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

& [Datasheet] The NEORV32 RISC-V Processor

© https://github.com/stnolting/neorv32/tree/v1.7.2 Can't find link

Hardware implementation

o First, we should download the VHDL source code of the NEORV-32.

e Open aterminal and type the following:

cd

mkdir -p wsp

cd wsp

git clone https://github.com/stnolting/neorv32.git
cd neorv32/

git checkout v1.8.0

o g~ W N B

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

e Open Vivado

cd

cd wsp

mkdir -p vivado_projects

cd vivado_projects

source /opt/Xilinx/Vivado/2016.4/settings64.sh

o g b~ W N B

vivado &

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


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

Mew Project

Create a New Vivado

VlVADO‘ Project

HLLx Editions This wizard will guide vou through the
creation of a new project,

To create a Vivado project you will

d need to provide a name and a
i‘ XI LI NX location for your project files, Nest,
ALL PROGRAMMABLE. you will specify the type of flow you'll

| Mext = Cancel

« Type neorv32 as the project name

New Project

Project Name

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

Project name:  [neorv3z]

Project location: |fh0me,’fretzi\-vspmivado_projects

V] Create project subdirectery

Project will be created at: /homeffretziwspivivado_projects/neons3z

= Back || MNext =

* Choose the RTL project

New Project

Project Type
Specify the type of project to create, '

@ FRTL Project
You will be able to add sources, create block designs in IP Integrator, generate IP,
run RTL analysis, synthesis, implementation, design planning and analysis,

[ Do not specify sources at this time

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

= Back || MNext =

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

e Choose the Directory — /home/fretz/wsp/neorv32/rtl/core/



Add Source Directories

Recent: | | fhomeffretziwspivivado_projects

| 202RBLAXIZS

Directory: |Ihomef‘fretziwspfneowBQIr‘tIfcore

o~ ) cdrom
o [ dev
o= ) etc
5 ) homne
¢)—[LJ fretz
o J Desktop
U,_J Documents
U,_J Downloads
J snap
L wsp
¢—LJ neorva2
o [J docs
@ [ rtl
¢ [Jlcore
@ J mem
(o} processor_templates
(™} system_integration
@ U,,J test_setups
@ U,J sim
o [J g
o [ old
@ () vivado_projects
L U,.J neorv32

O
O

-]

| Select H Cancel J

o Click on the Add Files button to add one more source code. Choose

/home/fretz/wsp/neorv32/rtl/test_setups/neorv32_test_setup_bootloader.vhd and click on the OK button

Add Source Files

Look in: |ﬂ,] test_setups

C 2% =@/

wh neprva2 test setup approrm.vhd
Wi neorv32_test_setup_hootloader.vhd
Wi neory32_test_setup_on_chip_debugger.vhd

Recent Directories

1 fhomefretziwspineors3 2irtlitest_setups

File Preview

File name: |neor\r32_test_setup_appr0m.\.rhd

Files of type: |Design Source Files {.vhd, vhdl, vhf, vhdp,

vho, v, vf, verilog, v vg, v, tf vieg, vp, vm, veo, vh, h, svh, vh

QK

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

Index_ | Marmne | Lbrary | HOL Source For |
core wil_defaultlib Synthesis & Simulation ~ thor

neory32 test_setup bootloader.vhd xil_defaultlib Synthesis & Simulation - thor

] L]

Add Files | | Add Directories | | Create File

K [Scan and add RTL jnclude files into project
[J copy sources into project

¥ add sources from subdirectories

Target language: |WHDL hd Simulator language:

| = Back || et = ] Cancel

¢ Click next on the Add Existing IP (optional)

New Project

Add Existing IP {optional}

Specify existing configurable IP, DSP composite, and Embedded sub-design files to ‘
add to your project.

