EE3220: System-On-Chip Design
Lab 2: Designing Embedded Systems with MicroBlaze

Objectives

At the end of this lab, students should be able to:

¢ Use Vivado to instantiate a MicroBlaze soft processor core

Add peripherals to the MicroBlaze i.e. GPIO LEDs, buttons, and switches

* Generate bitstream and export hardware for software development

Write C program in Vitis IDE for the Microblaze

Use the Vitis IDE to program the MicroBlaze core on the FPGA

Control the LEDs from the C program written in the Vitis IDE

System overview:
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In this lab, we are going to build an embedded system on FPGA based on MicroBlaze soft core
processor. MicroBlaze is a soft processor designed by Xilinx for FPGAs. The processor can be
preset as microcontroller, real time and high-performance application processor during its
implementation in Vivado IDE. The MicroBlaze here is a microcontroller that will execute the C
codes written for controlling the peripherals. The peripherals to be implemented and used in this
lab are LEDs, switches and buttons. We will add connect the templates (APIs) of the peripherals to
the Microblaze and then write a C program to control them. The programmable logic (hardware)
will be built in Vivado hix while the code (software) programming will be achieved in Vitis IDE.
Using the Vitis IDE, the C code will built and finally be deployed (programmed) into the FGPA
together with the hardware design (FPGA bitstream). Students should control the LEDs on the
FPGA using the written C program executed by the MicroBlaze. There will be four check points
whose evidence of achievements must be provided in the lab report to be submitted later. Take
photos and snapshots of the check point achievement and add in your lab report.



Part 1: Embedded System Design and Implementation in
Vivado

In this section, students will use Vivado hix to create a hardware design. We will instantiate a
MicroBlaze soft processor core and later add some peripherals (i.e. LEDs, switches and buttons)
that connects to the MicroBlaze. We will use the block design approach in the Vivado and add the
IPs of the Microblaze and the peripherals. The whole system will be synthesized and implemented.
The bitstream will finally be created. The design will be exported to Vitis IDE for the software
development and programming of the FPGA.

Follow the steps below to achieve part 1:
1. Add the Pynq board to Vivado for the board recognition

Since Vivado does not contain the PYNQ board by default, we need to add the board files to the
Vivado directory to the use the PYNQ board on Vivado. Skip this step if you use the computers in
our lab, the board has already been added for you.

* (o to canvas to download and extract the PYNQ z2 board files.

* Copy the extracted folder to the location given below
<Xilinx installation directory>\Vivado<version>\data\boards\board_files)

[Note: You can alternatively download the files from the link (https://d2m32eurp10079.cloudf
ront.net/Download/pynqg-z2.zip])

2. Create a new Vivado project.

¢ Open Vivado, click Create Project, and click Next.

File  Flow Tools Window  Help Q- Quick Access

VIVADO'

HLx Editions

Quick Start

Create Project >
Open Project >

Open Example Project »

¢ Choose a location for your project and specify the project name, then click Next.

¢ New Project *

Project Name

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

Projectname: | Lab 3 I

Project location:  C:/Users/AlS/Desktop/Vivado_Projects/EE3220 B

Y| Create project subdirectory

©



https://d2m32eurp10079.cloudfront.net/Download/pynq-z2.zip
https://d2m32eurp10079.cloudfront.net/Download/pynq-z2.zip

¢ Choose RTL Project, then click next

¢ New Project *

Project Type
Specify the type of project to create. '

RTL Project

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

Post-synthesis Project: You will be able to add sources, view device
resources. run desian analvsis. plannina and impolementation.

,
® e |

¢ Select Verilog as Target language and Simulator language. Click Next to create an empty

project with no source code.

¢ New Project

Add Sources

Specify HOL, 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.

+
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Use Add Files, Add Directories or Create File buttons below

Add Files | | Add Directories | | Create File

Targetlanguage: | Verilog - Simulator language: | Verilog -

S

/

Finish Cancel

¢ Click Next to continue without adding any constraint




¢ Mew Project *

Add Constraints (optional)

Specify or create constraint files for physical and timing constraints. ‘

Use Add Files or Create File buttons below

Add Files H Create File

~r

Lop

@ Finish

¢ Choose Boards tab, and search PYNQ. Then choose PYNQ-Z2 and click next

¢ New Project X

Default Part
Choose a default Xilinx part or board for your project. This can be changed later. ‘

Parts |

Reset All Filters

Vendor: Al ~ | Name: All v | BoardRev:
Search: Q- pyng| v | (2 matches)
Display Name Preview Vendor File Version  Part

pyng-z2

tul.com.tw 1.0 xc7z020clg4

¢ Cross check the summary and click Finish to create the project

¢ MNew Project *

New Project Summary

VIVADO’

HLx Editions
dten © Anew RTL project named Tab1" will be created.

Mo 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.

