINX

Technology selection
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Figure 1-1:

Power in the FPGA Design Process
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The following chapters provide methodologies to analyze and reduce power consumption
throughout the design process.
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Chapter 2

Xilinx Power Analysis Tools

Introduction

This chapter describes the power estimation and analysis tools available for the steps in the
FPGA design process. Information about device resource usage, configuration, and activity
is unclear early on in the design cycle, so the software will use default values. As the design
implementation progresses, more of this information can be provided to the software,
which will increase the accuracy of the power estimations.

Xilinx Power Estimation and Analysis Tools

Xilinx provides a suite of tools and documentation to help you evaluate the thermal and
power supply requirements of your FPGA throughout the design cycle. Figure 2-1 highlights
the tools available at each stage of the FPGA design cycle. Some of the tools are standalone
while others are integrated into the implementation software, to align with the environment
and information available to you at each stage of the design process. All the tools have
communication channels so you can exchange information back and forth to be most
efficient with your analysis.

XPower Estimator (XPE) . Vivado Power Analysis

!

Specification Synthesized Placed Routed Closure Validation
Design Design Design

X12986

Figure 2-1: Vivado Power Estimation and Analysis Tools in the FPGA Design Process
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Xilinx Power Estimator (XPE)

The Xilinx Power Estimator (XPE) spreadsheet is a power estimation tool typically used in
the pre-design and pre-implementation phases of a project. XPE assists with architecture
evaluation and device selection and helps in selecting the appropriate power supply and
thermal management components which may be required for your application. The XPE
interface (Figure 2-2) lets you specify design resource usage, activity rates, I/O loading, and
many other factors which XPE then combines with the device models to calculate the
estimated power distribution.

XPE is also commonly used later in the design cycle during implementation and power
closure to, for example, evaluate power implications of engineering change orders (ECO).
For large designs implemented by multiple teams, the project leader can use XPE to import
utilization and activity for each team's module, then monitor the total power and reallocate
the power budget to ensure constraints are met.

Power Analysis and Optimization www.xilinx.com 13
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Xilinx Power Estimation and Analysis Tools

Xilinx Power Estimator (XPE) - 14.3
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Project

Family Kintex-7

Device XCTK325T

Package FBGA00

Speed Grade 2L
Temp Grade Extended

Process Typical

Characterization

Environment

Airflo

Heat Sink Medium Profile
OSA
Board S Medium (10"x10")
# of Board Layers 12to 15

0JB

Board Temperature

Implementation

Optimization

Messages

Legend - User Entry

Calculated Value

Artix™-7, Kintex™-7, Virtex®-7, Zynq™-7000

EZE Quick Estimate @ Reset to Defaults

Total On-Chip Power

Junction

TheTrmaI Margin

Effec OJA

Source

Core
Dynamic

le}

Transceiver

Device Static

Summary Value User Override

Figure 2-2:
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Vivado Power Analysis

Xilinx Power Estimation and Analysis Tools

The Vivado™ power analysis feature performs power estimation through all stages of the

flow: after synthesis, after placement, and after routing. It is most accurate post-route since
it can read from the implemented design database the exact logic and routing resources

used. Figure 2-3 presents the summary power report and the different views of your design
that you can navigate: by clock domain, by type of resource, and by design hierarchy. Within
the Vivado Integrated Design Environment (IDE) you can adjust environment settings and
design activity so you can evaluate how to reduce your design supply and thermal power
consumption. You can also cross-probe into the design from the Power report, which aids in
identifying and evaluating high power consuming hierarchy/resources used in the design.
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User Input

In any design, users typically know the activity of specific nodes since they are imposed by
the system specification or the interfaces with which the FPGA communicates. Providing
this information to the tools, especially for nodes which drive multiple cells in the FPGA
(Set, Reset, Clock Enable, or clock signals), will help guide the power estimation algorithms.

These nodes include:
« Clock Activity

Users typically know the exact frequency of all FPGA clock domains, whether externally
provided (input ports), internally generated, or externally supplied to the printed circuit
board (output ports).

« I/0 Data Ports

With your knowledge of the exact protocols and format of the data flowing in and out
of the FPGA, you can usually specify signal transition rate and/or signal percentage high
rate in the tools for at least some of the I/Os. For example, some protocols have a DC
balanced requirement (Signal percentage high rate =50%) or you may know how often
data is written or read from your memory interface, so you can set the data rate of
strobe and data signals.

