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About us (Build Open Silicon Ecosystem!)

* Areal BIG team (led by Prof. Yungang Bao)

p

AN -

W 1. start from 2020(>6K stars, >730 fork on Github) 2 1. start from 2019(involve 12000+ students in China)
2. highest performing open-source processor series ECOS TEAM - = ‘ 2. provide FREE frontend and backend courses online

XIANGSHAN |
P e g e e: .
. . . - n nt One Chip” Initiative Overview
% Kunminghu pArch Overview % Two-tier CPU Core Roadmap ﬁ Example - How game One StUde. t One C .p t at ' 'e.O ervie
o . = ) 1 desin and “ » Understanding how does program ri A Massive Open Learning-by-doing Initiative

"M e oy NEMU can be changed to the real Visit https://, /en/
+ Highly confi with agile . g pPro e VE- Start From Scratch isi s://ysyx.org/en,

Dot tghontomane e e delvred o Chl and g we ARE HERE(*~vA*) = 2] Create Your Own Enroll Anytime, Open Year-Round

* Leverage Chisel’s high configurability and efficiency u T (o0 ‘ ‘x RISC N Processor o QTDETDIETERD

* RVA-23 profile
+ Leading RISC-V feature sets (H/V ext.)

+ 800 schools have been involved
+ 10,000 students have participated

[ Application + 100 students have successfully taped out
= e

Taped-out RTL-Freeze Everyone is

welcome, witl

Versus ARM Neoverse N2

g I no limitation (Simple) OS
Nanhu Architecture University [ isAMmSEN
- — . [ Wicro-architecture ]
> Designed for power/area efficiency geres B en Major e
> Targeting industry-control segment . . « Grade level \‘ih
—| . « Background }_S'L
+ RVA-20 profile Physical design

% Physical verification

+ Taped out and tested 26Hi@140m 26H:@14nm 26Hes@160m Layout(GDSII)
[ Layou

Versus ARM Cortex A76

@

[Education equali

AR

Students learn to design their own RISC-V processors

2022 2023 2024
e 5000 5 . R (RTL->GDSlI) using OpenPDK (IHP or SkyWater)

((Full-stack training |

Xiangshan(processor) clusteriP “One Student One Chip” Initiative(education)

1. start from 2020(open-source EDA) (IP components) 1. start from 2024(focus on open ASIC design service)
2. have silicon proven in property 110nm/28nm SNOW 2. integrate IP components, flow and cloud platform

R r(_ CC (Chip Creative Vision: "Open-source" reshaping chip design
o Our ultimate vision is to innovate chip design methodology through the
open-source concept, achieving the goal of "designing open-source

<:1 o RESTRUNRDERSEN, S2H8F  chips using open-source EDA tools and IPs."

1]

3 iEDA: Infrastructure .
3 ® L o RFFROCHEHRAS R, HEFFRP.

o To fast develop high-quality EDA tool, we need a Software Development Kit (SDK)

o iEDA can be used to support developing EDA tool or algorithm

q q
: ture: Database, Manager, Operator, Interfacs ChipCompiler . s EREP FEon: 1
o] |f e (o |+ Siep L Opensource SoC —In 3-5 years provide the
= 3 . AN Tl & | e e oion o asions ;
e o —— de5|gn flow o r T noing HSC Y racessor coe . prpheral 1, and mre
P — A - : B 2 + Step 2: Build Open-source SoC with Open- source Toolchain—
Macro lacement ,‘_ N ] . SoC chip design process based on open-source EDA
B | s At "i] By —— | = et :
Large Chip Model (LCM) ] . 127 W g Wismerin 7] N@| e Fodres varon: A
s | = & E tudio L g T pieopmouetoons Design hips and perform ape-out
- — oo [oovomge ) N e i PEan s
BHHERIER e o S wrAmEOARTHRIPKIATR [Frh oA verification using open-source EDA,
(Large Language Mode. Large Circut Models : i W e vowa Open-source Tooldhain-— Overthe next 10-15years,develop | open-source IP, and open-source system
B — V| Coigmensger ] = - - smarter and more automated open-source tools to improve i ’
e ey | S — t_ (cloud p|atf0rm) SRR SR RGBS e ventiasrattaengy T 4 software, to build functional prototype
e ] L ] - [ s =l COEDSTTITIIEl) | | - fomimase e i sein o atower e iy
i | & G J
iEDA/AIEDA(physical desi I huttl it, desi i
iEDA/AIEDA(physical design tools) § SNOW(Shuttle-NO-Wait, design service)
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ECOS Team: Provide ASIC Full-stack Solutions

 tape-out 10+ chips/year (IP Design/SoC Integrate/Physical Design/Package/Bring-up)
* cover 130/110/55/40/28nm, 10K~10M instances, 100MHz ~ 1.5GHz, multiple power/clock domains

* design open-source processors (can boot Linux) and IPs (UART, TIMER, QSPI, 12S, 12C, VGA, PSRAM...)
* develop iEDA (iEDA just focus on PD stage now)

* serve students and several institutions (One Student One Chip, NU. Kazakhstan, ...)
* develop ECOS Studio (cloud platform) with Yosys+iEDA based on ICS55 Open PDK (ongoing)

Some tape-outed chips of our team: The Open Silicon Technical Roadmap of ECOS Team

2021-2024: Property EDA (synthesis, floorplan) and iEDA (PD stage) mixed use
2022-2025: Develop and try open-source flow based on iEDA and SKY/IHP130/ICS55 PDK
2025-2030: Open FULL RTL2GDS flows (Yosys+iEDA+ICS55 Open PDK on ECOS Studio)

i

R il
T
i g

“One Student One Chip” Initiative External Collaboration Project
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Highlight

* Teach physical design with cloud platform ECOS Studio (Yosys + iEDA + ICS55)

* Introduce an education-oriented chip retroSoC tape-outed in SMIC/SKY130
e Share some of the latest information on iEDA toolchains
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RETROSOC

O retroSoC

@ Overview

RETROSOC

agile hardware di
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Motivation
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WHY we develop ECOS Studio ?

