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1. Background



The One Student One Chip (OSOC) Initiative
 Learning-by-Doing: Teach students to build real chips
 Launched the OSOC Initiative in 2019
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> 6000 students participated in the OSOC Initiative

No. Start Date End Date
# of 

Applicants

# of 

Schools

#Stu. 

Learning

#Stu. 

Tapeout

1st Aug, 2019 - 5 1 5 5

2nd Aug, 2020 - 11 5 11 11

3rd Jul, 2021 Sep, 2021 760 168 215 51

4th Feb, 2022 Aug, 2022 1753 328 215 16

5th Aug, 2022 Jul, 2023 1881 379 155 13
6th July, 2023 In progress 2208 383 176 -

Updated: Jan 13, 2024



2. 1st OSOC – Let students 
graduate along with their own 

chips
(Aug to Dec, 2019)



The 1st OSOC (2019)
 Five senior undergraduates participated 
 Completed the design of a 64-bit RISC-V processor in four months
 The chip was taped out with 110nm and ran Linux and a self-built 

UCAS-core OS

Yue Jin Huangqiang Wang Kaifan Wang Linjuan Zhang Zifei Zhang



Development Timeline
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NutShell: A Linux-Compatible RISC-V Processor 
Designed by Undergraduates

 110nm process
 10mm2

 200mw@350MHz Typical
 TQFP100 package

 Single-issue, 9-stage, in-order
 RV64IMAC，support M/S/U
 BPU with PHT，512-entry BTB，16-entry RAS
 Sv39, hardware TLB refill
 32K L1I & L1D
 Read consistency for L1I & L1D
 128K L2 cache，next line prefetch
 Develop with Chisel
 SDRAM, SPI flash, UART
 Support Linux 4.18.0 kernel
 Support Busybox
 Can boot Debian 11 on Emulator & FPGA 

A 64-bit RISC-V Processor Tape-out w/ 110nm process



Feedback from students

大部分知识在体系结构课程中…工作原理也很简
单，只p短短的ñ行，但是真正在代码中实现
却比自己所想象的要困难得多。

胡伟武老师曾经说过，我们计算机系的同学应
该学会怎么造计算机而O是怎么用计算机。我
以前对à句话并Ozp感触，相反曾经质疑国
科大计算机系的课程设置à么多硬件的内容是
否合理。但真正参与到项目中才发现在大学Ý
所学的知识和技能是真的p用。

From user to creator

和4个o之前的自己相比……最Þ要的就是这种
观念上的转变。遇到bugO再在一个地方P死
磕，而是从心理P告诉自己bug都是人写出来
的，只要p耐心，只要挖得足够深就一定能找
到问题所在。

More confidence, more patience

P之前实验最大的O同……就是没p先行者一步
一步的详细指ü，而是要自己û找方法，独立
实现，然后进行验证甚至推倒重来。

Self-exploring

Make students stronger!

真正参P到项目中才知道课程作业就像直接给
人采摘的果园一样，但项目却是给一片荒地和
几颗果树苗，从开垦种植和施肥都要自己动手，
并且ßO知道à样能O能结出果实。O知为何，
总觉得从0开始种出的果实要更甜一些。

Fulfillment



Chips and Demos

Thesis



1st OSOC finished successfully
 Students graduated with their own processor chips.



Report Accepted by RISC-V Global Forum 2020

NutShell: A Linux-Compatible RISC-V Processor 
Designed by Undergraduates

The only report given by 
undergraduates



Open-sourcing

 Open-sourced on GitHub
 #Fork > 200

14
https://github.com/OSCPU/NutShell

 OpenEuler, an OS developed by 
Huawei, is booted successfully on 
NutShell



3. 3rd OSOC – Exploring 
large-scale learning
(Jul to Dec, 2021)



3rd One Student One Chip

Bring chip talent cultivation and open-source chip

community together, while paying special attention

to whole-flow chip design.

 760 students from 168 collegesÿ30 overseaĀ

Undergraduate studentsÿ50%

Students-in-schoolÿ82%



Total : 760 students from 168 colleges (including 30 oversea)
 Students in school: 625 (82%)

China
 72 : University of Chinese Academy of Sciences
 29 : Zhejiang University
 24 : University of Electronic Science and Technology of China

 23 : Huazhong University of Science and Technology

 。。。
Oversea

 Many students are from the USA and Europe
 Most of them are Chinese students
 We are translating the Chinese materials into English version.