« I/0O and Internal Control Signals

With your knowledge of the system and the expected functionality you may be able to
predict the activity on control signals such as Set, Reset and Clock Enable. These signals
typically can turn on or off large pieces of the design logic, so providing this activity
information will increase the power estimation accuracy.

Vector-Based Estimation

In parallel with all stages of the design development you will generally perform simulations
to verify that the design behaves as expected. Different verification techniques are available
depending on the design development state, the design complexity, or company policy. The
following paragraphs highlight the valuable data you can capture and common pitfalls
related to using this data to perform power analysis. An important factor for getting an
accurate power estimation is that the design activity needs to be realistic. It should
represent the typical or worst case scenario for data coming into the simulated block. This
type of information is not necessarily provided while performing verification or validating
functions. Sometimes invalid data is given as input to verify that the system can handle it
and remain stable even when invalid data or commands are given to it. Using such test

Power Analysis and Optimization www.xilinx.com 16
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cases to perform power analysis may result in inaccurate power estimation since the design
logic is not stimulated as it would be under typical system operation.

System Transaction Level

Very early in the design cycle, you may have created a description of transactions which
occur between devices on a PCB or between the different functions of your FPGA
application. You can extract from this the expected activity per functional block for
certain I/O ports and most of the clock domains. This information will help you fill in the
Xilinx Power Estimator spreadsheet.

FPGA Description Level

While defining the RTL for your application you may want to verify the functionality by
performing behavioral simulations. This helps you verify the data flow and the validity of
calculations to the clock cycle. At this stage the exact FPGA resources used, count, and
configuration is not available. You can manually extrapolate resource utilization and
extract activity for I/O ports or internal control signals (Set, Reset, Clock Enable). This
information can be applied to refine the Xilinx Power Estimator spreadsheet
information.

Your simulator should be able to extract node activity and export it in the form of a SAIF
file. You can save this file for more accurate power analysis in the Vivado design flow, for
example after place and route, if you do not plan to run post-implementation
simulations.

FPGA Implementation Level

Simulation may be performed at different stages in the implementation process with
different outcomes in terms of the power-related information which can be extracted.
This additional information may also be used to refine the Xilinx Power Estimator
spreadsheet and the Vivado power analysis as well. It may also save I/O ports and
specific module activity, which can later be reused in the Vivado power analysis feature
at any stage of design completion: post-synthesis, post-placement, or post-route.

o Post Synthesis: The netlist is mapped to the actual resources available in the target
device.

- Post Placement: The netlist components are placed into the actual device resources.
With this packing information the final logic resource count and configuration
becomes available and you can update the Xilinx Power Estimator spreadsheet for
your design.

- Post Routing: After routing is complete all the details about routing resources used
and exact timing information for each path in the design are defined. In addition to
verifying the implemented circuit functionality under best and worst case gate and
routing delays, the simulator can also report the exact activity of internal nodes and
include glitching. Power analysis at this level will provide you the most accurate
power estimation before you actually measure power on your prototype board.

Power Analysis and Optimization www.xilinx.com 17
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Vectorless Estimation

When design node activity is not provided either from the user or from simulation results,
the vectorless power estimation algorithms are capable of predicting this activity. The
vectorless engine assigns initial “seeds” (default signal rates and static probability) to all
undefined nodes. Then, starting from the design primary inputs it propagates activity to the
output of internal nodes, and repeats this operation until the primary outputs are reached.
The algorithm understands the design connectivity and resource functionality and
configuration. Its heuristics can even approximate the glitching rate for any nodes in the
netlist. Glitching occurs when design elements change states multiple times in between
active clock edges before settling to a final value. The vectorless propagation engine is not
as accurate as a post-route simulation with a reasonably long duration and realistic
stimulus, but it is an excellent compromise between accuracy and compute efficiency.
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Chapter 3

Power Estimation Methodology -
Initial Evaluation Stage

Introduction

This chapter describes a methodology to evaluate your design's power consumption during
the initial evaluation stage of the design cycle. You will work in Xilinx Power Estimator
during this stage of the design cycle.

If you have already completed the initial evaluation stage, go to the next chapter, which
describes a methodology to evaluate your design’s power consumption in the later stage of
the design cycle. At this stage, you will use the Vivado™ Design Suite, which automates and
simplifies power estimation.