+

Use Add Files or Add Directories buttons helow

Add Files | | Add Directories

[=gack J[ Mo~ ]

¢ 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 Mes H Create File

= Back || Mext = | Cancel |

e Choose the /home/fretz/wsp/Downloads/digilent-xdc-master/Zybo-Z7-Master.xdc and press the OK button



Add Constraint Files

Look ir: |U,_J digilent-xdc-master Iz“ ¥ 'j =0 [E 4 ,_) x L:u E]_

Y Arty-A7-35-Master.dc % Zedhoard-Master.xdc Recent Directories
Y Arty-A7-100-Master.xde i Zybo-Master.xdc | | fhomeifretzwspineorvaz/rtiitest_setups
By Arty-Master.xde 05 Zyko-Z7-Master.xde
Y Arty-57-25-Master.xde
 Arty-57-50-Master.xdc

By Arty-Z7-10-Master.xdc

Y Arty-Z7-20-Master.xdec

04 Basys-3-Master.xde

{4 Cmod-A7 -Master.xdc

{5 Crmod-S7-25-Master.xdc

Y Cora-Z7-075-Master.xdc

B4 Cora-27-10-Master.xdc

4 Eclypse-Z7-Master.xdc

fY Genesys-2-Mastar.xde

{4 Genesys-ZU-3EG-D-Master.xdc
Y Genesys-ZU-3EG-Master.xdc
B4 Genesys-ZU-SEV-D-Master.xdc
) License.txt

9 Mewys-4-DDR-Master.xdc

B4 Mewys-4-Master.xdec

Y Mewys-A7-50T-Master.xde

) Mexys-A7-100T-Master.dc

B4 Mexys-video-Master.xdc

|_J README.md

Y Sword-Master.xde

{ USE104-47-100T-Master.xdc

File Preview

File name: |Zybo-2?—Master.}{dc

Files of type: |AII Files

0K H Cancel ‘

e Tickthe copy constraints files into project and click the Next button

New Project

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

+ Constraint File | Location |
“ 8y Zybo-Z7-Master.xdc fhome/fretziwsp/Downloads/digilent-xdc-master

Add Files ‘ | Create File

KA [Copy constraints files into project

| ? = Back “ MNext = ]| Finish || Cancel

e Click on Boards




New Project

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

4 Filter
Product category: Speed grade:  |All
Earnily: Temp grade:  |All

Package:

| Reset All Filters |

Search: | =]

‘ 1/0 Pin ‘ Block

Transceivers| Transceivers| 10Bs Elements
a 100 17600
54 17600
100 17800
150 34400
150 34400
125 40800
125 40800
200 40800
200 40800
150 46200
150 45200
150 46200
150 46200

- Rl Block ‘ — ‘ FlipFlops ‘GT)(EQ ‘Gb ‘ fovailable ‘ LuT ‘
@ ®c7z010clg400-1 400 35200
@ ®c7z010icig225-1L 225 35200
@ ®c72010icig400-1L 400 35200
@ xc720125clg485-2 485 62200
@ xc72012s5clg485-1 485 62200
@ xc7z0145clg400-2 400 81200
@ xc7z0145clg400-1 400 81200
@ xc7z014sclg484-2 484 81200
@ xc7z014s5clg484-1 484 81200
@ xc72015clg485-2 485 92400
@ xc72015clg485-2 485 92400
@ uc7z015clg4B85-1 485 92400
@ wc72015icig485-1L 485 92400
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= Back || Mext = | Cancel |

e Choose zybo z7-10 and press the next button

New Project

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

Select: @ Parts

4 Filter/ Preview
Yendor: All =
Display Mame:  |All A

| Reset All Filters |

Search: | B|

Display Mame ‘ Wendor | Board Rev‘ Part ‘IIO Pin Count | File Versior

E Aty Z7-10 digilentinc.com A % ¥c7z010clg400-1 400
@ Aty 27-20 digilentinc.com A @ ¥c7z020clg400-1 400
@ cora 27078 digilentinc.com B. @ #c72007sclg400-1 400
@ cora 2710 digilentinc.com B, @ #c72010clgd00-1 400
@ Eclypse 27 digilentinc.com B, @ xcTz020clg484-1 484
@ Zedboard digilentinc.com D @ %c72020clg484-1 484
@ zybo ZIpLo digilentinc.com B, @ #c72010clgd00-1 400
E zybo Z7-20 digilentinc.com B. @ ¥cT7z020clg400-1 400
E 2yho digilentinc.com B, @ xc72010clgd0n-1 400
@ zZedBoard Zyng Evaluation and Development Kit ermn.avnet.com  d @ #c72020clg484-1 484
@ zvNG-7 2C702 Evaluation Board wilinx, com 1.0 @ we7z020clgds8d-1 484

[

= Back || MNext = Cancel |

o Finally, click on the Finish button



New Project

New Project Summary

VIVADOQ'

HLx Editions (D & new RTL project named 'neorn32' will be created.

