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1. Introduction

In this tutorial, we are going to recreate a project which enables us to control the cooling fan
on the Kria KV260 Development board using the Vivado tool from Xilinx.

The purpose of this tutorial is to provide a guideline on how to use Amazon AWS EC2 Virtual
Machine to create a hardware project using the Vivado tool and to provide a guide on how to
upload the bitstream to our development board using LynSyn Lite tool from Sundance
utilizing the SSH tunnel between our local machine and EC2 VM Instance.

The tutorial we are going to follow for our hardware part was created by our colleague, Jack
Bonell, and is available at:

https://www.hackster.io/jack-bonnell2/xilinx-kv260-jtag-fan-toggle-using-vio-e9479d

What is LynSyn?

Lynsyn is a power measurement utility board, designed to measure the power usage of a
system and correlate power values with the source code of the program running on the
system.

In addition to being a power profiler board, lite version of LynSyn, LynSyn Lite can also serve
as a generic JTAG pod as it is a replacement for the Xilinx Platform Cable USB-II and can,
therefore, also be used as a generic JTAG programming device with the Xilinx Vivado tool
suite and a remotely controlled current/voltage meter over USB.

In this tutorial, we are going to use it as a JTAG programming device.


https://www.hackster.io/jack-bonnell2/xilinx-kv260-jtag-fan-toggle-using-vio-e9479d
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2. Local developer machine requirements

Compiling tools for LynSyn board

As a first step, we need to install the dependencies needed to compile the LynSyn tools. We
can do so by running:

Ubuntu 18.04 and before:
sudo apt install build-essential qt5-default libgt5sql5-sqlite

libusb git

Ubuntu 20.04:

sudo apt install build-essential qgt5-default libqt5sql5-sqlite
libusb -dev git

Next, clone the LynSyn tools repository from GitHub to your local machine:
git clone https://github.com/EECS-NTNU/lynsyn-host-software.git

Navigate to the cloned folder and run:

cd lynsyn-host-software
make
make install

At this point, you should be able to run LynSyn virtual cable driver by running:

lynsyn_xvc

=1 ivica@icepad-2: ~

:~S lynsyn_xvc
INFO: To connect to this lynsyn xvc instance, use url: TCP:icepad-2:2542

You can also explore other LynSyn options such as power profiler, tester and more.

=1 ivica@icepad-2: ~

:~S lynsyn_

lynsyn_sampler Llynsyn viewer lynsyn_xvc
lynsyn_tester lynsyn_xsvf
:~% lynsyn
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3. AWS VM Requirements

On your AWS VM machine, you need to have Xilinx Tools installed with the version you need
to create your hardware design. As we are using the LynSyn Virtual Cable server our local
machine does need to have Xilinx Tools installed.
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4. Creating a project

Connecting to your EC2 VM Instance

As we are going to work on our EC2 remote machine we need to connect to it via ssh
command. We are going to forward the ports required for remote VNC desktop connection,
together with the port for our LynSyn Virtual Cable Driver. Connect the JTAG tool to your PC
via a micro-USB cable.

First, start LynSyn virtual cable driver by running:

To connect, forwarding required ports mentioned above, run:

ssh -i keyforyourvm.pem -L 5901:localhost:5901 -R 2542:1localhost:2542

ubuntu@vmipaddressssh

Afterwards, connect to a GUI instance using the Remmina tool

Remmina Remote Desktop Client

VNC + localhost:1

Tokal 1item.
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Vivado flow

Open the Vivado tool by sourcing your Vivado installation (usually in /tools/Xilinx) and run the
Vivado command.

source /tools/Xilinx/Vivado/ /settings64.sh &&

vivado

Select the Create Project option.

Vivado 2021.1

Ele Flow Tools ‘Window Help Q- Quick Access

VIVADO! £ XILINX.

