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A call for

System Technology Co-Optimization

Pilot Lines and design platforms for
advanced and mature nodes innovation

Focus on Sustainable innovation

Building Talents and Skills

Full-stack innovation
partnerships

Motivation: A call for Building Talent and Skills

[REF] EU Chips Act Drives Pan-European Full-Stack Innovation Partnerships 
Plenary Session at ISSCC, FEB.20, 2023
Jo De Boeck, Executive VP and CSO, imec and KU Leuven, Belgium



Talent Gap by job profile in EU by 2030

[REF] DECISION Etudes & Conseil, European Chips Skills Academy (Dec.2024)
(Only long-term needs, not considering the workforce needed to build the fabs)

Design and cybersecurity 
profiles ranked as the most 
challenging to fill. 

The issue is twofold:
▪ Lack of training capacities / 

interest (especially electrical 
engineering)

▪ Lack of interest from 
students in STEM that prefer 
ICT studies.



eSim FOSSEE Tool for IC Design

● Collaborative effort
○ A global advisory committee for eSim to connect industry and academia.
○ Reaching out to organizations globally for partnerships.
○ eSim Team participated in the WOSET conference, showcasing advancements.
○ eSim Research Migration Initiative started to shift research papers published using proprietary tools to the Open Source domain with 

eSim.
○ Collaboration with Open Source Fabs to enhance hardware accessibility.
○ Mixed Signal Circuit Design Competition conducted earlier with Google SkyWater and around 10 designs sent to Efabless Corporation for 

fabrication as an outcome. [REF] https://esim.fossee.in/home

https://woset-workshop.github.io/PDFs/2024/2_eSim_An_Open_Source_EDA_Tool.pdf
https://esim.fossee.in/research-migration-project
https://esim.fossee.in/mixed-signal-soc-design-marathon


Open PDK Initiative

The Open-Source FPGA Foundation offers a set of free and open-source tools enabling fast prototyping for 
FPGA chips and automated EDA support, through open standard collaboration https://osfpga.org/about-us/

• Semiconductor R&D: Tapeout of a design is one of the most important aspects of academic semiconductor research and 
development.

• Prohibitive cost: The prohibitive cost of tapeout and complications therein has prevented the majority of R&D folks and 
startups from participating.

• Open-Source: Open PDK Initiative plans to promote and facilitate the usage of open source FPGA technologies.
• Free tapeouts: Open PDK Initiative plans to offer a very simple flow for tapeout, and several of those will be free or at 

minimal costs.

Available Resources:

• SkyWater Open 130nm CMOS PDK: https://github.com/google/skywater-pdk
• OpenLane RTL2GDS Compiler: https://github.com/efabless/openlane
• Caravel Harness: https://github.com/efabless/caravel
• Caravel User Project: https://github.com/efabless/caravel_user_project
• Open MPW Precheck: https://github.com/efabless/open_mpw_precheck

FAQ: https://efabless.com/open_mpw_faq



一生一芯   Initiative 

CS

EE

Everyone is welcome, 
with no limitation

on

• University
• Major
• Grade level
• Background

Education equality Full-stack training

Application
Runtime

(Simple) OS
ISA(RISC-V)

Micro-architecture

Circuit
Synthesis

Physical design
Physical 

verification
Layout(GDSII)

A Massive Open Learning-by-doing Initiative https://ysyx.org/en/

Visit https://ysyx.org/en/

Enroll Anytime, Open Year-Round

Students learn to design their own RISC-V processors (RTL->GDSII)

using OpenPDK (IHP or SkyWater)

• 4 years since inception

• 800 schools have been involved

• 10,000 students have participated

• 100 students have successfully taped out



OpenSUSI (Open Source Utilized Silicon Initiative)

Domestic Foundry

Community

[REF] April 2024, AIST Solutions established the General Incorporated Association OpenSUSI



IHP OpenPDK for SiGe-HBT SG13G2
❏ Targets are high-end applications 

for RF & THz frequencies, 
cryo, space

❏ SG13G2 is qualified and ready for 
Low Volume of high-end products 
it was selected for the 
development of an open PDK

❏ SG13G3Cu is early access - 
qualification scheduled 2025

[REF] 130nm BiCMOS OpenPDK, dedicated for Analog/Digital, Mixed Signal and RF Design
https://github.com/IHP-GmbH/IHP-Open-PDK
https://github.com/IHP-GmbH/IHP-Open-PDK/wiki/Networking-Workshop-FMD-QNC
https://www.mos-ak.org/bruges_2024/publication/1_Scholz_ESSERC_2024_IHP_OpenPDK.pdf