Breakdown of colleges

Georgia Institute of Technology

University of Toronto

The University of Edinburgh

KTH Royal Institute of Technology

Nanyang Technological University

The University of Melbourne

University of Michigan

Monash University

University College London

Clemson University

University of California, Los Angeles

University of California, Riverside

University of California, Davis

University of Waterloo

University of Virginia

Technische Universiteit Delft

Dartmouth College

Dalhousie University

Paris-Saclay University

Royal Melbourne Institute of Technology



Teaching Assistants
 Selected from students

 Inspire others to think, instead of giving the answer
 Leave the training to students

List of TA (Jun, 2023)
Name University Grade

1 Jinbiao Miao University of Science and Technology of China Grade 2 master
2 Zhenwei Duan University of Science and Technology of China Grade 3 master
3 Hanzhang Liu Taiyuan University of Technology Junior
4 Xun Cao University of Science and Technology of China Grade 2 master
5 Haifan Yang Zhejiang Gongshang University Senior
6 Shiyang Cao University of Science and Technology of China Grade 2 master
7 Rentao Ni Northeasten University Grade 1 master
8 Ren Wei Lanzhou University Senior
9 Jiabin Wu Qingdao University Senior
10 Lu Chen University of Chinese Academy of Sciences Ph.d Candidate
11 Jinlun Su Taiyuan University of Technology Senior



Students' learning note and meeting attendance



Learning note of a student

Date Task

Time 

dedicated
Issues 

encountered
How to solve



3rd One Student One Chip
Tape out

12/2021ÿ39 cores
02/2022ÿ9 cores

Breakdown
EE/ICÿ25ĀCS/SEÿ13ĀOthersÿ4
 Freshmanÿ2Ā，Sophomoreÿ3Ā，Juniorÿ11Ā，Seniorÿ3Ā
 Grade 1 master (8)，Grade 2 master (11)，Grade 3 masterÿ1Ā
 Ph.d Candidate(4)

Micro-architecture Design
Branch Predictionÿ12Ā
OoOÿ3Ā
Chiselÿ16; Verilog/svÿ31
 5-stage pipeline with Cacheÿ12

Water Conservancy

University Grade Major



Taping out of 3rd OSOC

We try open-source EDA tools



Chip & Board



PCB Testing
Testing team
� 黄健明(海南大学)
� 卢非ò(西安财经大学)
� 马壮(中国科学技术大学)
� 缪宇驰(鹏城实验ü)
� 许立达(中科院微电子所)



Software Testing

Memory
access

Booting 
RT-Thread



Student tries at home



Demo by single student
 Lu Chen@NJU,  

computer science, 
learning when 
junior
 Load Linux from 

flash and boot 
successfully, 
showing the CAS 
logo



Demo by another single student
 Haojin Tang@UCAS, 

Electronic engineering, 
learning when junior
 Boot Debian and run 

games

https://www.bilibili.com/video/BV1CL411X7wV



Delivering PCB to students

PCB designed by OSOC

Before delivering



Brought up Chips, Ran OS & Applications

https://www.bilibili.com/video/BV1
Mw411678u



4. 4th OSOC and after –
Learning more

(Feb 2022 to now)



4th and 5th OSOC
 Higher goal: RV64IM, self-build OS, run non-trivial games

 Add self-build simulator and system software practicing 
software-hardware co-design
 Build an ISA simulator, compile programs, develop a small OS and 

runtime
 Better lecture note

 Preliminary stage/Basic stage/Advanced stage
 Building a RISC-V system from scratch

 No team work any more

 Videos and slides in 5th OSOC
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Learning stages

Preliminary(2 mons)
1ĀLinux basics
2ĀC Programming
3ĀSimulation
4Ādigital circuit, RTL
5ĀISA simulator basics

Basic (2 mons)
1) Single cycle CPU
2) run Super Mario

Advanced (3 mons)
1) 5-stage pipeline + Cache
2) AXI4, UART, SPI, …
3) run self-build OS and PAL

Specialist (3 mons)
1ĀOut-of-Order
2ĀPerformance opt.

Inter-
view

tapeout

tapeout

Vector Security High perf. Low power

SoloÿISS+OS+uarch+SoC+physical design+PCB

Build a chip with everything open-sourced
SIG

No team work

Team work

Simulation Demo



Learning Schedule

Intro

Simple 
system

RV32E
system

SoC & 
opt.

Advanced stage: M extension, S
mode & U mode, A extension, xv6, 

Linux, uarch opt.

C = C language(sw)
R = RISC-V(ISA)
P = Processor(hw)
T = Tools(infrastructure)



Demo in 4th OSOC
 Adding VGA controller

Basic stage: run Super Mario (released in 1980s)

Display by 
UART in 
3rd OSOC



Demo in 4th OSOC
 Adding VGA controller

Advanced stage: run PAL
(a famous Chinese RPG, 

released in 1990s)

Challenge task: run CLANNAD
(a Japanese game,
released in 2000s)



Learning resources are opened

Teaching with slides, 
codes and demos

Bilibili Account: 一生一芯-视频号

� Course Website
� Lecture note(260,000 words)
� Slides(>800 pages, 85,000

words)
� Videos(> 40 hours)



English version of learning resources

The translation work is still on-going.



