RISC-V tutorial

This tutorial will guide you to implement the RISC-V “neorv32” processor on the Zybo Z7 board and set the RISC-V compiler toolchain on Ubuntu.
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You can find additional information for the NEORV-32 microarchitecture in the following links
https://stnolting.github.io/neorv32/
https://stnolting.github.io/neorv32/ug/

https://github.com/stnolting/neorv32/tree/v1.7.2

Hardware implementation

® First, we should download the VHDL source code of the NEORV-32.
® Open a terminal and type the following:

cd
nkdir -p wsp
cd wsp

git clone https://github.conlstnolting/neorv32.git
cd neorv32/
git checkout v1.8.0

® Beautiful, we now have the source code for NEORV-32. Let's open Vivado to implement the processor
® Open Vivado

cd

cd wsp

nkdir -p vivado_projects

cd vivado_projects

source /opt/ Xilinx/Vivado/ 2016. 4/ setti ngs64. sh
vi vado &


https://stnolting.github.io/neorv32/
https://stnolting.github.io/neorv32/ug/
https://github.com/stnolting/neorv32/tree/v1.7.2

® Create a new project. Click from Vivado menu File New project and click on the next button

New Project

Create a New Vivado

VIVADQ! Frole<t

HLx Editions This wizard will guide you through the
creation of a new project.

To create a Vivado project you will

o d need to provide a name and a
L XI LINX location for your project files, Next,
ALL PROGRAMMABLE. you will specify the type of flow you'll

| Mext = Cancel

® Type neorv32 as the project name

New Project

Project Hame

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

Project name:  |neorv32|

Project location: |fhomeﬁretaﬁwapmiuadu_prcjects

[ Create project subdirectory

Froject will be created at: /homefretziwspfvivado_projectsineonaz

| <Back || Next = Cancel

® Choose the RTL project



New Project

Project Type
Specify the type of project to create. '

@ RTL Froject
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
design analysis, planning and implementation.

= Back || Mext = Cancel

® Choose as target language VHDL and click on the Add Directories button to add the VHDL source code of the NEORV-32

® Choose the Directory / hone/ fretz/wsp/ neorv32/rtl/core/
L]



Add Source Directories

Recent: | 1 fhomefretziwspivivado_projects v| POHOE B L RDIDEH

Directory: |fh0mef‘fretawspmecwﬂfrtlfcnre

) cdrom
] dev
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[LJ home
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[LJ Documents
[LJ Downloads
o shap
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& ) mem
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o J systemn_integration
o J test setups
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Select H Cancel ]

® Click on the Add Files button to add one more source code. Choose / horre/ fr et z/ wsp/ neorv32/rtl/test _set ups
/ neorv32_test_setup_boot| oader. vhd and click on the OK button



Add Source Files

Look in: |Utest_setups E“ TR BBy DXKE

i neorva2 test setup approrn.vhd Recent Directories

¥ neory32_test_setup_bootloader.vhd | | fhomeffretziwspineorya2/rtiftest_setups
v neorv32_test_setup_on_chip_debugger.vhd

File Preview

File name: |neow32_test_setup_approm.vhd |

Files of type: |Design Source Files (.vhd, vhdl, vhf, vhdp, vho, v, uf, verilog, vr, vg, vb, tf, vlog, vp, vm, veo, vh, h, svh, vh

0] H Cancel |

® Tick the Scan and add RTL include files into the project, and finally click on the NEXT button

New Project

Add Sources

Specify HOL and netlist files, or directories containing HOL and netlist files, to add '
to wour project. Create a new source file on disk and add it to your project. You can

| Index | Hame | Library | HOL Source Far |
-+
@1 core ®il_defaultlib Synthesis & Simulation ~ jhor

whl 2 neorvd? test setup bootloaderwhd xil_defaultlib Synthesis & Simulation = /haor

Kl | [*]

Add Files | | Add Directories | | Create File

K4 [Scan and add RTL include files into project
[] Copy sources into project

] add sources from subdirectories

Target language: |WwHDL - Simulator language:

= Back || Mext = ]

® Click next on the Add Existing IP (optional)



New Project

Add Existing IP {optional}

Specify existing configurable IP, DSF composite, and Embedded sub-design files to '
add to your project,

+

Use Add Files or Add Directories buttons below

Add Files | | Add Directories

| = Back || Ricut = l Cancel

® Click on the Add Files on the Add Constraints window

New Project

Add Constraints {optional)
Specify or create constraint files for physical and timing constraints,

+

Use Add Files or Create File buttons below

| Add Kes || Cregte File

= Back || Mext =

® Choose the / hone/ fr et z/ wsp/ Downl oads/ di gi | ent - xdc- mast er/ Zybo- Z7- Mast er . xdcand press the OK button



Add Constraint Files

Loak in: |Udigi|ent-}{dc-master El ¥ ‘.}

Y Arty-A7-35-Master.xdc B4 Zedboard-Master.xdc Recent Directories
B5 Arty-A7-100-Master.xdc B Zybo-Masterudc | | thome/fretzpmsp/neora2irtlitest_setups
B Arty-Masterxde Y Zyko-Z7-Masterxde
By Arty-57-25-Master.xdc

5 Arty-57-50-Master.xdc

B Arty-27-10-Master.xde

By Arty-Z7-20-Master.xde

4 Basys-3-Master.xdc

94 Crod-A7-Master.xde

B4 Crmod-S7-25-Master.xdc

0y Cora-Z27-075-Master.xdc

44 Cora-Z7-10-Master.xdc

B4 Eclypse-Z7-Master.xdc

B4 Genesys-2-Master.xdc

Iy Genesys-ZU-3EG-D-Masterxdc
B Genesys-ZU-3EG-Master.xdc
Iy Genesys-ZU-5EV-D-Master.xdc
] License.txt

B4 Mewys-4-DDR-Master.xde

By Newys-4-Master.xde

By Nexys-A7-50T-Masterxde

B4 Mewys-A7-100T-Master.xdc

I% Mesys-Wideo-Master.xdc

|_] README.rmd

B4 Sword-Master.xdc

B USE104-A7-100T-Master.xdc

File Preview

File name: |Zyb0—2?—Master.}{dc

Files of type: |AII Files

OK H Cancel ‘

® Tick the copy constraints files into project and click the Next button



New Project

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

+ Constraint File | Location |
4 By Zybo-Z7-Master.xdc /homeffretziwsp/Downloads/digilent-xdc-master

Add Files | | Create File

KA |Copy constraints files into project

= Back || Mext = Cancel

® Click on Boards



New Project

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

Select: | & Parts ||E B:.grds|
4 Filter

Product category,  |all Speed grade: | All
Farnily: all Temnp grace:  |aAll

Package: All

| Reset All Filters |

Search: | E|

| /0 Pin ‘ Block

- ‘ — | FlipFlops GTAEZ |Gb _ | fosailable ‘ LuT

Count RAMS Transceivers| Transceivers| 10Bs Elements
G %cT7z010clg400-1 400 B0 35200 0] 0 100 17600
i ne72010iclg225-1L 225 20 35200 54 17600
& xc72010icigd00-1L 400 B0 35200 100 17600
i ne720125clgdas-2 485 120 68800 150 34400
@ nc720125clga85-1 485 120 58800 150 34400
& %c7z0145cig400-2 400 170 81200 125 40600
@ ne720l4sclgann-1 400 170 81200 125 40600
@ ®cT7z0145cigd84-2 484 170 81200 200 40600
@ nc7z0l4sclgagd-1 424 170 81200 200 40600
@ xc7z015clgd85-3 485 180 g2400 150 48200
9 nc7z015clg485-2 485 160 §2400 150 46200
@ nc72015clg485-1 485 1680 g2400 150 48200
@ ®%cT7z015icig485-1L 485 160 §2400 130 46200

T

[ - I o B B B o o e o o Y
o O R O B =

(]
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= Back || Mest = | Cancel |

® Choose Zybo Z7-10 and press the next button



Mew Project

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

Select: @ Parts

4 Filterf Preview

Vendor: [ - |

Display Mame: |all -

Board Fey  [Latest -

Reset All Filtars

Search: |

Dizplay Name | Vendar Board Rev Part WG Pin Count | File Versior

E arty 27-10 digilentine. com 4. @ e 7z010clgao0-1 400
H arty Z7-20 digilentinc. com A @ xcT2020clgad0-1 400
B Cora 27075 digilentinc. com B, W we 72007 5clga00-1 400
H Cora 27-10 digilentinc. com W xcTz010clgad0-1 400
B Echpsa 27 digilentine, com B, @ we72020clg484-1 484
H Zedboard digilentinc.com O P xcTz020clgaBd-1 484
& Zybo Zpl0 digilenting. com B, @ ueT2010clga00-1 400
E 2vbo 27-20 digilentinc.com B. W xc¥z020clga00-1 400
H Zhbo digilentinc. com B, @ ueT2010clgat0-1 400
H Zed8oard Zyng Evaluation and Development it em.avnet.com d @ nc7z020clgagd-l 484
# Z¥YNQ-7 ZC702 Evaluation Board Hilins, com 1.0 @ ucT2020clgasd-1 484

® Finally, click on the Finish button

Mew Project

Mew Project Summary

VIVADO!