OpenPDK Support for Open Source IC designs 
Schedule of FREE MPW Runs in 2025

● Project funds can be used exclusively to produce chip designs for non-economic 
activities, such as university education, research projects, and others R&D institutions

● New procedures to provide free or low-cost MPW area for the open-source community 
is available, now, all beyond 2026 is under the developments

REF: https://ihp-open-ip.readthedocs.io/en/latest/#

Tape In date 01 Mar 2025 09 May 2025 18 Jul 2025 15 Sep 2025

Technology SG13G2 SG13G2 SG13G2 SG13CMOS

Area available [mm2] 140 30 30 220



* SPICE instance  NMOS Card
N1 (d g s b) nmos <i_par=value> 
* Model  Card
.model nmos psp <m_par=value>  
 

OpenPDK Device/Cell Abstract Views

GDSII LayoutProcess/TCAD IC Schematic Symbols Numerical/SPICE/Verilog-A Simulations

// Verilog Instantiate: CMOS NAND gate 
// 
cmos_nand NAND1 (.a(A), .b(B), .out(Out));

# Inductor 3D Numerical Instance
gds_filename = "L_2n0.gds"
XML_filename = "SG13.xml" 
script_path = utilities.get_script_path(__file__)

  
 



Process TCAD Simulations

3D SRAM Cell
https://cogenda.com/

2D MOSFET simulation
https://devsim.org/ 

• Cogenda TCAD• DevSim TCAD• Cider in ngspice

https://sourceforge.net/
projects/ngspice/files/



Open Source Digital Design Flow

[REF] OpenROAD flow scripts:
https://github.com/The-OpenROAD-Project/OpenROAD-flow-scripts
Alternative: LiP6 FOSS Logiciels: Alliance, Coriolis, Oceane, Standard Cell Libraries, Tas/Yagle
https://largo.lip6.fr/equipe-cian/logiciels/

OpenROAD is an open-source EDA tool that automates the entire digital circuit design process from RTL to GDSII, enabling 
no-human-in-the-loop chip fabrication. Developed under the DARPA IDEA initiative, it aims to democratize access to 
advanced semiconductor design by providing a free, end-to-end platform for researchers, startups and academia to 
innovate without proprietary tooling barriers.



Open Source Analog/RF Design Flow

● QUCS-S, xschem
○ ngspice, xyce

● KLayout, Magic
○ Layout design
○ Parametric cells
○ Physical Verification

● KLayout-PEX tool
● OpenEMS
● other (EMS ElmerFEM)

[REF] FOSS EDA Tools Wiki <https://semiwiki.com/wikis/industry-wikis/eda-open-source-tools-wiki/>
IIC-OSIC-TOOLS is an all-in-one Dockers for analog and digital chip design<https://github.com/iic-jku/iic-osic-tools>

https://semiwiki.com/wikis/industry-wikis/eda-open-source-tools-wiki/
https://github.com/iic-jku/iic-osic-tools


QUCS-S/ngspice Open PDK Custom Lib  

[REF] Qucs-S (ngspice, Xyce) with Qt-based GUI
https://ra3xdh.github.io/



[REF] REF: Mustafa Alchalabi and Jan Taro Svejda
“openEMS as a versatile tool in the framework of mm-wave openPDK-based RF chip design”
https://www.mos-ak.org/bruges_2024/publication/5_Svejda_ESSERC_2024_openEMS.pdf
Volker Mühlhaus; Using OpenEMS with IHP SG13 (Python Interface) ver.2.0 December 2024

Analog/RF modeling with openEMS



Compact/SPICE modeling in Verilog-A
`include "std.va"
`include "const.va"
// ************************************
// * EKV MOS model (long channel)
// * https://ekv.epfl.ch/Verilog-A/
// ************************************
module ekv(d,g,s,b);

//
// Node definitions
inout d,g,s,b ; // external nodes
electrical d,g,s,b ; // external nodes
//
//*** Local variables
real x, VG, VS, VD, VGprime, VP;
real beta, n, iff, ir, Ispec, Id;
//
//*** model parameter definitions
parameter real L = 10E-6 from[0.0:inf];
parameter real W = 10E-6 from[0.0:inf];
//*** Threshold voltage
// substrate effect parameters (long-channel)
parameter real VTO = 0.5 from[0.0:inf];
parameter real GAMMA = 0.7 from[0.0:inf];
parameter real PHI = 0.5 from[0.2:inf];
//*** Mobility parameters (long-channel)
parameter real KP = 20E-6 from[0.0:inf];
parameter real THETA = 50.0E-3 from[0.0:inf];