* Get more students excited about open silicon design (just for fun!)
* encourage enthusiasts share their ideas or thinkings with the community
* help more students involved in EDA algorithm (design a simple synthesis tool~)

* Fill the gap between industry and academic (community-oriented)

* property tools are incredibly expensive and uncontrolled (geopolitical uncertainties)
* increasing actual demands from industry back to academic
* new EDA algorithms from academic need a series of trials before applying to industry

* Erase performance differences from local computer (using cloud clusters!)

* physical design tools eat too much memory and CPU resources (ToT)
* meet different learners’ needs from different countries and regions

* Provide an OPEN solution for the potential commercial marketplace



SoC Template

Select SoC template from the IP Market

Instance Num

Locatior i

Tags @ Official ®RTL

Float Panel System

Support the dragging, resizing operations and customized data

User Design Panel

Design

X

hierarchy: @

Clock Contrain

advance: .

® constr(*.sdc) 8

run synthesis

Input Parameter Panel

Design Parameter

target density:

target overflow:

max iterative:

1,000

run place

Cl Result Panel X

Regression Test @ ©b52f31a | & Fri Jun 13 16:16:42 2025 +0800

101/101
19/23
6/6

Graphic
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©
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Third party 32132

pass:178  total: 192  radio: 92 %

Advanced eXtensible Layout Editor

Cloud-based Agile EDA Platform

TEDA inside

“An open-source EDA infrastructure”
(support 1CS55/SKY130/IHP130)

Synthesis Flow

©50C © Synthesis © Foorplan ® Place © CTS ® Routo & Signoff  GDS & Merge ® PCB.

ECOS STUDIO
B stistics

Log: pase

Static Power
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ECOS Studio

“Componentization of Data”

Dashboard - Project
UserProject  Examples

= 0S0C SoC

Task
Design flow

DS manutacture
o) (w) (8

= Adder

TasK
Design flow

GDS manufacture

ol(ule @

Lo YrioY oo

thin film deposition

Dashboard

= retroSoC Tiny

PROGRESS Task

Design flow

GDS manufacture

o wl & @

DD = GCD module

PROGRESS
Design flow

GDS manufacture

ol(ule @

LYoo Xo-)

PROGRESS

propare data

[o Yore:X oo

PROGRESS.

+ Create = Jat

Last modified cord st

4>

Lo YooY o)

= game Console

ek procREss
Design flow

GDS manufacture

o

® [

Real-time Collaboration*

RTL/Verify
Backend

Flow

Pipeline Mode

*: this feature will be released in 2025Q4

Merge to Latest Shuttle

ECOS STUDIO © 50 © Synthesis @ Floorplan @ Place ® CTS @ Route © Signoff & GOS & Merge & Order -

Freq Power Area

50MHz 23.4mW 23mm?

Mini_Accalator.gds.gz

St

SHUTTLE-CX55-202507

830 23m16m:200

s

Teevemon a0 © [O00H000) & 1o @ ORI AERG

V.
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C | @ localhost5174/dashboard-latest/project g : 0 X Q=
ECOS STUDIO {} SoC & Synthesis & Floorplan & Place & CTS & Route & Signoff & GDS & Merge & PCB =

S e Partial Key Processes
y Input Parameter Panel g2 {a L g8 &a b Place Result Panel m
o D) D) ORI

- O (@] @ localhost:5173/editor/place had 2 0 XN ¢ v(smm)x -~ O
X
[}

@ User Project  Examples & 4 b Lastmodiied card st
& run Placement e -
% = 0S0C SoC DD = retroSoC Tiny D [(soc) =gameConsole (@D D - d

TasK PROGRESS Task PROGRESS Task PROGRESS B

Design flow [ ai cone | Design flow [ simuation | Design flow

= [ e ] H Ex

DS menscture D cosmenuscure CIED  cosmaiecue == Create Project

T [0} B

€-—-———=——————-—--

o (w @ o (wl @ ° (w @
1. fill project name

= Adder DD ccomue DD 2. add social info

2]
TASK PROGRESS TAsK PROGRESS i B
Design flow [ a1 core ] Design flow D 3. SeIGCt ||Cense
100% 100%
GDS manufacture GDS manufacture
Lo ]
o {E) (5 == [ Run Placement ]
@ e e >
- 1. start process
: . s @98 a0 20 © ((00OI000)) 53 o & © 123 A 62 G
2. display reports
G ( ® loclhost5173/editor/cts A2 0 R & - 0 3. ShOW CongeStlon C @ localhosts173/editor/signoft w2 @ R &8 ® - 0
ECOS STUDIO {} SoC @ Synthesis @ Floorplan @ Place © CTS & Route & Signoff @ GDS @& Merge & PCB - X ECOS STUDIO {3 SoC @ Synthesis & Floorplan &) Place & CTS { Route & Signoff @ GDS & Merge & PCB - x
Input Parameter Panel ge 1 o 1 &a I 2 1 { CTS Result Panel [m Fol  Input Parameter Panel X ge 1 6, 1 &a 1 Gd 1 B Signoff Result Panel x |
[— e D 2D T b [ Run CTS ] @ o CD D T
y i run Signoff
max fanout: &
retroSoC_Mini_cts.tar.gz & P o retroSeC_Mini_signoff.tar.gz &