(1A nine RTL praject named ‘neor32 will be created

D1 source file will be added.

{11 source directory will be added.

A4y Mo Configurable 1P files will be added. Use Add Sources to add them kater.
{1 constraints file will be added.

1) The default part and produect family for the new project:
Default Beard: Zybo Z7-10
Default Part: xc72010clgad0-1
Preduct: Zyng-7000
Family: Zyng-7000
Package: clgd00
Speed Grade: -1

£ XILINX

To create the project, click Finish

| Mnish | cancal |

® Select the Project Settings under the Project Manager



neorv3z2 - [[home/fretzfwsp/vivado_projects/neorv32/neorv32.xpr] - Vivado 2016.4

File Edit Flow Tools Window Layout WView Help
3 1 & = s | ©
b | © A X | P D ¥ S K| I 3|2 Default Layout Tex @ Ready
Flow Navigator 7« Project Manager - neorv32 7 X
axz= Sources o0 x T Project Summary x 20 x
o T e | m mh =
4 Project Manager el Project Settings Edt |
Messages: (B 6 warnings
@ Prigect Settmgs<— 2 Dges‘gn Sﬁr:es = Project name: neona2
?ﬁ Add Sources ' neu,‘,32_1ést_sewp_buu”uade,_ neorv3z_tes | Project location: /home/fretziwspivivado_projects/nean32
% Language Templates ! neonv32_dmem - neorv32_dmem_rtl (n | Product family: Zyng-7000
iF IP catalog @ neonv32 imem - neorva2_imem_rt| Project part: Zybo 77-10 (xc77010clg400-1)
1 Constraints (1) T aul bootlond
1 &) op module name; neon32_test_setup_bootloader
4 1P Itegrator Simulation Sources [ P
o3 Targat languaga: WHDL
4% Create Block Design
Sirnulator language: Mixed
B¥ Cpen Block Design
® Generate lock Design | | LI L) goard part
Hierarchy Libraries Compile Order
o SRR Display name: Zybo Z7-10
Souree File Properties 20w = Board part name: digilentinc. com:zybo-27-10:part0:1.1
5 simulation Settings
() G Gt Repository path: Joptilimgvivado/201 8. 4/data/boardsfboard_files
un Simulation
@ neory32_hootloader_image.vhd URL: https://digilent.com/reference/programmable-logic/zybo-z7/start
4 RTL Analysis Board overvigw: Zybo Z7-10
[# Enabled
&% Elaboration Settings Synthesi \mpl tati
. & Open Elabarated Design Location: thomeffretzwspivivado_projectsineorva2, BULLUCELS I p e e N o)
Type: B Status: Mot started Status: Mot started
4 Synthesis p—
il et Messages: Mo errors or warnings Messages: Mo errors or warnings
@ Synthesis Sattings B e | Part: %¢72010¢Ig400-1 Part: %¢72010¢Ig400-1
P Run Synthesis General Properties Strategy: Vivado Synthesis Defaults Strategy: Vivado Implementation Defaults [=]
> @ Open Synthesized Design
L/ B g Tel Console e =t
4 Iimplementation = INFO: [IP Flow 19-1704] Mo user IP repositories specified -
= INFO: [IP_Flow 19-2313] Loaded Vivado IP repository '/opt/Xilinx/Vivado/2016.4/data/ip'.
& Implementation Settings b set_property board_part digilentinc.com:zybo-z7-10:part@:1.1 [current_project]
> Run Implementation o set_property target_language VHDL [current_project]
o = add files -scan_for_includes {/home/fretz/wsp/neorv3z/rtl/core shome/fretz/wsp/neorv3z/rtl/test_setups/nearv32 test setup_bootloader.vhd}
> @ Open Implemented Design | | dgl Lnport_files -force
INFO: Tfilemgnt 20-348] Importing the appropriate files for fileset: 'sources_1'
4 Program and Debug import_files -fileset constrs_1 -force -norecurse /home/fretz/wsp/Downloads/digilent-xdc-naster/Zybo-Z7-Master. xdc
&% Bitstream Settings set_property default_lib neorv32 [current_project]
¥ Generate Bitstream e
> @® Open Hardware Manager ]
mmand here
HTd Console  © Messages [ log 5 Reports | 3 Design Runs
Configure synthesis, simulation, implementation and IP related options

® Rename the Default library xi | _def aul t I i b with neor v32. Close the Project Settings by pressing the Apply and OK buttons



Project Settings

General

Marme: neore32

General
= Project device: |@ Zybo Z7-10 (xc72010clg400-1)

(i

Target language: |‘~.-"I—|DL

Simulation

=
Default librany: |neor‘-.r:.l2

.

Elaboration

Top module name: |neor‘-.rS2_test_setup_b00tloader

Language Options

Synthesis Werilog options: |veri|0g_uersion=Veril0g 2001

Generics/Farameters: |

Implementation Loop count: |

>
28]

Bitstream

(0]14 H Cancel || Apply

® Click on the Create Block Design



neorv3z2 - [[home/fretzfwsp/vivado_projects/neorv32/neorv32.xpr] - Vivado 2016.4 - o &
Eile Edit Flow Tools Window Layout View Help
3 | $ D> ¥ S K I 3|2 Default Layout M & Y2 Ready
Flow Navigator 7« Project Manager - neorv32 7 X
axz= Sources PO x T Project Summary x 20 x
o T= e =
4 Project Manager S Project Settings Edt |
Messages: (B 6 warnings
&5 Project Settings ® = Project name: neoni32
4 7dd Sources = Design Sources (3
&t neorv32_test_setup_bootloader - neorv32_tes | Project location: ‘homejfretziwspivivado_projects/neory32
v Language Templates @ neorv32_dmem - neorv32_dmem_rtl (n 2_di Product family: Zyng-7000
iF IP catalog @ neony32_imem - neorva2_imem_rtl (ne Project part: Zybo 77-10 (%7201 0¢lg400-1)
1 Constraints (1 T aul b lond
3 op module nama; neon32_test_setup_bootloader
4 1P Itegrator ) Simulation Sources (3 P
™ Targat languaga: WHDL
& Createflock Design %
Sirnulator language: Mixed
@ Open Block Design
Generate Block Dasign o} Board Part
Hierarchy Libraries Compile Order
o SRR Display name: Zybo Z7-10
Souree File Properties 20w = Board part name: digilentinc. com:zybo-27-10:part0:1.1
5 simulation Settings
h - Repository path: Joptilimgvivado/201 8. 4/data/boardsfboard_files
([ Run Simulation B
eorv32_bootloader_image.vhd URL: https://digilent.comfreference/programmable-logic/zybo-z7/start
4 RTL Analysis Board overvigw: Zybo Z7-10
[# Enabled
&% Elaboration Settings Synthesi \mpl tati
. & Open Elabarated Design Location: thomeffretzwspivivado_projectsineorva2, BULLUCELS I p e e N o)
Type: B Status: Mot started Status: Mot started
4 Synthesis p—
il et = Messages: Mo errors or warnings Messages: Mo errors or warnings
&5 Syrthesis Settings [1] O] Part: %¢72010¢Ig400-1 Part: %¢72010¢Ig400-1
P Run Synthesis General Properties Strategy: Vivado Synthesis Defaults Strategy: Vivado Implementation Defaults =
> ¥ Open Synthesized Design
Tel Console e =t
4 Iimplementation = INFO: [IP Flow 19-1704] Mo user IP repositories specified -
= INFO: [IP_Flow 19-2313] Loaded Vivado IP repository '/opt/Xilinx/Vivado/2016.4/data/ip'.
& Implementation Settings b set_property board_part digilentinc.com:zybo-z7-10:part@:1.1 [current_project]
> Run Implementation il set_property target_language VHOL [current_project]
o = add files -scan_for_includes {/home/fretz/wsp/neorv3z/rtl/core shome/fretz/wsp/neorv3z/rtl/test_setups/nearv32 test setup_bootloader.vhd}
> @ Open Implemented Design | | d§) Lnport_files -force
£l INFO: Tfilemgnt 20-348] Importing the appropriate files for fileset: 'sources_1'
4 Program and Debug e import_files -fileset constrs_1 -force -norecurse /home/fretz/wsp/Downloads/digilent-xdc-naster/Zybo-Z7-Master. xdc
&% Bitstream Settings set_property default_lib neorv32 [current_project]
¥ Generate Bitstream e
> @® Open Hardware Manager [E] ]
Type a Tcl command here
HTd Console  © Messages [ log 5 Reports | 3 Design Runs
Create and add an IP subsystem to the project

