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Introduction

This step-by-step guide will show how to rapidly prototype an embedded
system, using the Spartan-7 FPGA SP701 evaluation board.

We'll cover two applications using Vivado, a Xilinx tool for implementation and
analysis of HDL and IP Integrator designs and Vitis, that enables the
development of embedded software and accelerated applications on Xilinx
platforms such as FPGAs, SoCs, and ACAPs.

Applications are:
1. Hello World application using MicroBlaze.
2. Pulse Width Modulation (PW M) application.

& XILINX.
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Hello World application using MicroBlaze.
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Launch Vivado 2021.1

fle Flow Jooks Window Help O Ok Access

VIVADO” £ XILINX.
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On the Vivado Quick Start page, select “Open an example
project”

VIVADO! £ XILINX

Quick Start

Tasks

Manage 1P >
Opén Hardware Manager >
Vivado Store >

Learning Center

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

Q £ ¢ I B E 1§
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© Copyright 2021 Xilinx



From the project templates, select “MicroBlaze Design
Presets” and click "Next"

¢ Open Example Project X

Select Project Template

Select one of the below predefined templates on which to base your new project '
Templates Description
Q = = o2 MicroBlaze Design Presets i
AXI DMA . . a M - .
This embedded design offers a MicroBlaze subsystem that can be targeted for the following use cases
BFT

i - This i 3 ) i f ; s highly i ions.
CIPS DDR PL Debug Microcontroller: This is a cache-less processor subsystem optimized for low-latency highly deterministic operations

CPU Real-time Processor: This is a cache based processor subsystem with an MPU capable of running a deterministic real-time
CPU (¢ 8517 operating system.

MicroBlaze Dﬁgn Presets Application Class Processor: This is a cache based processor subsystem with an MMU for virtualized memory required by
Multi-Rate G operating systems like Linux.

Versal ACAP CIPS PS VIP
Versal Extensible Embedded Platform

All designs include basic peripherals such as an 12C controller, SPI Controller, UART, Timer and Interrupt Controller

Versal HSDP with Soft Aurora
Versal IBERT
Wavegen
Zynq UltraScale+ MPSoC Design Presets
Zynq-7000 Design Presets
< >

Refresh ‘ Catalog was last updated on 09/29/2021 2:10:39 PM

K/ < Back ’ Cancel
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Then enter the project name and location and click "Next"

Project Name

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

Project name: PWM_MicroBlaze
Project location: | C:/Xilinx/Projects

| Create project subdirectory

Project will be created at: C/Xilinx/Projects/PWM_MicroBlaze

? < Back Cancel
& XILINX
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Select the board to target “SP701"

#  Open Example Project

Default Part

Choose a default Xilinx board for your project.

Search: | @ | w

Display Mame Preview Vendor

Kintex-UltraScale KCU105 Evaluation Plz n .
E 2 ilingcom

Kintex UltraScale+ KCU116 Evaluation P m B
linx.com

Wirtex-LUltraScale VCU108 Evaluation Pla .
xilim.com

Wirtex-LUltraScale VICU110 Evaluation Pla m .
3 xilime.com

Virtex UltraScale+ VCU118 Evaluation P -
silimc.com

Wersal VCK190 Evaluation Platform p ! =
: : xilime.com

Wersal VMK180 Evaluation Platform -
rilinc.com

I Spartan-7 SP701 Evaluation Platfcrml 0, o
silinc.com

File Version

1.7

1.5

1.7

1.4

2.4

2.2

2.2

1.1

Part

xcku040-ffval15...

xckuSp-fivbB76-...

xowu095-ffva2 10...

»ovu190-flge210...

xovu9p-flga2 104-...

*ovc1902-vsva21..

*ovm1802-vsvad...

xcTs100fggab76-2

© Copyright 2021 Xilinx

I/O Pin Count

1156

676

2104

2104

2104

2197

2197

676

Board Rev

1.0

1.0

1.0

1.0

2.0

Rev BD2

Rev BOZ2

1.0

Awvailable I0Bs

320

280

832

416

832

692

692

400

LUT Elermer

P

242400
216960
537600
1074240
1182240
899840
899840

64000

Cancel
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Select “Microcontroller design preset” in the MicroBlaze
Configuration selection

¢ Open Example Project X

Select Design Preset

Choose which preset design to use based on the description. ‘

Microblaze Preset Configurations

®) Microcontroller Suitable for running baremetal code
Real-time Deterministic real-time processing on RTOS

Application Embedded linux capable

MlCFOB|aze” Distusg (ITAG)
i Tighly Coupied

o Merray

& XILINX
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Review changes in the Project Summary and click "Finish”

¢ Open Example Project

New Project Summary

VIVADO!

Editions 0 Anew project named 'PWM_MicroBlaze' will be created from the "MicroBlaze Design Presets’ template.

@ The default part and product family for the new project:
Default Board: Spartan-7 SP701 Evaluation Platform
Default Part: xc75100fgga676-2
Product: Spartan-7
Family: Spartan-7
Package: fggab76
Speed Grade: -2

@ A new block design will be created based on the “MicroBlaze Design Presets” IP Integrator template.

