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Revision History
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Added the Software Requirements, Hardware Requirements and

Locating Tutorial Design Files for UltraScale™ devices.
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Evaluation Board for UltraScale Devices.
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Power Analysis and Optimization Tutorial

This tutorial introduces the power analysis and optimization use model recommended for use with the
Xilinx® Vivado® Integrated Design Environment (IDE). The tutorial describes the basic steps involved in
taking a small example design from RTL to implementation, estimating power through the different
stages, and using simulation data to enhance the accuracy of the power analysis. It also describes the
steps involved in using the power optimization tools in the design.

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

e
o

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

E factors that affect power consumption in an FPGA, shows how the Vivado Design Suite 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.

Software Requirements

This tutorial requires that the Vivado Design Suite software 2016.3 release or later is installed. For
installation instructions and information, see the Vivado Design Suite User Guide: Release Notes,
Installation, and Licensing (UG973).

For hardware power measurement of 7 series devices, the tutorial requires Texas Instruments
Fusion Design Power Designer software, which can be downloaded from this location:
http://www.ti.com/tool/fusion digital power designer

For hardware power measurement of UltraScale™ devices, the tutorial requires Maxim Digital
Power Tool software, which can be downloaded from this location:
https://www.maximintegrated.com/en/design/tools/applications/evkit-software/index.mvp?id=1183
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Hardware Requirements

Supported Operating Systems to run the Vivado Design Suite, and memory recommendations when
using the Vivado tools, are described in the Vivado Design Suite User Guide: Release Notes, Installation,
and Licensing (UG973).

Hardware Requirements for 7 Series Devices

The hardware power measurements for 7 series devices

(needed in Lab 3: Measuring Hardware Power Using the KC705 Evaluation Board), require a
Xilinx Kintex®-7 FPGA KC705 Evaluation Kit. You can find information on the Evaluation Kit at this
location:

Xilinx Kintex®-7 FPGA KC705 Evaluation Kit

For power measurements through TI Power Regulators

(needed in Lab 3: Measuring Hardware Power Using the KC705 Evaluation Board), use the Texas
Instruments USB Interface Adapter. You can find information on the USB Interface Adaptor at
this location:

www.ti.com/lit/ml/sllu093/sllu093.pdf

Hardware Requirements for UltraScale Devices

The hardware power measurements in UltraScale devices

(needed in Lab 4: Measuring Hardware Power Using the KCU105 Evaluation Board), require a
Xilinx Kintex® UltraScale FPGA KCU105 Evaluation Kit. You can find information on the
Evaluation Kit at the following location:

Xilinx Kintex® UltraScale FPGA KCU105 Evaluation Kit

For power measurements through Maxim Digital Power Tool

(needed in Lab 4: Measuring Hardware Power Using the KCU105 Evaluation Board), use the
Maxim Power interface adapter.

You can find information on the interface adapter at the following location:

www.maximintegrated.com/en/products/power/power-switching/MAXPOWERTOOL002.html
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Locating Tutorial Design Files

1. Download the reference design files from the Xilinx website:

ug997-vivado-power-analysis-optimization-tutorial.zip

2. Extract the zip file contents into any write-accessible location.

This tutorial refers to the location of the extracted ug997-vivado-power-analysis-—
optimization-tutorial.zip file contents as <Extract Dir>.

i} IMPORTANT: You will modify the tutorial design data while working through this tutorial. Use
a new copy of the original data each time you start this tutorial.

The ug997-vivado-power-analysis-optimization-tutorial.zip file includes a readme file
which contains the details and version history of the design files along with the folders of 7 series and
UltraScale design files.

7 Series Tutorial Design Files

You can find a separate 7 series folder containing the 7 series tutorial design files in the contents of the
zip file.

The following table describes the contents of the 7 series tutorial design files:

Directories/Files Description

/src Contains the design HDL and testbench for the functional
simulation.

/src/dut_fpga.v Top module for the design.

/src/bram_tdp.v Other design blocks - synthesized module.

/src/bram_top.v

/src/dut.v

dut_fpga kc705.xdc Contains clocking and timing constraints for the design.

/src/testbench.v Testbench for simulating the design.

UltraScale Device Tutorial Design Files

You can find a separate UltraScale folder containing the UltraScale device tutorial design files in the
contents of the zip file.

The following table describes the contents of the UltraScale device tutorial design files:

Directories/Files Description

/src Contains the design HDL and testbench for the simulation.
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Directories/Files

Description

/src/dut fpga.v

Top module for the design.

/src/dut.v

/src/Cascade bram.v
/src/Noncascade bram.v
/src/bram_top cascade.v
/src/bram top noncascade.v
/src/bram_tdp cas.v
/src/bram _tdp noncas.v

Other design blocks.

dut fpga kcul05.xdc

Contains clocking and timing constraints for the design.

/src/testbench.v

Testbench for simulating the design.
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Lab 1: Running Power Analysis in the Vivado
Tools

Introduction

In this lab, you will learn about the Power Analysis and Optimization features in the Vivado® IDE. The
lab will take you through the steps of project creation and power analysis at the synthesis stage, using
the Vivado Report Power feature in vectorless mode. It will also demonstrate using the SAIF file
generated from behavioral simulation for Vivado Report Power Analysis.

You will analyze power in the Vivado IDE. Then you will examine some of the major features in the
Power Report window and closely examine some power specific Tcl commands. You will also learn to
create a SAIF file by simulating the design in the timing simulation stage using both the Vivado
simulator and Questa Advanced Simulator.

You will also learn how to achieve Power Optimization after opt design in the Vivado IDE. You will
examine the power optimization report and selectively turn power optimizations ON or OFF on specific
signals, nets, modules, or hierarchy.

Step 1: Creating a New Project

To create a project, use the New Project wizard to name the project, to add RTL source files and
constraints, and to specify the target device.

Note: Throughout this tutorial, Xilinx® 7 series example design is used to explain the process of
configuring, implementing, estimating the power through different stages, and using simulation data to
enhance the accuracy of the power analysis. For UltraScale™ device design, most of the steps are similar to
7 series. Additional information, wherever necessary, is provided for UltraScale devices.

e On Linux,

1. Go to the directory where the lab materials are stored:

cd <Extract Dir>/7 series (for7 series devices)

or
cd <Extract Dir>/UltraScale (for UltraScale devices)

2. Launch the Vivado IDE: vivado
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VIVADO! o e £ XILINX

Quick Start Recent Projects

project_netlisk

o Y, 1 i fDataivado_Debugiproject_netlist
A |
X = o project_cpu_hdl
\’ / C:jDatafproject_cpu_hdl

Create MNew Project Open Projeck Open Example Project
Tasks
et &
[l )
Manage IP Open Hardware Manager ilir: Tel Skore

Information Center

2 B

Dacurnentation and Tukorials Quick Take Yideos Release Motes Guide

Figure 1: Vivado IDE - Getting Started Page

e On Windows,
3. Launch the Vivado IDE:
Start > All Programs > Xilinx Design Tools > Vivado 2016.x > Vivado 2016.x
(x denotes the latest version of Vivado 2016 IDE)
4. As an alternative, click the Vivado 2016.x Desktop icon to start the Vivado IDE.

The Vivado IDE Getting Started page contains links to open or create projects and to view
documentation.

5. In the Getting Started page, click Create New Project to start the New Project wizard.

6. Click Next to continue to the next screen.
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¢ New Project @

Project Name
Enter a name for your project and specify a directory where the project data files will be stored. '

Project name: power_tutoriall

Project Jocation: | C:/Vivado_Power_Tutorial |:|

V| Create project subdirectory

Project will be created at: C:/Vivado_Power_Tutorial/power_tutoriall

? | < Back ” Next = Finish Cancel

Figure 2: Creating a New Project

7. In the Project Name page, name the new project power tutoriall and enter the project location
(C:\Vivado Power Tutorial). Make sure to check the Create project subdirectory option and
click Next.

8. In the Project Type page, specify the type of project to create as RTL Project, make sure to
uncheck the Do not specify sources at this time option, and click Next.

9. In the Add Sources page:
a. Set Target Language to Verilog and Simulator language to Mixed.
b. Click the Add Files button.

c. Inthe Add Source Files dialog box, navigate to the <Extract Dir>/7 series/src
directory for 7 Series devices or <Extract Dir>/UltraScale/src for UltraScale devices.

d. Select all of the Verilog (. v) source files, and click OK.

e. Inthe Add Sources page, change the HDL Source For the testbench. v file to Simulation
Only.
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¢ New Project @
Add Sources
Specify HOL and netlist files, or directories containing HOL and netlist files, to add to your project. Create a new source file on disk and add it to your
project. You can also add and create sources later,

'h Index MName Location Library HOL Source For Location
- 1 bram_tdp.v C:Nivado_power_tutorial/7_Series/src xil_defaultib Synthesis & Simulation w C:Vivado_power_tutorial /7_Seriessrc
w2 bram_top.v C:Nivado_power_tutorial/7_Series/src xil_defaultib Synthesis & Simulation  C:Mivado_power_tutorial [7_Seriesfsrc
t -1.{-.-* 3 dut.v C:Vivado_power_tutorial/7_Seriesfsrc xil_defaultib Synthesis & Simulation ~ C:fvivado_power_tutorial /7_Series src
8 4 dut, fpga v C ,Nwadojou\er h..ltonal,.'? Ser|e5,|'5rc xil defﬁultllb Synthesis & Simulation ~ C:Vivado_power_tutorial /7_Series/src
(S8 Jesibancn [c:Nivedo-power iata-Seics/a b cerado [ERYEEFER] §21C: Vivado_power—tuoril/7 Seresfre
Add Files l [ Add Directories ] [ Create File

[] 5can and add RTL indude files into project
Copy sources into project
Add sources from subdirectories

Target language: | Verlog = | Simulator language: | Mixed -

B TR

Figure 3: Setting HDL Source Type for testbench.v (7 Series)

f.  Verify that the files are added and Copy sources into project is checked. Click Next.
10. In the Add Existing IP (optional) dialog box, click Next.

11. In the Add Constraints (optional) dialog box, click Add Files and select dut fpga kc705.xdc in
the file browser. In the directory structure, you will find the dut fpga kc705.xdc file below the
/src folder.

For UltraScale devices, select dut fpga kculO05.xdc in the file browser. In the directory
structure, you will find the dut fpga kcul05.xdc file below the /src folder.

12. Click Next to continue.

13. In the Default Part dialog box, click Boards to specify the board for the target device and select
Kintex-7 KC705 Evaluation Platform for 7 Series or Kintex-UltraScale KCU105 Evaluation
Platform for UltraScale devices. Then click Next.

design, in this case an xc7k325tffg900-2 FPGA for 7 Series or xcku040-ffval56-2-e FPGA for
UltraScale devices.
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14. Review the New Project Summary page. Verify that the data appears as expected, per the steps

above, and click Finish.
Note: It might take a moment for the project to initialize in the Vivado IDE.

File Edit Flow Tools Window Layout View Help

b‘ » ¢ X% b E|H XKL S X oefault Layout R & BN Ready
Flow Navigator ? % Project Manager - power_tutoriall 7 X
az= Sources ? — 0@ X L Project Summary X 2 00 %

¥ Y| B
[=H= Design Sources (1)
| @ dut_fpga (dut_fpga.) (1)

o T

o A

4 Project Manager =
@ Project Settings
o*ﬁ Add Sources

Project Settings
Project name: power_tutoriall

i Constraints (1) Project location:

C:/Vivado_Power_Tutorial/power_tutoriall

' Language Templates 1 Simulation Sources (1) Product family: Kintex-7
1F 1P catalog Project part: Kintex-7 KC705 Evaluation Platform (xc7k325tffga00-2)
4 TP Integrator Top module name:  dut fpga
5 . Ve
7% Create Block Design Target language:  Verilog
Hierarchy | Libraries | Compile Order Simulator language: Mixed

3% Open Block Design

1

% Generate Block Design Properties 2 _ O % Board Part
4 Simulation r iFL Display name: Kintex-7 KC705 Evaluation Platform
4% Simulation Sattings Board part name: xilinx.com:kc705:part0:1.3
@ Run Simulation Repository path:  C:/Xilinx/Vivade/2016.1/data/boards/board_files
L URL: wivawe.xilinx.com/ke705
9 CALEES B SR DR TR Board overview:  Kintex-7 KC705 Evaluation Platform
5 Elaboration Settings
» ¥ Open Elaborated Design
4 Synthesis
Design Runs ?— 0O X
5 Synthesis Settings .
# Run Synthesis LL; Name Constraints Status WHNS TNS WHS THS TPWS Failed Routes LUT FF BRAM URAM DSP  Start Elapsed
> [@¥ Open Synthesized Design z E!E?gr!thfl constrs 1 Not started
= impl_1 constrs_1 Mot started
4 Implementation
5 Implementation Settings 4
[» Run Implementation »
> [@¥ Open Implemented Design L]
4 Program and Debug =%
4% Bitstream Settings : K L} G
¥ Generate Bitstream . E Tcl Console | > Messages | B Log | 2 Reports., 3> Design Runs

Figure 4: Project in Vivado IDE (7 Series)

15. In the Vivado Options dialog box (Tools > Options > General), enter the tutorial project directory
in the Specify project directory box, so that all reports are saved in the tutorial project directory.

Then click OK.
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4 Vivado Options (23]
General
‘ %J Default Project Directory -
General . .
= {7 Current working directory ( ...rsfAppData/Roaming Xilinx/Vivado)
‘f‘_gﬁ () Last project’s directory L
Colors
(") Home directory (C:/Users)
i @ Spedify project directory: | C:/Vivado_Power_Tutoriall = N
Selection Rules
7 Source Files
Copy sources into project
Shortcuts
zi [] Add sources from subdirectories
;

(] Show file path in text editor

AI Target Language

i@ Verilog (7) VHDL

Fonts
ﬁ:‘ (i) Note: Default target language will be applied only at new project areation.
*"’1. Recent
Window Behavior

[ "] Reopen last project on startup
Mumber of recent projects to list: ' 10 54
Number of recent drectories to list: | 155

&

Number of recent files to list: | 1015 -

Co Jee ]

Figure 5: Setting the Project Directory

Now, the design is ready for Synthesis.
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Step 2: Synthesizing the Design
1. Click Run Synthesis in the Flow Navigator.

The Synthesis Completed dialog box appears after synthesis has completed on the design.

-

Synthesis Completed @

|0I Synthesis successfully completed.

Mext

Run Implementation

@ Dpen Synthesized Desigre

View Reports

Don't show this dialog again

Ok ] | Cancel

Figure 6: Synthesis Completed Dialog Box

2. Open the synthesized design by selecting Open Synthesized Design in the Synthesis Completed
dialog box and clicking OK.

Step 3: Setting Up the Report Power

The Vivado IDE allows you to specify input data to the Report Power tool to enhance the accuracy of
the power analysis.

In the Vivado IDE, you can configure thermal, environmental, and power supply options to mimic the
board level settings as closely as possible. For information on setting these options, see the Vivado
Design Suite User Guide: Power Analysis and Optimization (UG907).

1. In the main menu bar, select Tools > Report > Report Power.

2. In the Report Power dialog box, browse to the project directory and specify the Output text file as
power 1.pwr.

3. Browse to the project directory and specify the Output XPE file as power 1.xpe. After creating
this file when Report Power runs, you can import the file and results into the Xilinx Power Estimator
(XPE). For information on importing the file in to the Xilinx Power Estimator (XPE), see the Xilinx
Power Estimator User Guide (UG440).
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Lab 1: Running Power Analysis in the Vivado Tools

¢ Report Power

Estimate power consumption based on the netlist design and part xc7k325tFg300-2.

