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Chapter 1

Power in AMD Devices

Navigating Content by Design Process

AMD Adaptive Computing documentation is organized around a set of standard design
processes to help you find relevant content for your current development task. You can access
the AMD Versal™ adaptive SoC design processes on the Design Hubs page. You can also use the
Design Flow Assistant to better understand the design flows and find content that is specific to
your intended design needs. This document covers the following design processes:

¢ System and Solution Planning: Identifying the components, performance, I/O, and data
transfer requirements at a system level. Includes application mapping for the solution to PS,
PL, and Al Engine. Topics in this document that apply to this design process include:

e Chapter 2: Estimating Power - Vivado Design Flow Stage
e Chapter 5: Versal Adaptive SoC and Report Power

¢ Embedded Software Development: Creating the software platform from the hardware
platform and developing the application code using the embedded CPU. Also covers XRT
and Graph APIs. Topics in this document that apply to this design process include:

e Chapter 2: Estimating Power - Vivado Design Flow Stage
e Chapter 5: Versal Adaptive SoC and Report Power

e Hardware, IP, and Platform Development: Creating the PL IP blocks for the hardware
platform, creating PL kernels, functional simulation, and evaluating the AMD Vivado™ timing,
resource use, and power closure. Also involves developing the hardware platform for system
integration. Topics in this document that apply to this design process include:

e Chapter 2: Estimating Power - Vivado Design Flow Stage
e Chapter 3: Power Analysis and Optimization in the Vivado Design Suite
e Chapter 5: Versal Adaptive SoC and Report Power

e System Integration and Validation: Integrating and validating the system functional
performance, including timing, resource use, and power closure. Topics in this document that
apply to this design process include:

e Chapter 2: Estimating Power - Vivado Design Flow Stage

UG907 (v2025.2) November 20, 2025 send Feedback
Power Analysis and Optimization L\/—] 4


https://docs.amd.com/go/en-US/ug1776-adaptive-computing-design-hubs-lp
https://docs.amd.com/p/versal-decision-tree-welcome
https://www.amd.com/en/forms/feedback/document-feedback.html?docId=UG907&Title=Vivado%20Design%20Suite%20User%20Guide&releaseVersion=2025.2&docPage=4

AM D n Chapter 1: Power in AMD Devices

e Chapter 3: Power Analysis and Optimization in the Vivado Design Suite
e Chapter 5: Versal Adaptive SoC and Report Power

e Board System Design: Designing a PCB through schematics and board layout. Also involves
power, thermal, and signal integrity considerations. Topics in this document that apply to this
design process include:

e Chapter 2: Estimating Power - Vivado Design Flow Stage
e Chapter 3: Power Analysis and Optimization in the Vivado Design Suite
e Chapter 6: Tips and Techniques for Power Reduction

Introduction

This chapter provides the terminology used in describing power when implementing AMD
devices on a board. It also puts the device 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. The chapter then describes the AMD tools used for power estimation, analysis, and
optimization.