:: XI LI NX To create the project, click Finish

& XILINX
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Windows Layout

The Microblaze design will load, and a Diagram window will appear on the right, where we can
see all the IPs in the design including MicroBlaze IP, AXI Uartlite, AXI GPIO, and AXI

Timer, which we will use to generate a PWM signal.

v

]

| I 5 W | I P W

microtiaze 0w penph

5010

Ready
Default Layout v
? X
200
&
s oo 9
L P - PP

[t m—

—a

i

K —

i g

7 ]

Ak 670 ffreeD> st bkt S5

micobiaze,d

micobisze, 0 Jocal memcey

MicroBlaze ® , = *:r-_

file  Edit Flow Jools Reports Window layout View Help
=, - ® = b & =z
Flow Navigate BLOCK DESIGN - mb_preset
~ PROJECT MANAGER ) )
Sources  Design Signals | Board ? . 0 Diagram Address Editor Address Map
£ Settings na | e
Q =7 o Q a I E o Q s + E *» C 9 Default View
Add Sources =
mb_preset
Language Templates External Interfaces
T |p Catalog Interface Connections
Ports
~ IP INTEGRATOR Nets
Create Block Design i gpio 0
axi_gpio_1
Open Block Design X
axi_iic 0
Generate Block Diesign axi_quad_spi_0
axi_timer_0
v SIMULATION i artlite 0 v
Run Simulation X
Properties 7 _Dox
+
° S — s
v RTLANALYSIS — eovmt 4 1
> Open Haborated Design
v SYNTHESIS
P Run Synthesis el | I
[ [+ oemi
> ey Ca
~ IMPLEMENTATION
P Run Implementation
Td Console Messages | Log | Reports | Design Runs
>
a =z £ Il 8B ® @
v
PROGRAM AND DEBUS Slave segment '/axi_gpic_0/S_AXI/Reg' is being assigned into address space '/microblaze 0/pata’ at <O [ 64K 1>.
¥4 Generate Bitstream Slave segment 'faxi_gpio_l/S_AXI/Reg' is being assigned into address space '/m [ 64K 1>
Wrote : <C:\Xilinx\Projects
> Open Hardware Manager VHDL Qutput written to
VHDL Output written to :
VHDL Output written t
make wrapper: Time (s): cpu = 00:00:04 ; elapsed = 00:00:06 . Memory (MB): peak = 1611.230 ; gain = 168.117
u 00: i elapsed 00: 0 7 . Memory (MB): peak 1611 i gain 350.047

instantiate_example_design: Time (s)

pile_or -fileset sources 1
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Connect "PWM?’ pin to external interface

axi_timer_ 0
- N
— |4 S_AXI
- capturetrig0 generateout0
- capturetrig] generateout]
— freeze
—= s_axi_aclk interrupt
-0 s _axi_aresetn
e -7

AXI Timer

axi_quad_spi_0

—

Y

Block Pin Properties...

Highlight

Copy

Search...

Select All

Add IP...
Add Module...

Make External
Pinnin

© Copyright 2021 Xilinx
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Rename the external port “pwm0QO_0" by changing the name
under the “External Port Properties” to “SP701_PWM”

axi_timer 0

.

+ S_AXI
capturetrig0 generateout0
capturetrig] generateout]
freeze pwmO
s_axi_aclk interrupt
s_axi_aresetn

AXI Timer

X

Eﬂernalgrt Properties... Ctrl+E
Highligt ’

Delete

Copy

Search...

Select All

© Copyright 2021 Xilinx

External Port Properties 0O
O pwm0 0 - O
Mame: VM _SPTON
Direction: Output
Met + axi_timer_0_pwm0
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Select the wire between “pwm0” and “SP701_PWM" by right
clicking and selecting “Debug” to monitor the PWM of the Timer

axi_timer_0
' ™
=4 S AXI
= capturetrig0 generateout) =
— capturetrig generateout] =
System Met Properties.
— freeze pwm0 = % Highiight
—= s axi_aclk interrupt =———-
X  Delete
=0 s_axi_aresetn B Copy
= Q  Ssearch.
AXI T'mer W Select All
. . + Addip.
a}(l_quad_SF"_O Add Module...
( N _
Pinning
IP Settings...

@ Validate Design

Start Connection Mode

- " Make Connection...
yreset/synth/mb_preset.vhd
sreset/sim/mb_preset.vhd

sreset/hdl /mb preset wrapper.vhd
; = Debug

3. 36 *
; gain 407.621

& XILINX

© Copyright 2021 Xilinx



Use the Designer Assistance and select “Run Connection
Automation”, then click “OK”

This step will add System ILA to the design connected to the PWM

Diagram X Address Editor

Q |

Addre

ss Ma

P

* Designer Assistance available. Run Connection Automation

= Default View v

1AXI + | AXI GPIO
2_AXI + axi_timer_0
3_AXI i

1AXI i |4 S_AXI

5_AXI + — — capturetrig0

5 AX| o b —_capturetrial

¢ Run Connection Automation

Running automation...