Results name: power_1
Qutput text file: |power_1.pwr
Output ¥PE file: | power_1.xpe
Environment | Power Supply
Device Settings
Temp grade:
Process:

Environment Settings
COutput Load:
|:| Junction temperature:
Ambient temperature;
[] Effective dIA;
Airflow:
Heat sink:
dsA:
Board selection:
Mumber of board layers:
daB:

Board temperature:

Legend

Switching
commercial -
typical -
]
25.278
2515
1.778
250 -
medium (Medium Profile] -
medium {10107 -

12t015 (12 to 15 Layers) -

[[] User Defined [ Calculated [ Default

EJ

CAW [0 - 1

“C/W [0 - 100

[95]
o

|'"r||

oo

aja

QK

] I Canicel

Figure 7: Report Power Dialog Box

4. Examine the Environment tab in the Report Power dialog box (Figure 7).
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ALL PROGRAMMABLE, Lab 1: Running Power Analysis in the Vivado Tools

5. In the Environment tab, set Process to maximum for a worst case power analysis. Examine the
Power Supply tab (Figure 8).

IMPORTANT: By default, Vivado Report Power uses nominal values for voltage supply sources.
Voltage is a large factor contributing to both static and dynamic power. For the most accurate
analysis, ensure that actual voltage values are entered for each supply. Similarly, ensure
temperature and other environmental factors match actual operating conditions.

¢ Report Power |E|
Estimate power consumption based on the netlist design and part xc7k325tffg900-2.
Results name: power_1
Output text file: | power_1.pwr E]
Output XPE file: | power_l.xpe B
Environment” Power Supply | Switching
Settings
Vecint: 1.000M v [0.970 - 1.030]
Vecaux: 1.8005 v [1.710 - 1.890]
Weoco3d: 33005 V. [1.140 - 3.465]
Veco2s: 2500/ v [2.380 - 2.630]
Veeold: 1.800M2 v [1.140- 1.890]
Vecools: 15005 vV [1.430 - 1.580]
Wecool3s: 13505 vV [1.300 - 1.400]
Vccol2: 1.200/ 5 v [1.140 - 1.260]
Vecaux_io: 1.8005 v [1.710 - 1.890]
Vecbram: 1.0005 v [0.970 - 1.030]
MGTAVcc: 10005 vV [0.970 - 1.080]
MGTAVLE: 1.200/ 5 v [1.170-1.230]
MGTVecaux: 1800/ v [1.750 - 1.850]
Vecadc: 1.8005 vV [1.710 - 1.890]
Legend
[ User Defined [ Calculated [ Default
0K ] [ Cancel I

Figure 8: Report Power Dialog Box — Power Supply Tab
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Lab 1: Running Power Analysis in the Vivado Tools

Legends in Report Power Tool

The following legends appear consistently in the Report Power tool:

Constraint

Simulation

User Defined

Estimated

Default

Displays when the Nets are defined as clock with timer constraints.
The defined frequency of a clock determines the switching activity.

Displays when the Nets with switching activities are derived from
simulation’s .saif file

Displays when the Nets with user set switching activities are
derived from set_switching_activity power tcl command.

Displays when the Nets with switching activities are generated by
report_power vectorless propagation engine.

Displays when the Nets include default switching activities. If you
use set_switching_activity on input port nets or on internal nets
before running report_power (vectorless propagation), the report
tool displays the default.

6. In the Switching tab, expand Constrained Clocks and examine the constrained clocks in the design

(Figure 9).

IMPORTANT: Make sure all the relevant clocks in the design are constrained. All the design
clocks must be defined using create clock or create generated clock XDC
constraints, so that Report Power recognizes the clocks.

Default toggle rate is set to 12.5% and Default Static Probability is set to 0.5. This will be
applied to primary input ports (non-clock) and block box outputs.
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¢ Report Power

Results name: power_2
Output text file:
Output XPE file:

Qutput RPX file:

Environment | Power Supply- Switching

Switching Activity for Resets: | Deassert
Simulation Settings

Simulation activity file (.saif): ||

Default Activity Settings
Default toggle rate: 12.5
Default Static Probability: 0.5

Enable Rate Settings

BRAM Port Enable:
BRAM Write Enable:

Bidi Output Port Enable:

Toggle Rate Settings

Primary Outputs:
Logic
Registers:
Shift Registers:
Distributed RAMs:
LUTs:
DSPs:
Block RAMS:
GTs
R Data:
TX Data:

4 Constrained Clocks
Clock

sys_diff_clock_clk_p
clkfbout_base_mb_clk_wiz_1_0
clk_outl_base_mb_clk_wiz_1_0

Iil

Lab 1: Running Power Analysis in the Vivado Tools

[0-100]

[0.0 - 1.0]

Static Probability
[0.0 - 1.0]
[0.0 - 1.0]

[0.0 - 1.0]

Static Probability

[0.0 - 1.0]

[0.0 - 1.0]
[0.0 - 1.0]
[0.0 - 1.0]
[0.0 - 1.0]
[0.0-1.0]

[0.0 - 1.0]
[0.0 - 1.0]

[0.0 - 1.0]

base_mb_i/mdm_1/U0/Use_E2.BSCAN_I/Use_E2.BSCANE2_I/DRCK
base_mb_i/mdm_1/U0/Use_E2.BSCAN_IfUse E2.BSCANEZ_I/UPDATE

Estimate power consumption based on the netlist design and part xc7a200tfbg676-2.

Toggle Rate
0-100]
0-100]

[0 - 100]

Toggle Rate

0-100]

0 - 100]
[0 - 100]
0-100]
0 - 100]
0-100]

0-100]

0-100]

0-100]

Period
33.333 ns
33.333 ns
5ns

5ns

10 ns

h

ola

»

111

=

0K H Cancel |

Figure 9: Report Power Dialog Box — Switching tab expanded to display Constrained Clocks
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ALL PROGRAMMABLE, Lab 1: Running Power Analysis in the Vivado Tools

Step 4: Running Report Power

1. Click OK on the Report Power dialog box.

This runs the report power command.

2. Examine the Power Report power_1 generated in the Power tab of the results windows area in the

Vivado IDE.

TIP: Due to continuous accuracy improvements in the Vivado tools, the actual power numbers
you see might be slightly different than the ones that appear in the following figures.

Power - power_1

QTS ==t 4 Summary
------ Sefttings b
Power estimation from Synthesized netlist. Activity
i-Power Supply derived from constraints files, simulation files or
=H-Utilization Details vectorless analysis. Note: these early estimates can
~Hierarchical (0.918 W) change after implementation.

-Clocks (0.011 W)

E-Signals (0.061 Total On-Chip Power: 1.105 W
~Data (0.061 W) Junction Temperature: 27.0C
Clock Enable (0 W)
Seot?Re;:t R Thermal Margin: 58.0 °C (31.8 W)
- Logic (0.011 W) Effective d1A: 1.8 "C/w
~BRAM (0.714 ‘ i Power supplied to off-chip devices: 0 W
-Clock Manager (0.117 W) )
-1/ (0.004 W) Confidence level: Medium

Figure 10: Power Report

On-Chip Power

83%

17%

] Dynamic: 0.918wW (8

(4]

O Clocks:  0.011W
[ signals:  0.061 W
M Logic: 0.011 W
MERAM: 0714 W
W MMCM: 0117 W
O yo: 0.004 W

=}
&

[0 Device Static: 0.187 W (179%)

3. Examine the power breakdown in the Power Report by block type (Logic, BRAM, I/O, etc.).

4. Examine the power supply breakdown in the Power Supply view.
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Power - power_1

Lab 1: Running Power Analysis in the Vivado Tools

QAT EeE== 4 Power Supply

""" gﬁ:ﬁ:”mgas (1.105 W1 ¢ Supply Source  Voltage (V)  Total (A)  Dynamic (A)  Static (A)
..... m ’ Vecint 1.000 0.827 0.745 0.082
£}-Utilization Details Vecaux 1.800 0.095 0.067 0.029
H|Erarch|ca| |:| 9]_8 '.l.‘r"" UCCUBB 33DD D.EIEIl DDDD EI.EIEIl
Clocks (0,011 W) Vcco25 2.500 0.000 0.000 0.000
E)-Signals (0.061 W) Veco18 1.800 0.000 0.000 0.000
- Data (0.061 W) Vccol5 1.500 0.001 0.000 0.001
Clock Enable (0 W) Veco135 1.350 0.000 0.000 0.000
-SetfReset (0 W) Veco12 1.200 0.000 0.000 0.000
-Logic (0.011 W) Vecaux_io 1.800 0.000 0.000 0.000
~BRAM (0.714 W) Vecbram 1.000 0.066 0.054 0.013
Clock Manager (0.117 W) MGTAVCC 1.000 0.000 0.000 0.000
-1/0 (0.004 W) MGTAVtt 1.200 0.000 0.000 0.000
MGTVcaux 1.800 0.000 0.000 0.000
Vecade 1.800 0.020 0.000 0.020

Figure 11: Power Report — Power Supply Display

5. Examine the Hierarchical breakdown of the power in the Utilization Details > Hierarchical view.

Csa—F L k¢ 4 Utilization Details - Hierarchical
...... L
;-Settings . . “\ | utilization Harme Clocks (W)  Signals (W)  Data (W)
ummary (1.105 W) = -
Power Supply o = ) 0.918 W (83% of total) () dut_fpga
- Utilization Details - —— 0.795 W (72% of total) dut (dut) 0.009 0.061 0.061
S Hierarchical u_g]s W [H B 0.079 W (7% of total) gen_dut{0].bram_top_inst (b 0.001 0.006 0.006
~Clocks (0,011 W . E0.079 W [ of total) gen_dut[1].bram_top_inst (b 0.001 0.006 0.006
== S|gna|s 0.061 V [+ B 0.079 W (7% of total) gen_dut[2].bram_top_inst (b 0.001 0.008 0.008
~Data (0 |j.:.1 W [H-B 0.079 W (7% of total) gen_dut[3].bram_top_inst (b 0.001 0.006 0.008
Clock ‘Enable .3 W) [+ 8 0.079 W (7% of total) gen_dut[4].bram_top_inst (b 0.001 0.006 0.006
“-Setf/Reset (0 W) 3 0.079 W of total) gen_dut[5].bram_top_inst (b 0.001 0.006 0.006
~Logic (0.011 W) [+ B 0.079 W (7% of total) gen_dut[6].bram_top_inst (b 0.001 0.006 0.006
~BRAM (0.714 W) [ 0.079 W (7% of total) gen_dut[7].bram_top_inst (b 0.001 0.006 0.006
~-Clock Manager (0.117 W) FH B 0.079 W (7% of total) gen_dut[8].bram_top_inst (b 0.001 0.006 0.006
- Tf0 (0.004 W) . [+ B 0.079 W (7% of total) gen_dut[9].bram_top_inst (b 0.001 0.006 0.006
----- 1<0.0001 W ( (<1% of total | Leaf Cells (&)
- 0.124 W (11% of total) | Leaf Cells (18)
Figure 12: Power Report - Hierarchical Display
6. Examine the Clocks view and the various Signals views (Data, Clock Enable, and Set/Reset).
ATE e 4 Utilization Details - Clocks
--gitrg:r?asry (1.105 W) d @ Utilization Name Frequency (MHz)  Buffer  Clock Buffer Enable (%)  Enable Signal  Leaf Fanout  Slice Fanout  Type
Power Supply L E00.011 W (1% of total) 5 dut_fpga
- Utilization Details £ 0.009 W (1% of total) T clkoutd 100.000 N/A N/A N/A 842 0 NjA
Hierarchical (0.918 W) EFH 0002 W (<19 of total) I cko 200.000 N/A N/A NA 2 0 N/A
’ EEH <0.0001 W (< 1% of total) - sys_ck_in_p 200,000 N/A N/A NfA 2 1N/A
EI Signals (0.061 v
‘Data (0.061 Y
‘Clock Enable
L-Set/Reset (0
+~Logic (0.011 W)
L~BRAM (0.714 V
+Clock Manager (0.117 W)
L-J/0 (0.004 W)
Figure 13: Power Report — Clocks Display
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ALL PROGRAMMABLE, Lab 1: Running Power Analysis in the Vivado Tools

Step 5: Viewing the Power Properties

This step will show you how you can get the display of static probability and toggle rate for a signal in
property window.

1. Note the total power (Total On-Chip Power) in the Power Report Summary view.
2. Click the Set/Reset item in the Power Report.
3. Click on the dut/dut_reset signal.

Q& j 4 Utilization Details - Set/Reset

...... i P o

gﬁlt,tr:nmgasw ‘1 105 W N Utilization Hame Signal Rate (Mtr/s) % High Fanout  Slice Fanout  Clock  Logic Type

- . 5 W - :

~Powser Supply s =W #1 dut_fpga

Z1-Utilization Details oW I dut/dut_reset 0.000 0.000 530 0 clkoutd FF LUT
0.918 0w o led_OBUF 0.000 100,000 3 0 clkoutd FF /O LUT

~-Hierarchica

- Tf0 -:[: 004y

Figure 14: Power Report — Set/Reset Display

4. Note that there is a Power tab in the Net Properties window, displaying Net Properties for the
dut/dut_reset signal. Click on Load Power Properties to get the power information the first time.

H

I

Met Properties —d
P3|
I reset
Toggle rate: 0.0 3% -

Static probability: 0.0

m

Legend
[] Estimated =)

Edit Properties...

General | Properties | Connectivity | Power | Aliases | Cell Pins |Moc q p E

Figure 15: Properties Window — Set/Reset Net Properties

5. Note the Toggle rate is 0% and the Static probability is O for the dut/dut_reset signal, which
indicates that Reset is always de-asserted in the design.
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Step 6: Editing Power Properties and Refining the Power
Analysis

Assume the Reset is asserted for 10% of the cycles in this design. Switching activity can be set
accordingly to re-estimate the power.

1. In the Net Properties window, click the Edit Properties button.

2. Inthe Edit Power Properties dialog box, change the Toggle rate to 4% and the Static probability
to 0.1.

= Edit Power Properties @
Set power properties for dut_reset. ‘
Toggle rate: 4.0001% %
Static probability: 0.1F [0.0 - 1.0]

OK l | Cancel

Figure 16: Edit Power Properties Dialog Box
3. Click OK.
4. In the Net Properties window, observe that the Toggle Rate and Static Probability values turn a

different color to indicate that they are user defined.

Net Properties P — 0O & X
R &

I dut_reset

Toggle rate: 4.0 %
Static probability: 0.1

Legend: [ User Defined

| Edit Properties...

General | Properties | Connectivity | Power | Aliases | Cell Pins | Nodi 4 » B

Figure 17: User Defined Color in Net Properties Window
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You can also observe the equivalent Tcl command executed in the Tcl Console.

Tcl Console

Z INFO: [Project 1-111] Unisim Transformation Summary:

pig :Nc Unisim elements were transformed.

=

DD report_power -file {C:/Users/AppData/Reaming/Xilinx/Vivado/power.pwr} -xpe [C:/Users/RppData/Roaming/¥ilinxk/Vivado/power.xpe} -name [power 1}
.‘§J Running Vector-less Activity Propagatlon...

{; K T

2 Tcl Console | © Messages | B Log | 2 Reports | 3» Design Runs | &) Power

Figure 18: Equivalent Tcl Command for Net Property Update

5. Rerun Report Power (Tools > Report > Report Power).

6. Change the Output text File and Output XPE File to power 2.pwr and power 2.xpe
respectively. Then click OK.

7. In the Switching tab, set Switching Activity for Resets: to None.

8. In the Power window, note the change in total power reported in the power_2 report compared to
the power_1 report. The total power has decreased due to the change in the Signal Rate for the
dut/dut_reset signal. Since the signal is a reset signal, an increase in its activity will significantly
reduce the activity of other signals in the design. Note that the Signal Rate of the dut/dut_reset

signal is now color coded as being User Defined in both the properties window and the Set/Reset
view of the Power Report.