()1 source file will be added.

(@1 source directory will be added.

A Mo Configurable IP files will be added. Use Add Sources to add them later,
()1 constraints file will be added.

(1) The default part and product family for the new project:
Default Board: Zybo Z7-10
Default Part: xc7z010clg400-1
Product: Zyng-7000
Farnily: Zyng-7000
Package: clgd0n
Speed Grade: -1

& XILINX

ALL PROGRAMMABLE. To create the project, click Finish

‘ ? = Back “ et = |[ Kinish ] Cancel

Select the Project Settings under the Project Manager

home Fretzfwspivivade_projec

e Edt Flow Tools Window Lawout \iew Help
dcren Bl X | b B & K I (G Eodul Layout - | %y Ready
“Jow Navigator 2« Project Manager nesnd2 ? X

% Sources ASEIEEN | E project summary x roe =

¢+ Project Manager B - Project Settings E:
3 Messagas: () 6w
@ Prigect Sattings (= i = Praject name: nearyiz
% add s -z Design Sources
@t add Sources {4 neorvi2 test_setup_bootloader - neorv3z tes | Praject location home/retziwsphavado_projectsineanaz
Y Language Templates =@ nearv32_dmem « neorv32_dmem_rtl v Praduct family: Zyniy- 7000
{F IP Catalog @ neorv3Z_imem - neona2_imem_rl V32 Fraject pa: e

&= Constraints

& Simulation Sources Top module name:
Tanget |anguag

Simulatar langus

v IP ntegratar
# Creste Block Dasign

ga:

[ — =] gaard part
Hierarchy Ubraries Compie Order

[R— Display nama: vbo 2710
irnilet
Source Fila Propartios 70 X Board part name: digilertine com:syba-2T-1 0:partd:1.1
@& Simulation Settings P—
fboar et

Fepositary path: Japtilingivade2016 didatafbaan

&4 Run Simulation

# neor22_bootleader image.vhd URL: ant
" RTL Anabysis (2] | Board overvew: i
@ Elaboration Settings el Exatied
] i tie L
& open Elabarsted Design Lacatian: Momaifratziwsphasado_projoctsinecnyaz Sycithents Impdsin et ¥¥ o
Type: fro [ Status: Not Status: Hot started
* Gymthesi r " - s " i . .
T \ian el ) Metsages: No BTars er wamings MesEages: Mo errars or wamings
@ synthesis Settings [ | Part: ¥£72010clg40n-1 Fart: w7201 0ehg400-1
B Run Synthesis General Properties Stratagy: Vs Syntha Strataqy: Vivads implemantation Defauls =
Tel Console PO X
v Implementatian | INFO: [IP_Flow 15-1704] No user IP repositories specified =
) INFD: [IP_Flow 23131 Loaded do IF repository " Jfopt/xi vado /20164 datasip” .
@ Implementation Settings set_property beard_part digilentinc.com:zybo-z7-10:part0:1.1 [current_project]
I» Run Implementation set_property targef_language VHOL [current_project]
o b add_tiles -scan_far_includes {/Meme/frenz/vep/mesrva2/rtlfesrs /ose/fratzivap/nearvi2srtl /test_setups /Mearvi2_test_setup_bastlsader.ikd}
- impor les -force
InFD: [filemgat 20-343] Isporting the appropriate files for fileset: "sources_l
v Pragram and Dabug 5 import_files -fileset constrs_1 -force -norecurse /hemesfretz/vep/Oownloads digilent-adc- ybo- I7-Master. udc
@ EBrtstream Settings set_property defaw neorviz current_projectl
%) Generate Bstream =

@® Open Hardware Manager L — Ll
[

S Tel Console O Messages Cllog 3 Reports 3 Design Runs

onfigure syrthesis, simulation, implement ation and 1P retated options

Rename the Default library xil_defaultlib with neorv32 . Close the Project Settings by pressing the Apply and OK buttons



General

MName:

Project device:

Target language:

Default library:

Top module narme:

Language Options
Werilog options:
Generics/Param

Loop count:

Project Settings

neory32

|8 zybo Z7-10 (xc72010clg400-1]