ML Editions

Quick Start

Create Project >
Open Project »

Open Example Project >

Tasks

Manage IP >
Open Hardware Manager »

Vivado Store >

Learning Center

Documentation and Tutorials >
Quick Take Videos »
What's New in 2021.1 >

Tcl Console

Follow the Create Project prompt, naming your project (for this tutorial we are going to use
“fan_toggle” saved in our home directory.
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New Project X

p Create a New Vivado Project
Vlve\_DO This wizard will guide you through the creation of a new project.
ML Editions

To create a Vivado project you will need to provide a name and a location for your project files, Next, you will specify the type
of flow you'll be working with. Finally, vou will specify your project sources and choose a default part.

£ XILINX

New Project X

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

Project name:  [fan_toggle |

Project location: /homejivica lz‘

[ Create project subdirectary

Project will be created at: /fhomefivicafan_toggle

=
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Specify the project type as an RTL Project

New Project X

Project Type
Specify the type of project to create. '

@ PBTLProject

e -

~ You will be able to add sources, create block designs in IP Integrator, generate IP, run RTL analysis, synthesis, implementation, design planning
and analysis.
] Do not specify sources at this time
[_] Project is an extensible vitis platform

~  Post-synthesis Project
You will be able to add sources, view device resources, run design analysis, planning and implementation.

10 Planning Project
"~ Do not specify design sources. You will be able to view part/package resources.

 Imported Project
"~ Create aVivado project from a Synplify, XST or ISE Project File.

¢ Example Project
~  Create a new \ivado project from a predefined template.

o
(2 < Back

Cancel

And proceed without adding sources and constraints at this point by clicking next.
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New Project X

Add Sources

Specify 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.

+,
Use Add Files, Add Directories or Create File buttons
Add Files | | Add Directories | | Create File
Target language:  Werilog Simulator language: | Mixed -
P

New Project X

Add Constraints (optional)
Specify or create constraint files for physical and timing constraints. '

=ate File buttons

Add Files ‘ | LCreate File

=
\2) < Back

Cancel
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Select the Kria KV260 from the Boards tab as our project board and click Next.

New Project X

Default Part

Choose a default Xilinx part or board for your project.

Parts | Boards

@ To fetch the latest available boards from git repository, click on 'Refresh' button, Dismiss

Reset 2ll Filters

Vendor: | All v

Search: @ kria
Display Name
Kria K260 SOM
Add Companion Card Connections

Kria k261 SOM
Add Companion Card Connections

Mame: | All

w | (3 matches)

Kria KWv260 Vision Al Starter Kit
Add Companion Card Connections

I3

Preview

.

Status

Installed

Installed

Installed

Vendor

silir, com

wilirx, com

wilir, com

Board Rev: | Latest v
File Version  Part
1.1 Som Vision Platform Boar
1.1 Som Vision Platform Boar
1.1 Som Vision Platform Boar

10
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Finally, click finish and your Vivado project should be successfully created.

New Project X

New Project Summary

VIVADO'

[t

© 2 new RTL project named 'fan_toggle' will be created.
No source files or directories will be added. Use Add Sources to add them later.
Mo constraints files will be added, Use Add Sources to add them later.

@ Board: Kria KV260 Vision Al Starter kit

& XILINX.

To create the project, click Finish

=
(2}
i/
home/ivica/fan_toggle/fan_toggle.xpr]
File Edit Flow Tools Reports Window Layout View Help k Ready
m [ K-

Default Layout v
Flow Navigator EI PROJECT MANAGER - fan toggle 2

v PROJECT MANAGER
Sources 2_0@x

Q = £ + -3

Design Sources

o Project Summary 20D x
Settings

Overview | Dashboard
Add Sources

Language Templates

> Constraints Settings  Edit

T 1P catalog = Simulation Sources BRI .
sim_1 Project location: Jhome/wicaffan_toggle
1P INTEGRATOR > Utility Sources.

