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The Fraunhofer-Gesellschaft
At a Glance

Application-oriented research with a focus on future-relevant key technologies and the utilization of the results in business and 
industry. Guide and source of inspiration for innovative developments.

26.08.254 © Fraunhofer

> 20 000 
Employees

76 Institutes and
Research Facilities

3,4 Billion €
Budget

9 Associations:

§ Energy Technologies & Climate Protection
§ Health
§ Innovation Research 
§ IUK-Technology
§ Light & Surfaces
§ Microelectronics
§ Production
§ Resource Technologies and Bioeconomy
§ Materials and Components 

§ Fraunhofer Defense, Prevention and Security 
Division VVSITWM



PublicSeite

Fraunhofer ITWM
Mathematics is a Key Technology
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https://i.imgur.com/YhAR4yg.jpg
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to model based simulations

https://blogs.nvidia.com/blog/2021/11/12/earth-2-supercomputer/

26.08.25 © Fraunhofer7
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to data driven simulation and modelling

https://blogs.nvidia.com/blog/2021/11/12/earth-2-supercomputer/

AI
edge to centre

26.08.25 © Fraunhofer8
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Source: Top500.org

Current trends are not sustainable

Source: https://www.forbes.com/sites/bethkindig/2024/06/20/ai-power-consumption-rapidly-becoming-mission-critical/

Estimate assume ~200MW peak for the xAI Collossus

26.08.25 © Fraunhofer9
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Innovation gefährdet durch zu wenig Anschlussleistung?

10 intern

Pröbst berichtete von Gesprächen mit Tennet und 
Bayernwerk: „300 Megawatt bräuchten wir.“

„Demnächst rüsten sie zwar um 700 Megawatt auf, aber das ist alles schon vergeben.“ 
Dass wirklich nichts zu machen ist
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Innovation gefährdet durch zu wenig Anschlussleistung?

12 intern

Pröbst berichtete von Gesprächen mit Tennet und 
Bayernwerk: „300 Megawatt bräuchten wir.“

„Demnächst rüsten sie zwar um 700 Megawatt auf, aber das ist alles schon vergeben.“ 
Dass wirklich nichts zu machen ist

Source: https://blogs.nvidia.com/blog/networking-matters-more-than-ever/ (last checked: 24.8.25)

https://blogs.nvidia.com/blog/networking-matters-more-than-ever/
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Fraunhofer ITWM
Next Generation Computing

§ What if we could solve problems up to 100.000x more energy 
efficient than today? 

§ What if we could solve problems in seconds that would 
normally take decades?

§ What if we could have secured supply chains and trusted 
hardware in Europe? 

26.08.25 © Fraunhofer13
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Fraunhofer ITWM
Holistic Optimization for Efficiency

§ Co-Design System architectures for best Total Cost of 
Ownership (TCO) – Multi-centre to IoT 

§ Fraunhofer consulting to find the best combination of 
computing resources and optimized software 

§ Holistic approach:

§ Algorithmic optimization
§ Hardware specific optimization
§ Efficient Software/Tools
§ Data access optimization 
§ Scalability optimization

• Next generation Computing Systems:
§ Neuromorphic Computing 
§ Quantum Computing
§ Novel Efficient Classical Computing

26.08.25 © Fraunhofer14Seite

Location A

Location B

50Hz

• dynamic power prices
• peak shaving
• grid frequency stabilization
• CO2 footprint / cost reduction
• hardware as a flexibility

Smart Application Scheduling
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European Processor Initiative 

01.04.2515 © Fraunhofer
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European Processor Initiative
Framework Partnership Agreement In European Low-power Microprocessor Technologies



