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Lab 1

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 Quick Take 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.

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

m 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 the latest Vivado Design Suite software 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 the following 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 the following location:

https:/www.maximintegrated.com/en/products/power/switching-regulators/
MAXPOWERTOOLOO2.html
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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

e The hardware power measurements for 7 series devices (needed in Lab 4: 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

e For power measurements through Tl Power Regulators (needed in Lab 4: Measuring Hardware
Power Using the KC705 Evaluation Board), use the Texas Instruments USB Interface Adapter.
You can find information on the USB Interface Adapter at this location:

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

Hardware Requirements for UltraScale Devices

e The hardware power measurements in UltraScale devices (needed in Lab 5: Measuring
Hardware Power Using the KCU105 Evaluation Board), requires 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

e For power measurements through Maxim Digital Power Tool (needed in Lab 5: 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: https:/
www.maximintegrated.com/en/products/power/switching-regulators/
MAXPOWERTOOLOO2.html

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 ug?97-vivado-power-analysis-
optimization-tutorial.zip file contents as <Extract_Dir>.

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.
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The ug997-vivado-power-analysis-optimization-tutorial.zip fileincludesa
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:

Table 1: Example table

Directories/Files Description
/src Contains the design HDL and testbench for the simulation.
/src/dut_fpga.v Top module for the design.
/src/dut.v Other design blocks.

/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

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 2

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 window and closely examine some power specific Tcl commands. You will also learn to
create a Switching Activity Interchange Format (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.
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On Linux, do the following.

1. Go to the directory where the lab materials are stored:
cd <Extract_Dir>/7_series (for 7 series devices) or
cd <Extract_Dir>/UltraScale (for UltraScale devices)

2. Launch the Vivado IDE: vivado

P Vivado 2021.1 s

File Flow Tools Window Help

VIVADO' £ XILINX.

ML Editions

Recent Projects

Quick Start profe.1

Create Project >
Open Project >

Open Example Project >

Tasks

Manage IP >
Open Hardware Manager >
Vivado Store >

Learning Center

Tel Console ? 00X
I 8 =

On Windows, do the following.

3. Launch the Vivado IDE by selecting Start = All Programs — Xilinx Design Tools = Vivado
2021.x— Vivado 2021.x (x denotes the latest version of Vivado 2021 IDE).

As an alternative, click the Vivado 2021.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.

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

5. Click Next to continue to the next screen.
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6.

¢ MNew Project —

Project Name
Enter a name for your project and specify a directory where the project dafa files will be stored ‘

Project name:  power_tutorall
Project location;  Cihvivado_power_tutorial

v Create project subdirectony

Project will be created at Cihivade_power_lulorialfpower_tutoriall

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.

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.

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.

Lab 2: Running Power Analysis in the Vivado Tools
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9.

10.
11.

12.

# MNew Project [extim]

Add Sources

Specfy HDL, netlist Block Design, and IP files, or directories containing those 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

*
index Name Library HDL Source For Lecation
@ 1 pram_tdpy  wl_defaultib  Synthesis & Simulation  ~  Cihvivado_power_tutorial?_seres/isrc
o 2 bram_topv  xil_defaultib  Synthesis & Simulation =~ Cihivado_power_tutoriali7_series/src
@ 3 dut v zil_defaultlib  Synthesis & Simulation ~ C:vivado_power_tutoriall7_series/src
@ 4 dut_fpgav  wi_defaultib  Synthesis & Simulation  ~  C:Mvado_power_tutoriali7_seresisrc
w 5 testbenchy  wl_defaultib  Simulation only ~  Cehivado_power_tutorial7_senes/src
Add Files | Agd Directories I | Creata File

Scan and add RTL include fles into project

Copy sources into project

Targetianguage: Verilog ~  Simulatorianguage: | Mixed v

f.  Verify that the files are added and Copy sources into project is checked. Click Next.

In the Add Constraints (optional) page, 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_kcul05. xdc in the file browser. In the directory
structure, you will find the dut_fpga_kcul05. xdc file below the /src folder.

Click Next to continue.

In the Default Part page, click Boards and select Kintex-7 KC705 Evaluation Platform for 7
series or Kintex UltraScale KCU105 Evaluation Platform for UltraScale devices. Then click
Next.

TIP: When you specify a board, you are also specifying the part you are targeting for your design, in
this case an xc7k325tffg900-2 FPGA for 7 series or xcku040-ffval56-2-e FPGA for UltraScale
devices.

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.
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13. In the Settings dialog box (Tools = Settings = Tool Settings = Project), enter the tutorial
project directory in the Specify project directory field, so that all reports are saved in the
tutorial project directory. Then click OK.

-l

Project
Project Settings Specify vanous setings related 1o projects /
General
Simulation Default Project Directory
Elaborafion
Sythesis Start in directory {CUsersivenkatas)
Implementation Las! projects direclony
Bitsira
i Home difactory (C:AJsershenkatas)
Y IP

* Specty project directory: C:mej |
Tool Settings e

Project

Target Language
IP Defaults
Source File ®» Verilog VHDL
Display
Recent
WebTalk
Help Reopen last project on starup
* Text Editor Number of recent projects fo list: 10 -
3rd Party Simulalors
¥ Colors Mumbear of recan! directories to list 15
g Number of recent files to Nst 10 2
Shortcuts
Strategies
* Window Behavior

(2} | Cancel | Apply | Restore.. |

Now, the design is ready for synthesis.
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Step 2: Synthesizing the Design

1. Click Run Synthesis in the Flow Navigator. In the Launch Runs dialog box that appears, click

OK.
# Launch Runs -ﬁ-
Launch the selected synthesis or iImplementation runs. '
Launch directory. | @5 <Default Launch Directorny= W

Options
* Launch runs on local host  Mumberofjobs: 4  w

Generate scripts only

Dant show this dialog again

Cance)

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

Synthesis Completed

o Synthesis successfully completed.

