St PHIILER T I

5 Center for Advanced Computer Systems

IEDA

ﬁa

H«E@x

Making Open Silicon

Design Everywhere
Using Cloud-based Open Agile EDA Platform

Xueyan Zhao', Hao Wang, Yuchi Miao, Zhipeng Huang, Zhisheng Zeng,
Zengrong Huang, Simin Tao, Yujia Peng, Chunan Zhuang, Xiaoke Su, Yuyang
Miao, Guiyu Dai, Hao Li, Tong Liu, Zihao Yu, Xingquan Li, Biwei Xie, Yungang
Bao

ECOS Team of Center for Advanced Computer Systems,
PRt B h CnRY g SUYR % FINSRANTEE SN, Yasielsys

July 2-4, 2025

FS1C2025

Free Silicon Conference

Xueyan Zhao, Hao Wang and Yuchi Miao are co-authors, , means speakers

i il

T
! HITT

TEEET

RUEREN

T
LT

TE

UL R LT T
T

TRFTTFITER




About us (Build Open Silicon Ecosystem!)

* Areal BIG team from China (ICT, BOSC and PCL, >100 persons, led by Prof. Yungang Bao)

1. start from 2020(>6K stars, >730 fork on Github)
2. highest performing open-source processor series

PN
n

XIANGSHAN

4 Two-tier CPU Core Roadmap

Kunminghu Architecture

> Designed for high performance
» Targeting server/data-center segment

% Kunminghu pArch Overview

+ Industrial-grade parch design and development workflow
- Highly configurable with agile development methodology
* Written in Chisel, delivered in both Chisel and Verilog
+ Leverage Chisel’s high configurability and efficiency

+ RVA-23 profile
* Leading RISC-V feature sets (H/V ext.)
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ECOS TEAM
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2.

start from 2019(involve 12000+ students in China)
provide FREE frontend and backend courses online

Example - How game

e Understanding how does program r
o NEMU can be changed to the real pro

f NOL Ronder]

“One Student One Chip” Initiative Overview

A Massive Open Learning-by-doing Initiative

- F Visit https://ysyx.org/en/
- 2 (S:ta I’tt ‘?m Sérat(:h Enroll Anytime, Open Year-Round
-is ‘ reate Your Own

7 RISC-\/*Processor + 4 years since inception

+ 800 schools have been involved

- 10,000 students have participated

Versus ARM Neoverse N2 Lapedol fifreese Everyoneis i [ Application - 100 students have successfully taped out
—— s el_co_me: with } ¢ Runtime |
[ umversty i et
> Designed for power/area efficiency SStaepm gajé’ﬂ ‘ }rwm?%
> Targeting industry-control segment . rade leve i L 3 ]
i N non { w : [ Synth
+ RVA-20 profile w w m Background [ Physi:al Z:ssign ]
+ Taped out and tested 26Hz@14nm 26H:@140m 26Hs@14nm 4 ) | Physical verification |
Versus ARM Cortex A76 . i IEVETHGDSITE
2022 2023 2024 . N
E————— (Eucation equality | [ Full-stack taining | S e e o e e P o Sty
Xiangshan(processor) lusterlP “One Student One Chip” Initiative(education)
o 1. start from 2020(open-source EDA) (IP components) SNO 1. start from 2024(focus on open ASIC design service)
’ 2. have silicon proven in property 110nm/28nm W 2. integrate IP components, flow and cloud platform
4 EDA: Infrastructiire R Io’_ CC (Chip Creative Vision: "Open-source"” reshaping chip design
- | : f \_ . St e . Our ultimate vision is to innovate chip design methodology through the
PEFRREAOE g , BEFEP, ° it il
« To fast develop high-quality EDA tool, we need a Software Development Kit (SDK) f‘ <:I : ;’,gggf:};;;ﬂﬁ;;zw\gggﬁgﬁ open-source concept, achieving the goal of "designing open-source
Logic verif  iEDA can be used to support developing EDA tool or algorithm Ch o C .I . RS ! chips using open-source EDA tools and IPs.
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o X EDA [ToeE==—] - CITETIM e e ve) Sii o
Large Chip Model (LCM) » =N === . Ll > o El open-source versions
= (Virappsc) = A ECOS st u d I o L S H 2 ERRTRED | . T i o Design chips and perform tape-out
SRS ) Goran | E e e B | e S i oentc e et arthtats Coretruc ot verification using open-source EDA,
L (Large Language Model. Large Circuit Model,| T b igﬂ' 'SNOW (Shuttle NO Wait) | Open-source Toolchain — Overthe next 10-15 years, develop | open-source IP, and open-source system
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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:

“One Student One Chlp” Initiative
2025/7/4

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/IHP130/1CS55 PDK
2025-2030: Open FULL RTL2GDS flows (Yosys+iEDA+ICS55 Open PDK on ECOS Studio)

External Collaboration Project [ Tape-out by using iEDA in 110/55/28nm ]