€ The default part and product family for the new project:
Default Board: pyng-z2
Default Part: xc7z020clg400-1
Product: Zyng-7000
Family: Zyng-7000
Package: clg400
Speed Grade: -1

i: XI LI qu To create the project, click Finish
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3. Instantiate the Microblaze core using the block design

¢ In the Flow Navigator Window, click the Create Block Design button, then click OK

~

v PROJECT MANAGER o
£ Settings =
Q| = |9 |+

Design Sources

Add Sources

Language Templates

> Constraints
¥ |P Catalog v = Simulation Sources
sim_1
v IPINTEGRATOR
| Create Block Design | Hierarchy | Librid » =
Open Block Design
Pr 2 EICES

Generate Block Design %5

Select an cbjectto
v SIMULATION see properties

Run Simulation

¢ Specify the design name and click OK

Settings Edit

Project name:
Project location:
Product family:
Project part:

Top module name:
Target language:

Simulator language:

Daard NDart

Tl Fan! Macoan I Am Danartd Na o - ™

#  Create Block Design

FPlease specify name of block design.

Design name: MicroBlaze_system
Directory: s <Local to Project= A
Specify source set: Design Sources w

@ K Cancel

¢ Click the “+” jcon to add IP

¢ lab1 - [C:/Users/AlS/Desktop/Vivado_Projects/EE3220/1ab1/lab1.xpr] - Vivado 20... — O X
File  Edit Flow Tools Reports Window Layout View Help = Ready
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Flow Navigator c3 e PROJECT MANAGER - 1ab3 PX
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~ PROJECT MANAGER
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Add Sources
Language Templates

£F |P Catalog

~ |PINTEGRATOR
Create Block Design
Open Block Design

Generate Block Design

¥ SIMULATION

Run Simulation

¢ labl - [C:/Users/AlS/Desktop/Vivado_Projects/EE3220/1ab1/labl.xpr] - Vivado 2018.2

— O X
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¢ Search and double click MicroBlaze, the MicroBlaze will now be added

Search: |Ci- micrn|

“F MicroBlaze

(3 matches)

IF MicroBlaze Debug Module (MDM)

F MicroBlaze MCS

¢ Click Run Block Automation, change the memory to 64KB, and leave all the other settings as

default.

File
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Edit  Flow  Tools
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~ PROJECT MANAGER
£} Settings
Add Sources
Language Templates

IF P Catalog

v IPINTEGRATOR
Create Block Design
Open Block Design

Generate Block Design

~  SIMULATION

Run Simulation

~ RTL AMALYSIS

> Open Elaborated Design

a

¢ labl - [C/Users/AlS/Desktop/Vivado_Projects/EE3220/1ab1/lab1.xpr] - Vivado 2018.2
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MicroBlaze_system ¥ Designer Assistance available. JRun Block Automation

» % microblaze_0 (MicroBlaz:

microblaze_0
¢ >
|ll+ INTERRUPT
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= MicroBlaze ™ wexji
-3 Reset

Select an object to see MicroBlaze

properias < 5 K
Tcl Console ¥ Messages Log Reports Design Runs 00
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E get_property board part tul.com.tw:pyng-z2:part0:1.0 [current_project] &3

¢ Click OK. The run block automation adds and connects all the necessary modules required

for running the MicroBlaze




#  Run Block Automation

Automatically make connections in your design
configuration options on the right

Q

~ | Al Automation (1 out of 1 selected)
| 7F microblaze_D

- -
= B
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by checking the boxes of the blocks to connect. Select a block on the left to display its

Description
MicroBlaze connection automation generates local memory of selected size, and caches
can be configured. MicroBlaze Debug Module, Peripheral AXI interconnect, Interrupt
Controller, a clock source, Processor System Reset are added and connected as needed.
A preset MicroBlaze configuration can also be selected.

Information about the options can be found in the tooltips.

Options

Preset

Local Memaory

Local Memory ECC None w
Cache Configuration None w
Debug Module Debug Only o
Peripheral AXI Port Enabled

+ Interrupt Controller

Clock Connection Mew Clocking Wizard (100 MHz)

+ Click Regenerate layout (a circular arrow like a refresh sign in the block design menu)
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penipheral_reaetj:0]
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mib_reset

Clocking Wizard

Procassor System Rasal

Double click clocking wizard IP and choose sys_clock as the source of clk_in1.

clk
ClIK

wiz 1

reset

L

Component Mame | clk_wiz_1

Board Clocking Options

ke
0c

Output Clocks MMCM Settings Summary

Associate IP interface with board interface

IP Interface
CLE_IN1

CLK_INZ

Board Interface
sys clock

Custom




¢ Select the Output Clocks menu, scroll down to the bottom and change the reset type to

Active Low.

