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$ whoami

● Linux kernel developer, BayLibre

○ embedded software consultancy based in Nice, France, with ~50 engineers around 
the world contributing to open source projects like Linux, U-Boot, Android and Zephyr

● Board of Directors, BeagleBoard.org Foundation

● Ambassador, RISC-V International

● Member, FOSSi Foundation and Open Source Hardware Association

https://baylibre.com/
https://baylibre.com/blog/
http://beagleboard.org/
https://riscv.org/ambassadors
https://www.fossi-foundation.org/
https://www.oshwa.org/


RISC-V: a Free and Open ISA
● Started by a computer architecture research group at University of 

California Berkeley in 2010 led by Krste Asanovic

● V as in the roman numeral five, because it is the 5th RISC instruction set 
to come out of UC Berkeley

● Free and Open because the specifications are published under an 
open source license: Creative Commons Attribution 4.0 International

○ Volume 1, Unprivileged Spec v. 20191213  [PDF]

○ Volume 2, Privileged Spec v. 20211203  [PDF]

https://riscv.org/about/history/
https://www.youtube.com/watch?v=Qa2bqZ-7h4U
https://riscv.org/technical/specifications/
https://github.com/riscv/riscv-isa-manual/releases/download/Ratified-IMAFDQC/riscv-spec-20191213.pdf
https://github.com/riscv/riscv-isa-manual/releases/download/Priv-v1.12/riscv-privileged-20211203.pdf


Learn more about RISC-V

● Get up-to-speed quick with the RISC-V Reader

http://riscvbook.com/
http://riscvbook.com/


RISC-V International
● The organization that develops the RISC-V specifications: riscv.org

● Non-profit with 2,700+ members including companies and universities

● Become a member - free of cost to individuals and non-profits

● RISC-V wiki has many helpful resources

● RISC-V mailing lists for many topics (public archives)

● Technical Meetings Calendar

https://riscv.org/
https://open-src-soc.org/2022-05/media/slides/RISC-V-International-Day-2022-05-05-11h05-Calista-Redmond.pdf
https://riscv.org/membership/
https://wiki.riscv.org/display/TECH/Technical+Overview
https://lists.riscv.org/g/main
https://lists.riscv.org/g/main/subgroups
https://calendar.google.com/calendar/embed?src=tech.meetings%40riscv.org


RISC-V Developer Boards 
● Initiative from RISC-V International to get Linux-capable boards into the 

hands of open source developers

○ Need to be RISC-V International member (or part of a member organization), but 
remember that individuals can join RISC-V International free of cost

● Currently accepting applications for:

○ Milk-V Pioneer Box featuring 64 core Sophgo SoC and 128 GB memory (!!!)

○ StarFive VisionFive V2 board

https://riscv.org/risc-v-developer-boards/details/
https://riscv.org/membership/


MilkV Pioneer with 64 cores!
● Sophgo SOPHON SG2042 has 64-core T-Head C920 @ 2 GHz

● CrowdSupply campaign just launched, ships December 2023

○ $1,199 for Milk-V Pioneer motherboard 

○ $1, 999 for Milk-V Pioneer Box 128 GB ram, 1 TB SSD, 2x 10Gb Ethernet, AMD R5 230 GPU

https://www.crowdsupply.com/milkv/milk-v-pioneer
https://www.sophgo.com/product/introduce/sg2042.html
https://www.crowdsupply.com/milkv/milk-v-pioneer
https://www.crowdsupply.com/milkv/milk-v-pioneer
https://www.crowdsupply.com/milkv/milk-v-pioneer


Sipeed Lichee Pi 4A
● Alibaba T-Head TH1520 SoC with 4x C910 cores (12-stage, out-of-order)

● $119 on AliExpress

https://sipeed.com/licheepi4a/
https://www.aliexpress.us/item/3256805346421328.html?gatewayAdapt=glo2usa4itemAdapt
https://sipeed.com/licheepi4a/
https://sipeed.com/licheepi4a/


Recent RISC-V presentations
● Linux on RISC-V (ELC-E 2022 Dublin)