Mext
Run Implementation
@ Open Synthesized Design

Yiew Reports

Dont show this dialog again

3. Open the synthesized design by selecting Open Synthesized Design in the Synthesis
Completed dialog box and clicking OK.
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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 Reports = Report Power.

2. Examine the Environment tab in the Report Power dialog box.

¢ Report Power 822

Estimate power consumption based on the netlist design and part xcku040-fiva1156-2-e.

Results name: |power_1

Environment  Power Supply

Device Settings
Temp grade:
Process: maximum b

Environment Settings

-

Output Load: 0| pE
Junction temperature: 25.679 °C
Ambient temperature: 25 : b
Effective 3JA: 1.42 “CMW [0-100]
Adrflow: 250 ~ LFM
Heat sink: medium (Medium Prof... s
FE4 - | "CIW [0-100]
Board selection: medium (10710 ~
MNumber of board layers: 12to15 (12 1o 15 Layer... w
2JB: - | "CAV [0-100]
e N L = cE N bork
4 ’
Legend
User Defined Calculated Default

gt

3. In the Environment tab, set Process to maximum for a worst case power analysis. Examine
the Power Supply tab.
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Lab 2: Running Power Analysis in the Vivado Tools

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

Settings
Vedint
Veocaux
Veoo3dd:
Vooogs:
Vecol8:
Veoolg:
Veoo135
Veoo12:
Vecau_io:
Weochram:
MGTAVCD
MGTAV
MGTVecaux

MGTZveel

Legend

User Defined

Resylls name: | power_1

Power Supply

1000 7

Estimate power consumplion based on the nellist design and part xcTw4854fig1157-1

1800 [ V

3300

2500

1800 = v

1350 . ¥

1200

1800 W

1000 3

1000 -

1200 |V

1.800

1075 .| ¥

Calculated Default

b

Cancel

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

design.

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 @

Estimate power consumption based on the netlist design and part xc7k325H1g900-2.

Resylts name:  power_1

En t | Pow Switching
Simulation Settings

Simulation actvityfile (saif) || ]

Default Activity Settings
Defaulttoggle rate: 12.5
Default Static Probability 0.5
Enable Rale Settings
Static Probability Toggle Rate
BRAM Port Enable:
BRAM Write Enable:
Bidi Cutput Port Enable
Toggle Rate Settings
Static Probability Toggle Rate
Primary Oufputs:
Logic
Registers:
Shift Registers:
Distributed RAMs:
LUTs:
DSPs.

Block RAMs
GTs
RX Data:

TH Data
~ Constrained Clocks
Clock Period
sys_clk_in_p Sns
clk_0 Sns
clkoutd 10ns

i “ Srancal

5. In the Output tab of the Report Power dialog box, specify the Output text file as

power_1.pwr.

6. 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. For information on
importing the file in to the Xilinx Power Estimator, see the Xilinx Power Estimator User Guide
(UG440).

7. Specify the RPX file to write the results of the Report Power command. The saved RPX file
can be reloaded using the Reports = Open Interactive Report command to provide
interaction/cross-probing with the open design.
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#  Report Power L---a

Estimate power consumption based on the netlist design and part xcTk325Hfg200-2

Resyts name.  power_1
Cartput
Qutput text file: power_1 pwr

Cutput XPE file: powoar_1.xpe

¥ Output RPY file Coiprojipower_1.mpx

Legends in Report Power Tool

The following legends appear consistently in the Report Power tool:

e Constraint: Displays when the nets are defined as clock with timer constraints. The defined
frequency of a clock determines the switching activity.

e Stimulation: Displays when the nets with switching activities are derived from
simulation’s . saif file.

e User Defined: Displays when the nets with user set switching activities are derived from
set_switching_activity power Tcl command.

e Estimated: Displays when the nets with switching activities are generated by report_power
vectorless propagation engine.

e Default: 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.
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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 window in the Vivado IDE.

Note: 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 oA %
a T £ Cc W7 summay
Setings
s Frower astimaten om Spiesized nedist Aohity On-Chip Powar
Bummany (1.378 W) derived o eomerants fles, simulaten fies o
Pawer Supgly vectzrie: lysiz. Mole. lhese saty aslimal Dynamic AwEW 67
2 e change ster imple mantzben. :
- % oo DOT1TW
Filarartien (0.0 Total On-Chip Puwer: 13w o
: ooE W
Clocks (001 dunction Temperniira: WAL
¥ 5 (0051 Legic:  OOMW
g Tharmai Hargin: 576 C{03W) >
Dt (.08 W oRen aTIHW
Eteeine SUA 18T |
ik Enabia (7 Wwcw D1TwW
Pownt supphed o off-chip dewvicas. OW
SelREss o D004 w
Confdenca sl Medum EE
Logic
RN (D 714 e Pt Consliain Aas o ke find s fic Device Stalic: Q4ETW
. Inneig swching Scaviy T i
Clock Marager (01
101004 1A
powur 1

Examine the power breakdown in the power report by block type (Logic, BRAM, I/0O, etc.).