Power - power_2

| g

Qa, . - 4 Utilization Details - Set/Reset
~Gettings Y Q| Utiization Signal % High  Fanout  Slice Fanout  Clock Lo
~Summary (1.085 W) ]

ey | 20 <0.0001W (=15

Tl dut_fpga
I dut/dut_reset
led_OBUF

~Power Supply

-tilization Details
~Hierarchical (0.532 W,
--Clodks (0,011 W)
=}-Signals (1
--Data (0,055 W)
é----CIockEnabIe v

L ar e 5

.000 530 0 dkeutd FF
0.000 3 0 dkoutl FF

~Logic (0.011 W)

- BRAM (0.7 W)

- Clodk Manager (0,11

-1J0 (0.004 W) 4 n '
4 i s Legend: [ User Defined [ Attribute [] Calculated

power_1 power_2

Figure 19: Power Report — User Defined Signal Rate

Xilinx recommends you to double-check the signal rates and percentage high (%high) values of high
impact I/O ports, control signals (such as resets and clock enables) and high fanout nets. This is an
opportunity to guide the Report Power tool to the right estimation scenario.

See the Vivado Design Suite User Guide: Power Analysis and Optimization (UG907) for more information
on switching activity.
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ALL PROGRAMMABLE, Lab 1: Running Power Analysis in the Vivado Tools

TIP: In Tcl, use the set switching activity command to change the signal rate and static
probability of signals and use report switching activity to query the values that were
set on the signals.

set switching activity -signal rate 4 -static probability 0.1 [get nets dut/dut reset]

report switching activity [get nets dut/dut reset]

IMPORTANT: Switching activity can also be specified in terms of toggle rate. Toggle rate is
always associated with a clock. The primary ports can be associated with a specific clock using
the set input delayand set output delay commands. If no clock association is found,
Report Power will associate the ports with respect to the capturing clock.

For a clock of 100 MHz and a toggle rate of 4, the equivalent signal rate will be 4 MTr/s
(signal_rate = toggle_rate * Freq = 4 * 100MHz ).

Step 7: Running Functional Simulation with SAIF Output

Now that you have created a Vivado Design Suite project for the tutorial design, you can set up and
launch the Vivado simulator to run post-synthesis functional simulation. Simulation will generate a
switching activity values file (SAIF) that will enable you to do more accurate power estimation on your
design.

1. In the Flow Navigator, click Simulation Settings to open the Project Settings dialog box and set
the behavioral simulation properties.

2. In the Project Settings dialog box, note that the following Simulation defaults are automatically set
for you based on the design files:

Simulator language: Mixed
Simulation set: sim 1
Simulation top-module name: testbench

3. In the Elaboration tab, make sure the xsim.elaborate.debug_level is set to typical, which is the
default value.
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ALL PROGRAMMABLE. Lab 1: Running Power Analysis in the Vivado Tools
al*..-‘_p Project Settings @
Simulation
@ Target simulator: Vivado Simulator -
General
,1] Simulator language: Mixed -
Wil
) ) Simulation set: i sim_1 -
Sirmulation
. d.\] Simulation top module name: | testbench B
e
Elaboration Clean up simulation files

[] Generate scripts only

\4

Synthesis

Compilation Elaboration | Simulation | Metiist | Advanced

A 4

. xsim.elaborate, snapshot
Implementation

wsim. elaborate. debug_level typical -
”é} = xsim. elaborate. relax
Qoo
Bitstream xsim.elaborate. mt_level auto -
xsim.elaborate.load_glbl
=S xsim.elaborate.rangecheck |
P xsim.elaborate sdf_delay sdfmax -
- xsim.elaborate, xelab,more_options
select an option above to see a description of it
oK ] I Cancel Apply

Figure 20: Simulation Settings — Elaboration

4. In the Simulation tab enter the SAIF file name as power tutorial func.saif for
xsim.simulate.saif. Observe that the xsim.simulate.runtime is 21000ns.

5. Click OK.
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xsim.simulate.log_all_signals®
xsim.simulate.wdb

xsim.simulate.saif_scope

xsim.simulate. saif* power_tutorial_func.saif
xsim.simulate.saif_all_signals [

o st e pons ||

'xsim.simulate.xsim.more_options
More XSIM simulation options

ok J[ Concel || sony |

Figure 21: Simulation Settings — Entering SAIF File Setting

With the simulation settings properly configured, you can launch the Vivado simulator to perform a
post-synthesis functional simulation of the design.

Note: The power reporting and analysis are not performed at the RTL level. They are performed at the

gate level.
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6. In the Flow Navigator, click Run Simulation > Run Post-Synthesis Functional Simulation.

4 Sjmulation = Scope | £ Sources
% Simulation Settings i ) )
- Simulation Scope Properties
'J“.l[l Rum—=—"—=
Run Behavioral Simulation
RTL Analysi Run Post-Synthesis Functional Simulation

) Fun Post-Synthesis Timing Simulation
4 Synthesis|

% Sy
:@- R

Figure 22: Running Post-Synthesis Functional Simulation from Flow Navigator

When you launch the Run Post-Synthesis Functional Simulation command, the Vivado simulator is
invoked to run the simulation.

Post-Synthesis Simulation - Functional - sim_1 - testbench X
Scopes — O % Objects — 0O x B Untitled 1 x Oowe =
C 1 pag = = = " 1
AZZH@IEPC@BIE=G Q18| ah| 16 B K
Name Design Unit Block Type Value Data Tyg *
: 0 Logic
dut_fpga Verilog Module 1 Logic
glbl Verilog Module H 1 Logic
15 pass 1 Logic
+- 4§ WATCHDOG[3... 100000 Array
icn SCOPE | 4h Sources ] T il
Td Consale I T

i # close_saif

?xslm: Time (s): cpu = 00:00:05 ; elapsed = 00:00:06 . Memory (MB): peak = 1656.973 ; gain = 18.414

EINFD: [USF-X5im-96] X5im completed. Deaign snapshot 'testbench func_synth' loaded.

INFO: [USF-X5im-97] X5im simulaticn ran for 1000ns

ilaunch_slmlaticn: Time (s): cpu = 00:00:11 ; elapsed = 00:00:41 . Memory (MB): peak = 1656.973 ; gain = €3.691

PR

1]
&
=]
i

Fl I

=2 Tcl Console Messages | [ Log

Figure 23: Post-Synthesis Functional Simulation Window in the Vivado IDE

After the simulation completes, click x at the top right corner to close the simulation window.
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Step 8: Incorporating SAIF Data into Power Analysis

The SAIF output file requested in the simulation run is generated in the project directory. To further
guide the power analysis algorithm we use this SAIF file.

1. Ensure the SAIF file requested is generated. Check to see that the SAIF file requested in the
simulation settings prior to running simulation appears in this directory:

<project directory>/power tutoriall/power tutoriall.sim/sim 1/synth/
func/power tutorial func.saif

2. In the Flow Navigator window, click on Synthesized Design.
3. In the main menu bar, select Tools > Report > Report Power.
4. In the Report Power dialog box, make the following changes:
o Set the Results name to power 3
o Set the Output text File to power 3.pwr
o Set the Output XPE File to power 3.xpe

5. In the Environment tab of Report Power dialog box, make sure that the Process (the process
corner) is set to maximum.

6. In the Report Power dialog box Switching tab, specify the SAIF file location.
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¢ Report Power @

Estimate power consumption based on the netlist design and part xc7a200tfhg676-2.

Results name: power_1

Output text file:

aa

Output XPE file:
[] output RPX file:

Environment | Power Supply Switching

Switching Activity for Resets: | Deassert A
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Simulation activity file (.saif): werfpnwer_tutoriaI1.simj’sim_1,"s:.rnth,"funcfpower_tutorial_func@ D
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BRAM Port Enable: [0.0-1.0] [0-100]
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Bidi Output Port Enable: [0.0-1.0] [0 - 100]
Toggle Rate Settings
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Shift Registers: [0.0-1.0] [0-100]
Distributed RAMs: [0.0 - 1.0] [0 - 100]
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» Constrained Clocks

oK ] [ Cancel

Figure 24: Specifying SAIF File Location

7. Click OK in the Report Power dialog box.

The report power command runs, and the Power Report power_3 is generated in the Power tab
of the results windows area.
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Power - power_3 — O e =
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+—Settings » .
Power estimation from Synthesized netlist, Activity On-Chip Power
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Power Sunol derived from constraints files, simulation files or _
[rower supply- vectorless analysis, Note: these early estimates can [ Dynamic: 0.749W  (52%)
E-Utiization Detall;_ change after implementation.
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Figure 25: Power Report - Summary

Note: The SAIF annotation results are displayed in the Tcl Console. Make sure all the design nets are
matched with simulation nets, to achieve better accuracy by including Simulation data. For 7 series
devices, the number of design nets and simulation nets may vary due to various reasons. However, they
should match 100%.

Example: INFO: [Power 33-26] Design nets matched = 2194 of 2194

Td Console

| Cread saif [C:/Vivads Pewer Tucorial/power_tutoriall/pewsr totoriall.sim/sim 1/symth/func/power_tucorial fune.saif)

<y INED: [Timimg 3E-35] Done settiog NDO Timing CONATI&LRCE.

I,J INED: [Timinmg JB-2] Deriving generaced clocks

'“ INED: [Fower 33=167] rFaraing SALT Iile O Vivado Fower [utorial/power_tutorlall/spower tutoriall.aimssim l/aynchsiunc

.1 HEQr [Fower 23=177] SRLIT annoctaticon done Irom Dile Cr/Vivedo_rower IutoTrlal/power _tutorlall/power _tutorlall.slm sim
INFQ: [Fower 33-36] Design nets matched = 2154 of 2194

------

report_power -Ille {(C:/Userashpplata/Roamding/Xilinx/Vivado/power 3.pwr] -xpe [C:fUsera/AppDats S Rosaming/Xilin

x

- T Console Messages | G Log | [ Reports | b Design Runs
Figure 26: Tcl Console Log — Reading SAIF Data

8. Go to the I/0 view in the Power Report. Note that all the I/O port activity data has been set from
simulation data we specified. The data is color coded to indicate activity rates read from the

Simulation output file.
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Figure 27: Power Report — I/O Display

9. Note the difference in total power numbers (Total On-Chip Power in the Summary view) between
a pure vectorless run in the power_1 results versus with the post synthesis functional simulation
data in the power_3 results. Also note that the dut/dut_reset signal rates are overwritten by
simulation SAIF data.

Power - power_3 _Oax
Qa, E % == 4 Utilization Details - Set/Reset
- b o
Settings . . “\ | utilization Name Signal Rate (Mir/s) % High  Fanout Slice Fanout Clock  Logic Type
~Summary (1.331 W) =
~Power Supply a | [EH <0.0001 W (<1% of tota)) & dut_fpga
[} Utilization Details ~1<0.0001 W of total) I dut/dut_reset 1.000  27.250 610 0 clkoutd  FFLUT
Hierarchical (0.868 1 <0.0001 W (<1% of total) o led_OBUF[2] 1.000 72.740 332 0 clkoutd FF /O LUT
+~Clocks (0.011 W)
[-Signals (0.044 W)

~Data (0.044 W)
-~ Clock Enable (<
i Logie (0.00
i~ BRAM (0.681 W)
i Clock Manager (0.1
LJ/0 (0.006 W)

« 1 »
< i = Legend: [ Simulation [ Calculated

power_l X |power_2 X power_3 X 4 B

Figure 28: Power Report - Set/Reset Display

Step 9: Implementing the Design

This tutorial helps you understand Power Analysis with and without Power Optimization. In this step,
you will run Implementation without Power Optimization.

1. In the Flow Navigator, select Implementation Settings.

2. In the Opt Design settings, select the NoBramPowerOpt option for —~directive and click OK.
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Q;L. Project Settings @
) Implementation
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Strategy: A Vivado Implementation Defaults (Vivado Implementa... « | [
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Figure 29: Disabling Power Optimization
3. In the Flow Navigator, click Run Implementation.
4. When prompted to Save project before launching implementation click Don’t Save.

I:.,» \'] Save project before launching implementation?

Data to Save

synthesized Design - constrs_1 - dut_fpga_kc705,xdc

| Save |[ Don't Save ][ Cancel

Figure 30: Click “Don’t Save” Here

Conclusion

In Lab 1, you have learned how to set the power analysis in the Vivado IDE. In lab 2, you will learn
about the timing simulation and its effect on the power analysis.
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Lab 2: Running Timing Simulation and
Estimating Power

Introduction

In this lab, you will learn about generating a SAIF file after running a timing level simulation using the
Vivado® simulator and Questa Advanced Simulator. The lab will take you through the steps for SAIF file
creation, running timing simulation, and estimating power using the SAIF data.

Step 1: Configuring and Running the Timing Simulation using
Vivado Simulator

1. In the Implementation Complete dialog box, select Open Implemented Design and click OK to
open the implemented design. When prompted to Save project before opening an implemented
design, click Don’t Save.

Now you are ready to set up and launch the Vivado simulator to run post implementation timing
simulation. You will set the timing simulation properties in the Vivado IDE, then run the timing
simulation.

2. In the Flow Navigator, click Simulation Settings to set the timing simulation properties.

3. In the Project Settings dialog box, note that the following defaults are automatically set:
Simulation set: sim 1
Simulation top-module name: testbench

4. 1In the Elaboration tab, make sure that debug_level is set to typical, which is the default value.

5. In the Simulation tab set the SAIF filename xsim.simulate.saif to
power tutorial timing xsim.saif.

6. Observe that the simulation run time xsim.simulate.runtime is 1000ns.

7. Click OK.
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-
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Figure 31: Timing Simulation Settings - Simulation Tab

With the simulation settings properly configured, you can launch the Vivado simulator to perform a
timing simulation of the post implemented design.

8. In the Flow Navigator, click Run Simulation >Run Post-Implementation Timing Simulation.
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4 Simulation s
% Simulation Settings

() Run Simulation

Run Behavioral Simulation

4 RTL Analysis
5 Run Post-Synthesis Functional Simulation
¥ OpenEl
Run Post-Synthesis Timing Simulation
Synthesis Fun Post-Implementation Functional Simulation

Run Post-Implementation Timing Simulation

4 Implementati

Figure 32: Running Post-Implementation Timing Simulation

9. After the Vivado simulator has finished simulating the design, ensure that the SAIF file requested
has been generated. Check to see that the SAIF file requested in the simulation settings prior to
running simulation appears in this directory:

<project directory>/power tutoriall/power tutoriall.sim/
sim 1/impl/timing/power tutorial timing xsim.saif

Post-Implementation Simulation - Timing - sim_1 - testbench

Scopes — O %  Objecs —Ow x EE Untitled 1 x o
Az @sEcleawa A | 5] 16 Bl
Name Design Unit Block Type Name Value Data Type
*!..I Tr— B ays_ck p 0 Logic
+ @ dut_fpga dut_fpga  Verilog Mo... e sys ck_n 1 Logic
@ glbl glbl Verilog Mo... ol led 1 Logic

1 pass 1 Logic
9§ WATCHDOG... 100000 Array

% Scope | d& Sources 4 17 b=

Figure 33: Post-Implementation Timing Simulation using the Vivado Simulator
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Step 2: Running Report Power in Vectorless Mode

1. In the Flow Navigator, select Implemented Design > Report Power to open the Report Power

dialog box.

You can also select Tools > Report > Report Power from the main menu bar.

2. In the Report Power dialog box Environment tab, make sure the Process is set to maximum and

click OK.

The Report Power command creates a Power Report under the power_1 tab in the results windows

area.