● RISC-V YouTube channel

○ State of the Union & the Road Ahead

○ Maturing the RISC-V Ecosystem 

○ Evolving the Role of Software in the RISC-V Ecosystem 

○ RISC-V Summit Europe (May 2023) videos coming soon…

https://tinyurl.com/elce22-riscv
https://www.youtube.com/c/RISCVInternational/videos
https://www.youtube.com/watch?v=02n5Mdfix0k
https://www.youtube.com/watch?v=LY98foD0SkY
https://www.youtube.com/watch?v=DGxWFvptU3I
https://riscv-europe.org/


“Is RISC-V an Open Source processor?”

● RISC-V is a set of specifications under an open source license

● RISC-V implementations can be open source or proprietary

● Open specifications make open source implementations possible

● An open ISA makes it possible to design an open source processor



RISC-V open source cores
● Academia

○ Rocket and BOOM from Berkeley, PULP family of cores from ETH Zurich

● Industry

○ OpenHW Group creating proven verified IP like their Core-V designs

○ OpenTitan silicon root of trust project uses LowRISC Ibex core

○ SweRV created by Western Digital and now developed by CHIPS Alliance

● FPGA friendly

○ PicoRV32, RVfpga, SERV, VexRiscV, NaxRiscv

https://github.com/chipsalliance/rocket-chip
https://boom-core.org/
https://pulp-platform.org/
https://www.openhwgroup.org/
https://www.youtube.com/watch?v=7LqCnQ4aaWM
https://opentitan.org/
https://lowrisc.org/blog/2020/12/opentitan-at-one-year/
https://lowrisc.org/blog/2019/06/an-update-on-ibex-our-microcontroller-class-cpu-core/
https://www.westerndigital.com/solutions/risc-v
https://chipsalliance.org/blog/2020/07/10/chips-swerv-cores-and-the-open-tools-ecosystem/
https://github.com/YosysHQ/picorv32
https://blog.imaginationtech.com/how-rvfpga-understanding-computer-architecture-will-give-under-grads-real-world-skills
https://www.youtube.com/watch?v=Nh-9xfK8Q1g
https://github.com/SpinalHDL/VexRiscv
https://github.com/SpinalHDL/NaxRiscv


Alibaba T-Head open source RISC-V cores
● OpenE902, OpenE906, OpenC906 (used in Allwinner D1 SoC), and 

OpenC910 cores on GitHub under permissive Apache 2.0 licence

https://abopen.com/news/alibabas-t-head-releases-c906-c910-risc-v-cores-under-a-permissive-licence/
https://github.com/T-head-Semi/opene902
https://github.com/T-head-Semi/opene906
https://github.com/T-head-Semi/openc906
https://github.com/T-head-Semi/openc910
https://github.com/T-head-Semi/
https://github.com/T-head-Semi/openc910


XiangShan (香山)
● open source high-performance RISC-V processor project from the 

Chinese Academy of Science 

● RISC-V Summit 2021 talk by Professor Yungang Bao (slides)

○ “Contribute to XiangShan and realize your ideas on real chips!  The open-source 
XiangShan will be taped-out every ~6 months”

○ RISC-V Summit Europe (May 2023) should be posted soon…

● Nanhu is the 2nd generation microarchitecture

○ Target: 2GHz@14nm, SPEC CPU2006 20 marks; 7.81 CoreMark/MHz

https://github.com/OpenXiangShan/XiangShan
https://www.youtube.com/watch?v=LSiBKxoszz4
https://static.sched.com/hosted_files/riscvsummit2021/8c/XiangShan-Yungang-Bao-20211206.pdf
https://riscv-europe.org/
https://github.com/OpenXiangShan/XiangShan


Open source silicon
● FOSSi Foundation  (Free and Open Source Silicon)

○ El Correo Libre monthly newsletter for the latest on open source cores

● Build your own open source SoC with an open source silicon toolchain

○ Google and eFabless worked with Skywater to open source their 130 nm PDK (process 
design kit) and more recently 90 nm process; also GlobalFoundries180nm PDK too

