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Chip Design Elements

Flow

PDK

IP
EDA

EDA：Electronic design 
automation software (tool)

Flow：Chip design flow 
config and script

PDK：Process design 
kits from foundary

IP： Intellectual Property 
Functional module



Physical Design
System Specifications

Functional  Design

Logic Synthesis

Tech Mapping

Physical Design

Physical Verification

Sign Off

Layout Processing

Fabrication

Architectural Design

Package and Test

Floorplan：ensure die 
and core sizes, place 
IOs, plan macros, plan 
PDN, place physical 
cell.

Placement：place std 
cell into legal position, 
insert filler, opt timing, 
power and routability。

CTS：design clock 
network, connect FFs, 
opt skew, latency and 
power.

Routing：route net 
into routing track, opt 
timing, power and DRC.

Floorplan Placement CTS Routing

Netlist
GDS II



We Need Infrastructure
l Level 1: Open-source tools, RTLs, PDKs  support chip design
l Level 2: Open-source Infrastructure supports EDA development

EDA Infrastructure

RTL

Chip Design FlowRTL 
Design

GDS 
Layout

EDA Tools PDK

Level 1

Level 2
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iEDA Overview
l EDA Infrastructure、EDA Tools、3 times tape-out design by iEDA

l Level 1: Open-source EDA, RTL, PDK, supporting chip design；
l Level 2:  Open-source Infrastructure supports EDA development and research

11 EDA tools，200 
technologies, 300 K lines codes1 EDA infrastructure

3 times tape-out



iEDA Infra. Support EDA Tool
l To fast develop high-quality EDA tool, we need a Software Development Kit (SDK)  
l iEDA can be used to support developing EDA tool or algorithm
l Infrastructure: Database, Manager, Operator, Interface 

Functional Module

iEDA-Database

iPL

iEDA-Interface

DB-API

Database
(Wrapper)

Functional Module

Utility

Config API

Input 
(.v/.lef/.def/.l

ib/.sdc)

Output
(.v/.def)

Initial_placer

global_placer

post_global_placer

legalizer

detail_placer

buffer_inserter

filler_inserter

checker

evaluator

grid_manager

topo_manager

iEDA-
Manager

Tool

Data

iEDA-
Operator

Solver

Analyzer

Evaluator

Reporter

EDA ToolEDA Infrastructure

File System

PDK

Chip Design FlowRTL 
Design

GDS 
Layout

Operator SolverEvaluator Analyze
r

Interface TCLPython GUIShell

Builder

Database EDA 
DataBasic Data Process data

Manager
Tool ManagerFlow Manager

File ManagerData Manager

Reporte
r

PlotterParser Writer

EDA Tools



Parsers and Database
l Parser: Verilog, SPEF, Liberty, SDF, VCD, SDC, LEF/DEF, ITF, and GDSII
l Database: Design, Layout, Tech, Timing, Parasitic, Network

Chip Design Files Format
(.v(RTL) / .v(netlist) / .def / .lef / .lib / .sdc / .spef / .sdf .vcd 

/ .itf/ .gds / .sp /  …)

Data 
Manager

Network Liberty

Parasitic Tech

Design

Layout

Common Data API Tool Data API

Parser Builder

Data 
Structure



Managers

Platform Manager

Data Flows Tools Features Reports Files

p Config

p ChipData

p Interactive

p Proc Data

p …

p Initialize

p Input

p Process

p Output

p Floorplan

p NetOpt

p Placement

p CTS

p TimingOpt
p Legalization

p Routing

p Filler

p DRC

p …

p Summary

p Density
p Wire Length

p Congestion

p Profiles

p …

p Statistic

p Evaluation
p Flow Results

p Timing

p DRC

p …

p Config

p Design

p Procedure

p Serialize

p …



Interfaces

TCL Python

GUI
├── tcl_config
├── tcl_contest
├── tcl_eval
├── tcl_feature
├── tcl_flow
├── tcl_gui
├── tcl_icts
├── tcl_idb
├── tcl_idrc
├── tcl_ifp
├── tcl_ino
├── tcl_instance
├── tcl_ipdn
├── tcl_ipl
├── tcl_ipw
├── tcl_irt
├── tcl_ista
├── tcl_ito
├── tcl_report
└── tcl_util