run CTS 1. start process
2. show animation
3. highlight buffers

“ [ Show DRC ] “

1. start process
2. display DEF file
g v 3.show DRC marks =~

e @98 el 0 @ [O00/H000) 93 1oum & ® 123 A 62 & ee9E el a0 @ [(O00J000) 53 1oum & ® 123 A 62 &

[ Demonstrate physical design process provided by an undergrad from One Student One Chip Initiative(design: single-cycle processor, ~3000 cells in IHP130) ]
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#PS (44-61)

Render Engine of ECOS Studio: AXL

* AXLE: Advanced eXtensible Layout Editor
* key component of ECOS Studio
* support DEF, highlight/multilayer operations

e Performance evaluation
 offline rendering (webGPU backend)

° 3M graphic ItemS(~60K gateS), render 4 Iayer5(4/11) 3M Graphic Items Rendering(perf. evaluation)
* consume 3GB memory, 800M GPU, ~30FPS rate Render Technical RoadMap
* opt. methods: culling, texture cache, offload to GPU M 0

webGL/webGPU+webAssembly(client) + json

* Technical roadmap (2025Q3~Q4) current version

* support LEF/DEF and GDS format o—o~—<i_§ o

* support floorplan / powerplan online. experinert J

* improve perf. (support 1M gates, <2GB, >=25FPS) G W rec ®
* webGL/webGPU + gRPC + Rust server WebGPU

. . . webGL/webGPU(client) + gRPC(protobuf) + Rust(server)
* integrate/support Ngspice simulator

April May June

2025/11/21 Open Source @ Siemens 2025 10/27



ECOS Studio: VS Code Plugin / Client

» develop VSCode plugin (2026Q2~Q3)

offer better editing experience for users
edit/submit codes (RTL, C programs...) to ECOS Studio

* Desktop client of ECOS Studio (2026Q2~Q4)

support private deployment in local network
remove limitations of rendering powered by browser
open more system permission to users

» customize Ul Style (background images/font/skin ...)

* provide localhost API services (Serial, USB and Audio)
optimize for touch-supported devices(tablet)
implement specification

* target platform: Win/MacOS/Linux (x64)

* based on Python + Tarui 2.0 (Rust)

~

VSCode Plugin Workflow

( SoC \
:ﬁ[ ECOS Studio |
3. run regress tests
/A
2. submit 4. get rpts
o8 o(e’aug
"
1. edit RTL
Q[ vscode )
a Post-Sim )
23 ecos studio |
3. run regress tests
A
2. submit 4. get result
of debug
AL
1. none
% [ VSCode ]

|

v Synthesis )
1 e

i SR ecos studio ]

: 3. run syntl« Flow

| A

1 4. get rpts

|

] 2. submit 5. annotate

| timing Patl«s
|

|

1 A g

! 1. edit SDC

I

| [ vscode |
L

N J
|

|

1 f STA \
] -tn

1 |22 ecos studio )

: 3. run STA in PD process

[}

| 4. get rpts

|

| 2. submit 5. annotate

| violate fmtl«\s
|

|

1 "

| 1. edit SDe

|

| ( VSCode J
I
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ECOS Studio Engine: iEDA RTL to GDS |

o iEDA Objective LCLCCLUCL CCT T LT T T
» EDA Infrastructure

* An open-source EDA infrastructure and tools(start from 2020) e

e 11 sub tools, 400K+ lines code, test tape-out 6 times N | RIS S

Open-source is not a goal but a way

« Papers
iEDA: An Op Intelligent Physical Toolkit and Library, ISEDA, 2023. (BPA)

i p roj e Ct : h tt D S : //i e d a . O S C C . C C/e n : iPL-3D: A Novel Bilevel Programming Model for Die-to-Die Placement, ICCAD, 2023.

«  AiMap: Learning to Improve Technology Mapping for ASICs via Delay Prediction, ICCD, 2023
« iEDA: An Open-source infrastructure of EDA (invited), ASPDAC, 2024,

* code: https://github.com/OSCC-Project/iEDA
* Develop ChipCompiler(Flow, support ICS55, IHP/SKY130)

« iCTS: Toward Controllable Hierarchical Clock Tree Synthesis with Skew-Latency-Load Tree, DAC, 2024
. . o gcd & APU
design practice

iEDA: Infrastructure

e To fast develop high-quality EDA tool, we need a Software Development Kit (SDK)
e iEDA can be used to support developing EDA tool or algorithm

o Infrastructure: Database, Manager, Operator, Interface
| iEDA-Interface | ;| Functional Module

8 1| [tnitialplacer | iEDA- T 77 Tged, skywater 130nm APU, skywater 130nm

= | Chip Design Flow | = | LaGy[()}Sut I + global_placer Operatoy Area: 0.15mm X 0.15 mm Area: 0.45mm X 0.45 mm