® Give the nameri scv_w apper . Then press the OK button
Create Block Design

Please specify name of block design,

I

Design name: |riscu_wrapper

Directony: |-::-. =local to Project=

Specify source set: | | Design Sources

H

® Download the make_bd.tcl script from GUNET2
® https://gunet2.cs.unipi.gr/modules/document/document.php?course=CDS105&0penDir=/61e12291p9dqg/63dbal3bW9ody


https://gunet2.cs.unipi.gr/modules/document/document.php?course=CDS105&openDir=/61e12291p9dq/63dba13bW9dy

©- . Eyypuga
% Ackiong Kertéhoyog: ApXikog katihoyog » Lab » RISC-V @
Tomog  Ovopa < Méyedog Hpepopnvia
- 0 284 KB 03-02-2023
E 118.35K8 02-02-2023
utoria 3.89 MB 02-02-2023

Evépysteq

(\':.; “

POMERED BY
ENECLASS

gunet2.cs.unipi.gr/modules/document/file.php/CD5105/Lab/RISC-V/make_bd.tel

® Run the make_bd.tcl script from the tcl console. Type sour ce / hone/ fr et z/ Downl oads/ make_bd. t cl

I

Flow Nawvigator

AxTH

File Edit Flow Tools Window Layout Wiew Help

WX [$ DB S K L GEomution -] &% |©

7 « | Project Manager neon32

| 4 Project Manager
5 Project Settings
¥ Add Sources
{.7 Language Templates
1F IF catalog

N

IP Integrator
& create Block Design
B Open EBlock Design
& Generate Block Design

N

Simulation
% Simulation Settings
(@, Run simulation

8

RTL Analysis
15 Elaboration Settings
» &% open Elaborated Design

8

Synthesis
5 synthesis Settings
# Run Synthesis
» &% Open Synthesized Design

8

Implermentation
5 Implementation Settings
[» Run Implementation

» &% Open implemerted Design

8

Program and Debug

% Bitstream Settings

¥ Generate Bitstream
Open Hardware Manager

neorv32 - [/home/fretz/wsp/vivado_projects/neorv32/neorv32.xpr] - Vivado 2016.4

synthesis and Implementation Out-of-date more info

? x|

Sources 7 - 0O X
AT @R

L Project Summary X I3 Zybo-Z7-Master.xdc X
B ‘homeffretziwspivivado_projects/neorv32/neorv32.srosfconstrs_1 /imports/digilent sdo-master/Zyba-27-Master xdc

Messages: () 8 warnings
> Design Sources (3)
E.v_m.-. neorv32 test_setup_bootloader - neorv32 tes

@ neorva2_dmem - neorv32_dmem_rtl (

@ neorvaZ

& Constraint:
- constrs_1 (1)

Zybo-Z7-Mast,

= Simulation Source:

em - neorv32_imem _rtl (n

0

Hierarchy Libraries Compile Order

20 set, p;nperty -dict { PACKAGE_PIN
Properties PO x || | Zreetproeerny it £ RACK

26 ##LEDs
27 set_property -dict { PACKAGE_PIN M14

IOSTANDARD

Select an object ta see properties

Tcl Console 2 -0 %
ot . launch_runs impl_1 -to_step write_bitstream -
o : [Fri Feb 3 07:33:26 2023] Launched synth_1...

=  Run output will be captured here: shome/fretz/wsp/vivado_projects/neorv3z/neorvaz. runs/synth_l/runme.log

11} : [Fri Feb 3 07:33:26 2023] Launched impl_1...
5 " Run output will be captured here: shome/fretz/wsp/vivado_projects/neorv3z/neorv3z. runs/impl_L/runme.log

= L INFO: [IP_Flow 19-234] Refreshing IP repositories
i} INFO: [IP_Flow 19-1704] No user IP repositories specified

Il 1

remove_files {/home/fretz/wsp/vivado_projects/neorva2/neorvaz srcs/sources_L/bd/riscv_wrapper/riscy_wrapper.bd shome/fretz/wsp/vivado_projects/neorv32/neorvaz, sres/sourc

i file delete -force /home/fretz/wsp/vivado_projects/nearv32/neorv32. srcs/sources_1/bd/riscv_wrapper /home/fretz/wsp/vivado_projects/neorv32/nearv2.sres/sources_1/bd/riscy

source shome/fretz/Dovnloads /make_bd. telZ=p—

2 Td Console] Messages [ Log [ Reports 3> Design Runs

® Next, create a VHDL wrapper for the block design




neorv32 - [fhome/fretz/wsp/vivado_projects/neorv32/neorv32.xpr] - Vivado 2016.4

Eile Edit Flow Tools Window Layout View Help Quick Access
= y -
3, 2l X P P XS K| L 35 oefault Layout LE A3 Synthesis and Impl ation Out-of-date more info
Flow Navigator 7 «| | Project Manager - neorv32 7 X
A= Sources - 002 % %project Summary X 2 0 x
QxR = RE
4 Project Manager = o Project Settings Edit
Messages: (U 4 warnings
& Project Settings ges: © 4 wamings. Froject name: neorv32
¥ ndds  Design Sources (4 )
&Y Add Sources @ neorva2 test setup bootloader - neorv32 tes | Froject location: fhomeffretzfwspivado_projectsineony32
Language Templates #00 riscy_wrapper (riscy wrapper hei (41 Bracict farmih 2ymg-7000
£F 1P catalog @ neorv32_dmem - neorvaz_ 3 Source Node Properties..,  CtrHE

@ neorv32_imem - neorv32_in  [® open File Akt

1 Constraints (1
IF Integrator e Sourcas (4 Create HOL Wrapper...

7 create Block Design View Instntiation Template

N

-® Open Black Design Generate Output Products... ge:

Reset Output Product:
& Generate Block Design =] eset Output Products

Hierarchy IP Sources Libraries

4 simulation 2ybo 2710
@ simulation Settings digilentinc.comzybo-z7-1 m:partt:1.1
@ Run Simulstion s * Remove File from Project... Delete Joptfilinegvivado/2016.4/data/sboards/board _files
% riscy_wrapper.bd https:/ grammable-ogict
4 RTL Analysis Disable File AleHMinus Zybo Z7-10
&5 Elaboration Settings ¥l Enabled Hierarchy Update 4 Implementation
=% Open Elaborated Dasign Loeation: ‘homeyfretzinsp, @ Refresh Hierarchy E
Type: Block Designs IP Hierarchy » |ut-of-dlate Status: & Out-of-date
yp [*]
4 Synthesis " - . .
o ) Part: «¢72010¢/g400-1 | ** jwamnings 1) 84 warnings
@ synthesis settings M [£72010clgd00-1 Part; #7201 0c1ga00-1
& Run Synthesis General Properties Set Used In... v Synthesis Defaults Strategy: vivado Implementation Defaults =]
* Open Synthesized Design
B2 Opt T 9 Tel conzole Edlit Constraints Sets. T_mE
+ end Edit Simulation Sets... B
4 Implemeritation X ggtg;?‘g:erty name led Associate ELF Files...
& Implementation Settings # delete_bd_objs [get_bd| &% Add Sources... Al
[» Run Implementation # regenerate_bd_layout 5 L
- : o # update_conpile_order -1 > RePOrtIP Status =
82 Gpen Implemanted Design # update_compile_order -fileset sim 1
# save_bd_design
4 Program and Debug Wrote : </home/fretz/wsp/vivado_projects/neorv32/neorv32. srcs/sources_1/bd/riscv_wrapper/riscv_wrapper.bd=
2 _proj - _wrapp _wrapp
€ Bitstream Settings # close_bd_design [get_bd_designs riscv_wrapper]
¥ Generate Bitstream B
@¥ Open Hardware Manager Kl ] [
|T\—.TW mnand here

B Tc Console  © Messages [ log [2 Reports 3 Design Runs

Generate HDL wrapper file and copy into project

® Selectthe Let Vi vado manage and click the OK button

Create HDL Wrapper

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

Options

D Copy generated wrapper to allow user edits

@ Let Vivado manage wrapper and auto-update

Cancel

® Next, set as the top module the wrapper you just created



File Edit
3
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Sirnulation
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(@) Rrun Simulation

S

RTL Analysis
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Synthesis
&5 Synthesis Settings
& Run Synthesis
: E¥ Open Synthesized Design
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Implementation
5 Implementation Settings
[» Run Implementation
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¥ Generate Bitstream
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neorv32 - [fhome/fretz/wsp/vivado_projects/neorv32/neorv32.xpr] - Vivado 2016.4

View Help

Synthesis and

Quick Access

p ation Out-of-date more info

Project Manager - neorva2 7 X
Sources ? -0 % | T project Summary x 20 x
QTR B =
- i Project Settings Edit
Messages: (U 4 warnings
- — Project name: neorva?
= Design Sources (4) *
% neorv32 test_setup_bootloader - neorv32 tes Project location: fhomejfretziwspivivade_projects/neona2
risev_wrapper_wrapper - STRUCTLIRE [riscu wranner v || praduiet farmibe -7000
- 3 CrE
neorva2_dmem - neorva2_dme| Source Mode Properties. ol 2710 (ke 7201 0clg400-1
@ neorv32_imem - neorv32_imem| & Open File A0 ——
y ( /32_test_setup_bootloader
Constraints (1) ’ Replace File...
1 Simulation Sources (4)
Copy File Into Project
Copy All Files Inte Project Al H
|1 | * Remove File from Project. Delete.
Hierarchy [P Sources Libraries Com Enable File AkiEges
Disable File Abimins L0
Source File Properties Move to Simulation Sources Inc.comizyboz7-10:part(:1.1
Move to Design Sources w/¥ivado/2016, 4/datasboards/board files
(@l risey_wrapper_wrapper.vhd Hierarchy Update » Higilent.com/reference/programmable-logic/zybe-27/start
@ Refresh Hierarchy F-10
¥ Enabled IP Hierarchy > F— i
Location: thomeyfretzispivivad] 4 Set as gop Ll 000
Type: . Set Global Incluce Status: i out-of-date
clear Global Include D) 84 warnings
ﬂ% Set as out-of-Context for Syrthesis... 1 Part: »c72010cIg400-1
General Properties Set Library... £ is Defaults Strategy: Vivado Implementation Defaults =]
Set File Type...
Tel Console Set Used In... 7 — 0O %
= # close_bd_design [get_bd_de =
9 o = ! Edit Constraints Sets.
= reset_target all [get_files rcs/sources_l/bd/riscv_wrapper/riscy_wrapper.bd]
= export_ip_user_files -of_obj Edit Simulation Sets. .. neorviz/neorv32.sres/sources_L/bd/riscy_wrapper/riscv_wrapper.bd] -sync -no_script -force -q
[i] make wrapper -files [get fil. & Add Sources... Al .sres/sources 1/bd/riscy_wrapper/risce_wrapper.bd] -top =
= Adding cell - xilinx.comip]
&l VHDL Output written to : shor_ Report P Status ources_1/bd/riscy_wrapper/hdl/riscy_wrapper.vhd
= VHDL Output written to : /home/fretz/wsp/vivado_projects/neorv32/neorv32.srcs/sources_1/bd/riscv_wrapper/hdl/riscy_wrapper_wrapper.vhd
0 Wrote : </home/fretz/wsp/vivado_projects/neorv32/neorva2. srcs/sources_1/bd/riscy_wrapper/riscy_wrapper.bds
add_files -narecurse shome/fretz/wsp/vivado_prajects/neorv32/neorvi2. srcs/sources_1/bd/riscv_wrapper/hdl/riscy_wrapper_wrapper.vhd

[T

Type a Tcl connand here

5 Tcl Console > Messages

HLog

% Reports 3 Design Runs

® Open the XDC file of the board to connect the NEORV32 ports to the appropriate pins of the FPGA.

neorv32 - [[home/fretz/wsp/vivado_projects/neorv32/neorv32.xpr] - Vivado 2016.4

File Edit Flow Tools

Window  Layout

View Help

el X P D ¥ S K L (G(G0efault Layout N .E B Ready
Flow Nawigator 7 «| | Project Manager - neorv32 ? X
azs 2 _ A x ? 0 2 x
el SaIGe5] BN . Project Summary x
T QTS| 2ed =
4 Project Manager Project Settings Edit |H
 Project Settings Messages: (D) 4 warnings
7 el = Design Sources (4) Project name: neory32
BEgtcctSouices) neorv32 test_setup_bootloader - neorv32 test_setup_bc || Project location: ‘hemeffretziwsppivads_projectsineorv32
¥ Language Templates riscy, P Product family: Zyng-7000
P Catalo riscy_wrapper i - riscv_wrapper . g
iF ] @ riscv wrapper - STRUCTURE (ris Project part: Zybo Z7-10 (xc72010clgd00-1)
4 IP Integrator ::5:2g,::nm:mﬁ'ﬂliﬁizzl,:‘r::m&‘rt}‘jw 0 Top module name: neorv32_test_setup_bootloader
& create Block Design = Constraints (1) - o Target language: WHDL
5% open Block Design & constrs_1 (1) Simulater language: Mixed
& 6 te Block D iy [Zybo-Z7 Mastar.xdc
enerate Block Design | Simulation Sources (* Board Part
4 Simulation Display name: Zybo Z7-10
45 simulation Settings Board part name: digilentinc.com:zybo-z7-10:part0:1.1
@ Run Simulation Repository path: JoptMilinivado/2016.4/data/hoards/hoard_files
[T ] [] || urL https://digilent.com/reference/programmable-logic/zybo-z7/start -
4 RTL Analysis Hierarchy IP Sources Libraries Compile Order Board overvew: Zyho 27-10
Elaberation Settings
ﬁi g Saurce File Properties -0 x Synthesis Implementation
> [g¥ Open Elaborated Design
3 ZyboZ7-Masterxd Status: Mot started Status Mot started
0-Z7-Master xdc
4 Synthesis ! Mesgages: Mo errors or warnings Messages: Mo errors or warnings
& Synthesis Settings [T l oI | part: ¥C72010¢/g400-1 Part: #e7201 0clga00-1
® Run Synthesis Ganeral ROno e Strateay: vivado Svnthesis Defaults Strateav: Vivado Imolementation Defaults [
> @F Open Synthesized Design
Tel Console 702X
4 Implemeritation = VHOL Output written to : /home/fretz/wsp/vivado_projects/neorv32/neorv32. srcs/sources_1/bd/riscv_wrapper/hdl/riscv_wrapper.vhd e
. VHDL Output written to : /home/fretz/wsp/vivado_projects/neorv32/neorv32.srcs/sources_L/bd/riscy_wrapper/hdl/riscy_wrapper_wrapper.vhd
& implementation Settings = Wrote : </home/fretz/wsp/vivado_projects/neorv32/neorv32. sres/sources_1/bd/riscv_wrapper/riscv_wrapper.bd> =