\

Background

~

X

Cancel

generateout0) =

generateout] =

pwm0 =

interrupt

AXI Timer

axi_quad_spi_0

© Copyright 2021 Xilinx
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Modify the preset example design by creating a new wrapper,
select “'mb_preset _wrapper’ under Design Sources in the
Sources window

Sources < Design Signals Board 2 _ 0O

Q| = ¢ |+ o

Design Sources (°

® - Fnb _preset wra STRUCTURE) (mb _pfeset_wrapper.vﬁd) (1)
mb_pteset_imreset t.hd
® mb_preset

Constraints

Simulation Sources |

Utility Sources

Hierarchy IP Sources Libranes '1:.'111;,x1'g' Order

& XILINX
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Right-click on it and select “Remove file from the project”

Sources < Design | Signals Board ¢ RSl o B Diagram X A
Q| = ¢ |+ & Q| Q
Design Sources (]

: Source Node Properties..
@ ~ mb_preset wrapper( ~

= Open File
mb_preset_ i ; mb,
, @ mb_preset(STR| Replace File...

Constraints

Simulation Sources (1)

Utility Sources X Remove File from Project... Delete

>
Disable File
s : Move to Simulation Sources

Hierarchy |F Sources Libr

& XILINX
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The "Remove Sources” window will appear and check the
box for “Also delete the project local file/directory from the
disk”

¢ Remove Sources X

e OK to remove the one selected file from the project?

v| Also deleﬁhe project local file/directory from disk

& XILINX
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Select "'mb_preset” design under the design sources window
and Right-click then select “Create HDL Wrapper”

Sources < Design Signals Board ?7 - 00
Q| =@ |+ Updating @ &

Design Source Source Node Properties...

mb_pre @ Open File
Constraints
ate HDL Wrapper...
Simulation Sol j’;& p
e Instantiation Template

Utility Sources
Generate Output Products..,

Reset Output Products...

Hierarchy I 5o
« X Remove File from Project...

& XILINX
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Select “Let Vivado manage wrapper and auto-update”

¢ 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 mang wrapper and auto-update

N o

& XILINX
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In the Flow Navigator under Synthesis, click “Run Synthesis”
and then Click "OK"

Flow Navigator b R S S
v PROJECT MANAGER
£ Settings

Add Sources

Language Templates

¢ Launch Runs
T P Catalog

v IP INTEGRATOR Launch the selected synthesis or implementation runs.
Create Block Design
Open Block Design

Generate Block Design Launch directory: | == <Default Launch Directory> !

¥ SIMULATION Lo SlllerT H E 5 | 5 Options

Run Simulation

®) Launch runs on local host:  Mumber of jobs: | 10 v
v RTL ANALYSIS
& P s - =
> Open Elaborated Design ' F:'LI I-I 5 :' LI I:I = I;-' Generate scripts Only
v SYNTHESIS o )
::l —_ Fl . P Don't show this dialog again

> O >
E Cancel

v  IMPLEMENTATION
P Run Implementation

>

v PROGRAM AND DEBUG

¥} Generate Bitstream

> Open Hardware Manager v
& XILINX
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Connecting "PWM" signal to board interface

The SP701 Board includes 6 Pmods that we can use and assign the PWM signal to

Pmods (6x)

Sysmon
CPU Reset Button

MSP430 System Controller

12C EEPROM —— HDMI
FMC LPC Push Buttons
XC7S100
(XC7S100 - 2FGGA676C) SR TTAGART
— JTAG
4Gb DDR3L )i —— 12V Power
(256M x16)

Power On Switch

Ethernet (2x) MIPI Camera Interface MIPI Display Connector

& XILINX
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Connecting "PWM" signal to board interface

WM PE

= sp701_rev1.0_Ulxdc E3

Go to Spartan-7 SP701 FPGA Evaluation Kit webpage

i

Under Resources download the SP701 Schematics

Open the xdc file and searchfor PMOD1_ PIN1
You'll find that it is connected to pin “C13”
In the next step we will assign PWMto pin C13

& XTP553 - SP701 Schematics (v1.0)

Document Type: Board Files

@ See All Versions

Design File{s):

4 rdfos508-sp701-schematic-source.zip

¥ rdf0509-sp701-bom.zip

* rdf0510-sp701-xdc.zip

6 set property
| set property
set property
set property
set property
set property
set property
set property

s
(]

L L L L L Ll L L
= R

[ T T o O o T =4
|

L [N

PACKAGE PIN

IOSTANDARD

PACKAGE PIN

IOSTANDARD

PACKAGE PIN

IOSTANDARD

PACKAGE PIN

IOSTANDAERD

B22
LVCMOS33
B24
LVCMOS33
C13
LVCMOS33
Ccl4
LVCMOS33

[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports

"PMOD4 PIN7 R"
"PMOD4 PIN7 R"
"PMOD4 PIN3 R"
"PMOD4 PIN3 R"
"PMOD1 PIN1 R"
"PMOD1 PIN1 R"
"PMOD1 PIN8 R"
"PMOD1 PIN8 R"

) e e b ] b e e

© Copyright 2021 Xilinx

i #
i #

Bank
Bank
Bank
Bank
Bank
Bank
Bank
Bank

le
le
16
16
16
16
16
16

VCCO
VCCO
VCCO
VCCO
VCCO
VCCO
VCCO
VCCO

VCCO 3V3
VCCO 3V3
VCCO 3V3
VCCO 3V3
VCCO 3V3
VCCO 3V3
VCCO 3V3
VCCO 3V3

I0 LON T1 DQS 16
I0 LIN T1 DQS 16
I0 L10P T1 16

I0 L10P T1 16

I0 LI1ON T1 16

I0 LI1ON T1 16

I0 L11P_T1 SRCC 16
I0 L11P Tl SRCC 16

& XILINX


https://www.xilinx.com/products/boards-and-kits/sp701.html
https://www.xilinx.com/member/forms/download/design-license.html?cid=ad44a7f4-1594-4537-a1f9-c83cf005fa63&filename=xtp553-sp701-schematic.zip

After the synthesis is completed that may take up to 10 mins
click “Open synthesized design” to assign the PWM signal

Synthesis Completed X

o Synthesis successfully completed.