—_— iPL _Solver

| PDK |:'|}:| EDA Tools | e il o RTL: ysyx(—&—it)-04
= . ] eoaier ] [ « PDK: 28nm

1
AYi )
T(I. Area: 1.5mm x 1.5 mm

EDA Infrastructure = = Evaluator
N i detail_placer I_] .
Interface Shen Functional Module L o « Power: dynamic = 317mW, leakage =
[ buffer inserter | | Reporter I 29 mwW
| Operator [ Evaluator | [Solver [ | [F2 e Il Database

Tller ineert Freq.: 200MHz
e =

s T s e | R | e Scale: >1.5M Gates
Tool Manager | \

RTL
Design

Placement

Floorplan

[ Flow Manager

t checker = o Features: 11 pipelines with cache, IP:

File Manager _| 3 \ iEDA- UART, VGA, PS/2. SPI. SDRAM, 2
- - \ , support Linux

[ patabase [Eaic o] [ ] [P date | [ iEDA-Database | =

@ i | I
Data
TR [ I topo_manager I

(. v/. def)

[

| Data Manager

| File System | Parser | [ Builder | | Writer | | Plotter ||

TAput
(v/. lef/. def/. 1
ib/. sdc)

Routing

.
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https://ieda.oscc.cc/en
https://github.com/OSCC-Project/iEDA
https://github.com/OSCC-Project/iEDA
https://github.com/OSCC-Project/iEDA

iEDA/iPD: Physical Design Toolchain

iEDA

2025/11/21

An open-source EDA infracstructure and tools from Netlist to GDS for ASIC design.
[ RTL ] 7 Malanpst2
l l Chinese | English
LOgiC Synthesis [ Netlist ] Open-source is not a goal but a way
| | v https://github.com/OSCC-Project/iEDA
| Logic Optimization | Physical Design
Netlist Optimization L iINO | . . .
[ TechnologyMap | | P o e ! * 11 tools completed, 5 in active development, 300K lines code
T [ Floorplanning Fre 0P * well-organized open-source infrastructure supports EDA
v
| I— | Power Delivery Network |— - -»i iPDN | development and research
Analysis | Placiment o L f /| Functional Module
| RC Extraction | | Clock Tree Synthesis || iCTS h | iEDA-Interface | i Initial_placer | iEDA-
‘ _ _ ] : ,' | global placer |
{ iSTA l«-|{ Static Timing Analysis | | Timing Optimization |- iTO !\ iPL ,
: .‘ Config | [ APT 4 | post global placer | _
{TiPA le-l{ PowerAnalysis  |["]|] Routing Ff R / | legalizer =
| IR Drop || 1] | l'-‘ Functional Module [ detail_placer | [ Evaluator_|
| | !l \ \ [ buffer_inserter |
Filler T Database E—
| 7 |' I ! .‘. (Wrapper) \\ |_ ______ filler_inserter | <:>| Utility |
- ' \
Physical Verification — s'g'l off | I $ DR-API \‘ : ChTCker : iEDA-
i e Design Rule Check ' . evaluator Manager
iDRC e 9 | ( EDST] ) N iEDA-Database | ! . | [ Tool ]
| Electronic Rule Check | - ) i) L \ L__grid manager |
[t ] [0 ] o marger ]
| | W[ (.vi.leff.defllib/.sdc .vi.de

Open Source @ Siemens 2025
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iIEDA Latest Updates: Enhanced DRC Engine

Support ALL DRC Rules in 28nm node.
The single-pass DRC time is less than 3s in 100K
instances design (routing stage).
Compared to Commercial tools, the accuracy of
the major design rules is above 95%.
With the new version of DRC engine, the QoR of
iIRT have been significantly improved.

Suppo rt Almost DRC Rules in N28: violation_type | correct_num |  prop | incorrect_num | prop | missed_num |

B Fommmmmm e Hommmm - Fommmmmmm e m e Fom-mmm e e L +---mmm- +
corner_fill_spacing | 39 | 100.00% | o | e.e0% | 0.00% |
H H cut_eol_spacing | 12583 | 48.55% | 6307 | 24.34% | 7025 | 27.11% |
CUt leferent Layer SpaClng cut_short | 163 | 100.00% | o | e.00% | o | we.00% |
. H different_layer_cut_spacing | 6271 | 99.54% | 29 | o0.46% | o | we.00% |
Cut EOL SpaCIng ¢ Metal Notch spaCIng enclosure_edge | 1102 | 82.67% | 31 | 2.33% | 200 | 15.00% |
end_of_line_spacing | 13867 | 49.87% | 7577 | 27.25% | 6363 | 22.88% |
Cut Enclosure . Metal Parallel Run jog_to_jog_spacing | o | o.00% | o | o.00% | 190 | 100.00% |
max_via_stack | o | e.e0% | 89 | 50.00% | 89 | 5e.00% |
H metal_short | 9422 | 99.38% | 49 | ©.52% | 0.11% |
cut Enclosure Edge Length spaCIng min_hole | 1048 | 100.00% | o | o.00% | 0.00% |
min_step | 55510 | 98.63% | 384 | 0.68% | 0.69% |
o minimum_area | 258642 | 98.36% | 2322 | ©.88% | 0.76% |
Cut SpaCIng ¢ Metal Short U SO, ooz oo oocieT
M' H | notch_spacing | 15230 | 95.49% | 360 | 2.26% | 2.25% |
11: H . iInHole parallel_run_length_spacing | 23067 | 97.34% | 1.43% | 1.23% |

