Costruzione di un SoC con periferica personalizzata

Creare un Progetto in vivado senza selezionare “Project is an extensible vitis platform”

(molte guide dicono di selezionare queta opzione, ma non & compativile con I'ultima versione di
VITIS)

E Mew Project

Project Type
Specify the type of project to create

» RTLProject
You will be able to add sources, create block designs in IP Integrator, generate IP, run RTL analysis, synthesis, implementation, design plann

| Do not specify sources at this time

Projectis 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 a Vivado project from a Synplify Project File

Example Project
Create a new Vivado project fram a predefined template

Selezionare la scheda di sviluppo (basys 3) e modificare nelle proprieta il default in “vhdl”

(Tools->settings->general)

e

[V — e
Settings X
o General
Project Settings Specify values forvarious settings used throughout the design flow. These setings
General apply to the current project.
= Simulation
Elaboration MName: uB01
ign Sourc
straints Synthesis Project device: B Basys3 (xc7a25tcpg236-1) lz‘
- Implementation
ulation S¢ -
aim Bitstream Target language: Verilog ' |
So_un:e‘ > P Default library. VHDL
B 1 Verilog
Tool Settings Top module name:
i P _ -
\P Defaults Language Options
> Vivado Store -
i VHOL Options: vhdl_version=VHDL 2K E‘
Source File
Display Verilog options verilog_version=Verilog 2001 E‘
Help GenericsiParameters: E‘
> Text Editor -
Loop count. 1,000 5

3rd Party Simulators
Colars

Projectis an extensible Vitis platform
Selection Rules

Shortcuts

Strategies

Window Behavior

@

e | Mej

In “IP integrator” scegliere “create block design” e dare un nome.



| Product family: Artin-7
Create Block Design >
ir
| Please specify name of block design.
Design name: LuBS0C01
Directory: « =Localto Project= d
Specify source set: Design Sources o
.
Ir'_:;\l
.y OK Cancel
.t
¥
1 |
Trascinare System Clock nella finestra “Diagram”.
Sources | Design Signals Board x ? 00 Diagram
G T 2 W K oM 0 Q +
|H Basys3 by * Designer Assistance available. Run Conneaction Automation
~ [ Clocks (1 out of 1 connected)
» System Clock
~ [ External Memory (0 out of 1 connected)
¥2 QSPI Flash
~ [ GPIO (0 out of 5 connected)
¥ 4 Push Buttons A
Board Component Properties ? 00X
» System Clock - f o)

Descriotion: 100 MHz Svstem Clock

Trascinare sulla finestra anche “reset signal”,

Sources Design

Q = & »

e

Signals Board s ? 0O

FMoa (U oul o7 4 connecied)
K2 Connector JA

K2 Connector JB

¥ Connector JC

K3 Connector JXADC

W Reset (1 out of 1 connected)

» Reset Signal (BTMNC)

che automaticamente portera a questa situazione:

sys_clock [

B 4 C o

— Default View

clk_wiz_0

clk_outi
locked

Clocking Wizard



m O Q + ¥ *» C 9 Default View v

clk_wiz_0

reset [»——== reset clk_outt
sys_clock [p——= clikint locked

Clocking Wizard .

Aggiungiamo il la CPU micoblaze facendo attenzione a mettere una memoria adeguata (almeno 32k,

meglio 64k). Per ottenere questo risultato, fare click sul segno “+” nelle icone della finestra
“diagram”.

51 Diagram
oM 0 Q + ® * C
~
Search: Q- Wicy (3 matches)
T MicroBlaze —
T MicroBlaze Debug Module (MDM) raset <
N - [——= res
MicroBlaze MCS slock [——= clk
X =
-3

Diagram ¥ Address Editor x

?
e 6 = M 9 Q + [ Cc o Default View ~
N # Designer Assistance available. Run Block Automation
microblaze_0
|Il+ INTERRUPT )
|||+ oesus M Bl o= owe || S C D
Clk ILMB
reset |C rO aze W " reset clk_o
Reset i
¢ sys_clock clk_in1 lack
MicroBlaze —————
Clocking Wizz

System Net: reset_1

Dopo l'inserimento, per scegliere la memoria e ottenere la connessione automatica col clock, fare
click su Run Connection Automation. Selezionare anche “Interrupt Controller” e verificare che
Peripheral AXI port sia “enabled”.