FSiC 2025 3/27



Highlight

* Teach physical design with cloud platform ECOS Studio (Yosys + iEDA + ICS55)
* Introduce an education-oriented chip retroSoC tape-outed in SMIC/SKY130

*S
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RETROSOC

nare some of the latest information on iEDA toolchains

RETROSOC

) https//github.com

=) €) rewosc

(@ Overview ] Repe

retroSoC

A2 4 followers

READHE . nd
Hi, retroSoC -§

retroSoC contains a bundle of IPs which aim to impro
n frontend and verification field. We hope it
agile hardware development from frontend to b

Motivation

retroSoC | information
TINY A Minimum RV32E Educational MCU(
CORE(ongoing): OSOC CORE(pre-learr

BUS: NATIVE bridge(NATIVE m
32MHz(SMIC110, IHP/SKY1

€) retrosoC

https://github.com/retroSoC B A

I1Ps list and development state:

MILESTONE
Common Component, Interrupt Controller, Reset&Clock Unit

soc [gaRE] wre [RE] s [6RE ow Y Fuc B coc B ot BBRE] e [EBREL e [ERE]
soc [GaRE e [5RE] s [6RE ow Y Fuc B coc (Bl ot BERE] e EBREL e [GRE]
soc [gaRE] e 8RR v R ow Y Fuc B coc B ot BBRE] e [EBREL e [ERE]
soc [ e 8RR v [ ow Y ucll cocld] sor [ = B
soc [gaRE e [5EE) o [GRE w Y Fuc B coc (8] ot [BERE] e [EBRE e [EERE]
Low-speed Peripherals

sec [N wre SR sv SRR uw Y FucBl coc Bl sor [ e SRR Tev [EERE]
sec (R wre [ svv EERE uw Y FucBl cocBl sor [ - EEEE e B
soc [gaRE] e [RE) svr [6RR] v Y ruc B coc Bl o EBRE] e EBRE e [N
sec [0RA] wre [BGRE] sv [GG8] ow Y ruc B coc B sor [EERE] e BN v EBRE)
soc [ wre [N s R ow Y ruc coc Bl sor EBREl e JBRE e [EGEE]
sec [gnel e [oRE svv [Eenel v B ruc Bl coc B soi [EGRE e (SRR Tev SRR
sec [aRe] e [E6RE] v [EERE] v Y Fuc Bl coc Bl sor SRl e [EGREl Tev [HERE
sec [ioRg] e B8] svv [EeRE] uw B rucBl coc [ sor[EEREl e [EoRE v Y
Specific Field IPs

sec |G e [ v [GE ow Y ruc Bl coc B sor BERE e ERE v (G

FSiC 2025

IEDA

[< < < ]

<]

[ < < I} }

Control

Layer Color
e .
pwell
meon
met1
via
met2

via2

met3
Instance_npc/clint/_0689_

Instance_npc/clint/_0690_

Instance_npc/clint/_0691

Instance_npc/clint/_0692_
Instance_npc/clint/_0693_
Instance_npc/clint/_0694_
Instance_npc/clint/_0695_
Instance_npc/clint/_0696_
Instance_npc/clint/_0697_

Instance_npc/clint/_0698_



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)
e 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 (T oT)
* 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

ECOS retroSoC Mini
©

Instance Num

Location

Tags Official ®RTLd

Float Panel System

Support the dragging, resizing operations and customized data

User Design Panel

X

Input Parameter Panel

Cl Result Panel X

Regression Test S b52f31a N £ Fri Jun 13 16:16:42 2025 +0800

Design

Clock Contrain

(0]

(0]

hierarchy: @ Design Parameter

target density:

advance: .

target overflow:

max iterative:

constr(*.sdc) (=] 1,000

0000000

run synthesis run place

pass: 178

total: 192

101/101

19/23

radio: 92 %

Advanced eXtensible Layout Editor

= e

Cloud-based Agile EDA Platform

TEDA Inside

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

Synthesis Flow

©SoC ® Synthesis @ Floorplan © Place @ CTS © Route @ Signoff © GDS & Merge © PCB

E E n n =
. - =
STOCELL 10PAD PLL SRAM -

ECOS STUDIO
B statisties
Log: Pass

Static Power.
Temp:

12.3mW(1.8v)

Timing:
CLk  WNS TNS  VIONUM
50MHz 463ns  Ons 0

Instances:

5427 o o o Freqi

9 Aes  Regsterflatch kg peort
typ tart point d point

Positive Edge-triggered Register pon g @ regreg @ mich p— = cone -

ALL  APRDR ANRDR SNRDR
ssi(100%) 40% 2% 1% patn2 sewp  CORE U
Negitive Edge-triggered Register polbis S cone &

AL APRNR ANRNR SNRNR
0(100%) 63%  13% 1% patha sewp  CORE U
Lateh, paths  clk_core sowp  CORE U

AL PoS NEG
0(100%) 74% 26% .
6 @DE el rnO © (100071000} =2

X
M

& ©@RBARSG

.