Metal corner FI"Ing spaCIng same_layer_cut_spacing | 31265 | 99.99% |

Metal EOL Spacing *  MinStep

Metal JogToJog Spacing * Minimal Area Compared to Commercial Tools in N28

2025/11/21 Open Source @ Siemens 2025 14/27




iIEDA Latest Updates: Enhanced Timing Opt. Flow

Design nam& Cellsa ¥ Nets T Wires T
135 125 1426
. [ ] [ ] [ ] [ ] o
* Exploring differentiable timing-driven placement, path-based
) apbd_mg 195 204 2230
ged 207 270 3733
. e, 0 o . e o s1238 349 290 4998
urfering and sensitivity-guided gate sizing, etc.
’ apb4_archinfo 392 381 5122
. o . apb4_ps2 515 497 6542
* We used 50 datasets, ranging in size from 10K to 4M
) L] apba_timer 721 689 8960
513207 727 647 8182
° M . M apb4.i2c 790 727 10248
omparing our suggest freq. results with commercial tools, 35+
apb4_pwm 974 889 1359
. apbd_wdg 1029 945 13889
cases show closed performance to commercial tools b
L]
AsIC 1228 79 10737
515850 2088 1926 27941
apbd_uart 5981 5606 83268
538417 6028 5573 85054
535032 6375 5837 81158
Suggest frequency compared to Innovus S wh w o
BMo64 9358 9510 132076
4500 picorv32 9430 9077 136455
PPU 9547 8895 140136
4000
blabla 15154 15672 216427
3500 aes_core 17940 17371 310215
aes 19181 18117 325550
3000 salsa20 21270 20432 291172
2500 jpeg_encoder 27671 29160 366397
retrosoc_asic_cx| 30000 30000 30000
ZOOO eth_top 42279 38552 646875
1500 yadan_riscv_sopl 63514 31280 483369
beihai 211236 133086 2161829
1000 shanghai_Ms 268721 251772 3610024
500 nvdla 289344 226974 3708427
I ™Y . R B N
O - pa— PEN——— M— - n [ 1

ysyx4_SoC2 494962 449847 6967779

N < WT Q00 0 O I =~ O oy = O O ¥~ A T T o T O YV O £ = Q O WV oM N« O a O N - QO
Hﬁ‘:“’om@‘“"’mQ)DQIT\EEUngmEHMWWMEE"Q’NV’wgogg§ir\luur\j§({|g|'—E\—1 ysyx4_SoC1 404962 449847 6067779
©~ = oo SN S a9 ENTIMm 3 2 2 H X STANS 2awg3°gETESQ = S © 0 o = < =} BEIHAI 20 582645 393308 5491501

v | lg 9 € 1l = ™ <« a a < ] = & O = 05 _I&a o | R33 = o c 3
g cV VWS sW T g 3 ) i |<J“[ ﬁ“ b d“ S R 5 T o S v £ o S5z e =2 = 5 z AIMP 742210 535618 9980714

[%] w

Q c & 32 z Q g 3 2 2 2 a @ z 9 w @ § = g T =2 % c & AIMP_20 816677 560525 9133333
© <<“[ © Q % % 1 % o g OO‘ 5 = % — ﬁ ﬁ ; < ; EI [=] ysyx6 1090820 1029515 15486068
2 © g s c! & > > — WUKONG 1102663 1032718 15653639
© - _‘g = ysyx4_2 1173610 1147953 17416249
g it 1262053 1227098 18769036
Ti_machamp 2222669 2162147 33115508
: : hu-G 2793215 2646672 2524007
B recommended_freq_mhz Minnovus_baseline_freq_mhz L ==
— — - - — 0penco10 3282828 2948743 52259408
T1_sandslash 4816399 4728816 79050737
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A NEW Open PDK in China: ICsprout 55nm

* |[CSprout Semicond. is a Chinese foundry (founded in 2021).: _Y
 jointly established by Zhejiang Provincial Government and ZJU

have advanced 12-inch CMOS 180/55nm process lines

55nm-CMQOS, 55nm-eFlash, 180nm-BCD
collaborate with universities, academia and industry in China

lopen its 55nm-CMOS PDK in 2025 ]

URL: (https://github.com/openecos-projects/icsprout55-pdk)

MPW tape-out cost (55nm CMOS Open PDK)

* Independent: 30~40K yuan/mm"2 ($4,182~$5,576/mm"2)
* Full Mask (600mm"2): 10K yuan/mm”2 ($1,395/mm"2)

* Bring ICSprout 55nm Open PDK into ECOS Studio

 establish strong cooperation with ICSprout (What’ve we done): _ pesign: A
e port our designs and backend flows into ICSprout 55nm Open PDK /
e tape-out FIRST test chip on ICSprout 55nm Open PDK in June 15, 2025

help to try PD flow and give feedbacks to ICSprout for bugs fixing

out

Y S - R

MAC SoC(PSRAM, QSPI, UART,
12C, PWM, TIMER, RNG).