[» Run Implementation

> @ Open Implemented Design

8

Program and Debug
43 Bitstream Settings
¥ Generate Eitstream

> @® Open Hardware Manager

Quick Access

add_files -norecurse shome/fretz/wsp/vivado_projects/neorv32/neorv32 srcs/sources_1/bd/riscv_wrapper/hdl/riscv_wrapper_wrapper.vhd

nake_wrapper -files [get_files /home/fretz/wsp/vivado_projects/neorv32/nearv32. srcs/sources_1/bd/riscv_wrapper/riscy_wrapper.bd] -top

Adding cell -- xilinx.com:ip:processing_system7:5.5 - processing_system7 0
INFO: [BD 41-1662] The design 'riscv_wrapper.bd' is already validated. Therefore parameter propagation will not be re-run

VHDL Output written to :
VHOL Output written to :

[«

shome/fretz/wsp/vivado_projects/neorva2/neorva2. sres/sources_1/bdsriscv_wrapper/hdl/riscy_wrapper. vhd
/home/fretz/wsp/vivado_projects/neorva2/neorv32, srcs/sources_l/bd/riscv_wrapper/hdl/riscv_wrapper_wrapper.vhd

Type a Tcl
3 Td Console

command here

= Messages [ Log

2 Reports | 3> Design Runs

® You should modify the following pins




## Rl SC-V Reset

set _property -dict { PACKAGE _PIN K18 | OSTANDARD LVCMOS33 }
[get _ports { rst[0] }]; #/ O L12N T1 MRCC 35 Sch=bt n[ 0]

# RI SC-V LEDs

set _property -dict { PACKAGE PIN ML4 | OSTANDARD LVCMOS33 }
[get _ports { led_boot[0] }]; #I O L23P_T3_35 Sch=l ed[ 0]
##Pmod Header JC

set _property -dict { PACKAGE PIN V15 | OSTANDARD LVCMOS33 }
[get _ports { uart_rxd }]; #l O L10P_T1_34 Sch=JCl_P

set _property -dict { PACKAGE_PI N W5 | OSTANDARD LVCMOS33 }
[get_ports { uart_txd }]; # O L1ON T1_34 Sch=JCl_N

® Save the XDC file and press the Generate Bitstream button. This will generate the bitstream after synthesis and implementation are
successfully finished.

neorv32 - [fhome/fretzfwsp/viva

rojects/neorv32/neorv32.xpr] - Vivado 2016.4

dit Flow Tools Window Layout View Help

e INFO: [BD 41-1662] The design 'riscv_wrapper.bd' is already validated. Therefore parameter propagation will not be re-run.
Program and Debug @& VHDL Output written to : home/fretz/wsp/vivado_projects/neorv32/neorv2, srcs/sources_l/bd/riscv_wrappsr/hdl/riscy_wrapper.vhd
5 Bitstream smmgsu

N

VHOL Output written to : shome/fretz/wsp/vivado_projects/neorv32/neorv32 srcs/sources_l/bd/riscv_wrapper/hdl/riscy_wrapper_wrapper.vhd
%) Generate Bitstream

> @¥ Open Hardware Manager L] ]

2R X P D> E S XK IS [=oefaul Layout -8R |® Ready
Flow Navigator 2 «| | Project Manager neorva2 72 x
=y
7 _ LR (=] %
QA B Sources ? owv T Project Summary x
T g B —
= QA= e B =
4 Project Manager Praject Settings dit |=
@ Project sett Messages: () 4 warnings
W J=TEE ESiAHIIES = Design Sources (4) Project namme: neora2
Oﬁ LddiSolices neorv32 test_setup_bootloader - neorv32_test_setup_bc | Project location: Jhemeffretziwspiivado_projectsineans32
@ Language Templates vr:fcvﬁwrapperﬁwrapperVSTRUCTUREi 3 ervhd] ||| product family: 2ynG-7000
P Catalo %[ riscv_wrapper_ - riscy_wrappel ) g
i g 3 riscy wrappar - STRUCTURE ( ) Project part: Zybo Z7-10 (xc72010clg400-1)
4 IP Integrator @ neorv32_dmem - neorva2_dmem_rt Top module name: neorv32_test_setup_bootloader
y @ neorva2_imem - nearva2_imem_rt .
#E Create Elock Design = Constraints [ Target language: ﬂ
5% open Block Design o CUHZS;Le;u_lz;lh:ESterxdc Simulator language: Mixed
& Generate Block Design , Simulation Sources () Board Part
4 Simulation Display narme: Zybo Z7-10
& Simulation Settings Board part name: digilentinc.com:zyboz7-10:part0:1.1
@ Run Smulation Repository path: JoptplinsJivador2016. 4/databoards/board files
[«I | [r]| URL: https://digilent.com/reference/programmable logic/zybo-z7/start -
4 RTL Analysis Hierarchy IP Sources Libraries Compile Order Board overview: 2ybo Z27-10
5 Elaboration Settings = =
= Souree File Properties ERE = synthesis Implementation
> [ Open Elaborated Design | | o
B Zvbo-Z7 ;A ter.xd Status: Mot started Status: Mot started
0-Z7-Masterxdc
4 Synthesis L Messages: No errors or warnings HMessages: Mo errors or warnings
@ synthesis Settings [ | o ||| | part: #672010cIg400-1 Part: #c72010clg400-1
& Run Synthesis General Properties Strateay: vivado Synthesis Defaults Strateay: vivado Implementation Defaults 5
b B¥ Open Synthesized Design ek 5 %
4 Implementation B VHDL Output written te : shome/fretz/wsp/vivado_projects/neorv32/neorv32.srcs/sources_l/bd/riscv_wrapper/hdl/riscv_wrapper.vhd -
= WHOL Output written to : fhome/fretz/wsp/vivado_projects/neorv32/neorv32. srcs/sources_1/bd/riscv_wrapper/hdl/riscy_wrapper_wrapper.vhd
& implementation Settings = Wrote : </home/fretz/wsp/vivado_projects/neorv32/neerva2.sres/sources_1/bd/riscy_wrapper/riscv_wrapper.bd> =
> Run Implementation il add_files -narecurse /home/fretz wsp/vivado_projects/neorv32/nearva2.srcs/sources 1/bd/riscv_wrapper/hdl/riscv_wrapper_wrapper.vhd
R I d 5 make_wrapper -files [get_files /home/fretz/wsp/vivado_projects/neorv32/neorv32.srcs/sources_1/bd/riscy_wrapper/riscv_wrapper.bd] -top
I opanimplamantadiDeasign | Adding cell -- xilinx.com:ip:processing_systen7:5.5 - processing_system7 0

Type s Tcl conmand here

2 Tcl Console  © Messages [l Llog 2 Reports 3 Design Runs

Generate a programming file after implementation

® When the bitstream generation finishes, open to see the implemented design
L]



Bitstream Generation Completed

Mext

o Bitstream Generation successfully completed.