e

N

ECOS Studio

\/ “Componentization of Data”

Dashboard

o User Project  Examples 4 D Lestmodified
[ba)
- iEDA - i CXx55 M SoC —
= 0S0C SoC [[icoa X 1130 X voo ] retroSoC Tiny DD game Console
TASK PROGRESS TAsK PROGRESS TASK
Design flow Design flow Design flow
GDS manufacture eteching GDS manufacture GDS manufacture
= hacer D@D comue DCDD
TASK PROGRESS TASK PROGRESS
Design flow Design flow
GDS manufacture GDS manufacture
® © w8 IR

card

oY serac L oec)

PROGRESS

Real-time Collaboration*

-------- Architecture
RTL/Verify
Backend

Flow

Pipeline Mode

*: this feature will be released in 2025Q4

Merge to Latest Shuttle

ECOS STUDIO £3S0C @ Synthesis & Floorplan @ Place @ CTS @ Route @ Signoff @& GDS @ Merge & Order

RGN

Mini Accelator_sdfgz L Shuttlelnfo Panel

" orccen

merge

SHUTTLE-CX55-202507

2025,8100:00:00
8342316m:208

T eevsaedere © [000H000) 3 o © © I AE2 B

.

2025/7/4
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@ (@ localhost:5174/dashboard-latest/project
T2 Dashboard - Project

Examples

o User Project
(ta]

o = CDCID @D
TASK PROGRESS
Design flow
GDS manufacture
= hdder D CDd D
TASK PROGRESS
Design flow
GDS manufacture

(@) (@ localhost:5173/editor/cts

ECOS STUDIO

Input Parameter Panel P 1

= retroSoC Tiny

TASK
Design flow

GDS manufacture

o u o B

= GCD module

TASK
Design flow

GDS manufacture

o w o B

{} SoC @& Synthesis & Floorplan & Place & CTS & Route & Signoff & GDS & Merge & PCB -

w2 0 X

¢ r@D - 0

s
4 D Lastmodified card list

oD

= game Console

PROGRESS TASK PROGRESS
Design flow floorplan
prepare data GDS manufacture prepare data

ol w v B

D@D

PROGRESS

wafer testing

A %) @8

o % Q3 (WD - O

4 CTS Result Panel

aa

Design Parameter

max fanout:

689800 R0

Result @ ©bs5231a J £ Fri Jun 13 16:16:42 2025 +0800 b

retroSoC_Mini_cts.tar.gz &

© [({000J000)) 22 10um & ® 123 A 62 &

[ Partial Key Processes ]

[ Create Project ]

1. fill project name
2. add social info
3. select license

| Runcts |

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

[ Run Placement ]

1. start process
2. display reports
3. show congestion

[ Show DRC ]

1. start process
2. display DEF file
3. show DRC marks

C | @ localhost5173/editor/place % 2 0 XN 4 o
ECOS STUDIO 3 SoC @ Synthesis @ Floorplan @ Place @ CTS & Route @ Signoff & GDS @ Merge & PCB — 7
2 T ———r— aed I el I o1 I o I i Place Resuit Panel L
&

& run Placement

retroSoC_Mini_place.tar.gz &
6 @98 el 20 © [(1000J000)) 33 oum & ® 123 A 62 &

C | @ localhost5173/editor/signoff g 2 0 X 8 1= ® - 0

ECOS STUDIO

Input Parameter Panel

run Signoff

o

689800 20

{} SoC @& Synthesis & Floorplan & Place & CTS & Route & Signoff & GDS & Merge & PCB -

X
| w

i Signoff Result Panel e

Result @ ©bs5231a J & Fri Jun 13 16:16:42 2025 +0800

retroSoC_Mini_signoff.tar.gz &

© [(1000J000)) 25 10um & ® 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) }

2025/7/4
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Render Engine of ECOS Studio: AXL

L e 4
BAL et
5

7 B J &
WS
Ceap *-L?Q

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

* Performance evaluation
 offline rendering (webGPU backend)

° 3M graphic items("'GOK gates), render 4 |ayers(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 WBGL/WQBGPUMEEAM&M) +g
* Technical roadmap (2025Q3~Q4) et s
* support LEF/DEF and GDS format O— 90—
 support floorplan / powerplan online. H‘%_SJ
* improve perf. (support 1M gates, <2GB, >=25FPS) Gooe W 5rPC @
* webGL/webGPU + gRPC + Rust server WebGPy

webGL/webGPU(client) + gRPC(protobuf) + Rust(server)

* integrate/support Ngspice simulator

April Moy June

2025/7/4 FSiC 2025 8/27



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)

e 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 ...)
e 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 Plug?n Workflow

( SoC \
;ﬁ( ECOS Studio ]
3. run regress tests
A
2. subwmit 4. get rpts
5. debug
w
1. edit RTL
W[  vscode )
( Post-Sim \
:ﬁ' ECOS Studio l
3. run regress tests
A
2. submit 4. get result
5. debug
“
1. none
< [ VSCode ]