○ Google sponsored free-of-cost MPW (multi-project wafer) for open source projects

○ Zero to ASIC course: learn to design your own chip using open source design tools

○ Tiny Tapeout: design your own simple chip in web browser and get it made for $100 

https://www.fossi-foundation.org/
https://www.fossi-foundation.org/2022/04/14/ecl49
https://www.youtube.com/watch?v=l5HcuX8MH6Y
https://opensource.googleblog.com/2022/05/Build%20Open%20Silicon%20with%20Google.html
https://opensource.googleblog.com/2022/07/SkyWater-and-Google-expand-open-source-program-to-new-90nm-technology.html
https://opensource.googleblog.com/2022/08/GlobalFoundries-joins-Googles-open-source-silicon-initiative.html
https://www.zerotoasiccourse.com/
https://www.youtube.com/watch?v=f4w1QOpHzOo&t=1s
https://tinytapeout.com/


Design and Fund Your Custom ASIC in Three Months

“Design and Fund Your Custom ASIC in Three Months”, Mohamed Kassem of eFabless, at Teardown 2023 (video)

https://www.crowdsupply.com/teardown/portland-2023/long-talk/design-and-fund-your-custom-asic-in-three-months
https://youtu.be/ZT34346DQPs?t=1286
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BONUS:
Tiny Tapeout slides from Matt Venn

https://bit.ly/tt-ws-slides

https://bit.ly/tt-ws-slides


Demystifying microchip design 
and manufacture 



OpenLane documentation 

OpenLane

https://openlane.readthedocs.io/en/latest/


Try the interactive version 

https://app.siliwiz.com/?preset=nmosfet


Try the interactive version 

https://app.siliwiz.com/?preset=nmos


HDL -> GDS

● Create new Github project by forking 
template

● Update config to fetch your design 
from Wokwi / use an HDL

● Github action builds the GDS
● 160 x 100 um size
● enough for about 1000 gates
● 10 ins, 8 outs, 8 bidirectional
● No tool install or download
● Easy to share image of your design
● 3D viewer / explorer

https://zerotoasiccourse.com/terminology/hdl/
https://www.zerotoasiccourse.com/terminology/gds2/
https://github.com/JorgeMarinN/tt03_ac3e-usm_ro-based_tempsens/actions/runs/4789239141


GDS examples (all 70um x 70um)

binary to decimal 
converter
25 cells

8 bit counter
49 cells

4 bit counter & bcd
50 cells



Optional - pay for your design to be manufactured!

● $100: IC + PCB
● $50: your design on the IC but no chip or PCB

Example School runs workshop for 10 people and orders 1 board:

● 9 x $50 + 1 x $100 = $550
● $550 / 10 participants = $55 per ticket

Sponsored by 



Tiny Tapeout stats



Add new designs
● GDS generation done with GH action
● High speed IO ~50MHz
● Supports around 300 designs
● Multi tile support
● TT04 will tapeout September 202
● Submission template

https://github.com/TinyTapeout/tt04-submission-template


Packaging: QFN or Wafer Level Chip Scale Package



Receive PCB with custom chip mounted

● USB C psu, 3.3v and 1.8v
● Adjustable clock / single step
● 9 dip for design select (or 

jumpers)
● 8 dip for inputs
● 8 leds for outputs
● Include PMOD headers / 

mount holes

Mockup



Receive emails throughout the ~6 month wait

● ASIC basics / tutorials / ideas for designs / this week’s coolest design
● Virtual factory tour
● Wafers out
● Testing
● PCBs out
● PCBs sent



Connect with me
● Slides https://bit.ly/tt-ws-slides 
● Newsletter
● Youtube channel
● Twitter @matthewvenn
● Linked.in
● Take my full course

https://bit.ly/tt-ws-slides
https://www.zerotoasiccourse.com/newsletter/
https://www.youtube.com/@ZeroToASICcourse
https://twitter.com/matthewvenn
https://www.linkedin.com/in/matt-venn/
https://zerotoasiccourse.com/


BONUS:
What about RISC-V on FPGAs?