¢ Click OK
¢ Re-customize IP X
Clocking Wizard (6.0) '
ODucumemalluﬂ IP Location
IP Symbol  Resource Component Name | cli_wiz_1
Show disabled ports
Board Clocking Options | Output Clocks MMCM Settings Summary
Source Signaling B
‘Output Clock Sequence Number
1 # Automatic Control On-Chip
1 Automatic Control Off-Chip D
1 User-Controlled On-Chip
1 User-Controlled Off-Chip
1
Q resetn clk_outl 7
clk_in1 locked 3
Enable Optional Inputs / Outputs for MMCM/PLL Reset Type
¥ reset power_down input_clk_stopped Active High @ Active Low
< locked clkfbstopped
< >
¢ Run connection automation
¢ Run Connection Automation x

Automatically make connections in your desian by checking the boxes ofthe interfaces to
connect. Select an interface on the left to display its configuration options on the right. ‘

Q = £
~ & All Automation (3 out of 3 selecter
~ [ AF clk_wiz_1
V| = clk_in1 Select an interface pin on the left panel to view

V| = reset its options

w A rst_clk_wiz_1_100M

| = ext_reset in

< »

:
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¢ Delete the reset_rtl and the wire connecting the resetn of the clock and the ext_reset_in of

the Processor System Reset component.

¢ Click the “+? tab to add a constant IP, double click the IP and set its value to 1.
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Search: Q- consﬂ (1 match)

“F Constant



#  Re-customize IP
Constant (1.1)
© Documentation

[} Show disabled pi

x
IP Location

Component Name xlconstant_0

Y
Const Widh |1 [1-40¢
Const Val 1

W
< >

OK | | Cancel

¢ Connect the resetn of the clocking Wizard and ext_reset_in of the Processor System Reset

to the constant

sconstant_0

aya_clook [

Check Point 1:
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Show your work to your lab supervisor. The supervisor will inspect your work and tick the

checkpoint mark for you on the checkpoint sheets. Take some snapshots as evidence of achieving

the checkpoint. Proceed to the next tas

ks

4. Instantiate the peripherals (LEDs, switches, buttons)

¢ Click add IP tab (*+?) from the block design menu, type gpio and select AXI GPIO by double-

clicking.
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¢ Select the AXI GPIO IP, rename the GPIO to LEDS from the Block Properties on the left-hand

side.

AXI GPIO

Block Properties ? 00X
4 LEDS - 3
MName: LEDS

Parent name:

MicroBlaze_system



¢ Double click the AXI GPIO, under Board Interface of GPIO select leds 4bits and click OK

¢ Re-customize IP >
AXI GPIO (2.0) /
| o Documentation IP Location
Show disabled ports Component Name LEDS

Board IP Configuration

Associate IP interface with board interface

+ 5.8 IP Interface :
s awi_ack oro + | GPIO | leds 4bits | | - |
B =_axi_aresetn GPIO2 Custam -

Clear Board Parameters |

Enable Interrupt

¢ Click IP configurations and change the Default Tri state Value to 0x00000000 (indicating
OUTPUT), click OK

¢ Re-customize IP e
AXI GPIO (2.0) '
© Documentation IP Location
Show disabled ports Component Name LEDS

Board IP Configuration

GPIO ~
<4 S_ax
=_axi_aclk
O =_axi_aresetn GPIO Width 4 [1-32]
Default Qutput Value  0x00000000 @ [0x00000000,0xFFFFFFFF)
Default Tri State Value | 0x00000000 @ |(0x00000000,0xFFFFFFFF)

Enable Interrupt

OK | | Cancel

Repeat the above procedure to add the AXI GPIO for the switch and the button IPs. Rename one of
the AXI GPIO to switch and the other to button. Under the Board Interfaces of the GPIOs, now
select sws 2bits and btns 4bits for the switch and the button respectively. Leave the Default Tri
State Value under IP configurations as OxFFFFFFFF (indicating INPUT) for the buttons and
switches.



* Click Run connection automation, select all the peripherals and click OK.

aQa = ||2

¢ Run Connection Automation

Automatically make connections in your design by
checking the boxes ofthe interfaces to connect. Select
an interface on the leftto display its configuration
options on the right.
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* Click regenerate layout
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5. Validate the design and create a bitstream

> s

¢ Click the Validate design tab (a tick icon in the block design menu). After the validation, a

dialog box shows the validation is successful. Click OK

¢ s[lneao

Diagram

e a H

»x Address Editor x

MO Q

v

Validate design

¢ Validate Design

o Validation successful. There are no errors or critical warnings in this design.




¢ On the sources panel, right-click the block design and click Create HDL Wrapper. Click OK.

+ Select Let Vivado manage wrapper and auto-update, click OK

¢ Choose add sources (+) sign under Sources to create a constraint file,

BLOCK DESIGN - MicroBlaze_system * Add source
Sources «x Design Si = e | Source Mode Properties... Cirl+E
[ Open File Alt+0
Q = 2|+ ;
) ) | Create HDL Wrapper... |
hd Design Sources (1)
| [E MicroBlaze system {MicruElIazeI_sysi View Instantiation Template
3 Constraints Generate Output Products...
w Simulation Sources (1) Reset Output Products. ..
» sim_1 (1)
Hierarchy [P Sources Libraries Comyj
¢ 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
O Copy generated wrapper to allow user edits
| * | etVivado manage wrapper and auto-update |
@
¢ Select Add or create constraints
¢ Add Sources =
P Add Sources
V|vﬁ9¢9 This guides you through the process of adding and creating sources for