_l__________

___________T__________L__________

~

r Syntl«\esis
:ﬁ[ ECOS Studio ]

3. run synth flow

A
4. get rpts
2. submit 5. annotate
timing paths
AV
1. edit SDC
»( vscode |
. _J
- STA )

ZE)( ecos studo )
3. run STA in PD process

4. get rpts
2. submit 5. annotate
violate paths
). %
1. edit SDC
W vscode ]




ECOS Studio Engine: iEDA RTL to GDS

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

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

» project: https://ieda.oscc.cc/en
e code: https://github.com/OSCC-Project/iEDA

o iEDA Objective
» EDA Infrastructure

iEDA

» Explore new and efficient EDA R&D method
« High quality and performance EDA tool

o Open-source: (Gitee/Github)

~Na

o Papers

« GitHub: https://github.com/OSCC-Project/iEDA
+ Gitee: https://gitee.com/oscc-project/iEDA

Open-source is not a goal but a way

iEDA: An Open-source Intelligent Physical Implementation Toolkit and Library, ISEDA, 2023. (BPA)

iPL-3D: A Novel Bilevel Programming Model for Die-to-Die Placement, ICCAD, 2023.
«  AiMap: Leaming to Improve Technology Mapping for ASICs via Delay Prediction, ICCD, 2023
« iEDA: An Open-source infrastructure of EDA (invited), ASPDAC, 2024.
= iPD: An Open-source intelligent Physical Design Tool Chain (invited), ASPDAC, 2024.
«  AIEDA: An Open-source Al-native EDA Library, ISEDA, 2024

» IRT: Net Resource Allocation: A Desirable Initial Routing Step, DAC, 2024

« iCTS: Toward Cq

* Develop ChipCompiler(Flow, support ICS55, IHP/SKY130)

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
¢ Infrastructure: Database, Manager, Operator, Interfa

iIEDA: Infrastructure

RTL : - GDS
| Design = | Chip Design Flow | = | Layout
I PDK | L] | EDA Tools |
EDA Infrastructure
| Interface [ Python | [TCL ] [ Shell ] [ GuI ||

| Operatorl Evaluator || Solver II ,! II : Il

Flow Manager

Tool Manager

T

] |
Data Manager | |

File Manager

| Databasel Basic Data | | ,\EE | | Process data ||

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

2025/7/4

e

iEDA-Interface |

8

iPL

| Config | | API |:
I:nl\"R

Functional Module

e B N

Database y
(Wrapper)

1

Functional Module

-

post_global_placer

il

......... = o]

iEDA-
Operator

Solver
Analyzer
Evaluator

Reporter

\

g

DB-API

iEDA-Database | \

i)

g

Tnput

(v/.lef/. def/. 1

ib/. sdc)

Output
(.v/. def)

I
i

iEDA-

Manager

Tool

Data

FSiC 2025

Clock Tree

with Skew-Latency-Load Tree, DAC, 2024

o q cd & APU
design practice | " °

gcd, skywater 130nm
Area: 0.15mm X 0.15 mm

RTL: ysyx(—4&£E—it%)-04
PDK: 28nm
Area: 1.5mm x 1.5 mm

Power: dynamic = 3177mW, leakage =
29 mW

e Freq.: 200MHz
e Scale: >1.5M Gates

o Features: 11 pipelines with cache, IP:
UART, VGA, PS/2, SPI. SDRAM, 2
PLLs, support Linux

Floorplan

APU, skywater 130nm

Area: 0.45mm X 0.45 mm

10/27




iEDA/iPD: Physical Design Toolchain

[ RTL

v

Logic

Y

iEDA

An open-source EDA infracstructure and tools from Netlist to GDS for ASIC design

[ version 100 node >=23.12.01 [ icense ENEILCIE)

Q) Watchers 5 ()Stars 372 ()Forks 43

Chinese | English
. [ Netlis ] Open-source is not a goal but a way
| | t v https://github.com/0OSCC-Project/iEDA
| TP — | Physical Design
ogic Optimization ||| | |
etlist I» | _,E iNO i . . .
[ Teohrolosy Wap | OpEimization S * 11tools co.mpleted, 5in actlye development, 300K lines code
T | Floorplanning P> iFP * well-organized open-source infrastructure supports EDA
v I
| |— I Power Delivery Network |—-->i i PDN i development and research
¥ R
Analysis | Placelnent I—_*i_____'_F:I:___-A': /| Functional Module
o e . / — )
L | Glock Tree b e |EDA-Interface ¢ | [ Initial placer ] {EDA-
—————————————— . Extraction synthesis + I:_______________________ \ II | global placer | Operator
| iSTA  le-|{ Static Timing | Timing Optimization |t 10 !} P |
(I e ! | post _global placer |
— | Fmarysts y R [ Config | [_ap1__ ]/
i iPA §<—-| Power Analysis | Routing |'"’i_____i_R_'[____‘: \ / | legalizer | &
; | -
| IR Drop | | .‘ Functional Module | detail_placer | =
| ", | buffer_inserter |
| | Fill - iPL 1 0 Database g i , |
ory ' “ (Wrapper) ‘ | _filler inserter <:>| Utility |
Physical Sign—of | \ \ | checker | :
. i '. < pB-API \ | |EDA-
T ibRe 54___| Verification Dﬁign_| \l EDA-Database | | evaluator | Manager
Rule Check as 11 ) \ 7 g8 v id | <>
’u \ grid_manager
\ \
| . ' [ — o | [opomenager ]
I—El-ee(-FeHe—Ru-l-e—| (] (.v/.lefl.defl.libl.sdc (.v/.def) \
Check
2025/7/4
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iIEDA Latest Updates: Enhanced DRC Engine