Initial Power Estimation in Xilinx Power Estimator

Expectations

At this stage you have determined that an FPGA is the most effective technology for your
application. Now you need to define which vendor, family, and package can best fit your
functionality, performance, cost, and power budgets. In terms of power this means that you
need to estimate the total device power requirements even before any logic is developed.
Understanding the total power requirements will help you define your power delivery and
cooling system specifications. Questions that you will typically ask yourself are: how many
voltage supplies are needed, how much power will each be drawing, and how much of the
absorbed energy will generate heat. Xilinx Power Estimator can answer these questions. It
helps you develop in parallel the FPGA logic and the Printed Circuit Board on which the
device will be soldered. This exercise will also help you understand the margin you can
expect to have and therefore gain confidence that your system will work within budget
once implemented. Figure 3-1 shows the Xilinx Power Estimator interface.

Power Analysis and Optimization www.xilinx.com 19
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C X"_INX@ Xilinx Power Estimator (XPE) - 14.3 qh
Artix™-7, Kintex™-7, Virtex®-7, Zynq™-7000 Release: 16-0c-2012
Project [
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Figure 3: Xilinx Power Estimator (XPE) Presentation of Power Information
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Methodology

As a necessary step in any FPGA design, power and cooling specifications need to be
properly set in order to create a functioning and reliable system. In most cases, these
thermal and power specifications need to be set prior to PCB design and, due to the
flexibility of FPGAs, often the FPGA design is not completed or sometimes even started
prior to system design and/or PCB fabrication. This creates an interesting challenge for
FPGA designers, since thermal and power characteristics can vary dramatically depending
on the bitstream (design), clocking, and data put into the chip.

Underdesigning the power or thermal system can make the FPGA operate out of
specification, which could result in the FPGA not operating at the expected performance or
potentially other more serious consequences. Overdesigning the power system is generally
less serious but still not desirable since it can add unnecessary cost and complexity to the
overall FPGA design. The task of power estimation is not a trivial one prior to completing
the design.

Note that these steps are primarily focused on power analysis. There are several techniques
for power optimization that can be explored and applied during the analysis and can result
in significant power savings. These techniques will be explored in the next chapter.

Step 1: Obtain the latest version of Xilinx Power Estimator for the selected target device.

It is important to make sure you are using the latest version of the Xilinx Power Estimator
(XPE) tool because power information is updated periodically to reflect the latest power
modeling and characterization data. The latest version of XPE can be obtained from the
Xilinx® web site at http://www.xilinx.com/power. It is also helpful to check this web site
occasionally during the design process to determine whether a new version has become
available. If a new version is available, you can import the data from a previous version into
the updated version using the Import File button on the updated version's Summary sheet.
Keeping the Xilinx Power Estimator up to date ensures the most current power information
will be used in the power analysis at all times during the design cycle.

Step 2: Complete the Device information on the Summary sheet.

Make sure each field in the Device section of the Summary sheet is properly set since each
can have a significant effect on the end power calculation, particularly in static and clocking
power (Figure 3-1).
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i: XI LI NX Xilinx Power Estimator (XPE
® Artix™-7, Kintex™-7, Virtex®-7
EE Impaort File | c:;E Export File | H Cluick Estimate |

Device

Fa n"lih,r Kintex-7
Device KCTKI25T

Total On-Chip Power

Junction Temperature

Thermal Margin
Effective ©JA

Speed Grade -1
W Commercial
Pocess  NEE —__ On-Chip Power —
Resource

(Jump to sheet)

Characterization Production, v1.0, 2012-07-11

Environment

AR LEEETLEE O [ User Override
Ambient Temp

Figure 3-1: Device Information - Summary Sheet

In the Device section, you will enter this information:

« Family and Device: An improperly set Family or Device can lead to incorrect device and
design power estimations, such as the design power reported for clocks. It will also
result in improperly reported available device resources.

« Package: The package selection can affect the device's heat dissipation and thus affect
the end junction temperature. An incorrect junction temperature can result in an
incorrect device static power calculation.

« Speed Grade (if available): Choose the speed grade most appropriate to the design
needs. Some FPGA families may have different power specifications for different speed
grades.