analog begin // EKV v2.6 long-channel
VG = V(g); VS = V(s); VD = V(d);
// Effective gate voltage (33)
VGprime = VG - VTO + PHI + GAMMA * sqrt(PHI);
// Pinch-off voltage (34)
VP = VGprime - PHI - GAMMA
* (sqrt(VGprime+(GAMMA/2.0)*(GAMMA/2.0))-(GAMMA/2.0));
// Slope factor (39)
n = 1.0 + GAMMA / (2.0*sqrt(PHI + VP + 4.0*$vt));
// Mobility equation (58), (64)
beta = KP * (W/L) * (1.0/(1.0 + THETA * VP));
// forward (44) and reverse (56) currents
x=(VP-VS)/$vt; 
iff = (ln(1.0+exp(x/2.0)))*(ln(1.0+exp(x/2.0)));
x=(VP-VD)/$vt; 
ir = (ln(1.0+exp(x/2.0)))*(ln(1.0+exp(x/2.0)));
// Specific current (65)
Ispec = 2 * n * beta * $vt * $vt;
// Drain current (66)
Id = Ispec * (iff - ir);
//
// Branch contributions to EKV v2.6 model (long-channel)
//
I(d,s) <+ Id;

end // analog
endmodule

EKV2.6 Compact MOSFET Model Standard for Analog/RF IC Designs
https://github.com/ekv26/model

EKV3 MOSFET model in Verilog-A
https://github.com/MatBucher/ekv3model/

Alternative: ACM2 (Advanced Compact MOSFET) charge-based physical model
https://github.com/ACMmodel/MOSFET_model/tree/main/Examples/IHP-SG13



Compact/SPICE modeling in Verilog-A
* EKV long channel MOSFET Model

.osdi  ekv.va

vd  1  0 0.05
vg  2  0 2
vs  3  0 0
vb  4  0 0

xekv  1 2 3 4 ekv L=1E-6 W=1E-6

.dc vg 0 2 0.1

.end

NLnet - "Test Procedures for MOSFET Open Source SPICE Model Validation"
The aims to establish such tests for the compact models in open PDKs, which are intended to be generic 
enough for model quality assurance testing with FOSS circuit simulators such as GnuCAP, ngspice, xyce, 
Qucs-S, among others.
https://nlnet.nl/project/MOSFET-testprocedures/



OpenVAF: Next-Generation Verilog-A compiler 

OpenVAF Roadmap 
● Reaching full compliance with the Verilog-A standard on OpenPDK
● OSDI integration in ngspice and Xyce
● Noise analysis (released with ngspice-42*)
● Improved documentation

[REF] P. Kuthe, M. Muller; OpenVAF is a Next-Generation Verilog-A compiler 
<https://openvaf.semimod.de/>  

Árpád Bűrmen; VACASK and Verilog-A Distiller 
<https://fosdem.org/2025/schedule/event/fosdem-2025-4681-vacask-and-verilog-a-distiller-building-a-device-library-for-an-analog-circuit-simulator/>

Alternative: Felix Salfelder and Al Davis; Verilog-AMS in Gnucap
<https://fosdem.org/2025/schedule/event/fosdem-2025-5880-verilog-ams-in-gnucap/



ngspice and KiCAD

[REF] https://www.kicad.org/download/
Holger Vogt; ngspice - XSPICE elemental devices made available in KiCad
https://fosdem.org/2025/schedule/event/
fosdem-2025-5619-ngspice-xspice-elemental-devices-made-available-in-kicad/



EspoTek Labrador Circuit Lab 

[REF] https://espotek.com/labrador
https://archive.fosdem.org/2018/schedule/event/cad_spice/

4007 CMOS inverter chip measurement

https://espotek.com/labrador


MOSbius: Chip to Support CMOS Circuit Labs

22

• Teaching students the connection between design/simulation 
and measurements

– https://mosbius.org 
– https://www.linkedin.com/posts/peter-kinget-7481a3_want-to-offer-your-studen

ts-hands-on-labs-activity-7274878090617524225-iGPm
• Great tool for workforce development by Prof. Peter Kinget at Columbia University

https://mosbius.org/
https://www.linkedin.com/posts/peter-kinget-7481a3_want-to-offer-your-students-hands-on-labs-activity-7274878090617524225-iGPm
https://www.linkedin.com/posts/peter-kinget-7481a3_want-to-offer-your-students-hands-on-labs-activity-7274878090617524225-iGPm