3. Note the total power (Total On-Chip Power) in the power report Summary page (Figure 34).

Power - power_1 - 0O a X
el — I 4 Summary
; »
?erbngs Power analysis from Implemented netiist. Activity On-Chip Power
. derived from constraints files, simulation files or
Power Supply vectorless analysis. [] Dynamic: 0.838W
=-Utilization Details
::::;ﬁc_?l; Total On-Chip Power: 1639 W 19% | DClocks: 0.019W
5 Signals (0,155 1 ,| Jumction Temperature: 27.9°C 51% O Signals:  0.155W
Data (0.155 W : Thermal Margin: 57.1°C(29.9W) [ Logic: 0.009 W
Clock Enable (<0.0001W) |©| Effective dJA: 1.8 ‘Cw B BRAM: 0.534W
Set_,fﬁje_s.et <0.0001 W Power supplied to off-chip devices: 0w BMMCM: 0,117 W
: ;:g; RS Confidence level: Medium 49% Ouo:  0.005W
- Clock Manager (0.117'W — 1
/0 (0.005 [X Device Static: 0.470W (49%
power_1 X =]
Figure 34: Running Post-Implementation Report Power in Vectorless Mode
Vectorless Analysis is done based on default switching activity specification on the primary ports and
the design clocks.
Refer to the Vivado Design Suite User Guide: Power Analysis and Optimization (UG907) for more
information on Vectorless Power Analysis.
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Step 3: Running Report Power with Vivado Simulator SAIF
Data

The project directory contains the SAIF output file requested in the previous timing simulation run. We
use this SAIF file — a "Switching Activity Interchange Format” file — to further guide the power analysis
algorithm.

1. In the main menu bar, select Tools > Report > Report Power.
2. In the Report Power dialog box, specify the SAIF file location in the Switching tab.

The SAIF file, which was requested in the simulation settings prior to running timing simulation,
should appear here:

<project directory>/power tutoriall/power tutoriall.sim/
sim 1/impl/timing/power tutorial timing xsim.saif

3. Click OK in the Report Power dialog box.

After the Report Power command completes, the Power tab in the results windows area displays
Power Report power_2.

In the Tcl console, observe that the SAIF file is read successfully and that 100% of the design nets
are matched. This assures you that the generated SAIF file is correct and matched with all design

nets.
Power - power_2 _0Oa X
Q Z_ ; - 4 Summary
Settings ’ .
== Power analysis from Implemented netist. Activity On-Chip Power
- derived from constraints files, simulation files or r 1
Power Supply vectorless analysis. [J Dynamic: 0.83BW (54%
Utilization Details
z;szzch_ic?l. 0880 Total On-Chip Power: 13w 19% | [Clocks: 0.019W
—}-Signals > 55 v S Junction Temperature: 273 64% 1 [sSignals: 0.155W
Data (0.155 ¢ Thermal Margin: 57.7 "C (30.3W) [ Logic: 0.009W
Clock Enable (<0.0001 - | Effective dA: 1.8 *C/w 64% I BRAM: 0.534W (54°:
. .ief,fRe_s.et 1 W Power supplied to off-chip devices: 0W WMCM:  0.117W
BRiM - Confidence level: High O yo: 0.005 W
Clock Manager (0. 117 W 6%
1/0 (0.005 )
[ Device Static: 0.462W
i 17 3 J
power_1 X | power_2 X 4bBE

Figure 35: Power Report with SAIF Data

4. Note the change in total power (Total On-Chip Power in the Summary view) in the power_2
report compared to the power_1 report. The total power estimated in the report generated with
SAIF file data will be different than the total power estimated in the vectorless run (power_1 results).

5. Examine the summary and block level (On-Chip Power) power distribution in the Summary view of
the Power Report.
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6. Go to the Utilization Details > Signals >Data view in the Power Report. Note that all the Signal
Rate data has been set from simulation data the SAIF file provided.

The data is color coded to indicate activity rates read from the Simulation output file.

Powver - power_4 — 0O a1 x
QAT == 4 Utilization Details - Data
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\-Clocks (0.011 W) -1 <0.0001 W | of total) I dut/gen_dut[0].bram_top_inst/addr_a[5] 71.000  53.663 34 0 clkoutd b
=] Signals‘-’l] 043 W) -1 <0.0001 W ( of total) I dut/gen_dut[0].bram_top_inst/addr_a[7] 71.000  53.668 34 0 clkoutd 1
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Clock Enable (< -1 <0.0001 W ( of total) I dut/gen_dut[1].bram_top_inst/addr_a[1] 71.000 53.672 34 0 clkoutd 1
--Set/Reset :,j o -1 <0.0001 W | of total) I dut/gen_dut[1].bram_top_inst/addr_a[3] 71.000 53.665 34 0 clkoutd K
i~-Logic (0.008 W) -1 <0.0001 W ( of total) I dut/gen_dut[1].bram_top_inst/addr_a[5] 71.000  53.665 34 0 clkoutd 1
-BRAM (0.6582 W) 1 <0.0001 W of total) I dut/gen_dut[1].bram_top_inst/addr_a[7] 71.000 53.669 34 0 clkoutd K
“Clock Manager g 1 -1 <0.0001 W ( of total) I dut/gen_dut[1].bram_top_inst/addr_a[9] 71.000  53.668 34 0 clkoutd b
10 (0.006 W) 1 <0.0001 W of total) I dut/gen_dut[2].bram_top_inst/addr_a[1] 71.000 53.672 34 0 clkoutd K
=1 <0,0001 W | of total) I dut/gen_dut[2].bram_top_inst/addr_a[3] 71.000 53.665 34 0 clkoutd I
1<0.0001 W (<1% of total) I dut/gen_dut[2].bram_top_inst/addr_a[5] 71.000 53.663 34 0 clkoutd b =
Fl il +

= Legend: [] Simulation

Figure 36: Power Report Signals > Data View - Simulation SAIF Data for Signal Rates

In the Summary view of the power_1 report (the report generated by the vectorless analysis), click
on the Confidence level (Medium in Figure 37).

The Confidence Level is a measurement of the accuracy and the completeness of the input data that
the Report Power uses while performing power analysis.

Notice that the Confidence Level is Medium for the vectorless analysis since less than 25% of
internal nodes are user specified for Internal Activity.

Power - power_1 — 0O a X
(‘k :ZJI 3 = = 4 Summary
Settings » )
p— Power analysis from Implemented netlist. Activity On-Chip Power
derived from constraints filkes, simulation files or
Power Supply vectorless analysis. [ Dynamic: 0.838wW
=}-Utiization Details .
; E:Ed“w_ 0.838 Total On-Chip Power: 1639 W 9% | DClCcks 0.019W
5 Signals '_ '._'::_ . Junction Temperature: 279°C 5% ! [lsignals:  0.155W
Data (0, 155 Thermal Margin: 57.1°C(29.9wW) E Logic: 0.009 W
Clock Enable Effective §JA: 1.8°Cw B BRAM: 0.534W
. iSeEfﬁ‘_,e_s_et Power supplied to off-chip devices: 0w EMMCM:  0.117W 1
| B:Q;‘I - Confidence level: Medium A00L M T .05 W %
__Clock Manager (0117 V Confidence Level Details *
1/0 (0.005 W Design State: High
completely routed
Clock Activity: High
User specified more than 95% of docks
1/0 Activity: High
User specified more than 95% of inputs
Internal Activity:
User specified less than 25% of internal nodes
Characterization Data: High
Device models are Production
power_1 X power_2 X 4 b B
Figure 37: Confidence Level for Vectorless Power Analysis (power_1)
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In the Summary view of the power_2 report (the report generated by the analysis for which you
specified a SAIF file as input), click on the Confidence level (High in Figure 38).

Notice that the Confidence Level has increased to High, since more than 25% of internal nodes are

user specified for Internal Activity.

Power - power_2 - 0O
U\ Zj f;f - 4 Summary
Setti » )
. ngs Pawer analysis from Implemented netlist. Activity On-Chip Power
Pow derived from constraints files, simulation files or r !
ower Supply vectorless analysis. L] Dynamic: 0.838 W
=)-Utilization Details
Hierarchical (0.533 Total On-Chip Power: 13w 9% | Bcods: 001w (2
Clocks (0,019 W ) Clocks: 2%
5 Signals (0. 155V Junction Temperature: 273°%C 64% O sianals:  0.155W 9%
Data (0.155 W Thermal Margin: 57.7 °C (30.3W) Miogc:  0.009W (1%
Clock Enable 1W Effective d1A: 1.8°CW W ERAM:  0.534W (54%
Set/Reset (<0.0001 - Power supplied to off-chip devices: 0W WMMCM:  0.117W  (14%
LEW: e 1 . i Confidence level: High Tia: 0.005 W .
Clock Manager (0. 117 W Confidence Level Details b
Ijo (. Design State: High
completely routed
Clock Activity: High
User specified more than 95% of docks
1/0 Activity: High
User specified more than 95% of inputs
Internal Activity: High
User specified more than 25% of internal nodes
y = s Characterization Data: High
=) Device models are Production
power_1 X  power_2 X

Figure 38: Confidence Level for Power Analysis with SAIF Input (power_2)

q

el X

Generating a SAIF File using Questa Advanced Simulator

The following steps will take you through the process of SAIF file creation, running timing simulation,

and estimating power using the SAIF data using Questa Advanced Simulator.

IMPORTANT: Make sure the Vivado Design Suite knows where to pick up the Questa Advanced

Simulator tool. You can either:

Manually set the path to ModelSim/Questa Advanced Simulator using the SPATH environment

variable
OR

From the Tools > Options > General dialog box, define the path to the simulator in the Vivado
IDE under the 3rd Party Tools section: Questa Advanced Simulator install path.
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¢ Vivado Options @

General

@ IP Catalog A
General

Default IP Repository Search Paths

Colors Press the wjm b o Add Directories
Selection Rules
i (i) Mote: Default IP repository search paths will be applied only at new project creation,

1/ Placement

| Automatically enforce legal IO placement

Timing

Strategies

I Action when path delay hyperlink is dicked: | Display menu (default] -

j Select Clodks when Timing Paths are selected
Text Editor
r 3rd Party Tools
f‘;.
ad MadelSim install path:

Window Behaviar
QuestaSim install path: 1 foensys/questa/ 10, 4b_o4 fwino4

m

VCS Simulator install path:

]
IES Simulater install path: D
(]

Riviera Simulator install path:

ArtivaHN Sirmulator install nathe | |

Figure 39: Setting the Questa Advanced Simulator Installation Path

Step 1: Configuring and Running Timing Simulation in
Questa Advanced Simulator

Now you are ready to set up and launch the Questa Advanced Simulator to run post-implementation
timing simulation. You will set the timing simulation properties in the Vivado IDE, and run the timing
simulation.

1. In the Flow Navigator, select Implemented Design.
2. In the Flow Navigator, click Simulation Settings to set the timing simulation properties.

3. In the Project Settings dialog box, set the Target simulator to Questa Advance Simulator.
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4. Click Yes to change your target simulator to Questa Advance Simulator.

[

é‘:‘_:. Project Settings £3
Simulation
E Target simulator: Questa Advanced Simulator -
General
Ir"“] Simulator language: Mixed -
wiul
) ) Simulation set: i sim_1 -
Simulation
&-\-"-\ Simulation top module name: | testbench |:|
O
ke
Elaboration V| Clean up simulation files
@ Generate scripts only
Synthesis
D al“ Target Simulator @
Implementation Ve l:l
% [0] Questa Advanced Simulator requires that Xilinx libraries are pre-compiled. You can _
2 Ge = compile Xilinx simulation libraries by going to tools menu and dicking on compile l_l
Bitstream simulation libraries. Make sure that the compiled library location in simulation settings

menu is pointing to the correct file, To confirm the status of the compiled libraries

run report_simlib_info Td command.
OK to change your target simulator to '‘Questa Advanced Simulator'?

=

Select an option above to see a description of it

’ CK ] | Cancel Apply

Figure 40: Simulation Settings — Changing the Target Simulator

5. Make sure the Compiled library location points to a valid location for the compiled Xilinx
simulation libraries.

To create new compiled libraries:
a. Inthe main menu, select Tools > Compile Simulation Libraries.

b. In the Compile Simulation Libraries dialog box, set the Simulator to Questa Advanced
Simulator.

c. Specify the Compiled library location.

d. Click Compile to generate compiled libraries.
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F b
g Compile Simulation Libraries | &2

Please specify the options for compile_simlib command ‘

Simulator: | Questasim -

Language: | All -

Library: all -

Eamily: All E]

Advanced

Compiled library location: | torial 1. cache fcompile_simlib

o

Simulator executable path: | 2:/guestasima4_10.3/wina4
Miscellaneous options:
[] Overwrite the current pre-compiled libraries

[] Compile 32-bit libraries

[] verbose

Command: path {C:fquestasim&4_10.3/wing4} Hibrary all -family all

[ Compile ] [ Cancel

Figure 41: Compiling Simulation Libraries

6. Use the Compiled library location specified during the compiled library generation step and enter
it in the Compiled library location field in the Project Settings dialog box. It should point to the
compile simlib directory.

7. Set the questa.simulate.saif to power tutorial timing questasim.saif.

8. Note that the questa.simulate.runtime is 1000ns.
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-
¢  Project Settings (23]
Simulation
\&' Target simulator: Questa Advanced Simulator v
General
i' @ ' Simulator language: Mixed v
|
E | tion ”} Simulation set: = sim_1 v
% Simulation top module name: | testbench @
L
Elaboration [¢] Clean up simulation files
@ Compiled library location: 1apshot/project_ds/project_ds.cadwe/compiie_simlib/questa E]
Synthesis
I) " Compilation | Elaboration” Simulation | Netiist | Advanced |
_ | questa.simulate.runtime® 1000ns '
Inpiemeniation questa.simulate.log_all_signals ]

questa.simulate.custom_do

questa.simulate.custom_udo
Bitstream

questa.simulate,sdf_delay sdfmax -
ﬂ:‘ questa.simulate.ieee_warnings ¥]
: IP questa.simulate.saif_scope

questa.simulate.saif
questa.simulate. vsim.more_options

n option above to see a description of it

Wl
[T}

elect

OK ][ Cancel ][ Apply ]

Figure 42: Simulation Settings — Simulation Tab

9. Click OK. With the simulation settings properly configured, you can launch the Questa Advanced
Simulator to perform a timing simulation of the design.
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10. In the Flow Navigator, click Run Simulation > Run Post-Implementation Timing Simulation.

4 Simulation l

= Scope | &% Sourc
@ Simulation Settings =
@ Run Simulation Simulation Scope Propertie:
Run Behavioral Simulation
»  RTL Analysis
b Run Post-Synthesis Functional Simulation
4 Synthesis Run Post-Synthesis Timing Simulation
&?} Synthesiq Run Post-Implementation Functional Simulation
$‘ Run Synt] Run Post-Implementation Timing Simulation 1

Figure 43: Running Post-Implementation Timing Simulation

A separate Questa Advanced Simulator GUI opens and starts simulating the design.

11. After the Questa Advanced Simulator has finished simulating the design, make sure the SAIF file
requested has been generated. Check to see that the SAIF file requested in the simulation settings
prior to running simulation appears in this directory:

<project directory>/power tutoriall/power tutoriall.sim/
sim 1/impl/timing/power tutorial timing questasim.saif

[# Questa Sim-564104b E== E=B 7
File Edit View Compile Simulate Add Wave Tools Layout Bookmarks Window Help
B2l S i RBO2 0 AT |] Help LIEE %@H Gyl 100 p= 3 ELENEL BE S | 50 O
TRt @[ et smarae | ||| cobmmievot oiicoromns d[B-3-58-3|[[ [ wlo sk aleusb
g ;"__?j'Jg@»»ééugz&‘éSealch: ﬂé}%%ﬁHQG&qgé%%Jj_L! | I
&5 sim - Default s H il x| | objects — == K ol x| | g Wave Defalt —0  --————————————————'" H x|
¥|instance |Design unit  [Des| |¥|Nan 1 ® 437624 pa A
:,—! testbench testbench(... Mo| WATCHDOG Jtesthenchfsys_ck_p [1hi

+ o dut_fpga dut_fpgalf... Moc sys_dk_p
@ #INITIAL#25 testbench(... Proj| 5
@ FALWAYSZ31 testbench(... Proj|
& gl glbl(fast) Mot|
|2 #vsim_capacity# cap

[testbench/fsys_ck_n |1ho

48 esses (Active) HA X
hame 1

< | ol I
“]l Library l B Memory List H@ sim ﬂ_’l 4 | | .
§=) Transcript s H X

: =]

4 Time = 7 na, PASS = 0

# Time = 244 ns, PASS = 1

[VSIM 23

4

Mow: Lus Delta: 3 [testbench/fsys_dk_n

0ps to 430316 ps

N

Figure 44: Running Post-Implementation Timing Simulation on Questa Advanced Simulator
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Step 2: Running Report Power in Vectorless Mode

IMPORTANT: If SAIF based report power has already been run in this session, run the
reset switching activity -all command in the Tcl Console. This will clear the SAIF
data in the power engine from the earlier runs.