Phase 1: 
GPP & Accelerator test chips

Phase 2: 
GPP  V1 Go to Market

Accelerator Demonstrator

Next project(s)
GPP  V2 Go to Market 

RISC-V Accelerators Go to Market

Pre-Exascale Pilots

Centres of Excellence in HPC Applications

2019 – 2021 2022 - 2025 2025 -2015 – 20182011 – 2014

Mont-Blanc projects
Arm HPC ecosystem & HW design space exploration

EPI TIMELINE

Copyright © European Processor Initiative 2025 17

Nov 2023.
Chips JU launched

Sept 2020. State of the Union
• Europe's digital sovereignty - investment of 8 billion euros in the 

next generation of supercomputers 
• European industry to develop our own next-generation 

microprocessor 

Nov 2018
EuroHPC JU

Sept 2023.
Digital sovereignty: European 
Chips Act enters into force

DARE

EU Exascale Systems



PROJECT FAMILY OVERVIEW

¡ European Processor Initiative (EPI) 
¡ Framework Partnership Agreement (FPA) 6 years 
¡ Specific Grant Agreements (SGA1 3years 130M€, SGA2 3years 70M€)
¡ Until end of 2025

¡ The European Pilot (30M€) / EUPEX (40M€)
¡ Project funded by EuroHPC JU 
¡ 2022 - 2026

¡ Digital Autonomy with RISC-V in Europe – DARE 
¡ EuroHPC FPA 6 years
¡ AI
¡ SGA1 - 3years (240M€)

Copyright © European Processor Initiative 2025 18



EPI PROJECT FACTSHEET

¡ Currently in Phase 2 (2022-2025)

¡ Consortium of 27 strategically chosen key 

European academic and industrial partners

¡ Funded by EuroHPC JU (50%) 

¡ and co-funded by Croatia, France, Germany, 

Greece, Italy, the Netherlands, Portugal, Spain, 

Sweden and Switzerland

Copyright © European Processor Initiative 2025 19



EPI & PILOTS : MAIN OBJECTIVES 

Copyright © European Processor Initiative 2025 20

General Purpose Processors:
Legacy & programmability  

Bytes per flops 
optimisation

Arm ISA

GFlops
optimisation RISC-V ISA

Accelerators:
Computing force

EU chips fit for HPC usage - at Exascale level

Rhea GPP EPAC
accelerator



EPI - EUROPE'S AMBITION 

¡ In Phase 2 (SGA2): 
¡ Finalize the development of the first generation of low-power processor units (GPP) developed in Phase 1

¡ Develop the second generation of low-power accelerators and related software stack

¡ Develop the second generation of GPP by applying technological enhancements concerning the GPP (Rhea)

¡ Focus on the industrialisation & commercialisation path of the developed IPs and innovations & Enable the 
long-term economic sustainability and scalability 

¡ Develop an open Hardware and Software Common Platform standard

Copyright © European Processor Initiative 2025 21
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WHERE WE ARE

Copyright © European Processor Initiative 2025 22



EPI: TWO PROCESSOR FAMILIES

Copyright © European Processor Initiative 2025 23



RHEA1: GENERAL PURPOSE PROCESSOR

¡ Chip
¡ 6 nm
¡ integrating both CPU and accelerator parts
¡ Network on Chip (NoC): mesh linking all components

¡ Core
¡ Arm ISA 
¡ ARM Neoverse V1 core design – 80 cores
¡ Arm tile with 2 SVE256 (Scalable Vector Extension) units

¡ Memory hierarchy
¡ Cache subsystem: L1, L2, SLC (System Level Cache)
¡ 4 HBM: High Bandwidth Memory
¡ 4 DDR5 interfaces (Standard Memory)

¡ High speed I/O
¡ Security block – dedicated crypto IP

Copyright © European Processor Initiative 2025 25

Design targets: 
• High Byte/Flop ratio
• Compute performance and efficiency for 

real-applications
• Ideal for HPC & AI inference 



RHEA DEVELOPMENT STATUS

Copyright © European Processor Initiative 2025 26

SiPearl Serie A 
funding completion

Chip announced 
@ ISC

Rhea1 Design 
finished

Tests & emulation 
(booting Linux 
on dual socket)