Project part: Kria KV260 Vision Al Starter Kit

Create Block Design

Top module name: Not defined
Target language: Verilog
Simulator language;  Mixed

v SiMULATION Bogrdioory
Hierarchy  Libraries
Run Simulation Display name Kria KV260 Vision Al Starter kit
. . Board part name:  xiinx.comikv260:partol.1
© RILANALYSIS GIRERES - aEx Board revision; Rev_BOL
 open Elaborated Design # | comectors: No connections
Repository path:  ftools/linVivado/2021.1/dataihub/boards
URL sl com
v SYNTHESIS
Board overview: Kia KV260 Vision Al starter Kit
» Run Synthesis changes
> Open Synthesized Design
elect an object to see propertie
Synthesis Implementation
v IMPLEMENTATION
» Run implementation status: Not started status Not started
e Messages: No errors or warnings Messages No errors or warnings
> Openimplemen an Part Som Vision Platform Board Part: Som Vision Platform Board N
Y PROGRAM AND DEBUG Tdl Console | M Log  Reports  DesignRuns  x 2_oo
15 Generate Bitstream
Q = 2 %
> Open Hardware Manager
Name Constraints  Status WNS TNS WHS THS TPWS TotalPower FaledRoutes LUT FF BRAM URAM DSP Start Elapsed RunStrategy Report Strategy
v D snthl  constrs1 Nt started Vivado Synthesis Defaults (Vivado Synthesis 2021) Vivado Synthesis Defau
impl1 constrs1  Not started Vivado Defaults (Vivado 2021) wvado
<

11
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On the left hand side of Vivado, under "IP INTEGRATION" select "Create Block Design".
Change the name of your block design if you want and click Ok.

Flow Navigator = ?

v PROJECT MANMAGER
LF Settings

Add Sources
Create Block Design x
Language Templates

F IP Catalog

Flease specify name of block design.

~ |F INTEGRATOR

Create Block Design Design name: |desigr‘|_1| |

Open Block Design ) )
Directory: s =localto Project= w
Generate Block Design
Specify source set: Design Sources w

Pt

Run Simulation

Your block design diagram should now open.

fan_toggle - [/home/ivica/fan_toggle/fan_toggle.xpr] - Vivado 2021.1 - s ®
Fle Edt Flow Tools Reports Window Layout View Help = Q- Quick Ac
=, « CRLLE

Flow Navigator E B BLOCK DESIGN - design_1

Ready
== Default Layout ~
2 x
v PROJECT MANAGER
£ Settings

Q = A L] X E O + & # C = Default View v o

Add Sources -
design_1

Sources Design x Signals | Board 7 _ O [ | Diagram 200X
Language Templates

2 P Catalog

v IP INTEGRATOR
Create Block Design
Open Block Design

Generate Block Design

v SIMULATION

1is design is empty. Press the 4+ button to add IP
Run Simulation This design is empty. Press the 4 button to add IP
Properties. 2_00X

v RTLANALYSIS L
> Open Elaborated Design

v SINTHESIS
> Run Synthesis elect an object to see pr

> Open Synthesized Design

v IMPLEMENTATION

» Run implementation
> Open implemented Design TdConsole x Messages |Log |Reports | Design Runs
Q x 2 Il B E @
v PROGRAM AND DEBUG INFO: [1P_Flow 19-3899] Cannot get the enviranment domain name variable for the component vendor name. Setting the vendor name to ‘user.org'
¥ Generate Bitstream ! INFO: [IFFlow 19-3899] Cannot get the environment domain name variable for the component vendor name. Setting the vendor name to ‘user.org'
IF0: (1P Flov 19-3899] Cannot get the environment domain nane variable for the component vendor nane. Setting the vendor name to ‘user.org’
3 Open Hardware Manager INFO: 1P Flow 19-3899] Cannot get the environment domain name variable for the component vendor name. Setting the vendor name to ‘user.org'
| INFO: [IFFlow 19-3899] Cannot get the environment domain name variable for the component vendor name. Setting the vendor name to ‘user.org
1F0: [Comnon 17-14] Message "IF Flov 19-3699" appears 100 tines and further instances of the nessages will be disabled. Use the Tel comand set_ssg confl to change the current settings
create_project: Tine (s): cpu = 00:00:22 ; elapsed = 00:00:07 . Memory (MB): peak = 7487.215 ; gain = 43.027 ; free physical = 5369 ; free virtual =
¢ set_praperty board_part <)hv< con:kv260:part0:1.1 [current_project]
create_bd_design “design
Wrate. = honesivica/tn. toggle/fan_toggle:sres/sources.1/bd/design 1 design.1 b
create_bd_design: Tine (s): cp elapsed = Menory (MB): peak = 7515.355 ; gain = 4.871 ; free physical = 5173 ; free virtual = 12897
| update_compile_order -fileset sources ] 3