Next
Run Implementation

(®) Open Syntheng Design
View Reports

Don't show this dialog again

© Copyright 2021 Xilinx
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Open the Scalar ports and assign “C13" to the “PWM signal’
and change |/O Std to "LVCMOS33”

File Edit Flow Tools Reports Window Layout View Help Synthesis Complete
H -« ® b B 3 O n & "4 1/O Planning v
Flow Navigator e ? SYNTHESIZED DESIGN * - synth 1| xc7s100fgqa676-2
~
v~ PROJECT MANAGER = R
Device Constraints Package
& Settings
alz|e|- i
Add Sources
v Internal VREF
Language Templates
juag F 0.6V A A
T IP Catalog 0.675V s
0.75V i
D
~ IP INTEGRATOR 0.9v E
Create Block Design NONE F
1/0 Bank 13 G
Open Block Design H
1/0 Bank 14 ;
Generate Block Design 1/O Bank 15 %
1/0 Bank 16 L
v SIMULATION 1/0 Bank 33 -
R
Run Simulation 2
Drop 1/0 banks on voltages or the "NONE" folder to set/unset Internal i
VREF e
v RTL ANALYSIS
|
> Open Elaborated Design 1/0 Port Properties v
w
@ PWM_SP701 o 7
v SYNTHESIS
AA
P Run Synthesis Name: PWM_SP701 AR
~ Open Synthesized Design Direction: our
Constraints Wizard Package pin: | C13 ) Fixed
v
Edit Timing Constraints =
General
# Set Up Debug
© Report Timing Summary ) t ) 1/0 Ports
Report Clock Networks Q| = S||% + | A o
Report Clock Interaction Name Direction Board Part Pin  Board Part Interface  Neg Diff Pair  Package Pin Fixed Bank 1/OStd Veco  Vref  Drive Strength Slew Type Pull Type Off-Chip Termination  IN
B Report Methodology push_buttons_Sbits_16164 IN v 13 LvCMOs18 - 1.800 NONE v NONE v
Report DRC 1s232_uart_16164 (Multiple) v 14 LVCMOS33* -~ 3300 NONE v (Multiple) v
RST.RESET_16164 IN v 13 LVCMOs18 - 1.800 NONE v NONE v
Report Noise
spi_flash_16164 INOUT v 14 LVCMOS33* -+ 3300 12 v NONE v NONE v FPVIT.S50 v
Report Utilization sys._diff_dock_16164 IN v 33 LVDS_25* . NONE v NONE v
& Report Power - Scalar ports
< PWM _SP701 out ci3 v v 16 | LVCMOS33* - ’XMO 12 v v NONE v FPVIT S0 v v
— [ 2

& XILINX.
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Rerun synthesis after the changes

Flow Navigator 3

v PROJECT MANAGER
£+ Settings
Add Sources
Language Templates

& IP Catalog

v IP INTEGRATOR

Create Block Design
Open Block Design

Generate Block Design

v SIMULATION

Run Simulation

v RTL ANALYSIS

> Open Elaborated Design

v SYNTHESIS

v IMPLEMENTATION

P Run Implementation

>

v PROGRAM AND DEBUG

¥ Generate Bitstream

> Open Hardware Manager

v SYNTHESIS

P Run Synthesis

¢ Launch Runs 4

Launch the selected synthesis or implementation runs.

Launch directory: | = <Default Launch Directory > L
Options
®) | aunch runs on local host:  Mumber of jobs: 10 v

Generate scripts only

[ Dan't show this dialog again

?) Cancel

& XILINX
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Run implementation and generate a Bitstream by selecting
“Generate Bitstream” under Program and Debug in the flow
navigator

This bitstream generation may take up to 15 mins.

Synthesis Completed X

o Synthesis successfully completed

Next
C‘) Run Implementation
Open Synthesized Design
View Reports

Don't show this dialog again

© Copyright 2021 Xilinx
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Export Design select File — Export — Export Hardware In
the Vivado Design Suite

File Edit Flow Tools Reparts Window Layout View He

B O B £

Project ’

I Add Sources... EMENTED DESIGN - xc7s100fgga
Close Project
yces Netlist X Properties
Close Implemented Design '

Constraints
Ab_preset_wrapper

i Nets
Checkpoint N Leaf Cells (4
I dbg_hub (d
P > g_
I mb_preset_i
Text Editor
Import
Export Export Hardware...

Print... EX% Constraints...

: Export Pblocks...
Exit

— 1 Export IBIS Model...

Run Simulation Export I/O Ports..

Export Bitstream File..,

v RTL ANALYSIS Export Simulation..