[VHDL

|neon.r;2

| neorvaZ_test setup_bootloader

|Veri|og_uersion=\.-’eri|og 2001

eters; |

H Cancel H Apply

e Edt Flow Tools Window Layout \iew Help
3 | & b ®P% &K L GEoeturaypou | &% |H Ready
“How Navigator 2« Project Manager neord2 P X
N oo B Sources ? =02 % | F project Summary x *Ow =
QTS f=
¢ Project Manager Projest Settings Edit |
= Messagas: () 6w
@ Project Settings i = Praject name: neary3z
& add s -z Design Sources
@t add Sources 4 Neorv3Z test_setup_bootloader - neorvz_tes || Praject lstation Mhomefratziwiphrado_projectsneanaz
Y Language Templates @ neorv32_dmem « neorv32_dmem_rtl Praduct family: Zyniy- 7000
{F 1P Catalog B Aeara2 imem - neerd_imem_rl Praject part: S
@ Canstraints _ }
\maath op module name: 1 i haot
¢ 1P integrator & Simulation Sources st lonpEge = -
# Creste Block Dasign e arget language:
A F = Simulator language:
.HI e g = ] gaard part
erarc Ubraries Compile Jar
[ L v [T — yho Z7.10
Il atio
Source File Froparties b = I Doard part name: digilentine. com:zvba-27-1 d:partd:1.1
@ Simulation Settings
| B R pasitary path: faptErN 06201 6 didatabasrdsoard et
! U Sitetion # rimor2_boctioader image.vhd URL: ; jerd. comreference/programmable Jogic ko z7 sk aet
+ BTL Analysis (=] | Board ovardew: i
@ Elaboration Settings R
B i tie L
B opensiabarstad Danign | [ LoS8Ean: omefratzwsphivado projectsimeonzz, | SYnthesis Imiples Snikythar
Type: HOL |= Status: ot Status: Hot started
g ﬁ)‘nlhﬂ. i rrrerall el G Messages: MO BTOrs o warmings Messages: Mo arrors or warmings
@ synthesis Settings [ 0| Part: HC72010cig400-1 Fart: #7201 0clg400-1
B Run Syrthesis General Froperties Stratagy: Yy Strategy: yhad Imple =
.o ®

Tel Console

IP repositories speciiied

INFO: [IP Flow 15-1704] No user
vado 1P repository °fopt/xilinc/Vivado 2016, 4/datarip” .

INFO: [IP_Flow 16:2313] Loaded

Implementation
@& Implomentation Settings

Genarate Bistream

=l set_property beard _part Len partd:1.1 [current_project]
I# Run Implementation I} s6t_property targe VHIL [current_proje
o _ y add_files -scan_far_ {/mene/fretz fvspinearva2/et L feare Mome/f retzAvip/neorvI2irtL /test_setups /neorvi2 test_setup_bastleader. vhd}
& _files -force
ilemgat 20-343] Importing the appropriate fil r file “sources_l°
v Frogram and Debug o import_files -fileset constrs_1 -force -norecurse /homesfretz/wsp /Downloads/digilent-adc-mastersZybo- 27-Master. xdc
@ Bistream Settings set_property default_lib meorv32 |current_project)
* -

@® Open Hardwane Manager |
& Tel Console il Reparts 3 Design Funs

Messages O Log

sreate and add an P subsystem to the project

Give the name riscv_wrapper . Then press the OK button



Create Block Design

Please specify name of block design.

Lesign name:
Directory:

Specify source set:

)

sys_clock [»

Clocking Wizard
util_vector_logic_0

rst[0:0] [

Utility Vector Logic

I

|riscv_wrapper

|O'J =local to Project=

|:| Design Sources

Create the following block design

clk_wiz_0

uart_rxd [

eorv32_test_setup_bootloader_0
clk_i

rstn_i E
uart0_rxd_i

xlslice_0

orv32_test_setup_bootloader_v1_0

Next, create a VHDL wrapper for the block design

neorvi - [fhomefretz/wsp/vivado_projects/neorvdz/neorviz.xpr] - Vivado 2016.4

[ >led_boot[0:0]