..... VIDEO: The Vivado Design Suite QuickTake Video Tutorial: Power Estimation and Analysis Using Vivado
E] shows how AMD Vivado™ can help you to estimate power consumption in your design and reviews best
practices for getting the most accurate estimation.

~~~~~ VIDEO: The Vivado Design Suite QuickTake Video Tutorial: Power Optimization Using Vivado describes

E] the factors that affect power consumption in an AMD device and how Vivado helps to minimize power
consumption in your design, and looks at some advanced control and best practices for getting the most
out of Vivado power optimization.
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Power Terminology

The following terminology is used in this guide.

Power Estimation: Power estimation is the process of calculating design power before the
design implementation begins. Estimated device resource totals and activity rates are entered
into a power estimation tool such as Power Design Manager (PDM) or Xilinx Power Estimator
to get the estimated device power.

Power Analysis: Power analysis is the calculation of design power throughout design
implementation. Power analysis uses the design netlist, which becomes available after the RTL
synthesis step. After the design is fully routed, power analysis uses the exact device resources
and routing interconnect along with propagated switching activity to calculate design power
for the most accurate result.

Device Static Power: Device static power is the power from transistor leakage on all
connected voltage rails and the circuits required for the device to operate normally, post
configuration. This is normally measured by programing a blank bitstream into the device.
Device static power is a function of process, voltage, and temperature. This represents the
steady state, intrinsic leakage in the device.

Design Power: Design power is the dynamic 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, logic, and routing resources used. This also includes static
current from /O terminations, clock managers, and other circuits that need power when used.
It does not include power supplied to off-chip devices.

Total On-Chip Power: Total on-chip power is the power consumed internally within the
device, equal to the sum of device static power and design power. It is also known as thermal
power.

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

Note: Negative off-chip power dissipated is the power that is sourced from external source and
dissipated inside our device.

Power-On Current: Power-on current is transient current that occurs when power is first
applied to the device. This current varies for each voltage supply and depends on the device
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
and sequencing between the different supplies. Power-on current is generally lower than
operating current due to architectural enhancements as well as adherence to proper power-on
sequencing.
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e Ambient Temperature (°C): Ambient temperature is the temperature of the air immediately
surrounding the device under the expected system operating conditions.

e Effective Thermal Resistance to Air ©JA (°C/W): Effective thermal resistance to air is also
known as Theta-JA and G@JA. This coefficient defines how power is dissipated from the device
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, and airflow. Typically this combines
thermal resistance and interdependencies from the two main paths by which the generated
heat can escape onto the environment:

e Upward from the die to the air (junction to air or ©JA).

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

For detailed information on thermal resistance, refer to 7 Series FPGAs Packaging and Pinout
Product Specification (UG475), UltraScale and UltraScale+ FPGAs Packaging and Pinouts Product
Specification (UG575) and for thermal management in Versal devices, refer to Versal Adaptive SoC
Packaging and Pinouts Architecture Manual (AMO013).

ﬁ IMPORTANT! The thermal data mentioned in this user guide is for the device/package comparison only.
Do not use these values for thermal simulations design. Use the thermal models provided on Xilinx.com.

Device Characterization

¢ Advance: Devices with the Advance 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 can
occur. Advance data accuracy is considered lower than the Preliminary and Production data.

¢ Preliminary: Devices with the Preliminary designation are based on complete early production
silicon. Almost 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 the Production 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.

The accuracy of any power estimation is derived from the information input to the models.
Report Power uses the following models based on the device characterization:

e Advance: +/-25%
¢ Preliminary: +/-20%

e Production: +/-10%
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These models are same as those used in PDM/Xilinx Power Estimator, however these models
have more accurate inputs such as exact resource usage as well as actual trace lengths, so the
accuracy of a high confidence report power estimate is 5% better than that of PDM/XPE.

Note: When the maximum process is used and the junction temperature (Tj) is accurate based on thermal
simulation, the accuracy of the model only needs to be applied to the dynamic portion of the estimation.

Signal Rate

Signal rate is the number of times an element changes state (high-to-low and low-to-high) per
second. AMD tools express this as millions of transitions per seconds (Mtr/s). For example, if a
signal changes at every four clocks cycle with respect to a 100 MHz (10 ns) Clock, then the Signal
Rate is: 1/(4*10 ns) = 25 Mtr/s.

Toggle Rate

Toggle rate (%) is the rate at which the output of a synchronous logic element switches with
respect to a given clock input. It is modeled as a percentage between 0 - 100%. A toggle rate of
100% means that on average the output toggles once during every clock cycle. As an example,
If a signal changes at every four clock cycles with respect to a clock of any frequency, then the
Toggle Rate is: (1/4)*100 = 25%.

i} IMPORTANT! The toggle rate for clock nets is always 200%, which means that the net toggles twice in a
cycle.

TIP: Ideally a synchronous net changes at the most once per clock (except DDR nets); thus the maximum
toggle rate is 100%. If a synchronous net is prone to glitches, use Signal Rate to specify the switching
activity.

For asynchronous elements such as nets and logic that are not synchronized with a clock, the
toggle rate cannot be computed. The AMD Vivado™ power tools expect the use of Signal Rate
for these kinds of elements.

By default the primary inputs of the design are not associated with a specific clock. Use the
set_input_delay constraint to associate a clock with the primary inputs. If you do not
associate a clock, the power tools compute the toggle rate with respect to either the capturing
clock or the fastest clock in the design.

Static Probability

Static probability defines the fraction of time during which the considered element is driven at a
high (1'b1) logic level and the valid range is O to 1. As an example, if a signal is at Logic 1 for 40 ns
in a duration of 100 ns, the static probability = 40/100 = 0.4.
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TIP: Static Probability = 1 represents that the considered element is held at Logic 1 throughout the
analysis duration and never toggles. Similarly, Static Probability=0 represents that the considered element
is held at Logic O throughout the analysis duration and never toggles.

Power Supplies in AMD Devices

Multiple power supplies are required to power AMD devices. Separate sources provide the
required power for different resources of the device. 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 power supplies available in Versal adaptive SoCs and UltraScale+ devices, refer to the
Resources and Corresponding Power Supply table in Power Design Manager User Guide (UG1556).

For power supplies available in other AMD devices, refer to the FPGA Resources and their Power
Supply table in Xilinx Power Estimator User Guide (UG440).

O TIP: AMD offers optimized solutions to help you find the right power delivery solution for your application.
The hardware verified reference designs ensure that all power specifications are optimally met and follow
the supported power up/down sequencing. To explore these solutions, see the Power Delivery Solutions tab
of the Power page on the AMD website.

AMD Device Power and the Overall Design
Process

From project conception to completion, there are many different factors 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 supply and power distribution network
(PDN), thermal power dissipation system.

¢ Functional domain: Area, performance, I/O interfaces signal integrity.

The next chapters demonstrate the inter-dependencies between these two classes. These classes
differ in that the physical domain involves hardware decisions, while the functional domain
mostly involves design creation. Typically, hardware selection and sizing occurs very early in

the design flow to allow time to build prototype boards. The effect of a device functionality

on power consumption can be estimated early on, then refined as more and more of the
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design logic is completed. The following figure illustrates a typical system design process, and
highlights power-related decision points. The figure demonstrates that, at the time you select
your device and associated cooling parts, the device logic is not yet available. Therefore, a careful
methodology to estimate the device logic power requirements is needed. Methodologies are

discussed in:

e Chapter 2: Estimating Power - Vivado Design Flow Stage

Figure 1: Power in the Device Design Process
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\] v
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The following sections provide methodologies to analyze and reduce power consumption

throughout the design process.

Power Estimation in System Design

Power estimation is a critical starting point in system/board design flow. The initial estimation

is the starting point for thermal and power delivery design. The result of all these stages should
then be used as design constraints in AMD Vivado™ or AMD Vitis™ project. The following figure
shows an overview of this flow. For more information, see Power and Thermal Planning section
in Versal Adaptive SoC System and Solution Planning Methodology Guide (UG1504).
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Figure 2: Power and Thermal Methodology
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Power Design Manager

During the conceptualization and architectural exploration phases of a project, it is crucial

to assess the power budget with limited availability of architectural details of the design.
Power Design Manager (PDM) addresses most of the early power estimation challenges. It is
typically used in the pre-design and pre-implementation phases of a project and it assists with
architecture evaluation, device selection, appropriate power supply components, and thermal
management solutions specific to your application. PDM considers your design resource usage,
toggle rates, 1/0 loading, and other factors. These factors, combined with the device models,
help calculate the estimated power distribution.

The device models are extracted from measurements, simulation, and extrapolation. The

accuracy of PDM is dependent on two primary sets of inputs. They are:

e Device usage, thermal environment and solution, clock, enable, toggle rates, and other
information you enter into the tool.

¢ Device data models integrated into PDM (Power Characterization accuracy).
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For more information on using the PDM tool, see Power Design Manager User Guide (UG1556).

Xilinx Power Estimation, Analysis, and Optimization
Tools

AMD provides a suite of software tools and documentation to help you evaluate the thermal
and power supply requirements of your device throughout the design cycle. The following
figure shows the tools available at each stage of the device 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 tools have
communication channels so you can exchange information back and forth to be most efficient
with your analysis.

Power Design Manager (PDM) is a new tool for power estimation of Versal Adaptive SoCs,
UltraScale+ FPGA, UltraScale+ MPSoC devices, and UltraScale+ RFSoC devices. XPE is used for
power estimation of UltraScale devices, and earlier architectures.

Figure 3: Vivado Power Estimation and Analysis Tools in the Design Process
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Design Manager (PDM)

Vivado Power Analysis

A A A
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Xilinx Power Estimator (XPE)

The Xilinx Power Estimator (XPE) spreadsheet is a power estimation tool typically used

in the predesign and preimplementation phases of a project. XPE assists with architecture
evaluation and device selection and helps in selecting the appropriate power supply and thermal
management components that might be required for your application. The XPE interface lets you
specify design resource usage, activity rates, 1/O loading, and many other factors which XPE then
combines with the device models to calculate the estimated power distribution.
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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 usage and activity for
each team's module, then monitor the total power and reallocate the power budget to ensure
constraints are met. For more information on using the Xilinx Power Estimator, see Xilinx Power
Estimator User Guide (UG440).

Vivado Power Analysis

The AMD Vivado™ power analysis feature performs power analysis through all stages of the
flow: post-synthesis, post-placement, and post-routing. It is most accurate at post-route because
it can read the exact logic and routing resources from the implemented design. The following
figure 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.

Figure 4: Vivado Power Analysis
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Vivado Power Optimization

The AMD Vivado™ design tools offer a variety of power optimizations to minimize dynamic
power consumption in your design. These optimizations operate on sequential logic circuits and
block memory to minimize switching activity without affecting the design functionality. The
power optimizations can be applied on the entire design or on selected portions of the design. In
Vivado, you can perform power optimization using the Vivado IDE or using Tcl commands.
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For more information, refer to Power Optimization Feature.

Power Budgeting

At this stage you have determined that an AMD device is the most effective technology for
your application. Now you need to define which family, device, package, speed, temp grade and
voltage can best fit your functionality, performance, cost, and power budgets. In terms of power,
you must estimate the total device power requirements even before any logic is developed.

Understanding the total power requirements helps you define your power delivery and cooling
system specifications.

For more information on power estimation, see Seven Steps to an Accurate Worst-Case Power
Analysis using the Xilinx Power Estimator (XAPP1348).
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Chapter 2

Estimating Power - Vivado Design
Flow Stage

Introduction

This chapter describes tool features in the AMD Vivado™ Design Suite that automate or simplify
power analysis during the design flow stage. Once you generate and analyze a power estimation
in the Vivado Design Suite, see Chapter 6: Tips and Techniques for Power Reduction for
techniques to investigate and modify your system, to minimize the device power consumption.

Power Estimation Expectations

As your design flow progresses through synthesis and implementation you will want to monitor
and verify the power consumption regularly. You must ensure that thermal dissipation remains
within budget so that you can detect and act early on if any area approaches your constraints.
The accuracy of the power estimates varies depending on the design stage when the power was
estimated.

You can compare the estimated power from the Power Estimation to the power analysis results
to validate assumptions made during estimation. If power analysis shows that the power is much
higher than estimated, you need to revisit Power Estimation to evaluate the thermal design.

Importing an XDC Constraint (*.xdc) File

Use this format to export the XPE/PDM environmental, thermal and budget information in the
form of Xilinx design constrains (*.xdc) file using the set _operating_condition commands.
The exported file can be sourced in Vivado project to get the same design constraints as set in
XPE/PDM. This file will have the following information in the exported *.xdc file:

e Device Process
e Junction Temperature

e Ambient Temperature
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e Airflow

e Heat sink

e Board and board layers
e \oltage

e Design Power Budget

Note: The PDM tool supports exporting power rails consolidation.

Analyzing Power in the Vivado Integrated
Design Environment

This section covers power analysis using Report Power in the AMD Vivado™ integrated design
environment. These instructions assume this is the first time you are setting up a power analysis
after Synthesis. Therefore, provide the tool with the relevant activity information. For subsequent
runs, you can choose whether to use Report Power in the Vivado integrated design environment
to navigate your Power report or use the Tcl equivalent (report_power) to bypass the Vivado
integrated design environment and review the text power report directly. The following figure
shows the Vivado power analysis.
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Figure 5: Vivado Power Analysis - Supplying Relevant Input Data for Analysis
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Setting Up Power Analysis from the Vivado IDE

Perform the following steps to specify the environment, activity, supply, and tool defaults in the
Report Power dialog box.

1. Select Flow = Open Synthesized Design or Flow = Open Implemented Design.
Alternatively, you can make this selection in the Flow Navigator.

2. Select Reports — Report Power.
Alternatively, you can select Report Power in the Flow Navigator.

3. Inthe Report Power dialog box, adjust device environment and tool settings.

¢ Navigate to different tabs in the Report Power dialog box and adjust all settings to closely
match your environment.

e Environment and voltage settings have a large influence on device static power.
e Activity rates and voltage settings largely influence dynamic power calculations.
¢ When unsure of a particular setting, use the default value.

¢ If you have an activity file from simulation results, you can specify it in this dialog box.
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For more information on these settings, see Review Device and Design Settings and Adjust
Activity for Known Elements.

4. Specify the name of the report.

Running Power Analysis from the Vivado IDE

In the Report Power dialog box, click OK to start the power analysis. The tool does the following.

1. Takes into account the environment, device, and tool options.
2. Reads the netlist connectivity and configuration.
3. Applies activity factors for the nodes you defined.

A node is a component such as a net, pin, or port.

4. Determines activity for any remaining undefined nodes before computing the thermal and
supply power.

Power analysis uses different sources of information for activity definition, including:

e Simulation files (SAIF)
e Automatic calculations using a vectorless power analysis methodology

e Manual definition using the set_switching_activity Tcl command
Note: SAIF sources are not supported for AMD Versal™ devices.

For more information, see Running Power Analysis from the Tcl Prompt.

Vectorless Power Analysis

The vectorless propagation engine predicts switching activity of design nodes where no activity
is specified by design constraints or no activity is provided from simulation results. 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.

i} IMPORTANT! The vectorless Xilinx Power Estimator does not propagate activity to the output ports of

GTs. If any design logic depends on these activity rates, you must explicitly specify the activity rates on GT
outputs using set_switching_activity -type <rx_data/tx_data> commands to achieve
an accurate analysis.
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The vectorless power analysis is an average power estimation for the design, unless you have
specifically overridden switching rates and static probability for the design.

Power Constraints to Improve Vectorless Analysis

In any design, the activity of specific nodes are imposed by the system specification or the
interfaces with which the device communicates. Providing this information as power constraints
to the tools, especially for high-fanout control signals like resets, clock enables, and clocks, will
help guide the power estimation algorithms. These nodes include:

e Clock Activity: Timing constraints specify the exact frequency of all device clock domains,
whether externally provided (input ports), internally generated, or externally supplied to the
printed circuit board (output ports). The design should have at least one clock specified using
the create_clock constraint. If no clock is defined, then Report Power issues a warning
message and uses a 10 GHz clock frequency for switching activity computations.

¢ |/O Data Ports: With your knowledge of the exact protocols and format of the data flowing
in and out of the device, you can specify signal transition rate or signal static probability rate
in the tools for at least some of the 1/Os. For example, some protocols have a DC balanced
requirement (signal static probability rate = 50%) or you can know how often data is written
or read from your memory interface, so you can set the data rate of strobe and data signals.
If no user activity rate is specified on primary inputs, Report Power assigns a default static
probability of 0.5 and a default toggle rate of 12.5%.

¢ /0 and Internal Control Signals: With your knowledge of the system and the expected
functionality you can 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 increases the power estimation accuracy. If a primary input is found
to be reset (that is, directly connected to the RESET pin of sequential elements), then the tool
assigns a default static probability of O and a default signal rate of O. Similarly, if a primary
input is found to be Clock Enable (that is, directly connected to the CE pin of sequential
elements), then the tool assigns a default static probability of 0.99 and a default signal rate of
2.

Vector (SAIF) Based Power Analysis

In parallel with all stages of the design development, 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 sections
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 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 cases to perform power analysis can result in inaccurate power estimation
because the design logic is not stimulated as it would be under typical system operation.
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Note: SAIF sources are not supported for AMD Versal™ devices.

e System Transaction Level: Very early in the design cycle, you can have created a description
of transactions which occur between devices on a PCB or between the different functions of
your device application. You can extract from this the expected activity per functional block
for certain 1/0 ports and most of the clock domains and use it for power estimation.

¢ Device Description Level: While defining the RTL for your application you can 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, exact device resources used,
count, and configuration data is not available. You can manually extrapolate resource usage
and extract activity for I/O ports or internal control signals (Set, Reset, Clock Enable). This
information can be applied to refine the power estimation. 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 AMD Vivado™ design flow, for example after place and route, if
you do not plan to run post-implementation simulations.

e Device Implementation Level: Simulation can 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 can also be used to refine the Xilinx
Power Estimator spreadsheet and the Vivado power analysis as well. It can also save 1/0O ports
and specific module activity, which can later be reused in the Vivado power analysis feature at
any stage of the design completion (post-synthesis, post-placement, or post-route).

e 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 PDM tool and 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 provides you the most accurate power estimation before you actually
measure power on your prototype board.

Specifying Switching Activity for Power Analysis

Simulation Results (SAIF File)

AMD Vivado™ Report Power matches nets in the design database with names in the simulation
results netlist. The simulation results netlist is a SAIF (Switching Activity Interchange Format)
file. For all nets matched, Vivado Report Power applies switching activity and static probability
to calculate the design power. Simulation results can be generated early in the design flow,
before synthesis or placement and routing. In this case it is preferable to capture from the
simulation results only module I/O ports activity and let the vectorless engine provide internal
node activity. Functional simulations do not capture glitch activity. Also, Report Power can
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not be able to match all nodes between the design and the simulation netlist because of

logic transformations which happen during implementation (optimizations, replications, gating,
retiming, etc.). Nevertheless most primary ports and control signals is matched and this
information provides the tool with realistic activity for the matched nodes. The activity is
propagated by the vectorless engine onto the unmatched design portion and increase the
accuracy of the power analysis. Make sure to use the following type of simulation results:

e Ensure test vectors and inputs to the simulation represent the typical or expected behavior of
the design. Error handling and corner case simulations do not typically stimulate the logic in
the way it would be stimulated under normal operation.

e Post-implementation simulation results are preferred over behavioral simulation results. Full
timing simulation would be much more accurate, because it helps with capturing timing glitch
information into the SAIF results.

ﬁ IMPORTANT! Report power uses vectorless analysis with default switching rates to compute the activity

on unmatched design nets with the given SAIF file. This results in different toggle rates in Power Report
and it eventually reflects in XPE or PDM too. It is recommended not to use VHDL generated . sai r files
as the timing simulation is supported in Verilog only.

i} IMPORTANT! To generate a SAIF file from the Vivado simulator for power analysis, refer to the Vivado

Design Suite User Guide: Logic Simulation (UG900). To generate a SAIF file from the Mentor Graphics
ModelSim simulator for power analysis within the AMD Vivado™ Design Suite, see Answer Record 53544.
For full timing simulation, generate a design timing information (SDF) file using the wri te_sdf command
and annotate it while running simulation.

Review Device and Design Settings and Adjust
Activity for Known Elements
You can open the Report Power dialog box from the Flow Navigator window in the AMD

Vivado™ integrated design environment. In this dialog box, you can review power settings and
adjust activity for known elements in your design as shown in the following figure.