e Support ALL DRC Rules in 28nm node.

* The single-pass DRC time is less than 3s in 100K
instances design (routing stage).

* Compared to Innovus, the accuracy of the major
design rules is above 95%.

* With the new version of DRC engine, the QoR of
iRT have been significantly improved.

Support AI I DRG Ru | es in N28 violation_type | correct_num | prop | incorrect_num | prop | missed_num |

DRC Visulization

o B e Fo-mmmm - Fommmmmmm e +o-mmm - Fommmm o Fo-mmm - +
corner_fill_spacing 39 100.00% e ©.00%
| | | | |
cut Different Layer sPacing cut_eol_spacing | 12583 | 48.55% | 6307 | 24.34% | 7025 | 27.11% |
cut_short | 163 | 100.00% | o | ©.e0% | o | e©.e0% |
. ° H different_layer cut_spacing | 6271 | 99.54% | 29 | ©.46% | o | e.e0% |
Cut EOL Spacmg Metal Notch Spaclng enclosure_edge | 1102 | 82.67% | 31 | 2.33% | 200 | 15.00% |
e Metal Parallel Run end_of_line_spacing | 13867 | 49.87% | 7577 | 27.25% | 6363 | 22.88% |
c E | jog_to_jog_spacing | @ | e.ee% | o | ©.e0% | 190 | 10@.00% |
ut nclosure . max_via_stack | | we.00% | 89 | 50.00% | 89 | 5@.00% |
Length Spaclng metal_short | 9422 | 99.38% | 49 | 0.52% | 10 | e.11% |
cut Enc|osure Edge min_hole | 1048 | 10e.00% | o | e.e0% | o | e.e0% |
min_step | 55510 | 98.63% | 384 | ©.68% | 389 | ©.69% |
- * Metal Short D ) =z o) Ziz)|ge sx | M oes] |9 o))
Cut Spacing e TR e et ey | S| sec.oon | oo c e
notch_spacing | 15230 | 95.49% | 360 | 2.26% | 359 | 2.25% |
. . ° MinHoIe parallel_run_length_spacing | 23067 | 97.34% |
Metal corner FI I I Ing same_layer_cut_spacing | 31265 | 99.99% |
Spacing e MinStep
Metal EOL Spacing e Minimal Area

_ Compared to Innovus in N28
Metal ,JogToJog Spacing FSiC 2025 12/27



iIEDA Latest Updates: Enhanced Timing Opt. Flow

Design_nam@& Cellsa Y Nets T Wires T
135 125 1426
PY E I M s ff t - I t M H M I sa4 178 128 2005
xploring differentiable timing-driven placement, path-base
ged 297 270 3733
. e, ® . . e o s1238 349 290 4998
uffering and sensitivity-guided gate sizing, etc.
’ - apb4_archinfo 392 381 5122
o o . apb4_ps2 515 497 6542
* We used 50 datasets, ranging in size from 10K to 4M
) o apbd _timer 721 689 8960
513207 721 647 8182
® : t f It 'th I { 35 apb4_i2c 790 727 10248
Comparing our suggest freq. results with Innovus‘s, 35+ cases
apb4_pwm 974 889 13596
apb4_wdg 1029 945 13889
show closed performance to Innovus.
ASIC 1228 796 10737
515850 2088 1926 27941
apb4_uart 5981 5606 83268
538417 6028 5573 85054
535932 6375 5837 81158
Suggest frequency compared to Innovus p— — ==
BM64 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
2 SOO jpeg_encoder 27671 29160 366397
retrosoc_asic_cx! 30000 30000 30000
2000 eth_top 42279 38552 646875
1500 yadan_riscv_sop( 63514 31280 483369
beihai 211236 133086 2161829
1000 shanghai_Ms 268721 251772 3610024
o0 1A 00 0 I |11l
I II I I II I I I iEDA_2023 368147 335112 5132004
0 I I l l m il o o N I ysyx4_SoC2 494962 449847 6967779
) - » —