your praject

(®) Add or create constraints

() Add or create design sources

() Add or create simulation sources

£ XILINX.
@

Finizh Cancel

+ Click Create File tab, specify constraint file name and click OK




#° Add Sources

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) v

Use Add Files or Create File buttons be

Add Files ] Create File I

Copy constirainis files into project

¢ Create Constraints File

Create a new constraints file and add itto
your project

File type: I* xoc

File name: |pynq_22_constr|

File location:  « <Local to Project=

®

v

®

T
Finish | Cancel I

= ck_we 11

=

¢ Double-click and open the constraint file you just created , i.e. pynq_z2_constr.xdc

I PROJECT MANAGER - 1ab1

»

Sources ? 00 X
a T & + ) B

> P MicroBlaze_System_wrapperA
w Constraints (1)

W constrs_1 (1)

" pyng_z2_constrxdc

> Simulation Sources (1)
> Utility Sources "

Hierarchy |F Sources Libraried » =

¢ Enter the constraints we provide you below by copying or typing



# Clock signal 125 MHz

set_property -dict {PACKAGE_PIN

##Switches
set_property -dict
{sws_tri_i[0]}];
set_property -dict
{sws_tri_i[1]}];
##LEDsS
set_property -dict
{leds_tri_io[0]}];
set_property -dict
{leds_tri_io[1]}];
set_property -dict
{leds_tri_io[2]1}];
set_property -dict
{leds_tri_io[3]}]1;
##Buttons
set_property -dict
{btns_tri_i[0]}];
set_property -dict
{btns_tri_i[1]}];
set_property -dict
{btns_tri_i[2]}];
set_property -dict
{btns_tri_i[3]1}]1;

{PACKAGE_PIN

{PACKAGE_PIN

{PACKAGE_PIN

{PACKAGE_PIN

{PACKAGE_PIN

{PACKAGE_PIN

{PACKAGE_PIN

{PACKAGE_PIN

{PACKAGE_PIN

{PACKAGE_PIN

H16

M20

M19

R14

P14

N16

M14

D19

D20

L20

L19

IOSTANDARD LVCMOS33}

IOSTANDARD LVCMOS33}

TIOSTANDARD

TIOSTANDARD

TOSTANDARD

TOSTANDARD

TIOSTANDARD

TOSTANDARD

TOSTANDARD

TOSTANDARD

TIOSTANDARD

LVCMOS33}

LVCMOS33}

LVCMOS33}

LVCMOS33}

LVCMOS33}

LVCMOS33}

LVCMOS33}

LVCMOS33}

LVCMOS33}

[get_ports sys_clock];

[get_ports

[get_ports

[get_ports

[get_ports

[get_ports

[get_ports

[get_ports

[get_ports

[get_ports

[get_ports

Diagram

» | Address Editor

«  pyng_z2_contr.xdc® b

C:UsersiCALAS_1/Desktop/llab3flab_3/Mab_3.srcsiconstrs_1inew/pyna_z2_contr.xdc

Q W

set property

set property
set property
set property
set property
set property

set property

set property
set property
set property
set property

-dict

—dict
-dict

-dict
-dict
-dict
-dict

—dict
-dict
-dict
—-dict

{BACELGE PIN

{PACERAGE_PIN
{BACEAGE _FPIN

{BACERGE FIN
[PACELGE PIN
{PACERAGE_PIN
{BACEAGE _FPIN

[BACERGE FPIN
{PACELGE PIN
{PACERAGE_PIN
{BACKAGE _FPIN

Hlg

M20
M15

Rl4
Fl4
Hle
Ml4

D15
D20
L20
L1%

* B B X // B ©

IOSTANDARD LWVCMDS33}

IOSTRNDRARD
IOSTRNDARD

LWVC
LWVC

40533}
40533 }

IOSTANDRERD
IOSTRANDRERD
IOSTRNDRARD
IOSTRNDARD

LVCMOS33]
LVCMOS33]
LVCMOS33]
LVCMO533]

IOSTANDRRD
IOSTANDLRD
IOSTRNDRARD
IOSTRNDARD

LVCMO533}
LVCMO533}
LVCMOS33]
LVCMO533]

[get ports

[get_ports
[get_ports

[get ports
[get_ports
[get_ports
[get_ports

[get ports
[get ports
[get_ports
[get_ports

ays_clock]:

{aws_tri_i[0]}]1¢
{sws_tri_i[l]}]-

{leds_tri io[0]}]:
{leds_tri io[l]}]:
{leds_tri_io[2]}]1:
{leds_tri_ioc[3]}]:

{btns_tri_i[0]}]:
{ktns_tri i[l]}]s
{btns_tri_i[2]}]¢
{btns_tri_i[3]}]-



In the Flow Navigator, click Generate Bitstream

Flow Mavigator = 8

* P INTEGRATOR

Create Block Design
Open Block Design

Generate Block Design

SIMULATION

Run Simulation

RTL AMALYSIS

» Open Elaborated Design

SYNTHESIS
P Run Synthesis

» Open Synthesized Design

IMPLEMENTATION
P RunImplementation

» OpenImplemented Design

PROGRAM AND DEBUG

J5 Generate Bitstream

» Open Hardware Manager

?