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Figure 6: Report Power Dialog Box
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Review the different input tabs to make sure they accurately represent your expected system.
The following Input Tabs are available in Report Power Dialog box:

Environment Tab

Power Supply Tab

Switching Tab

Output Tab

Environment Tab

Review the different user-editable selections in the Environment tab. Make sure the process,
voltage and environment data closely match your expected environment. These settings have
a significant influence on the total estimated power. The user-editable selections in the
Environment tab are:
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e Device Settings:

Temp grade: Select the appropriate grade for the device (typically Commercial or
Industrial). Some devices can have different device static power specifications depending
on this setting. Setting this properly also allows for the proper display of junction
temperature limits for the chosen device.

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.

¢ Environment Settings:

Output Load (pF): The board and other external capacitance driven by the outputs in the
I/0 ports.

Junction temperature (°C): Specify a value to force the device junction temperature to a
specific value. For worst-case analysis, force this value using user override check-box to TJ
(Max) based on the temperature grade of the part.

Ambient temperature (°C): Specify the maximum possible temperature expected inside the
enclosure that will house the device 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 allows more accurate calculation of the device static power.

Effective ©®JA (°C/W): Specify the value for custom ©JA which is generally derived from
thermal modeling. Ambient Temperature and Effective 8JA are to be set if the values are
derived from thermal simulations for better accuracy in estimation.

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 device
and/or fan can have an effect on the effective air movement across the device and thus the
thermal dissipation.

Note: The default for this parameter is 250 LFM. If you plan to operate the device without active air
flow (still air operation) then the 250 LFM default has to be changed to O LFM.

Heat sink (if available): If a heat sink is used and more detailed thermal dissipation
information is not available, choose an appropriate profile for the type of heat sink used.
This, along with other entered parameters are used to help calculate an effective @JA,
resulting in a more accurate junction temperature and quiescent power calculation.

Note: Some types of sockets can act as heat sinks, depending on the design and construction of the
socket.

Board selection and Number of board layers (if available): 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.
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e OJB: In the event more accurate thermal modeling of the board and system is available,
©JB (printed circuit board thermal resistance) should be used to specify the amount of heat
dissipation expected from the device.

Note: For most accurate power estimation, AMD recommends specifying maximum ambient temperature.
The application needs to support (Ta) and Theta Ja (© JA) of the thermal solution, this allows the power
estimation to more accurately represent Junction Temperature (Tj) and the static power of the device
assuming maximum process is specified.

Power Supply Tab

If this information is known, ensure to set the voltage levels correctly for different power supply
sources in the Power Supply tab. Voltage is a large factor contributing to both static and dynamic
power.

Note: AMD recommends that the TYP voltage is used for power estimation as this means that the power
delivery solution has a balanced positive and negative range to allow DC tolerance and AC Ripple.

Switching Tab

In the Switching tab, review the design’s Simulation and Default Activity Settings. The clocks
constrained in the design can also be viewed on this page as shown in the following figure.
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Figure 7: Report Power Switching Settings
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¢ Reset switching activity before report power: This check-box if enabled, clears/resets all the
switching activity applied before running report power.

¢ Switching Activity for Resets: Sets the Switching Activity for control sets. See Deassertion of
Resets for more information.

e Simulation Settings:

¢ Simulation activity file (.saif): AMD Vivado™ Report Power takes input SAIF simulation
data generated for the design. Report Power then matches nets in the design database
with names in the simulation results netlist. See Specifying Switching Activity for Power
Analysis, for a description of how input from a simulation results (SAIF) file can be used for
a more accurate power analysis.

e Default Activity Settings:
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e Default toggle rate: The default toggle rate to be used in power analysis on the primary
inputs of the design. The default toggle rate is set on those primary input nets whose
switching activity is not specified by the user, simulation data or constraints of the design.
On asynchronous inputs the toggle rate is set with respect to the capturing clock in the
design. Valid values are: O <= value < 100. The default value is 12.5.

o Default Static Probability: The default static probability to be used in power analysis on
the design. The default static probability is set on those primary inputs whose switching
activity is not specified by the user, simulation data or constraints of the design. Valid
values are: O <= value <= 1. The default value is 0.5.

¢ Enable Rate Settings:

¢ Block RAM Port Enable: Sets the activity rate of all the Block RAM enable signals of the
design to the value specified.

¢ Block RAM Write Enable: Sets the activity rate of all the Block RAM write enable signals of
the design to the value specified.

¢ Bidi Output Port Enable: Sets the activity rate of all the Bidirectional I/O enable signals (T
pin of IOBUF) of the design to the value specified.

Note: Specify Static Probability and the Toggle Rate together.

¢ Toggle Rate Settings:

e Primary Outputs: Sets the switching activity rate of all the enable signals (i.e., T pin of
OBUFT) of the primary outputs of the design to the value specified.

e Logic:

Registers: Sets switching activity rate on Output pins of all the Registers in the design.

Shift Registers: Sets switching activity rate on Output pins of all the Shift Registers in
the design.

Distributed RAMs: Sets switching activity rate on Data Outputs pins of all the
Distributed RAMs in the design.

LUTs: Sets switching activity rate on Outputs pins of all the LUTs in the design.
DSPs: Sets switching activity rate on Data Outputs pins of all the DSPs in the design.

Block RAMs: Sets switching activity rate on Data Outputs pins of all the Block RAMs in
the design.

e GTs (Serial Transceivers):

RX Data: Sets switching activity rate on RX Data Output pins of all the GTs in the
design.
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e TX Data: Sets switching activity rate on TX Data Output pins of all the GTs in the
design.

Note: Specify Static Probability and Toggle Rate together. See the description of the
set_switching_activity command under Netlist Element Activity, for more information and
guidelines.

e Constrained Clocks: Expanding Constrained Clocks lists all the clocks that are constrained in
the design. Review the clock frequencies and ensure they are accurate.

O TIP: Make sure all primary clocks are specified. The design clocks are identified based only on
create_clock Of create_generated_clock constraints.

@ RECOMMENDED: AMD recommends that you use the exact clock frequencies in your design for
more accurate power calculation.

Output Tab

Output tab displays various power result files. The Output tab contains the following settings:

e Output Text File: For project documentation you might want to save the power estimation
results. In other circumstances you can experiment with different mapping, placement, and
routing options to close on performance or area constraints. Saving power results for each
experiment helps you select the most power-effective solution when several experiments
meet your requirements.

e Output XPE file (for XPE/PDM): This file, when selected, saves all the environment
information, device usage, and design activity in a file (.xpe) which you can later import
into the XPE spreadsheet or PDM tool. This proves quite useful when your power budget is
exceeded and you do not think that software optimization features alone will be able to meet
your budgets. In this case, import the current implementation results into XPE spreadsheet or
PDM tool, explore different mapping, gating, folding, and other strategies, and estimate their
impact on power before modifying the RTL code or rerunning the implementation. You can
also compare your assumptions in the XPE or PDM spreadsheet with these synthesis results
and adjust XPE or PDM where appropriate.

e Output RPX file: This file saves the interactive power report in RPX format, which can
later be opened in the AMD Vivado™ Integrated Design Environment (IDE) by using the
open_report command. An RPX file is generated during an implementation run in a Vivado
project. Opening an implementation run also opens the interactive power report.
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Run Power Analysis

Once you have provided Report Power with the relevant input data, run the analysis. The tool
starts annotating the netlist with activity from files and user inputs, then applies the tool defaults
for the remaining undefined nodes. Next, through an iterative process, the tool propagates this
initial activity from the primary inputs to the primary outputs of your design to refine the activity
estimate for the undefined nodes. Finally, it calculates the dynamic power for each resource
used and deduce the additional static power this switching activity generates, to compute the
expected junction temperature and total power requirements for the design.

Retaining the Switching Activity Constraints

All the inputs to report_power tool are saved in the XDC constraints of the project and is
populated if report_power tool is invoked again in the flow. If the power constraints are provided
after opening a design run, you must explicitly save the constraints to the project, else the
constraints are lost. This is useful for the what-if analysis. The most recent switching activity
constraints are retained and appear in the tool. Even if you provide inputs through XDC based
commands in Tcl Console of AMD Vivado™ Integrated Design Environment or through the Net
Properties window (Edit Properties in Power tab), these input values reflect in report_power tool.
XDC constraints for switching activity is in sync with the report_power tool. Any change made in
the tool reflects in the XDC constraints and vice versa.

This is also helpful, if you want to override the default switching activity in the Report Power. In
this case, you can create XDC constraints with desired default values and run Report Power.

Review Your Design Power Distribution

Once the power analysis is complete you can view the Summary view to review the Total On-Chip
Power and thermal properties. The On-Chip Power bar graph shows the power dissipated in each
of the device resource types. With this high-level view you can determine which parts of your
design contribute most to the total power as shown in the following figure.

The Summary view also displays a Confidence Level for the power analysis. The Confidence Level
is a measurement of the accuracy and the completeness of the input data Report Power uses
as it performs a power analysis. If you click the Confidence level value (Low, Medium, or High),
Confidence level details are displayed, and these details can suggest ways of increasing the
accuracy of the power analysis. For example, you might increase the accuracy of the power
analysis by specifying activity rates for more of the clocks or more of the I/0 inputs in the
design.
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Figure 8: Vivado Power Analysis - Report Power in the Vivado Integrated Design

Environment
Tcl Console Messages Log Reports Design Runs DRC Methodology Power »  Timing
Q = = C 4 Summary
»
Settings Power analysis from Implemented netlist. Activity On-Chip Power
Summary {2.349 W, Margin: N/A) derived from constraints files, simulation files or
Power Supply vectorless analysis. Dynamic: 1.850W (79%)
» Utilization Details Total On-Chip Power: 2349 W 6% Clocks: 0414 W
Hierarchical (1.85 W) i ) 21% ' '
Design Power Budget: Naot Specified Signals:  0.385W
Clocks (0.114 W) 79% 5% - ' ' ’
Power Budget Margin: NIA e
~ Signals (0. . . Logic: 0.089 W
Data (0385 W1 Junction Tem.perature. 28.3°C B BRAN: 1132 W
Clock Enable (0 W) Thermal Margin: TC @1 W UNCH:  0125W (7%
SetiReset (0 V) Effective SJA 14w Iro: 0.004 W
Logic (0.089 W) Power supplied to off-chip devices: 0W 21%
BRAM (1.132 W) Confidence level: MMedium Device Static: 0.499W (21%)
Clock Manager (0125 W) Launch Power Constraint Advisor to find and fix
1o (o A invalid switching activity

The Power Supply section shows the current drawn by each supply source and breaks down this
total current between static and dynamic current.

From the Utilization Details section you can get more details of the power at the resource level
by clicking on the different resource types in the graph as shown in the following figure. The
different resources views are organized as a tree table. You can drag a column header to reorder
the column arrangement. You can also click on a column header to change the sorting order.
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Figure 9: Vivado Power Analysis - Utilization Details
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If the reported power exceeds your thermal or supply budget, you can refer to Chapter 6: Tips

and Techniques for Power Reduction, for a list of available techniques to reduce the device

power. These techniques depend on the completeness of your design and your development

process’s tolerance to change.

IMPORTANT! When Maximum Process is selected in the Device table and any power-on supply current
values exceed the calculated operating current requirements, the Power Supply panel displays the
minimum power-on supply requirements in blue. If any of the current values appear in blue, the total

power indicated in the Power Supply panel will not match the Total On-Chip Power in the Summary section
of Vivado Power Report.

Alert for Maximum Package Current

The Total Iccint current value field in power supply section turns in to red, when calculated

current exceeds the maximum specification limit of a selected package.
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Power Analysis of Zynq UltraScale+ RFSoC

Power Analysis of SD-FEC Core

Report Power supports the power analysis of Soft-Decision FEC core available in
AMD Zynq™ UltraScale+™ RFSoCs. When the design containing the SD-FEC IP is implemented,
Report Power displays the power analysis as shown in the following figure.

Figure 10: Report Power with SD-FEC Power Analysis

Power T = O
el ’ Q&= Calculated
Hierarchical (1.225 W Utilization Mame Mode Load % Clock (MHz)
Clocks ~ [ 1.325 W (56% of tota 3 sd_fec.0
~ Signals O 1325 W % of tota 7 FE_| (FE TURBO_DECODE 80.000 e
Data
Logic (O W
Fe 1325 W) '
nowt.r_-smmm

Following properties can be modified before running the Report Power for the SD-FEC object
after implementation:

e LD_PERCENT_LOAD: Percentage utilization for LDPC Decoder core
e LE_PERCENT_LOAD: Percentage utilization for LDPC Encoder core
e TD_PERCENT_LOAD: Percentage utilization for Turbo Decoder core

These three properties can also be provided during SD-FEC IP customization and using
set_property commands on an implemented design. Also, the generated . xpe file by Report
Power command can be imported to XPE spreadsheet for further what-if analysis.

Power Analysis of RF Converter

AMD Zynq™ UltraScale+™ RFSoC family includes RF data converter subsystem. Report Power
support is available for power estimation of these cores. Cores can be generated by the RF Data
Converter IP which is part of the AMD IP catalog in AMD Vivado™. This facilitates for different
configurations available. Using the design implemented with these IPs, Report Power can be run
to generate the power report as shown in the following figures.
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Figure 11: Report Power for RFADC
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Figure 12: Report Power for RFDAC
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Use the RF data converter IP customization to set all the user configuration values such as
ADC/DAC channel count, sample rate, clock source, decimation, mixer, etc. Also, the power data
can be imported back to XPE spreadsheet for further analysis of estimated power.

Power Analysis of Virtex UltraScale+ HBM

The HBM is configured using the HBM IP wizard within an IP integrator block design or

the IP catalog. Set the cell properties on HBM instance to access further HBM settings for
report_power. Cell properties can be used to fine-tune power analysis. The following types of
cells are available in an HBM instance:

e HBM_ONE_STACK_INTF: if targeting a single HBM stack
e HBM_TWO_STACK_INTF: if targeting two HBM stacks
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Use the get _cells command to locate the HBM instance.

set hbm_inst [get_cells -hier -filter {REF_NAME == HBM_TWO_STACK_INTEF}]

You can also locate HBM instance using Find in the AMD Vivado™ Integrated Design
Environment as shown in the following figure:

Figure 13: HBM Instance Using Find in Vivado

Find abjects by filtering Tcl properties and abjects.

Fesult name: find_1
Find: Cells W
Properties
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» CARRY
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» SRL
Eegular expression lgnore case |#] Search hierarchic » LUTEAM
» MUXF W
Of objects: w RECISTER |I|

Command: 15 -name find_1 [get_cells -hierarchical -filter { PRIMITIVE_TYPE == OTHERS. OTHERS.HEM _TWOQ _STACK_IMNTF } ]

| Openin anew tab

.

The property values can be modified before running report_power. The following properties are
used for power analysis:

e PAGEHIT_PERCENT_00, PAGEHIT_PERCENT_01: The percentage of cycles that an HBM
transaction accesses an open page, which results in the fastest access. For example, sequential
memory accesses are more likely to occur within an open page which reduces power and
increases efficiency.

e READ_PERCENT_00 to READ_PERCENT_15 (Stack 0), READ_PERCENT_16 to
READ_PERCENT_31 (Stack 1): The percentage of cycles that a pseudo-channel is reading
from the HBM.
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e WRITE_PERCENT_00 to WRITE_PERCENT_15 (Stack 0), WRITE_PERCENT_16 to
WRITE_PERCENT_31 (Stack 1): The percentage of cycles that a pseudo-channel is writing
to the HBM.

Ensure reasonable values for READ_PERCENT and WRITE_PERCENT based on
PAGEHIT_PERCENT. Use the following guidelines:

e PAGEHIT_PERCENT < 75%: READ_PERCENT + WRITE_PERCENT should be 50% or less
o PAGEHIT_PERCENT >=75%: READ_PERCENT + WRITE_PERCENT should be 90% or less

The following properties are assigned by HBM IP configuration and are not modified.

e DATARATE_OO to DATARATE_15: Data rate for each memory controller in Gb/s. Properties
00 to 07 apply to Stack 0 and 08 to 15 apply to Stack 1.

e SWITCH_ENABLE_00, SWITCH_ENABLE_01: Reflects whether the dedicated AXI switch is
enabled or disabled for a stack.

The following figure is an example of Report Power output for HBM, showing the breakdown of
power between the device and HBM stacks.

Figure 14: Report Power for HBM
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Power Analysis of Virtex UltraScale+ GTM

GTMis configured using the GTM IP wizard within IP integrator block design of the IP catalog as
shown in the following figure:
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Figure 15: Configuring GTM for Report Power

Companent Name gtm_wizard_ultrascale_0Q

Basic  Physical_Resources Optional_features | FEC_Options &1

System
GT Type GTME4
Transceiver configuration preset | Start from scratch w

Transmitter Receiver

T Line rate (Gh/s) 53.125 R Line rate (Ch/s) 53r 125
Transmitter PAM mode selection FAM4 Feceiver PAM mode salection | PAM4 w
Tx User data width 128 FXx User data width 128 ~
T¥ Internal data width 128 R Internal data width 128 w
THXOUTCLK source TXPROGCDIVCLE RXOUTCLE source RXPROGDIVCLE

Differential swing and emphasis mode | Custom

Reference clock Frequency
Requested reference clock(MHz) 156.25

Actual Reference clocki{MHz) 156.25

All major parameters required for Report Power analysis can be set using UNISIM properties. The

UNISIM properties are as follows:

e MODULATION_MODE: This is the GTM signal modulation scheme and is used to select NRZ

and PAM4 signaling.

e DATARATE: This is the GTM channel line rate for given modulation scheme. For PAMA4, the
values range from 19.6 Gb/s to 58 Gb/s and for NRZ GTM linerate range is from 9.8 Gb/s to

29 Gb/s.

e FEC_MODE: This is the hardened RS-FEC usage. If this parameter is set to BYPASS, GTM
bypasses the hardened FEC block. To use FEC, set this parameter to KP4.

e INTERFACE_WIDTH: This is the GTM interface width and this property is added for future
use. As of now, the interface width is derived from MODULON_MODE.

e INS_LOSS_NYQ: This is the equalization mode. The value of this parameter should be less
than or equal to 10 dB for Low Power mode and greater 10 dB for High Performance mode.

e TX_AMPLITUDE_SWING: This is the amplitude of TX driver's differential swing and the valid

values are 250, 275, 300, ..., 1000, and1025.
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The GTM Debug mode is determined by the attribute CH* _RX_PAD_CFG1[10].
CH*_RX_PAD_CFG1[10] is the ACJTAG_EN bit for each channel and is used to determine
whether ACJTAG is active or not.

Note: When the FEC_MODE parameter is set to KP4, GTM cannot bypass the hardened FEC block when
PAMA4 signaling is used. You should ensure that the FEC_MODE parameter is set to KP4 using PAMA4.

The following figure is an example of Power report output for GTM.

Figure 16: Power Report Output for GTM
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Chapter 3

Power Analysis and Optimization in
the Vivado Design Suite

Introduction

This chapter discusses the power-related features and flows available in the AMD Vivado™
Design Suite to get you quickly started with power estimation, analysis, and optimization.
You can perform power analysis after synthesis, optimization, placement or routing. It is not
supported after RTL elaboration. You can perform power optimization only before and after
placement. Using either the Vivado Integrated Design Environment or the Tcl prompt, you can
perform power analysis and optimization, and can experiment with What If? scenarios in a
dynamic manner.

Power Analysis in the Vivado Integrated
Design Environment

The AMD Vivado™ Integrated Design Environment power-related features support power
estimation and analysis throughout the implementation of your design.

e Reporting the thermal characteristics that impact the static power of the design, including:
Thermal statistics, such as junction and ambient temperature values
Data on board selection, including number of board layers and board temperature
Data on the selection of airflow and the heat sink profile used by the design

e Reporting the device current requirements from the different power supply sources

¢ Allowing detailed power distribution analysis to guide power saving strategies to reduce
dynamic, thermal or off-chip power
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The following figure shows the typical power analysis flow. This includes the main steps required
to ensure appropriate tool input and settings before running power analysis, which ensures the
most accurate results. You can run power estimation and analysis commands from the Vivado
Integrated Design Environment or the Tcl prompt.

Figure 17: Power Analysis Flow

Netlist - Generate Netlist: Synthesis or Implementation

- Open Design Netlist
Setup - Specify Design Constraint: Timing, Simulation, Block Config
- Specify Environment Settings: Device Operating Conditions

- Run Power Analysis Algorithms
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- Review Power Report

- Analyze / Adjust / Experiment with:
Analyze - Design Activity

- Settings: Environment, Device

- Tools: Implementation, Analysis
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Supported Device Architecture

AMD Vivado™ Design Suite architecture support is described in the Vivado Design Suite User
Guide: Release Notes, Installation, and Licensing (UG973).

Supported Inputs

XDC constraints file to specify timing constraints.
Simulation output activity file results from behavioral or timing simulation results (SAIF files).

XDC/Tcl file commands to specify environment, operating conditions, tool defaults, and
individual netlist nodes activity. For AMD UltraScale+™ devices, XPE or PDM dumps the XDC
files that are sourced from AMD Vivado™ Integrated Design Environment.

The Report Power has multiple mechanisms to enter default values and node activity rates.
The list below presents the different mechanisms; the list is sorted from highest priority to
lowest.

1. Static (constant tied to GND or VCCQC).

2. User entered value in any of the Utilization Details views in the Power Results window.
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Imported simulation activity file (SAIF).

4. Imported constraint files - Clock constraints imported from constraint files (XDC) or the
design netlist.

5. Vectorless analysis - For any node not defined in any of the previously listed inputs, the
vectorless estimation will try to estimate activity based on default values combined with
the activity of inputs to the node.

6. A default value - For nodes such as design primary inputs and black box outputs that are
not subject to vectorless analysis.

Note: You can adjust default values in the Report Power dialog box. See Review Device and Design Settings
and Adjust Activity for Known Elements for more information.

Supported Outputs

e GUI I/O Bus, Net, and Cell Power properties
e GUI and text power reports

e XML based power report that can be imported into the Xilinx Power Estimator spreadsheet
tool and PDM tool

e Reporting activity rates and operating conditions through Tcl commands

Further Refining Control Signal Activity

When SAIF-based annotation has not been used for accurate power analysis, you can fine-tune
the power analysis after doing the first level analysis. Report Power extracts and lists all the
different control signals in the Signal view. You can know from the expected behavior of your
application that some Set/Reset signals are not active in normal design operation. In that case,
you might want to adjust the activity for these signals. Similarly, some signals in your application
can disable entire blocks of the design when the blocks are not in use. Adjust their activity
according to the expected functionality. Because synthesis tool and place and route algorithms
can infer or remap control signals to optimize your RTL description, many of the signals listed in
these views can be unfamiliar. If you unsure of what these signals are, let the tool determine the
activity.

Analyzing Power Reports from the Vivado Integrated
Design Environment

Power report and analysis windows are integrated into the AMD Vivado™ Integrated Design
Environment workspace as shown in the following figure. These windows enable navigation
across the different power views and cross probing to the existing view.
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Figure 18: Power Report in the Vivado Integrated Design Environment