[Truart_txd

He Edit Flow Tool: Window Layout View Help

> em
Aw Nansgatar T«

wre
3, s B9

' Project Manager
@ Praject Settings
&% Add Sources
Language Templates
LF IF Catalag

v IP Intagrator
# Create Black Design
:* open Block Design
% Genorate Block Dasign

v Simulation
@ simulation Settings
& Run Simulation

+ RTL Analysis
@ Elaboration Settings
& Open Elaborated Design

' Smthesis
@ synthesis Settings
& Fun Synthesis
& Open Synthesied Design

' Implementation
@ Implementation Settings
I* Run Implementation
& Open implermented Design

* Program and Debug
@ Bitstrearn Settings
¥ senerate Bitstream
m® Open Hardware Manager

LERIS I Y1

Praject Manager neor3d
Saurces

Q=
Messages:
B-(5 Design Sources

i neorvi2 test_setup bootloader - neorv32 tes

5 [Eosteut oo -] # % |®

*-0

[

E Project Summary X

Praject Settings

Froject name:

__Rrodurt famie

471 ASCV_wrapper (riscy_wrappec hal fa) 1l
—i# neorvi2_dmem - necrviz_ i Source Node Properties,.,  CubE
# nearviz_imem - neorviz_ * Open File ]
b Constraints (1
& Simulation Sources (4 (Gl 0 R p E
viarw Inst¥ntiation Temgplata
Generate Output Praducts...
O Reset Output Products.
Hierarchy IF Sources LUbraries p
Saurce File Properties 8t Into 3 _
+ = @[k ] % Remave File from Froject... Geste
& risey_wrapperbd ale File x
Dizable File AkeMin
A Enabiod Hierarchy Update
Lecation: momefratziwsph & Rofrosh Hisrarchy
Type: [Black Dasigns | W Hierarchy
Part: METZ010cig400- | "= F
] T
General Properties Sot Used In...
T Edit Constraints Sets...
Tel Cansole
& mdyronp Eat 1 58ts
set_property name led_t Assaciate ELF Files...
delete_bd_obis [get_bd & Add Sources.. AREA

4 Report IP Status

Froject location:

nagna2

fhomefratziwspivivada_projectsineenid

Zymg-7000

Zybo 2710
degilentine. com:zybo27-10: pan0:1.1

foptirug\ivade/2016.4/dat afboardsoard files

i ol

Zybo 271

ut-of-date

7201 DelgdnD-1

mmab

implementation

St +f Out-of-date

Massages: 1) 4 winrneng

Part: ®eT201 Delgddd-1

Strategy: =

=
=
# regenerate_bd_layout
.
'

wpdate_compile_order -
a update_compile_order -filaset sis_L
y| = save_bd design
|| e

+ =/honesfretzAvap/vivado_projects/neorvI2ineorvid. sres/sources_1/bd/ /riscy_vrapper/riscy_wrapper. bd>
® close_bd_design Iget_bd_designs riscv_wrapperl

& Tel Console Messages Gl

senerate HOL wrapper file and eopy into project

Log % Reposts  3» Design Runs:

e Selectthe Let vivado manage and click the OK button



Create HDL Wrapper

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

Options

O Copy generated wrapper to allow user edits|

@ Let Vivado manage wrapper and auto-update

L

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

Dk | Cancel

Aearvi2 - [fhome Fretz/wip/vivado_projects/neorva2/neorvi2.xpr] - Vivade 2016.4

e Edit Flow Tools Window Layout View Help

AN B X P ¥ @K I (G |[sosfault Laysut ) B Synthesis and Implementation Out-of-date
How Navigator @ @ Project Manager neorvid 7 X
LRy Saurces L = E Project Summary * RO
T
r A e e -
i Project Managéer Project Settings Edit E
Messages
@ Project Settings 3“ Froject name; naanaz
=3 " r
@5 Add Sources &-@s neorv32 test_setup bootloader - neoryd2 tes | Froject lacatan: ! T _projects Wiz
¥ Language Templates -8 FISCV_WIBPPEr_wrapper - STRUCTLS fries weannar » | Geoduct famie
3 1P catalag @ naorvaz_dmem - neonva2_dmen '@ Source Node Froperties...
- @ neorviz_imem - necrviz_imem| 3 Open File
1 .- @i Constraints
IP Integrator L& cimmbstion Sources (4 Feplace File.,
# croate Black Design
* open Block Design Py A o
%y Generate Block Design ] X Remove File from Praject... Dalata
Hierarchy IF Sources Ubrares Com| ot 10
v Simulation Disable File PreTE
@ simulation Settings Source Fila Proparties Move to Simulation Sources e eomatn27-10:pan il 1
R Fun Simulation . Mowe to g ] feoVivadoy2016.4/dat ab oards/board files
a i o
& riscy_wrapper_wrappar.vhd Hierarchy Update digilent. comr ag7fstan
# RTL Anahsis i i Rafrach Hisrareky 10
@ Elaboration Settings B Enafsled WP Hisrarchy Implementation
& Open Elabarated Dosign Lecation: momefretzwsphevady & Sek 88 kep B
h [wHoL | | : Status: +f Out-of-date
+ Symthesis = i ;. B 54 warnion
[neona? 185EAGRE: D g4 warning
@ symthesis Settings i -1 Part: *eT201 0elgatd-1
# Run Symthesis Properties Sat Ubrary... L Defaults Strateqy: y mp -
= . Set File Type...
& open synthesged Design | | et —=o
+ Implementation # close_bd_design lget bd_deq Edit Constraints Sots... =
reset_target all [get_files s sources_1/bd/riscy_wrappersriscy_vrapper.bd]
@ Implementatian Settings : iles -of_sbjd Edit Simulation Sets... neorv 32 nes FedD. s res fsburees_Libd ride_vrapper/risey_wrapper.bd] -syme -no_seript -foree -g
I* Run Implementation make_wr r-files [get_fild @ add Spurces.. AR+A - sres/sources_L/bd/riscy_wrapper/riscv_wrapper.bdl -tep I
& o ) 40 adding cell - xilinx.com:ips = =T
I SOpan impsaantaCIDNEIgn fiod_ I BApOR B Satug kources_1/bdsriscy_vrappershdlfriscy_vrapper.vhd

' Program and Dabug
@ Bitstream Settings
¥) Genarate Bitstroam
w® Opin Hardwars Manager

iat as Tap

VHOL Qutput writtem to :
VHOL Qutput writtem to :
Wrate

Momesfrats fwsp/vivado_projects meorva2/nenred2. sres /aources_L/bd/riscy_wrapper /bl risev_vrapper_wrapper.vhd
+ </hone/frets fvip/vivads_projects/mesrvIdmeorvid sres/sources_Libd risev_vrapper/risty_wrapper. bdx
add_files -norecurse shome/fretz/wsp/fvivado_projects/mearviasnesrvi?, srosssources_L/bd/riscy_wrapper/hdlsriscy_wrapper_wragper.vhd

& Tel Console Messages

Hog

% Reposts 3 Design Runs:

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



neorva2 - [fhome Fretz/wsp/vivado_projects/nearviz/neorviz.xpr] - Vivado 2016.4

e Edit Flow Teols Window Layout View Help

50 o WX |® b % @ K|T oEowEnes 18 &% [® =
Aow Navigator @ @ Project Manager necrvil T X
o w
Alw EERCTIERE E Project Summary e
i Projedt Manager Project Settings Eds =
Messages: -
ai L SR Di -G Design Sources ¢ Project name: neonaz
b Add Sources s neorva2 test_setup bootloader = neory32_test, setup b: Praject location: iharnefretzwapiivacs projectsneanaz
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5 ##Pmod Header JC
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7 set_property -dict { PACKAGE_PIN W15 IOSTANDARD LVCMOS33 } [get_ports { ADD_PORT}]; #IO_L10N_T1_34 Sch=JC1_N

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

successfully finished.
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+ When the bitstream generation finishes, open to see the implemented design

¢ Bitstream Generation Completed X

QI Bitstream Generation successfully completed.
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O ]l Cancel

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

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

« 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

e Open aterminal and press cutecom

« Click on settings and configure as follows and then click on open

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

CutaCom - Default o @

MainWindow: : Maini i [ e
N LRI Oventode | Readfwiite - | StopBits 1 - | Loghe: Mome/Tretzfcutecomog
setting current se Bttt
S0k MainWindow: :MainWi
$ cu
setting current se

None = Chardelay: dms

MainWindow: :MainWi

Clear Hexoutpat | Loggingtec fhome/fretz/cutecom. log
Device: /dewthlSBO  Connectionc 19200 & 8-N-1

+ Select None



)

ﬂ :~% cutecom
» setting current session to: "Default"
MainWindow: :MainWindow(QWidget*, const QString&) calculated height: 31