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

O L T
Qz =cH Pasar Sepnhy Cielauk Calcuzied
B Supply S Yolag (V] Tol (A} Dwmicid)  Stcis)
‘ezl 4000 104 4745 0295
wer Supply Ve 100 012 007 (17
= Ul Detats 2200 upaz om0 opaz
gl (0,118 01 2e00 LLL-R (L1
Glodis (0011 4200 ooo 0200 noo
<500 noon 2000 (1133
1360 noos 2000 no0n
Tan oo 000 0oy
1800 oo oo (117
4000 oo6s 0054 0013
2000 noon 000 (113
1200 oooa 500 (173
T oo0s 0880 ik
1800 LLECRN ) vo
power_1

5. Examine the hierarchical breakdown of the power in the Utilization Details = Hierarchical

VIew.
Power 1@
Q F &6 C/MW| " QG F Hermoie
Setnge Unizston Hamn Chom (M) Sgnais () Dwacd)  Lopoial  BRANON) | ClockNaaper(il  WMCH 0N DA
Summary i1 3 - 018 W 17
Pt oy - — T nom 061 006 ot ns <040 000
< UditonDefals BN B TR Dot 006 OME 0O ] =001 “0am
Higrideal 0 812 W)| Dot Q06 2N nom nov <0401 0001
Clacks oo 0200 am nop noTe =000 000
= EaE oo 0206 0o nov “00m o0m
iy 0ot 0206 nog1 Doy 0001 0o
ClackEnlHi ¥ gt a6 oo w0y -uan 0am
JuiFaen oo o0s noon aora =0 =nm
Legts P EODE W oo oos noom nng =[1HI =[HHI
:;"""” il » BuOT W gt a8 nowt bavt @i waor -nom
100 1) L Cals |
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6. Examine the Clocks view and the various Signals views (Data, Clock Enable, and Set/Reset).

Penwnr
Q E'0/C/H " Q F o Conskamt | | Calouiates
Setngs Usiasson Nama Franusniy (W-z)  Fufier  Clock Buffer Frahis %) EnablaSgna FalFansl  Sles  FansulSit  Teps
Summary |1 37 ~ RO W i aw_tega
Poower Supply L B4 ) 1 T e L0200 M L Nz B LR Y
- Utsizzbicn Getals » 1OBOZW [=1% ol I ko 20000t ik 2 2 1000 Hin
* 120001 W it J sk n p 00800, e [T 2 -3 1000 N

Step 5: Viewing the Power Properties

This step shows 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.

Pesisnt
A E semem afriea 0 Estmans  Cabeulsad
Unigaton  Mama Signal Raw (MTsh  RHIgh  Fancul  StraFancat Cock  LogeTime
~ oW i cul_fpga
oW ni_taset bogel oo s 0 e FFLUT
aw T led_oEuF 0000 190.000 3 0 chodn | FFUOLUT

4. Note that there is a Power view in the Net Properties window that displays net properties for
the dut/dut _reset signal. Click on Load Power Properties to get the power information
the first time.
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Het Proge ies

T dut_reset f

Dt

Toggle rate ol %
Stalic probabilit: 00

Leganid Estimated

Edil Proparies

Conmeciit Power | Allases CellPms MNodes

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 deasserted in the design.

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. Inthe Net Properties window, click the Edit Properties button.

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

# Edit Power Properties e |

[ F—
Set power properties for dut_reset
/
Qutput
Toggle rate 4000 5 %

Static probability:

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.
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Net Properties

I dut_reset o

Output
Toggle rate 40 =
Stabc prohaity 0.1

Legend: User Defingd

! Edit Froperies.. |

Gemaral  Froperbas:  Conngonity Power | Aliases  CellPins  Nodes

You can also observe the equivalent Tcl command executed in the Tcl Console.

TolComsoie  » Woceage:

5. Rerun Report Power (Reports — Report Power).

6. Change the Output text File and Output XPE File in the Output tab to power_2.pwr and
power_2.xpe respectively.

7. Inthe Switching tab, set Switching Activity for Resets: to None. Then click OK.

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. Because the signal is a reset signal, an increase in
its activity will significantly reduce the activity of other signals in the design. 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.

You can also observe the equivalent Tcl command executed in the Tcl Console.

s Fower

Q F 2 CH G I soiesct UsarDwiean ] dnisiea

i Mu=s Gipnel Fam (MRl %M Fotoul SlesFaeod Cote o LopicTe
* 1B W ST 0 i 5 an_ppa
(R TR LT C TR TR 4908 W0 a0 P oW FRLUT
[T o el DT OG03 16005 ] O clopull  FF UL

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.
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See the Vivado Design Suite User Guide: Power Analysis and Optimization (UG907) for more
information on switching activity.

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_delay and 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 * 100 MHz ).

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 Settings to open the Settings dialog box and set the simulation
properties in Simulation section.

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

¢ Simulator language: Mixed
e Simulation set: sim_1
e Simulation top-module name: testbench

3. Inthe Elaboration tab of Simulation section, make sure the xsim.elaborate.debug_level is set
to typical, which is the default value.
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4 Seftings

Project Settings

Shmulation

Lab 2: Running Power Analysis in the Vivado Tools

Specfy various seftings associated to Simulation

General
Simulation
Elabaration
Synihesis
Implementation
Bilstream

¥ P

Tool Settings

Prajed

P Defaults

Sourca File

Display

WebTalk

Help

Texd Editor

Jrd Party Simulators

-

Colors

e

Selection Rulas

Target sirmulator: Vivado Simulator
Simulator language: Mixed
Simulation set =i sim_1
Simulation bop module name:  lastbench
< Clean up simalabon filas
mpiiaticn | Elaboration  Simdation Methst

xsim elaborate snapshol
usim elaborate debug_level
x¥sim elaborate relax

xgim glaborate mi_level
nsim elaborate load_gibl
ssim elaborate rangecheck
xsim.elaborate sdi_delay

x3imeelaborate xelab.more_oplions

Shofculs
Strategies
* Window Behavior

4. In the Simulation tab enter the SAIF file name as power_tutorial_func.saif for

typical

v
auto

i
sdfmax

0K

| Cancal

xsim.simulate.saif. Observe that the xsim.simulate.runtime is 1000 ns.