Size: 4mm”"2(128KB OCM, no PLL)

Freq: 100MHz(external clock bypass)

Gates: 1.517M(73,009 cells)

Power: 115.4mW/(dynamic) 0.42mW(static)

[develop OPEN-SOURCE PLL and DDR3 PHY based on ICSprout 55nm Open PDK(ongoing)]

2025/11/21 Open Source @ Siemens 2025
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https://github.com/openecos-projects/icsprout55-pdk
https://github.com/openecos-projects/icsprout55-pdk
https://github.com/openecos-projects/icsprout55-pdk
https://github.com/openecos-projects/icsprout55-pdk
https://github.com/openecos-projects/icsprout55-pdk

Designing Chips with iEDA on ICsprout 55nm

We attempted to design a SoC (70K instances, from
0OSOC) on ICSprout 55nm technology in June

DRC clean can be achieved on all metal layers except
M1 and t|m|ng can approach convergence

70A cat retrosoc asic_VFINAL_ 1 CTS_TYP, TYP/retrosoc asic. qor summary . rpt
ersion 2.05

report_qor -pba_mode none ; report_qor -pba_mode none -summary ... Done
- No. of Violating Paths

- Estimated Frequency, not accurate in some cases, multi/half-cycle, etc
- Hold WNS

- Hold TNS

- Hold NVP

FREQ WNS (H) (H) NVP(H)

131MHz -0.429 -53.3 643

391MHz

131MHz -0.429 -53.3

#Union TNS/NVP not found in report_qgor, Summary line will report pessimistic summation TNS/NVP
ritten qor.csv

[Starting Histogram (proc_histogram) 1.11

Acquiring GBA Endpoints (Slack < 0.0) - ignores REGOUT ...
o Violations or Not enough Violations Found

MetSpc
MET1 42777
MET2 1
VIA2 0]
Totals 42778

Short
1069

CShort

Totals
43846




Designing Chips with iEDA on ICsprout 55nm

* M1 Pin Shapes are somewhat different from other optimized processes:
 The M1 enclosure is difficult to be enclosed by the M1 Pin Shape metal
* Pin access becomes a significant source of DRC issues
e Solution: Use the pre-processed M2 shape in LEF file to complete pin access
e Using this solutions we can achieve DRC clean

$3 Access Point
vDD

Pin Shape & Metal

B M2 Access Pin Shape

VERIFY DRC ...... Sub-Area: {233.280 311.040 311.040 385.768} 24 of 25
VERIFY DRC ...... Sub-Area : 24 complete 0 Viols
VERIFY DRC .... a: {311.040 311.040 385.768 385.768} 25 of 25
VERIFY DRC .... a : 25 complete 0 Viols

Verification

F** End Verify DRC (CPU: 0:00:04.0 ELAPSED TIME: 2.00 MEM: 259.1M) ***

Track offset
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Designing Chips with ECOS studio in December

* We will start a new tape-out project in December

* We will allow OSOC students and Open-Source enthusiasts to participate in this tape-out
The number of instances needs to be less than 100K

The frequency of the digital chip should be less than 100M

SRAM and PLL IP are working in progress

Initially we received 20 chips (8K-20K instances) from OSOC students

Design Name #nets #inst #macros density

stage b_ysyx 23060170 46161 10902 | 13790 0 387 |0.309125 100M | 5.233 0 326.28 0

stage b _ysyx 23060203 53054 11573 | 14748 0 387 |0.322115 100M | 4.899 0 320.12 0

stage b _ysyx 23060229 49370 11837 | 15003 0 387 |0.300443] 100M | 4.908 0 366.31 0 E

stage b ysyx 23060246 47717 11671 | 15436 0 387 |0.223396] 100M | 5.193 0 330.83 0 .

stage b_ysyx 24070003 58082 11820 | 16765 0 387 |0.173035 100M | 3.168 0 335.21 0 5 :
stage b _ysyx 24080032 49464 10661 | 13745 0 387 |0.316553] 100M | 3.903 0 32514 | 0 s .
stage b_ysyx 24100012 47286 10988 | 14046 0 387 |0.306919 100M | 5.828 0 318.89 0 R ,
stage b _ysyx 24110017 52414 12014 | 15779 0 387 |0.246557| 100M | 5.545 0 34354 | 0 . .
stage b _ysyx 25010008 52717 11489 | 14654 0 387 |0.321606] 100M | 5.281 0 309.45 0 = :
stage b ysyx 25010030 41986 11751 | 15251 0 387 |0.208437| 100M | 3.507 0 326.11 0 .
stage b _ysyx 25020037 51491 10975 | 14115 0 387 |0.318805 100M | 3.835 0 347.71 0

stage b _ysyx 25040129 48055 10605 | 14133 0 387 |0.236888 100M | 6.273 0 28864 | 0 E

stage d_ysyx 24080018 47106 12640 | 15913 0 177 |0.282335 100M | 5.122 0 397.51 0

stage d_ysyx 24090003 51573 12205 | 15520 0 177 |0.309766, 100M | 3.04 0 411.68 0

stage d_ysyx 25010009 58400 12606 | 16776 0 177 |0.240029 100M | 2.664 0 424.49 0

stage d_ysyx 25020042 36498 10185 | 13498 0 177 |0.215315 100M | 3.911 0 328.73 0 Scan QR code for
stage d_ysyx 25070198 49084 7643 | 10477 0 177 |0.371986/ 100M | 5.007 0 273.18 0 more details
stage d_ysyx 25080207 46038 7525 | 10198 0 177 |0.381063] 100M | 5.56 0 287.3 0
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How to bring users to ECOS Studio/ICS55 PDK