= A $ CU-‘- T CuteCom - Default o =
setting current se Sesiors_to
. . . . «l Drevice:
& MainWindow: :MainWi i
N

- i
setting current se -
SO MainWindow: :MainWi Py
- s CR{LF
$ cu Mcmrnm,. oms  * Sendfile.. |Plain
— setting current se e

MainWindow: :MainWi

Clear Hexoutput | Loggingter fhomejfretz/cutecom log

Device: 1286 USH2.0-Ser UyUSBO Connection: 19200 & 8-H-1

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

$ cutecom
y setting current session to: "Default"
MainWindow: :MainWindow (QWidget*, const QString&) calculated height:
= . $ Cu.a_... e
setting current sec S
N

CuteCom - Default

MainWindow: :MainWwi (.-
N : $ Culg
setting current sef
50K MainWindow: :MainWi &
$ C U e ! wene - chardelay: oms  © Sendfile. Plain

setting current se

MainWindow: :Mainwi [Eissss
1SA Ou40801104 + Ox00000081
oy
IHEM: 000004000 bytes @0x00000000
DMEM: 0x00002000 bytes H0uB0000000

Autoboot in B Press any key to abort

Hex output | Loggingtac fhome/fretzjcuteccem log
Device: [dew/tyUSBO  Conmecticn: 19200 8 8-N-1

Setup RISC-V compiler

Skip these steps if you have the Fretz virtual machine.
¢ Open the Fretz VM and install cutecom, and the RISC-V compile flow

« In a terminal type, the following

1 $ sudo apt install cutecom -y
2 $ cd ~/wsp/Downloads/



3 $ wget https://github.com/stnolting/riscv-gcc-prebuilt/releases/download/rv32i-2.0.0/riscv32-unknown-elf.gcc-10.2

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

1 $ sudo mkdir /opt/riscv

Navigate to the download folder. Decompress your toolchain (replace TOOLCHAIN with your toolchain archive of choice). Again, you might

have to use sudo if your target directory is protected.
1 $ sudo tar xzfv riscv32-unknown-elf.gcc-10.2.0.rv321i.ilp32.newlib.tar.gz -C /opt/riscv/
Now add the toolchain's bin folder to your system's PATH environment variable (or add this line to your .bashrc if applicable):
1 $ export PATH=$PATH:/opt/riscv/bin
Test the toolchain:

1 $ riscv32-unknown-elf-gcc -v

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

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

1 cd ~/wsp/neorv32/sw/example/hello_world
2 make clean_all
3 make

On cutecome enter the character u and press enter

[y

CMD:> u

N

Awaiting neorv32_exe.bin...

On cutecome click the send file button

ﬁ :

- make[1]: Leaving directory '/home/fretz/wsp/neorv32/sw/example/demo freeRTOS'

y make[1]: Entering directory '/home/fretz/wsp/neorv32/sw/example/demo gptmr'
Jopt/riscv/bin/../lib/gcc/riscv32-unknown-elf/10.2.0/../../../ riscv32-unknown-el
f/bin/ld: warning: --==-% fisod o=t o PRereta e a0 [ ol To oo e T [ o e )
Memory utilization sl

text data S

3488 0

Executable (neorv3j
3500 =
Installing applica s o (D) P T

= ma |-'\'e [ 1 ] . Lea\fi ng d BLOV: Jan 21 2023 [setecta rile 1o be sent using the specitied protocol

. HW 0-.9563)900 :
make[1]: Entering {fisemes igger module
1 54 b-dtéb:!ol.: * OuBO000081

X . . X I;-IEM ol: 00004000 bytes @0x00000000

Jopt/riscv/bin/. ./ 2-unknown-el
f/bin/ld: warning: | T 100000000000
Memory utilization

text R

4396 (0]
Executable (neorv3
44 08 { Hexoutpat | Loggingtec fhome/fretz/cutecom. log

Device: [dewthylSB8  Connection: 19200 & 8-H-1

Installing application image to ../../../rtL/core/neorv3Z application 1image.vhd
make[1l]: Leaving directory '/home/fretz/wsp/neorv32/sw/example/demo trigger module'
: $




If everything goes fine, OK will appear in your terminal:

1 CMD:> u

2 Awaiting neorv32_exe.bin... OK

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:

N CuteCom - Default - =} x
Sgssions Help
Close | Device:
b =
imm’;m’;
im
Kk
a
u
e
Input: | None  ~|cChardelay: oms |*/|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...
2 #x 22 2
wu @ wé ww #e
#ERE #E #H #H #E #E RS #8 4 44 #4 #E #E #E #HE ###E
£8ue we w8 2E g8 48 #8 £8  #8  #E 88 $8 £E LAEEEE 2
#E #E BE BEBERREAR ¥E #& ERBEZBERE ER ## #EREE #8 #E REAR FEEBEE #HEF
B4 BEAE BE RE HRHE BE BE BE BERE BE BE BEBEEE 44
B8 ssa g8 EE 88 48 48 £8 EE S8 £3 48 we wess Free
#E R HERRAABEE FREEBHEE ER ## #% RESBERER REFBRREBEE F¥ RERBBREBERBESREE
#e ss se e
Hello world! :}
Clear Hex output | Logging te: /home/fretz/cutecom.log
Device: /dev/ttyUSBO Connection: 19200 @ 8-N-1

6. Installing an Executable Directly Into Memory

If you do not want to use the bootloader (or the on-chip debugger) for executable upload or if your setup does not provide a serial interface
for that, you can also directly install an application into embedded memory.

This concept uses the "Direct Boot" scenario that implements the processor-internal IMEM as ROM, which is pre-initialized with the
application’s executable during synthesis. Hence, it provides non-volatile storage of the executable inside the processor. This storage

cannot be altered during runtime and any source code modification of the application requires to re-program the FPGA via the bitstream.
See datasheet section Direct Boot for more information.

Using the IMEM as ROM:

« for this boot concept the bootloader is no longer required

« this concept only works for the internal IMEM (but can be extended to work with external memories coupled via the processor’s bus
interface)

« make sure that the memory components (like block RAM) the IMEM is mapped to support an initialization via the bitstream
1. At first, make sure your processor setup actually implements the internal IMEM: the MEM_INT_IMEM_EN generics has to be setto true:

Listing 8. Processor top entity configuration - enable internal IMEM

1 -- Internal Instruction memory --

2 MEM_INT_IMEM_EN => true, -- implement processor-internal instruction memory

2. For this setup we do not want the bootloader to be implemented at all. Disable implementation of the bootloader by setting the
INT_BOOTLOADER_EN generic to false . This will also modify the processor-internal IMEM so it is initialized with the executable during
synthesis.

Listing 9. Processor top entity configuration - disable internal bootloader


https://umarcor.github.io/neorv32/ug/#_installing_an_executable_directly_into_memory
https://umarcor.github.io/neorv32/ug/#_installing_an_executable_directly_into_memory
https://stnolting.github.io/neorv32/#_direct_boot

1 -- General --
2 INT_BOOTLOADER_EN => false, -- boot configuration: false = boot from int/ext (I)MEM

3. To generate an "initialization image" for the IMEM that contains the actual application, run the install target when compiling your

application:
1 neorv32/sw/example/demo_blink_led$ make clean_all install
2 Memory utilization:
& text data bss dec hex filename
4 1004 0 0 1004 3ec main.elf
5 Compiling ../../../sw/image_gen/image_gen
6 Executable (neorv32_exe.bin) size in bytes:
7 1016
8 1Installing application image to ../../../rtl/core/neorv32_application_image.vhd

4. The install target has compiled all the application sources but instead of creating an executable ( neorv32_exe.bit ) that can be

uploaded via the bootloader, it has created a VHDL memory initialization image core/neorv32_application_image.vhd .

5. This VHDL file is automatically copied to the core’s rtl folder ( rt1/core ) so it will be included for the next synthesis.

)]

. Perform a new synthesis. The IMEM will be build as pre-initialized ROM (inferring embedded memories if possible).

~

. Upload your bitstream. Your application code now resides unchangeable in the processor’'s IMEM and is directly executed after reset.

The synthesis tool / simulator will print asserts to inform about the (IMEM) memory / boot configuration:

1 NEORV32 PROCESSOR CONFIG NOTE: Boot configuration: Direct boot from memory (processor-internal IMEM).
2 NEORV32 PROCESSOR CONFIG NOTE: Implementing processor-internal IMEM as ROM (1016 bytes), pre-initialized with app