S BLOCK DESIGN - MicroBlaze_system

Fa
Sources  x Design Signals | Board ? 00K
Qa = ¢ + o

W Design Sources (1)

» @52 MicroBlaze_system_wrapper (MicroBlaze_system_wrap
? Constraints
W Simulation Sources (1)

¥ sim_1 (1)

Hierarchy IP Sources Libraries Compile Order

Source File Properties ? 00X
MicroBlaze_system.bd = F e
+'| Enabled
Location: C:Users/AlSiDeskiopNivado_Projects/EE32201

¢ >

General Properies

Tcl Console » Messages Log Reports Design Runs

Q = = I B E @

add_files -norecurse

Select Launch runs on local host, choose the Number of jobs and click OK

# Launch Runs

{ Options

Launch the selected synthesis or implementation runs.

C:/Users/AI5/Desktop/Vivado Froject

Launch directory:  « =Default Launch Directory= d
® Launch runs on local host Mumber of jobs: | 4 R
Generate scripts anly I
Don't show this dialog again

6. Export hardware after the bitstream file is successfully generated



¢ Go to File, under Export, click Export Hardware

Eile Edit Flow Tools Feporns Window Layout Wiew
T
Project » | ® B P, L

I Add Sources. . tt+n L DESIGN - MicroBlaze_System

Close Project
?2 006 Diagram

a2 = = 7 C:Users/
Save Block Design As... '
r Design Sourc OThisﬂ

Close Block Design
= g ~ 5 MicroB

w o [EJ Mic Q
! > @M 15
¢ [ Constraints (1 L
) N 3o
Checkpoint W constrs_1 g4
IP b I pyng_ | 5
Text Editor N r Simulation So .
b sim_11(1) a
; LItility Sources g9 y
Export Export Hardware.... t
| Print.. Cirl+P Export Block Design... b
. Expart Bitstream File...
Exit
& Export Simulation...

> Openlmplemented Desig

¢ Select Fixed option and click Next

| # Export Hardware Platform >

Export Hardware Platform

{ VIVADO'

HL Editioms This wizard will guide you through the export of 2 hardware platform for

use in the Vitis or PetaLlinux software tools.

To export a hardware platform, you will need to provide a name and
location for the exported file and specify the platform properies.

| Platform type

(@) Eixed
~ Aplafform supporting embedded software development only.

i: XILINX ::::: Ex;;z;g?nﬁlzuppnrﬂng acceleration.

¢ Choose Include bitstream and click next



¢ Export Hardware Platform ot

Output

Set the platform properies to inform downstream tools of the intended use of the target platform’s '
hardware design.

Pre-gynthesis
Thig platform includes a hardware specification for downstream software tools.

Include bitstream
This platform includes the complete hardware. implementation.and bitstream,.in-addition to-the.....
hardware specification for software tools.

v

® Choose the lab3 project directory where the XSA file will be stored.

® Click Next and then Finish

¢ Export Hardware Platform X

Files
Enter the name of your hardware platform file, and the directory where the XSA file will be stored. '

XSA file name: MicroBlaze_System_wrapper

Export to: CiUsersiAlSDesktopiivado_2020_Projects/EE3220/1ab3 E‘

The XSAwill be written to: C\Users\AIS\DesktopWivado_2020_Projects\EE32200ab1\Mi...

B (oo | [

= T R R I

¢ Export Hardware Platform X

Exporting Hardware Platform

VIVADO’

HLx Edition
e © Anew fixed hardware platform named ‘MicroBlaze_System_wrapper

will be written as
‘C\Users\AIS\DesktopWivada_2020_Projects\EE3220\ab1\MicroBlaze_
System_wrapperxsa’.

@ The platform will include a post-implementation model, including a
bitstream description, describing the hardware for downstream

i: XI LI NX software tools.

Check Point 2:

Show your work to your lab supervisor. The supervisor will inspect your work and tick the
checkpoint mark for you on the checkpoint sheets. Take some snapshots as evidence of achieving

the checkpoint. Proceed to the next tasks



Part 2: Software Development using Vitis

Now we will use a new tool called Vitis, introduced after Vivado 2019.2 version to develop our
software and program the MicroBlaze on the FPGA.

Ailinx Vitis

SA9A
202071

N
i

Vivado
5A90

202011

Follow the following steps to achieve this task:
1. Create a new Vitis application project

¢ Open Vitis, choose a folder as your workspace location, and then click launch.

-« Eclipse Launcher X

Select a directory as workspace

Vitis IDE uses the workspace directory to store its preferences and development artifacts.

Workspace: | Ch\Users\AlS\DesktophVitis_Projects\Workspace v| | Browse...