Automatically make connections in your design by checking the boxes of the blocks to connect Select a block on the left to display its configuration options on the right

~ [ All Automation (1 out of 1 selected)

v

Run Block Automation

T microblaze_0

Description

MicroBlaze connection automation generates local memaory of selected size, and caches can be configured
MicroBlaze Debug Module, Peripheral AXl 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 MNone ~
Local Memary 64KB v
Local Memory ECC MNone v
Cache Configuration Mone w
Debug Module Debug Only v
Peripheral AXl Port Enabled ~

[+ Interrupt Controller

Clock Connection Ielk_wiz_0/clk_outt (1

cT



Al termine si ottiene:

Diagram  x Address Editor X 280
Q@ e ¥ B o Qa S|+ E * C o Default View v &
microblaze_0_local memary
ous
mam 1 [+ e
e
weosauc o 4| e
cetiaze_0_a_poren
Block: mi - B
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s . T e
L aresaer -
+H1
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MicroBlaze ™ | e+t L
Reset o »

=y

microbiaze 0 icancat
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Inseriamo alcune periferiche predefinite dal menu “Board”.
Inseriamo “uart lite”, Inseriamo la porta per i led (16 led) e quella per gli switch (16 switches).

Nota che queste ultime due convergono automaticamente in una singola porta GPIO come in figura:

vagram  x Address anor
@ a X E O Q s + & # C o Default View -

¥ Designer Assistance available. Run Connection Automation

axi_gpio_0

clk> B8 GPIo =+ |}

DL ||1D led_16bits

9 s_axi_aresetn "L dip_switches_16bits
AXI GPIO

axi_uartlite_0

UART + || usb_uart

interrupt

s_axi_aresetn
AXI Uartlite
microblaze_0_axi_periph
;
ii[4 S00_AXI
ACLK
< >

Facciamo click su “Run connection automation” e selezioniamo “all automation”, quindi next.

3 El Run Connection Automation

| Automatically make connections in your design by checking the boxes ofthe interface:
the right.

Q = =
2\ All Automation (2 out of 2 selected)

axi_gpio_0
) 4k s_ax
~ [¥) 9 axi_uartlite_0
) T s_ax

v

Ora aggiungiamo una periferica “vuota” che poi modificheremo. Definiamo per il momento due
porte (di ingresso e di uscita). Clock e reset sono previsti automaticamente.



Per ottenere questo risultato selezionare “Create and Package New IP” in Tools.

[ow Tools Reports Window Layout

[¥ validate Design

- Create and Package Mew IP...

AGER Create Interface Definition...

Enable Dynamic Function eXchange...

o Eun Tcl Script...

Pronerty Fditar

Create and Package New IP

AMDZA
Vivado

ML Edition

Create and Package New IP

This wizard can be used to accomplish following tasks:

Package a new IP for the Vivado IP Catalog

Wiew Help

yard

This wizard will guide you through the process of creating a new Vivado IP using source files and information fram

your current project, block design or specified directory,

Create a new AX4 Peripheral

This wizard will guide you through the process of creating a new AXI4 peripheral which includes HDL, driver,
software test application, IP Integrator VIP simulation and debug demonstration design

Click Next to continue

Selezionare “Next”.

Cancel



Create and Package New IP

Create Peripheral, Package IP or Package a Block Design

Pleaze select one of the following tasks.

Packaging Options

7y Package your current project
Use the project as the source for creating a new IP Definition.

" Package a block design from the current project
Choose a block design as the source for creating a new IP Definition.

Select a block design:

™y Package a specified directory
Choose a directory as the source for creating a new IP Definition.

Create AXI4 Peripheral

El

@ ECreate a new AXl4 peripheral
iCreate an Axl4 1P driver, software test application, 1P Integrator AX14 VIP simulation and debug demonstration design.

-~

P

Selezionare “Create a new AXI4 peripheral”, quindi Next.

Create and Package Mew IP

Peripheral Details

Specify name, version and description for the new peripheral

Cancel

Mame: |miaper|

Version: 1.0

Display name: miaper_v1.0

Description: My new AX] IP

IP location: Cifxiliny_cc/ublazeiuB01/. fip_repo

[ overwrite existing

Py

Dare un nome, quindi Next.