« Temp Grade: Select the appropriate grade for the device (typically Commercial or
Industrial). Some devices may have different device static power specifications
depending on this setting. Setting this properly will also allow for the proper display of
junction temperature limits for the chosen device.
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Process: For the purposes of a worst-case analysis, the recommended process setting is
Maximum. The default setting of Typical will give a closer picture to what would be
measured statistically, but changing the setting to Maximum will modify the power
specification to worst-case values.

Voltage ID Used: The Voltage ID (VID) voltage is the minimum possible VciyT Voltage
at which the FPGA can run and still meet its performance specifications. This voltage is
tested when the FPGA is manufactured and the value is programmed into the DNA
eFUSE register on the FPGA. Activating the VID feature in your design to operate the
FPGA at this VID voltage can result in a significant static power savings over operating
the FPGA at its nominal voltage.

Note: This option applies to Virtex®-7, -1 speed grade, Commercial Temp grade, and Maximum
Process FPGAs only.

Step 3: Complete the Environment information on the Summary sheet.

Set the proper environment conditions in the Environment section of the Summary sheet

(Figure 3-2).
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Production, v1.0, 2012-07-11
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Airflow
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# of Board Layers

Board Temperature
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12t0 15 _
Transceiver

Device Static

— On-Chip Power

(Jump to sheet)
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Figure 3-2:
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In the Environment section, you will enter this information:

Ambient Temp (°C): Specify the maximum possible temperature expected inside the
enclosure that will house the FPGA design. This, along with airflow and other thermal
dissipation paths (for example, the heatsink), will allow an accurate calculation of
Junction Temperature which in turn will allow a more accurate calculation of device
static power.

Airflow (LFM): The airflow across the chip is measured in Linear Feet per Minute (LFM).
LFM can be calculated from the fan output in CFM (Cubic Feet per Minute) divided by
the cross sectional area through which the air passes. Specific placement of the FPGA
and/or fan may have an effect on the effective air movement across the FPGA and thus
the thermal dissipation. Note that the default for this parameter is 250 LFM. If you plan
to operate the FPGA without active air flow (still air operation) then the 250 LFM
default has to be changed to 0 LFM.

Heat Sink (if available): If a heatsink is used and more detailed thermal dissipation
information is not available, choose an appropriate profile for the type of heatsink
used. This, along with other entered parameters, will be used to help calculate an
effective ®JB, resulting in a more accurate junction temperature and quiescent power
calculation. Note that some types of sockets may act as heatsinks, depending on the
design and construction of the socket.

Board Selection and # of Board Layers: Selecting an approximate size and stack of the
board will help calculate the effective ®JB by taking into account the thermal
conductivity of the board itself.

©JB: In the event more accurate thermal modeling of the board and system is available,
©JB (printed circuit board thermal resistance) should be used in order to specify the
amount of heat dissipation expected from the FPGA.

The more accurately custom @JB can be specified, the more accurate the estimated
junction temperature will be, thus affecting device static power calculations.

f IMPORTANT: /n order to specify a custom @JB, the Board Selection must be set to Custom. If you do
specify a custom @JB, you must also specify a Board Temperature for an accurate power calculation.

Step 4: Set worst-case power supply voltages for all supplies.

By default, each voltage rail for a particular device is set to its nominal value. In order to get
an accurate power estimation, the worst-case or highest voltage value seen at the FPGA
device needs to be specified. This can be generally calculated using the nominal output
value and tolerances from supplies/regulators to each rail. If any significant IR (voltage)
drop may be seen, particularly with supplies that are unregulated, the voltage drop should
be accounted for in the maximum voltage calculation.

If you are not using some of the Vg or MGT voltage sources, leave the default values in
the rows for those voltage sources (Figure 3-3).
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Bl 4% = Device Static.... Uo1gavy
* Power supplied to ofichip devices.  0.609W l
— Power Supply ——

Source | Voltage ‘Total (A)

source Power

Gumptosheet) (W) (%) Veenr 1000/ 1997
CLOCK 0.341 7 Vecsran 1000/  0.024
LOGIC 0582 12 Vecaux 1800/ 0205
BRAM 0382 8 Vecaux_ 1o
] DSP 0.386 8 Veeo 3.3V 3.300
PLL 0324 6 Veeo 2.5V 2500
MM CM 0.000 0 Veeo 1.8V 1800/  1.029
Cther 0.000 0 Veeo 1.5V 1500
FOIE 0.000 0 Veeo 135V RS
W 0 1240 25 Veeo 1.2V 1.200
’ GTX 1585 32 MGTVeca 1800/  0.031
| MGTAVG 1000, 0762
| MGTAVL 1200/ 0479
htic | 0.184 4

Figure 3-3: Power Supply Voltage Source Information - Summary Sheet

Step 5: Enter clock and resource information.