● “RISC-V and FPGAs: Open Source Hardware Hacking” keynote at 
Hackaday Supercon 2019 by Dr. Megan Wachs

Introduction

https://www.youtube.com/watch?v=vCG5_nxm2G4


Open source FPGA toolchains
● Project IceStorm for Lattice iCE40 FPGA

● Project Trellis for the more capable Lattice ECP5 FPGA

● Project X-Ray for the much more capable Xilinix Series 7

● F4PGA (formerly SymbifFlow): 

○ “F4PGA is a fully open source toolchain for the development of FPGAs of multiple 
vendors. Currently, it targets the Xilinx 7-Series, Lattice iCE40, Lattice ECP5 FPGAs, 
QuickLogic EOS S3 and is gradually being expanded to provide a comprehensive 
end-to-end FPGA synthesis flow.”

https://f4pga.org/


Why design an SoC in Python?
● Python has advantages over traditional HDL like VHDL and Verilog

○ Many people are familiar with Python than HDL (hardware description languages)

● Migen* is a Python framework that helps automate chip design

○ Leverages the object-oriented, modular nature of Python

○ Produces Verilog code so it can be used with existing chip design workflows

○ *Amaranth is the future. Formerly called nMigen which was itself a rewrite of Migen.

○ Myrtle "gatecat" Shah of ChipFlow: Building SoCs with Python and Open Tools 

https://amaranth-lang.org/docs/amaranth/latest/intro.html
https://www.youtube.com/watch?v=rVsOZE80c-k


source: http://goo.gl/mZJvFQ

http://goo.gl/mZJvFQ


● Based on Migen, builds full SoC that can be loaded into an FPGA

● Collection of open cores for DRAM, Ethernet, PCIe, SATA and more…

LiteX

https://github.com/enjoy-digital/litex
https://github.com/enjoy-digital/litex
https://github.com/enjoy-digital/litex
https://github.com/enjoy-digital/litex


Linux on LiteX-VexRiscv
● VexRiscv: 32-bit Linux-capable RISC-V core

○ Designed to be FPGA friendly 

○ Written in Spinal HDL (based on Scala)

● Builds an SoC using VexRiscv core and LiteX modules
○ Such as LiteDRAM, LiteEth, LiteSDCard, LitePCIe

○ “This project demonstrates how high level HDLs (Spinal HDL, Migen) enable new 

possibilities and complement each other. Results shown here are the results of a 

productive collaboration between open-source communities”

● Supports large number of FPGA dev boards including Digilent Arty A7

https://github.com/litex-hub/linux-on-litex-vexriscv
https://github.com/SpinalHDL/VexRiscv


https://blog.oshpark.com/2019/12/20/boot-linux-on-this-hackaday-supercon-badge-with-this-sdram-cartridge/


https://github.com/litex-hub/litex-boards/pull/31


Open Source ECP5 FPGA boards
● Radiona.org ULX3S

○ 32MB SDRAM; ESP32 on-board for WiFi and Bluetooth; $115 on CrowdSupply or Mouser

https://www.crowdsupply.com/radiona/ulx3s
https://www.crowdsupply.com/radiona/ulx3s
https://www.mouser.com/ProductDetail/Crowd-Supply/CS-ULX3S-01?qs=hWgE7mdIu5Sz6R%252BJENFe0A%3D%3D


Open Source ECP5 FPGA boards
● OrangeCrab by Greg Davill

○ 128MB DDR RAM; Adafruit Feather form factor; available for $129

https://github.com/gregdavill/OrangeCrab
https://groupgets.com/manufacturers/good-stuff-department/products/orangecrab


Want to learn FPGAs?  Try Fomu!
● Online workshop from Tim Ansell and Sean Cross

● $50 on CrowdSupply

● Fits inside USB port!

● Learn how to use:

○ MicroPython

○ Verilog

○ LiteX

https://www.crowdsupply.com/sutajio-kosagi/fomu
http://workshop.fomu.im
http://crowdsupply.com/sutajio-kosagi/fomu