 When students apply for tapeout, TA will inject some bugs 
randomly in students' project
 Including hardware, software, building and simulation system

 Students are required to debug within 1 hour in an online 
meeting
 Students should share the screen

 According to the debugging process, TA will evaluate whether
 Student knows enough details in the whole project
 Student can analyze problem from the respect of sw-hw co-operation
 Student knows when to use the right tools during debugging
 Student can solve new problems by himself

Online-debug exam, instead of paper exam



Learning Roadmap
1.A
2.C
3.B
4.A

Fill a form
[~10 mins]

sh $ cat hello.c
#include <stdio.h>
int main() {

printf(�Hello YSYX!\n�);
return 0;

}

Preliminary
[1~2 months]

Interview
[~15 mins]

Basic
[~2 months]

Advanced
[~3 months]

Debug Exam
[~1 hour]

PLL

VGA UART SPI

SoC Integration
[~1 week]

Physical 
design

[~2 months]

Tapeout
[2~4 months]

Packaging
[~2 weeks]

PCB Testing
[~1 week]

Run demos
[~1 week]



Students finish in 4th OSOC
Student # University Major Grade

1 ysyx_22040053 南京大学 CS Sophomore

2 ysyx_22040066 南京大学 CS Sophomore

3 ysyx_22040656 中国计量大学 CS Sophomore

4 ysyx_22040163 南通大学 CS Sophomore

5 ysyx_22040091 中国科学院大学 CS Junior

6 ysyx_22040596 华南理工大学 EE Senior

7 ysyx_22041812 南方科技大学 EE Grade 1 master

8 ysyx_22040127 东南大学 AI Grade 1 master

9 ysyx_22040654 福Þ大学 EE Grade 1 master

10 ysyx_22040978 中国科学院大学 EE Grade 1 master

11 ysyx_22041514 杭Þ电子科技大学 CS Grade 1 master

12 ysyx_22040213 中国科学院大学 EE Grade 2 master

13 ysyx_22040561 北京大学 EE Grade 2 master

14 ysyx_22041461 四Ý大学 EE Sophomore

15 ysyx_22040886 北京理工大学 EE Junior

16 ysyx_22050228 东北大学 EE Junior

17 ysyx_22050920 杭Þ电子科技大学 EE Senior

18 ysyx_22040501 哈尔滨工业大学
Information and 
Communication 

Engineering
Grade 1 master

19 ysyx_22050133 北京大学 Machinery Grade 2 master

ysyx_040053

ysyx_040066

ysyx_040091

ysyx_040127

ysyx_040163

ysyx_040213

ysyx_040561

ysyx_040596

ysyx_040654

ysyx_040656

ysyx_040978

ysyx_041514

ysyx_041812



Learning Experiment Shared by Students
 Haoyuan Feng@UCAS, computer science, learning when junior

 Later became one of the key member of the "XiangShan" team
 https://www.bilibili.com/video/BV1C54y1T7hw



OSOC Forum@2nd RISC-V China Summit

The FIRST high school student who 
passes the interview in OSOC!

High school student shares 
learning experience



RVFA certification exam translation

苗金标 段震伟

刘汉章 曹勋 杨海帆

曹世洋 倪仁涛 魏人

陈璐 粟金伦 吴佳宾

Name University Grade
缪宇飏 中科院计算所 - (组长)
苗金标 中国科学技术大学 研二
段震伟 中国科学技术大学 研O
刘汉章 z原理工大学 大O
曹勋 中国科学技术大学 研二

杨海帆 浙江工商大学 大四
曹世洋 中国科学技术大学 研二
倪仁涛 东北大学 研一
魏人 兰Þ大学 大四

吴佳宾 青岛大学 研一
陈璐 中国科学院大学 博一

粟金伦 z原理工大学 大四

original &
translation

consider some 
words

缪宇飏



Campus lecture tour
 From March 2023 to now, OSOC has gone deep into the campus 

and carried out many lecture tours
 In 2024，the journey will continue！

Data University Contents

3o19日 北京工业大学 û讲

4o13日 北京科技大学 û讲+教学交流

5o17日 东北大学ÿ秦皇岛分校Ā û讲

5o25日 青岛大学 û讲+教学交流

6o10日 y津工业大学 û讲

6o14日 y津理工大学 û讲+教学交流

6o16日 z原理工大学 û讲
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Thank you!