├── py_config
├── py_eval
├── py_feature
├── py_flow
├── py_icts
├── py_idb
├── py_idrc
├── py_ifp
├── py_imp
├── py_ino
├── py_instance
├── py_ipdn
├── py_ipl
├── py_ipw
├── py_irt
├── py_ista
├── py_ito
└── py_report

p Flows

p DB

p Tools

p Evaluation

p Features

p Reports

p GUI

p Flows

p DB

p Tools

p Evaluation

p Features

p Reports

p File Operation

p Layout View

p Layers Control

p Shape Setting

p Instance Options

p Net Options

p PDN Options

p Track Grid

p DRC View

p Clock Tree View



Floorplan (iFP) & Power Delivery Network (iPDN)

IO Cell & Pad

Tap Cell 

Endcap Cell 

Macro Cell Place macro

Plan IO cell

Init layout

Place phy cell

PDN

Flow

Input

Output

Key 
Metrics Data

DIE Area 1.5 × 1.5 mm^2

DIE Utili 0.166554

Core Area 1.16 × 1.15 
cm^2

Core Utili 0.279541

#IO Pin 110

#Instance 297504

#Net 311869

Pin pin（>= 32）= 
2893

PDN M1、M2、M7、
M8、M9、AP



Placement (iPL)
Flow

Init/global 
placement

Build PL data
(grid/topo)

Check/Legalization

Detailed 
placement

Input

Output

Post global 
placement

Filler Instace

n Min Wirelength Model

where � is cell location，� �  is wirelength，
�� �  is the area density in � ∈ �,   �0 is density thredhold.
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• Nesterov Method or Conjugate Gradient



Placement (iPL)

Instance density

Timing

Basic Summary

Design rule violation
violation_detail_report.txt

Wirelength
wl_detail_report.txt

Congestion

Key parameter config

Input iFP.def, iFP.v

output iPL_result.def, iPL.v

is_max_length_opt Whether to enable max 
wirelength optimization

max_length_constraint set max wirelength constraint

is_timing_aware_mode Whether to enable timing 
opt

ignore_net_degree ignore net whose pin number 
> k

num_threads set number of CPU thread

[BUFFER] 
max_buffer_num

Set the number of using max 
buffer

[BUFFER] buffer_type Set available buffer name

[GP-Wirelength] 
min_wirelength_force_ba
r

Control wirelength range

[GP-Density] 
target_density Set target density

[GP-Density] bin_cnt_x Set the number of horizontal 
Bin

[GP-Density] bin_cnt_y Set the number of vertical Bin

[LG] 
global_right_padding Set instance spacing (/site)

[DP] 
global_right_padding Set instance spacing (/site)

[Filler] min_filler_width Set min width of filler (/site)

Flow

Init/global 
placement

Build PL data
(grid/topo)

Check/Legalization

Detailed 
placement

Input

Output

Post global 
placement

Filler Instace



Clock Tree Synthesis (iCTS)

Clock net gen

Cluster

Clock distrib

Clock net 
routing

Timing analysis 
and opt

Flow

Input

Output



Clock Tree Synthesis (iCTS)

Timing
• Latency (max delay)
• Skew

Power
• Buffering
• Wirelength

Violation
• Fanout
• Capacitance
• Slew (transition)

Clock net gen

Cluster

Clock distrib

Clock net 
routing

Timing analysis 
and opt

Flow

Input

Output



Routing (iRT)

l Optimization metrics: wirelength, timing, congestion, DRC 
l Optimization operations: Global routing: Track allocation: Detailed routing
l Routing algorithms: Pattern routing, A* routing, Steiner tree, Non-linear 

programming, Integer programming

VR（violation 
repair）

GR（global 
routing）

RA（resource 
assignment）

PA（pin access）

TA（track 
assignment）

DR（detail 
routing）

Flow

input

output



Routing (iRT)