[] Use this as the default and do not ask again
» Restore other Workspace

Ca nce'

¢ Choose Create application project and click Next

) Workspace - Vitis IDE - m} *

File Edit  Search Xilinx Project Window Help

75 [ Welcome 23] = 5
W XILINX

a VITIS VlTlS
IDE

| | A
PROJECT PLATFORM
Create Application Project Add Custom Platform

Create Platform Project

Create Library Project v




-l Mew Application Project O >

Create a New Application Project E

This wizard will guide you through the 4 steps of creating new application projects.

1. Choose a platform or create a platform project from Vivado exported X54
2, Put application project in a system project, associate it with a processor

3. Prepare the application runtime — domain

4. Choose a template for application to quick start development

Platform
Project

Processor I Domain

XSA

= A platform provides hardware information and software environment settings.
= A system project contains one or more applications that run at the same time.
= A domain provides runtime for applications, such as operating system or BSP,
= A workspace can contain unlimited platforms and unlimited system projects,

[ Skip welcome page next time. (Can be reached with Back button)

@ < Back Next > Finish

¢ Choose Create a new platform from hardware(xsa), browse and go to the lab3 project
folder to select the MicroBlaze_System_wrapper.xsa. Click Next and leave other settings as
default, then, Finish.

- MNew Application Project O X

Platform

Mote: A platform project will be generated automatically in workspace for the selected X5A. It can be customized later,

Select a platform from repository|| (7] Create a new platform from hardware (XSA)

Hardware Specification
CAUsers\AlS\Desktop'Vivado_2020_Projects\EE3220%1ab1\MicroBlaze_Systern_wrapper.xsa

vck190
zc702

XA File: [2€706
zcul02

sers\AlIS\Desktop\Vivado_2020_Projects\EE3220\|atill\MicroBlaze_System_wra

Platform name: | MicroBlaze_System_wrapper

Generate boot components "

@ <Back || Net> Finish




wd Create Platform from X5A

« v A ||« EE3220 » lab3 v O P
Organize - Mew folder == » [H 0
Fat
- Mame Date modified Type
3 Quick ac
lab3.cache 3772020 616 PM File folder
B Desl - _ :
lab3.hbs 3N/7/2020 312 PM File folder
Dow - - .
¥ . lab3.hw 3/7/2020 12 PM File folder
Doc # lab3.ip_user._files 31/7/2020 512PM  File folder
=] Pict # lab3.runs 31/7/2020 616 PM  File folder
Lab Exe lak3.5im 3772020 512 PM File folder
revised lab3.srcs 3/7/2020 6:09 PM File folder
Semest | D MicroBlaze_System_wrapper.ssa 3N/7/2020 T:28 PM XKSAFile
Vitis_Pr
& Onelrive ¥ €
File name: | v| *wsa:*.dsa; e
¢ Specify the project name (lab3_vitis), click Next.
«d New Application Praject m} *
Application Project Details
Specify the application project name and its system project properties
Application project name:|| Lab3_Vitis |
Systemn Project
Create a new system project for the application or select an existing one from the workpsace o
Select a system project System project details
+Create new...
System project name: | Lab3_Vitis_System
Target processor
Select target processor for the Application project.
Processor Associated applications
microblaze 0 lab3_vitis
Showw all pracessors in the hardware specification o
@ < Back Mext > Finish Cancel

¢ Click Next




) Mew Application Project O
Domain
Select a domain for your project or create a new domain
Select the domain that the application would link to or create a new domain
Mote: Mew domain created by this wizard will have all the requirements of the application template selected in the next step
Select a dornain Domain details
+Create NEW...
MName: | domain_microblaze_0 |
Display Name: | domain_microblaze_0 |
Operating System: | standalone ~
Processor | microblaze_0
Architecture: 32-bit ~
® < Back Mext = Finish Cancel

¢+ Choose Empty Application and click Finish. Our new application project will be created

<« Mew Application Project O
Templates
Select a temnplate to create your project.
Available Templates:
Find: | | & SEs Empty Application
w SW development templates ~ || Ablank C project.
Dhrystone
I Empty Application I
Empty Application (L++)
Hello Werld
IwiP Echo Server
IwiP TCP Perf Client
IwiP TCP Perf Server
IwiP UDP Perf Client
IwiP UDP Perf Server
mba_fs_boot w
® < Back Mext = Cancel




« Workspace - lab1_vitis/lab1_vitis.prj - Vitis IDE

v E] lab3 vitis_system [ MicroBlaze |
v {:c} lab3_vitis [ domain_microblz

«f Assistant §3 = 0 O

3 General
> [l Includes

> B src Project name: lab1 vitis
> @5 ide Platform: MicroBlaze System wrapper | --- ‘
A& lab3 vitis.prj B
£ TabT_vitis_system.sprj Runtime: Icpp I

> MicroBlaze_System_wrapper Domain: dorain raicioblazel0 ‘—‘

< > CPU: I microblaze_0 I
| standalone |

EE8/R0F% ¥
MicroBlaze_System_wrapper [P
> 5% 1ab3 vitis_system [System]
<

Hardware Specification: View processors, memory ranges and peripherals.