Cancel



Create and Package New IP

Add Interfaces
Add AXI4 interfaces supported by your peripheral

|_| Enable Interrupt Support + = Name S00_AXI
Interfaces Interface Type Lite
(I s00_AXI
Interface Mode Slave
Data Width (Bits) 32
¢ ¢ Memaory Size (Bytes)
| — S00_AX] Mumber of Registers |4
== ¥ H
miaper_w1.0
If_\l
S

Verificare che le selezioni siano come nella figura sopra, quindi Next.

Create and Package Mew IP

AM D n Create Peripheral

ViVEdD Peripheral Generation Summary

ML Edition 1. 1P (xilinx.com:usermiaper:1.0) with 1 interface(s)
2. Driver(v1_00_a) and testapp more info
3. AXl4 VIP Simulation demonstration design more info

4. AX14 Debug Hardware Simulation demonstration design more info

Peripheral created will be available in the catalog :
C:Xiling_cclublaze/uB01! fip_repo

MNext Steps:
() Add IP to the repository

(®) Edit 1P
() Verify Peripheral IP using AXl4 VIP

() Verify peripheral IP using JTAG interface

Click Finish to continue

|f \l
\Z/ = Back

[4.512)

Cancel

Scegliere “Edit IP”, quindi Finish. A questo punto si apre una nuova finestra vivado.



Sources ? 0B X
o =z = + 0 0 &
~ Design Sources (2}
V@ 'liaperJLD(a!dLimp) (miaper_vi1_0vhd) (1)
@ miaper_v1_0_S00_AXI_inst: miaper_v1_0_S00_AXI(arch_imp) (miaper_v
> [ IP-XACT (1)
» [ Constraints

R Cimulation Caoreae (40 A

Hierarchy = Libraries  Compile Order

Source File Properties ?_00E X
@ miaper_v1_0vhd - - O
~
Enabled
Location: ciiliny_ceiublazefip_repo/miaper_1_0/mdl
Type: VHDL II‘

Properties

General

Tcl Console Messages Log

Reports

Design Runs X

Project Summary

Packaging Steps

Iy

3

Iy

Identification

Compatibility

File Groups

Customization Parameters

Ports and Interfaces

Addressing and Memory

Customization GUI

Review and Package

» Package IP -miaper  x

Identification

Vendor xilinx.com
Library: user

MName: miaper
Version: 1.0

Display name: miaper_v1.0
Description: My new AX| IP

Vendor display name:

Company url
Root directory: c.fXilinx_cc/ublazelip_repo/miaper_1_
Xml file name: ciXilink_cciublazelip_repo/miaper_1_
Categories

+ =t &

Aprire la top entity e modificarla aggiungendo le due righe relative a JA e JB.

3 entity miaper vl 0 is
. generic |

(=]

@

a
9 . -- User parameters ends

10 .

11 E

12

13 3 -- Parameters of Axi

14 E C_500_a¥T DATA WIDTH g
15 C_500_a¥T ADDE WIDTH :
16 IH

17 port | integer =4
gz -- Users to add ports here
19 :

21

22 E -- User ports ends

-- Users to add parameters here

Do not modify the parameters beyond this line

Dopo aver salvato, selezionare Review and package. Quindi fare click su “Re-Package IP” dopo aver

fatto il “Merge” dei cambiamenti.



b 4 Project Summary » Package IP - miaper » miaper_v1_0.vhd » | Basys-3-Masterxdc * »
[« 3
= Packaging Steps Review and Package
Identification Zf IP has been modified. 1 warning 2info messages
< Compatibility Summary
Display name: miaper_v1.0
o 2 File Groups play Pel-
5 Description: My new AXl IP
#  Customization Parameters Root directory:  c¥iling_colublazefip_repoimiaper_1_0
s Pors and Interfaces Edit IP Project Changes
X
& < Addressing and Memaory Merge project changes to File Groups Wizard Merge changes
Merge project changes to Customization Parameters Wizard Merge changes
= y -
¢ Customizatian GUI Merge project changes to Ports and Interfaces Wizard Merge changes
~# Review and Package Merge project changes to Customization GUI Wizard Merge changes
Aftar Packaninn
o Re-Package IP

Completata I'operazione, rispondere “yes” quando viene chiesto di uscire:

Lo B e o R B

_ Close Project x

o Finished packaging ‘'miaper_v1.0° successfully.
Package IP Location: c:/Xilinx_ccfublazefip_repo/miaper_1_0

Do you want to close the project?