Tcl Console Messages Log Reports Design Runs DRC Methodology Power » Timing
Q T = 4 Summary
»
Seftings Power analysis from Implemented netlist. Activity On-Chip Power
Summary (2.349 W, Margin: M/A) derived from constraints files, simulation files or
Power Supply vectorless analysis. Dynamic: 1.850W  (79%)
~ Utilization Details Total On-Chip Power: 2340 W Clocks: 0414w
Hierarchical (1.85 W) Design Power Budget: Not Specified Signals: 0.385W
Clocks (0.114 W) 79% : B
Power Budget Margin: NiA - \
~ Signals 5W) unction T ) 28 3ec Logic: o.osgw
unction Temperature: .30 .
Data (0.385 W) P WoeRAN: 1132w
- . |
Clock Enable (0 W) Thermal Margin: T17°C (491W) B cH: 0425 W (7%
SetReset (0 W) Bffective 3.4 14cnw Iio: 0D.004W  (0%)
Logic (0.089 W) Power supplied to off-chip devices: 0OW 219%
BRAM (1.132 W) Confidence level: Medium Device Static: 0499 W (21%)
Clock Manager (0,125 W) onstraint Advisor to find and fix
O (0.004 W) invalid switching activity

e The Power settings section displays all the device, tool, and environment settings used with
power calculations.

e The Summary section displays a concise view of the most important thermal and supply
power results.

Navigate through your design by type of resources with the Utilization Details section or Netlist
window to review configuration, utilization, and activity details for the selected elements in the
Statistics view of the Properties window. You can generate multiple reports to estimate power
under different operating conditions or different activity patterns. Some of the values in the
Utilization Details views (for example, Frequency in the Clocks view or Signal Rate in the I/O
view) are color coded as shown in the following figure to indicate the source of the value used by
Report Power to perform the power analysis. A legend at the bottom of the window indicates the
source specified by each color (for example, the value was supplied by a Simulation activity file,
or was User Defined, or a Default value was assigned by the vectorless propagation engine).
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Figure 19: Color Coding in the Power Window
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i} IMPORTANT! Report Power supports all AMD SoCs Processor System (PS) blocks configured through

the IP integrator. You configure the PS usage and functionality through the IP integrator. Report Power
analyzes power based on these configuration settings. The power estimate within AMD Vivado™ is read-
only; you cannot edit the Signal Rate or Static Probability of the PS specific processor, interfaces or
memory at this time. For more details on the individual fields in the PS tab of PDM tool, refer to the PS

Sheet section in the Xilinx Power Estimator User Guide (UG440) and PS section of Power Design Manager
User Guide (UG1556).

i} IMPORTANT! Report Power supports power analysis of VCU (Video Codec Unit) for Zynq UltraScale+

EV devices. VCU is configured through the IP integrator for resolution, color format and other properties.
Report Power analyzes power based on these configuration settings. For more details, refer to the Other
Sheet section in the Power Design Manager User Guide (UG1556).

Setting Power and Current Budget for AMD Devices

It is a good practice to specify the power and supply current budget for your design before
generating the power report. The design power budget is the power budget for the entire device
while the current budget is specified per power supply or power rail. To specify supply current
budget, use the commands mentioned in Power Rail Creation and Management section. To
specify power budget, use the commands mentioned in the following recommendation:
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@ RECOMMENDED: To ensure design closure, correct power constraints should be applied. Following are
some of the recommended constraints:

e Minimum recommended constraints: These constraints will ensure the power estimation checks,
the power budget, and uses the worst-case maximum process for static power analysis.

set_operating_conditions -design_power_budget <Power in Watts>
set_operating_conditions -process maximum

e Additional recommended constraints: These constraints will define the thermal solution and
based on this, Report Power will estimate the Junction Temperature and therefore the static

power more accurately.

set_operating_conditions -ambient_temp <max Ambient requested for
application is Celsius>

set_operating_conditions -thetaja <the rise in junction temperature
for every watt dissipated, obtained from thermal simulation, C/W>

While running Report Power, the design power and the individual power supply current are
compared with this power and supply current budgets. The power report includes the power
budget margin. It displays the positive margin if the design power is less than the power budget
or a red negative margin, if design power exceeds power budget. If you have not provided a
power budget, the report displays N/A for the margin. The following figure shows the power
report when you do not specify any design power budget:

Figure 20: Power Report Without Design Power Budget
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The following figure shows the power report when the design power budget is specified as 4
Watts and power margin is positive. It also displays the power margin in a negative state when
the design power budget is specified as 2 Watts.
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Figure 21: Power Report With Power Budget at Positive and Negative Margins
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When Power Margin is Negative
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The supply current budget for each power supply is displayed in the Power Supply section.

For each supply, Report Power displays positive margin when the supply current is less than

the specified budget and a negative margin appears in red when supply current exceeds the
specified current budget. If the current budget is not specified for any supply, then Report Power
displays the current budget as unspecified and margin as N/A for that supply rail as shown in the
following figure:

Figure 22: Supply Current Budget
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Power Rail Creation and Management

A rail or power rail refers to a group of supplies or power rails. In this section, a supply or

power supply refers to an individual device power supply such as Vccint and Vccram. An auxiliary
power supply can have voltage regulators that are fed by multiple sources in different phases.

To handle this, you might need to add a power rail in multiple groups to account for voltage
sources drawing current from different phases. Power rail definitions, the number of phases

for a power rail as well as phase distribution on a rail and their current budgets are typically
supplied with the target board files. AMD supports Tcl commands to overwrite board data or to
create rail definitions, update phase information, and current budgets. Following are some useful
commands:

e create_power_rail: Creates a new power rail.

create_power_rail <power rail name> -power_sources {supplyl, supply2 ,..}
create_power_rail <power rail name> -power_sources {supplyl, supply2 ,..}
-num_phases <number of phases>

create_power_rail <power rail name> -power_sources {supplyl, supply2 ,..}
-phased_power_source {<power rail name with phase info> <num_phase>}
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e delete_power_rail: Deletes an existing power rail.
delete_power_rail <power rail name>
e add_to_power_rail: Add power sources to an existing power rail.

add_to_power_rail <power rail name> -power_sources {supplyl, supply2, ..}
add_to_power_rail <power rail name> -power_sources {supplyl, supply2, ..}
-phased_power_source { <power_rail_with_phase_info> <num_phases> }

¢ remove_from_power_rail: Removes power sources from a power rail.

remove_from_power_rail <power rail name> -power_sources {supplyl,
supply2, ..}

When defined, the supply current budget can be specified for the Power Rails along with the Rail
voltage. The power budget of the Rail is the supply current budget multiplied by the Rail voltage.
Use the following command to specify the power and supply current budget:

set_operating_conditions -supply_current_budget {<supply rail name>
<current budget in Amp>} -voltage {<supply rail name> <voltage>}

i} IMPORTANT! Power rail reporting is not supported in the Report Power GUI, to view the complete results,
ensure to generate a . txt output file.

Report Power compares the current on each Power Rail against their current budget and
indicates positive and negative margin in the power text report as discussed in the previous
section. The following figure shows a power text report with Power Rails and their budgets.

Figure 23: Power Text Report
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Save and Restore Power Reports

Save and restore power reports is a new feature introduced in AMD Vivado™. This feature allows
you to save the power reports from Vivado Integrated Design Environment and then reopen
them when required. The report will be saved in the RPX format and can be opened at any time
using the following Vivado Tcl command:

open_report

When you run and open implemented design in the project mode, you see that the power report
impl_1 opens up by default like a timing report. In the checkpoint flow, you can save the report
using - rpx option with report_power tcl command:

report_power -rpx design_l_power.rpx

This saved report can be restored in Vivado Integrated Design Environment using the following
Tcl command:

open_report -name rpxl ./design_l_power.rpx

Performing What If? Analysis in the Vivado
Integrated Design Environment

To perform What If? analysis, you can set toggle rates and static probability on nets and cells in
the design. To make these settings, right-click any net or cell from the Netlist window or Power
Report and click Properties, and go to the Power view in the Properties window as shown in the
following figure. Then click the Load Properties button in the Power view. Click Edit Properties
and set the Toggle Rate and Static Probability in the Edit Power Properties dialog box that
appears, and click OK.
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Figure 24: Power View in Net Properties Window
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In the example above the Toggle Rate has been set to 1.5% and Static Probability is set to 0.8.
On the Tcl Console the following XDC constraint will be displayed when the Vivado Integrated
Design Environment commits the change on OK.

set_switching_activity -toggle_rate 1.500000 -static_probability 0.800000
[get_nets led]

ﬁ IMPORTANT! This XDC constraint makes your design out of date so use Force up-to-date to restore the
design status.

Power Constraints Advisor

Power Constraints Advisor reports the tool-computed switching activity on all control signals
in the design. Control signals include resets and enables such as Reset, Set, Clear, and Preset.
Providing reasonable switching activity ensures the most accurate power analysis.

In the AMD Vivado™ IDE, select Tools = Power Constraints Advisor to run the Power
Constraints Advisor.

O TIP: Power constraints advisor also allows you to validate the state of enables and resets to ensure worst
case power analysis. You should ensure that the highest fanout nets are correctly defined.
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Figure 25: Power Constraints Advisor
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Review the report table and modify inaccurate switching activity on critical control signals such
as inactive enables and reset signals that are asserted for excessive periods of time. The following
constraints are available in the Power Constraints Advisor report:

¢ Net: The nets are control sets, block RAM enables or Reg Enables.
e Confidence: This field shows how accurate the switching activity is for a particular net.
Following are the thresholds used by the power tools when computing the confidence level

for nets:

e Set / Reset / Preset / Clear:

Table 1: Power tool Thresholds

Confidence Static Probability
Low > 8%
Medium Between 5% -8%
High <5%

¢ Block RAM Enables:
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Table 2: Block RAM Enable

Confidence Static Probability

Low <1%

Low confidence means that the block RAM is not active in the design and should be
revisited to check the possibility of removing it.

e Reg Enables:

Table 3: Reg Enable

Confidence Static Probability

Low <3%

Medium >3%

Low Confidence informs you that the Register in the design is not active and should be
revisited. Medium Confidence informs you that the registers are enabled with reasonable
amount of time either defined by you or propagated by tool.

e Fanout: This field shows the fanout for each control signal, which is the number of driven
leaf-level primitives. Signals with higher fanout are the most important for review and
correction because they are capable of disabling downstream switching of large portions
of the design. This can result in severe under-reporting of power. Low-fanout signals with
inaccurate switching will have less impact and are therefore not important.

e Fanout Types: This field specifies if the nets are control sets (set, reset, clear, preset) or block
RAM enable. If there are multiple entries for any control net, it means that those particular
nets have multiple fanouts and they are driving different pins in fanout cells.

e Polarity: This field identifies the polarity for the control set. You should pay attention to the
polarity while setting the static probability of a net.

e Static Probability: This is editable filed and you need to enter the correct activity based on the
fanout type and polarity of the net.

o Toggle Rate: Toggle rate for the net. This is also editable and you need to enter this field based
on the static probability.

Note: By default, PCA will be sorted by Confidence as Low and Fanout as high to low. Also, the column
filtering is enabled for PCA wizard. To use column filtering, right-click on header row and click Enable
Column Filtering.

The following process is recommended for using the Power Constraints Advisor:

1. Click the Confidence column to sort it so that LOW signals are in top.

2. Hold down the Ctrl key and click the Fanout column twice to sort it by descending values.
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3. Review and define new Static Probability and Toggle Rate for all the control nets which are
LOW in confidence with fanout greater than 200.

4. Click OK to apply the constraints to the design and rerun the Report Power command.

The following are some of the examples which help you to set accurate switching activity for the
control sets and block RAM enables:

Active-High reset with Static Probability 0.9

This indicates that the reset is high (active) 90% of the time. This means that the load cells are
reset for 90% of the time, which is excessive. Change the switching activity to indicate that the
reset is inactive, a more realistic condition, by setting the Static Probability to O and Toggle Rate
to O.

Block RAM Enable with Static Probability 0 and Toggle Rate of 0

This indicates that the block RAM is never enabled, which is overly pessimistic. Assign a more
reasonable switching activity on the block RAM Enable such as a 25% enable rate, setting the
Static Probability to 0.25 and Toggle Rate to 50. Use the following command to generate the text
report for the power constraints advisor:

report_power -advisory -file power_report.pwr

Advisory table is added at the end of the this report file.

Deassertion of Resets

You can deassert all the resets in the design. This option allows you to match the power number
from tools much closely with the hardware number. You will have the option to enable/disable
this option from the report power tool or in Tcl mode. There are three options for setting the
Switching Activity for Resets:

¢ None: This is the default mode. In this mode, the report power tool will not set any value and
leave the activities as comes after vectorless propagation.

e Deassert: When you select this option, the report power tool will deassert all the resets in the
design.

e Do Not Deassert: In this mode, changes of deassert option will be reverted back to original
value.
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Figure 26: Deassertion of Resets
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The following Tcl options are introduced in set _switching_activity and
reset_switching_activity commands:

set_switching_activity -deassert_resets
This is equivalent to Deassert option for Switching Activity for Resets.
reset_switching_activity -no_deassert_resets

This is equivalent to Do Not Deassert option for Switching Activity for Resets. The Deassert
option will not be set in the following exceptional conditions:

e If areset net is connected to pins of different polarity. For example, if a reset net is connected
to both the active-High reset pin and active-Low reset pin, then the command would not try
to set value on this net.
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¢ [f a net connected to active-High reset pin is also connected to an active-High enable pin at

the same time, then this command does not do anything.

¢ Nets connected with synchronizer circuits which provide an asynchronous clear and
synchronous deassert functionality to avoid metastability issue crossing different clock

domains.

Viewing Switching Activity on Schematics

This feature allows you to observe the Static Probability and Toggle Rate information for any

particular nets in the schematic.

Figure 27: Switching Activity on Schematics
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To enable the switching activity reporting on schematics, click on the setting icon at the top right
hand corner on Schematic window and select the Static Probability and Toggle Rate for scalar or

bus pins.

Power Analysis Using the Tcl Interface

This section describes each step in a typical power analysis flow using the Tcl interface. The

following section, Power Analysis Tcl Commands, lists the commands related to power analysis.
For information on options, properties, applicable elements, or returned values for a specific

command:

e Type <command_name> -help, or
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e See Vivado Design Suite Tcl Command Reference Guide (UG835).
e See Vivado Design Suite User Guide: Using Constraints (UG903).

Power Analysis Tcl Commands

e read_saif

® set_switching_activity

® set_operating_conditions

® report_switching_activity

® report_operating_conditions
® report_power

® reset_switching_activity

® reset_operating_conditions

® set_units

Timing Constraints that Influence Power Analysis

e create_clock
® create_generated_clock
® set_input_delay

® set_case_analysis

Setting Up Power Analysis from the Tcl Prompt

Before running power analysis, you must provide the tool with information about the device
environment and the known switching activity rates for the design netlist. This ensures the
accuracy of the power estimation.

e Device Environment
¢ Netlist Element Activity

e set_case_analysis
Device Environment

Specify all device operating conditions settings such as:

e Thermal, for example:

Ambient temperature
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Heat sink
e \oltage, for example:
VCCINT
VCCAUX
. VCCO
e Device, for example:
Temperature grade

Process corner

Use the following commands:

® report_operating_conditions
Report all or the specified operating condition settings. Examples are:
report_operating_conditions # Reports all
report_operating_conditions -voltage

® set_operating_conditions
Modify the specified operating condition parameters. Examples are:
set_operating_conditions -process maximum -junction_temperature 50
set_operating_conditions -voltage {vccint 0.97 vccaux 1.71}

e reset_operating_conditions

Return all or the specified operating condition parameters to the default values for the
selected device. Examples are:

reset_operating_conditions # Resets all

reset_operating_conditions -voltage

Netlist Element Activity

Use the following commands to define the switching activity, including signal or toggle rate and
static probability, and the clock waveform information for known netlist elements.

® set_switching_activity

Set the activity of the specified elements. You can set either static probability and signal rate
or static probability and toggle rate. Examples are:
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AMDZ1

. To set default switching activity on primary ports and black box outputs of the entire
design:

set_switching_activity -default_static_probability 0.5
-default_toggle_rate 12.5

- To set the signal rate on a port/net/pin:

set_switching_activity
[get_ports din*]

-static_probability 0.5 -signal_rate 50

i} IMPORTANT! Signal rate must be > 0 when static probability is > O and <1. Similarly, static
probability must be 0 or 1 when signal rate is O. Static probability and signal rate must be specified
together.

¢ To set toggle rate on port/net/pin:

set_switching_activity
din_int*]

-static_probability 0.5 -toggle_rate 25 [get_nets

Note: The toggle rate is specific to the clock associated with the element and the valid range is O to 100.
e Setting Switching activity on a group of nodes:

The set_switching_activity command can also be used to set activity rates on a group
of nodes (called types), using the -type option. The supported types are listed in the following
table:

Table 4: Types (-type option) in Switching Activity Tcl Commands

Type Name Switching Activity Applied To PIN Name(s) Cell Name(s)
bram_enable Enable pins of block RAM ENARDEN/ENBWREN RAMB36/18
bram All the active data outputs of block | DOADO/DOBDO RAMB36/18
RAM
bram_wr_enable Write enable pins of block RAM WEA/WEBWE RAMB36/18
register Output pin of FF/Latch Q FD*
shift_register Output pin of Shift-Registers Q SRL*
lut_ram Output data pin of RAM 0 RAM(32|64|128]256)*
lut Output pin 0] LUT*
dsp All the data outputs of DSPs P/ACOUT/BCOUT/PCOUT DSP48
gt_txdata TX data in port TXDATA GT*_CHANNEL
gt_rxdata RX data out port RXDATA GT*_CHANNEL
io_output Primary outputs get_ports -filter {DIRECTION | OBUF*
= OUT} && T’ pin of OBUF* &
IOBUF*
io_bidir_enable Enable pin of Bidir ports T OBUF*
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The following section describes usage in the set _switching_activity command. To set the
specified switching activity on all LUTs in the design top scope:

set_switching_activity -type lut -static_probability 0.5 -toggle_rate 25
[get_cells]

To set the specified toggle rate and static probability on all registers in the hierarchy of
CPU/MEM:

set_switching_activity -type register -toggle_rate 0.4 -static_probability
0.5 [get_cells CPU/MEM]

To set the specified toggle rate and static probability on all registers in the hierarchy of CPU and
the hierarchy underneath:

set_switching_activity -type register -toggle_rate 0.4 -static_probability
0.5 -hier [get_cells CPU]

To set the specified switching activity on all primary outputs:

set_switching_activity -type io_output -static_probability 0.5 -toggle_rate
0.4 -all

i} IMPORTANT! Ideally, toggle rate should not include glitch rate in it, which implies that the

following condition must be satisfied, (toggle_rate,/200) =< static_probability =< 1-
(toggle_rate,/200. Use the signal rate setting for considering glitch switching, along with actual
activity rate.

i} IMPORTANT! The set_switching_activity command will not have any effect on design clock
nets. To change the activity on the clock nets, use timing constraints (create_clock,
create_generated_clock,set_case_analysis,eui

® report_switching_activity

Reports the activity of the specified elements. Displays static probability, signal rate and
toggle rate. The command also displays the source of the assigned switching activity.
Examples of report_switching_activity commands are:

- Report static probability, signal rate, and toggle rate for a single net:
Vivado% report_switching_activity -static_probability [get_ports clk_p]
clk_p: static probability = 0.5 (C)
Vivado% report_switching_activity [get_ports clk_p]l

clk_p: static probability = 0.5 (C) signal rate = 400 (C) toggle rate
= 200 (C)

The source of the assigned switching activity is expressed as: (C)=XDC Constraints,
(D)=Tool Default, (S)= SAIF Annotated, (A)=User Assigned.

- Report on group nodes:
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To report switching activity for all distributed RAMs in the hierarchy CPU/:
report_switching_activity -type lut_ram [get_cells CPU/*]
To report switching activity for all GT RXDATA in the design:

report_switching_activity -type gt_rxdata -all

See Table 4: Types (-type option) in Switching Activity Tcl Commands for information on
the supported types.

e Report average switching activity over a list of nets:

e Switching activity of abus: report_switching_activity -average [get_nets
bussed_signall*]]

e Switching activity of an instance: report_switching_activity -average
[get_nets -top -hier -filter {TYPE==SIGNAL && NAME =~
"Instance_Name"}

¢ Switching activity of whole design: report_switching_activity -average
[get_nets -top -hier -filter {TYPE==SIGNAL}

The -average option can calculate typical switching activity of existing designs, and that
activity can be applied in XPE or PDM to estimate power of similar designs.

® reset_switching_activity

Resets the activity rates (static probability, signal rate, and toggle rate) on specific netlist
elements to the tool default value. The command resets both user specified values and
Simulation activity rate settings. Examples are:

To reset default switching activity on primary ports and black box outputs of the entire
design:

reset_switching_activity -default

To reset activity rates on the entire design:
reset_switching_activity -all

To reset activity rate on specific port/net/pin:
reset_switching_activity [get_ports din¥*]

To reset activity rates on a group of nodes:

To reset the switching activity for all block RAM enables (ENARDEN/ENBWREN) in the
entire design:

reset_switching_activity -type bram_enable -all
To reset the switching activity for all LUTs in the hierarchy CPU/ and levels underneath:

reset_switching_activity -type lut -hier [get_cells CPU/MEM]
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See Table 4: Types (-type option) in Switching Activity Tcl Commands table for information on
the supported types.

® read_saif

Read an SAIF simulation output file and annotate matched netlist elements with the switching
activity described in the file. An examples is:

read_saif -out_file read_saif.rpt -strip_path tb/tb_core/core -file
routed.saif

Optionsto read_saif are:
e out_file: Dumps the unmatched simulation and design nets list into a file.

e strip_path: By default it is assumed that the design top is instantiated in the test bench.
Thus the first two levels of hierarchy are stripped while annotating SAIF data into the
design. If the simulation setup has multiple hierarchy levels, then you are expected to
specify the hierarchy to be stripped off from SAIF to better match the actual design.

The read_saif command also displays the SAIF annotation summary to show the number of
design nets matched. Ideally 100% design net match is expected for an accurate analysis.

i} IMPORTANT! If your design contains any encrypted IP/Blocks, your simulator will not dump the SAIF

information for those IP/Blocks and for any internal blocks within the encrypted hierarchy. This incomplete
SAIF information might affect the power estimation accuracy. The read_saif command will not modify
the activities on the design clock nets. Clock nets activities will be driven by the timing constraints.

read_saif command can be executed multiple times with each SAIF file. This will enable you
to read multiple SAIF files for different blocks in design. Report power then estimates the power