1. Close any open Report Power views.

2. In the Flow Navigator, select Implemented Design > Report Power to open the Report Power
dialog box.

Alternatively, select Tools > Report > Report Power in the main menu bar.
3. In the Report Power dialog box, make the following settings:
o Specify the Results name as power 1
o In the Environment tab, Set the Process to maximum
o In the Switching tab, leave the Simulation activity file empty
4. Verify that all the input settings are correct and click OK.

The Report Power command creates a Power Report under the power_1 tab in the results windows
area. Note that the total power for Vectorless Analysis runs with default switching rates.

Power - power_1 -0 a x
AT S &9 « Summary
Settings »
= :'\g Power analysis from Implemented netiist. Activity On-Chip Power
Powes'S derived from constraints files, simulation files or
ower Supply vectorless analysis. 0.838 W
=1-Utilization Details
Hierarchical (0.53 Total On-Chip Power: 1.639W 2
Clocks 0.019W
- Signals (0. 155 Junction Temperature: 279°C 51% 0.155 W
Data (0. 155 ¢ Thermal Margin: 57.1°C(29.9W) 0.009W
Clock Enable (<0.0001 Effective dJA: 1.8 C\Ww 0.534W
Set/Reset (<0.0001 Power supplied to off-chip devices: 0W | ‘ 0.117W
Logic Mad
BRAM (0.534 Confidence level: Medium 9% | 0.005 W
Clock Manager 7 ‘ S
I/O M A
[0 Device Static: 0.470 W
power_1 X 4 b B

Figure 45: Power Report - Vectorless Mode Run
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Step 3: Running Report Power with Questa Advanced
Simulator SAIF Data

The SAIF output file requested in the simulation run has been generated under the project directory.
We use this SAIF file — a "Switching Activity Interchange Format” file — to further guide the power
estimation algorithm.

1. Inthe main menu bar, select Tools > Report > Report Power.
2. In the Report Power dialog box, specify the SAIF file location in the Switching tab.

The SAIF file, which was requested in the simulation settings prior to running simulation, should
appear here:

<project directory>/power tutoriall/power tutoriall.sim/
sim 1/impl/timing/power tutorial timing questasim.saif

3. Click OK in the Report Power dialog box.

The Report Power command runs, and the Power Report power_2 is generated in the Power tab of
the results windows area.

Power - power_2 == fa
A S & = 4 Summary
Settings »
- Power analysis from Implemented netlist. Activity On-Chip Power
Sommary (1.299 W)
Poww derived from constraints files, simulation files or = ;
ower Supply vectorless analysis. [J Dynamic: 0.836 W
=-Utilization Details
*C‘EL:; chical (0. Total On-Chip Power: 1299w B m 0.019W
5} Signals Junction Temperature: 273°C 64% | 0.148 W
Data (0. 14 Thermal Margin: 57.7 *C(30.3W) 0.009 W
Clock Enable Effective )A: 1.8 °C/w 0.539W
SetfReset Power supplied to off-chip devices: 0 W 0.117W
L
B:i?ﬂ ; Confidence level: High 0.005W
Clock Manager H%
1/0 .
L | [ Device Static: 0.462W
< m » Il
=
power_1 X | power_2 X 4

Figure 46: Power Report — With SAIF File Data

4. 1In the Tcl console, observe the read_saif results. This shows the percentage of design nets matched
with simulation SAIF. This is important for accurate power analysis.

5. Go to the Signals > Data view in the Power Report and scroll to the right. Note that all the Signal
Rate data has been set from simulation SAIF data you provided.

The data is color coded to indicate activity rates read from the Simulation output file.
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QA = « Utilzation Details - Data
s oA * X yeization
Summary v con
Power Supply 5 = @0.043 W
Utilization Details 1<0.0001 W

Hierarchical ; 1<0.0001 W
Clocks 11y 1 <0.0001 W
Signals 13 W 1 <0.0001 W
Data (0.043 W) 1<0.0001 W
Clock Enable 1<0.0001 W
Set/Reset 1<0.0001 W
Logic ) W 1 <0.0001 W
BRAM (0,682 W 1 <0.0001 W
Clock Manager (0.1 1<0.0001 W
Vo Y 1 <0.0001 W
1 <0.0001 W

1 <0.0001 W

‘«
4 11} s 71 Llegend: Simulation

Lab 2: Running Timing Simulation and Estimating Power

Name

A

dut_fpga

I dut/gen_dut{0).bram_top_inst/addr_a[1)

dut/gen_dut{0].bram_top_inst/addr_a[3]
dut/gen_dut{0].bram_top_inst/addr_a[S5]
dut/gen_dut{0].bram_top_inst/addr_a[7]

I dut/gen_dut{0).bram_top_inst/addr_a[9]
I dut/gen_dut{1].bram_top_inst/addr_a[1]
I dut/gen_dut{1].bram_top_inst/addr_a[3]
I dut/gen_dut{1].bram_top_inst/addr_a[5]
I dutfgen_dut{1).bram_top_inst/addr_a[7)
I' dut/gen_dut{1].bram_top_inst/addr_a[9]
I' dut/gen_dut{2].bram_top_inst/addr_a[1]
J dut/gen_dut{2].bram_top_inst/addr_a[3]
I dutygen_dut{2).bram_top_inst/addr_a(5)

Signal Rate (Mtr/s)

71.000
71.000
71.000
71.000
71.000
71,000
71.000
71.000
71.000
71,000
71.000
71.000
71.000

Figure 47: Signals > Data View with SAIF File Data

6. Note the change in total power (Total On-Chip Power in the Summary view) in the power_2

il
% High Fanout Shoe Famout  Clock

53.672
53.664
53.663
53.668
53.669
53.672
53.665
53.665
53.669
53.668
53.672
53.665
53.663

FEREENYRRLREEY

0 dkout0
0 clkoutd
0 dkoutd
0 dkoutd
0 dkoutd
0 ckout0
0 ckoutd
0 dkoutd
0 dkout0
0 clkoutd
0 ckoutd
0 dkoutd
0 dkoutd

report compared to the power_1 report. The total power estimated in the report generated with
SAIF file data will be different than the total power estimated in the vectorless run (power_1 results).

Conclusion

In Lab 2, you have learned how to generate a SAIF file after running a timing level simulation using a
Vivado Simulator and Questa Advanced Simulator.

In Lab 3, you will learn about basic hardware power measurement technique using the KC705
Evaluation Board and correlating the hardware power numbers with the numbers generated by Vivado

Report Power.
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Lab 3: Measuring Hardware Power Using the
KC705 Evaluation Board

Introduction

In this lab, you will learn about basic hardware power measurement technique and correlating the
hardware power numbers with the numbers generated by Vivado® Report Power using KC705
evaluation board for 7 series devices. The lab will take you through the steps for setting up the
hardware measurement, programing a bit file using Vivado Hardware Manager and power
measurement through Texas Instruments (TI) Fusion Design Software. It also includes Junction
Temperature reading from Vivado System Monitor.

Step 1: Generating a Bit File from the Implemented Design
(Non-Power Optimization)

1. In the Vivado Design Suite, open the 7 series Implemented design.
2. In the Flow Navigator, click Generate Bitstream.

The Bitstream Generation Completed dialog box appears after the bitstream has been generated.

4

Bitstream Generation Completed @

[0} Bitstream Generation successfully completed.

Mext

View Reports

@ Dipen Hardware Manager:

Don't show this dialog again

Ok | | Cancel

Figure 48: Bitstream Generation Completed Dialog Box

3. Open the Hardware Manager by selecting Open Hardware Manager in the Bitstream Generation
Completed dialog box and clicking OK.
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Step 2: Setting Up the KC705 Evaluation Board

IMPORTANT: This project is created for the KC705 Rev 1.0 Evaluation Board. The pin constraints
are set based on this Evaluation Board. If you are using any other Revisions, update the XDC file
dut_fpga kc705.xdc with the correct pin constraints.

1. Connect the Digilent Cable (or Platform USB Cable) for Programming.
2. Connect the TI USB Interface Adapter to the PMBus port on the KC705 Evaluation Board.

3. Connect the Power Cable.

© @ ®

1
JU2WINJISU| Sexa |
Il
¥
depy
paju) gsn

£ XILINX.=5
NTEX ¢~ SEEE

X14505

Figure 49: KC705 Hardware Setup

4. Install the TI Fusion Digital Power Designer software on the PC from this location:

www.ti.com/tool/fusion digital power designer

Power Analysis and Optimization www.xilinx.com Send Feedback 50
UG997 (v2016.3) October 5, 2016 l—\/_l


http://www.xilinx.com/
http://www.ti.com/tool/fusion_digital_power_designer
http://www.xilinx.com/about/feedback.html?docType=Tutorials&docId=UG997&Title=Vivado%20Design%20Suite%20Tutorial%3A%20Power%20Analysis%20and%20Optimization&releaseVersion=2016.3&docPage=50

& XILINX

ALL PROGRAMMABLE. Lab 3: Measuring Hardware Power Using the KC705 Evaluation Board

Step 3: Setting Up the Fusion Digital Power Designer
Software

1. Power ON the KC705 Evaluation Board.

2. Open the Fusion Digital Power Designer.

The software detects the USB adapter and brings up the GUL

43 Fusion Digital Power Designer - UCD9248 @ Address 52d 1-Texas Instruments
e EVICE ools €l Iress -Rail
File D Tools Help UCDS248 @ Addr 52d -Ri
Configure Vout Config | Tout, Vin, Temp Config || Other Config [ Phase/Rail Config || GPIO Canfig |
Sequence On and Off Timing UCD9248 @ 52d - Rail #1
350 i i imi
Auto write on rail or Rail £3 [ Voltage Setpoint, Margins, and Limits
device change 3.00 Vout Max: 1.600 v
250 Rail #4 | Rail #1
Z 200 Over Fault: 1.150 v 15.0 ] % OV Response
5
Store RAM To Flash o Over Warn: 1100 v 100 %
1.00
Restore Flashto RaM 050 \ REEhEE 1050 v 50w
0.00 Vout: 1.000 v
24 26 28 =
Margin Low: 0.950 v 5.0 % Synchronize
g nlrcnepins!
Copy Rail/Design Under Wiarn: 0.900 E v -10.0 E % PG to Vout
Plot: Select Rail to Edit Review in Larger Window Under Fault: o.esofv | 150 % UV Response
O A —
O soft Start Dependendies (Direct | Over currentlv: | .70 [E]v | 13, %  OCLVRespanse
) Soft Stop q
() Both
UCD9248 @ 52d 2 1.800 1620 1.530 0.0 5.0 5.0 1.0 vIN_ON @#6.000 V, VIN_OFf Power Good On: 0.500 E v -10.0 E %o
Show rail labels UCD9248 @ 52 3 3.300 2970  2.805 00 50 40 1.0 VIN_ON @6.000V, VIN_OFf| | Power Good Off: o850y | 50 %
() 5h|°w current device UCD9248 @ 52d 4 2,500 1,700 1650 00 50 3.0 L0 VIN_ON @#6.000V, VIN_OFF |
only
UCD9248 @ 53d 1 2500 2250 2125 00 50 10 1.0 VIN_ON @46.000 V, VIN_OFF OnfOff Config: 000 (Always Converting)
UCD9248 @ 53d 2 1500 1350 1275 00 50 00 10
@ VIN_ON @ 6.000 V, VIN_OFF e T TR Turn OFf Timing
UCD9298 @ 53d 3 1000 0900  0.850 00 50 7.0 1.0 VIN_ON @6.000 V, VIN_OFF — Turn On Delay: 0.0[5] ms || Tum OffDelay: w0 ms
UCD9248 @ 53d 4 1200 1080 1020 00 50 8.0 1.0 VIN_ON @6.000V, VIN_OFF
. .
UCD9248 @ 54d 1 2000 1800 1700 0.0 50 2.0 1.0 VIN_ON @ 6.000 V, VIN_OFf || R ms | Fal Time: 10 5y|ms
L e —
Tips &Hints PMBus Log (=)
) Design —
TOFF_MAX_WARN_LIMIT [0x66,Rail #1]
v _ Sets an upper limit on how long the unit can attempt to power down the output without
-/ Monitor reaching 12.5% of the output voltage programmed at the time the converter is turned off,
A value of Dx7FFF means that there is no limit and that the unit waits indefinitely for the
1 status output voltage to decay.
1 Security PMBus Log | &
Fusion Digital Power Designer v1.8.325 [2013-05-07] | UCD3248 Firmware v5.8.0.11400 @ Address 52d | USB Adapter v1.0.14 [PEC; 400 kHz] +p Texas Instruments | fusion digital power
Figure 50: Fusion Digital Power Designer
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Step 4: Programming the Bitstream

1. Power up the KC705 Evaluation Board.

2. In the Vivado Hardware Manager, click Open Target in the green alert bar and select Open New
Target.

| Hardware Manager - unconnected

| @ Mo hardware target is open. Cpen target

Hardware %, Auto Connect
o= =|i|| & »»H Recent Targets
Clozed Targets

Llosed largets

| i Open Mew Target...

Mo content

Figure 51: Opening the New Hardware Target

3. In the Open New Hardware Target dialog box, click Next to go to the Hardware Server
Settings.

4. Select the server to which the board is connected.
o If the board is connected to the local PC, select Local Server and click Next.

o Ifyou are connecting to a remote server, see Connecting to a Hardware Target Using
hw_server in the Vivado Design Suite User Guide: Programming and Debugging (UG908).

When the hardware is detected successfully, the part information will be displayed in the Open New
Hardware Target dialog box.
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5. Verify the part information, then click Next and Finish.

Lab 3: Measuring Hardware Power Using the KC705 Evaluation Board

é.‘ Open Mew Hardware Target

Select Hardware Target
Select a hardware target from the list of available targets, then set the appropriate JTAG dock (TCK)
frequency. If you do not see the expected devices, decrease the frequency or select a different target.

Hardware Targets
Type Port MName JTAG Clock Frequency

[ i tcf| —[Diglent/210203337577A 15000000

Hardware Devices (for unknown devices, specfy the Instruction Register (IR) length)

Mame 1D Code IR Length
G xc7k325t_0 33651093 &

Hardware server: localhost: 3121

Cancel

Figure 52: Hardware Target Detected

6. In the Hardware window, right-click the part and select Program Device.
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File Edit Tools ‘Window  Layout  Wiew Help
ﬁ,‘l" A X %Jé |75 | BS Default Layout - ¥ @ \E}\ (% Dashboard = | (£)

@ There are no debug cores. Program device  Refresh device

Hardware — O @ %

AZS|E & M E

Marne Skatus

BE localhost (1) Connecked
=@ wiline_tcf{Digilent/210249937774 (1) Open

grammed

Hardware Device Properties. .. Ctrl+E

@ Program Device...
@  Refresh Device

Hardware Device Properties | €2 add Configuration Memoary Device...

= o 2_} [} Baoat From Configuration Memary Device
G xcTk32SE_0 Programn BBR Key...

Mame: xC7k3Z5H e

Part: xRS ESH Program eFUSE Registers, .,

ID code: 3365109 Export to Spreadshest...

TR leninth: A =

General | Properties

Tel Console
Figure 53: Program Device
7. Select the bit file <project dir>/power tutoriall/power tutoriall.runs/impl 1/
dut fpga.bit and click Program.