If the design has already been run through the Vivado tools or a previous revision of the
design has been run and that revision can be used as a good starting point for the analysis,
the XPower Export File (.xpe) from the design can be imported into XPE to help fill out the
resource information. To do this, use the Import File button located on the Summary sheet
of XPE. Even if you do read in a Vivado XPE import file, quickly check to ensure the data is
correct and relevant. It is best to consider importing this information as a good starting
step for entering the information but not necessarily a complete solution. In any event, for
each of the resource tabs, examine and if necessary fill out the expected resources to be
used in the design.

e Clock Tree Power

In the Clock sheet, enter each clock, the expected Frequency, and the expected clocking
resource it will use (see Figure 3-4). If you are not certain which clocking resource will be
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used, keep the default selection for Type as Global clock. At this point, don't worry
about Fanout. That will be taken care of in Step 6. Let the Clock Buffer Enable and Slice
Clock Enable be set at the system defaults of 100% and 50% respectively.

Clock Tree Power

Power Utilization
VecinT 1.000V Global
Regional
e

Other

Type Fanout Power

Global
Global

Global 100%
Global 100%

Global 100%
Figure 3-4: Clock Sheet

+ Logic Power

In the Logic sheet, enter an estimate for the number of Slice resources (see Figure 3-5).
The LUTs column should represent the number of LUTs used for arithmetic or logic, Shift
Registers are the number of LUTs configured as SRLs, and SelectRAMs are the number of
LUTs configured as memory. Registers are the number of registers or latches configured
in the design. Use the different rows to separate different logic functions and/or
characteristics (clock speed, toggle rate, etc).

Logic Power

Power Utilization
Veowr | 1.000V Registers
LUTs
Combinatorial
Shift Registers
Distributed RAMs

LUTs as
Distributed | Registers

Logic |, | RAMSs

Figure 3-5: Logic Sheet
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In the early stages of the FPGA design, it can be difficult to get accurate numbers for
such resources, so a good suggestion is to work with large round numbers early (when
the end resource count isn't well known), and as the design progresses to update the
values to better represent the final representation.

TIP: When entering the clock frequency information, use Excel's capabilities to relate that cell to the

O cell populated in the Clock Tree Power tab. To do this, select the desired Clock (MHz) cell in the logic
view, type =, and select the cell in the Clock sheet corresponding to the clock source for that logic. This
should populate that cell with the value in the Clock sheet. The primary benefit of this methodology is
that if the clock frequency would ever need to be changed, either by a specification change or by
exploring power trade-offs vs. frequency, the value would only need to be updated in one place and can
be reflected throughout the analysis. This methodology can also reduce the chance of errors and
inconsistencies during the data entry.

« 1/0 Power

It is important to fill out the I/O sheet of XPE properly to get an accurate overall
estimation of all rails of the chip (see Figure 3-6). Depending on the selected I/O
Standard and I/O circuitry, a significant amount of power may be consumed not only in
the Vcco rail but also in the Vecint and Vecaux rails. Many times it is simplest to enter
each device interface separately and also to break out the interface signals to the data,
control, and clock signals. This makes it easier to specify different I/O Standards as well
as other I/O characteristics such as load and toggle rates.

@ RECOMMENDED: /n XPE, use the Memory Interface Configuration wizard to ease the effort of adding
I/Os associated with complex memory interfaces.

I Q@ Summary . Add Memory Interface 1/0 Power

Supply Current Summary
Source Off-Chip Power (on-chip)

Banks With Internal vief IR
10 Delay Controllers m

Logic
| Buffer

0% of total on-chip power 0.121W
Power (off-chip)
O Count
/O Utilization
|-+ [Ea=p—

I™ Show External Board Termination Seftings |

prower(W)  OChip

le | Data | Output | Term | IBUF | Load 1 Veco
IIOTypE‘ /0 Standard b , Disabie |Disable| (oF) | (Mo ‘ 1