Design rule checkWirelength and viaPin Access 

Layout resource/congestion

VR（violation 
repair）

GR（global 
routing）

RA（resource 
assignment）

PA（pin access）

TA（track 
assignment）

DR（detail 
routing）

Flow

input

output

first iteration routing result final routing result



Design Rule Check (iDRC)

DRC 
Visulization

Check rule

Read rule

Divide region

Generate DRC

Report DRC

Flow

input

output

Support DRC Rules:
• Cut Different Layer Spacing

• Cut EOL Spacing

• Cut Enclosure

• Cut Enclosure Edge

• Cut Spacing

• Metal Corner Filling Spacing

• Metal EOL Spacing

• Metal JogToJog Spacing

• Metal Notch Spacing

• Metal Parallel Run Length 

Spacing

• Metal Short

• MinHole

• MinStep

• Minimal Area



Static Timing Analysis (iSTA)

Calculate delay
（cell and net）

Build timing graph

Read timing lib

Timing path 
propogation

Timing analysis 
and report

FLow

input

output

���� + ����−� + ����� + ������ − ���� − � = ������
���� ≥ �

D Q

clk

FF1

Comb.0/1

clock path

buf2

buf1
Clock 
source

D Q

clk

FF2data path
���1

���2

�����

����−�

���� + ����−� + ����� − ����� − ���� = ������
����� ≥ �

Setup Constraint

Hold Constraint



Static Timing Analysis (iSTA)

Calculate delay
（cell and net）

Build timing graph

Read timing lib

Timing path 
propogation

Timing analysis 
and report

FLow

input

output

Feature
Support hierarchy netlist 
and def

Basic setup/hold analysis

Support NLDM/Elmore 

Support CCS model 

Support high-level net 
delay model

Support sdf mark

OCV

AOCV

POCV

Consider IRDrop analysis 
on multi-voltage domain

Hierarchy analysis

Crosstalk analysis

clock gate analysis

Latch analysis

pt/ista ratio value
mean 1.11

variance 0.00095

median 1.107

maximum 1.5404

minimum 0.9035



Timing Optimization (iTO)
l Fix timing design rule 

violation
l Max cap/Max slew/Max 

wirelength/Max fanout

l Fix hold time
l Fix setup time
l Cell sizing
l Buffer Insertion
l Load Insertion
l Buffer/load locationLocate vio path

Timing analysis

Electronical 
Evaluation

Opt vio path

Legal cell 
location

Flow

input

output

Key parameter config

Input iPL.def, iCTS.def

output iTO_setup_result.def, 
iTO_hold_reslut.def

setup_slack
_margin setup slack value

hold_slack_
margin hold slack value

max_buffer
_percent Area ratio of inserted buffer

max_utiliza
tion Core utilization

DRV_insert
_buffers Available buffer for optimizing DRV

setup_inser
t_buffers Available buffer for optimizing setup

hold_insert
_buffers Available buffer for optimizing hold

number_pa
sses_allowe
d_decreasin
g_slack

The number of times that WNS is  
allowed continuously decrease when 
opt setup

rebuffer_m
ax_fanout

For setup, a wire network is not 
optimized for buffer insertion when 
its fanout exceeds this value

split_load_
min_fanout

For setup, fanout is reduced by 
inserting a buffer when fanout is 
greater than this value

Setup report

DRV report

Hold report



Power Analysis (iPA)