<
Type a T

Once here, click the + button to add IP and add the following (you can also press Ctrl + 1)
e VIO (Virtual input/Output)
e Zynq Ultrascale+ MPSoc

12
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? X
Diagram x Address Editor x| Address Map x oo
@ e X & ¢ Q +  # C U Default View v

7 Designer Assistance available. Run Block Automation Run Connection Automation

vio_0

clk
# probe_in0[0:0] probe_out0[0: 0] %

VIO (Virtual Input/Qutput)

zyng_ultra_ps_e 0

M_AXI_HPMO_LPD i
maxihpm0_lpd_aclk pl_resetno
® pl_clko

UltraSCALE*

Zyng UltraScale+ MPSoC

Double click on the Zynq block and navigate to PS-PL configuration > PS-PL Interfaces and
disable AXI HPMO LPD. Click Ok.

Re-customize IP x

Zynq UltraScale+ MPSoC (3,3) '
O Documentation  £F Presets IP Location
Page Navigator - PS-PL Configuration

[ switch To Advanced Mo

Search: ©-
PS UltraScale+ Block Desig =
Name Select
/0 Configuration > General
~ PS-PLInterfaces
Clock Configuration © Master Interface
DDR Configuration > AXI HFMO FPD O
> AXI HPM1 FPD O
PS-PL Configuration —
» AXI HPMO LPD b
» Slave Interface ‘ Master Interface AX| HPMO LPD for accessing slaves
» Debug

13
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Your block design now should look like this:

vio 0

clk

b tO[0: 0
probe_in0[0:0] probe_outo[0: 0]

VIO (WVirtual Input/Output)

zyng_ultra_ps_e 0

S
/YNQ) “ e

UltraSCALE*

Zyng UltraScale+ MPSoC

Connect the blocks in the following way (Do not perform and block automation). Hint: you
can reorganise your layout by doing right click > Regenerate Layout.

Zyng_ultra_ps_e 0

vio_0
pl_resetnD [ |
|_clko Ik
® plE ¢ probe_out0[0: 0]

Ul‘traSCALE+ probe_in0[0:0]

Z}.mq Jltrascale+ MPsoC . VIO ("v"il’tua| |mput."t:3utput)

We are still missing a connection to our fan in our block diagram. To do so, we need to add a
constraint file with an entry for a fan pin. To do so, click on the Sources tab left from the
Block Diagram, right-click on the Constraints entry and click add sources.

14
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Add Sources X

Add Sources

/
VlVADO This guides you through the process of adding and creating sources for your project

ML Editions
(®) Add or create constraints
() Add or create design sources

() Add or create simulation sources

£ XILINX

Proceed by clicking next. Click on Create File button and name your constraints file. Click Ok
and exit the wizard by clicking finish.