LVCMOS 1.8V 12mA (Slow) off Low Power 12.5% SDR X

HR LVCMOS 1.8V 12mA (Slow) No off Low Power 12.5% SDR 0.0 0.000[ 0.000 0.000] 0.000| 0.000|
HR  |LVCMOS 1.8V 12mA (Slow) No Of  LowPower 126% SDR X I I I
HR  |LVCMOS 1.8V 12mA (Slow) No Of  LowPower 12.6% SDR __0.0] 0.000[ 0.000[ 0.000[ 0.C .000
HR  |LVCMOS 1.8V 12mA (Slow) No Of  LowPower 125% SDR

HR  |LVCMOS 1.8V 12mA (Slow) No Of  LowPower 125% SDR

HR  |LVCMOS 1.8V 12mA (Slow) No Of  LowPower 125% SDR

HR  |LVCMOS 1.8V 12mA (Slow) No Of  LowPower 125% SDR

HR  |LVCMOS 1.8V 12mA (Slow) No of  LowPower 125% SDR

HR  |LVCMOS 1.8V 12mA (Slow) No of  LowPower 125% SDR

HR  |LVCMOS 1.8V 12mA (Slow) No of  LowPower 125% SDR

HR  |LVCMOS 1.8V 12mA (Slow) No of  LowPower 125% SDR

HR  |LVCMOS 1.8V 12mA (Slow) No of  LowPower 125% SDR

HR  |LVCMOS 1.8V 12mA (Slow) No of  LowPower 125% SDR

HR  |LVCMOS 1.8V 12mA (Slow) No of  LowPower 125% SDR

Figure 3-6: 1/0 Sheet

For the I/O current calculations, the predicted power assumes standard board trace and
termination is applied.
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TIP: If using differential I/0 each input and output should be specified as a pair. Do not specify two
inputs in the spreadsheet to indicate a single differential input.

To ease data entry for more complicated standards, such as the DDR Standards, you can
use the Memory Interface Configuration wizard (Figure 3-7). You can enter the relevant
inputs in the Memory Interface Configuration wizard and the tool will automatically
populate the relevant I/O rows in the I/O sheet.

I @ Summary .

/0 Power

Add Memory Interface |

Supply Current

XPEM y Interface Configurati @
Source On-Chip | Off-Chip

Standard I DOR3 vl Bank Type HP -
0.000A

0.000A -
Data Rate I 1086 Mb/s Termination (DQ/S) I DCI 400 vl
Banks With Internal Vref
0.000A  0.000AR p.is widih IE'Z_L, Address Width . 10 Delay Controllers

0.000A 0.000A
0.000A 0.000A Mumber of Interfaces I 1 Read/Write (3&) I 50 I 50

0.000A 0.000A
0.000A 0.000A
0.000A  0.000A Module name: I

Configures 1jO interface, adds minimal docking and no link layer logic.
Bank

Close

Toggle | [

IO Type - = Input Term Rate | 1
LVCMOS 1.8V 12mA (Slow) No Off Low Power 12.5% !

LVCMOS 1.8V 12mA (Slow) No Off Low Power 12.5% !

LVCMOS 1.8V 12mA (Slow) No Off Low Power 12.5% !

LVCMOS 1.8V 12mA (Slow) No Off Low Power 12.5% !

I VMO 1 8Y 12mA (Slowd e I | s Prowrar 19 ROL

Figure 3-7: Memory Interface Configuration in the I/O Sheet

BRAM Power

In the Block RAM sheet (Figure 3-8), enter the number and configurations of the block
RAM (BRAM) intended to be used for the design. Make sure to adjust the Enable Rate
to the percentage of time the ENA or ENB port will be enabled. The amount of time the
RAM is enabled is directly proportional to the dynamic power it consumes, so entering
the proper value for this parameter is important to an accurate BRAM power estimation.

RECOMMENDED: /n XPE, use the Memory Generator wizard to ease the effort of adding block RAMs in
the design.
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Figure 3-8: Block RAM Sheet
« DSP Power

Complete the DSP sheet in XPE. Note that DSP blocks can be used for purposes other
than multipliers, such as counters, barrel shifters, MUXs, and other common functions.

« Clock Manager (CLKMGR)

If an MMCM and/or PLL is used in the design, specify the use and configuration of each
in the Clock Manager sheet.

e GT

If GTs (serial transceivers) are used in the design, specify the use and configuration of
each in the GT sheet.

O RECOMMENDED: Use the Transceiver Configuration wizard (launched by the Add GTX Interface
button) to ease data entry and accuracy (Figure 3-9).
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