Options

= O X
File Edit Search Xilinx Project Window Help
N HE B-R-i% -0 g DO D [uick Access| | [ Design | 45 Debug
~L Explorer 831 = a] .‘A lab3_vitis_system [‘KlabS_vitis 2 i =} ] o R E=SEn
BiS v K Application Project Settings Ad

An outline is not
available.

View current BSP settings, or confic
selection, compiler flags, SW intrus
assign drivers to peripherals, chang

[ Navigate to BSP Settings [

B Console 2 1 [2) Problems Vitis Log @ Guidance

Build Console [lab3_vitis_system, Debug]

OB EE A& BN

2. Create a new source code file (main.c)

¢ Right click sre folder, select New and File to create a new source code file.

~ Explorer EE]

= 8 & lab3_vitis_system

(ﬂ lab3_vitis 53

Sew ¥
w :[E} lab3_vitis [ domain_micro »
~ [al! Includes

5 (= C/Xiliny Vitis/ 2020
5 (= C/Kiline/ Vitis/2020
5 (= CKilineg/ Vitis/2020

MicroBlaze_Systern
W [ SIC

sr
= Mew
P e CDF’T
Paste
) Assistant §2 % Delete
* = Refresh

MicroBla: -,

5 % 1ab3 vitis
Source

Move...
Rename...

Team

Properties

Import Sources...

¥ Application Project Settings

General

Project name:

lab> witis

Platform: MicroBlaze System wrapper | ---
Runtirme: cpp
* ™ Project..
Ctl+C | % File
Ctrl+V Folder
™ Application Project...
#  Hw Kernel Project... |
== Library Project...
» . Platform Project...
™ Example...
]
™ Other. |
]

vitis, Debug]

e Name the source file as main.c, click finish. A new source file will be created




q O
File

| Create a new file resource,

| Enter or select the parent folder:
[ lab3_vitis/src

Ny ~
b lab3_vitis | domain_microblaze 0 )
> ug _ide
> src
=5 1ab3_vitis_system [ MicroBlaze_System_wrapper |
> 15 MicroBlaze_System_wrapper
=5 RemoteSystemsTempFiles

File mme:h’ main.c ]

Advanced > > '

@ Finish Cancel

3. Write a C program to control the LEDs, build the project, and program the FPGA.

¢ Open the main.c file, copy and paste the source code provided

~. Explorer 23] =8 |[& lab3_vitis_system ¥ lab3_vitis . [€ *main.c 22 I
=N, w 1 #include <stdio.h>
B 2 #include "xil_io.h"

v @ lab3_vitis [ domain_m A 3 #include "xparameters.h"
> [ Includes 4 #include "xbasic_types.h"
v & sic 5 #include "xgpio.h"
I < 6 #include "xstatus.h"
> lgl main.c =
@ Iscript.ld 8 XGpio sw;
|Z| README.txt 9 XGpio buttons;
> @ _ide 10 XGpio leds;
% lab _vitis.prj 11

12 /xx**xmxzxx**xxxzxx1*xxxxxx**xmxxxx**xzxzxx**xxxx*x**xx*z

A lab3_vitis_system.sprj
v MicroBlaze_System_wrag

14= int main()
> (= bitstream 15 {
> (= export v 16 Xuint32 data;
% S 17 XGpio_Initialize(&sw, XPAR_SWITCHES_DEVICE_ID );

«f Assistant 52 =i |
EE@/RO0% -

MicroBlaze_System_wrappel
! =/ lab3_vitis_system [System]

18 XGpio_Initialize(&buttons, XPAR BUTTONS DEVICE_ID);
19 XGpio_Initialize(&leds, XPAR_LEDS_DEVICE_ID);

21 whilel(1)]

23 data=XGpio_DiscreteRead(&buttons,1);
24 XGpio_DiscreteWrite(&leds,1,data);
25 }

26 return 9,

* To understand the definitions used for the GPIO peripherals, check the xparameter.h

e XGpio_DiscreteWrite() is used to write on the leds (GPIO output). The XGpio_DiscreteRead()
could be used to read buttons or switches in case you need to do it in the future.