. Learning Stage Division ~
¢ FO r Stu d e ntS fro m One St”dent One Chlp e Small, simple system -> Large, complex system :? ‘
e Small program -> Real program I =~

* tape-out a single-cycle processor in Stage D -

* complete HW/SW, pass online assessment (OSOC tutorial) - _ #ﬁﬁ
* complete PD flow, merge design to SoC template (ECOS Studio) NI Suer ari | ]| % %
RV32E(45 inst,) |
Pipeline+cach [ }
1
]

Stage D Super Mario

° design iS Very Sma” Stage F, E [ rrrrrrrr io RT-Thread

(1+2.+10) | [ 8inst. | [RV32Ewsimr

]
. . . . . . - . ]
« impl. 8 instructions + axi4l, can run “Super Mario” [ 3inst. || {snmecrn 5'“"“”"’% Bus+Soc

Device(RTL) |

(-

[
(

[ Single-Cycle Device(sim)| | Device(RTL)

« ~3848 cells, 0.011mm"2 in ICS55, DRC num < 10,[“'100 yuan($14)]
* tape-out FOR FREE (for Chinese students)
* design tutorials, labs based on ECOS Studio and ICS55 PDK —
* help 200+ undergrads to tape-out in ICS55 later this year

Later, we’ll give a brief introduction

retroSoC Mini

* For academia or individual (2026Q2~Q3)
e support online SoC integration (powered by IP Market) -
* open source PLL and DDR3 PHY IP on ECOS Studio
* allow users to upload verified EDA algorithm to evaluate
* provide flexible sales mixes (Independent/Multi-Die) #50C Canvas”

(SoC design component of ECOS Studio)



Open Silicon Design Course — Using ECOS Studio

“One Student One Chip” (start from 2021.6)

Teach students to design real chips in open PDK
Focus on promoting students’ professional abilities
Content (real full-stack!)
* HW/SW co-design (APP, simulator, runtime,
OS, micro-architecture)
* logical/physical design (formal, synthesis, PPA
evaluation, RTL2GDS flow)
Feature
* Infrastructure (AM, NEMU, CacheSim/BrSim,
DiffTest, SDB, SymbiYosys, Yosys, iEDA...)
* extensive teaching experience (involved
12000+ students)
* tape-out for free! (students who pass the
online assessment)
New version with open EDA & PDK will release in
2025 soon

r

Open silicon design course (will start from 2025.9)

Teach students to complete SoC & physical design
with open EDA in ICS55 powered by ECOS Studio
Fill the gap between academic and industry
Content
* transistor circuit (gate structure/simulation)
* SoC design/integration/verification (CDC, UVM,
STA, TCL, SDC...)
* physical design (whole backend flow)
Feature
* Infrastructure (xschem, ngspice, KLayout,
Cocotb, pyUVM, Yosys, iEDA, OpenROAD,
cloud platform...)
» establish open, flexible and community-driven
teaching-learning mode
* tape-out in ICS55 with iEDA on ECOS Studio
Release first version in 2025Q3

Today we are HERE! )




Open Silicon Design Course ZE] &~ jupyter

Tutorial/Cloud P|atForm/RaPort

* Using complete open-source toolchain / e—
« xschem, ngspice, Klayout (Transistor) @M zoom =
cocotb, pyuvm, SymbiYosys (SoC)
Yosys, OpenROAD, ICS55 open PDK (Physical design)
self-developed tools: HDLVim, teenySoC, ACES, AXLE, iEDA, ECOS Studio (ongoing) ...

* Developing LMS-Centric website (servers are located in Hong Kong SAR)
* have unified ID verification and modern Ul system
e customize an extensible, robust and easy-to-use LMS and Reward Point Mall
 put all handout, webinar video, slides, tools, contest/marathon... in one place!

 More open and professional learning support

* encourage rapid discussion on WeChat/Discord
e 5~10 full-time TAs with 6~7 volunteers



Post-silicon Education in 2025Q4/2026Q1

* Provide post-silicon education in future(bonding/packaging, PCB, bring-up, ...)
* Shorten development period(SDK, APP, software, product packaging ...)

What’s next?

1. platformized, componentized
2. encourage MORE students involved!

« solder OSOC 3" chip(110nm) + solder 0SOC 4™ chip(28nm) « solder 0SOC 5™ chip(28nm)
* 6-layers stack design(Allegro) * 8-layers stack design(Allegro) * 4-8 layers stack design(KiCad)
« officially release in 2023.4 » officially release in 2023.10 * coming soon! expected in 2025.7
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Design Practices: A Customized ASIC retroSoC

* An open source SoC framework(maybe ~5 years that all can be done)
» generated by ACES(Rust SoC builder, using “Combo” config) apertus AXIOM BETA Compact
» provide WiFi, MIPI, ISP, 2D/3D graphic accelerator(ongoing)...
Focus on some stuff:

* retro game console
* APS-C/full-frame CMOS camera

Build up a community-driven develop mode
e get instant feedbacks in super early stages
* make continued influence

Provide baseline for iEDA, AIEDA and openROAD
Tape-out a real chip by using open PDK

* long-term project

* supported by community(ECOS Studio, Tiny Tapeout ...)
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retroSoC: Technical Roadmap in 2025

e A MCU-class RV32IMAC SoC(~50K instances, demo: smart watch)(2025Q3)
* An Application-class RV64IMAC SoC(~100K instances, demo: game console)(2025Q4)