5. Click OK.
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4 Seftings
Simulation
Project Settings Specify various selfings associated to Simulation i
Ganeral
Simulation Target simulator: Vivado Simulator w
Elaporation . -
Svrthesi Simulator langueage: Mixed ad
mihesis
Implementation Simulation set: &= 5im_1 W
Bitstream
2 Simulation top module name; | festbench
>
< Clean up simulation files
Tool Settings
Project
IF Defaulls Coimpdlation Elaboration LA TR Metlisl Advanced
Source File T
Disp xsim.simulate.tcl. post
hsplay
WebTalk wsim.simulate.runtime 1000ns
Help asimesimulzle log_all_signals <
3 Text Edilor asim simulate. custom_1d

3rd Party Simulators ssim_simulate wdb

s Colors ssimsimulate. sail_scope
Selaction Rules [simsimuiatesal | power_tutorial_func saif
Shortcuts xsim.simulate.sail_all_signals
Strategies wsimesimulate ksimomora_oplions

Window Behavior
¥sim.simulate_saif
SAIF filename

R | OK [ Cancel | Apply Restore..

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.

6. In the Flow Navigator, click Run Simulation = Run Post-Synthesis Functional Simulation.

¥  SIMULATION
Run Simulation

Run Behavioral Simulation

v RTL ANALYSHE . .
Run Post-Synthesis Functional Simulation

> OpenElak Run Post-Synthesis Timing Simulation

v SYNMTHESIS

P RunSynth___

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

After the simulation completes, click x at the top right corner to close the simulation window.

Step 8: Incorporating SAIF Data into Power
Analysis

The SAIF output file requested in the simulation run is generated in the project directory. This
SAIF file is used to further guide the power analysis algorithm.

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
In the Flow Navigator window, click on Open Synthesized Design to expand options.
From the Synthesized Design options, select Report Power.

In the Report Power dialog box, set the Results name to power_3.

LR T R

In the Output tab of Report Power dialog box, make the following changes:
e Set the Output text File to power_3.pwr
e Set the Output XPE File to power_3.xpe

6. In the Environment tab of Report Power dialog box, make sure that the Process is set to
maximum.

7. In the Switching tab of Report Power dialog box, specify the SAIF file location.
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Lab 2: Running Power Analysis in the Vivado Tools
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8. Click OK in the Report Power dialog box.

The report_power command runs, and the Power Report power_3 is generated in the
Power window.
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Note: The SAIF annotation results are displayed in the Tcl Console. Make sure that 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. The most
common reason is that their hierarchical separators are different. Sometimes, the simulation nets may
be lower down in the hierarchy level. However, they should match 100%.

Example: INFO: [Power 33-26] Design nets matched = 1894 of 1894

TolComsole < Moszagos

9. Go to the I/O view in the Power window. Note that all the 1/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.

Pawer
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10. 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.
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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. Inthe Flow Navigator, right-click Implementation and select Implementation Settings.

2. Inthe Opt Design settings, select the NoBramPowerOpt option for —-directive and click OK.
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3. In the Flow Navigator, click Run Implementation.

4. When Save Project dialog box is displayed to save the project before launching
implementation, click Don’t Save.
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¢ Save Project =t

o Save project before launching implementation?

Data to Save

/ Synthesized Design - constrs_1 - dut_fpga_ke705.xdc

Save Dont Save Cancel

Conclusion

In this lab, you have learned how to set the power analysis in the Vivado. In lab 2, you will learn
about the timing simulation and its effect on the power analysis.

UG997 (v2021.1) June 30, 2021 send Feedback www.xilinx.com
Power Analysis and Optimization l—./—| 30


https://www.xilinx.com
https://www.xilinx.com/about/feedback/document-feedback.html?docType=Tutorials&docId=UG997&Title=Vivado%20Design%20Suite%20Tutorial&releaseVersion=2021.1&docPage=30

iv Xl Ll NX Lab 3: Running Timing Simulation and Estimating Power
A .

Lab 3

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 the 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 Settings and select the Simulation to set the timing simulation
properties. In the Settings dialog box, note that the following defaults are automatically set:

¢ Simulation set: sim_1
¢ Simulation top-module name: testbench
In the Elaboration tab, make sure that debug_level is set to typical, which is the default value.

4. In the Simulation tab, set the SAIF file name xsim.simulate.saif to
power_tutorial_timing_xsim.saif.

5. Set the xsim.simulate.saif_scope to testbench/dut_fpga.
6. Observe that the simulation run time xsim.simulate.runtime is 1000ns.

7. Click OK.
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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.

w SIMULATION Hel Properties
Run Simulation

Run Bahaoral Simulation

* RTL AMALYS ) )
Run Post-Synthesis Functional Simulation
» OpenEls o i
Run Post-Synthesis Timing Simulation
PostH F I
v SYNTHESIS Run Postdmgplementation Funclional Simulation
n Postimpl iming Simulation
b Run Syt Run PostHimplementation Timing Simulatios

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
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Lab 3: Running Timing Simulation and Estimating Power

s N L |

Step 2: Running Report Power in Vectorless
Mode

1.