~L Explorer EE] Elﬁ‘:ﬂ ¥ =8

F design_3_wrapper *
[» = bitstream
[+ = export
b= hw
[ = logs

4 = microblaze_(

m

4 = standalene_domain
4 = bsp
4 = microblaze 0
= code
4 = include
I [» [k xparameters.h I

#include <stdio.h>
#include "xil_io.h"
#include "xparameters.h"
#include "xbasic_types.h"
#include "xgpio.h"
#include "xstatus.h"
#include "sleep.h"
XGpio Tleds;
XGpio switches;
XGpio buttons;
Y
int mainQ)
{
Xuint32 data;
//Xuint32 1i;
XGpio_Initialize(&leds, XPAR_LEDS_DEVICE_ID);
//XGpio_Initialize(&switches, XPAR_SWITCH_DEVICE_ID);
//XGpio_Initialize(&buttons, XPAR_BUTTON_DEVICE_ID);

while(1)

{
//data = XGpio_DiscreteRead(&buttons, 1);// can use this to read button
data=0x01;
XGpio_Discretewrite(&leds,1,data);

}

return 0O;

¢ Open the Project menu and choose the Build Project

W Workspace - lab3_vitis/src/main.c - Vitis IDE
File  Edit Search  Xilinx) Project |Window Help

M- [ | @v&v ng  Build All Ctrl+B .*:3{1,37 =
[TBuild Project |
L = iti
Explorer &3 Clean.. lab1_vitis [a
& |pw d
HiSe 2 #include "xil_io.h"
v {E} lab3_vitis [ domain_m A 3 #include "xparameters.h”
> [t Includes 4 #include “"xbasic_types.h”
v = src 5 #include "wgpic.h”
s |[] mainc & #include "xstatus.h”
e 7



& Console EEI[:__ Problems \itis Log I[D Guidance

Build Conscle [lak3_vitis, Debug]

22:53:55 Build Finished (tocok 1s5.393ms)

¢ Open the Xilinx menu, choose Program FPGA. You should also connect your board to your
computer and turn it ON before you can program the board.

wJ Workspace - lah3 vitis/src/main.c - Vitis IDE
File Edit SearchP‘roject Window Help

- | o Add Custom Platform...
{8 Repositories
P, Brplorer E:EL @' Scan Repositories
=] <
v {3} labavitis [de  CoTPles

N bh Binaries Libraries... c
* @]'l Includes RTL Kernel Wizard... l
> & Debug Vivado Integration > a3

= srC
5 g main.c B SCT Console

T8 fseript: = i Shell
=] READN

> [ _ide Tl Generate Linker Script
K lab3 vitis. Bl Generate Device Tree

H lab _vitis_sys
v [F] MicroBlaze_Syst B8 Start/Stop Emulator a
< ! 22 Program FPGA I 5
ﬂ Assistant 23 I-E Create Boot Image a.

=] o & C 2l Program Flash

MicroBlaze_Syst Dump/Restore Memory
5 7% lab2 vitis system [Svstem] ﬂ H

+ Browse the project folder for the Bitstream file and the .mmi file. You may need to change
the search file type to mmi to be able to see the .mmi file. if you use default location, the files
are located at:

Bitsream: <

C:\Users\EEUsers\Workspace\lab3_vitis\_ide\bitsream\microBlaze_System_wrapper.bit >

.mmi file: <

C:\Users\EEUsers\Workspace\lab3_vitis\_ide\bitsream\microBlaze_System_wrapper.mmi >
.elf file: < C:\Users\EEUsers\Workspace\lab3_vitis\Debug\lab3_vitis.elf >

¢ For the elf/mem file, you should choose your project's elf instead of the bootloop already

there, go to the project folder and select “<project folder> \Debug\lab3_ vitis.elf”.



= Program FPGA >

Program FPGA
Specify the bitstrearn and the ELF files that reside in BRAM memory

Project: lab3_witiz w

Connection: Local ~ MNew

Device: Auto Detect | Select...

Bitstream: _ide/bitstrearm/MicroBlaze_System_wrapper.bit | Search... Browse...

[] Partial Bitstream

BB BRI File:l _ide/bitstrearmn/MicroBlaze_System_wrapper.mmi Search... Browse...

Software Configuration

Processor ELF/MEM File to Initialize in Block RAM

microblaze_0 bcmtloo "

[]5kip Revision Check

Generate Program Cancel

¢ Wait and click OK.

[- B
% Warning ﬂ

There is no PS in the design. Please make sure that your design does not use any part
l % of the PSincluding DDR, or relies on any P5-based initialization. System will behave
unpredictably if it does.

¢+ Now all are done. You can now see the leds turning on according to value set in the program




Check Point 3:

Modify the program to ON the LEDS corresponding to the switches and the buttons. If any button
or switch is ON, the LED infront of it should ON. Show your work to the lab supervisor Take
snapshots for your lab report.

Check Point 4:

Modify the program to show a binary counting from 1 to 7 (0001 to 0111) on the LEDs. Take
snapshots or small video clip as your evidence of achieving this check point in the lab report.

[ Hint: You can use a for loop and the usleep(int delay) function for the delay. The delay is

written in microseconds. You are advised to use 250ms delay or below i.e. usleep(250000). The
statement below the Bonus is an example of a for loop.]

Bonus:

Use buttons to display a binary count of up to 8 on the LEDs. The binary number increments after
every button press. Show your work to your lab supervisor.

[ Hint: Check if the button is pressed and turn on the leds if true. Reset the count to zero when it
reaches 8. You may use the for loop delay below for button debounce.]

for( i=0; i <= Ox000FFFFF; 1i++) {;}

~END ~