Add Sources x

Add or Create Constraints

Specify or create constraint files for physical and timing constraint to add to your project. '
Specify constraint set: constrs_1 (active) w
+A
Use Add Files or Create File buttons below
Add Files | | Create File

e
2) < Back Mext Cancel

15
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Create Constrainks File x

Cregte a new constraints file and add
it to your project

File type: [ ¥DC w

File name: cnnstraintsl

File location: = =Local to Project= w

()

Open your constraints file from the left side pane under the constraints tab and paste the
following:

set_property IOSTANDARD LVCMOS33

set_property PACKAGE_PIN Al12

Save the file using Ctrl + S

-

BLOCK DESIGN - design_1 *

Sources x Design |Signals | Board ? 00 Diagram x| Address Editor x| Address Map x| constraints.xdc x
Q = = + £ fhomejivicafan_toggle/fan_toggle.sresfconstrs_l/new/constraints.xdc

Q - B B X / E = 0

1. set_property IOSTANDARD LVCMOS33 [get_ports {fan_enable_b[0]}]
2 set_property PACKAGE_PIN A12 [get_ports {fan_enable_b[o]}]|

> = Design Sources (1)
~ = Constraints (1)
~ o constrs_1 (1)
" constraints.xdc
~ = Simulation Sources (1)
» sim_1 (1)
> [ Utility Sources

Now navigate back to your block design and right-click on the wire going out from the
probe_out and click Create Port. Set your port to be output and name it fan_enable_b[0:0].

16
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Create Port X

Create port and connect it to selected pins and ports '

Port name: fan_enable_h
Direction: Qutput w
Type: Other w

[] Create vector:

L) oK Cancel

If Vivado doesn’t automatically connect your port to probe_out do it manually, Your diagram
should now look like this.

Zyng_ultra_ps_e_0

vio 0
pl_resetn0 i )
|_clkd Ik
° pl_c ;robe n0[0:0] probe_out0[0: 0] fan_enable_b

UltraSCALE*

Zyng UltraScale+ MPSoC

VIO (virtual Input/Output) .

You are now ready to create an HDL Wrapper around your block design. To do so, right-click
on your block design under Design Sources on your left side pane and click Create HDL
Wrapper. Select “Let Vivado manage wrapper and auto-update”.

17



AWS EC2 Getting Started Guide - Tutorial Ivica Matic
Sundance Multiprocessor Ltd. November 2021

Create HDL Wrapper x

You can either add or copy the HDL wrapper file to the project, Use
copy option if you would like to modify this file,

Options
() Copy generated wrapper to allow user edits

(®) Let vivado manage wrapper and auto-update

Pt

18
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We can now click Generate Bitstream on the left-hand side of our Vivado tool to generate

our bitstream which we are going to use to program our Kria board.

fan_toggle - [/home/ivica/fan_toggle/fan_toggle.xpr] - Vivado 2021.1

File  Edit Flow Tools Reports Window Layout \ew  Help Ready
=, =] X & & >, i o X x Default Layout v
Flow Navigator BLOCK DESIGN - design_1 ? X
~ PROJECT MANAGER - - .
Sources x Design | Signals |Board ? 00 Diagram x A = 2?2000
£} Settings
z|e I g
Add Sources Q + = @ a Q
Lanquage Templates v [ Design Sources (1) ¥ Designer Assistance available. R
guag P > @ - design_1_wrapper (design_1_wrapper.v) (1)
IF IP Catalog « = Constraints (1)
w o constrs_1 (1)
v |P INTEGRATOR " constraints.xdc
Create Block Design v Simulation Sources (1)
_ > osim_1 (1)
Open Block Design » Utility Sources
Generate Block Design
v SIMULATION Hierarchy IF Sources Libraries Compile Order -
Run Simulation
Source File Properties ? 00X ‘
v RTL ANALYSIS ® design_1_wrapper.v - o
> Open Elaborated Design - -~ .
|| Enabled
v SYNTHESIS Location: fhomefivica/fan_toggle/fan_toggle.gen/sour
P Run Synthesis Type: Werilag lz‘
> Open Synthesized Design Library: «il_defaultlib |I|
o
v IMPLEMENTATION General FProperties < N
P Run Implementation
> Open Implemented Design Tcl Console x Messages |Log | Reports | Design Runs ? 00O
a =z =2 1 B E @
v PROGRAM AND DEBUG connect_bd_net [get_bd_ports fan_enable_b] [get_bd_pins vio_0/probe_out0] -