Ny P SRR U USSR EEPEY RIS SR EEES8EL Q0TS ERENRPEE oo oo _won s
~ = a0 = N % S Q9 E T m z =2 = - Lo St awm S 2 a o ®© & = T O & o £ 5 © 0 o = N < =) BEIHAL2.0 582645 393308 5491501

%) | | = <L o o O = O | @ ‘O | | I O ©

- = £ o Mg Hn o a7 e = I e =] — E N N n < x Q

_g £ Ww vWg g w F o 2 I 0o ¢| R R R S o ﬁ ol g w £ low® I T = ¢ = = o 5 AIMP 742210 535618 9980714
Q g @ 8_ g % _'g E g Ne] —a a % z O w @ § -g:) g 3 3 I 'é 2 = © 8 AIMP_2.0 816677 560525 9133333

=
© <r] © Q % % © % © g c;l & = % [T ﬁ % E < ; :l (=} ysyx6 1090820 1029515 15486068
2 © 3 -~ Cl & > > s WUKONG 1102663 1032718 15653639
© - g = ysyxd_2 1173610 1147953 17416249
o T 1262053 1227098 18769036
T1_machamp 2222669 2162147 33115508
B recommended freq_mhz minnovus_baseline_freq_mhz il SRR SR
— — — - — openC910 3282828 2048743 52259408
T1_sandslash 4816399 4728816 79050737

2025/7/4 FSiC 2025 13/27



IEDA Latest Updates: AiEDA RTL to Vector to GDS

fERICigitTiRE L1: RTL-to-GDS

* Al framework/toolbox in EDA/IC field (start from 2023) e | g
Vector-to-GDS

Representation

* Al-aided Design (AAD): RTL2Vec -> Vec2Vec -> Vec2GDS ——>
* Training Large Chip Model (LCM) from iBM, release AiMap,
AISTA, AITO, AiCap and AiST models (DAC, ICCAD, ICCD) L3 vectorto-vector___ A1 or I

=l AiMap: Al for Tech Mapping AiSTA: Al for Timing Analysis
=
A 7‘ - S B |n tech mapping, learn cut delay and apply it to cut sorting and selection. u Fit delay calculation, fast and precise computation of path delays.
A Representation Logic Verifieation Timing Path Extraction ® Minimize depth —> delay Cell Delay  Net Del BTl Siew(®ie
et Delay - D tesore = Tiew (B + £.C0p)
y INL e ' !>0 .’ . Cell delay
Force,, - [ NSy o
Loy | :5 qu|ips » . S
nmmg/hP;wer/N;;z/m Drop Macro Placement Steiner Tree Generation Parastic Extraction aret 1" . . ey 2
Calculation and Prediction Power Deliver Network Plan Routing Congestion Equation Solving : e B

- Enhance Feature

Basic Feature

Pathperay = Cellpetay + Netpeiay

[ Large Chip Model (LCM) J 1
f

]| Culevel Emosciting

Ci(t) + Gx (1) = Bu(1),
=

==
‘ SIETEIERIFF ¥ =L"x@). |
(Large Language Model. Large Circuit Model. Large Layout Model e |

|
|
1|
|

|

|

|

|| Mo tenion

= —— ’ - : s o i ma paths, the deviation 3 _J/ ;\,

T
propesing |
Layout

(Image) data

esi
list (Graph) data &
HD Language (Text) data Circuit (Graph) data Layout (Image) data

Functional [T Tech || ign-off Physical
o i e N P [ PN - ‘
ica =

+ Junfeng Liu, et al, AiMap: Leaning to Improve Technology Mapping for ASICs via Delay Prediction, In Proc. 1CCD, 2023, + H.Liu, et al, Accurate Timing Path Delay Learning using Feature Enhancer with Effective Capacitance, ISEDA23.

AiTO: Al for Timing Optimization AiCap: Al for 3D Capcitance Extration AiST: Al for Steiner Tree

. P : A . . = Method
m RL for Buffer Insertion and Cell Sizing o Formulation e Point Cloud e Problem: Steiner Tree Generation
m  We constructed a model that combines GNN with RL, achieving better WNS » Laplace's equation - L - T
Y s &V =0, in Q;
optimization. {4> s, only yzs— ¢ Yoy !
m  Compared to OpenROAD, an average performance improvement of 10.006%. ¢ =03¢/n =0, only, G %q = ‘MST\
®  Further refined using Innovus, demonstrated an average performance o Numerical Methods: e Transformer v
improvement of 4.336% compared to directly using Innovus for optimization. e FDM, FEM, BEM, RWM
ons Pin Cost Pred RST
o Design Innovus AITO-Hnnovus. Motivation
Network Casel (110-nm)  0.324 0.410 '
o Case2 (110-nm)  0.289 0320 I
Case3 (1100m) 1035 0.4
Cased (110-0m) 0796 0788 e Experiment =S ]
Actor CaseS (110-nm) 0335 0454 . T
- et 0.086 0102 Relative errors within +5% reaches 96.53%;
W) -Dos3 0051
§ o0 oo Average relative error is 1.4%, meeting
s o, s T industrial standards; - |
HubRouter Our Method )
+ . Wu, et, al. An Adapiive Pariion Sirategy of Galerkin Boundary Element Melhod for Capacitance Exiraction. ASPDAGZ23 Without Congestion Aviod Congestion
- Y. Liang, et. al,, PCT-Cap: Point Cloud Transfo ik for 3D Capacitance Extraction, ISEDA'24