by considering the switching activity information from all the SAIF files. If common nets exist in
multiple SAIF files, then the switching activity will be applied from the last read SAIF file using
read_saif command.

e create_clock
Synthesis and implementation constraint to specify clock waveforms. An example is:
create_clock -name clk -period 5 [get_ports clk]; # 200MHz

® create_generated_clock

Synthesis and implementation constraint to specify generated clock waveforms. An example
is:

create_generated_clock -name gen_clk -source clkl -divide_by 2 [get_net
-hier sys_clk]

® set_input_delay
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Associates primary inputs to the specific clock. This is very important in a multi-clock design,
especially if the primary port is launched at a different clock. An example is:

create_clock -name clkl -period 5 [get_ports clk]

set_input_delay -clock clkl 1 [get_ports dl

Note: If the primary ports are not associated with any clock, then the switching rate is computed based
on the capturing clock in the path.

By default, create_clockand create_generated_clock are defined in the XDC file and
you need not rerun them. However, to do What If? analysis, such as by changing the clock
frequency for Report Power, create_clock of create_generated_clock must be used to
reflect the change.

set_case_analysis

For global clock primitives (BUFG, BUFGCE, BUFGCE_DIV, BUFG_GT, BUFGCTRL), the enable
and selection of clock are determined by set _case_analysis command. This command
guides the timing analyzer to identify the clocks across clocking logic. For example the select
signal of BUFGMUX must be set using set _case_analysis to guide the timing analyzer's
clock selection. This in turn helps Report Power to estimate power using the right clock. For
BUFGCE clock buffers, the CE input must be set using set _case_analysis to enable or
disable the clock output.

Minimum Input Set
Before performing power estimation:

e Make sure the activity is defined for all clocks in your netlist.

e [f possible, specify the activity of all primary input ports in your design by using the Tcl
commands or by reading a simulation output file. These port activity rates determine the
internal logic activity rates. Therefore, if the tool’s default settings do not match your
application, the internal logic activity can be inaccurate.

¢ If known, specify the activity of any high fanout nets that you defined in your HDL code, such
as global set, reset, and clock enable signals.

When reading the simulation result file, make sure the activity is representative of the worst
case design functional activity (that is, the simulation result at which the maximum design code
coverage is achieved). Using simulation results from basic and corner case tests can lead to
inaccurate power estimations.
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Running Power Analysis from the Tcl Prompt

After all environment and activity settings are defined, you can run the power analysis algorithm
using the report_power command. An example is:

Vivado% report_power -file routed.pwr -xpe design_top.xpe
The tool does the following:

1. Loads your environment settings and design netlist.
2. Annotates activity for any netlist element you specified with input files or Tcl commands.

Note: For all undefined nodes, the tool uses the vectorless propagation engine to estimate activity,
taking into account activity of known elements and logic configuration and connectivity.

3. Calculates and reports the design thermal and supply power.

Analyzing Power Reports from the Tcl Prompt

To analyze the design power, start by reviewing the total thermal and supply power information
in the power report as shown in the following figure. Then, depending on your design margin
against requirements, you can review the resource or hierarchy sections. These sections show
the design power distribution at a more detailed level. As a result of your analysis, you can return
to XPE or PDM and perform design architectural scenarios. You can perform What If? scenarios
to evaluate the impact of changes in the settings for:

e Environment

e Device

Implementation

Power tool
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Figure 28: Text Report Generated for Power and Thermal Information
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Use Model Examples

Using the cpu_hd1 design included with the Vivado tools, the following scripts provide
examples for most of the commands discussed in the previous sections. You can perform power
reporting dynamically using Tcl commands. For example:

vivado -mode batch -source power_analysis.tcl

You can also use a Tcl script. The script examples below assume that you are using the batch
mode for sourcing the script.

Example 1: Post-Synthesis and Post-Implementation Power
Estimation and Comparison in Project Mode

ffee====c=c====c=c===== Setup estimation ---------------------

# Open example project with HDL source files and timing constraints
create_project project_1 $work_dir/project_1 -part xc7k70tfbgb676-2 -force
set_property target_language VHDL [current_project]
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instantiate_example_design -template xilinx.com:design:cpu_hdl:1.0
e Run Synthesis then Power estimation

# Run Vivado Design Suite synthesis and automatically
launch_runs synth_1
wait_on_run synth_1

#open design
open_run synth_1

# Display tool default assumed operating conditions
report_operating_conditions -all

# Set specific device and environment operating conditions
set_operating_conditions -ambient 25
set_operating_conditions -voltage {vccint 1.0 vccaux 1.711}

# Generate verbose post-synthesis power report
report_power -verbose -file exl_post-synthesis.pwr

fomm oo Run Implementation then Power estimation

launch_runs impl_1
wait_on_run impl_1

#open design
open_run impl_1

# Generate post-implementation verbose power report
report_power -file exl_post-implementation.pwr

# Return operating conditions to default for device
reset_operating_conditions -ambient -voltage {vccint vccaux}

Example 2: Post-Synthesis and Post-Implementation Power
Estimation and Comparison in Projectless Mode

oo m e e Setup estimation ---------------------

# Open netlist in projectless mode
read_edif -name top.edf

# AND 1link the design
link_design

# OR open Vivado checkpoint
open_checkpoint -file post_synth.dcp

# read design constraints, if it is not part of a design checkpoint (DCP)
read_xdc -name top_full.xdc

# Display tool default assumed operating conditions
report_operating_conditions -all

# Set specific device and environment operating conditions
set_operating_conditions -ambient 25

set_operating_conditions -voltage {vccint 0.95 vccaux 1.71}

R Power estimation at post synthesis ----------------
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# Generate verbose post-synthesis power report
report_power -verbose -file exl_post-synthesis.pwr

#----Run various Implementation steps then run Power estimation after every
step ----

opt_design

report_power -verbose -file exl_post-opt_design.pwr
power_opt_design ;# Optional

report_power -verbose -file exl_post_pwr_opt_design.pwr
place_design

report_power -verbose -file exl_post_place_design.pwr
phys_opt_design ;# Optional

report_power -verbose -file exl_post_phys_opt_design.pwr
route_design

# Generate post-route verbose power report
report_power -verbose -file exl_post_route_design.pwr

# Return operating conditions to default for device
reset_operating_conditions -ambient -voltage {vccint vccaux}

Example 3: Examine and ensure Static Probability values on resets
are accurate

# Query the Static Probability value of the reset
report_switching_activity -static_probability [get_ports reset]
# Output dis - reset: static probability = 0.5 (D)

# Set Static Probability value and signal rate of reset to 0
set_switching_activity -static_probability 0.0 -toggle_rate O [get_ports
reset]

# Generate post-route verbose power report
report_power -verbose -file exl_post_route_design.pwr

Example 4: What If? Design Analysis/Report, Edit, and Reset Design
Activity

Working with power analysis can be very dynamic, allowing you to explore What If? scenarios on
the fly. Open the previously implemented design, and enter or source the following commands.
This modifies activity for control signals (clock enable and reset) in submodule fftEngine to
evaluate the impact on power for this hierarchical level and the entire design.

e Report power and activity with default settings

# Report power
report_power -file ex3_power_before.pwr

# Get activity of signals of interest
report_switching_activity [get_nets {[fftEngine/reset fftEngine/wb_we_i_reg}]

R scenario with no reset and higher CE activity --------------
# disable reset and enable clock enables in module fftEngine most of the

time
set_switching_activity -static_probability 0 -signal_rate 0 [get_nets
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fftEngine/reset_reg]

set_switching_activity -static_probability 1 -toggle_rate 0 [get_nets
fftEngine/wb_we_i_reg]

report_power -file ex3_power_no_reset_activ.pwr
report_switching_activity [get_nets fftEngine/reset_reg fftEngine/
wb_we_i_reg]

R scenario with active reset and low CE activity ---------

# enable reset and disable clock enable in module fftEngine most of the time
set_switching_activity -static_probability 1 -toggle_rate 0 [get_nets
fftEngine/reset_reg]

set_switching_activity -static_probability 0 -signal_rate O [get_nets
fftEngine/wb_we_i_reg]

report_power -file ex3_power_reset_activ.pwr

report_switching_activity [get_nets fftEngine/reset_reg fftEngine/
wb_we_i_reg]

Power Optimization Feature

The AMD Vivado™ design tools offer a variety of power optimizations to minimize dynamic
power consumption in your design. These optimizations use ASIC style clock gating techniques
to minimize activity on portions of the design that do not contribute to the design output or
those that do not require design state update for that clock cycle. These optimizations can be
applied on the entire design or on selected portions of the design as shown in the following
figure.

Note: For Versal devices, power_opt_design, set_power_opt, and report_power_opt commands are
currently not supported.

The dynamic power consumption of a device is determined by the operating clock frequency (f),
node capacitance (C), device operating voltage (V), and the activity (a) on various nodes in the
design. For most designs, several of the above parameters are typically fixed either by the device
technology (for example, voltage) or by design requirements (for example, operating frequency).
However, there are several nodes in the design that do not affect the output of the device but
still continue to toggle. This constitutes a significant portion of wasted dynamic power. You can
use the clock enables (CE) in the device for gating such nodes. While this is possible through
optimal coding techniques, this is rarely done by the designer either because the design contains
intellectual property (IP) from other sources or because of the amount of effort involved in
performing such fine grained clock gating. Vivado automates these power optimizations under a
single command to maximize power savings while minimizing your effort.

Vivado performs an analysis on the entire design, including legacy and third-party IP blocks, for
potential power savings. It looks at the output logic of sourcing registers that do not contribute
to the result for each clock cycle and then creates fine-grained clock gating and/or logic gating
signals that neutralize unnecessary switching activity.
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Figure 29: Intelligent Clock Gating
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The intelligent clock gating optimization also reduces power for dedicated block RAM in either
simple dual-port or true dual-port mode as shown in the following figure. These blocks provide
several enable signals: an array enable, a write enable, and an output register clock enable.
Most of the power savings comes from using the array enable, and the software implements
functionality to reduce power when no data is being written and when the output is not being
used.

Figure 30: Clock Gating Optimizations Using Block RAM Enables
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AMD intelligent clock gating optimizations do not modify user logic but instead create additional
gating logic. Therefore the functionality of the design is preserved at all times. However, this
optimization could impact timing, especially if the optimization is applied on critical paths.

Block RAM WRITE_MODE Power Optimizations

For block RAMs in true dual port (TDP) mode, the WRITE_MODE can be changed from
WRITE_FIRST to NO_CHANGE safely if the output of that port is not connected or the
corresponding output is not needed during write operation. Similarly, for block RAM in true
dual port (TDP) mode, the WRITE_MODE can be changed from READ_FIRST to NO_CHANGE
safely if the corresponding output port is not connected.

In addition to the above optimization, for block RAM in Simple Dual Port (SDP) mode,
WRITE_MODE of both the read and write ports can be changed to NO_CHANGE safely if the
read and write port clocks are asynchronous. These changes help to save power in the write
cycle by not updating the output port of the block RAM. This optimization will be performed only
when there is no impact to user defined functionality and performance.
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Block RAM Cascade Optimizations

If block RAMs are found to be cascaded, because only one block RAM can be active at any
time, the rest of the block RAMs can be disabled based on address and any existing enable
conditions. This enables large power savings. These optimizations are performed by default in
the opt_design phase in the AMD Vivado™ Design Suite.

Versal adaptive SoC block RAM Power Optimization only includes two types of optimizations:

¢ Write Mode Optimization: Change the WRITE_MODE of the respective port to
NO_CHANGE if the output is not consumed on the following clock cycle.

e Structural Optimization: Swap the EN and WE on write-only ports to reduce enable time.

Performing Power Optimization in the Vivado
Integrated Design Environment

Power optimizations are performed during two stages in Vivado:

e opt_design

e power_opt_design

Optimizations that are performed during the opt_design phase occur without user intervention.
These optimizations primarily focus on power savings on block RAMs,

i} IMPORTANT! Power optimization might impact the timing performance of your design during
opt_design, power_opt_design,or both.

For AMD UltraScale™ devices, the more aggressive block RAM power optimizations that can
negatively impact timing are included only in power_opt_design. This allows performance to
be traded for power savings. For AMD UltraScale+™ devices, XPM-URAM power optimization
OoCCurs in power_opt_design.

By default the opt _design command performs block RAM power optimization. Block RAM
power optimization can also be run explicitly and standalone by using the -bram_power_opt
option:

opt_design -bram_power_opt

To enable power optimization through power_opt_design in the AMD Vivado™ Integrated
Design Environment, check the is_enabled option available by selecting Tools = Project Settings
— Implementation = Power Opt Design as shown in the following figure. Once enabled, power
optimization is run as a part of the implementation step in the Vivado Integrated Design
Environment. To set fine grained control over optimization and to report the result of the
optimization, refer to the Power Analysis Tcl Commands section.
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Figure 31: Power Optimization Option

-
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Displaying a Power Optimization Report in the
Vivado IDE

In the AMD Vivado™ IDE you can display a power optimization report that describes the power
optimizations that have been performed on your design. You can display the power optimization
report after synthesis or after implementation.
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IMPORTANT! In Vivado, power optimization is performed during the opt_design and
power_opt_design stages of the Vivado design flow. Both of these stages occur during
implementation, which occurs after the design has been synthesized. If you generate a power optimization
report on the synthesized design, the report will only contain information about the power optimization
features that were coded into your original design (for example, gating a block RAM using a clock enable
(CE)). The report will not detail power optimizations performed later by the tools, during implementation.

To display a Power Optimization Report in the Vivado integrated design environment:

1. Inthe Flow Navigator, select Open Synthesized Design or Open Implemented Design.
2. Select Reports = Report Power Optimization.

The equivalent Tcl command to perform this operation is:

report_power_opt -name <report_name>

3. In the Report Power Optimization dialog box, specify the following options.

e Results name: Specify the name under which the power optimization report appears in the
Vivado IDE.

o Export to file: Check this box to generate a text report in addition to the power
optimization report in the Vivado IDE. Specify a file name and location for the text report,
and select whether this is a TXT or XML file.

e Open in a new tab: Check this box to add this new power optimization report to any
other power optimization reports currently displayed in the Vivado IDE. Leave this box
_unchecked to replace any power optimization reports currently displayed in Vivado

¢ Report Power Optimization @

Report power optimization.

Results name: power_opt_1| |

Export to file:
Output file format:

¥'| Openin a new tab

4. Click OK.

A power optimization report appears in the results windows area of the IDE with this new
power optimization report.
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You can select from different views of the power optimization report.

For a description of the power optimizations Vivado Integrated Design performs, see Power

General Information: Information about your design, the AMD device into which your design
is implemented, and the Tcl command that generated this power optimization report.

Summary: Count of block RAMs, SRLs, and Slice Registers that the user optimizes in the

design and by the power optimization tool.

Recommendations: Things you can do to further optimize your design for power.

Hierarchical Information: Details of the block RAMs, SRLs, and Slice Registers for which

Vivado has performed power optimization.

Optimization Feature and Block RAM WRITE_MODE Power Optimizations.

TIP: If any hierarchical module or instance is tagged with a DONT_TOUCH attribute, Power Optimization
does not optimize this logic.

Performing Power Optimization Using the Tcl
Interface

There are four power optimization Tcl commands in AMD Vivado™:
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® set_power_opt
e opt_design -bram_power_opt
® power_opt_design

® report_power_opt

These commands can be used to enable power optimization as well as control portions of
the design that are to be optimized, and to generate a report that shows the effect of

the optimizations performed. For information on options, properties, applicable elements, or
returned values for a specific command:

e Type <command_name> -help

e See the Vivado Design Suite Tcl Command Reference Guide (UG835) and the Vivado Design Suite
User Guide: Using Constraints (UG903)

Setting Power Optimization Constraints

Prior to running power optimization, you can optionally set power optimization constraints to
identify portions of the design that need to be optimized for power. The set _power_opt
command provides you the option to include or exclude cell types, hierarchy levels or clock
domains for power optimization.

O TIP: You need to use the power_opt_design command to enable the power optimization step. The
set_power_opt command is used only for targeting the optimization.

The syntax for the set _power_opt command is:

set_power_opt [-include_cells <args>] [-exclude_cells <args>] [-clocks
<args>] [-cell_types <args>] [-quiet] [-verbose]

Table 5: set_power_opt Options

Option Name Optional Default Description
-include_cells Yes All Include only the listed cells
for clock gating
-exclude_cells Yes None Exclude the listed cells from
clock gating
-clocks Yes All clocks Clock gate the cells clocked

by the listed clocks only

-cell_types Yes All Clock gate the following
cell typesonly: [alllbranl|
uram|/reglsrlinone]

-quiet Yes N/A Ignore command errors

-verbose Yes N/A Suspend message limits
during command execution
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Examples

The following example sets power optimization for block RAM and REG type cells, then adds
SRLs:

set_power_opt -cell_types {bram reg}
set_power_opt -cell_types {srl}

The following example sets power optimization for block RAM cells only, then excludes the
cpuEngine block from optimization, but then includes the cpuEngine/cpu_dbg_dat_i block:

set_power_opt -cell_types bram
set_power_opt -exclude_cells cpuEngine
set_power_opt -include_cells cpuEngine/cpu_dbg_dat_i

Running Power Optimization

Power optimization works on the entire design or on portions of the design (when
set_power_opt is used) to minimize power consumption. Power optimization can be run
pre-place or post-place in the design flow. The pre-place power optimization step focuses on
maximizing power saving. This could result in timing degradation in rare cases. If preserving
timing is the primary goal, the post-place power optimization step is the recommended option.
This step performs only those power optimizations that preserve timing. You could also run
phys_opt_design -bram_enable_opt at post-place to revert some of the block RAM
enable optimizations which affect timing. A typical pre-place power optimization script would be:

synth_design
opt_design
power_opt_design
place_design
route_design
report_power

The syntax for this command is:

power_opt_design [-quiet] [-verbose]

Table 6: power_opt_design Options

Option Name Optional Default Description
-quiet Yes N/A Ignore command errors
-verbose Yes N/A Suspend message limits

during command execution
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Generating a Power Optimization Text Report

The report_power_opt command provides you with a text report containing a hierarchical
breakdown of all the cells including block RAMs, SRLs, and registers that have been optimized for
power. It provides information on the enables used for each cell and if the enables were created
by AMD Vivado™ (or by the user). The syntax for this command is:

report_power_opt [-cell <arg>] [-file <arg>] [-quiet] [-verbosel

Table 7: report_power_opt Options

Option Name Optional Default Description

-cell Yes Top level Report power optimization
for a specific cell

-file Yes None Write the report into the
specified file. The specified
file will be overwritten if one
already exists

-quiet Yes N/A Ignore command errors

-verbose Yes N/A Suspend message limits
during command execution

Examples

The following example creates a file named myopt.rep and reports power optimization for the
entire design:

report_power_opt -file myopt.rep

The following example creates a file named myopt.rep and reports power optimization for the
mctrlO sub-hierarchy of the design:

report_power_opt -file myopt2.rep -cell mcoreO/mctrlO

Guidelines to Maximize Power Saving with Power
Optimization

To maximize power savings when you run power optimization in the AMD Vivado™ tools, you
should run power optimization on the entire design and not exclude portions of the design. If you
do not see anticipated power savings after enabling power optimization, make sure the design is
properly constrained. Check to see if all registers in the design have been constrained, using the
check_timing command.
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If the design has been constrained correctly, then review the design for potential coding styles
that could impact power optimizations. The three areas of potential debug are the global set and
reset signals, block RAM enable generation, and register clock gating. A low number of power
optimization generated enables could indicate the need to review coding practices or options/
properties set for design synthesis and implementation.

e Global set and reset signals

Where possible, minimize the use of asynchronous set/reset signals especially to datapath or
pipeline flip-flops as well as block RAMs (block RAM).

You should also consider constraining the global set and reset signals as dont_touch during
the power_opt_design step to avoid their use as enables. Note that setting dont_touch
property in HDL will cause every step in the flow to obey this property. It is recommended
that this option is set up as an XDC constraint only for the power optimization step. Here is an
example of how to do this:

set_property DONT_TOUCH true [get_cells ull

Finally, ensure that the signal rate and probabilities of the global set and reset signals are set
correctly prior to running power optimization and vectorless power estimation.

e Slice registers and SRLs

A number of different reasons could explain why power_opt_design might not be able to
generate clock enables for slice registers or SRLs in the design. Some examples are:

Having combinatorial loops in the design

Using set/reset signals at the flip-flops and SRLs that are sourced from primary inputs to
the design

Using asynchronous set/reset signals at the datapath flip-flops

- Large number of clock domains in the design preventing enables being generated due to
clock domain crossing issues

» SRL sizes: Typically the larger the number of shift register stages in the SRLs, the more
difficult it is to generate a single clock enable for all stages

¢ Block RAMs

Block RAM rich designs are excellent candidates for power savings. Vivado uses a variety of
optimization techniques to generate enables and save power. If block RAM gating coverage is
low after using power_opt_design, some of the possible reasons could be:

Block RAMs are mainly FIFO18/FIFO36 cells. These cannot be optimized by the tool.

Memories inferred or instantiated are mainly in true dual port (TDP) mode
using asynchronous clocks on their A and B ports that cannot be optimized by
power_opt_design
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Use of asynchronous reset signals to either the block RAM themselves or to the address/
write-enable flip-flops feeding the block RAMs.

Preserving Timing After Power Optimization

Power optimization works to minimize the impact on timing while maximizing power savings.
However, in certain cases, if timing degrades after power optimization, you can employ a few
techniques to offset this impact.

Where possible, identify and apply power optimizations only on non-timing critical clock
domains or modules using the set _power_opt XDC command. If the most critical clock domain
happens to cover a large portion of the design or consumes the most power, review critical paths
to see if any cells in the critical path were optimized by power optimization.

Note: Objects optimized by power optimization have an IS_CLOCK_GATED property on them. Exclude
these cells from power optimization. To locate clock gated cells, you can use the following Tcl command:

get_cells -hier -filter {IS_CLOCK_GATED==1}

You can use the Find dialog box to locate these cells as shown in the following figure.

Figure 32: Finding Power Optimized Cells

g Find ==

,:0:, Find objects in the current design or device by filtering Td properties and objects.

Results name | find_1

Find Cells -
Properties
IS_CLOCK_GATED * |[ig v |[true = [+
Regular expression Ignore case || Search hierarchically
Of Objects |:|

Command: | show_objects -name find_1 [get_cells -hierarchical -filter { I5_CLOCK_GATED == "TRUE"™ } ]