¥ Generate Bitstream

> Open Hardware Manager

regenerate_bd_layout

save_bd_design

Wrote : </home/ivica/fan_togglesfan_toggle.srcs/sources_1/bd/design_l/design_1.bd=
Wrote : </home/ivica/sfan_toggle/fan_toggle.srcs/sources_1/bd/design_l/ui/bhd_1fSdefdo.u:
make_wrapper -files [get_files shame/ivica/fan_toggle/fan_toggle.sres/sources_1/bd/desic
Wrote : </home/ivica/fan_toggle/fan_toggle.srcs/sources_1/bd/design_l/design_1.bd=
VHOL Output written to : shomesivicasfan_toggle/fan_toggle.gen/sources_l/bd/design_1/syr
VHOL Output written to : shomesivicasfan_toggles/fan_toggle.gens/sources_l/bdsdesign_1/sir
VHOL Output written to : shomesivicasfan_toggle/fan_toggle.gen/sources 1/bd/design_1/hd
make_wrapper: Time (s): cpu = 00:00:06 : elapsed = 00:00:06 . Memory (MB): peak = 8931.:
add_files -norecurse /home/ivica/fan_toggle/fan_toggle.gen/sources_l/bd/design_l/hdl/des

3 >
Type a Tcl command here

Generate a programming file after implementation

19
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Programing Kria

Once the bitstream is successfully created, click on Open Hardware Manager. Select Open
target and select Auto Connect

Right-click "localhost (0)" and select Add Xilinx Virtual Cable (XVC). For the hostname enter
localhost and click Ok.

R P -

Hardware
Q. = % 8 &
Nama Status
I localhost (0} Connectad
Add Virtual Cable X
4 »
Specify the host name and the part of the vrtual cable
Hardware Server Properties 7 B i 1 4
I locathost L+ 4
Host name. Iocalhost w
Hardware server host:  localhost
- - port 2542 [defait is 2542]
Hardware server por: 3121
o “ Cancal
Status: Cannectad s —1

Click on Program Device. Path to your bitstream file and debug file should be automatically
configured.

20
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Program Device X

Select a bitstream programming file and download it to your hardware device. You
can optionally select a debug probes file that corresponds to the debug cores ‘

contained in the bitstream programming file,

:affan_toggleffan_toggle.runsfimpl_1/design_1_wrapper.bit| IZI

Bitstream file:
Debug probes file: zaffan_togglefan_toggle.runsfimpl_l/design_1_wrapper.ltx III

| Enable end of startup check

=
\?) Pragram Cancel

After flashing the Kria, on the left hand side double click on xck26_0 and select both vio_o

and System Monitor. Click OK.

Specify the name and contents for a new
dashboard. ’

Mame: dashboard_2

Contents
Q| = |$
v [ ] arm_dap_1
[C) SysMon (System Manitor)
w [vf] xck26_0
[ hw vio_1 (dasign_1_ivie_0)

@ [ysMon (System Manitor)]

(=)
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On your newly open hw_vio pane add all available probes using the + button. Now you can
change your fan state by setting the output on the probe_out port.

h"."."_‘."i l-'.'.I_].

Q = < -

MName Value Activity Direction WO
design_1_ifvio_0_probe_out0_1 [E] 1 1 Input hw_vio_1
design 1 ifvio 0 probe outd [B]1 =~ Output hw wvio 1

We can see that turning off the fan results in an increase in temperature.

Vivado 2021.1 - @
t View Help
¥  Dashboard ~ Default Layout v
alhost:2542

dashboard_1

SysMon (xck26_0)

Value  Actvity  Direction VIO

Output  hw.vio1
Input hw_vio_1

23:02:30 23:02:45 23:03:00 230315
Time (HH:MM:SS)

filter {CELL_NAME=-"desi:

22
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5. Notes

For some unknown reason, for VIO to work properly you need to have an SD card inserted
in your Kria Dev Board and reset the board manually using the onboard reset button after
turning it on, before flashing the firmware using Hardware Management.
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