& XILINX
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Click "Next" and select “Include Bitstream”

¢ Export Hardware Platform x ¢ Export Hardware Platform

Export Hardware Platform Output

VIVADO'

ML Editions

Set the platf. rties to inf downst tools of the intended f the target platform’s hard
This wizard will guide you through the export of a hardware platform for use in the Vitis or Petalinux vt the platiorm peoperties to:sarm downstiesrm bools of e Jitended Lee ot the taiget pletiony's haheere design ‘

software tools.
o export a hardware platform, you will need to provide a name and location for the exported file and

specify the platform properties. Pre-synthesis
This 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.

& XILINX.

& XILINX
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Under Tools — Select “Launch Vitis”

Tools

Q
4

&

Reports Window layout View Help
Floorplanning » | 2
1/0 Planning , 376-2
Timing >

Power Constraints Advisor...

Schematic

Show Hierarchy
Edit Device Properties...

Create and Package New IP..

Create Interface Definition...

Run Tel Script..

Property Editor

Associate ELF Files..,

Generate Memory Configuration File..

Compile Simulation Libraries..

Vivado Store...

Custom Commands ’

Launch VE'%DE

Language Templates

Settings...

© Copyright 2021 Xilinx

& XILINX



In Vitis IDE, go to File — New — Platform Project then click

“Next”

~J PWM_MicroBlaze - Vitis IDE
File Edit Search Xilinx Project Window Help

# | Welcome

W XILINX

a VITIS

PLATFORM

Add Custom Platform

Create Library Project

Import Project

RESOURCES
Vitis Documentation

Xilinx Developer

© Copyright 2021 Xilinx

«f New Application Project O X \

Create a New Application Project D

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 XSA
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 System

Project Project
XSA

« A nlatfarm nrovidec hardware infarmatinn and enftware envirnnmant <ettinne

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

NexlE i Firnsr Cancel
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In the Platform window select “create a new platform from
hardware (XSA)”

« New Application Project O X ’

Platform E

© Pplease select a platform to create the project

i Select a platform from repository . Create Tgw platform from hardware (XSA) A
Find: + Add & Manage

Name Board Flow Vendor Path

< >

Platform Info

| General Info Acceleration Resources Domain Details
\ A~ .
Name: Domains
Part:
Family v
L < Back Next " Cancel

& XILINX
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Browse the XSA file and click “Next”

«f New Application Project 0 X ‘

Platform

O Please select a platform to create the project

i Select a platform from repository . Create a new platform from hardware (XSA) -

Hacdware Specification
Prowvide your XSA file or use a pre-built board description
vck190
vk 190 _es1
vmk 180
-.'m\w,O s
XSA File: 0700 Browse

w706 L}
cu102
2cu106

ed

Platform name

¥4 < Back ' | Cancel

& XILINX
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Set the project name to SP701_MicroBlaze, then set the
system project name to “your board name” system then click
. N eXt” «f New Application Project O X ‘

Application Project Details

Specify the application project name and its system project properties

Application project name: ‘ SP701_MicroBlaze

System Project

Create a new system project for the application or select an existing one from the workpsace @

Select a system project System project details

+Create new...
System project name: | SP701_MicroBlaze_system

larget processor

Select target processor for the Application project.

Processor Associated applications
microblaze 0 SP701_MicroBlaze

2 < Back | Next > ; Cancel

rary Froject & XILINX.
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Click "Next" again to choose the Hello World template and
press “Finish”

«f New Application Project

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

Note: New domain created by this wizard will have all the requirements of the application template selected in the

next step

Select a domain

+Create new...

FANE L

Domain details

Name: standalone_microblaze_0
Display Name: standalone_microblaze_0
Operating System: standalone

Processor: microblaze 0

Architecture: 32-bit

< Back ’ Nett > |

Cancel

X ‘ % Mew Application Project

. Templates

Select a template to create your project.

Available Templates:

Find: =l ::

* Embedded software development templates
Dhrystone
Empty Application (C++)
Empty Application(C)
Hello World
IwlP Echo Server
IwlIP TCP Perf Client
IwlP TCP Perf Server
IwlP UDP Perf Cliant
hwiP UDP Pert Server
mba_fs_boot
Memary Tests
Peripheral Tests
SREC Bootloader
SREC SPI Bootloader

2 < Back

© Copyright 2021 Xilinx

Hello World
Let's say 'Hello World' in C.

Mext > Finis[

Cancel
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Build the hardware by right-clicking Platform — Build Project

~. Explorer = = =
code A
v = indude
n xparameters.h
lib
= libsrc
dep.mk
Makefile
system.mss
= resources
~ platform.spr
platform.tcl
v [® SP701_MicroBlaze_system )
v &1 SP701_MicroBlaze | standalone microblaze 01

il Includes New 2
v @& src Move To System Project...
¢ helloworld.c Paste bris
= platform_cor g Delete Delete
¢ platform.c Refresh FS
n platform.h

e Import Sources.
=i Export as Archive

< SP701_MicroBla “-lgpmied
4 SP701_MicroBlaze._ Cllag? Project

N Iscript.ld

v
< N Generate Linker Script ; >
~Assistant C/C++ Build Settings |
v E1SP701_MicroBlaze_sys Team >
v {2} SP701_MicroBlaze Run As A
hDeliug Debug As >
1 Release
* Debug Properties Alt+Enter

“ Release
mb_presbet_wrapper P (: X”_INXH



Connect the board

Connect power cable to the board and connecta USB micro cable from the board S J5 USB JTAG connector
to the Windows machine : .