¥| QOpenin a new tab

| CK | | Cancel
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A simpler alternative is to limit power optimization to block RAMs. This minimizes the timing
impact but its effectiveness is dependent on the number of block RAMs present in the design
and how effectively they have been gated. To limit power optimization to block RAMs, run
aset_power_opt -cell_types {bram} command before runningthe opt_design or
power_opt_design commands.
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Chapter 4

Achieving an Accurate Power
Analysis Using Vivado Report Power

Introduction

Accurate power estimation is always challenging for the software tools, because the tools have
to assume various factors on their own. If you can guide the tool as much as possible to minimize
these assumptions, you can achieve a more accurate power estimation. For an accurate power
analysis, the following factors must be considered:

Thermal Settings
Power Supply Settings
Clock Specifications
Control Signals
Primary Inputs

Component Level

Thermal Settings

Ideally, static power is the sum of source to drain and gate leakage power in the transistor. Static
power is purely dependent on Thermal conditions. Providing more accurate thermal information
is a basic requirement for accurate power estimation.
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Process Corners

When devices are fabricated, each device has variations of performance and power consumption,
due to the manufacturing process. Report Power offers static power estimation for two process
corners, typical and maximum. Ideally all devices should meet the typical estimation value.

But process variations result in a distribution of devices, which needs to be centered on the
typical value, adjusted manually based on process variation for any particular device. A maximum
setting, however, guarantees that the reported numbers are within operating range and closer to
hardware measurements. At a fixed Junction Temperature, the expected variation in static power
from typical to maximum would be ~2.5X on devices.

i} IMPORTANT! Use the maximum Process setting to achieve worst-case static power accuracy.

In AMD Vivado™, the default Process is typical in Report Power. This can be changed to
maximum in the Environment tab of the Report Power dialog box:

Figure 33: Setting the Process for Report Power

¢ Report Power @
Estimate power consumption based on the netlist design and part xc7k325tfg900-2 ‘
Results name: | power_2
Environment  Power Supply | Switching | Output
~
Device Settings
Temp grade commercial ~
Process: (] maximum vl)
Environment Settings
Output Load 0 : pF  [0-10000]
Junction temperature: 25278 °C
Ambient temperature: 25 : °C
Effective SJA: 1776 *CAY [0-100]
Alrflow: 250 ~ LFM
Heat sink medium (Medium Profil... «
FEA *CAY [0-100]
Board selection: medium (10710 “
Mumber of board layers: 12to15 (12 to 15 Layers) «
4JB: *CAY [0-100]
Board temperature: "C  [-55-85] v
>
Legend
User Defined Calculated Default
®
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Equivalent Tcl command:

set_operating_conditions -process maximum

Junction Temperature

Leakage current increases exponentially with Junction Temperature, which results in higher static
power. Junction Temperature depends on various factors: the total power of the device, the
cooling system, board selection, and ambient conditions. By default the Junction Temperature

is computed based on other Thermal setup inputs: Ambient Temperature, Heat Sink, Board
Selection, etc. Because Junction Temperature is directly proportional to total power, it varies
when dynamic power increases. It is very important to specify the right Junction Temperature to
estimate accurate static power.

ﬁ IMPORTANT! Read the Junction Temperature at the time when power is measured on the hardware and
overwrite the existing setting in the Report Power dialog box.

To set Junction Temperature in the AMD Vivado™ IDE, enable the Junction Temperature check
box in the Environment tab of the Report Power dialog box and enter the value.
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Figure 34: Setting Junction Temperature for Report Power

¢ Report Power @
Estimate power consumption based on the netlist design and part xc7k325tfg900-2. ‘
Results name: | power_2
Environment  Power Supply Switching Output
~
Device Settings
Temp grade: commercial -
Process: maximum w
Environment Settings
Output Load: 0 : pF  [0-10000]
Juncﬂontemperature: ( 2745 : C)
Ambient temperature: 25 : °C
Effective SJA: 1776 °CAaW [0-100
Airflow: 250 | LFM
Heat sink: medium (Medium Profil... ~
F5A: “CAW [0-100
Board selection: medium (10%10 ~
Number of board layers: 12to15 (12 to 15 Layers)
3JB: “CAW [D-100
- Board temperature: *C [-55-85] s 2
Legend
User Defined Calculated Default

Equivalent Tcl command:
set_operating_conditions -junction_temp 45

You can measure approximate Junction Temperature by placing a simple thermistor or other
hand-held temperature measurement device on the AMD device. If one of the AMD Hardware
Programing tools is used to program the devices, then you can read the Die Temperature values.
For example, ISE-Impact reads Die Temperature values when you select Debug — Read Status
Register. Vivado Hardware Manager graphically drafts the Die Temperature plots in the System
Monitor Window.
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Power Supply Settings

Voltage scaling is one of the prominent power saving approaches in AMD devices. There are
different voltage rails to supply specific voltages to logic in the device. Each Device Data Sheet
lists the recommended operating conditions of these rails. For example, AMD Kintex™ 7 devices
can operate with a VCCINT rail between 0.97V and 1.03V. You can make use of voltage scaling
to meet your power budget. In the Hardware setup, these rails are supplied by external Power
Regulators with fine-grained controls. Because power increases when supply voltage increases,
you must provide the exact supply voltage to estimate power accurately.

IMPORTANT! Specify accurate power supply values in the Power Supply tab of the Report Power dialog
box.

To specify power supply voltages in the AMD Vivado™ Integrated Design Environment, enter the
values in the Power Supply tab of the Report Power dialog box.

O TIP: While moving away from the nominal voltage, ensure that the MIN and MAX voltage specification
for the rail can still be met. This does not impact the positive or negative margin available for the power
delivery and PDN to supply the required power for transient events. The AC ripple and DC tolerance must
remain within the data sheet specification.
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Figure 35: Setting Power Supply Values for Report Power

¢ Report Power @

Estimate power consumption based on the netlist design and part xc7k325tfg900-2. ‘

Results name: | power_1

Environment Power Supply Switching Output

Settings
Veeint: \.f [0.870-1.030
Veeaux: 1800 2 vV [1710-1890
Veen33: 3300 5|V [1.140-3.465
Veoo25: 2500 5|V [2380-2630
Weco18: 1.800 : W 1.140 - 1.890
Veco1s: 1500 5|V [1430-1580
Veco135: 1350 5|V [1.300-1.400
Vecol12: 1200 5|V [1.140-1.260
Vecauy_io: 1800 T Vv
Vecoram: 1000 S v
MGTAVEC: 1000 LV
MGTAVL: 1200 SV
MGTVecaux: 1800 2 v
Vecade: 1800 S vV [1710-1890

Legend

User Defined Calculated Default
@

Equivalent Tcl command:

set_operating_conditions -voltage {vccint 0.98 vccaux 1.8}

Clock Specifications

Design clocks are the main component for dynamic power computation. If no clocks are
defined, switching activity estimates will be inaccurate, resulting in inaccurate power estimates.
A clock node is identified from timing constraints which are defined using create_clock or
create_generated_clock XDC commands.

Note: All the required clocks in the design must be defined using create_clock or
create_generated_clock commands.
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The Switching tab of the Report Power dialog box displays all the clocks defined in the design.

Chapter 4: Achieving an Accurate Power Analysis Using Vivado Report Power

Figure 36: Constrained Clocks for Report Power

’

Report Power @
Estimate power consumption based on the netlist design and part xc7k325tfga00-2. ‘
Results name: | power_1
Environment | Power Supply | Switching Output
Bidi Qutput Port Enable [0.0-1.0] [0-100]
Toggle Rate Settings
Static Probability Togale Rate
Primary Qutputs: [0.0-1.0] [0-100]
Logic
Registers: [0.0-1.0] [0-100]
Shift Registers: [0.0-1.0] [0-100]
Distributed RAMS: [0.0-11.0] [0 - 100]
LUTs: [0.0-1.0] [0 - 100]
DSPs: [0.0-1.00 [0-100]
Block RAMs: [0.0-1.0] [0-100]
GTs
RX Data: [0.0-1.0] [0-100]
T¥ Data: [0.0-1.0] [0 - 100]
~ Constrained Clocks
Clock Period
sys_cli_in_p Ens
clk_0 5ns
clkoutd 10 ns
)

Make sure all the clocks defined in the design are displayed. Once Report Power runs, the Power

Report confirms the percentage of clocks defined in the design when you view the Confidence
Level details from the Summary page. This guides you to make sure there is a HIGH confidence

level on Clock Activity.
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Figure 37: Confidence Level and Specified Clocks
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In Tcl mode, use the get _clocks and report_clocks commands to get the list of defined
clocks. The text report gives the Confidence Level on Clock Activity:

report_power

-file power.rpt

Figure 38: Text Report - Confidence Level for Clock Activity
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Control Signals

Global and Regional Resets

The Activity rate on Global Resets could change the power estimation dramatically. It conveys
the state of each logic block in the design and the probability of logic output changes. If it is not
set with the right switching information, you can get unrealistic power estimates. For example,
ideally Reset is expected to be asserted (active) at the beginning of the run for a few cycles and
remains inactive the rest of the time. This could be denoted in terms of switching activity as:

Report Power identifies primary ports which are found to be global resets and applies the above
switching activity. It uses a very conservative and safe way to identify the global resets - the
ports which are directly connected to Reset pins of leaf primitives. However this does not

help much on complex designs where the Reset logic is generated internally through special
logic circuits (reset generator, debouncer, reset stretching, etc.). When there is logic involved

to generate Reset, Report Power is not aware of design intent and does not apply any default
switching information on it.

Figure 39: Reset Logic

Lock user_reset

MMCM Y

Clk_reset_gen

X14354-012120

In this situation, the Reset activity information is derived from the generated logic using a
probabilistic computation and propagation algorithm. Probabilistic computation is done at the
leaf primitive level of logic. At times, the probabilistic algorithm lags handling of specific logic
blocks, such as deep nested feedback logic. This results in unexpected switching activity on
Reset nets.

@ RECOMMENDED: Make sure to supply the correct switching information on global/regional Reset nets.

The designer is expected to be aware of such global reset nets in the design. Set activity rates
directly on these nets in the Power tab of the Net Properties window.
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Figure 40: Setting Net Activity Rate
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Equivalent Tcl command:

set_switching_activity -static_probability 0.01 -signal_rate 2 [get_nets ul/
clkRst_gen/user_reset]

The Power Report also helps identify the Reset nets in the design, so you can verify the switching
information on these nets and take corrective action. You can run a first trial run of Report Power
using the default settings to analyze the activity on Reset nets.

Figure 41: Reset Net in the Power Report
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Note that the Power Report also shows the number of logic cells that are affected by this Reset
net: Fanout. If the initial switching activity estimation does not seem correct, you can select the
net in the Power Report (as shown above) and edit the Power properties in the Net Properties
window.

Note: Report Power displays both Preset/Set and Reset nets combined in the design. The above guidelines
for Reset nets also apply to Preset/Set nets.

Global Clock Enables

In general, dealing with Clock Enables is less complex than dealing with Reset. In most of the
design usage, it is obvious and straightforward. However, Clock Enables can grow as complex as
Reset on power aware designs in which Clock Enables are extensively used and are controlled
using special logic circuits. Dynamic power on logic cells depends on the switching activity of
Clock Enables. If the activity rates are not set properly, it will easily result in inaccurate numbers.

For example, Enable is expected to be asserted (active) throughout the run and remains inactive
only when the logic cell is not being used - if at all explicitly controlled to save power. This could
be denoted in terms of switching activity as:

Report Power identifies primary ports which are found to be global enables and applies the
above switching activity. It uses a very conservative and safe way to identify the global enables:
the ports which are directly connected to CE pins of leaf primitives.

@ RECOMMENDED: Make sure to supply the correct switching information on global/regional Enable nets.

The Power Report also helps identify such Enable nets in the design, so that you can quickly
validate the switching information on these nets and take corrective action. You can run a first
trial run of Report Power using the default settings to analyze the activity on Enable nets.
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Figure 42: Clock Enable Net in the Power Report
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Note: The Power Report also gives information about the number of logic cells that are affected by this
Enable net, in the Fanout and Logic Type columns. If the initial switching activity estimation does not
seem correct, you can select the net in the Power Report and edit Power properties in the Net Properties

window.

Primary Inputs

Common nodes are taken care of with the above recommendations. However, design specific
handshaking (protocols, memory interface, etc.) and data ports also need attention. Ideally, the
activity rates on primary ports decide the overall activity of the design, which influences the
dynamic power accuracy. Report Power assigns a default switching activity of Toggle_rate=12.5
and Static_Probability=0.5 on primary inputs (except clock and control ports). These values mean
that the port will toggle once in eight clock cycles, and 50% of time the port stays at High

(Logic 1). This assumption works fairly well on data ports. But it will have a huge accuracy

impact when it is applied to handshaking nodes. This emphasizes the importance of correct
switching information settings on primary inputs. The default activity settings can be found in the

Switching tab of the Report Power dialog box:
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Figure 43: Setting Default Switching Activity
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You can change the default values which will be applied to all primary inputs (non-clock and
non-control). Equivalent Tcl command:

set_switching_activity -default_static_probability 0.5 -default_toggle_rate
25

The same activity rate is applied to all the primary inputs - Report Power does not understand
and distinguish handshaking ports from data ports. So it is important to specify the activity
rates manually for the handshaking ports. This can be done either through the AMD Vivado™
Integrated Design Environment or a Tcl command.

Note: Make sure correct switching values are set on primary I/O Ports.

In the Power Report, the I/O section lists all the ports and corresponding switching activity
information.
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Figure 44: 1/0 View in the Power Report
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Verify the activity rates on I/O ports. To change the activity rate, select the input port in the
Power Report and edit the Power properties in the 1/O Port Properties window.

Equivalent Tcl commands:

set_switching_activity
im_fcx_sync_din]

-static_probability 0.25 -toggle_rate 10 [get_ports

set_switching_activity
im_fcx_data_in]

-static_probability 0.5 -toggle_rate 50 [get_ports

Component Level

Finally, monitor the activity rates across major power consuming primitives in the design. After
all the above points are taken care of, the activity rates across the hard blocks such as block
RAMs, GTs, and DSPs should reflect meaningful values. However, AMD recommends you to
double-check these values, to make sure that there are no internal logic propagation or modeling
issues in the tool.

For example, one known limitation is that the Report Power does not propagate activity rates
across GTs. If any GT data outputs are consumed by logic, you must set activity rates explicitly on
GT TX/RX outputs.
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Report Power offers a simple interface in the Report Power dialog box to set the output activity
rates on various types: registers, shift registers, LUTs, RAMs, block RAMs, DSPs, and GTs. These
settings are the equivalent of the -type argument of set_switching_activity command. After a
value is set, it is retained for subsequent power reporting runs. Global settings affect all the
instances of hard primitives in the design. For example, a Toggle Rate set on block RAMs will

be applied to all the block RAMs in the design. Alternatively, the Cell Properties window could
also be used to change the activity rates. In the Power Report, review block RAM, DSP, and GT

sections:

Figure 45: Activity Rate for a Block RAM
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To change the activity rate, select a hard block instance in the Power Report and edit the Power
properties in the Cell Properties window.

Figure 46: Power Properties View for Block RAM Cell
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Equivalent Tcl commands to change the activity rates on types:

¢ To set activity rates on all block RAMs in the specific design hierarchy instance ul/transmit:

set_switching_activity -static_probability 0.25 -toggle_rate 10 -type
bram [get_cells ul/transmit]

e To set activity rates on all the GTs present in the design:

set_switching_activity -static_probability 0.5 -toggle_rate 50 -type gt
-all
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Versal Adaptive SoC and Report
Power

Introduction to Versal Adaptive SoCs

AMD Versal™ adaptive SoCs combine programmable logic (PL), processing system (PS),

and Al Engines with leading-edge memory and interfacing technologies to deliver powerful
heterogeneous acceleration for any application. The hardware and software are targeted for
programming and optimization by data scientists and software and hardware developers. A host
of tools, software, libraries, IP, middleware, and frameworks enable Versal adaptive SoCs to
support all industry-standard design flows.

The Versal portfolio is the first platform to combine software programmability and domain-
specific hardware acceleration with the adaptability necessary to meet today's rapid pace of
innovation. The portfolio is uniquely architected to deliver scalability and Al inference capabilities
for a host of applications across different markets—from cloud—to networking—to wireless
communications—to edge computing and endpoints.

The Versal architecture has a wealth of connectivity and communication capability and a
programmable network on chip (NoC) to enable seamless memory-mapped access to the full
height and width of the device. Al Engines are SIMD VLIW vector processors for adaptive
inference and advanced signal processing compute. The PL combines configurable logic blocks,
memory, and DSP Engines architected for high-compute density. The PS includes application and
real-time processors from Arm® for intensive compute tasks.

The Versal Al Edge Series Gen 2 delivers end-to-end acceleration for Al-driven embedded
systems—all in a single device built on a foundation of enhanced safety and security. Combining
world-class programmable logic with a new high-performance processing system of integrated
Arm CPUs and next-generation Al Engines, these devices enable all three phases of compute in
embedded Al applications: preprocessing, Al inference, and postprocessing.

The Versal Al Edge Series focuses on Al performance per watt for real-time systems in
automated drive, predictive factory and healthcare systems, multi-mission payloads in aerospace
& defense, and a breadth of other applications. More than just Al, the Versal Al Edge Series
accelerates the whole application from sensor to Al to real-time control, all with the highest
levels of safety and security to meet critical standards such as ISO 26262 and IEC 61508.
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The Versal Al Core Series delivers breakthrough Al inference acceleration and compute
performance. This series is designed for a breadth of applications, including cloud for dynamic
workloads and network for massive bandwidth, all while delivering advanced safety and security
features. Al and data scientists, as well as software and hardware developers, can all take
advantage of the high-compute density to accelerate the performance of any application.

The Versal Prime Series Gen 2 combines world-class programmable logic from AMD with a

new high-performance processing system of integrated Arm CPUs—offering significantly greater
scalar compute than existing Versal or Zynq™ adaptive SoCs. This powerful combination of
flexible, real-time sensor processing and the ability to handle complex embedded computing
workloads allows designers to maximize system performance while avoiding the overhead of a
multi-chip solution.

The Versal Prime Series is the foundation and the mid-range of the Versal portfolio, serving
the broadest range of uses across multiple markets. These applications include 100G to 200G
networking equipment, network and storage acceleration in the data center, communications
test equipment, broadcast, and aerospace & defense. The series integrates mainstream 58G
transceivers and optimized I/O and DDR connectivity, achieving low-latency acceleration and
performance across diverse workloads.

The Versal Premium Series Gen 2 offers new levels of memory and data bandwidth with CXL®
3.1, PCle® Gené, and DDR5/LPDDR5X interfacing capabilities, tailored to fit the application
requirements of tomorrow’s data center, communications, test & measurement, and aerospace
& defense data-intensive applications. As a heterogeneous compute platform, the series is
engineered to help users reach high levels of acceleration for a wide range of compute-intensive
workloads by providing high compute density, custom memory hierarchy, and DSP Engine
resources.

The Versal Premium Series provides breakthrough heterogeneous integration, very high-
performance compute, connectivity, and security in an adaptable platform with a minimized
power and area footprint. The series is designed to exceed the demands of high-bandwidth,
compute-intensive applications in communications, data center, test & measurement, and other
applications. The Versal Premium Series includes 112G PAM4 transceivers and integrated blocks
for 600G Ethernet, 600G Interlaken, PCI Express® Gen5, and high-speed cryptography.

The Versal RF Series incorporates high-frequency, high sample-rate RF-sampling data converters
with integrated signal processing IP for high-performance RF systems. These IP tiles provide a
low power consumption and latency data interface between the DACs/ADCs and programmable
logic. RF-DACs and RF-ADCs also include programmable filters and digital up and down
converters (DUCs/DDCs).

UG907 (v2025.2) November 20, 2025 send Feedback
Power Analysis and Optimization L/—] 93


https://www.amd.com/en/forms/feedback/document-feedback.html?docId=UG907&Title=Vivado%20Design%20Suite%20User%20Guide&releaseVersion=2025.2&docPage=93

AMDZ1

Chapter 5: Versal Adaptive SoC and Report Power

The Versal HBM Series enables the convergence of fast memory, adaptable compute, and

secure connectivity in a single platform. The series is architected to keep up with the higher

memory needs of the most compute intensive, memory-bound applications, providing adaptable

acceleration for data center, communications, test & measurement, and aerospace & defense

applications. Versal HBM adaptive SoCs integrate the most advanced HBM2e DRAM, providing
high memory bandwidth and capacity within a single device.

The Versal architecture documentation suite is available at: https:/www.amd.com/versal.

Report Power for Versal Devices

Report power for AMD Versal™ adaptive SoC features similar options and methodologies listed
in previous chapters which apply to all AMD devices. This following sections describe specific

features of Versal adaptive SoC:

Al Engine

Network on Chip

Al Engine-ML

DDR Memory Controller
MRMAC

DCMAC

Interlaken

PCle

DSP

PS-PMC

10

CPM/CPM5

GTY/GTYP

GTM

Versal HBM

Multiport RAM

Video Codec Unit
Multi-Media Integrated Block

Image Signal Processor
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Al Engine

The Al Engine is an array of VLIW SIMD high-performance processors that cater to solutions
with high compute or complex DSP intensive applications, for example, 5G Wireless or Machine
Learning algorithms. The Al Engine is available in all Al Core Series devices. Al Engine based
designs can be generated using the AMD Vitis™ integrated design environment (IDE). For more
information, see Al Engine Tools and Flows User Guide (UG1076). During the compilation of the
Al Engine design using Vitis, an AMD Vivado™ Design Suite compatible project and design
checkpoint (post route stage) is created by default. This generated . dcp file can be opened using
Vivado and used for power estimation. report_power also reports Al Engine parameters, such
as cores and tiles used, vector type and load, memory read and write rates as per the design.
The maximum Al Engine frequency varies according to the device speed grade. The . xpe file
generated using Vitis software platform can also be imported into the PDM tool. Also, there is

a method to generate . xpe file for simulation flow from the Vitis software platform. For more
information about import feature, see Power Design Manager User Guide (UG1556).

Figure 47: Al Engine Report Power
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Al Engine-ML

Al Engine-ML (AIE-ML) is available in Versal Al Edge Series and a few Versal Al Core Series
devices. The compute tiles are similar to Al-Engine tiles with additional support for BFloat data
type. Al-Engine-ML has additional shared memory tiles for improved performance and data
movement.

The maximum total supported memory by memory tile is up to 38 MB across AIE Array,
depending on the device. Memory Tile memory banks have 512 KB SRAM, arranged in 16
physical banks, each 128-bit wide and 2K words deep. Report_power can generate a . xpe file,
which you can import in PDM. All the configuration parameters are passed on from Vitis design
sources.
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Figure 48: Al Engine-ML

o
Logic (0.189 W)

For more information, refer to Versal Adaptive SoC AIE-ML Architecture Manual (AM020).

Versal Al Edge Series Gen 2 supports Al Engine-MLv2. If a design has Al Engine-MLv2, Vivado
report_power reports the estimated power for the configuration. You can export the .xpe file
from Vivado to import in the PDM tool for a what-if analysis.

Figure 49: AI Engine ML for Versal Al Edge Series Gen 2

Clock (MHz)  Num Cores  Kernel Type | Core Load ~ Memory R/W Rate d | Core Enable Rate Ties | Memory Tile RWRate | Shim Frequency | Shim B

Network on Chip