8. After the program completes successfully, select XADC (System Monitor) in the Hardware window,
then right-click and select Dashboard, and then select New Dashboard.

9. Click OK. The System Monitor window opens and plots Die Temperature (Junction Temperature) in
the Graph Window.

Hardware Manager - localhost/xiinx_tcf/Digilent/2102033367854 X
() There are no debug cores, Program device Refresh device
Hardware —Ouwex % dashboard_1 x o
Q. =
Q= K| plM KADC (xc7k325t_0) -ox
Name Status = W Temp 34.9°C
=-F locahost (1) Connected . Eveen o553
=@ xinx_tcf/Diglent/2102033367854A (1) Open - 5 1.01
- xc7k325t_0 (1) Nat programmed P
@ System Monitor Core Properties... Ctrl+E
o b 1.005
ITAG Scan Rate v
&) Dashboard » || # Mew Dashboard... =
« il g
Export to Spreadsheet... & dashboard_1 100 &
System Monitor Core Properties B T T =
5 32 =
« +ER 2
£ XADC 0.935
Name: XADC 3t
Handle: localhost: 3121/linx_tcf/Digilent/21020: SA/XCTk3
0.99
30
i = — S @ 13:24:15 13:24:30 13:24:45 13:25:00
Time (HH:MM:SS)
General | Properties | Sensors

Figure 54: System Monitor — Junction Temperature Plot
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Step 5: Measuring the Hardware Power Rails

1. In the Fusion Digital Power Designer, select a rail in the Configure view and click Monitor.

| File Device Tools Help UCD9248 @ Address 52d -Ral #1
Configure [ Vout Canfig. [Tout,Vin,Temp Config |[Other Conig || Phase/Rail Config || GPIO Confg |
Sequence On and Off Timing 7| [ucp9248 @ 52d - Rail #1
e —— 3 e (— Voltage Setpoint, Margins, and Limits-
device change 3.00+
2.50 Rail #4 | Rail #1
2 2004 150 % OV Response
[ r— 2 150
| storeraMToFlash | H 10.0(] %
_ 1.00 el
| RestoreFiashtoram | 0.50 5005 %
X
o 2 4 .
§ ooy | sofw [ Sndvonize
; i ez &} £} mergingfimis/
[ copyRailjpesin | - osfEv | w0 %
}
Plot Select Rail to Edit | Revien in Larger Windon (9] o8s0fHv | -150f% | uVResponse
= — =
O Soft Start Device Rai ¢ | RalName |Vout |PGOn | PGOFf |OnDelay |Rise |OffDelay |Fal | Dependendes (Direct. E: 1305 %  0CLVResponse
() soft Stop 1
() Both
o UCDS248 @ 52 2 1800 1620 0.0 50 L0 VIN.ON @6.000V, VIN_OFF
Show rail labels UCD9248 @ 52d 3 Rail £3 3300 2970  2.805 0.0 50 40 1.0 VIN.ON @6.000V, VIN_OFF 0sEv | 150 %
O Sh‘w\' current device UCD9248 @ 52d 4 2.500 1.700 1.650 0.0 5.0 3.0 1.0 VIN_ON @6.000 V, VIN_OFf
o UCD9248 @53d 1 2,500 2.250 2,125 0.0 5.0 10 1.0 VIN_ON @ 6.000 V, VIN_OFf 0x00
UcDe248 @ 53d 2 1500 1350 1275 0.0 50 0.0 L0 VIN_ON @6.000 V, VIN_OFF e e
UCD9248 @ 53d 3 1.000 0.900 0.850 0.0 5.0 7.0 1.0 VIN_ON @ 6.000 V, VIN_OFF — Turn On Delay: 0.0 E = Turn OFf Delay: 0.0 E =
UCD9248 @ 53d 4 1200 1080 1020 0.0 50 80 1.0 VIN_ON @6.000V, VIN_OFF
UcDs248 @ 54d 1 2000 1800 1700 00 50 20 L0 VIN_ON @6.000V, VIN OFF v (== 50 ms | | FallTine: 10fms
) configure
Tips & Hints PMBUS Log
. Design -
TON_DELAY [0x60,Rail #11 113:55,327: UCD3249 @ 54d: USER_RAM_00 [MFR 10,0xDA]: wrote 1[0x01] to RAM
) . Sets the time, in ms, from when a start condition is received (as programmed by the 56.634: UCD9248 @ 52d: USER_RAM_00 [MFR 10,0xDA]: wrote 1 [0x01] to RAM
Monitor ON_OFF_CONFIG command) untl the output voltage starts to rise. ,577: UCD3248 @ 53d: USER_RAM_00 [MFR 10,0xDA]: wrote 1 [0x01] to RAM
:110.821: USB-SAA #1: CONTROL 1 now High
{) Status
i) security PMBUS Log | [E]
Fusion Digital Power Designer v1.8,325 [2013-05-07] | UCD3248 Firmware v5.8.0.11400 @ Address 52d | USB Adapter v1.0.14 [PEC; 400 kHz] ®p Texas Instrumens | fusion digital power

Figure 55: Select a Rail to Monitor

2. Configure the parameters to be monitored. An Output Power graph will be plotted in the Monitor
window.
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%) - flofix)
[ ‘ File Device Tools Help UCD3248 @ Address 52d - Rail #1 ]|
= =1 ]
{ Monitor | [Readings - ran#1 | [~X Pout - output Power | &)
Show Hide Plots: Vin: 12.000 v 1.60
[CJvin [Cin Tin: N/A A " _— o xetxs
e [ virade [ WA W 1 Puaiing ety By A SRR St npn it aonr LR o e
Ovout  [Jvout(a |[| | virack: —y 1.20
[ 1out [ Toutfally
Vout: 1.005 v
Pout ] Ext Tempf 1.
IntTemp [] All Temp b3 £l o
e DutyCycle:  10.30 %
Fan Speed: RPM 0.60
(#) Fit All Plots on Screen Tout  Temp
(O scale Plots to Screen Phase #1 138 A 519
Width o
200 @ (Ot memaee e |7
: 09:20 09:40 10:00 10:20 10:40
Show Warn & Fauit HETECER €
it Editors Tout #1: oK Y
Show Value Labels il 0E ucos: | )
on Plots Input £1: oK L —J
CML: 0K e e 4 —-‘p-‘w-.-u
Poling Rate: Misc: oK . I
G=3) Logged Fit £1: FLT
Mr: oK -
SONETS ot Asserted
(Gemroe) () || | =
----- 15
. Configs Control Line (USB) I
10
; . (=) High OlLow |
-/ Design |
4} Monit Operation - Rail #1
\—I_ o
i 09:20 09:40 10:00 10:20 10:40
-, Status E
-“‘P Security 4PMBus Log Messages Show PMBus Log Unique openjdose settings for Configure, Design, Monitor, Status, and Security @ ‘
Fusion Digital Power Designer v1.8.325 [2013-05-07] | UCD3248 Firmuware v5.8.0.11400 @ Address 52d | USB Adapter v1.0.14 [PEC; 400 kHz] | Hp Texas Insromens | fusion digital power

Figure 56: Monitor a Rail - Power and Junction Temperature

3. Repeat the steps above to monitor the power information for each rail supplied to the device. Note
that rail information is displayed in terms of Regulator address.

1 VCCINT 1.0V 0XEBDC 0x8000
|2 | vccAux 1.8V 0XEBDC 0x8000
13 vceavs 3.3V 0XEBDC 0x8000
"4 | vap 2.5V 0XEBDC 0x8000
1 vceavs 2.5V 0XEBDC 0x8000
2 vcaws 1.5V 0XEBDC 0x8000
'3 MGT_AvCC 1.0V 0XEBDC 0x8000
|4 MGT_AVTT 1.2V 0XEBDC 0x8000
VCCAUX_IO 1.8V 0XEBDC 0x8000
| 2 VCCBRAM 1.0V 0XEBDC 0x8000

MGT_VCCAUX 1.8V 0XEBDC 0x8000

N/A N/A N/A N/A

Figure 57: KC705 Rail Address Mapping

4. Note the Junction Temperature value either from the Vivado Hardware Manager or from the Fusion
Digital Power Designer.
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Step 6: Estimating Vectorless Power with Junction
Temperature

For further Power Analysis, you can use the measured Junction Temperature and other thermal settings
to feed into Vivado Report Power for better accuracy.

1.

In the Vivado Design Suite, open the tutorial project and click Open Implemented Design to
display the implemented design.

In the Tcl Console, run the following command to reset any user defined or SAIF file defined
settings.

reset switching activity -all
In the main menu bar, select Tools > Report > Report Power.

In the Report Power dialog box Environment tab, enter the Junction Temperature value supplied
by the hardware power measurement.

Set the Process to maximum.
In the Switching tab, make sure the Simulation activity file (saif) is blank.

Click OK.
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F-

-

ﬁ"" Report Power @

Analyze power consumption based on the implemented design and part xcFk 325t fg900-2.

Results name; power_3

Cutput text file:

oo

Cutput XPE file:

Environment | Power Supply | Switching

Device Settings

Temp grade: commercial -
< Process maxirnum A
Environment Settings
Output Load: Sk pF [0 - 10000]
u:ﬁu:un temperature: ¥/ T >
Ambient temperature: 25 °C
[ Effective dIA: 1.776 “C/W [0 - 100]
Airflow: 250 * | LFM
Heat sink: medium (Medium Profile] -
(5A: 3.3 "¢ [0 - 100]
Board selection: medium {10107 -
Humber of board layers: 12t015 (12 to 15 Layers) -
Legend

[J User Defined [] Default

Ok ] [ Cancel

Figure 58: Report Power Settings — Updating Junction Temperature

8. In the Power Report, observe that the power numbers increase slightly as compared to the
vectorless power analysis using a default Junction Temperature value. Note that the Junction
Temperature is now color coded as being user defined in the Power Report.
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Power - kowerj — 0O a1 X
Q, Z % L Summary
Settings . B
Summary (1685 e | Power analysis from Implemented netlist. Activity On-Chip Power
Power Supply derived from con_straints files, simulation files or .
tilization Details wectorless analysis. [ Dymamic: 1121w (675
Hierarchical (1.1 .
Clocks (0,023 Total On-Chip Power 1.685 W 49 O Clocks: 0023 W (25
Gighals (0106 Junction Temperature: 34.0 °C &7% [ signals: 0106 W (95
Data (0.09% 0 oa Margin: 51.0 °C (26.6 W -
Clock Enable gin: : : S| [ Loaic 0012w (1%
SetfReset (0 Effective $1A 1.8 "Chw W BRAM: 0.786 W (705
Logic (0.012 W) power supplied to off-chip devices: O W :
BRAM (0,786 W, | “pl | P e ;M- 0.117 W (10%)
Clack Manager (| onfidence fewel: edium [FAs5 0.077 W =35
10 (0077 W) 33%
[ Device Static: 0564 W (225
[« TR o]
power_1l X power 2 X power 3 X 4 b B

Figure 59: Power Report — Vectorless Analysis with Junction Temperature Supplied

9. Similarly, you can overwrite the Junction Temperature setting and do a SAIF based power analysis.

Note the power numbers measured and estimated on non-power Optimized design.

Conclusion

In this lab, you have completed a Vivado Report Power analysis on post-synthesis and post-
implementation netlist designs without Power Optimization. You also experimented with hardware
power measurement using the KC705 Evaluation Board and with reading Junction Temperature for
software analysis.

In lab 4, you will learn to experiment with hardware power measurement using the KCU105
Evaluation Board and with reading Junction Temperature for software analysis.
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Lab 4: Measuring Hardware Power Using the KCU105
Evaluation Board

Introduction

In this lab, you will learn about the basic hardware power measurement technique and correlating the
hardware power numbers with the numbers generated by Vivado® Report Power using the KCU105
evaluation board for UltraScale™ devices. The lab will take you through the steps for setting up the
hardware measurement, programing a bit file using the Vivado Hardware Manager and power
measurement through the Maxim Digital Power Tool. It also includes the Junction Temperature reading
from the Vivado System Monitor.

Step 1: Generating a Bit File from the Implemented Design

1. In the Vivado Design Suite, open the UltraScale Implemented design.
2. In the Flow Navigator, click Generate Bitstream.
3. When prompted to Save project before generating bitstream, click Don’t Save.

The Bitstream Generation Completed dialog box appears after the bitstream has been generated.

Bitstream Generation Completed @

[0] Bitstream Generation successfully completed.

Mext

View Reports

@ Dpen Hardware Manager:

Generate Memory Configuration File

Don't show this dialog again

QK | | Cancel

Figure 60: BitStream Generation Dialog Box
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4. Select Open Hardware Manager in the Bitstream Generation Dialog box and click OK to open
the Hardware Manager.

Step 2: Setting up the KCU105 Evaluation Board

IMPORTANT: This project is created for the KCU105 Rev B Evaluation Board. The pin constraints
are set based on this Evaluation Board. If you are using any other Revisions, update the XDC file
dut fpga kcul05.xdc with the correct pin constraints.

1. Connect the Digilent Cable (or Platform USB Cable) for Programming.

2. Connect the MAXPOWERTOOL002# Interface Adapter to the PMBus port on the KCU105 Evaluation

Board.

3. Connect the Power Cable.

X16320-032418

Figure 61: KCU105 Hardware Setup
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4. Install the Maxim Digital Power Designer software on the PC from this location.

https://www.maximintegrated.com/en/design/tools/applications/evkit-software/index.mvp?id=1183

Step 3: Configuring the Maxim Digital Power Tool Software

1. Power ON the KCU105 Evaluation board.

2. Open the Maxim Digital Power Tool. The software detects the Interface adapter and brings up the
GUL

[ Dashboard | 0x0A | ox08 | oxoF | ox11 | ox12 | 0x14 | 0x15 | ox16 | ox18 | ox18 1
MAX15301 MAX15303AA00 | MAX15303AA00 | MAX15303AA00 | MAX15301 MAX15303AA00 | MAX15303AA00 | MAX15303AA00 | MAX15303AA00 | MAX15301
Product ~ MAX15301  MAXI5303AA00 MAX15303AA00 MAX15303AA00  MAXIS301  MAX15303AA00 MAX1S303AA00 MAXI5303AA00 MAX15303AA00  MAX15301 — AMAIBHEE

— Ox12:MAX15301 ——
—— Ox18:MAX15303 ——

Use Hardware Enable

Input Voltage (V) 11422

Output Current () 0.96

1360
Internal Temperature (C}

oy 9 - | - penseniog
as
Poveer Good [+] [+] o [+] [+] [+] [+] [+] [+] o 0
s
)
R
Clear Faults Clear Clear Clear Clear Clear Clear Clear Clear Clear Clear 2
0950 = 1800 & 0950 = 1800 & 1800 & 1200 & 1000 & 1200 & 1800 = 2300l w0
On Delay Time (ms) 498 1180 782 1975 2484 2488 1009 1522 1975 100 o
e e 2 e 2 2 | =2 [
202 232 177 232 235 188 183 188 234 2132 ° ® G
Off Delay Time (ms) | 2974 w7 - | 1988 A | 796 H | 51| s | 1988 | 1478 | 1023 | 3009 Start Up
202 232 177 232 235 188 183 188 234 213 {5 earch For Devices] save

Figure 62: Maxim Digital Power Tool

Step 4: Programming the Bitstream

1. In the Vivado Hardware Manager, click Open Target in the green alert bar and select Open New
Target.

2. In the Open New Hardware Target dialog box, click Next to go to the Hardware Server Settings.
3. Select the server to which the board is connected.
o If the board is connected to the local PC, select Local Server and click Next.

o If you are connecting to a remote server, see Connecting to a Hardware Target Using
hw_server in the Vivado Design Suite User Guide: Programming and Debugging (UG908).

When the hardware is detected successfully, the part information will be displayed in the Open
New Hardware Target dialog box.
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4. Verify the part information, then click Next and Finish.