@ Open Implemented Design
O Wiew Reports
() Open Hardware Manager

) Generate Memory Configuration File

L] Don't show this dialog again

| DF.L I| Cancel

Eile | Edit

Export the hardware design to the Xilinx SDK software development framework

Flow Tools Window Layout

neorv3z - [[home/fretz/wsp/vivado_projects/neorv3z/neorv32.xpr] - Vivado 2016.4

Wiew Help

Wew Project...
Open Project...

blH G 0O S %K L GEosfeuaor -] ®
Implemented Design - xc7z010cIg400-1 (active!

etlist 2

Report Methodology =

Open Example Project... —-ov I Project Summary X @ Device X i Zybo-Z7-Masterxdc X oL ox
Save Project As...
Write Project Tel... riscv_wrapper_wrapper
Archive Project.., p-© Nets (138
Gl o Fev-wrapper | (iscy wrappe
¥ Save Constraints As..
Close Implemented Design
Open Checkpoint...
Write Checkpeint..
New P Location...
Open IF Location... u]
& Sources G Netlist o
Hew File roperties 0O x E
Open File... ctri+e g
Open Recernt File » »
Open IP-XACT File... E
Open Interactive Report...
select an object to see properties
& Add Sources... Al
Open Source File... S+
Import »
Export » Export Hardware. . 1 e = N E
Launch SDK IR S A Design Timing Summary
Open Log File Export Phlocks... «
Open Journal File Export IBIS Model... Sefup Hold Pulse Width
i p— & Export I/0 Ports.., Worst Negative Slack (WHS): 6ns Worst Hold Slack (WHS): 34 ns Worst Pulse Width Skack (WPWS): 4
Exit EipZ: i::‘ur‘:;””;"e' : Total Negative Slack (TNSk  0.000 ns Total Hold Slack (THS}: 0,000 ns Total Pulse Width Negative Slack (TPWS}  0.000 ns
o Constraiits Wizard 5 Chch Tm;nq - . Mumnber of Failing Endpoints: Murnber of Failing Endpoints: 0 Mumber of Failing Endpoints: o
&4 Edit Timing Constrain i;vtra-clock Paths Total Murnber of Endpoints: 3755 Total Number of Endpoints: 3755 Total Murnber of Endpoints: 1469
@& Report Timing Summz Inter-Clock Paths All user specified timing canstraints are met.
Wy, Report Clock Network Other Path Groups
User lanored Paths =
& Report Clock Interact Timing Summary - impl_1 4B
V] B Tel Consele ElLog [5 Reports 5 Package Pins 3 Design Runs 9 Power . & Timing | [ Methodology & DRC

Messages

Export a hardware description file for use with the SDK

® Click the Include bitstream and the OK button



Export Hardware

Export hardware platform for software
development tools.

kA include bitstream

Export to: | =lLocal to Project=

|E| oK

® Lunch the SDK framework

neorv32 - [fhome/fretz/wsp/vivado_projects/neorv32/neorv32.xpr] - Vivado 2016.4

Eile | Edit Flow Iools Window Layout Wiew Help
Liew Project... B 5@ L Q@S K| X G| 0efault Layout - 69] write_bitstream Complete
apen Project... -
Implemented Design - xc7z010clg400-1 iactive) ? X
Open Example Project... et ToBue X
Save Project As..,
Write Project Tcl... riscv_Wrapper_wrapper
Archive Project P Tefcl” _
1 Leaf Cells (4
Cl P t
£lose Frojec p-{T] riscv_wrapper_i (riscv_wrap
& Save Constraints As...
Close Implemented Design
Open Checkpoint...
wWrite Checkpoint...
New P Location...
Open IF Location... O
& Sources 1 Netlist o
=
B Al roperties s_Oe g
Open File.., Ctri+o g
Open Recent File » E
Open IPXACT File... =
Open Interactive Report...
Select an object to see properties
% Add Sources... Al
Open Source File.., Ctri+n
Import »
Export » fiming - Timing Summary - impl_L -0 %
Launch SDK e Design Timing Summary
Open Log File ) This i e
P q ) i) Thisis a saved report x Setup Hold Pulse Width
Open lournsl File |—General Information lack . 66 Il Slack : Ize Width Slack : 4500 ns
 Erint... crltP | Timer Settings ‘orst Megative Slack (WHS): 66 ns worst Hold Slack (WHS): 34 ns Worst Pulse Width Slack (WPWws): 4.500 ns
Exit (—Design Timing Summary Total Negative Slack (TNSk  0.000 ns Total Hold Slack (THS): 0.000 ns Total Pulse Width Negative Slack (TPWS):  0.000 ns
— I Constrants Wizard CI‘UEE Sukamary 2 Mumber of Failing Endpoints: O Number of Failing Endpoints: 0 Number of Failing Endpoints: 0
2 Edit Timing Constrain :#trarceli](k‘;”a”zgg N Total Humber of Endpoints: 3755 Total Number of Endpoints: 3755 Total Number of Endpoints: 1469
& Report Timing Summs [—inter-Clock Paths All user specified timing constraints are met.
Wy, Report Clock Network p-Other Path Groups
~» Rep —User lanored Paths =
¥ Report Clack Interact Timing Summary - impl_1 irE
[} Report Methodology = 2 Tcl console Messages [ Log 5 Reports 5 Package Pins 3 DesignRuns € Power & Timing = [ Methodology & DRC
Launch Hardware

Board setup and run hello world software on the NEORV-32

® In order to get UART access on NEORV-32, we need to connect a USB/TTL UART external board on the PMOD header JC.

3.3V | GND

[
|
L

3.3V | GND




A1

‘Hjc

?

e
[95)

i

“poy R¥BOE *
}\DIGILENT, I
.

‘] 1'

=
(i |

In SDK, press: File New Application Project



Feb 9 07:42

C/C++ - riscv_wrapper_wrapper_hw_platform_0/system.hdF - Xilinx SDK

File Edit Navigate Search Project Run XilinxTools window Help

New shiftsaltsN > | Applieaion Project P o
g OpenFile. SPM Project ‘ TS Quick Access B o
Close trl+ Board Support Package . R =
Close All Feactrls Project = CnE =
Source Folder nw_platform_O Hardware Platform Specification Anoutline is not available.
Folder
5 Source File
Header File o
File From Template ﬁm
Class 08:03:26 2023
Other... tri+
Convert Line Delimiters To g cortexas_[0-1]
SDK
ST TS ' ps7_inte_dist_0 OXF8FO1000  OXFBFOTFFF REGISTER
Restart ps7_gpio_0 0xe000a00C  0xe000aFfF REGISTER
Import... ps7_scutimer_0 0xf8F00600  OxF8FO061F REGISTER
Export... ps7_sler_0 0xf8000000  OXFBOOOFFF REGISTER
Properties ps7_scuwdt_0 0xf8F00620  OXFBFO0GT REGISTER
1 system.hdF [riscy_wrapper_wrapper_h..] ps7_l2cachec_0 0xf8F02000  OXFBFO2FFF REGISTER
Exit ps7_seuc_0 OxF8F00000  OXFBFOD0FC REGISTER
ps7_qspi_linear_0 0xFc000000  OXFeFFFFF MEMORY
ps7_pmu_0 0xf8893000  OxfB893FF REGISTER
ps7_afi 1 0xf8009000  OXF8009FFF REGISTER
ps7_afi 0 0xf8008000  OXFBO0BFFF REGISTER
ps7_qspi_0 0xe000d00C  0xe000dFFF REGISTER
ps7_usb_0 0xe000200C  0xe0002FfF REGISTER
ps7_afi 3 0xf800b000  OXFBOOBFTF REGISTER
ps7_afi 2 0xf800a000  OxfB00aFfF REGISTER
ps7_globaltimer_0 0xf8F00200  OxFBFOO2fF REGISTER
overview!
44 Target Connections £ &£ = B [ Problems = v = B [sbKklog % BB - o
» >Hardware Server Qitems 07:41:20 INFO  : Registering command handlers for SDK TCF services
» & Linux TCF Agent 07:41:21 INFO  : Launching XSCT server: xsct -n -interactive /home/fretz/wsp/vivade
) ) 07:41:24 INFO  : XSCT server has started successfully.
» £ QEMU TefGdbClient 07:41:24 INFO  : Successfully done setting XSCT server connection channel
07:41:25 INFO  : Successfully done setting SDK workspace
07:41:25 INFO  : Processing command line option -hwspec /home/fretz/usp/vivado proj
.