The AMD Versal™ Network on Chip (NoC) is a high bandwidth interface within a Versal adaptive
SoC. It allows high bandwidth and Quality of Service (QoS) support for all resources on a Versal
device. NoC is an AXI-interconnecting network used for sharing the data among IP endpoints in
the programmable logic (PL), the processing system (PS), and other hard blocks. A single physical
NoC channel can be shared by traffic with different latency or bandwidth requirements. The

NoC is configured using the AXI NoC IP wizards to setup the required connections and the QoS.
Report power uses the output of the NoC compiler automatically to estimate the NoC power. For
more information, see Versal Adaptive SoC Programmable Network on Chip and Integrated Memory
Controller LogiCORE IP Product Guide (PG313). The following figure shows the NoC view in the
AMD Vivado™ IP integrator:
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Figure 50: NoC View

PL

Control,

Process

The following figure shows the NoC QoS view:

Figure 51: NoC QoS View
T E—————

Traffic Class Read Bandwidth Read Bandwidth Read Latency Traffic Class  Write Bandwidth  Write Bandwidth
Read Required (MB/s) Estimate (MB/s) Estimate (cycles)  Write
design_1_ifaxi_noc_0/inst/S00_AX_nmu/bd_8beS_S00_AXI_nmu_0_top_INST/NOC_NMU128_INST
design_1_ifaxi_noc_0/inst/MCO_ddrc/inst/noc_ddré_phyfinstiu_ddrmc_main Best Effort 100

Write Latency
Required (MB/s) Estimate (MB/s) Estimate (cycles)
100 (0) 300 Best Effort 100 100 (0) 0

The following figure shows the NoC Power view generated by the report power command:

Td Console

Figure 52: NoC Power View

Messages ~  Power Hard Block Planner P
£ CccCcnm N QX Noc Calculated
Settings Utilization Name Data Path Read Bandwidth(MBps) ~ Write Bandwidth(MBps)  Read Transaction Size(Bytes)  Write Transaction Size(Bytes)  Switches
Summary (19,048 W, M argin: N/ A) ©lotssw design_1_wrapper
Power Supply 10155 W NOC Clack Buffer
~ Utlization Details 10024W design_1_i/axi_noc_0/inst/MCO_ddre/inst/noc_ddr4_phy/inst/u_ddrme_main | PS_TO_DDRC 1720000 2150.000 64000
Hierarchical (5625 W)
v Signals (2.075)
Data (2.025 W)
Logic (0,005 W)
Clock Manager [1.278 )
110 (0272 W)

64.000
v NOC_DDRMC (0,295 W)

NOC (0183 W)

DDRMC (0,105}

Note: The unused portions of NoC clock networks are automatically gated to save power on monolithic
devices only. Due to limitations, NoC clock networks cannot be gated for SSI devices and devices using
multiple DFX partitions, including monolithic devices.
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Vivado and Vitis generate . xpe files during implementation runs as well as during NoC
compiler runs. These . xpe files can be imported to the PDM tool using import functionality
for performing detailed what-if analysis. For more information, see Power Design Manager User
Guide (UG1556). The generated . xpe file can be found in the following path (in the project
directory): project_1l.gen/sources_1l/common/nsln/NOC_Power.xpe.

DDR Memory Controller

AMD Versal™ Adaptive SoC devices have up to 4 hardened DDR memory controllers, accessible
from the PS or the PL through the NoC. Each memory controller instance is connected to the
NoC using four system ports. Each of these ports are bi-directional 128-bit data paths with three
traffic types. A maximum data rate of 4266 Mb/s, per data pin, is supported for LPDDR4/4X
and a maximum data rate of 3200 Mb/s is supported for DDR4/4E. For more information,

see Memory Interface Controller section of Versal Prime Series Data Sheet: DC and AC Switching
Characteristics (DS956). The DDR Memory Controller (DDRMC) configuration is performed using
NoC IP and the dependent power parameters are computed using NoC compiler. For more
information, see Versal Adaptive SoC Programmable Network on Chip and Integrated Memory
Controller LogiCORE IP Product Guide (PG313). The following figure shows the DDRMC Power
View.

Figure 53: DDRMC Power View

Name Clock (MHz) ~ Standard ECC Channels DataRate (Mbps) DataWidth Read Bandwidth (MBps) Write Bandwidth (MBps) ~Command Bus Option

u_ddrme_main (DDAMC)  1600.000 DDR4_SDRAM  Disabled 1 3200000 64 100000 125.000 Highest Data Rate

DDRMC (0.046

Note: NoC and DDRMC power can be reported during the post synthesis and post implementation stages
of the design. In the project flow, AMD suggests that you should use the Tcl command update_noc_qos
after opening a synthesized or implemented design to report NoC and DDRMC Power.

Versal Al Edge Series Gen 2 and Versal Prime Series Gen 2 devices support DDR5, LPDDRS5.

Figure 54: DDRS
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MRMAC

AMD Versal™ Adaptive SoC devices have an integrated 100G Multirate Ethernet MAC
(MRMAC), a high performance, low latency, adaptable Ethernet integrated hard IP targeted for
networking applications. This block can be configured for up to four ports with independent
MAC and PHY functions according to the IEEE Standard MAC Rates from 10GE to 100GE,

and at an overall maximum bandwidth of 100GE. The IP supports various FECs and IEEE

1588 Standards for a Precision Clock Synchronization Protocol for Networked Measurement and
Control Systems (IEEE 1588) hardware time-stamping. The total power (combined for all 4 ports)
is reported as MRMAC Power under the Hard IP's section. For more information, see Versal
Devices Integrated 100G Multirate Ethernet MAC (MRMAC) LogiCORE IP Product Guide (PG314).

Figure 55: MRMAC View

le | Messages | Power

Tcl Conso
Q = £ C W <«<Q T MRMAC

Calculated
Settings Utilization Name 100G Ports  50G Ports  40G Ports 25G Ports  10G Ports  Activity
Summary {11,557 W, Margin ~ B 0.491 W (4% of tota mrmac_0
Power Supply @ 0.491 W (4% of total) obsfgejqacScbvet (MRMAC)  © 1 0 2 0 HIGH

v Utilization Details
Hierarchical (1.0232 W)
v Signals (0 W
Data (0 W)
Clock Enable (0 W)
Set/Reset (0
Logic (0.532 W)
v Hard IP (0.491
MRMAC (0.491 W)

< >
power_1 < power_2

DCMAC

Versal Premium devices' integrated 600G Ethernet MAC/PCS subsystems (DCMAC) provides up
to 600G of channelized Ethernet bandwidth. The DCMAC block provides 100G, 200G, and 400G
standard ethernet capability and can be configured to go up to 600G in combinations.

Figure 56: DCMAC

Ports | Hard Block Planner

Calculated

v Utilization Details ~  Utilzation Name Configuration 4006 Ports 200G Ports 100G Ports 506 Ports
Hierarchical (2.5 v B 2101 W (1 tal demac_0

v Signals == 2101 W f total obsabgrqacScbvet COUPLED_MAC_PHY 1 0 0 0
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Interlaken

Versal Adaptive SoC have an integrated 600 G Interlaken (ILKN) core with FEC supports
channelized interfaces operating up to 600 Gb/s with built-in flow control. Each 600 G Interlaken
core can be configured as maximum 24 lanes with 12.5 G and 28.21 G transceivers or minimum
12 lanes with 56.42 transceivers. The flexible AXI4-Stream user interface is configurable in width
from 2048 b to 512 b. Pairs of lanes share 100G RS (544, 514) FEC and can support FEC-only

mode.
Figure 57: Interlaken
Tcl Console | Messages Power x Package Pins | /O Ports | Hard Block Planner ?_00G
Q T £ C H 19 = ILKN Calculated
»
Power Supply #  Utllization Mame Core Configuration Mode FEC-only Bandwidth
~ Utilization Details ~ B 1.61 W (4% of total) ilknf_0
Hierarchical (3.712 W) m 1.61 W (4% of total) obsnecziofScovet (ILKNF)  1X600G MAX 12 ILKN LANES  N/A
> Signals (0
Logic (2.1
~ Hard IP (1.61 W)
LKN (1.61 W) Ny
< >
pl

PCle

AMD Versal™ Adaptive SoC devices have a dedicated PCle® core in the MAC column, denoted
as PCle. It is a standalone Gen4x8 core without an embedded DMA engine. The core supports
Gen1l, Gen2, Geng3, and Gen4 line rates. The link widths are x1, x2, x4, x8, or x16 link widths (x16
configuration supported only for Gen1-3 speeds). The combination of PCle® block, block RAMs/
UltraRAMs, GTs, and fabric clocking implements all three layers of the PCI Express protocol,
which are the physical layer, data link layer and transaction layer. PCle Power is reported under
the Hard IP's section. For more information, see Versal Adaptive SoC Integrated Block for PCI
Express LogiCORE IP Product Guide (PG343).

Versal Premium devices supports PCle5, which can support upto Gen5x4 data rates.
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DSP

Unlike previous generation DSP blocks, the AMD Versal™ Adaptive SoC DSP block can be
implemented as a complex multiplier and a floating-point adder and multiplier. It can implement
a wide variety of arithmetic and logic functions like previous generation DSP blocks. DSP
operations which are reported as DSP Mode in power report are listed here. For more
information, see Versal Adaptive SoC DSP Engine Architecture Manual (AM004).

e INT24: Legacy mode is compatible with the DSP48 from previous generations. INT24
indicates that the DSP block is configured as a 27x24 signed, fixed point multiplier.

o [INT8: DSP58 uses the Vector Fixed Point ALU mode in this configuration. This mode is used
for computing three-element 9x8 vector dot products with accumulate or post add options.

e CINT18: This mode indicates that two adjacent DSP58 blocks are configured to implement an
18-bit complex multiplier.

e FP32: In this mode, DSPFP32 primitive is used as a floating-point multiplier and adder. This
mode is used for FP32 single precision or FP16 half precision with accumulate or post add
options.

Note: It is recommended to re-target your existing designs to DSP58 for taking complete advantage of the
architectural improvements in the DSP58 blocks.

TIP: DSP output toggle rate does not change much with the data input toggle rate. It mainly depends on
specific DSP operations (Multiply-Only, Multiply-Add, and Multiply-Accumulate) and various DSP modes
(INT24, INT8, CINT18, and FP32).

The following figure shows report_power results for DSP primitive:

Figure 58: DSP View

nsole | Messages  Power x
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PS-PMC

AMD Versal™ devices feature a Control Interface and Processing System IP core. This subsystem
is used to configure PL, NoC, and Al Engine. The Control Interface and Processing System is
divided into the following power domains. These power domains can operate independently.

e Platform Management Controller (PMC): PMC is always on. It is used for device configuration
and management. The PMCIOs are a part of this domain. PMC is powered by VCC_PMC rail.

¢ Full Power Domain (FPD): This domain consists of application processing units (APUs) such as
Dual A72 Core, L2 Cache, FPD Interconnect, and CCIX. FPD is powered by VCC_PSFP rail.

e Low Power Domain (LPD): This domain consists of real-time processing units such as Dual R5,
TCM, OCM, and LPD Interconnect. LPD is powered by VCC_PSLP. PSIOs (Dual GEM, USB,
and other |O's) are a part of this domain. The IO supply required for the LPD is VCCO_502
and it depends on the type of PSIO used.

Following are the parameters which can be modified using Control Interface and Processing
System (CIPS) IP core configuration wizard in Vivado.

e PMC
. PMC subsystem clock frequency and peripheral IO clocks can be modified.
e FPD
A72 operation clock and FPD interconnect clocks.
e LPD
Dual R5 Operating Clock and LPD Interconnect Clocks.

PS 10 clocks like GEM and USB. 10 standards for each bank can also be configured.

For more information, see Control, Interface and Processing System LogiCORE IP Product Guide
(PG352).

Power numbers reported by report_power are for a default operating load of 90% for all
processing systems including A72, R5, and PMC (also the interconnects ). For an IO power
estimate, 10s need to be configured from the IP configuration wizard, if not it reports zero power
for the 10s. The power reported for a PS instance is the sum of all the PS rails (VCC_PSFP,
VCC_PSLP, and 10s).
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Figure 59: PS View
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Versal Al Edge Series Gen 2 and Versal Prime Series Gen 2 devices have an updated processing
system with:

e Up to eight A78 Automotive Enhanced CPU instances arranged as dual-core clusters, four
clusters in the Full Power Domain.

e Up to 10 RPUs with two RPUs per cluster, five clusters in the Low Power Domain.

e Enhanced OCM capacity.

The PS power report is similar to previous PS architectures. Export results to Power Design
Manager (PDM) tool for cluster-level power.

I0

AMD Versal™ device |Os are categorized into the following two categories:

e HDIO: It is designed as a high density 10 that is cost effective and flexible for implementation.
HDIO is intended to cover 10 standards not offered by XPIO with maximum VCCO beyond
1.5V.

e XPIO: It supports 10 standards with maximum VCCO of 1.5V. XPIO is designed to replace
HPIO (AMD UltraScale+™) and PS dedicated DDR memory interface IO (PS-DDRIOQ). It is
important to define proper 10 standard for an accurate on-chip and off-chip power estimation
for IO interfaces. If an 10 standard is not defined then zero power is reported.

e X5I0: The X510 pins are grouped in banks of 32 input and output buffers (IOB) (16 pairs),
with each I0B having direct access to the X510 PHY logic. The X510 logic is used for
the integrated DDRMC, soft memory controllers, MIPI (C-PHY and D-PHY) and custom high-
performance 1/O interfaces. The X510 only provides access to the PL fabric when bypassing
the PHY.

For more information, see Versal Adaptive SoC SelectlO Resources Architecture Manual (AM010).
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CPM/CPM5

CCIX PCle Module (CPM) in an AMD Versal™ device is an independent subsystem. CPM contains
a Type-A PCle® (Gen-4x16) controller that contains two instances of PCI Express controller
cores. It has a hardened component to allow a fabric accelerator to act as a cache coherent
interconnect for accelerators (CCIX) compliant accelerator. PCle®-A block interfaces with GTs
through the XPIPE interfaces. The controller supports Gen1, Gen2, Gen3, and Gen4 PCle®
modes, up to 16 lanes. It also supports a CCIX-only ESM mode (20 or 25 Gb/s). Versal Premium
Series Gen 2 devices supports CPM5 which can support upto PCle Gen5 datarate. For more
information, see Versal Adaptive SoC CPM CCIX Architecture Manual (AM016). CPM can be
configured in the IP integrator from the Control, Interfaces and Processing System IP as shown in
the following figure.

Figure 60: CPM Configuration

.’ Configure (

Configure ‘

C' switch to Defaults

Configuration Options

CPM4 Basic Configuration

CPM Basic Configuration

PCle Controller 0

PCle Controller 0 Mode = None v Lane Width NONE

PCle Controller 1

PCle Controller 1 Mode None Lane Width NONE

CPM Interfaces

Tandem Configuration

Tandem Mode None

Note: Please refer to the relevant IP product guides [ PG346 , PG347 | based on the selected CPM4 mode
for guidelines covering selection of GTYP quads board layout and lane reversal requirements.

UG907 (v2025.2) November 20, 2025 send Feedback
Power Analysis and Optimization L\/—] 104


https://docs.amd.com/go/en-US/am016-versal-cpm-ccix
https://www.amd.com/en/forms/feedback/document-feedback.html?docId=UG907&Title=Vivado%20Design%20Suite%20User%20Guide&releaseVersion=2025.2&docPage=104

AMDZ1

Chapter 5: Versal Adaptive SoC and Report Power

GTY/GTYP

The GTY/GTYP transceiver performs basic serialization and deserialization functions. The
highest supported data rate is 32.75 Gb/s and the lowest supported data rate is 1.2 Gb/s.
Versal adaptive SoC transceivers wizard IP supports 16 user configurations per lane. For more
information, see Versal Adaptive SoC GTY and GTYP Transceivers Architecture Manual (AMO0O2).

Figure 61: Transceiver Configuration Protocol Dialog Box

Configure
Protocols £* Presets C' Switch to Defaults
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Power is reported for any specific configuration depending on CH* _TXRATE and CH* _RXRATE
port connections. If CH*_TXRATE and CH*_RXRATE are connected to some logic other than
GND/VCC, the configuration with worst case power among all configurations is reported.
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Figure 62: GTY
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GTM is a high performance transceiver that supports PAM4 and NRZ modulations. GTM
supports non- continuous data rates as given below.

e NRZ: 9.5 Gb/s to 29 Gb/s
e PAM4: 19 Gb/s to 112 Gb/s

Similar to GTY, Versal Adaptive SoC transceiver wizard supports 16 user configuration per lane
for GTM.

Figure 63: GTM Configuration Protocol Dialog Box
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Similar to GTY/GTYP, power is reported for any specific configuration depending on
CH*_TXRATE and CH*_RXRATE port connections. If CH*_TXRATE and CH*_RXRATE are
connected to some logic other than GND/VCC, the configuration with worst case power among
all configurations is reported.

Figure 64: GTM Power Report
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Versal HBM

High Bandwidth Memory (HBM) is available in AMD Versal™ HBM Series devices. HBM supports
data rates up to 3200 Mb/s. HBM is accessed through either a NoC connection or through a
direct PHY connection. The PL can bypass the PHY to implement soft memory controllers or to
support a chip-to-chip interface. The bypass mode has approximately half of the bandwidth of
the NoC mode. HBM is configured using the AXI NoC IP wizard in the design flow.

Figure 65: HBM

Tcl Console | Messages Log |Reports | DesignRuns | Power x Hard Block Planner

Q T 2 C W «Q = HBM Calculated
>
v Signals (0 W) A Utilization Name FPGA Power* (W) HBM Stack Power (W)
Data (0 W) v B 3.887 W (11% of tota design_1_wrapper
Set/Reset (0W) I 3.887 W (1 ftota inst (design_1_axi )_0_t e ik ) t appe 3,274 0.613

v NOC_DDRMC 2
NOC [1.842 W)
PS (3.498 W v

Multiport RAM

The Multiport RAM (MPRAM) block is supported for XCVP1002 and XCVP1052 devices.
MPRAM block has up to eight memory units, each of which is made up of 20 single ported
memory macros of 2048x128 b. Therefore, the size of each memory unit is up to 5 MB. A
memory unit consists of two local read and one local write (128-bit) ports, which can only access
the associated memory unit.

Refer to Multiport RAM LogiCORE IP Product Guide (PG415) for more information.

Figure 66: MPRAM

Calculated

Power parameters can be configured from Power Estimation Tab of Multiport RAM LogiCORE IP.

¢ Interface Clock Frequency: Clock frequency of the clock supplied to the core in MHz. This is
the frequency at which the interfaces run.

¢ Toggle Rate (%): User-defined overall data toggle rate for all interface
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¢ Global/Unit Interface - Active Duty Cycles (%): User-defined Read and Write active duty cycle
of the interface as a percentage, where 100% means the interface is active on every cycle and
0% means the interface is unused.

Figure 67: MPRAM Power Configuration

Multiport RAM (1.0)

El

@ Documentation - IP Location C' Switch to Defaults

Show disabled ports Component Name mpram_0

MPRAM Operations | Interface Settings | Power Estimation

Operational Condition Settings

Interface Clock Frequency (MHz) 500 [0 -500) Memery Clock Frequency (MHz) (1000 10 - 1000]
Toggle Rate (%) 2 [0 -100]
||l 4 s_mEm_Go_ wr
Global Interface - Active Duty Cycles (%)
" + S_MEM GL WR write Read
" + S_MEM_GO_RD Global Interface 0 100 100
Global Interface 1 100 100
||+ s_mEm_ 1 rD
" 4 S_MEM_UO_WR ready = Unit Interfaces - Active Duty Cycles (%)
write Read
" =+ S_MEM_U5_WR Unit Interface 0 100 0
" 4 5_MEM U3 RD Unit Interface 1 0 o
Unit Interface 2 o 0
dk Unit Interface 3 o 100
reset_n Unit Interface 4 o 0
unit Interface 5 100 0
unit Interface 6 0 0
unit Interface 7 0 0
Auerage Active Duty Cycle (%) 43 [0 -100]

Note: Combined activity duty cycle is derived from the average active duty cycle and toggle rate that you
provide IP creation.

Video Codec Unit

The Video Codec Unit (VCU) is available in Versal Al Edge Series Gen 2 and Versal Prime Series
Gen 2 devices. VCU provides multi-standard and multi-stream encoding and decoding, using
the H.265 and H.264 video compression standards. VCU contains both encoding and decoding
functions, and is capable of simultaneous encode and decode at rates up to 4Kx2K resolution at
60 frames per second (fps).

Figure 68: Video Codec Unit

ag Log |Reports |DesignRuns | Power x Hard Block Planner ?_00
Q ¥ s C W +Q T v calculated
SR e ~ Utilization Name Frequency: ENC/DEC  Coding Standard: ENC/DEC  Resolution: ENC/DEC Frames Per Second: ENC/DEC ~ Color Format: ENC/DEC  Color Depth (bp]
 Signals (040 ~ B 0.8 W (6% of total design_1_wrapper
pata (079 gen_veu_inst0VCU2 0 (VEU2) 1150 /1050 HEVC | HEVC 4096X2160 / 4096%2160 60 / 60 444444 12 /1 12
Clock Enable (0 )
Set/Reset (0 W)
Logic {<0,001 W)
Clock Manager (0.061
~ Hard IP (0.8 W)
VCU (0.8 W) ~
< EIAK )
p1l
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Multi-Media Integrated Block

The Multi-Media Integrated (MMI) is a hardened IP block in Versal Al Edge Series Gen 2 and
Versal Prime Series Gen 2 device family of products. It has a dedicated GPU and the following
high speed peripherals.

e PCI Express

e 10 Gigabit Ethernet

e High-Speed Debug Port (HSDP)

e USB

e Display Port

This IP is configured using the Processing System (PS) Wizard. The MMI peripheral is customized
on MM peripherals page and GPU customization is done on GPU page in the PS wizard. These
configurations are unique to devices which has MMI block. The PS Wizard allows selecting

PHY Lane Mapping for each of the dedicated high-speed interfaces. Therefore, all the interfaces
cannot be configured at the same time. For more information on the available peripherals and

only one peripheral function per PHY lane mapping limitations, see Versal Al Edge Series Gen 2
and Prime Series Gen 2 Technical Reference Manual (AM026).
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Figure 69: MMI Interface Configuration

Re-customize IP

Processing System Wizard (1.0)

o Documentation IP Location
+ Boot Mode Peripheral PHY Lane Mapping Enable
«/ PS Peripherals Mone
» ~ MMI Peripherals PCle0 x4 Lane[0:3]
~/ GPU Configuration PCle0 ¥2, PClel ¥2  Lane[0:1], Lane[2:3]
V10 10 GbE, HSDP Lane[l], Lane[2]
+/ Debug PCle0 %2, HSDP Lane[0:1], Lane[2]
¥ Clocking PCle0 2, 10 GhE  Lane[0:1], Lane(3] ®
¥/ XIISEM Library PCle0 x2 Lane[0:1] (
¥ Sysmon PClel 2 Lane[2:3]
~ Device Security 10 GbE Lane[3]
+/ Tamper HsDP Lane(2]
+ PS PLInterfaces
Peripheral PHY Lane Mapping Enable
+/ PS NoC Interfaces
None
« CMN
 Interrupts & Errors UsB tanel0:1]
< ASU USE, DP x1 Lane[0:1], Lane[2]
 Misc USB, DP x2 Lane[0:1], Lane[2:3] 1C)
DP x1 Lane[0]
DP w2 Lane[0:1]
DP x4 Lane[0:3]

Al

PCle Controller 0
Port Type

PCle Controller 0

Ethernet Configuration
Data Rate
Lanes
[ MDIo
MDIO Location
[[) External FIFQ Interface [) External TSU Interface
[J PTP Interface
TSU Source

TSU Frequency(MHz)

Display Port
Display Port

USB Configuration

[Jusez0 [Jusez.2

Root_Port_of PCle_Root_Port_Complex

© 10GbE PLTSU, PTP and External FIFO are functional only after PL is loaded.

Figure 70: MMI GPU Configuration

Re-customize IP

Processing System Wizard (1.0)

@ Documentation IP Location

+/ Boot Mode
+/ PS Peripherals

> « MM Peripherals
</ GPU Configuration
<10
+/ Debug
+/ Clocking
+/ XIISEM Library
+/ Sysmon
+/ Device Security
+ Tamper
+/ PS PL Interfaces

Slice Core Configuration
Number of Slices | 2

Slice0 cores 2 ~ | Slicel cores

Clock Configuration
GPU Clock 900

GPU Clock Source

2 ~

(e E X
-~
A4
.
~
o]

0 GPU Clock Source limited to PS_aX_DMA_CLK because 'OF required before PL Config' is enabled. For maximum GPU perfarmance,
disable it under 'MMI Peripherals - DPDC Configuration', For complete details, refer to PG450 Processing System Wizard guide.

Power analysis is based on the IP configuration.
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Image Signal Processor

Image Signal Processor (ISP) is a new block in Versal Al Edge Series Gen 2 and Versal Prime Series
Gen 2 devices. Depending on the device, it supports upto three tiles each having two image
processing sensor cores. It is customized using the Versal ISP Subsystem IP wizard. Following
power parameters can be configured using this IP.

e Core Clock

e Number of Sensors

e Resolution (Max Horizontal x Max Vertical)
e Frame Rate (FPS)

Figure 71: Image Signal Processor

Component Name visp_ss_0

(T (SO Resources  Inputs Outputs

Initial
TILED ISPO Inputs
TEEL

TILE2
Low Latency Actual Core Clock (MHz) |597.21 [597.21 - 720]

Core Clock (MHz) 597.20 [597.20 - 720]

“oltage: 0.8/0.88Y

Core Clock is auto-calculated based on 10 Type and Stream configurations.
Can be increased if necessary.

Stream 0 Configuration

Max Horizontal Resolution | 3840 ~ | FPS 60 w
Max Vertical Resolution 2160 ~ | Pixel Format RAW1E

Pixels Per Clock 4 ~ | Virtual Channel | 0 w

ISP1 Inputs
Core Clock (MHz) 5987.20 [597.20 - 720]
Actual Core Clock (MHz) 587.21 [597.21 - 720]

“oltage: 0.8/0.88Y

Core Clock is auto-calculated based on 10 Type and Stream configurations.
Can be increased if necessary.

Stream 4 Configuration

Max Horizontal Resolution | 3840 ~ | FPS 60 w

Max Vertical Resolution 2160 ~ | Pixel Format RAW1E

Pixels Per Clock 4 ~ | Virtual Channel

| oK | | Cancel
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Chapter 6

Tips and Techniques for Power
Reduction

Introduction

This chapter describes power reduction techniques and their expected effect on total device
power. This information will help you evaluate your best options depending on your time, power
budget, available resources, and freedom to change your design.

System-Level Power Reduction

Cooling Strategy

Cooling strategy ensures that heat generated from the device is extracted and absorbed by

the environment. These cooling strategies, which are generally available at the beginning of the
design and become less feasible in the later stages, have a significant impact on the device static
power:

¢ Increase the airflow.
e Lower the ambient temperature.

e Use a heat sink (or a larger heat sink), or select a different regulator.

Supply Strategy

Voltage has a large effect on both static and dynamic power. Active control of the voltage level
ensures the desired voltage is applied to the device.

e Use switching regulators.

Switching regulators are more power efficient than linear regulators, at the expense of
requiring a higher component count.

e Use adjustable regulators.
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Ensure voltage is as close as possible to the device and to the highest consuming device if the
same supply powers multiple devices.

Select regulators with tight tolerances.

Device Selection

Select the best device for the product.

Increasingly, power is becoming one of the primary factors for selecting a device. Select the
device that best meets your density, functionality, and performance requirements and will also
meet your power budget.

Minimize the number of devices.

This saves space, I/0O interconnect power, total leakage, and other factors. Typically, replacing
multiple components (for example, processor and device) with a single larger device consumes
less static power.

Select the smallest device possible.

This reduces leakage. Typically in a device family the same package can be available with
different die sizes. You can, for instance, use a larger die during the prototyping and pre-series
phase, then move to a smaller die for volume production.

Select the largest package possible.

This increases heat dissipation. A larger package has a larger area to dissipate the die heat into
the environment. A larger heat sink can be attached to the package upper side and more heat
can escape onto the PCB via the bottom ball grid array.

Use low voltage devices.

Some device families are available with a lower power option. The lower core voltage
requirements translate into significant static and dynamic power savings.

Use low leakage devices.

Some device families are available with a lower leakage or static power options in the form
of specific speed or temperature grades. These devices can cost a bit more to purchase but
you or the end user can more than offset this with savings on the electricity bill or cooling
hardware and system maintenance.