Data mark
Calculate Toggle

Build power 
graph

Read timing lib

Toggle and SP
Propagation

Calculate and 
report power

Flow

input

output

API Description

buildGraph Build iPW graph data 
structure

readVCD Parse the VCD file

buildSeqGraph Build  timing subgraph

checkPipelineLo
op Detect PipeLine loop

levelizeSeqGrap
h

Grade timing  
subgraph

propagateToggl
eSP

Propagate Toggle and 
SP data on the graph

calcLeakagePow
er

Calculate the leakage 
power

calcInternalPow
er

Calculate internal 
power

calcSwitchPower Calculate switching 
power

analyzeGroupPo
wer Analyze power data

reportPower Output power report

l Evaluate power before / during / after the 
physical design process  

l Average model
l Timing window (coming soon)
l VCD parser
l Report/API
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iFlow: A Chip Design Flow

l iFlow: supporting different EDA tools, PDKs, designs

iFlow
├── build_iflow.sh

├── foundry

├── log

├── report

├── result

├── rtl

├── scripts

├── tools

└── work

IP

PDK

EDA

Chip design flow

RTL

Implementation Verification

Physical Design

Signoff

Tapeout

Synthesis/DFT Formal

Simulation

RCX

STA

Power
IR Drop

PV

Package 
&TestPCB

iPD



Flow: Netlist -> GDSII 
ü Enabling the Physical Design Flow, 

ü Supporting Technologies: 110nm, 28nm, Open-source Technologies （Sky130, Nangate45）

Netlist/DEF

GDSII

Floorplan Fix Fanout Placement CTS Fix DRV

Fix Hold
/ Setup

RoutingCell Filler Placement 
Legalization

ECO

iEDA Physical Design Flow



Environment Config

Download and Compile iEDA （28nm）Library

ü TechLEF

ü Std Cell LEF

ü liberty

ü sdc

ü (spef)

Design

ü Netlist

PDK Design
Server

3rd Party

Environment

 Ubuntu 20.04.5 LTS

l Userguide: https://gitee.com/oscc-project/iEDA/blob/master/docs/user_guide/iEDA_user_guide.md



TCL Script



TCL Script

Flow Placement



Parameter Config
l Config



How to Run Netlist -> GDSII Flow by iEDA

./run_iEDA.py

.V         .gdsii



Report
ü  Statistics

• iFP

• iNO

• iPL

• iCTS

• iTO

• iRT

ü  Design rule 
violations

• iRT

ü  Evaluation
• Placement

• CTS

• Physical Incremental

• Routing

ü   Timing & Power
• Setup, Hold, Violations, Power

• Placement, CTS，Fix DRV，Fix Setup/Hold，Routing



Data Analysis

Instance number Net number Pin number

ü Floorplanning -> Routing, where #Inst 

increased by 8594, generated by the Fix 

Fanout, CTS, DRV, and Fix Setup/Hold.

ü In the Filler stage, 252361 Instances is added.

ü The total increase  #nets in backend physical 

design flow is 8324,  primarily contributed by 

netlist optimization and clock tree synthesis 

stages, which are 5140 and 3284, respectively.

ü Most of the nets consist of 2 pins and 3 pins.

ü The number of nets with excessive fanout 

(Pins in Net) was optimized in the NO stage, 

reducing from 2893 to 7.

ü In the CTS stage, 87 new clock nets with 

excessive fanout were generated (Pin 

Number > 32).



Example Design: ysyx-04-01
l RTL：ysyx(一生一芯)-04
l PDK：28nm
l Area：1.5mm × 1.5 mm
l Power：dynamic = 317mW，leakage = 29 mW
l Freq.：200MHz  
l Scale：>1.5M Gates
l Features：11 pipelines with cache，IP： UART、