® Type ps_ar mas the Project name and click on the next button

Feb 9 07:

C/C++ - risev_wrapper_wrapper_hw_platForm_0/system.hdF - Xilinx SDK

File Edit Navigate Search Project Run XilinxTools Window Help

New Project

=
Tl * ] A @ | application Project Quick A <] e
Create a managed make application project. &
[ project Explorer 52 S-S L 4 v = 8 [5x system.hdf 32 = 0 2= outlin %2 = @
(8 riscy_wrapper_wrapper_hw._platform_0 ris:v,wrapper,v‘ Project name: | ps_arm| Anoutline is not available.
(9 ps7_init_gpl.c = | @ usedefault location
[ ps7_init_gpLh Design Information
[2 ps7_init.c Target FPGA Devicel
[2 ps7_inith Part]
@ ps7_inicheml Created wit}
4 ps7 initkel Created On;
v . Os Platform: | standalone -
iscv_wrapper_wrapper.bit Address Map for pr|
Target Hardware
Hardware Platform: | riscv_wrapper_wrapper_hw_platform_0 ~ || New..
ps7_inke_dist_0
ps7_gpio 0 Processor: ps7_cortexag_0 -
ps7_scutimer_0|
ps7_sler_0 Target Software
ps7_scuwdt_0
ps7_l2cachec 0| | Lan9uage: G
ps7_seuc_0
ps7_qspi_linear]| . 5 )
057 pmu 0 Board support Package: {8 Create New | ps_arm_bsp
ps7_afi_1
ps7_afi_0
Ps7_qspi_0
ps7_usb_0
ps7_afi 3
ps7_afi 2
ps7_globaltimef
—e e @ Next >, Cancel Finish
Overview “ A
4 Target Connections & &£ = B [ Problems ® ~ = o [sbklog® B & = o
(= Hardware Server Oitems 07:41:20 INFO  : Registering command handlers for SDK TCF services
€ Linux TCF Agent 07:41:21 INFO  : Launching XSCT server: xsct -n -interactive /home/fretz/wsp/vivade
. . 07:41:24 INFO  : XSCT server has started successfully.
(= QEMU TefGdbClient 07:41:24 INFO  : Successfully done setting XSCT server connection channel
07:41:25 INFO  : Successfully done setting SDK workspace
07:41:25 INFO  : Processing command line option -hwspec /home/fretz/wsp/vivado proj

® Choose the simple Hello world example from the available code templates and click the Finish button



New Project O 0

Templates

Create one of the available templates to generate a fully-functioning
application project.
Available Templates:

Dhrystone Let's say "Hello world' in C.

Empty Application
helowors |
lwiP Echo Server
Memory Tesks
OpenAMP echo-test
OpenAMP matrix multiplication Demo

Pir o A KAD DRE Moo

< Back Mext = Cancel Finish

LJ / inxSDK ~ Feb9 07:48

C/C++ - ps_arm_bsp/system.mss - Xilinx SDK

File Edit Navigate Search Project Run XilinxTools Window Help

(m 4 B v & - @ ¥ v O v % B 2 R @ & 5 - ICII 4 - Quick Access B B cles+

[ Project Explorer 5%

[psam T , H Support Package Anoutiine is not avalable.

N
» (% ps_arm_bsp S

v ¥ = 0 (W system.mss 58 = 0 5= outlin X 7 = o

) Go Into
~ (8 riscv_wrapper_wrapper_hw_platform_{( Ltings || Re-generate asp sources
[ ps7_init_gpl.c Open in New Window
[ ps7_init_gpL.h Copy Cerl+C
e W"mt': e Fkage is compiled to run on the following target.
7_init.
[& ps7_ini Deleta n: /h ivado_project: 32/neorv32.sdk/riscv_wrapper_wrapper_hw_platform_0/system.hdF
@ ps7_inithtml IS il P/ | A A _hw_| X
peTInit/ Souice br: ps7_cortexad_0
9 ps7_init.tcl 5
2 riscv_wrapper_wrapper.bit Rename..
@ system.hdf Import... pos.
Export dalone
Build Project (dalone is a simple, low-level software layer. It provides access to basic processor features such as caches, interrupts and
Clean Project ptions as well as the basic features of a hosted environment, such as standard input and output, profiling, abort and exit.
Refresh £ dalone v6_1

Close Project
Close Unrelated Projects Soard Support Package.
Build Configurations

* 0 generic Documentation
RUNAS » 11 generic Documentation
DebugAs » 2 generic Documentation
Comparewith » 3 generic Documentation
Restore from Local History... 0 coresightps_dcc Documentation
~ - £ 0 ddrps Documentation
C/C++ Build Settings - 3
i i 0 generic Documentation
Generate Linker Script 0 devcfg Documentation Import Examples
Change Referenced BSP s dmaps Documentation Import Examples
Create Boot Image
Team »

4 Target Connections 52 Properties ~ v = 8 [E] sDK Log 2 B B = 8
» & Hardware Server Oitems 07:41:20 INFO  : Registering command handlers for SDK TCF services
» & Linux TCF Agent 07:41:21 INFO  : Launching XSCT server: xsct -n -interactive fhome/fretz/wsp/vivade
. o INFO  : XSCT server has started successfully.
» QEMU TcfGdbClient 0 INFO  : Successfully dome setting XSCT server connection channel
o INFO @ Successfully done setting SDK workspace
07:41:25 INFO  : Processing command line option -hwspec /home/fretz/wsp/vivado proj

® Right-click on the ps_ar mapplication in Project Explorer and click Run As Run Configuration
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€/C++ - zynq_riscv_bsp/system.mss - Xilinx SDK - 1 Q
File Edit Navigate Search Project Run XilinxTools Window Help
g - ® -~ /& - B xw B #2 PD@ & % - 0 - & - (O 4 Quick Access B B cfcr+
[25 Project Explorer % S R 4 v~ = A [# system.mss 23 = g 5= outlin 23 = a

q ~ (@ > neorv32SoC_wrapper_hw_platform_0 [neorv32v17.2d1c87 zynq riscv_bsp Board Support Package

[ neorv32soC_wrapper.bit
- An outline is not available.
[ ps7_init_gpl.c Modifythis BSP's Settings | Re-generate BSP Sources
[ ps7_init_gpLh
[ ps7_init.c Target Information
[ ps7] : ) This Board Support Package is compiled to run on the Following target.
3 ps7_init.htm
3 P - I Hardware i ion: /h p/l i _prj_old/vi _prj.sdk/neorv32soC_wrapper_hw_platform_0/system.hdf
[ ps7_init.cl Target Processor: ps7_cortexad_0
55 system.hdf
W opersting system
»
B>zyngrise W Board Support Package OS.
Golnto .
Name: standalone
SDK openin New Window Versio
Ccopy trls Description: Standaloneis a simple, low-level software layer. It provides access to basic processor features such as caches, interrupts and
exceptions as well as the basic Features of a hosted environment, such as standard input and output, profiling, abort and exit.
S Documentation: standslone v6_1
Delete
Source » Peripheral Drivers
Drivers present in the Board Support Package.
Rename... F psT_afi_0 generic Documentation
eyl ps7_afi_1 generic Documentation
Export... ps7_afi_2 gsner\vc Documentation
—_— ps7_afi_3 generic Documentation
Build Project ) . »
psT_coresight_comp_0 coresightps_dcc Documentation
Clean Rroject ps7_ddr_o ddrps Document:
Refresh ps7_ddre_0 generic Documentation
Close Project ps7_dev_cfg_0 devcfg Documentation Import Examples
Close Unrelated Projects ps7_dma_ns dmaps Documentation Import Examples
Build Configurations 5 ps7_dma_s dmaps Documentation Import Examples
RunAS » | 1LaunchonHardware (system Debugger) ption
Debug As »|  2startPerformance Analysis
J Compare With » 3 Launch on Hardware (System Debugger on QEMU) |
4 Target Conne  Replace with » | 4launchonHardware (GDB) = B [Bsokiogx B & =0
) GHardware!  Restorefrom Local History... 5Local /c++ Applical

» ELinuxTCFA  C/C++ Build Settings Rup Configurations. : - M 14:27:08 INFO
; - T P 1312768 TFD
» EZ=QEMUTCFC  Generate Linker Script Ut q_TIsCvL N . 14:27:08 INFO
make pre-build main-build L2:27:08 INFO
29-1inaro-pre-build-step et

Memory regions updated for context APU

Context for processor 'ps7_cortexad 0' is selected.

“con’ command is executed.