UG997 (v2021.1) June 30, 2021
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In the Flow Navigator, select Open Implemented Design — Report Power to open the Report
Power dialog box.

You can also select Reports = Report Power from the main menu.

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 Power
window.

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

Puawes

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 to further guide the power analysis algorithm.

1.
2.
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From the main menu, select Reports = Report Power.
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
Click OK in the Report Power dialog box.

After the Report Power command completes, the Power windows 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.
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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).

Examine the summary and block level (On-Chip Power) power distribution in the Summary
view of the power report.

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.
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7. In the Summary view of the power_1 report (the report generated by the vectorless analysis),
click on Confidence level (the following figure).

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 High for the vectorless analysis because less than 25% of
internal nodes are user specified for Internal Activity.
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8. 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 Confidence level (the following figure).

Notice that the Confidence Level has increased to High, because more than 25% of internal
nodes are user specified for Internal Activity.
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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 $PATH environment variable

or

In the Vivado IDE, click Tools = Settings = Tool Settings, and define the path to the Questa Advanced
Simulatoron the 3rd Party Tools page.

Make sure the Default Compiled Library Paths points to a valid location for the compiled Xilinx
simulation libraries.

To create new compiled libraries:

1. Inthe 3rd Party Simulators page, specify the compiled library path for Questa Advanced
Simulator in the Questa field under Default Compiled Library Paths. Enter the Compiled
library location specified during the compiled library generation. It should point to the
compile_simlib directory.

2. Click OK to define the path and generate compiled libraries.
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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. Inthe Flow Navigator, right-click Simulation to select Simulation Settings. Set the timing

simulation properties.

2. In the Simulation Settings tab, set the Target simulator to Questa Advance Simulator.

3. Click Yes to change your target simulator to Questa Advanced Simulator.
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¢ Target Simulator
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4. Set the questa.simulate.saif to power_tutorial_timing_questasim.saif.

Set the questa.simulate.saif_scope to testbench/dut_fpga.

6. Note that the questa.simulate.runtime is 1000ns.
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7. Click OK. With the simulation settings properly configured, you can launch the Questa
Advanced Simulator to perform a timing simulation of the design.

8. In the Flow Navigator, click Run Simulation = Run Post-Implementation Timing Simulation.
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A separate Questa Advanced Simulator GUI opens and starts simulating the design.

9. 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

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 inthe 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 Reports = Report Power in the main menu.
3. In the Report Power dialog box, make the following settings:

e Specify the Results name as power_1.

¢ In the Environment tab, set the Process to maximum.

¢ 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.
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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 to further guide the power estimation algorithm.

1. In the main menu bar, select Reports = Report Power.
2. Inthe 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.
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4. In 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 is set from simulation SAIF data that you provide.

The data is color coded to indicate activity rates read from the Simulation output file.
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6. 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).

Conclusion

In this lab, you have learned how to generate a SAIF file after running a timing level simulation
using a Vivado Simulator and Questa Advanced Simulator.
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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 4

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. Inthe 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.
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Bitstream Generation Completed .9

o Bitstream Generation successfully completed

Next
View Reporis
(*) Open Hardware Manager

Generate Memory Configuration File

Dont show this dialog again
N -

3. Select Open Hardware Manager in the Bitstream Generation Completed dialog box and then
click OK to open the Hardware Manager.

Step 2: Setting Up the KC705 Evaluation Board

ﬁ 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 Tl USB Interface Adapter to the PMBus port on the KC705 Evaluation Board.

3. Connect the Power cable.
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4. Install the Tl Fusion Digital Power Designer software on the PC from this location.

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 GUI.
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Step 4: Programming the Bitstream

1. Power up the KC705 Evaluation Board.

2.
New Target.

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

HARDWARE MANAGER - unconnected
© No hardware target is open. Open target

=

Auto Connect
Hardware

e i

Open New Target...

3.

In the Open New Hardware Target wizard, click Next to go to the Hardware Server Settings.
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4. Select the server to which the board is connected.
e If the board is connected to the local PC, select Local server and click Next.

¢ 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 wizard.

5. Verify the part information, then click Next then click Finish.

¢ Open New Hardware Target

Select Hardware Target

Select a hardware largel from he list of available targats, then sel the approphate JTAG dodk (TCK) frequancy. If you do naot see the #
expected devices, decrease the frequency or select a different target.

Hardware Targets
Type Mame JTAG Clock Frequency
H dlina_tof  Digilent2102033373774 15000000 w
| Aad xiting Virtual Cable poiC) |
Hardwane Devicas (for unknown devices, specily the Instruction Register (IR} length)
Hama 1D Coda IR Length

@ 27325t 0 33651093 6

Hardware server: localhost 3121

6. In the Hardware window, right-click the part and select Program Device.
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| HARDWARE MAMNAGER - localhostiilinx_tcfiDigilent’2 102033373774

' @) There are no debug cores. Program device Refresh device

Hardware T = OB X
Q = | & o
Mame Status
~« H localhost (1 Connected
~ [@e xlin_tcDigilenti2102033373. Open
« {8 xcTk32500 (1) Prnnrammar
§ XADC (System Monitor Hardware Device Properties..
Program Device..,
Verify Device
(' Refresh Device
Add Configuration Memory Device..
Boot from Configuration Memary Device
£

Program BBR Key...

Hardware Device Properties v T Clear BBR Key...