EPI: TWO PROCESSOR FAMILIES

Copyright © European Processor Initiative 2025 27



EPAC VISION AND CONTRIBUTIONS

¡ VEC - Self-hosted RISC-V CPU + wide VPU 
(256 double elements) supporting RVV 0.7.1 / 1.0

¡ STX - RISC-V CPU + specific cores for stencil and neural 
network computation

¡ VRP - RISC-V CPU with support for variable precision 
arithmetic (data size up to 512 bit)

¡ eFPGA - On-chip reconfigurable logic 

¡ Ziptillion - IP compressing/decompressing data to/from 
the main memory

¡ KVX - FPGA demonstrator of the Kalray RISC-V CPU 
targeting HPC and ML

Copyright © European Processor Initiative 2025 29



THE EUROPEAN PILOT TAPEOUTS

Copyright © European Processor Initiative 2025 30

VEC – full SoC (GF12LPP) MLS/STX – compute only (7nm TSMC)

BREAKING NEWS: 21.8.25



EPAC DEVELOPMENT STATUS

EPAC 1.5 realised and 
running well 
(demoed …)

Sw Development 
Vehicle: training 
performed (FZJ, HiPEAC
…) 

IPs consolidation for 
further steps (EUPILOT 
& DARE …)

Copyright © European Processor Initiative 2025 31



CO-DESIGN AND VALIDATION

Copyright © European Processor Initiative 2025 32

Rhea architects

EPAC 
architects

Hardware platforms

EPI Prototype

SDVsRefer. Platforms

Validation and Co-design
Validation

Codesign

Future 
Chips

Hardware platforms

EPI Prototype

SDVsRefer. Platforms

Validation and Co-design
Validation

Codesign

Future 
Chips



EPI TIMELINE

Copyright © European Processor Initiative 2022 33

original tim
eline (2022)



EPI TIMELINE

Copyright © European Processor Initiative 2025 34

https://www.golem.de/news/sipearl-rhea-1-tape-out-des-ersten-eu-prozessors-bei-tsmc-2507-198121.html

https://www.eurohpc-ju.europa.eu/supercomputers/our-supercomputers_en
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PERSPECTIVES

Copyright © European Processor Initiative 2025 35



TAKEAWAY

We are progressing and delivering

However, it’s a long road

Collaboration is key

Copyright © European Processor Initiative 2025 36
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A pathfinder towards an autonomous
European HPC supply chain

Copyright © European Processor Initiative 2025
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Is sovereignty possible?

26.08.2538 © Fraunhofer
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Constraints

26.08.25

• Energy Efficient - To fit into the Green Deal agenda

• Independent – To support European sovereignity

• Competitive – To be able to exploit the results commercially

• and

• Cheap – To fit into the limited budget available

Seite 39 © Fraunhofer
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Development Costs

26.08.25Seite 40 © Fraunhofer

Quelle:
Semiconductor design and manufacturing: Achieving leading-edge capabilities
August 20, 2020 | Article

https://www.mckinsey.com/industries/industrials-and-electronics/our-insights/semiconductor-design-and-manufacturing-achieving-leading-edge-capabilities (checked: 25.8.25)

https://www.mckinsey.com/industries/industrials-and-electronics/our-insights/semiconductor-design-and-manufacturing-achieving-leading-edge-capabilities
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Chips tend to become complex

26.08.25Seite 41 Jens Krüger, Fraunhofer ITWM – jens.krueger@itwm.fraunhofer.de

Source: https://de.wikipedia.org/wiki/High_Bandwidth_Memory

(CC0 1.0) Fritzchens Fritz; https://www.flickr.com/photos/130561288@N04/Bild: Nvidia

Typ Release Takt
(GHz) Stack

pro Stack (1024 bit)

Kapazität
(230 Byte)

Datenrate
(GByte/s)