¢ Open New Hardware Target 2 @
Select Hardware Target
Select a hardware target from the list of available targets, then set the appropriate JTAG dock (TCK) frequency. If you do not see the ‘
expected devices, decrease the frequency or select a different target.
Hardware Targets
Type MName JTAG Clock Frequency

& wilinx_tcf |Digilent/210251845034 [15000000

Hardware Devices (for unknown devices, specify the Instruction Register (IR) length)
Mame ID Code IR Length

a0 olosezznsa o

Hardware server: localhost: 3121

[ < Back ][ Mext = Einish

Figure 63: Detecting the Hardware Target

5. In the Hardware Devices window, right-click the part and select Program Device.
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| Hardware Manager - localhost/xiliny_tcf/Digilent/210251345034

@ There are no debug cores. Program device Refresh device

Hardware

o =E % M»E

Mame

= @ localhost (1)

E-Ee sdlinx_tcf/Diglent/210251845034 (1)
B & xcku040 0 (1)

-FE SysMon (System Monitor)

— O

Status

Connected
Open

[ Eali ¢

|&  Hardware Device Properties. ..

Ctrl+E

4 | (1

@

Program Device...

Hardware Device Properties

<= |5

5 xcku040_0
Mame: wcku040_0
Part: xcku040
ID code: 03322093

propertes |

Td Console

verify Device...
@ Refresh Device

&  Add Configuration Memory Device...

Boot from Configuration Memary Device

Program BER. Key...
Clear BER Key...

Program eFUSE Reagisters...

Export to Spreadsheet. ..

Figure 64: Program Device setup

6. Select the bit file from the implementation runs directory of the project which is created in Lab 2 for
UltraScale design <project_dir>/power_tutorial2/power_tutorial2.runs/impl_1/ dut_fpga.bit and click

Program.

7. After the program completes successfully, select XADC (System Monitor) in the Hardware window,
then right-click and select Dashboard, and then select New Dashboard.

8. Click OK. The System Monitor window opens and plots Die Temperature (Junction Temperature) in

the Graph Window

| Hardware Manager - localhostxilinx_tcfDigilent/210251845034 X ‘
@ There are no debug cores, Program device Refresh device
Hardware —O¢ = J'i‘ dashboard_1 x | ETNE
1 g [[TE
AzSE® v E SEa e
Name Status + [ Temp 33.5°C
= B localhost (1) Connected ol -
B xilinx_tcf/Digilent/210251845034 (1) Open é —
- 0 (1) Programmed g -ﬁ._,
| 2| @ =
& System Monitor Core Properties... Ctrl+E E \'J ks
] - - = o
@ Refresh System Monito § E
System Monitor Corg JTAG Scan Rate 3 g
=
1 = E
= &) Dashboard * |4  New Dashboard... =
 SysMon Export to Spreadsheet... & dashboard_1
Mame: SysMon

Handle: localhost: 3121 xilinx_tcf Digilent/2 102518450 34/xcku040_0/5v:

< | . | 3
Properties |Sensors |

Td Console

15:51:00

15:51:15
Time (HH:MM;55)

15:51:30

15:51:45

Figure 65: System Monitor- Junction Temperature Plot for UltraScale Device
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Step 5: Measuring the Hardware Power Rails

1. In the Maxim Digital Power GUI, select a rail to monitor the power information.

@ Maxim PowerTool™ (1.09.05) = =S
( Dashboard [ 0x0A | 0x08 | ox0F | 0x11 | 0x12 | ox1a | 0x15 | 0xi6 | 0x18 | 0x1B )
MAX15301 MAX15303AA00 | MAX15303AA00 | MAX15303AA00 | MAX15301 MAX15303AA00 | MAX15303AA00 | MAX15303AA00 | MAX15303AA00 | MAX15301
Configuration | Monitor [ Faults Set T PMBus CDmmand] Permissions. [ Tools \
o w2 [ i s
Vout Margin High (V) | oss =] Input Voltage (V) 11875
Switching Frequency Set Paint (kHz) 400 =1 Switching Frequency (kHz) 400
Power Good On (V) 0.852 External Temperature (°C) 42
R— gl
| surupshdomTines s ©
On Dy Time () s02 (|| (0 s Caliration' )
On Rise Time (ms) ‘ 202 = EXT_TEMP_CAL-m 1.0033 %
Off Delay Time (ms) 2497 EXT_TEMP_CAL-b 0.00
Off Fall Time ms) | 202
I0UT_CAL_GAIN (mf) 0550
IOUT_CAL_OFFSET (A) 1199
=) Margin High, Ignore Faults ©) Margin High, Act on Faults
© Noma  ivanced Coniguration
=) Margin Low, Ignore Faults ) Margin Low, Act on Faults -
® Soft Stop © Tristate Stop Advanced Configuration
Save Configuration to File Load Configuration File to Device
| StoreUserAll || RestoreUserAll || Restere Maxim All_|[_ Restore Default All

Figure 66: Selecting a Rail to Monitor

2. In Configuration tab, you can observe the basic settings and device status.

3. Click Monitor tab to observe the voltage and current plots.
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@ Maxim PowerTool™ (1.09.05) = || P ||mESm
Dashbaard [ [ I 0508 0x0F [ 012 Oxld x5 0x16 [ Ox1B
MAX15301 MAX15303A400 | MAX15303A400 | MAX15302A400 | MAX15301 | MAX15303AA00 | MAX153034400 | MAX15303A400 | MAX15302A400 | MAX15301 ‘
[ Configuratien [[Menitor | Faulis Set | PMEus Command | Permissions | Tools
G i Vout (V): Min: 0.950 Max: 0.950 Avg: 0.950 VIN (V): Min: 11.875 Max: 11.875 Avg: 11.875
On/Off Canfig 0x16 [—wouwwr - VOUT FAULT LIMIT —ww - VIN FAULT LIMIT
2.0
16
Vout Command (V) 0.950 PP A N A S R
Vout Max (V) 1045 s 12
10
Tout Cal Gain 0.55 & z
E 1.0 e 8
ST =
05 S P Rt R
Input Voltage (V) 11.875
2
Qutput Voltage V) 0850 0o 0
200 910 920 930 940 290 200 910 920 930
QOutput Current (&) 3.20 sample sample
Switching Frequency (kHz) CH lout (A): Min: 3.203 Max: 3.344 Avg: 3.262 Internal Temperature (C): Min: 48.563 Max: 48.625 Avg: 48.608
Internal Temperature (°C) 48 — oo - TGUT FAULT LIMIT —— TEMPERATURE ___--—-- TEMP FAULT LIMIT
External Temperature (°C) 43 g 1
T i et
Duty Cycle (%) 753 £
- 30 ®
g 5 0
Status = -3
§ é 80
Fault Warning =20 <
g a0
Vout Under Voltage [«] [} 10 s
lout Over Current O ) E
0 o
Vin Quer Voltage O o 500 10 520 530 940 830 300 510 520 530
Vin Under Voltage () Q) Sample Sample
Vout Qver Voltage [#] o Stop Plotting |

Figure 67: Monitoring a Rail - Voltage and Current

4. Repeat the steps mentioned above to monitor the power information for each rail supplied to the
device.

Note that the rail information is displayed in terms of Regulator address.

RAIL VOLTAGE PMBUS ADDR
VCCINT 0.95Vv 0x0A
VCCAUX 1.8V 0x0B
VCCBRAM 0.95Vv OxOF
VCC1V8 1.8V Ox11
VADJ_1V8 1.8V 0x12
VCC1V2 1.2v 0x14
MGTAVCC 1V 0x15
MGTAVTT 1.2v 0x16
MGTAVCCAUX 1.8V 0x18
UTIL_3V3 3.3V Ox1B

5. Note the Junction Temperature value from the Vivado Hardware Manager (System Monitor).
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Step 6: Estimating the Vectorless Power with Junction
Temperature

For further Power Analysis, you can use the measured Junction Temperature and other thermal settings
to feed into Vivado Report Power for better accuracy.

1.

In the Vivado Design Suite, open the tutorial project and click Open Implemented Design to
display the implemented design.

In the Tcl Console, run the following command to reset any user defined or SAIF file defined
settings.

reset switching activity -all
In the main menu bar, select Tools > Report > Report Power.

In the Environment tab of Report Power dialog box, enter the Junction Temperature value
supplied by the hardware power measurement.

Set the Process to maximum.
In the Switching tab, make sure that the Simulation activity file (saif) is blank.

Click OK.
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# Report Power @
Analyze power consumption based on the implemented design and part xckud40-ffeallsa-2-e, ‘
Results name; power_1
Qutput text file: E]
Output XPE file: (=]
Environment | Power Supply | Switching
Device Setlings
Temp grade: extended
Process: maximum -
Environment Settings
Output Load: 0FH| pF [0 -10000]
Junction temperature; E = °C
Ambient temperature: 254 °C
[ Effective 31A: 1.42 "C/w [0 - 100]
Airflowe: 250 * | LFM
Heat sink: medium (Medium Profile]
d5A: 2.4 "Cw [0 - 100]
Board selection: medium {10 10%) -
Mumber of board layers: 12t015 (12 to 15 Layers) -
338: 2.5 "Cw [0 - 100]
Board temperature: 25 °C  [-55- 100]
Legend
[[J User Defined [] Calculated [ Default
oK ] [ Cancel

Figure 68: Reporting Power Settings - Updating Junction Temperature
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8. In the Power Report, observe that the power numbers increase slightly as compared to the
vectorless power analysis using a default Junction Temperature value.

Note that the Junction Temperature is now color coded as being user defined in the Power
Report.

Select Hierarchical view in the Utilization Details option on the left panel and observe the
Cascaded and Non-cascaded BRAM power variations.

Power - power_1 T 0O g =
QT E = [ summary
~-Settings - b hin Praw =
i oy (3.063 W) Fawer analysis from Implemented netiist, Activity On-Chip Power
wer S I derived from constraints files, simulation files or )
{FOWEr sUpply vectorless analysis, [ Dynamic: 1L.e4aw ([80%)
[E-Utilization Details
i il 18 6%
....gizz;cﬁlcal wla Total On-Chip Power: 3.063 W a0 o [ Clocks: 0117w
( ) o LIOERS
2-Signals ( Junction Temperature: 40.0 °C B = Osignals: 0.374W |
L..Data (0 Thermal Margin: 60.0 °C(39.4W) [ Logic: 0.092 W 3
E---Clock Enabh? Effective dJA: 1.4 °C/w I BRAM: 1.132'W
Log:E,tfRESEt 'l || Power suppied to off-chip devices: 0 BWMMCM:  0.125W
----BRAMI 1 1 Confidence level: Medium O ua: 0.004 W
~Clock Manager (I
T 0.004 W) [ Device Static: ~ 1.219W  (40%) |
impl_1 4 b BE

Figure 69: Power Report — Vector Analysis with Junction Temperature Supplied

9. Similarly, you can overwrite the Junction Temperature setting and do a SAIF based power analysis.

Conclusion

In this lab, you have learned to experiment with hardware power measurement using the KCU105
Evaluation Board.

In lab 5, you will learn about using the Power Optimization features in the Vivado IDE.
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Lab 5: Performing Power Optimization

Introduction

In this lab, you will learn about using the Power Optimization features in Vivado®. The lab will take you
through the steps for invoking Power Optimization after synthesizing the design. It will also guide you
on how to use the power optimization report, make decisions and selectively turn off power
optimization on signals, blocks, and hierarchies.

TIP: When you run Implementation on your design, the Vivado tools may perform BRAM power

optimizations by default during opt design. These optimizations will not affect performance,
O and will have little impact on area and runtime. In the previous Lab, the default BRAM power

optimization was disabled (Step-9 of Labl) by setting a NoBramPowerOpt directive to

opt design.

Step 1: Setting Up Options to Run Power Optimization

1. In the Flow Navigator, click Implementation Settings.
2. In the Project Settings dialog box, make these settings:
¢ In the Opt Design settings, set the —-directive option to Default.

BRAM optimization runs in the Default setting for Opt Design during Implementation. BRAM
optimization was disabled in the previous lab. It is now re-enabled when the design runs Power
Optimization.

e In the Power Opt Design settings, check the is_enabled box.

This ensures Power Optimization runs after opt design. Enabling the Power Opt Design
option prior to place design results in a complete power optimization to be performed. This
option yields the best possible power saving from the Vivado tools.
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ﬂn Project Settings
) Implementation
m Constraints
G I
=enera Default constraint set: | &= constrs_1 (active) -
L Options
Simulation
- Incremental compile: E]
; Strategy: A vivado Implementation Defaults® (Vivado Implement... « | 3
Synthesis
Description: Vivado Implementation Defaults
I) = ppt Design (opt_design) -
Implementation is_enabled
‘éb [, td.pre =
10001001 tdl.post
Bitstream -verbose [l n
# directive™® [Defﬁult ]
More Options
iy = Power Opt Design (power_opt_design)
tcl.pre
tdl.post
More Options
= Place Design (place_design)
tel.nre il
is_enabled
Optionally run this step as part of the flow. This step optimizes design to maximize power
saving.

Ok ] [ Cancel ] [ Apply ]

Figure 70: Implementation Settings — Enabling Power Optimization

3. Click OK.
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4. In the Create New Run dialog box, click Yes to “Properties for the completed run ‘impl_1" have been
modified. Do you want to preserve the state of ‘impl_1" and apply these changes to a new run?”.

- )

Create Mew Run 22 |

‘-I Properties for the completed run ‘impl_1' have been modified.
' Do you want to preserve the state of impl_1' and apply these changes to a new run?

[] Dor't show this dialog again

Yes ] I Mo I I Cancel

Figure 71: Create New Run Dialog Box

5. In the Create Run dialog box, set the Run Name to impl 2.
6. Click OK.

7. In the Flow Navigator, select Run Implementation. Click Don't Save when the Save Project window
pops up to save both Synthesis and Implementation constraints.

i

g"‘ Save Project @

, Save project before launching implementation?

Data to Save
Synthesized Design - synth_1 - constrs_1 - dut_fpga_kc705. xdc

Implemented Design - constrs_1 - dut_fpoa_kc705.xdc

i Save |l Don't Save H Cancel

Figure 72: Click “Don’t Save” Here

You are running Implementation with Power Optimization turned on.

8. In the Implementation Completed dialog box, select Open Implemented Design and click OK. Click
Don't Save when the Save Project window pops up to save both Synthesis and Implementation
constraints.
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Step 2: Running report power_ opt to Examine
User/Design Specific Power Optimizations

1. In the Flow Navigator, select Implemented Design.

2. In the main menu bar, select Tools > Report > Report Power Optimization.

Tools | Window Layout View Help

Floorplanning 3
1/0 Planning 3
Timing k

£ Edit Timing Constraints

#2] Schematic Fd
Show Connectivity Ctrl+T
& Show Hierarchy F&
Report » || & ReportDRC...
Edit Device Properties... FH  Report Moise. ..
Create and Package IP... & Report Utilization...
Create Bus Definition. .. gl ReportPower...
Run Tdl Seript. . ) Report Power Optimization. ..
I Report High Fanout Nets. ..
% Property Editor Ctrl+J Sport Figh Fanout e
: ! @ ReportI0...
Associate ELF Files... -
.  Report Clock Networks. ..
Compile Simulation Libraries...
- i¥ Report IP Status
Xilinx Td Store. .. Timing b
Customize Commands k

{ti Project Settings...
2 Options...

Figure 73: Generating a Power Optimization Report

Power Analysis and Optimization
UG997 (v2016.3) October 5, 2016

www.xilinx.com

l Send Feedback I

73


http://www.xilinx.com/
http://www.xilinx.com/about/feedback.html?docType=Tutorials&docId=UG997&Title=Vivado%20Design%20Suite%20Tutorial%3A%20Power%20Analysis%20and%20Optimization&releaseVersion=2016.3&docPage=73

& XILINX

ALL PROGRAMMABLE, Lab 5: Performing Power Optimization

3. The Report Power Optimization dialog box appears, as shown in the following figure.

I =

a“' Report Power Optimization @

I:o] Report power optimization.