Power the board using the HHHE”HHH
power switch, which will
automatically start the
Built-in Self-Test

USB connected to

PC

Power Cable
connected to
power outlet

& XILINX
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Set up Tera Term for serial communication. Under set up,
select serial port

Tera Term: New connection

O TCPHP

@® Serial

X
Xilinx
History
22
Telnet
SSH v n: |SSH2
Other
AUTO
Port: COM10: USB Serial Port (COM10) v
Cancel Help

Wy

© Copyright 2021 Xilinx

T COM10 - Tera Term VT
File Edit Setup Control Window Help

Terminal...

Window...

Font b

Keyboard...

Serial port...
PrOX)I%

SSH...

SSH Authentication...
SSH Forwarding...
SSH KeyGenerator...
TCP/IP...

General...

Additional settings...

& XILINX.



Match the UART speed set in the Vivado UART [P setting
for this project and save the new setting

Tera Terrm: Serial port setup and connection

Port:
Speed:
Data:
Parity:
Stop bits:

Flow control:

COMI10 w .
New setling

115200 v

HLi - Cancel

none w

1 bit ~ Help

none w

Transmit delay

0

msecichar

0 mseciline

Device Friendly Name: USB Serial Port (COM10)

Device Instance ID: FTDIBUSWID_0403+PID_6011+31931107268B
Device Manufacturer: FTDI
Provider Name: FTDI
Driver Date: 8-16-2017
Driver Version: 2.12.28.0

© Copyright 2021 Xilinx
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Launch the hardware by selecting Run as — Launch
Hardware (Single application Debug)

: - .
v [® SP701_MicoBlaze_system et_wrappe 29 * this Software without §
v @SP7(\4 (W PECL | ESSRy SEORERR S SCRSTURE ARy S ROUE, _:\3 v

bPB New )‘ .:l " FEXAEEREE N EXRXXEEREE XX 1

50 Iy Move To System Project... 7
C Paste Ctrl+V 34 * helloworld.c: simple 1
v =5 X Delete Delete 35 ° ' _ _ _
Refresh FS 36 * This application confi

37 * PS7 UART (Zyng) is not
' & Import Sources... 38 * bootrom/bsp configure:
9

« Export as Archive 3
| : _ 4
! Build Project 41 * | UART TYPE BAUD RA
Clean Project 2. *

: 43 * uartnss50 9600
XS N Generate Linker Script a4 uartlite Configur
& ide C/C++ Build Settings 45 ¥ ps7_uart 115200 |
. ‘ 46 */
= Team > | |
( | < -~ /
Run As > Is 1 Launch Har{“yare (Single Application Debug)
 Assistant Debug As » fs 2 Launch SW '$hulator (Single Application Debug) L
v ©25p701 : & 3 Launch Hardware (Single Application Debug (GDB))
- Properties Alt+Enter
R D L e ——— Run Configurations...
& Debug - TSI MELT S -

54 { & XILINX
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Hello World will appear on the serial communication in Tera
Term

«f Progress Information O X '

0 Programming FPGA

55% 1MB 1.9MB/s 772:7? ETA

Cancel

T COMI10 - Tera Term VT — O >

File Edit Setup Control Window Help

Hello World
Succeszsfully ran Hello World application

& XILINX.




Pulse Width Modulation (PWM) application

XILINX.



Under the Source folder in the Explorer window, rename the
Hello-World.c to "PWM.c”

v & SP701_MicoBlaze_system
v & SP701_MicroBlaze
¢ Binaries
wl Includes
Debug
v & SIC
< helloworl -
n platform_ New
¢ platform. Open
n platform. Open With
N Iscript.ld

Copy
X SP701_Miac X Delete
ide Refresh
& SP701_MicroBl:
Source
<
: Move...
« Assistant & Renam
v ' SP701_MicroBlaze. Compare With
v {2 SP701_MicroBl Replace With
Debug
% Release e
! Debug Properties

¥ Dalaaca

q Rename Resource

Ctrl+C New name: pwrmic

Delete
F5

F2 ‘,l

Alt+Enter

© Copyright 2021 Xilinx
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Copy and Paste the PWM code to the C file

» You can access the code under Demonstration steps in:
- http://wiki.xilinx.com/Spartan-7+SP701+Evaluation+Kit+ PWM-+Tutorial

Demonstration Steps

The demonstratien video will cover two quick examples of how to build a system from saratch, The first is 2 Hello World example using MicroBlaze and the second is the PWM application example.

Expand the following section to view the source code for the PWM demo

1y ) 2821, Xilink, Inc.

R erved.

£

a use ree a forms, with or without

5 permitted provided that the following conditions are met:
6 4

7o s of source code must retain the above copyright notice,
E 1 onditions and the following disclaimer.