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Measuring Power and Temperature

This section describes the techniques for measuring a device power consumption and heat
dissipation. Some of these techniques use internal device resources. Other techniques use

board or external components. Some applications require power and temperature to be actively
monitored and adjusted after deployment. Other applications use these measurement techniques
in the lab during prototyping and validation phases.

Power Measurement Techniques

Power measurement techniques include:

e Using a Current Sense Resistor
e Using Advanced Regulators and Digital Power Controllers
e Performing On-Board Monitoring

e Having Separate Voltage Rails

Using a Current Sense Resistor

Inserting a Current Sense Resistor in series between the regulator output and the device creates
a small voltage drop which, by Ohm's Law, is proportional to the flowing current. Measuring

this voltage through an XADC/SYSMON gives you the current being supplied to the device. To
understand the connections needed to obtain the desired accuracy of measurements, refer to the
user guide of the respective device family, Versal Adaptive SoC System Monitor Architecture Manual
(AMOO06), UltraScale Architecture System Monitor User Guide (UG580), and 7 Series FPGAs and Zynq
7000 SoC XADC Dual 12-Bit 1 MSPS Analog-to-Digital Converter User Guide (UG480) (also known
as the XADC User Guide). See Driving the Xilinx Analog-to-Digital Converter (XAPP795) for more
information on how to use a current sense resistor.

Using Advanced Regulators and Digital Power Controllers

The latest evaluation kits include advanced regulator and digital power controllers that you can
use to capture regulator output currents and voltages, then send this information to a monitoring
computer over a USB interface. This is the simplest and most convenient way to monitor the
power rails. Most AMD development boards have integrated power controllers that can be
accessed with a GUI software on a PC using a PMBus (12C) to USB interface module.
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Performing On-Board Monitoring

AMD 7 series and above device families provide internal sensors and at least one analog-to-
digital converter to measure supplied voltages and device temperature. The AMD Vivado™
hardware manager provides real-time JTAG access to measure the different supply source
voltages or device junction temperature before and after device configuration. You can also
instantiate a System Monitor or XADC component in your code to access these measurements
from your device application.

Having Separate Voltage Rails

When possible, have separate voltage rails for each of the supply voltages. If voltage rails are tied
together, note it and account for it when power is measured across these rails.

Thermal Measurement Techniques

Thermal measurement techniques include:

e Performing External Monitoring

e Performing On-Board Monitoring

Performing External Monitoring

Because the device package prevents access to the silicon, junction temperature cannot be
measured directly. Junction temperature can be approximated by measuring the temperature of
the package, the heat sink, and other locations with a thermocouple. Thermal cameras are also
used to visualize the device temperature and thermal dissipation interactions with neighboring
components and the larger environment.

Performing On-Board Monitoring

Thermal measurements are possible using the same techniques as power measurements. You can
use the AMD Vivado™ hardware manager before and after device configuration. You can also use
the System Monitor/XADC primitive within your design to read the device junction temperature.

Methodology for Power and Temperature
Measurement

To evaluate the three factors contributing to the design total power, you must control the
device junction temperature and let it stabilize before making measurements. This control and
stabilization is required because the device and design static power is heavily dependent on the
device junction temperature. The three factors contributing to the design total power are:
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e Device Static
e Design Static

e Design Dynamic

Device Static

Download a blank design to ensure that: (1) no input noise is captured; and (2) all internal logic
and configuration circuits are in a known state.

Note: A blank design is a design with a single gate or flip-flop that never toggles, and in which all outputs
are in a 3-state configuration.

Wait for the junction temperature to stabilize, then measure VCCINT, VCCAUX, and any other
supply source of interest. With special equipment, a simple heat gun, or cold spray, you can force
temperature changes to evaluate the influence of the environment on the device static power.
VCCADC should always be connected to VCCAUX.

Design Static

Download the design onto the device and do not start any input or internal activity (input
data and external and internal clock generation). Wait for the device temperature to stabilize,
then measure power on all supply rails of interest. Subtracting the device static measurement
from these values gives you the additional static power from the specific logic resources and
configuration used in your design (design static power).

Design Dynamic

Download the design onto the device and provide clocks and input stimulus representative of
the design. Wait for the junction temperature to stabilize before measuring all supply sources of
interest. This power represents the instantaneous total power of the design. It will vary with the
change in activity at each clock cycle.

Design Level Power Reduction

The following sections describe tips and techniques that can be applied to the design to meet
your design’s power budget. Your design cycle will include a power closure phase under two main
circumstances:

¢ You want to further optimize your design after constraints are met.
Or

e Your design has exceeded its power budget.
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Further Optimizing the Design After it Meets
Constraints

Typically at this stage in the development process you want to minimize changes to the RTL,
board power supply, and cooling parameters, because this involves a lot of verification or PCB
respin costs. However, you can experiment with different software options and constraints

to optimize your logic and routing resource counts, configuration, and activity. This minimizes
dynamic power and reduces static power at the same time. Depending on your design margins,
savings for your core dynamic power is a reasonable expectation, with some designs showing
even more power reduction.

My Power Budget is Exceeded! What Can I Do?

Typically at this stage the pressure to get the system to market is getting high and many
parameters in your system are well defined, such as the board environment and cooling options.
Even though this restricts the type of engineering rework you can do, the following methodology
should help identify and focus on the highest potential areas for power reduction.

Step 1: Which Power Budget is Exceeded?

GUI users can review the Summary view in the AMD Vivado™ Power Analysis report, and
command line users can use the Summary section of the report file. The On-Chip and Supply
Power tables provide a high-level view of the power distribution. Navigate the Summary view to
determine the type and amount of power that exceeds your budget.

Step 2: Identify the Area on Which to Focus

Review the different detailed views in the AMD Vivado™ Power Analysis report or XPE or PDM.
Analyze the environment parameters and the power distribution across the different resources
used, the design hierarchy, and clock domains. When you find an area of the design where power
seems high, the information following should help you determine the likely contributing factors.

Step 3: Experiment

With the list of candidate areas in your design for power optimizations derived from the previous
step, you can now sort this list from easiest to most involved and decide which optimization

or experiment to perform next. The power tools allow you to do What If? analysis so you can
quickly enter design changes and estimate the power implications without having to actually edit
any code or constraint or rerun the implementation tools.

Use Device Resources More Efficiently

¢ Block RAM:
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e The amount of power block RAM consumes is directly proportional to the amount of time
it is enabled. To save power, the block RAM enable can be driven Low on clock cycles when
the block RAM is not used in the design. Block RAM Enable Rate, along with Clock rate, is
an important parameter that must be considered for power optimization.

o Use the NO_CHANGE mode in the TDP mode if the output latches remain unchanged
during a write operation. This mode is the most power efficient. This mode is not available
in the SDP mode because it is identical in behavior to WRITE_FIRST mode.

e |/O: 1/0 interfaces have to drive long distances with potentially more parasitic effects, hence
they typically represent a large portion of the device power requirements.

e VCCAUX: Use the lowest VCCAUX possible. This minimizes both the static and dynamic
power for this voltage supply.

¢ Inputs: Limit usage of internally referenced input standards.

e |ODELAY: Set the HIGH_PERFORMANCE_MODE property on the IDELAY2 to FALSE.
When FALSE, this property increases the output jitter, but consumes less power.

e |IBUF_LOW_PWR: Set the IBUF_LOW_PWR property to TRUE on bidirectional and input
I/Os. Make sure the design performance allows for this setting.

¢ /O Configuration: Review the I/O standard, drive strength, and on-chip termination
settings in the context of your performance needs and evaluate if you can use lower drive
strength using tristatable DCI 1/O standards (T_DCI), get by without terminations, or use
external terminations.

e Outputs:

e Use the lowest slew/drive/voltage level supported by the receiving chip(s).

¢ No termination or series termination are preferred over parallel terminations. Signal
integrity simulation tools can help with this determination.

e Consider whether using on-chip or off-chip termination is the best option given your
device thermal budget, system cost, and board real estate requirements.

e Evaluate using lower voltage swing differential standards.

e Evaluate if your application allows you to use transceivers instead of large parallel
busses.

¢ Evaluate the requirements of I/O features such as IBUF, IO DELAY, and others, and
disable when performance allows.

¢ Transceivers:

o The GTX/GTH/GTP/GTY/GTM transceiver supports a range of power-down modes that
can save power if applicable.
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e There are two types of adaptive filtering available to the GTX/GTH receiver depending on
system level trade-offs between power and performance. Optimized for power with lower
channel loss, the GTX/GTH/GTP receiver has a power-efficient adaptive mode named the
low-power mode (LPM).

e Each GTX/GTH/GTP transceiver provides support for generating the out-of-band (OOB)
sequences described in the Serial ATA (SATA), Serial Attach SCSI (SAS) specification, and
beaconing described in the PCI® Express specification. If OOB sequence is not used, this
could further save power.

e Pack the maximum number of transceivers into a single tile to minimize duplicating
supporting circuits.

e XADC:

e The XADC can be powered down by writing to its Configuration register #2 (Address 0x42)
from the DRP port during runtime. Bits DI4 and DI5 of this register control the power-
down for each channel. To statically emulate power-down behavior in AMD Vivado™, the
configuration registers can be set by entering this command in the Vivado Tcl Console:

set_property INIT_42 {16'h0430} [get_cells <inst>]

where <inst> is the XADC instance. The above command powers down both channels of
the XADC.

e Logic:
You can optimize the design description using these methods:

e Minimize asynchronous control signals which prevent logic optimization and use more
routing resources.

e Minimize the number of control sets. A control set consists of the unique grouping of a
clock, clock enable, set, reset, and, in the case of LUT RAM, write enable signals. Control
set information is important because count limits or sharing of signals within a slice can
occur. This varies with the device architecture, and when the limit is reached can prevent
proximity packing of related logic, which would increase routing resources.

e Add pipeline levels to minimize the size of combinatorial logic cones. This minimizes the
propagation of glitches between registers until signals reach their final state at each clock
cycle.

e Use resource time sharing. These techniques minimize device resource usage by time
multiplexing different functions to the same hardware resources. This allows you to use
a smaller device or can reduce placement and routing congestion, which will lower both
static and dynamic core power.
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e Processes which are slow and similar can be performed on the same resources instead of
separate resources. This requires careful thinking for how to buffer, multiplex, initialize,
and control the data to be processed. Typical applications for such optimization are similar
parallel processes, such as processing multiple input sensors. Instead of having as many
processing units as inputs, you could use a single processing unit and make it run faster,
so it processes input channels one after the other while ensuring the same response time
for each output. A XPE/PDM What If? estimation can help you decide whether the power
savings are worth the engineering effort.

o Use the DSP and block RAM optional registers. For example, in DSP blocks the multiplier
or MREG registers, when enabled, are the most power efficient implementation as they
minimize the propagation of internal glitches between clock cycles.

Experiment Using the Vivado Power Optimizer Feature

Note: This section is not applicable to Versal adaptive SoC devices.

To maximize power savings when you run the power optimizer in the AMD Vivado™ tools, you
should run power optimization on the entire design and not exclude portions of the design. If
you do not see anticipated power savings after enabling power optimization, the three areas
of potential debug are the global set and reset signals, block RAM enable generation, and
register clock gating. A low number of power optimization generated enables in this area could
indicate the need to review coding practices or options/properties set for design synthesis and
implementation.

Note: In the Vivado tools, power optimization works to minimize the impact on timing while maximizing
power savings. However, in certain cases, timing can degrade after power optimization. For techniques to
offset this impact, see Preserving Timing After Power Optimization.

¢ Global set and reset signals:

Where possible, minimize the use of asynchronous set/reset signals especially to datapath
or pipeline flip-flops as well as block RAMs. You should also consider constraining the global
set and reset signals as dont_touch during the power_opt_design step to avoid their use as
enables.

Note: Setting the dont_touch property in HDL will cause every step in the flow to obey this property. It
is recommended that this option is set up as an XDC constraint only for the power optimization step.
Here is an example of how to do this:

set_property DONT_TOUCH true [get_cells ull

Finally, ensure that the signal rate and probabilities of the global set and reset signals are set correctly
prior to running power optimizer and vectorless power estimation.

¢ Slice registers and SRLs: A number of different reasons could explain why
power_opt_design might not be able to generate clock enables for slice registers or SRLs
in the design. Some examples are:

e Having combinational loops in the design
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Using set/reset signals at the flip-flops and SRLs that are sourced from primary inputs to
the design

Using asynchronous set/reset signals at the datapath flip-flops

Large number of clock domains in the design preventing enables being generated due to
clock domain crossing issues

SRL sizes: Typically the larger the number of shift register stages in the SRLs, the more
difficult it is to generate a single clock enable for all stages

e Block RAMs: Block RAM rich designs are excellent candidates for power savings. Vivado uses
a variety of optimization techniques to generate enables and save power. If block RAM gating
coverage is low after using power_opt_design, some of the possible reasons could be:

Block RAMs are mainly FIFO18/FIFO36 cells. These cannot be optimized by the tool.

Memories inferred or instantiated are mainly in true dual port (TDP) mode
using asynchronous clocks on their A and B ports that cannot be optimized by
power_opt_design.

Use of asynchronous reset signals to either the block RAMs themselves or to the address/
write-enable flip-flops feeding the block RAMs.

Experiment within the Vivado Power Analysis Feature

In the Vivado Report Power dialog box you can make adjustments then rerun the analysis to
review the power implications for these factors:

¢ Environment: Includes thermal parameters, process, or voltages.

¢ Design Activity: Adjust the activity of nets or cells in the design. Change one item or change
multiple items at a time. You can also change:

Clock domains: Adjust the switching frequency.
Device logic: Adjust the dynamic activity rate.

1/0s: Adjust both static and dynamic activity probabilities. You can also adjust parameters
for the external components connected to the device outputs, such as the load capacitance
or the near-end board termination details.

Signals: Adjust the dynamic activity rate for data signals. For control signals you can also
adjust the static probability to evaluate power under different Clock Enable, Set, or Reset
scenarios.

Specific blocks: In addition to the dynamic activity probability you can also adjust the
activity of control ports such as port enables or write enables on block RAMs.
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Experiment within XPE and PDM Tools

In XPE or PDM tool you can import the Vivado power analysis results from modules developed
by multiple sources to review the total power after these separate IP blocks are implemented

in the device. You can also evaluate situations where you would have to change the netlist, and
evaluate the power implications, without having to actually make the code changes. For your
design core logic, XPE or PDM tool works at a coarser resolution than the Vivado power analysis.
You cannot adjust each logic element or signal individually in XPE or PDM tool. The deviation
varies from design to design and falls any where between 10 to 25%. In XPE or PDM tool, you
can also experiment with:

e Resource usage: Explore reducing the resource count. Try remapping pieces of logic from slice
logic to dedicated blocks such as block RAM or DSP, and vice versa.

¢ Resource configuration: Explore using different configuration settings for the design 1/Os,
block RAMs, clock generators, and other resources.

Experiment within RTL Code

If you need to modify your RTL code to reduce power you can experiment with adding a pipeline
or performing power retiming around high-activity logic such as carry chains and XOR functions.
Although long paths with carry chains tend to be on slower clock domains, they exhibit more
glitching activity, which increases the design power. Retiming or pipelining these paths is often
beneficial.

Step 4: Implement the Changes and Review the Power Saving

Once you have determined the best changes to make given your time, performance, and
resource constraints, proceed with implementing them. It is worth mentioning that trying too
many options or changes at once might not yield the best results because of potential conflicts
or interactions between them. Best practice, if time allows, is to experiment with a few options
at a time so you can evaluate their effect on power and other constraints before adding on other
changes.
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Appendix A

Additional Resources and Legal
Notices

Finding Additional Documentation

Technical Information Portal

The AMD Technical Information Portal is an online tool that provides robust search and
navigation for documentation using your web browser. To access the Technical Information
Portal, go to https:/docs.amd.com.

Documentation Navigator

Documentation Navigator (DocNav) is an installed tool that provides access to AMD Adaptive
Computing documents, videos, and support resources, which you can filter and search to find
information. To open DocNav:

e From the AMD Vivado™ IDE, select Help = Documentation and Tutorials.
e On Windows, click the Start button and select Xilinx Design Tools = DocNav.

e At the Linux command prompt, enter docnav.

Note: For more information on DocNav, refer to the Documentation Navigator User Guide (UG968).

Design Hubs

AMD Design Hubs provide links to documentation organized by design tasks and other topics,
which you can use to learn key concepts and address frequently asked questions. To access the
Design Hubs:

¢ In DocNav, click the Design Hubs View tab.
e Go to the Design Hubs web page.
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Support Resources
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ese documents provide supplemental material useful with this guide:

UltraScale Architecture System Monitor User Guide (UG580)

Vivado Design Suite User Guide: Release Notes, Installation, and Licensing (UG973)
Vivado Design Suite Tcl Command Reference Guide (UG835)

Vivado Design Suite User Guide: Using Constraints (UG903)

Xilinx Power Estimator User Guide (UG440)

Vivado Design Suite Tutorial: Power Analysis and Optimization (UG997)

Vivado Design Suite User Guide: Logic Simulation (UG900)

7 Series FPGAs Packaging and Pinout Product Specification (UG475)

UltraScale and UltraScale+ FPGAs Packaging and Pinouts Product Specification (UG575)

. 7 Series FPGAs and Zynq 7000 SoC XADC Dual 12-Bit 1 MSPS Analog-to-Digital Converter User
Guide (UG480)

Versal Adaptive SoC Design Guide (UG1273)

Versal Adaptive SoC Programmable Network on Chip and Integrated Memory Controller LogiCORE
IP Product Guide (PG313)

Versal Adaptive SoC Integrated Block for PCI Express LogiCORE IP Product Guide (PG343)
Control, Interface and Processing System LogiCORE IP Product Guide (PG352)

Versal Prime Series Data Sheet: DC and AC Switching Characteristics (DS956)

Versal Adaptive SoC GTY and GTYP Transceivers Architecture Manual (AM002)

Versal Adaptive SoC DSP Engine Architecture Manual (AM004)

Versal Adaptive SoC System Monitor Architecture Manual (AMOQ06)

Versal Adaptive SoC Packaging and Pinouts Architecture Manual (AM013)

Versal Adaptive SoC CPM CCIX Architecture Manual (AM016)

. Seven Steps to an Accurate Worst-Case Power Analysis using the Xilinx Power Estimator
(XAPP1348)
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22. Driving the Xilinx Analog-to-Digital Converter (XAPP795)

23. Vivado Design Suite Documentation

24. Versal Adaptive SoC System and Solution Planning Methodology Guide (UG1504)
25. Power Design Manager User Guide (UG1556)

26. Multiport RAM LogiCORE IP Product Guide (PG415)

27. Versal Adaptive SoC AIE-ML Architecture Manual (AM020)

28. Versal Adaptive SoC SelectlO Resources Architecture Manual (AM010)

29. Versal Devices Integrated 100G Multirate Ethernet MAC (MRMAC) LogiCORE IP Product Guide
(PG314)

30. UltraScale and UltraScale+ FPGAs Packaging and Pinouts Product Specification (UG575)
31. Vivado Design Suite User Guide: Release Notes, Installation, and Licensing (UG973)

32. Al Engine Tools and Flows User Guide (UG1076)

33. 7 Series FPGAs Packaging and Pinout Product Specification (UG475)

34. Versal Al Edge Series Gen 2 and Prime Series Gen 2 Technical Reference Manual (AM026)

Training Resources

AMD provides a variety of training courses and QuickTake videos to help you learn more about
the concepts presented in this document. Use these links to explore related training resources:

¢ Vivado Design Suite QuickTake Video: Power Estimation and Analysis
¢ Vivado Design Suite QuickTake Video: Power Optimization

Revision History

The following table shows the revision history for this document.

Section Revision Summary
11/20/2025 Version 2025.2
Al Engine-ML Updated the section.
Network on Chip Updated the section.
Experiment within XPE and PDM Tools Updated the section.
05/29/2025 Version 2025.1
Video Codec Unit New section added
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Section Revision Summary

Multi-Media Integrated Block New section added

Image Signal Processor New section added

Report Power for Versal Devices Updated the section.
PS-PMC Updated the section.
DDR Memory Controller Updated the section.
I0 Updated the section.
Versal HBM Updated the section.
Multiport RAM Updated the section.

Please Read: Important Legal Notices

The information presented in this document is for informational purposes only and may contain
technical inaccuracies, omissions, and typographical errors. The information contained herein

is subject to change and may be rendered inaccurate for many reasons, including but not

limited to product and roadmap changes, component and motherboard version changes, new
model and/or product releases, product differences between differing manufacturers, software
changes, BIOS flashes, firmware upgrades, or the like. Any computer system has risks of security
vulnerabilities that cannot be completely prevented or mitigated. AMD assumes no obligation
to update or otherwise correct or revise this information. However, AMD reserves the right to
revise this information and to make changes from time to time to the content hereof without
obligation of AMD to notify any person of such revisions or changes. THIS INFORMATION IS
PROVIDED "AS IS."" AMD MAKES NO REPRESENTATIONS OR WARRANTIES WITH RESPECT
TO THE CONTENTS HEREOF AND ASSUMES NO RESPONSIBILITY FOR ANY INACCURACIES,
ERRORS, OR OMISSIONS THAT MAY APPEAR IN THIS INFORMATION. AMD SPECIFICALLY
DISCLAIMS ANY IMPLIED WARRANTIES OF NON-INFRINGEMENT, MERCHANTABILITY, OR
FITNESS FOR ANY PARTICULAR PURPOSE. IN NO EVENT WILL AMD BE LIABLE TO ANY
PERSON FOR ANY RELIANCE, DIRECT, INDIRECT, SPECIAL, OR OTHER CONSEQUENTIAL
DAMAGES ARISING FROM THE USE OF ANY INFORMATION CONTAINED HEREIN, EVEN IF
AMD IS EXPRESSLY ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

AUTOMOTIVE APPLICATIONS DISCLAIMER

AUTOMOTIVE PRODUCTS (IDENTIFIED AS "XA" IN THE PART NUMBER) ARE NOT
WARRANTED FOR USE IN THE DEPLOYMENT OF AIRBAGS OR FOR USE IN APPLICATIONS
THAT AFFECT CONTROL OF A VEHICLE ("SAFETY APPLICATION") UNLESS THERE IS

A SAFETY CONCEPT OR REDUNDANCY FEATURE CONSISTENT WITH THE 1SO 26262
AUTOMOTIVE SAFETY STANDARD ("SAFETY DESIGN"). CUSTOMER SHALL, PRIOR TO USING
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OR DISTRIBUTING ANY SYSTEMS THAT INCORPORATE PRODUCTS, THOROUGHLY TEST
SUCH SYSTEMS FOR SAFETY PURPOSES. USE OF PRODUCTS IN A SAFETY APPLICATION
WITHOUT A SAFETY DESIGN IS FULLY AT THE RISK OF CUSTOMER, SUBJECT ONLY

TO APPLICABLE LAWS AND REGULATIONS GOVERNING LIMITATIONS ON PRODUCT
LIABILITY.

Copyright

© Copyright 2012-2025 Advanced Micro Devices, Inc. AMD, the AMD Arrow logo, Kintex,
UltraScale, UltraScale+, Versal, Virtex, Vitis, Vivado, Zynq and combinations thereof are
trademarks of Advanced Micro Devices, Inc. AMBA, AMBA Designer, Arm, ARM1176JZ-S,
CoreSight, Cortex, PrimeCell, Mali, and MPCore are trademarks of Arm Limited in the US and/or
elsewhere. PCI, PCle, and PCI Express are trademarks of PCI-SIG and used under license.

Other product names used in this publication are for identification purposes only and may be
trademarks of their respective companies.
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