/ MINI \ / STD \ / PRO \ / Major milestone \

1. RV32I/EC 1. RV32IMAC 1. RV64IMAC 1. harden design(MDD)

2. minimum design 2. balance design 2. high-performance 2. maintain the CRT

3. no on-chip SRAM 3. ITCM/DTCM/Cache 3. L1/L2 Cache 3. run open EDA CI/CD

4. wrote in Verilog 4. wrote in SV 4. wrote in SV 4. SoC integrate, design,

5. 10~20K instances 5. 30~50K instances 5. 50~100K instances verification(key point)

6. package: QFN48/64 6. package: QFN88 6. package: QFP100 = i @errrnarel Teim

7. demo: smart band 7. demo: smart watch 7. demo: boot Linux 6. write dev./use guide
\ \ \ 7. switch to iterative dev.

mode
1. Low-speed IPs: UART, TIMER, PWM, WDG, RTC, 12C, SPI, PS2, RNG, ... §%§ 8. auto-generated by
2. Memory IPs: QPI PSRAM, OPI DDR PSRAM SoC builder(teenySoC)

3. Application IPs: SDIO, DMA, VGA, DVP, USB1.1, 12S, 2D Graphic Accel. clusterlP

\_ /




retroSoC: Multimedia IPs Development Plan

* A community-driven project(hosted by OSOC Shenzhen Base)
* led by internal special R&D group(composed of TAs and interns) ~_

e develop DMA, SDIO, DVP, USB, 2D Graphic Accel. etc.
* full-stack design(IP, SoC, SW, PCB, Pack., Docs)

MEM QPI PSRAM OPI DDR PSRAM
HW SPI DM4 SDIO I2S VGA/LCD DVvP  USB1LI(ULPI) 2D GRAPHIC ACCEL.
Sw TFT-LCcD Video/WiFi Audio/Game | Comera  Disk/Mouse/KBD.  Graphic APT
SoC MINI/STD STD/PRO

APP

(PCB, PACK., DoC.) c;%
6
2025Q1 202502 202563
2025/11/21 Open Source @ Siemens 2025
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RETROSOC

https://github.com/retroSoC

BOOTO

WS2812 RGB

i s DDR4:8Gb 2% TYpe-C

LILYGO T-Display K230 Pinmap
K230 + LORA + AMOLED + Touch + HDMI + Cam

D3 GPIO59
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retroSoC: Multimedia IPs Development Plan

* PrismGPU project(https://qgithub.com/PrismGPU) — A
* a new open-source 3D GPU .
e plan to support FULL OpenGL 1.x API(MESA)

 first version will be integrated into retroSoC Pro
* optimize for a Linux-capable single-core(RV64GC) SoC
* fix-function pipeline, DMA+AXI+VGA arch.(no video codec impl.)

e give priority to adapting Quake, Need for Speed lli: Hot Pursuit
* tape-outin 2025Q4~2026Q1

104 MPHERSRERE=="", | 6.5 RPM 1/8 Laps
r

» collate and open all learning materials(2026Q2~Q3)

e tape-out for students in Stage A or S from One Student One Chip
e design a practice-oriented GPU tutorial
* CG(GAMES101) -> Graphics API(LearnOpenGL) -> Driver(WDDM)
* design soft pipeline -> impl. device drivers(Gallium3D, QEMU)
-> impl. Linux DRM -> write fix-function pipeline(Hardware, FPGA)
* atiny GPU implemented by students will be tape-outed
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Moving Forwards

Improve performance and quality of ECOS Studio
* provide high-performance render for DEF/GDS(more interactive operations)
 considered as a real product(user needs&experience, design flow, load/stress test... )
* integrate some components of AiIEDA and Al agent(in Floorplan, DRC fix flow) ...

Support more foreign students to learn
* hope >500 students enroll(~100 complete coursework) in 2025
* more infrastructure(translation, easy-to-use LMS, clusters allocation...)
More involved in international activities for exchanging ideas™~( # 'V’ u )
* webinar, workshops/conferences(FSiC, Latch-Up, ORConf) ...
e poster, essay, paper, talk
Redefine cultural and creative products(Yeah, it must be right!)

* maybe need a cute mascot (7 'V' )
e T-shirt, sticker, wristband, wallpaper, meme, photo, short film...
* more offline activities



ECOS Studio/iEDA Events in 2025

Latch-Up 2025(talk), Santa Barbara, CA, USA, May 2-4, 2025

RISC-V Summit Europe 2025(poster), Paris, France, May 12-15, 2025
GROW 2025(talk), Sao Paulo, Brazil, June 30-July 2, 2025

FSiC 2025(talk), IHP, Frankfurt (Oder), Germany, July 2-4, 2025
RISC-V Summit China 2025(talk), Shanghai, China, July 17-19, 2025

Talk: “RISC-V Chip Design Solution Based on Open-Source IP and Open-Source EDA”, Biwei Xie, Associate Professor, ICT, CAS

ECOS Studio will be first RELEASED here! || roliout time: July 16 Website: https://studio.ecoslab.com

ORConf 2025(plan), Valencia, Spain, September 12-14, 2025

RISC-V Summit North America 2025(plan), Santa Clara, USA, Oct. 22-23, 2025
Open Source @Siemens China 2025(talk), Wuxi, China, October 30-31, 2025
RISC-V Day Tokyo 2025 Autumn(plan), Ito Hall, U-Tokyo, Japan, Dec. 4, 2025
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