3 4

18 4 s in binary form must reproduce the above copyright
1 ist of conditions and the following disclaimer in the

12 docunentation naterial vided with the distribution.
13

1@ 4 3 holder nor th of

15 contributors nay b & se or promote From
16 4 this ior written

17 0

18 WARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS “AS IS

WARRANT INCLU

ERCHANTABILIT!
SHALL THE COPYRIGHT HOLDER OR
» INDIRECT, IMCIDENTAL, SPECIAL,

v AKD

21 U PURP

22 I CONTRD

E LIABLE FOR ANY DIl
ARY, OR CONSEQUENTI
EMENT OF SUBSTITUTE G
INESS INTERRUPTION).

INCLUDING, BUT NOT L
LOSS OF USE, DATA, OR FROFT

EORY

LIABILITY,

USED AND ON ANY TI
NCE OR

LUDING
OF THIS SOFTWARE,

T LIA » OR TOI
NG IN ANY WAY OUT THE
OF SUCH DaM

IN CONTR

IF

I OTHERWISE) ARIS
OF THE POSSIBIL

oAy

Head,

Uinelude <stdio.h

331 linclude "p

linclude

Uinclude "

& XILINX
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http://wiki.xilinx.com/Spartan-7+SP701+Evaluation+Kit+PWM+Tutorial

Right-click on the application project and select build

v [& SP701_MicroBlaze_system | mb preset wrapps
v {2 SP701_MicroBlaze [ sten~lans miceaklaea A0

& Binaries New de!
3 Includes Move To System Project...
o Debug Paste CtrisV
v & SIC X Delete Delete
& platform_config Refresh F5

& platform.c s Import Sources..,

& platform.h «— Export as Archive
& pwm.cC
P Build Projeqe_
<
i Clean Proj -
& Assistant

N Generate Linker Script |
v ESP701_MicroBlaze_systen C/C+ + Build Settings |
v {9 SP701_MicroBlaze [Ap |

“ Release Run As >
* Debug Debug As >
“ Release 5
, Properties Alt+Enter
mb_preset_wrapper [Platfo...,

& XILINX
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Open Tera Term again and set up the serial communication

Make sure that the board I1s connected

Tera Term: New connection

O TCPHP

@® Serial

X
Xilinx
History
22
Telnet
SSH N: | SSH2
Other
AUTO
Port: COM10: USB Serial Port (COM10) v
Cancel Help

Wy

© Copyright 2021 Xilinx

T COM10 - Tera Term VT
File Edit Setup Control Window Help

Terminal...

Window...

Font b

Keyboard...

Serial port...
ProxJ,%

SSH...

SSH Authentication...
SSH Forwarding...
SSH KeyGenerator...
TCP/IP...

General...

Additional settings...

& XILINX.



Right-click on the platform and select Run as — Launch
Hardware to program the FPGA

v & SP701_MicroBlaze_system ;et_wrapper fi }
v {2 SP701_MicroBlaze [ standal-~- —r;;;“--- o : 37 while (1) {
¢ Binaries 38
o Includes Move To System Project... 39 xil_printf ("Enter Duty Cycle in Byte
2 Debug Paste CtileV 40 /* UART-Lite Function used to capture
4 = i
PG X Delete Delete 4{ DutyCycle = XUartLite_RecvByte(UARTB:
& platform_config.h Refresh F5 43 /* Since Key strokes are represented
& platform.c 2 Import Sources... a4 corresponding pressed key hence cc
® platform.h < Export as Archive §45 DutyCyclePercentage = (DutyCycle - '€
46 PwmHighTime = DutyCyclePercentage * 1
£ pwm.c g : v
— Build Project ! 47
« Assistant Clean Project 0 (|48 xil_printf("Duty Cycle is now: %d \n)
— || §49
v *SP701_MicroBlaze_system [SyS R Generate Linker Script 50 /* Pwm Configuration */
v (& SP701_MicroBlaze [Applicat C/C++ Build Settings 51 XTmrCtr_PwmDisable(&TimerDriver);
¢ Debug 52 XTmrCtr_PwmConfigure(&TimerDriver, Pu
: Team > | EE XTmrCtr_PwmEnable(&TimerDriver);
Release |
¢ Debug Run As > i 1 Launch Har (Single Application Debug) |
& Rileiva Debug As y 1 2 Llaunch SW lator (Single Application Debug) '
2 Platfors fa 3 Launch Hardware (Single Application Debug {GDB))
B mb_preset wrapper Properties Alt+Enter \
Run Configurations... .
_,,’.:ak,,f_

& XILINX
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In Terminal, enter duty cycle

T COMI0 - Tera Term VT — ] ey
File Edit 5Setup Control Window Help

PWM Test Successfully Started
Enter Duty Cycle in Bytes:
Duty Cycle is now: 58

Enter Duty Cycle in Bytoz:

& XILINX.
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In Vivado, to view the Integrated Logic Analyzer (ILA), select
Hardware Manger then “Open target” and “Auto Connect”

* PROGRAM AND DEBUG

¥ Generate Bitstream
~ Open Hardware Manager

Open Target

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

&  Auto Conn
Hardware

Recent Targets

Open New Target.