& xcTEI25 0 Program eFUSE Registers
Niiiie XCTKA25L 0 Export to Spreadsheet .
Part xCTEIZ25M
ID code: 33651093
IR length: fi
Status: Programmed

Programming file:  ect_1/project_1.runsfimpl_1/dut_fpg
Probes file:

User chain count 4
£ »

General Properties
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, 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.
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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.

T Hirke; WTATE | Spire. Y3 Bl o

o] eraden e aad . Bsd 81

Nl gt lpoart. Pl pad Lovaty

Sty o ot i LIl ]

g Dograd P Copmargree 4 BLETY | 49001 | LEASAHE Forresmmp  BELEL A G b B Wl el w1 30 [ W0 k| A Wy T | o e

2. Configure the parameters to be monitored. An Output Power graph will be plotted in the
Monitor window.
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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.

.~ Ke;os  (ucosey)
(device rail purpose  voitage IOUT_CAL GAIN IOUT_CAL OFFSET
OxEBDC 0x8000

VCCINT 1.0V

12 | vccaux 1.8V 0xEBDC 0x8000
13 vceavs 3.3V 0XEBDC 0x8000
4 vaD 2.5v 0xEBDC 0x8000
01 vceavs 25V 0XEBDC 0x8000

2 vcavs 1.5V O0XEBDC 0x8000
18 mGT_Avcc 1.0V O0XEBDC 0x8000
"4 MGT_AVTT 1.2v 0xEBDC 0x8000
1 VCCAUX_IO 1.8V 0xEBDC 0x8000

VCCBRAM 1.0V 0XEBDC 0x8000

MGT_VCCAUX 1.8V 0xEBDC 0x8000
4| N/ N/A N/A N/A

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

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

reset_switching_activity -all
From the main menu, select Reports = Report Power.

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

Set the Process to maximum.
6. In the Switching tab, make sure the Simulation activity file (.saif) is blank.
7. Click OK.
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; | :

Estimate power consumption based on the netlist design and pant xcku040-fva1156-2-a.

Results name: ] power_1 |

Environment Power Supply Switching Qutput

Device Settings
Temp grade:

Process: maximum "

Environment Settings

Output Load: 0 .| pF [0-1000C
/| Junction temperature: e e
Ambient temperature: el "C
Effective SJA; 142 "CW |0
Airflow: 250 v | LFM
Heat sink medium (Medium Prof_. »
35A | "CAW [0-100]
Board selection: medium (10710 W
Mumber of board layers: 124015 (12 to 15 Layer..
38 . "Cw
Board temperature: o] G
Legend
User Definad Calculated Default

N

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 =
a = £ o Summary
Settngs
g Fower analysis from Implemented netlist Activity On.Chip Power
Summiary (1.576 W) derived from constraints files, simulation files or
Fower Supply vectoness analysis Dynamic. 1HTW
= ilizabon Defails ]
Total On-Chip Power: 1576w [ong | M Ciscks: 024w
Hierarchical R i e S e 23% ] e
ks unc emperature: A & 0232 W
- Signals (0 S S1.0°CRETM) 0.016 W
Data Effective SJ4 18CTW D624W
Clock Enable Power supplied 10 of-chip devices. OW — 01TW
SetReset Confidence level: Medium 0004w
5%
Laogic I To find and fix
| iching sctpty
SR 4 b s i Device Static 0580w
Clock Manager
wa
¢
power_1

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 5

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. Inthe 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.
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Bitstream Generation Completed

lol Bitstream Generation successfully completed.

Mext

() View Reports

@ Dpen Hardware Manager:

) Generate Memory Configuration File

[ Don't show this dialog again

| ]4 l | Cancel

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

ﬁ 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 MAXPOWERTOOLOO2# Interface Adapter to the PMBus port on the KCU105
Evaluation Board.

3. Connect the power cable.

UG997 (v2021.1) June 30, 2021 send Feedback www.xilinx.com
Power Analysis and Optimization L\/—] 55


https://www.xilinx.com
https://www.xilinx.com/about/feedback/document-feedback.html?docType=Tutorials&docId=UG997&Title=Vivado%20Design%20Suite%20Tutorial&releaseVersion=2021.1&docPage=55

iv Xl Ll NX Lab 5: Measuring Hardware Power Using the KCU105 Evaluation Board
A .

faln LTl )

4. Install the Maxim Digital Power Designer software on the PC from this location.

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 GUI.
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Step 4: Programming the Bitstream

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

2. Inthe Open New Hardware Target wizard, click Next to go to the Hardware Server Settings
page.

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

e 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.

4. Verify the part information, then click Next and Finish.
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+ Open New Hardware Target @

Select Hardware Target

Seled a hardware targel from the list of available targels, then set the appropriate JTAG dock (TCK) freguency. Il you do not see the ’
eipacted devicas, decraase the frequency or select a different targat.

Hardware Targets
Type Name JTAG Clock Freguency
[ xifing_tcf Digilent210251845034 15000000 w

Add Xilinx Virtual Cable (XVC)

Hardware Devices (for unknown dewices, specify the instruction Register (IR} length)
Mame 10 Code IR Length
@ rcku040_0 13822093 6

Hardware senver. localhost 3121

Cancel

In the Hardware Devices window, right-click the part and select Program Device.
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HARDWARE MANAGER - localhosthiliny_tcfiDigilent210251845034

| © There are no debug cores. Program device Refresh device

Hardware ? 00 X
Q| = | @ &
Mame Status
~ § localhost (1 Connected
b EEHINX, 1gifEn Bn
He xiling_tciDigilent’2102518450 Op
~ @ wckud40_0(1) Nnt nenoramm
§ SysMon (System Monil Hardware Device Properties._.
Program Device...