2025/7/4 FSiC 2025




IEDA Latest Tape-out: with AiMP

“Nutshell”(processor written in Chlsel)
 RV64IMACZicsr, 9-stage pipeline :
e 32KBL1S +256KBL2S+ MMU + TLB ;

SoC architecture/design
* IPs: UART, SPI Flash, SiFive@ChipLink ' 19
 Single clock/power domain, LQFP144

::::::

YOO PORNITORNNS

HoroP220730007 08300060 NY

* Verify macro auto-place with AiMP tool
* Tech Node: N28

Floorplan size: 3999.94um x 2700um

Utilization: 51.3%

Frequency: 900MHz

e Gate count: 10.49M Total instance: 0.28M

* Power: 334mW Leakage power: 105mW

Tapeout with iEDA and AiMP in N28(2024.11)
10M+ gates
2025/7/4 FSiC 2025 ( & ) 15/27



A NEW Open PDK in China: ICSprout 55nm
 ICSprout Semicond. is a Chinese foundry (founded in 2021).: sp %Ut

* jointly established by Zhejiang Provincial Government and ZJU = &

* have advanced 12-inch CMOS 180/55nm process lines
* 55nm-CMOS, 55nm-eFlash, 180nm-BCD
» collaborate with universities, academia and industry in China

* lopen its 55nm-CMOS PDK in July, 2025 |

« 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)

1 S - A

* Bring ICSprout 55nm Open PDK into ECOS Studio

 establish strong cooperation with ICSprout (What’ve we done):  pesign: A rvs2imac soc(psram, asp, uart,

12C, PWM, TIMER, RNG). Impl. by Innvous

* port our designs and backend flows into ICSprout 55nm Open PDK Size: 4mm"2(128KB OCM, no PLL)
Freq: 100MHz(external clock bypass)

* tape-out FIRST test chip on ICSprout 55nm Open PDK in June 15, 2025 Gates: 1.517M(73,009 cells
* help to try PD flow and give feedbacks to ICSprout for bugs fixing Power: 115.4mW(dynamic) 0.42mW(static)
| develop OPEN-SOURCE PLL and DDR3 PHY based on ICSprout 55nm Open PDK(ongoing)|

2025/7/4 FSiC 2025 16/27




IEDA Latest Updates: ICSprout 55nm PDK Support

* We attempted to design a SoC (60K instances, from L hetspc
OSOC) on ICSprout 55nm technology EL? 1
* DRC clean can be achieved on all metal layers fotets 2778

except M1 and tlmmg can approach convergence

OA cat retrosoc asic_VFINAL_ 1 CTS_TYP TYP/retrosoc asic. qor summary. rpt

ersion 2.05

Running 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

(H) NVP(H)

-53.3 643

131MHz -0. -53.3

#Union TNS/NVP not found in report_qor, 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



How to bring users to ECOS Studio/ICS55 PDK

Learning Stage Division -

* For students from One Student One Chip
* tape-out a single-cycle processor in Stage D

complete HW/SW, pass online assessment (OSOC tutorial)
complete PD flow, merge design to SoC template (ECOS Studio)

e Small, simple system -> Large, complex system
e Small program -> Real program |

design is very small
e impl. 8 instructions + axi4l, can run “Super Mario”
e ~3848 cells, 0.011mm"2 in ICS55, DRC num < 10, [“’100 yuan($14)]

)

-
Single-Cyc J [S ngle-Cycle
(pevicssim

Intersiow StageB | ]
\ [ StageC J %S pe hMad % [ ]

Stage F, E [Superg MMMMM [RT Thre d] [Rv325(45 t)] ‘ }
1+2...+10] [ 8inst [Rvszs ] [Pp line+cache | | ]
E e| | ) )

) { J )

tape-out FOR FREE (for Chinese students)
design tutorials, labs based on ECOS Studio and ICS55 PDK <4
help 200+ undergrads to tape-out in ICS55 later this year

* For academia or individual (2026Q2~Q3)
e support online SoC integration (powered by IP Market)
e 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)

retroSoC Mini

c ay) w
2 ] =

= =)
- 5 o

spi flash

ps2 qspi rng
archinfo i2c

“SoC 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...)
e 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

(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...)
e establish open, flexible and community-driven
teaching-learning mode
e tape-outin ICS55 with iEDA on ECOS Studio
Release first version in 2025Q3

Today we are HERE!