Results name: power_opt_1

Export to file:

Output file format: TXT XML

| Open in a new tab

[ ok ¢ | Cancel

Figure 74: Report Power Optimization Dialog Box

4. Enter power opt 1 for the Results name.

5. Ensure that the Open in a new tab option is checked.

6. Click OK. Alternatively, in the Tcl Console execute this Tcl command:
report power opt -name power opt 1

7. Observe the report power_opt_1 is generated in the Power Opt tab of the results windows area.
When the report opens, the Summary view is displayed in the report.

8. In the Summary view, note that 50% of the BRAMs are clock gated by the tool during Power
Optimization.

Power Opt - power_opt_1 — O e X
AT« {| summary
;I General Information > Q| Bements TOTAL  USER GATED  TOOL GATED % GATED{Total)
- - ) Number of BRAMs 320 160 150 100,000
o Rfem"“;e”'lja“;”s ) Number of SRLs 0 0 0 0.000
=5 Hierarchical Information Number of Slice Registers 716 500 0 59.832
BRAMs BRAM write mode changes 640 0 0 0.000
| User Gated BRAMs
Tool Gated BRAMs
| BRAM WRITE_MODE Optimizatic
| SALs
=) Slice Registers
----- | User Gated Slice Registers
I Tool Gated Slice Registers
4 1 3 @
4 B

power_opt_1 X
Figure 75: Power Optimization Report — Tool Gated BRAMs

9. In the Power Optimization Report, select Hierarchical Information > BRAMs > Tool Gated
BRAMs and observe the BRAM cells and its CE ports which are gated by the tool during the power
optimization.
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Step 3: Running report power to Examine Power Savings

1. In the main menu bar, select Tools > Report > Report Power.
2. In the Report Power dialog box, make the following settings:
o Specify the Results name as power 1
o In the Environment tab, make sure the Process is set to maximum.

3. Click OK. Alternatively, in the Tcl Console execute this Tcl command:

report power -name power 1

4. In the Summary view of the Power Report, observe an approximately 100-200mW power savings
compared to the non-optimized power run in the previous lab.

You can generate a bitstream to program the hardware and measure its power, to observe the
power saving in hardware. See Lab 3: Measuring Hardware Power Using the KC705 Evaluation for
hardware power measurement instructions.

Power - power_1 — O a ®
(& s el — [ S 4 Summary
+5Settings » .
= Power analysis from Implemented netlist. Activity On-Chip Power
Power Sunpl derived from constraints files, simulation files or )
[rrower supply vectorless analysis. [] Dynamic: 0.916 W (55%)
[E-Utilization Details
~Hierarchical (0.915 ] Total On-Chip Power: 138W Ol Clocks:  0.025W (3
Junction Temperature: 27.5°C 65% [signals:  0.032W  (4%)
Thermal Margin: 57.5 "C(30.2wW) [ Logic: 0.007 W
Effective dlA: 1.8 "C/w B BRAM: 0.730 W
Power supplied to off-chip devices: 0w EMMCM: 0,117 W
Confidence level: Medium Oo: 0.004W (0%
34%
[0 Device Static: 04564 W [34%)

Figure 76: Power Savings with Power Optimization
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Step 4: Turning Off Optimizations on Specific Signals and
Rerunning the Implementation

In this step you will learn how to turn off the power optimization on specific BRAMs.

IMPORTANT: 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

identify and apply power optimizations only on non-timing critical clock domains or modules
using the set _power opt XDC command.

Refer to the Vivado Design Suite User Guide: Power Analysis and Optimization (UG907) for
more information on the set power opt command.

Assume that this BRAM is in the critical path:

dut/gen dut[0].bram top inst/bram inst/mem reg 0 0
This step makes sure the tool does not gate this BRAM.

1. In the Tcl Console, type this command:

set_power_opt -exclude cells [get cells dut/gen dut[0].bram top_inst/bram inst/mem reg 0_0]

This will prevent the tool from gating this BRAM.

2. From the Flow Navigator choose Run Implementation, which in turn reruns
power opt design.
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3. Click Save in the Save Project dialog box to save the Synthesized Design and Implemented Design
constraints before launching implementation.

e

gl‘.:-'_p Save Project @

[9] Save project before launching implementation?

Data to Save

V| Synthesized Design - synth_1 - constrs_1 - dut_fpga_kc705. xdc

/| Implemented Design -impl_1 - constrs_1 - dut_fpga_kc705. xdc

| Implemented Design - impl_2 - constrs_1 - dut_fpga_kc705, xdc

| Save || Dion't Save || Cancel

Figure 77: Save Design Constraints Before Rerunning Implementation

Also, select Implemented Design - impl_2 in the Save Constraints Conflict dialog box to save the
changes in constraints from the set _power opt command.

gf‘ Save Constraints Conflict @

! There are unsaved changes to constraints set 'constrs_1' in multiple editors, Flease
% choose which changes to save.

Changes to Save
Synthesized Design - synth_1

Implemented Design -impl_1

@ Implemented Design - impl 2

Ok ] | Cancel

Figure 78: Saving Design Constraints for impl_2

4. In the Implementation Completed dialog box, select Open Implemented Design and click OK.
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Step 5: Running report power opt to Examine Tool
Optimizations Again
1. In the main menu bar, select Tools > Report > Report Power Optimization.

2. In the Report Power Optimization dialog box, type in the Results name as power opt 2.
Alternatively, execute this Tcl command in the Tcl Console:

report power opt -name power opt 2

3. In the generated report power_opt_2 in the Power Opt window, display Tool Gated BRAMs.

Power Opt - power_opt_2 — 0O a
[l — P 4 Hierarchical Information - BRAMS - Tool Gated BRAMs

| General Information > @ cellname CEPort  CE NetName

) Summary [id mem_reg_0_1 EMARDEM  dut/gen_dut[0].bram_top_inst/bram_instfmem_reg_0_1 EMARDEN_cooolgate_en_sig_344 -

| Recommendations

i _ X kid mem_reg_0_1
Hierarchical Information

kid mem_reqg_0_2
| mem_reg_0_2
| mem_reg_0_3
kid mem_reg_0_3
kid mem_req_0_4
kid mem_reqg_0_4
| mem_reg_0_5
ki mem_reg_0_5
[l mem_reg_0_6 EMARDEM dut/gen_dut[0].bram_top_inst/bram_instfmem_reg_0_6_EMARDEM_cooolgate_en_sig_349
[l mem_reg_0_6 EMBWREM dut/gen_dut[0].bram_top_inst/bram_inst/mem_reg_0_6_EMBWREN_cooolgate_en_sig_357
Gl marm ran N7 B AN 10 FMARMEN  dutinan Autil heam tan inetheam inctimem rea 07 FMARDEN ranclaats amosin 360 =)

power_opt_2 X 4 B B

EMBWREM dut/gen_dut[0].bram_top_inst/bram_instfmem_reg_0_1_EMBWREN_cooolgate_en_sig_352
EMARDEM dut/gen_dut[0].bram_top_inst/bram_instfmem_reg_0_2_EMARDEM_cooolgate_en_sig_345
ENBWREN dut/gen_dut[0].bram_top_inst/bram_inst/mem_reg_0_2 ENBWREN_cooolgate_en_sig_353
EMARDEM  dut/gen_dut[0].bram_top_inst/bram_instfmem_reg_0_3_ EMARDEN_cooolgate_en_sig_346
EMBWREM dut/gen_dut[0].bram_top_inst/bram_instfmem_reg_0_3_EMBWREN_cooolgate_en_sig_354
EMARDEM dut/gen_dut[0].bram_top_inst/bram_inst/mem_reg_0_4_EMARDEMN_cooolgate_en_sig_347
ENBWREN dut/gen_dut[0].bram_top_inst/bram_inst/mem_reg_0_4 ENBWREN_cooolgate_en_sig_355
EMARDEM  dut/gen_dut[0].bram_top_inst/bram_inst/mem_reg_0_5_EMNARDEN_cooolgate_en_sig_348
ENBWREN dut/gen_dut[0].bram_top_inst/bram_instfmem_reg_0_5_ENBWREN_cooolgate_en_sig_356

-5 User Gated BRAMs

:

| BRAM WRITE_MODE Optimizations
SRLs

Slice Registers

iI= User Gated Slice Registers

.= Tool Gated Slice Registers

P = B s B = B s B s B s = s B = R s

Figure 79: Displaying Tool Gated BRAMs

4. Note that this BRAM is no longer in the list of Tool Gated BRAMs:
dut/gen dut[0].bram top inst/bram inst/mem reg 0 0

Step 6: Saving Power using UltraScale BRAM in Cascaded
Mode

UltraScale architecture-based devices provide the capability to cascade the data out from one BRAM to
the next BRAM serially. This will enable the devices to create a deeper block RAM in a bottom-up
fashion. When used in cascaded mode, the power consumption is considerably low compared to the
BRAM used in non-cascaded mode.

1. Run the steps mentioned in Step 1. Creating a New Project shown in Lab 1: Running Power
Analysis in the Vivado Tools.
a. Inthe Add Source Files dialog box, navigate to the
<Extract Dir>/UltraScale/src for UltraScale devices.
b. In the Add Constraints (optional) dialog box, click Add Files and select
dut fpga kcul05.xdc in the file browser. In the directory structure, you will find the
dut fpga kcul05.xdc file below the /src folder.
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c. Select the Kintex-UltraScale KCU105 Evaluation Platform (xcku040-ffval56-2-e FPGA),
click Next.

2. Review the New Project Summary page. Verify that the data appears as expected and click
Finish.

3. In the Vivado Options dialog box (Tools > Options > General), enter the tutorial project
directory in the Specify project directory box, so that all reports are saved in the tutorial
project directory. Then click OK.

4. Click Run Synthesis in the Flow Navigator.

The Synthesis Completed dialog box appears after synthesis has completed on the design.

5. Select Run Implementation in the Synthesis Completed dialog box and click OK.

6. After the Implementation completes, click Open Implemented Design.

7. You can see the automatically generated power report impl 1 in the power tab, which shows
as a saved report. This is an autogenerated vectorless power report.

8. Note the total power (Total On-Chip Power) in the power report Summary page.

Power - impl_1 7 _ O o
Q, E % 4 Summary
) Thisisa saved g Power analysis from Implemented netist, Activity On-Chip Power
:~Settings derived from constraints files, simulation files or ) -
, - vectorless analysis. [] Dynamic: 1.844W  (79%)
é----Power Supply ) 5%
- Utilization Details Total On-Chip Power: 2343 W opo, | MCods:  0.117W (5%
5
-Hierarchical (1,54 Junction Temperature: 28.3 °C i . W o0E
Clodks - : . 799, gop | [lSionals:  0.374W  (20%)
00K (U, Thermal Margin: 7L7°C(49.1W) [ Logic: 0.092 W
—}-Signals (0 ) = '
: Effective d1A: L4 °Cfw AN
©-Data (0.374 ctive N Byon| Momam: 1132w
Clock Enable (| Power supplied to off-chip devices: OW EMMCM:  0.125W (7%
--Set/Reset (0 Confidence level: Medium Ovo: 0.004 W
Logi (0.052 1) i
BRAM 1 V) 21%
--Clodk Manager (0. [0 Device Static: 0499 W (219
-If0 (0,004 W
4 T b
impl_1 4 B

Figure 80: Power Report Summary

9. Select Hierarchical view in the Utilization Details option on the left panel and observe the
Cascaded and Non-cascaded BRAM power.
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Power - impl_1 70O =
Q, th }341 = 4 Utilization Details - Hierarchical
— [
(i) Thisisa saved repo X|" A | ytilization Name Clocks (W)  Signals (W)  Data (W) Logic (W) BRAM (W) Cl

ettings o ) 3 dut_fpga

ummary (£.335 V) dut (dut) 0.11 0.369 0.369 0.092 1.132
U_lr'_fET’_SUD[ﬂY _ Noncascade_bram (MNoncascade 0.055 0.153 0.153 0.053 0.875
=H-Utilization Details Cascaded_bram (Cascaded 0.055 0.216 0.216 0.039 0.257

Teaf Cells (12)

) kil in_diff_bufg (IBUFDS) <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

~BRAM (1.132 W)

~Clock Manager (0.125

-0 (0.004 W)
F] i » « 1l v
impl_1 4 B

Figure 81: Cascaded and Non Cascaded BRAM Power view

10. You can see 50% to 60% saving in Cascaded BRAM compared to Non Cascaded BRAM.
11. Use the same steps as specified in Step 1, Step 2, and Step 3 to perform saif based power
analysis using Vivado Simulator.

Conclusion

In this tutorial, we have accomplished the following:

e Used the Report Power dialog box to verify and set device, thermal, and environmental
conditions that contribute to power estimation.

e Synthesized the design and estimated the power after synthesis.
e Set switching activities on an I/O port and reran Report Power.

e Ran functional simulation using the Vivado simulator and generated a SAIF file that is input to
Report Power for a more accurate power analysis.

¢ Implemented the design, ran post-implementation timing simulation using the Vivado simulator,
and generated a SAIF file that is input to report power for a more accurate power analysis.

e Ran Questa Advanced Simulator post-implementation timing simulation and generated a SAIF
file that is input to report power for a more accurate power analysis.

e Performed power measurement on the design implemented in a KC705 and KCU105 Evaluation
Boards. Compared the hardware power numbers with the numbers generated by Vivado Report
Power.

e Learned how to achieve power optimization as part of an implementation run.

e Examined the power optimization report and selectively turned off power optimizations on a cell
in the design.

e Examined the power saving of UltraScale BRAMs in cascaded mode when compared to BRAMs
in Non-cascaded mode.
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Legal Notices

Please Read: Important Legal Notices

The information disclosed to you hereunder (the “Materials”) is provided solely for the selection and use of Xilinx products. To the maximum
extent permitted by applicable law: (1) Materials are made available "AS 1S" and with all faults, Xilinx hereby DISCLAIMS ALL WARRANTIES
AND CONDITIONS, EXPRESS, IMPLIED, OR STATUTORY, INCLUDING BUT NOT LIMITED TO WARRANTIES OF MERCHANTABILITY,
NON-INFRINGEMENT, OR FITNESS FOR ANY PARTICULAR PURPOSE; and (2) Xilinx shall not be liable (whether in contract or tort,
including negligence, or under any other theory of liability) for any loss or damage of any kind or nature related to, arising under, or in
connection with, the Materials (including your use of the Materials), including for any direct, indirect, special, incidental, or consequential loss
or damage (including loss of data, profits, goodwill, or any type of loss or damage suffered as a result of any action brought by a third party)
even if such damage or loss was reasonably foreseeable or Xilinx had been advised of the possibility of the same. Xilinx assumes no
obligation to correct any errors contained in the Materials or to notify you of updates to the Materials or to product specifications. You may not
reproduce, modify, distribute, or publicly display the Materials without prior written consent. Certain products are subject to the terms and
conditions of Xilinx’s limited warranty, please refer to Xilinx’s Terms of Sale which can be viewed at http://www.xilinx.com/legal.htm#tos; IP
cores may be subject to warranty and support terms contained in a license issued to you by Xilinx. Xilinx products are not designed or
intended to be fail-safe or for use in any application requiring fail-safe performance; you assume sole risk and liability for use of Xilinx products
in such critical applications, please refer to Xilinx’s Terms of Sale which can be viewed at http://www.xilinx.com/legal.htm#tos.

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 ISO 26262 AUTOMOTIVE SAFETY STANDARD (“SAFETY
DESIGN”). CUSTOMER SHALL, PRIOR TO USING 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 2012-2016 Xilinx, Inc. Xilinx, the Xilinx logo, Artix, ISE, Kintex, Spartan, Virtex, Zyng, and other designated brands included herein
are trademarks of Xilinx in the United States and other countries. All other trademarks are the property of their respective owners.
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