Verity Device.

* Refresh Device

Add Configuration Memory Dievice..

Boot from Configuration Memaory Device

Program BER Key

Hardware Device Properties Clear BBR Key..

& xcku040 0 Program eFUSE Reqgisters...
Name: xcku040,_0 Export o Spreadshest
Part: xcku40
ID code 13822093
IR length; 6
Status: Mot programmed

Programming file:

Probes file;

User chain count 4
g ¥ )
General Properties

TciConsole x Messages | Serial VO Links | Serial VO Scans

6. Select the bit file from the implementation runs directory of the project created in Lab 2 for
the UltraScale™ design (<project_dir>/power_tutorial2/
power_tutorial?2.runs/impl_1/ dut_fpga.bit)and click Program.

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

UG997 (v2021.1) June 30, 2021 send Feedback www.xilinx.com
Power Analysis and Optimization l—./—| 59


https://www.xilinx.com
https://www.xilinx.com/about/feedback/document-feedback.html?docType=Tutorials&docId=UG997&Title=Vivado%20Design%20Suite%20Tutorial&releaseVersion=2021.1&docPage=59

iv Xl Ll NX Lab 5: Measuring Hardware Power Using the KCU105 Evaluation Board
A .

HARDWARE MANAGER - localhosthilin_tcfDigilenti2 10251845034

@ There are no debug cores. Program device Refresh device

Hardware T - 0O0 X dashboard_2

Q=@ bl SysMon (xcku040_0)

Mame Status

ol | -
+ 0 localhost (1 Connected =
n 1Y
~ W xilinx_tciDigilent2102518450..  Open o B Temp 312°C
~ (B xckuD40_01(1 Mot programmn E
=

i SysMon (System M
System Monitor Core Properies..

JTAG Scan Rate ¥
Dashboard # = NewDashboard..
Export to Spreadsheet.,. dashboard_2

g . T

System Monitor Core Properties T - 0 BEX

& SysMon S e ]

Wame: SysMon
Handle: localhost3121hilinx_tciDigilent’210251845034h

8. Click OK. The System Monitor window opens and plots die temperature (junction
temperature) in the Graph Window.
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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.

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

Note: The rail information is displayed in terms of Regulator address.

Table 2: Rail Information

RAIL VOLTAGE PMBUS ADDR
VCCINT 0.95v 0x0A
VCCAUX 1.8V 0x0B
VCCBRAM 0.95v 0xO0F
VCC1v8 1.8V 0x11
VADJ_1V8 1.8V 0x12
VCC1v2 1.2V 0x14
MGTAVCC I\ 0x15
MGTAVTT 1.2V 0x16
MGTAVCCAUX 1.8V 0x18
UTIL_3V3 3.3V 0x1B

5. Note that 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. Inthe Vivado Design Suite, open the tutorial project and click Open Implemented Design to
display the implemented design.

2. Inthe 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 Reports = Report Power.

4. 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.
6. In the Switching tab, make sure that the Simulation activity file (.saif) is blank.
7. Click OK.
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¢

Report Power

Estimate power consumption based on the netlist design and parn xcku040-fiva1156-2-e.

Results name: ]pnwer_'1

Environment Power Supply

Device Settings
Temp grade:

Process:

Environment Settings

Legend

User Defined

Calculated

Switching Qutput

G’l_aximum

Default

Output Load: 0 = pF  [0-10000]
¥ Junction temperature: C_ 343%3
Ambient temperature: i

Effective 34 142 “CMW [0-100]
Ajrflow: 250 w| LFM
Heat sink: medium (Medium Prof.. w
54 SCAW [0 - 100]
Board selection: medium (10%x10 o
Mumber of board layers: 12t015 (12 to 15 Layer... »
4B: “ChW [0-100
Board temperature: g b 55-100

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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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 6

Performing Power Optimization

Introduction

In this lab, you will learn about using the Power Optimization features in Vivado® for 7 series
devices. 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.

Y

TIP: When you run Implementation on your design, the Vivado tools may perform block RAM power
optimizations by default during opt_design. These optimizations will not affect performance, and will have
little impact on area and run time. In the previous Lab, the default block RAM power optimization was
disabled (Step 9 of Lab 1) by setting a NoBramPowerOpt directive to opt_design.

Step 1: Setting Up Options to Run Power
Optimization

1.
2.

In the Flow Navigator, right-click Implementation and select Implementation Settings.
In the Project Settings dialog box, select Implementation tab to make the following settings:

¢ In the Opt Design settings, set the -directive option to Default.

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

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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Tool Settings
Project
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Source File
Display
WebTalk

Help
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3rd Party Simulato
Colors.
Selection Rules
Shortcuts
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Strategies

» Window Behavior ..
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Click OK.

Implementation
Spacify varlous settings associated to Implamantation

Constraints

Default constraint set &= conslrs_1 (adive
Options

W LTI (eI
is_enabled
td.pre
tdd post
“erpose
~directive” NoBramPowerQpt
More Options

“ Power Opt Design (power_opt_design)

Lab 6: Performing Power Optimization

HIR

{

is_enabled

telpre
te post

More Gptions

is_enabled

Optionally run this stap as pan of the flow. This slap opimizes design 1o maximize power saving.

OK | | Cancel

Apply | |Eeslu:e

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 New Run

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

D Dont show this dialog again

el

()

Yes | No

Cancel

5. In the Create Run dialog box, set the Run Name to imp1_2.

6. Click OK.

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

¢ Save Project

o Save project before launching implementation?