Open Silicon Design Course ZE] & = upyter

Tutorial/Cloud Platform/Report

2, (earning

* Using complete open-source toolchain /
 xschem, ngspice, Klayout (Transistor) (Y@ zoom — # _'wWoo
e cocotb, pyuvm, SymbiYosys (SoC) s e |
* 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

e 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,

* Sh

)

solder 0SOC 3™ chip(110nm)
6-layers stack design(Allegro)
officially release in 2023.4

2025/7/4

orten development period(SDK, A

solder OSOC 4 chip(28nm)
8-layers stack design(Allegro)
officially release in 2023.10

FSiC 2025

=

PP, software, product packaging ...)

338988A_Y37 231017

What’s next?

1. platformized, componentized

2.

encourage MORE students involved!

solder OSOC 5% chip(28nm)
4-8 layers stack design(KiCad)
coming soon! expected in 2025.7

21/27




Design Practices: A Customized ASIC retroSoC

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

* retro game console
e 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
e supported by community(ECOS Studio, Tiny Tapeout ...)

2025/7/4 FSiC 2025 22/27



retroSoC: Technical Roadmap in 2025

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

MINI
RV32I/EC

/.\'snsn.hs»!v!-‘\

minimum design
no on-chip SRAM
wrote in Verilog
10~20K instances
package: QFN48/64
demo: smart band

\

/

/ STD

1. RV32IMAC

2. balance design

3. ITCM/DTCM/Cache
4. wrote in SV

5. 30~50K instances
6. package: QFN88

7. demo: smart watch

\_ %

a PRO N\

1. RV64IMAC

2. high-performance
3.L1/L2 Cache

4. wrote in SV

5. 50~100K instances

7. demo: boot Linux

6. package: QFP100

\_

/ Major milestone

1. harden design(MDD)
2. maintain the CRT

3. run open EDA CI/CD
4. SoC integrate, design,
verification(key point)

5. run commercial flow
6. write dev./use guide
7. switch to iterative
dev. mode

8. auto-generated by
SoC builder(teenySoC)

\
1. Low-speed IPs: UART, TIMER, PWM, WDG, RTC, 12C, SPI, PS2, RNG, ... %
2. Memory IPs:  QPI PSRAM, OPI DDR PSRAM
3. Application IPs: SDIO, DMA, VGA, DVP, USB1.1, 12S, 2D Graphic Accel. clusterlP
J

\_

\

/




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) ~ 3
* develop DMA, SDIO, DVP, USB, 2D Graphic Accel. etc.
* full-stack design(IP, SoC, SW, PCB, Pack., Docs)

RETROSOC

https://github.com/retroSoC

MEM QPL PSRAM OPI DDR PSRAM

HW SPI DM4 SDIO I2S VGA/LCD DVP  USB1I(ULPI) 2D GRAPHIC ACCEL. ScnGIe  swome woe o

SDA: GPIO41  GPIO49  GPIO08

s 5 .
Cam1 Camo0 Cam2

Sw TFT-LCD Video/WiFi Audio/Game | Camera  Disk/Mouse/KBD. Graphic AP

SoC MINI/STD STD/PRO

aaaaaaaaaa

APP

(PCB, PACK., DOC.) [l

DDR4:8Gb

Power USB-OTG
oooooo 2 X Type-C

DDDDDDDD

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

2025/7/4 FSiC 2025 24/27



retroSoC: Multimedia IPs Development Plan
* PrismGPU project(https://github.com/PrismGPU) —> A

* a hew open-source 3D GPU
* 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.)
* give priority to adapting Quake, Need for Speed Ill: Hot Pursuit
* tape-outin 2025Q4~2026Q1

4:19.42 104 MPH:‘;SW" S B 7‘ 6.5 ng-’c'! bl
4 i == el ¥

 collate and open all learning materials(2026Q2~Q3)
* tape-out for students in Stage A or S from One Student One Chip

* 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)
e atiny GPU implemented by students will be tape-outed

2025/7/4 FSiC 2025



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 AiEDA and Al agent(in Floorplan, DRC fix flow) ...

e 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~( /7 'V’ 11)
* 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 (77 'V' 1)

* T-shirt, sticker, wristband, wallpaper, meme, photo, short film...
* more offline activities



ECOS Studio/iEDA Events in 2025

e 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

e 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!

Rollout 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




ﬂ\‘\h ST AR AP s

€S Center for Advanced Computer Systems

Z%] iEDA

Q&A

Xueyan Zhao<zhaoxueyan21lb@ict.ac.cn>, Hao Wang<wanghao@ict.ac.cn>
github.com/ zhaoxueyanl github.com/Oxharry

Yuchi Miao<miaoyuchi@ict.ac.cn>
github.com/maksyuki

ECOS Team of Center for Advanced Computer Systems,
Institute of Computing Technology, Chinese Academy of Sciences

Free Silicon Conference 2025 - IHP, Frankfurt (Oder), Germany

July 2-4, 2025

FS1C2025

Free Silicon Conference
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