XSDB Script (After Launch)----------------

Change Referenced BSP

Create Boot Image Ez:;gets -set -nocase -filter {name =~ "ARM*#0" && jtag cable name "Digilent Zybo
Team R nake: Nothing to be done for ‘main-build. <t o End Of SCripte--<---oooooee
Properties A 14:55:19 Build Finished (took 46lms) 14:27:08 INFO  : Launch script is exported to file '/home/dag/wsp/lab/neorv32/vivad
H
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® Select the Reset entire system, click on the Apply button and then on the Run button
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® Once you program the FPGA you should see that the LDO blinks (left side of the photo) after you press the reset button (right side of the

photo). Also, the PGOOD and DONE leds should be ON.

® Open a terminal and press cut ecom
® Click on settings and configure as follows and then click on open

= = WL Ly
iy (1 :



B cutecom ¥ Feb9 09:32

fretz@ubuntu: ~

Fretz@ubuntu: ~

$ cutecom

setting current session to: "Default"

MainWindow: :MainWindow(QWidget*, const QString&) calculated height: 31
> . $ Cu.a.---...
setting current seEEZ
N

CuteCom - Default

Mal nW]_ nd ow: : Ma]_nWJ_ Baudrate 19200 - | Data Bits |8 ~ ||| Display Ctrl characters

$ (@Bl | OpenMode |Read/write - |Stop Bits |1 ~ | Logfile: /home/fretz/cutecom.log Append

Flow Control | None - |parity  |None || |Show Timestamp

setting current se | EEaREE
SPK MainWindow: :MainWi
$ cu
— setting current se
MainWindow: :MainWi

- | char delay: (oms

Clear Hex output | Logging to: /home/fretz/cutecom.log

Device: /dev/ttyUsBO _Connection: 19200 @ 8-N-1

setting current session to: “Default"
MainWindow: :MainWi (OWidget*, const Q5tring&) calculated height:

current

Crpbalem - Gopfamgll

&

-
“setting current
MainWindow: :MainWi

Chewe Wrnodtzat  Loggingile feomaTrelr/osteiom bog

Euwice ks USATE-Lar @EeyUSS Connaction 13508 i1

® In the input add the character a, press the reset button of NEORV32-V on the board and then press enter on cutecom
°



B cutecom ¥ Feb 9 09:36

$ cutecom
setting current session to: "Default"
MainWindow: :MainWindow(QWidget*, const QString&) calculated height: 31
S $ CUteaan
setting current se =g
N

B

CuteCom - Default

MainWindow: :Mainwi S
$ culd
setting current se ju
S0K MainWindow: :Mainwif8
$ cu
~ setting current se|ERENEES
MainWindow: : MainWi |

ISA: 0x40801104 + 0x00000081

None  +|chardelay: (oms 2| sendfile..| |Plain

SOC: 0x0007000d
IMEM: 0x00004000 bytes @0x00000000
DMEM: 0x00002000 bytes @0x80000000

Autoboot in 8s. Press any key to abort.
Aborted.

Available CMDs:
u: Upload
s: Store to flash

I: Load from flash
x: Boot from flash (XIP)

Hex output | Logging to: /home/fretz/cutecom.log

Device: /dev/ttyUsBO _Connection: 19200 @ 8-N-1

Setup RISC-V compiler

Skip these steps if you have the Fretz virtual machine.

® Open the Fretz VM and install cut ecom and the RISC-V compile flow
® In aterminal type, the following

$ sudo apt install cutecom-y

$ cd ~/ wsp/ Downl oads/

$ wget https://github.com stnolting/riscv-gcc-prebuilt/rel eases/ downl oad
/rv32i-2.0.0/riscv32-unknown-el f.gcc-10.2.0.rv32i.ilp32.newib.tar. gz

Create a folder where you want to install the toolchain, for example / opt / ri scv (you will need sudo rights to create this folder and copy data to

it).
$ sudo nkdir /opt/riscv

Navigate to the download folder. Decompress your toolchain (replace TOOLCHAI N with your toolchain archive of choice). Again, you might have
to use sudo if your target directory is protected.

$ sudo tar xzfv riscv32-unknown-elf.gcc-10.2.0.rv32i.ilp32.newib.tar.
gz -C /opt/riscv/



Now add the toolchain's bi n folder to your system's PATH environment variable (or add this line to your . bashr c if applicable):

$ export PATH=$PATH./opt/riscv/bin

Test the toolchain:

$ riscv32-unknown-el f-gcc -v

Continue from here: Compile your first hello world example!!!!

® Let's download some application examples. Open a terminal and type

cd ~/wsp/ neorv32/ sw exanpl es
make clean_all
make al |

® On cutecome enter the character u and press enter

CMVD: > u
Awai ti ng neorv32_exe. bin...

® On cutecome click the send file button



B cutecom ¥ Feb9 09:38

s ol fretz@ubuntu: ~/wsp/neorv32/sw/example

Dmake[l]: Leaving directory '/home/fretz/wsp/neorv32/sw/example/demo freeRTOS'
make[1l]: Entering directory '/home/fretz/wsp/neorv32/sw/example/demo gptmr'
/opt/riscv/bin/../lib/gcc/riscv32-unknown-elf/10.2.0/../../../../riscv32-unknown-el

= f/bin/ld: warning: -"mnnt S andem cumbad o odoed s dafondddes £- 00NC00000000000

. Memory utilization seslos

text data I

N 3488 0 ’n
Executable (neorv3 ]

SOK 3500 :

=1 Installing applica

— - | char delay: (oms sendfile...| Plain

ma ke [ 1 ] . Le a Vi n g d 5;?\\/{ J;“Oiéé:ozoiu Select a file to be sen he specified protocol
make[1l]: Entering (Ereeiess rigger _module
' o omoooraood e

IMEM: 0x00004000 bytes @0x00000000

/Opt/ rlscv/bln/ .. / DMEM: 0x00002000 bytes @0x80000000 ;2 _ unknown _ e‘L

Autoboot in 8s. Press any key to abort.

f/bin/ld: warning: |G 2-unknoun- e
Memory utilization [Esies

r: Restart

text data o Upload

s: Store to flash
4396 0 I: Load from flash
x: Boot from flash (XIP)
e: Execute
Executable (neorv3EEs
4408 Clear Hexoutput | | Logging to: /home/fretz/cutecom.log
Device: /dev/ttyUSBO Connection: 19200 @ 8-N-1

Installing application 1mage to ../../../rtl/core/neorv3Z2 application_image.vhd
make[1]: Leaving directory '/home/fretz/wsp/neorv32/sw/example/demo trigger module'

$ []

® |f everything goes fine, OK will appear in your terminal:

CVD: > u
Awai ti ng neorv32_exe.bin... K

® The executable is now in the instruction memory of the processor. To execute the program right now, run the "Execute" command by typing e
in cutecome and press the Enter on your keyboard:



CuteCom - Default

Sessions Help
Close | Device:

Input: Char delay: | 0 ms > |Sendfile...| | Plain

s: Store to flash

I: Load from flash

x: Boot from flash (XIP}

e: Execute

CMD:=u

Awaiting neorv32_exe.bin... OK
CMD:> e

Booting from 0x00000000...

24 ## #H4 HH

## #HE RABBHFEHEEH FEEFREEH HRAHHEREER EE ## RERFFHESF RAFEHBEE H#E RRBRBHEHBHARRREE

HEERE #HE #E #E# #E H# ## ## #H ## #H# ## ## ##E H#H#HE HERHE

H## #E #HE EHF ## ## HE ## #F ## ## ## ## ## HRHEHEE #F

## EE #E FEFRBBEER #E# #E EREHBHERE #H# ## HERHEH ## #H BELE HHFHEE BEHE

## E#E FH #F ## ## BE #FE OEHE #H ##  #F# ## #HE HFHEEEE #F

## HEHE ¥ ## #H# #E  E#HE ## #HE ## #H#  ## #HE HEHF HEHHE

##  HE HEBREBFERE HFEFRRRE HH ## ## REBBRERYHE HBJHBFFEEE EH HERBEBERBREBBERESR
#4# ## #HE H#H

Hello world! :)

Clear Hex output Logging to: /home/fretz/cutecom.log

Device: /dev/ttyUSBO Connection: 19200 @ 8-N-1
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