Mo

A questo punto si ritorna nella finestra vivado originale.

Aggiungiamo la periferica appena generata (che non fa nulla, perché non abbiamo specificato nulla)
e inseriamola nella finestra.

Attenzione! Il nome della periferica & cambiato nel frattempo: per un errore ho dovuto rifare tutto
daccapo.
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[m Diagram  x Address Editor x

@ | ;T x» a o £ 4 ® #* C
My * Designer/ Search: |- cc_j {1 match)
cc_ip_00_v1.0

=0

[ X ‘

A questo punto “Run connection automation”.

WO Q s+ = 2,

cc_ip 00 0 —

et 4 S00_AXI
JAT0]
s00_axi_aclk

s00_axi_aresetn

cc_ip_00_v1.0 (Pre-Production)

Selezionare una per una le porte di uscita e di ingresso e scegliere “make external”.

A questo punto bisogna considerare che periferiche inserite dalla sezione “Board” contengono la
corrispondenza fra le porte e i piedini della FPGA. Perd questo non vale per l'ultima interfaccia. A
guesto punto bisogno includere il file di constraints, limitatamente alle righe relativa a JA e JB.

Inseriamo infine un timer per rendere possibile un interrupt cadenzato. Non usiamo i pin addizionali:

= axi_timer 0
- '\.
[+ 5 _AX
- capturatrigl generatasutl |jm
= capiuretrigi genaratecut] |
= freaze pwrnl e
s_axl aclk intermupt
&_axi_aresein
y
AXI Timer

Collegare I'interrupt della seria uart e del timer all’interrupt controller.

A questo punto bisogna creare un HDL wrapper come in figura>
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BLOCK DESIGN - design_1*

Q = =

e Design Sou
5] desig

> Constraints

A Simulation ¢

Source File Prope

design_1.bd

Enabled

General Prope

Tcl Console *
Q =
= v

apply bd aul
Slave segme!

Create HDL Wrapper

Y¥ou can either add or copy the HDOL wrapper file to the project. Use copy

Sources » Design

+

v

Signals Board

Source Mode Properties..
Open File
Open With

Create HDL Wrapper...
View Instantiation Template
Generate Output Products...
Reset Output Products...

Remove File from Project...

Disable File

Hierarchy Update
Refresh Hierarchy

IP Hierarchy

option if you would like to madify this file.

Options

4

() Copy generated wrapper to allow user edits

(®) Let Vivado manage wrapper and auto-update

Infine bisogna generare il bitstream.

Al termine esportare |I’hardware:

Diagram ¥ Platform Setup

@ a ¢ = © Q

microblaza_0

DLME

licroBlaze®  we

M_AXI_DP -

MicroBlaza
mdm_1

0 4+l
Deiug SYS Ret ——————————

zroBlaze Debug Module (MDM)

‘ig { Clk_master {/clk wiz 0/clk
| into address space '"/microblaz

N e
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L LU T [l AA_ L LIEASS LU 1 UL LA | T VWAL S s

Eile Edit Flow Tools Reports Window Layout View Help
o
Project y | ® B b, b 8 X

| Add Sources... BLOCK DESIGN - uBSoC01

Sources * Design Signals Boar

Q= & + =

Close Block Design ~ VHOL ()

Save Block Design As..

¥il_defaultlib (1)

@ uBSoC01_wrappervhd
v Block Designs (1)

[ » oo [E uBSoCO1 (1

P y |2 Block Sources (1

Checkpoint 3

Hierarchy IP Sources Libraries C

Text Editor
Svnthesis Run Properties
Export Export Hardware. ..
Erint... Export Block Design...
. Export Bitstream File...
1 Exit
| Export Simulation...
P Run Linter |

General Properties Options Log
» Open Elaborated Design

Si faccia attenzione a includere il bitstream:

Export Hardware Platform X
Output
Set the platform properties to inform downstream tools of the intended use of the target platform’'s hardware design. I

O 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

Export Hardware Platform X
Files
! Enterthe name of your hardware platform file, and the directory where the XSA file will be stored I§

XSAfile name: uBSoCO01_wrapper

Exportto: Cu/ilinx_celublaze/uBol E‘

The XSA will be written to: C:Wilinx_cclublaze\uB01\WBSoC01_wrapperxsa

A questo punto si pu0 aprire vitis.