VGA、PS/2、SPI、SDRAM、 2 PLLs，support Linux

Floorpl
an

PDN Placeme
nt

CTS Routing DRC



基于iEDA设计芯片实践

l iEDA的Readme：
l https://gitee.com/oscc-project/iEDA

l iEDA使用指南：
l https://ieda.oscc.cc/tools/ieda-platform/guide.html

l iEDA安装、编译、运行视频：
l https://www.bilibili.com/video/BV1mp4y1P7C7/?spm_id_from=333.999.0.0

l 基于iEDA的python实现RTL-to-GDS芯片设计视频：
l https://www.bilibili.com/video/BV1Brm8YVEaY/?spm_id_from=333.999.0.0&vd_source=2ac617c241afd7

f9774b0add4e647179

https://gitee.com/oscc-project/iEDA
https://ieda.oscc.cc/tools/ieda-platform/guide.html
https://www.bilibili.com/video/BV1mp4y1P7C7/?spm_id_from=333.999.0.0
https://www.bilibili.com/video/BV1Brm8YVEaY/?spm_id_from=333.999.0.0&vd_source=2ac617c241afd7f9774b0add4e647179


Example Design: from other users
l gcd & APU

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

APU, skywater 130nm
Area：0.45mm × 0.45 mm



R & D EDA Tools or Algorithms

l Nesterov Method or Conjugate Gradient

l Assignment: please implement CG 
method by C++ or Python, and test it on 
“iEDA/iPL”, submit by PR to iEDA repo.

l Min Wirelength Model

l where � is cell location，� �  is wirelength，
�� �  is the area density in � ∈ �,   �0 is density thredhold.

min
�

    � � 
�. �.     �� � ≤ �0,   ∀� ∈ � 
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iEDA开源代码
l Netlist-to-GDS II

l 11 tools，and other 5 tools are R&Ding.
l Design, Analysis, Verification

l Repo
l Gitee: https://gitee.com/oscc-project/iEDA

l GitHub: https://github.com/OSCC-Project/iEDA

l Gitlink：gitlink.org.cn/OSchip/iEDA

l OpenI：openi.pcl.ac.cn/OSCC/iEDA

l Stared & Fork
l Stared: 238+138=376
l Fork: 53+21=74

l Number of Codes
l >0.3M lines
l exclude 3rd  party and history

l Contributors
l Total: 80 contributors

https://gitee.com/oscc-project/iEDA
https://github.com/OSCC-Project/iEDA
https://gitlink.org.cn/OSchip/iEDA
https://openi.pcl.ac.cn/OSCC/iEDA


Handbooks (Arxiv)
l Knowledge and Technology

l system
l comprehensive
l new
l practical
l software



Community

l User
l Wechat Group

l >1000 Peoples

l Contributor
l Logic Synthesis Community ；

l Committee：ICT, Anlogic、PKU、PCL、
BUPT、CUHK、Giga-da、Ninecore

l Sign-off
l Committee：计算所，东南大学，



iEDA网站

l iEDA website:  ieda.oscc.cc

https://ieda.oscc.cc



Lecture Videos（Bilibili）
l Lecture Videos

• Basic EDA Knowledge, 
• Frontiers in EDA Lectures, 
• iEDA Development Process and Tools, 
• Chip Design Using iEDA Tools, 
• Related EDA Technologies.



iEDA开源和影响
l iEDA开源项目获得500余个星，110个复制，75人代码贡献，iEDA视频获得4.5万播放量，建立包

含2000人的开源EDA社区
l 支持4个EDA/芯片竞赛出题，支持5所高校课程建设，支持国内10余个EDA团队科研，支持多家EDA

和芯片公司落地应用

Andrew. B. Kahng（ACM/IEEE Fellow, 国际开源EDA主要推动者）
在EDA国际大会ASPDAC的主旨报告介绍iEDA

ISEDA-23最佳论文奖



Conclusions
l iEDA Infrastructure and Tools

l Infras: Parser, Database, Evaluation, Manager, Interface, Solver
l Tools: iMap, iFP, iNO, iPL, iCTS, iRT, iSTA, iTO, iPA, iDRC

l iEDA Chip Design
l iEDA Flow
l Chip Design

l iEDA Community
l Code Repos
l Website
l iEDA Handbook (arxiv)
l Wechat Group
l iEDA-Videos



Thanks
李兴权（Xingquan Li）

fzulxq@gmail.com

iEDA website:  ieda.oscc.cc

https://ieda.oscc.cc


