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THE SPEAKER
• Embedded Software Consultant

• Design Work
• Medical devices

• Scientific instruments

• LIDAR

• Custom ASIC

• Consumer electronics

• Experience/Expertise
• RTOS-based systems

• Embedded Linux/The Yocto Project

• Qt

Mohammed Billoo
(mab@mab-labs.com)

/mab-embedded

@mabembedded

mailto:mab@mab-labs.com
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THE SPEAKER

• Training/Workshops
• Virtual

• On-site/In-person

www.mab-labs.com

BIOS FOOD Newsletter

http://www.mab-labs.com/
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Agenda
• Background and motivation

• Process

• Issues Encountered

• Resolutions

• Enhancements

• Next Steps

• Q&A
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BACKGROUND AND MOTIVATION
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Background
• Embedded software
• Focus is on software

• Assume CPU does what you expect it to do

§ Compiler is mature and well-defined

§ Hardware is mature and well-defined*

» Mostly….

» Errata

• Gets boring after > 10 years of doing “just software”

§ Itch to understand how it works under the hood
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ISA
• Instruction Set Architecture

• Language to command a CPU

• Well-documented

• Nothing (technically) stopping you from:
• Building a CPU compliant to a particular ISA

• Costly + time consuming

• Issue (as always) comes from legal + financial
• Can get in trouble for violating IP

• ISA is considered vendor IP
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ISA
• How to (legally) use a proprietary ISA?

• Money ($$$)

• Not friendly for hobbyists/individual
• Pay royalty to license ISA

• Pay fee for validated implementation

• Both

• More appropriate for (large) companies
• Pass added cost to (ultimately) consumer
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RISC-V
• A lot of buzz around an “open-source ISA”

• Free
• No license necessary to use the ISA

• No royalty or (significant) upfront cost

• Commercial advantage (for companies)
• Massive reduction in per unit cost

• (Hopefully) pass onto consumer

• Another advantage … later 

Hackster.io

$ 2 USD
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RISC-V
• Advantage for hobbyist?

• Yes!
• Can “implement” own RISC-V compliant CPU

• (Probably) easier to do than proprietary ISA

• Don’t have to worry about paying royalty

• OK … 
• But how do I get started?
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Interesting ….
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PROCESS
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Getting Started

• Hardware?

• Neorv32 can be flashed to an FPGA

• Have a list of FPGA boards that are supposed to work

• Decided to choose UPduino v3 board
• Lattice FPGA

• Inexpensive + small

• Available (at the time)
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Ge<ng Started

• Personally have Xilinx, Altera FPGA boards
• From past project work

• Why not use those?

• Not exact match to supported boards
• In (limited) experience, helps to have exact board

• Definitions in RTL may be different

§ Pin definitions

§ Clocks

• Result in weird/incorrect behavior



17

Getting Started

• Have FPGA, what next?

• Toolchain
• Decided to go with commercial toolchain (initially)

• Use vendor tools to get started

§ Should* work with FPGA

• Migrate to using open-source tools later
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Getting Started

• First, had to jump through some hoops to get sources all aligned
• FPGA tools require some hand holding to get project to build

§ Usually

• Needed to run some pre-build steps

§ Pre-build library

• But still ran into errors …
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Hunting Ghosts 

• Ran into initial errors
• Design not updated to support latest version of Radiant

• Attempted to resolve on my own
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Hunting Ghosts

• Maintainer responded with a fix in few days!
• Advantage of a (well-maintained) open-source project

• Still ran into an issue
• Neorv32 has bootloader in RTL that can be enabled

• Flash application images to bootloader

• LED should blink for 10 seconds + UART output

§ No blinky!

§ No UART!
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Hunting Ghosts

• Toolchain issue!
• Expected (work long enough with FPGA people)

• Recently worked with an FPGA engineer to

§ Debug IDE Segfault

» Cost $$,000 license/year

§ RE application binary

» Located bug in how they used std library function

» Worked around it …
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Hello RISC-V World!

All that matters (usually…)

Need to know pins for bootloader output
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Hello RISC-V World!
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Zephyr On RISC-V?

• west build –b neorv32 zephyr/samples/hello_world ?

• Not sufficient
• Bootloader expects a bin file

• CONFIG_BUILD_OUTPUT_BIN=y

§ Add to prj.conf
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Zephyr On RISC-V?

• image_gen tool
• Compile from Neorv32 repo under sw/

• Add to PATH
?

Woohoo!
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“zephyr.vhd”?

Can embed our application inside FPGA memory!

RTL !
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Does it work? ☹

• No output to console

• Problem when working with FPGAs/hardware
• If hardware changes underneath, software has to follow

• Used a forked version of Zephyr with fixes

§ Actually compiles

§ Does it work?
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Included in neorv32 
repo to upload binary to 

bootloader

Woohoo!
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Next Steps: Custom Function Unit

• (Personally) most interesting feature in RISC-V
• ISA Extension to allow for operations optimized in hardware

• Call from SW using compiler intrinsic
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Next Steps: Custom Function Unit

• Hardware multiply and add!
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Next Steps: Custom Function Unit

• Doesn’t build for UPduino board
• Logic doesn’t fit

• (Another) typical problem with FPGA designs

• Resource (and timing) constraints
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Next Steps: Custom FuncTon Unit

• From SW?

• Neorv32 ”sw” directory has relevant functions
• Detect if CFU is enabled

• Call appropriate CFU
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Next Steps: Custom Function Unit
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Next Steps: CFU In Zephyr?

• Didn’t see existing support for using Neorv32 CFU in Zephyr
• Maybe pull in is as external module via West

• Add it to Zephyr?
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Summary and Next Steps

• UPduino running Neorv32 works with Zephyr!
• Need to use forked version

• Help get PR past the finish line
• Some comments need addressing

• Can help address those comments and get 
mainlined

• Get bigger FPGA for CFU support
• Determine appropriate strategy to add CFU support 

in Zephyr
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Thank you!

Questions?

MOHAMMED BILLOO

FOSDEM 2024