13



x_cc/ublaze/uB01/uB01.xpr] - Vivado 2023.2.2

Flow  Tools Reporis Window Layout  View Help Q- Qu

[ validate Design

m Create and Package Mew IP

Create Interface Definition.

Board
Enable Dynamic Function eXchangs...
s Run Tel Seript...
Templ{ Property Editor
! Associate ELE Files... vhd
Generate Memory Configuration File
E Compile Simulation Libraries...
tck Des Vivado Store
*k Desig Custom Commands .
Biock ) Launch Vitis IDE
Q'  Language Templates
£+ Seftings

TS T

w

Dentro vitis, per prima cosa aprire un workspace.

Quindi creare un platform component

The workspace has no
recognizable Vitis components.
Start by creating a component
from scratch or from examples.

Create HLS Compt

Create Application Component

Create Platform Component

tion

Name and Location

Choose a name for your component and specify a directory where component data files will be stored

Component location ublaze\uB01 \witisws Browse

Component will be created at C:\Xilinx_cc\ublaze\uB01\witisws\platform

Fare next e poi scegliere I'hardware appena esportato:

14



Create Platform Component

Name and Location >

Select Platform Creation Flow

Create a platform component by selecting the hardware design and add software domains.

Hardware Design Existing Platform

Hardware D Select hardware design

Create Platform Component

Name and Location > » OS and Processor >

Select Platform Creation Flow

Create a platform component by selecting the hardware design and add software domains.

Hardware Design Existing Platform

uB01\wB50C01_wrapper.

Browse

A questo punto vitis carica la piattaforma e ricava informazioni sul tipo di piattaforma e sul

processore:

Create Platform Component

Name and Location > Flow > » Summary

Select Operating System and Processor

Specify the details for the initial domain to be added to the platform component. More domains can be added ang

the platform editor.

Processor: microblaze_0 i

Dopo la creazione della piattaforma (processo lento), fare build della stessa.

Al termine si crea una applicazione partendo da hellop world negli esempi.

15



Terminal Help Vitis

T\ Welcome | [ HelloWorld ~~ {} vitis-compjson

Hello World

Let’s say ‘Hello World® in C.

ID hello_world
Hierarchical name hello_world

Hide Details

Hiee e Supported OS List:

standalone

Supported Processor List:

psv_cortexa/2

psv_cortexrs
Create Application Component - Hello World
> Hardware >

Name and Location

Choose a name for your component and specify a directory where component data files will be stored

Component name hello_world

Component location

Component will be created at C:\Xilinx_cc\ublaze\uB01\witisws\hello_ world

16



Create Application Component - Hello World

» Hardware >

Name and Location

Choose a name for your component and specify a directory where component data files will be stored

Component name hello_world

Component location

Component will be created at C:\Xilinx_cc\ublaze\uB0T\witisws\hello_world

Create Application Component - Hello World

Name and Location 3 > Domain >

Select Platform

Platforms supporting the selected example from your repositories. To create a new platform, use "File > New Comy

C\Xilinx_cc\ublaze\uB01 Wwitisws\platform\export\platfor _ilinx_c\ublaze\uB)

m

® platform Embedded xilimecom  ...eWBO1\witisws\plg
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Create Application Component - Hello World

Name and Location > Hardware > > Summary

Select Domain

Choose a domain from the available domains in the platform

Name Details

standalone_microblaze_0
MName standalone_microblaze 0

+ create new...
Display Name standalone_microblaze_0

05 standalone

Processor microblaze_0

Create Application Component - Hello World

Name and Location > Hardware > Domain >

Summary

The following new application component will be created

Name hello_world

Workspace CAXilime_ccwblaze\uB01 Wwitisws
Component directory CAXilin_cc\ublaze\uB01 Wwitdsws\hello_world
Platform platform

Domain standalone_microblaze 0 (05=tandalone, Processormicroblaze 0)

Dopo aver fatto il build di “hello world”, si puo fare run con la scheda basys collegata. Con un
programma terminale aperto sulla com utilizzata dalla BASYS 3 si deve leggere:

“Hello World
Successfully ran Hello World application”.
Ogni volta che si preme il pulsante di reset, sul terminale vengono nuovamente scritte le due frasi.

A questo punto si puo usare hello world per la scrittura del proprio software. Ovviamente occorre
anche modificare la periferica per aggiungere quanto necessario a farle svolgere la funzione che
desideriamo.
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