Digital Designs in IHP OpenPDK

Mlem: http://asic.ethz.ch/2024/MLEM.htmlBasilisk: http://asic.ethz.ch/2024/Basilisk.htmlIguana: http://asic.ethz.ch/2023/Iguana.html

https://github.com/HEP-Alliance
IHP Open Hardware Security Module

https://github.com/iic-jku/SKY130_SAR-ADC1
to be ported into IHP OpenPDK

Open source analog/RF IC by JKU Linz
https://gdsfactory.github.io/gdsfactory/



From Code to Chip

[book] Jakob Ratschenberger and Harald Pretl; From Code to Chip: Open-Source Automated Analog Layout Design; pp: XV, 120 Publisher: 
Springer (2025) eBook ISBN 978-3-031-68562-0

Table of contents (8 chapters)

● Front Matter pp. i-xv

● Introduction pp. 1-4

● Theoretical Basics pp. 5-13

● Circuit Capturing pp. 15-36

● PDK Design Rule Capturing pp. 37-41

● Placement pp. 43-55

● Routing pp. 57-71

● Experimental Results pp. 73-99

● Outlook pp. 101-103

● Back Matter pp. 105-120



MOSAIC: Modular Framework

REF: https://www.mos-ak.org/bruges_2024/publication/6_Sandner_ESSERC_2024_openIC.pdf
         https://www.mosaic-ic.org/



CORIOLIS – Analog Capabilities

● CORIOLIS focus on the P&R stage. Makes the assumption that the parasitics 
extraction do not fundamentally change the topological characteristics of the design. 
That is only slight size adjustment of the components may be needed, so the overall 
topology remains valid.

● [REF] Jean-Paul CHAPUT, CIAN Team, <Jean-Paul.Chaput@lip6.fr>

Python
netlist

layout
GDSII

Analog 
P&R

Coriolis

parasitic

extractionsizing
analog 
design

ok?
YES

no



ALIGN: Layout generation netlist > GDSII

[REF] Sachin S. Sapatnekar, University of Minnesota, ALIGN-analoglayout
Open-source software at https://github.com/ALIGN-analoglayout/ALIGN-public
https://www.mos-ak.org/silicon_valley_2021/presentations/Sapatnekar_MOS_AK_SV_2021.pdf

https://github.com/ALIGN-analoglayout/ALIGN-public


What’s next?
FOSS to Empower Researchers and IC Designers

FOSS 

FOSS eSim offers similar capabilities and ease of use as any equivalent 
proprietary software for schematic creation, simulation and PCB design, without 
having to pay a huge amount of money to procure licenses
[REF] https://esim.fossee.in/

The SSCS PICO Program: Democratizing IC Design; first open-source IC design 
contest. Silicon fabrication using open SKY130, GF180MCU PDK on eFabless’ 
chipIgnite shuttle 
[REF]https://sscs.ieee.org/about/solid-state-circuits-directions/sscs-pico-program

RISC-V is a free and open ISA enabling for a new era of processor innovation 
through open collaboration. Offers a new level of free, extensible software and 
hardware freedom on architecture, paving the way for the years ahead of 
computing design and innovation
[REF https://riscv.org/about/

The Universalization of IC Design from CASS (UNIC-CASS) program is a 
structured end-to-end Integrated Circuit (IC) design-to-test experiential learning
[REF] https://ieee-cas.org/universalization-ic-design-cass-unic-cass

sponsored by 

一
生
一
芯



 Open-Source EDA Roadmap for Europe

A first version of the roadmap and recommendations was presented at ORConf 2024 (with the recording). 
In the community review period after this, we have received and incorporated over 70 individual 
contributions. This document describes the opportunities provided by open-source tools for chip design and 
how funding work on them could contribute to the goals of the European Commission. It provides 
recommendations for funding opportunities that close gaps in the important OpenPDK and FOSS 
CAD/EDA focus areas.
Three short-term actions have been identified to foster the roadmap:

● Open Source Analogue and Mixed-Signal Designs for Europe
● Productivity, Interoperability and Verification for more European Chips
● System-on-Chip Innovation from Europe with Open-Source Digital Chip Design

Version: November 19, 2024 - Public Release
<https://tinyurl.com/OpenSourceEDARoadmap>
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contact: wladek@mos-ak.org

● OpenPDK at FOSDEM, Bruxelles (B) Feb. 1-2, 2025
● OpenPDK at EDTM, Hong Kong, March 9-12, 2025
● OpenPDK at FSiC, Frankfurt (O) July 2-4 2025
● ICMC/DAC'25 San Francisco (US) June 26-27, 2025
● OpenPDK Tutorial at MIXDES, Szczecin (PL) June 26-28, 2025 
● MOS-AK Workshop, London (UK) July 2025
● 9th Sino MOS-AK Workshop, China Aug. 2025
● 22st MOS-AK at 51st ESSERC, Munich (D) Sept. 8-11, 2025
● 18th MOS-AK Workshop Silicon Valley, Dec. 2025

MOS-AK: 2025 Events 