HBM 1 Okt. 2013 0,5
8×
128 bit

1×4 = 4 128

HBM 2 Jan. 2016 1,0…1,2 1×8 = 8 256…307

HBM 2E Aug. 2019 1,6…1,8 2×8 = 16 409…461

HBM 3 Okt. 2021 2,8…3,2
16×
64 bit

2×12 = 24 717…819

HBM 3E 2023 4,0…4,8 3×16 = 48 1024…1229

HBM 4 2026 5,6 2×16 = 32 1434[4]

https://de.wikipedia.org/wiki/High_Bandwidth_Memory
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Historic Example of European Success 

26.08.25Seite 42 © Fraunhofer

France, Germany, England – 2 main companies 
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European Initiatives

26.08.25

© Fraunhofer ITWM
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§ + more
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European Initiatives
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© Fraunhofer ITWM
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§ + more
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Markets

26.08.25Seite 45

Freepik License: Free

https://www.worldometers.info/population/china-eu-usa-japan-comparison/

© Fraunhofer
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Ideas?

26.08.25Seite 46

+ commitment 

© Fraunhofer
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Is it possible to be succesfull? 

26.08.25

• Open Source Hardware

• Open Source Software Stack

• Open Source EDA (?)

• Open Source IPs (?)

Seite 47 Jens Krüger, Fraunhofer ITWM – jens.krueger@itwm.fraunhofer.de

• Hardware Software Co-Design

• Domain Specific Acceleration

© Apple

© AWS

© Google

© Alibaba
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The STX Accelerator for Efficient Simulations
HPC „Made in Germany“

§ Open Source Hardware

§ Open Source Software Stack

§ PCIe x16 Gen5

§ HBM Memory

§ ~170mm^2 GF12LPP SoC

§ Up tp 3x better energy efficiency than
leading competitors

§ funded by EU, BMBF and Fraunhofer

§ Hardware Software Co-Design

§ Domain Specific Acceleration

§ SpinOff: UNEEC Systems GmbH

Abb.: STX PCIe Gen5 x16 Beschleunigerkarte Abb.: Test Interposer AVT Test mit 
dummy HBM und STX Die

26.08.25 © Fraunhofer48

CC BY-NC-ND 2.0; flickr.com
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STXMOD ASIC Backend
Partitions

Cluster Cluster

Cluster Cluster

Cluster

MicroTile

Toplevel

4x repliziert

16x repliziert• 64x internal compute clusters with 8 RISC-V32

Cores + Stencil extensions and scratchpad 

memories

• 2D AXI4/5 network on chip

• Multistage network for HBM access

• PCIe Gen5 Ctrl

• CVA6 RISC-V64 with MMU zu run Linux

• Peripherals
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2.5D integration
Interposer

n Additional Silicon (reduced production process)

n Additional IC-design step incl. routing and bump
placement

n Additional Signal- and power-integrity analysis and 
design

n Additional level of functional verification

STXMOD

PCB

Area for STXMOD
Area for HBM-stack

Interposer example

>2k connections between
STXMOD and HBM-stack
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STX System Assembly
Heatsink and Assembly on Board

Assembly on PCIe Board

Rack/System Assembly

ST
X-
Sy
st
em

§ Package with solderballs

§ TIM and Heatsink
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It does not get boring … 

Further challenges:

• Software (on-Chip, PCI board, system, applications)

• Business Strategy (Markets, Domains, …)

• Venture Capital 

• Generation2 (+AI) and 3 

26.08.2552 © Fraunhofer
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STX
Sovereignty?

26.08.2553

§ Open Source Hardware from Europe
§ Frontend + Physical Design done in Europe (~170mm^2)
§ Interposer Design & package assembly done in Germany 
§ but major parts not from the EU: IPs, EDA tools, Fab (GF12LPP)
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Conclusions

1. Can Europe catch up in manufacturing high end chips and systems?

• Yes – but major efforts necessary 
• Europe needs to commit to European technology

26.08.2554 © Fraunhofer

2. Can Europe be fully independent?

• No – but it can be key not to be fully dependent 

3. Is it exciting? 

• definitely Contact: jens.krueger@itwm.fraunhofer.de