Data to Save

¥ Synthesized Design - constrs_1 - dut_fpga_kc705.xdc

+'| Implemented Design - constrs_1 - dut fpga kc705.xdc

m i_ Qon‘tSa;e___} ‘ Cancel

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.

Step 2: Running report_power_opt to Examine
User/Design Specific Power Optimizations

1. In the Flow Navigator, select Implemented Design.

2. From the main menu, select Reports = Report Power Optimization.
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Reports Window Layout \iew

| Report [P Status |

Compare Block Designs..,

10 ol
Timing L
F] Report Methodology...
Report DRC...
Report Design Analysis...
Report QoR Suggestions...
Report Utilization...
Report Clock Utilization...
& Report Power... :
Report Power Optimization...

Report High Fapout Nets...
Open [nteractive Report...

=

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

"4 Report Power Optimization 5=

|
#

Report power optimization.

Results pame: | power_opt_1|

Export to file;
Output file format:

¥ Openin anewtab

Enter power_opt_1 for the Results name.
4. Ensure that the Open in a new tab option is checked.
Click OK. Alternatively, execute the following command in the Tcl Console:

report_power_opt -name power_opt_1
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6. Observe the report power_opt_1 is generated in the Power Opt window. When the report
opens, the Summary view is displayed in the report.

7. Inthe Summary view, note that 50% of the block RAMs are clock gated by the tool during
power optimization.

r Create New Run -

Properies 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?

[ ] Dont show this dialog again

8. In the Power Optimization Report, select Hierarchical Information - BRAMs — Tool Gated
BRAMs and observe the block RAM cells and its CE ports which are gated by the tool during
the power optimization.

Step 3: Running report_power to Examine
Power Savings

1. In the main menu bar, select Reports = Report Power.

2. Inthe Report Power dialog box, make the following settings
e Specify the Results name as power_1.
¢ In the Environment tab, make sure the Process is set to maximum.
Click OK. Alternatively, in the Tcl Console execute this Tcl command:

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 4: Measuring Hardware Power Using the KC705
Evaluation Board for hardware power measurement instructions.
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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 block RAMs,

W

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.

See the Vivado Design Suite User Guide: Power Analysis and Optimization (UG907) for more information
onthe set_power_opt command.

Assume that this block RAM 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 block RAM.

1. Inthe Tcl Console, type this command:

set_power_opt -exclude_cells
bram_inst/mem_reg_0_0]

[get_cells dut/gen_dut[0].bram_top_inst/

This will prevent the tool from gating this block RAM.

2. From the Flow Navigator choose Run Implementation, which in turn reruns
power_opt_design

3. Click Save in the Save Project dialog box to save the synthesized design and implemented
design constraints before launching implementation.
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s

g'f‘_ Save Project

,'0‘, Save project before launching implementation?

Data to Save
[#] 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 |I Don't Save H Cancel

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.

4 Save Constraints Conflict

l There are unsaved changes to constraints set 'constrs_1' n multiple editors, Please
choose whech changes to save,

Changes to Save
Synthesized Dessgn - synth_1
Implemented Design - impl_1

® [mplemented Design - mpl_2

4. In the Implementation Completed dialog box, select Open Implemented Design and click OK.

Step 5: Running report_power_opt to Examine
Tool Optimizations Again

1. In the main menu bar, select Reports = Report Power Optimization.

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

Finwar Ot

Took Galed BRANS

Note that this block RAM 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 Block
RAM in Cascaded Mode

UltraScale architecture-based devices provide the capability to cascade the data out from one
block RAM to the next block RAM 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 block RAM used in non-cascaded mode.

1. Run the steps mentioned in Step 1 shown in Lab 1.

a. Inthe Add Source Files dialog box, add the source files in the <Extract_Dir>/
UltraScale/src for UltraScale devices.

b. In the Add Constraints (optional) page, 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.

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

7. You can see the automatically generated power report impl_1 in the Power window, 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 view.
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9. Select Hierarchical view under Utilization Details on the left panel and observe the cascaded
and non-cascaded block RAM power.
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10. You can see 50% to 60% saving in cascaded block RAM compared to non-cascaded block
RAM.

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

¢ 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 block RAMs in cascaded mode when compared to
block RAMs in Non-cascaded mode.
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Appendix A

Additional Resources and Legal
Notices

Xilinx Resources

For support resources such as Answers, Documentation, Downloads, and Forums, see Xilinx
Support.

Documentation Navigator and Design Hubs

Xilinx® Documentation Navigator (DocNav) provides access to Xilinx documents, videos, and
support resources, which you can filter and search to find information. To open DocNav:

e From the Vivado® IDE, select Help - Documentation and Tutorials.
e On Windows, select Start = All Programs = Xilinx Design Tools = DocNav.

e At the Linux command prompt, enter docnav.

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

¢ In DocNav, click the Design Hubs View tab.
¢ On the Xilinx website, see the Design Hubs page.

Note: For more information on DocNav, see the Documentation Navigator page on the Xilinx website.

References

These documents provide supplemental material useful with this guide:
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Vivado Design Suite User Guide: Power Analysis and Optimization (UG907)

Vivado Design Suite User Guide: Programming and Debugging (UG908)

Vivado Design Suite User Guide: Release Notes, Installation, and Licensing (UG973)
Xilinx Power Estimator User Guide (UG440)
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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 IS" 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 https:/
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 https:/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.
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Copyright

© Copyright 2012-2021 Xilinx, Inc. Xilinx, the Xilinx logo, Alveo, Artix, Kintex, Spartan, Versal,
Virtex, Vivado, Zynq, 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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