© Copyright 2021 Xilinx

& XILINX



50% duty cycle waveform will be shown

Waveform - hw ila_1
Q + d P D B B & Q|| ¥ | o <) of - &
ILA Status: Idle

Name Value

e axi_ti..0_pwm0O

Updated at: 2021-Oct-13 06:00:38

& XILINX.
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Change the duty cycle to 10%, refresh the waveform and
run again the waveform will be updated

Duty Cycle is now: 5@
Enter Duty Cycle in Bytes:
Duty Cycle is now: 18

Enter Duty Cycle in Bytes:

Waveform - hw ila_ 1
Q|+ e P D> B B Q Q X ¥ <o |4 ) o of = o
ILA Status: Idle

Name Value

o axi_ti..0_pwm0O} 0

Updated at: 2021-0ct-13 06:01:02

& XILINX.
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Apply the same steps for 90% duty cycle

Duty Cycle is now: 58
Enter Duty Cycle in Bytes:
Duty Cycle is now: 16

Enter Duty Cycle in Bytes:
Duty Cycle is now: 78
Enter Duty Cycle in Bytes:

Waveform - hw ila_1

Q <+ s > » N 3 Q[ Q| e | W |- <« + of | &
ILA Status: Idle :
Name Value

@ axi_ti..0_pwmOjJ 0

Updated at: 2021-Oct-13 06:01:17

& XILINX.
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Conclusion

» In this tutorial:

W e used Vivado example projects to built a customizable 32-bit embedded processor
Used Vivado IP Integrator to quickly add PWM IP block from IP library

Built the entire design without writing any RTL code

Used Vitis to validate operational Microcontroller by running Hello-World

Create and ran PWM code to change pulse-width of output signal

» PWMSs are valuable in many designs as lighting, motor control, power supply
control and much more

» Xilinx enables the ability to connect as many PWMs as I/Os are available

» This design can be used as a building block for you to start your own design

& XILINX.
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Availlable Resources

Collateral

MicroBlaze Soft Processor Core
Product Page

MicroBlaze Getting Started Wiki Page

Spartan-7 Product Brief

White Paper: Spartan-7 Family
Cost Optimized FPGAs and SoCs
Unboxing SP701 FPGA Evaluation Kit

MicroBlaze Quick Start Video

54

Tutorials & Guides

Quick Start Guide: MicroBlaze Soft
Processor for Vitis 2021.1

MicroBlaze Processor Reference Guide

Embedded Processor Hardware Design

in Vivado Tutorial

Creating and Packaqging CustomIP in
Vivado

© Copyright 2021 Xilinx

AARA]

Workshops & Trainings

No hardware experience? No problem!
Xilinx MicroBlaze processors are for

€veryone.
Arty-S7 Workshops:

» Part 1: Learn about Xilinx FPGAs and
Embedded Processing

» Part 2: Building a Custom Microcontroller in
Minutes

» Part 3: Rapid Sensor Prototyping with Digilent
Peripheral Modules

Embedded System Design Training

Sensor Fusion at the Edge with Spartan-7

& XILINX



https://www.xilinx.com/support/documentation/quick_start/microblaze-quick-start-guide-with-vitis.pdf
https://www.xilinx.com/content/dam/xilinx/support/documentation/sw_manuals/xilinx2021_1/ug984-vivado-microblaze-ref.pdf
https://www.xilinx.com/content/dam/xilinx/support/documentation/sw_manuals/xilinx2021_1/ug940-vivado-tutorial-embedded-design.pdf
https://www.xilinx.com/content/dam/xilinx/support/documentation/sw_manuals/xilinx2021_1/ug1118-vivado-creating-packaging-custom-ip.pdf
https://www.xilinx.com/products/design-tools/microblaze.html
https://www.xilinx.com/support/documentation/product-briefs/spartan-7-product-brief.pdf
https://www.xilinx.com/content/dam/xilinx/support/documentation/white_papers/wp483-spartan-7-intro.pdf
https://www.xilinx.com/products/silicon-devices/cost-optimized-portfolio.html#portfolio7series
https://www.xilinx.com/video/fpga/unboxing-spartan7-sp701-fpga-evaluation-kit.html
https://www.xilinx.com/video/software/microblaze-quickstart-video.html?mkt_tok=NDA5LVdZWC03MjQAAAGBL3IlOAACh2Db_DpVoWk2_36ndxmZp7HbRRM_RAoSBJoJj6RW7Hm3FLx8W5EADOt92KpEtH0QHpr8joaRgVvMJpFDsayQ4JiItjQ1B_CN
https://event.on24.com/eventRegistration/EventLobbyServlet?target=reg20.jsp&partnerref=twitter&eventid=1865744&sessionid=1&key=353FBD783E4692E35FD44F447CFC7C47&regTag=&sourcepage=register
https://www.element14.com/community/events/5640/l/arty-s7-workshop-part-1-learn-about-xilinx-fpgas-and-embedded-processing
https://www.element14.com/community/events/5643/l/arty-s7-workshop-part-2-building-a-custom-microcontroller-in-minutes
https://www.element14.com/community/events/5644/l/arty-s7-workshop-part-3-rapid-sensor-prototyping-with-digilent-peripheral-modules
https://xilinxprod-catalog.netexam.com/Search?searchText=Embedded+Systems+Design
https://www.avnet.com/wps/portal/us/resources/training-and-events/event/sensor-fusion-at-the-edge-with-spartan-7/
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